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Chapter 1. General introduction
1-1. Natural product chemistry

In nature, organisms live with diverse life form¥atural products are produced and
metabolized in nature. Some natural products shHoggiplogical activity to protect the organisms that
produces them, from predators. Our hominid ancestio were suffering from diseases, chewed tree
parts that they had never seen before, for paiefrdfor example, in the Neolithic Age, opium
(morphine) and cumin (cuminaldehyde) were used edigimal ingredients by some people (Figure
1-1)'when mankind used medicinal herbs for the treatroédiseases and wounds in ancient time,
they started to have relations with natural prosludthus, everyone was said to be a discovery
researcher in the past.

morphine cuminaldehyde

Figure 1-1. Structures of morphine and cuminaldehyde

Natural product chemistry involves isolation, stuwe determination, organic synthesis, and
elucidation of the mode of action of naturally octwg compounds. Terrestrial organisms have been
the main sources of natural products that have Ingiwgsiological properties. Numerous antibiotics
such as penicillin @nd avermectiff! found from soil bacteria, are used as therapegénts (Figure
1-2). However, it is becoming increasingly diffitulo obtain novel bioactive compounds from
terrestrial organisms. The oceans of the world pgcd0% of the Earth’s surface, and they are habitat
for more than one million species of living thingdso, since marine organisms live in different
environments from terrestrial ones, they have difie metabolic systems. Given these facts,
researchers of natural products looked to the acaama source of new biologically active compounds.

HO.,,,

avermectin B1a (R = Me)
avermectin B1b (R = H)

penicilin G
Figure 1-2. Structure of penicilin G and avermectin

Although so many compounds were isolated and mdriheon have biological activities,
they were not utilized fully. Of all the drugs, alb&0% are related to natural produdta/arious drug
discovery theories and medicinal modalities haventi#eveloped, but new ones have been hard to find
in recent years. Natural products that are gergiatthe process of life are beyond human knowledge
and they should be utilized more.



1-2. Cancer and drug discovery

In the universe, the total number of compounds et become medicines is said to be 3
107 according to a chemi8t. Even if we carry out 1000 experiments per secondrder to find an
effective drug, it is impossible to synthesize sactast number of compounds before the sun burns
out. That's how much drug discovery is difficuliorfunately, as mentioned above, natural resources
have been used as therapeutic agents from arowndavanld. Through the vast experiences that
involved actual administration to patients from iant times, we have gained knowledge about
pharmacological effects. This knowledge of ethniedinine has been transmitted all over the world
for generations and has contributed to the devedmprof traditional drugs. Additionally, information
garnered from the use of folk medicines continwesdrve as a valuable resource for modern drug
discovery.

As for anticancer drugs, some of them are famouggisuch as paclitaxél,vinblastine?!
camptotheci! and doxorubicifi! (Figure 1-3). Despite such many efforts, the eate of cancer has
not yet improved dramatically. Cancer is the maause of death in aging advanced countries.
According to WHO, about ten million people weredicted to die of cancer in 201%8In Japan, the
number of deaths from cancer per year is three fegndeventy thousard.In the United States,
research funds of one hundred twenty trillion yegravspent in the past, but the number of deaths
from cancer is increasing, and even now, cancealiGation is regarded as one of the most important
issues in the scientific field.

paclitaxel vinblastine

OH

o oH Q

MeO O OH O
)

HoNH2

camptothecin doxorubicin

Figure 1-3. Structures of paclitaxel, vinblastine, camptotheand doxorubicin

Less than a decade ago, eribulin from Eisai Cd, lastas approved and launched in the
United States for the first time in 2010 (Figurd)1LEribulin is an anticancer drug that was devetbp
based on halichondrin B a marine natural product isolated from a spongaichondrin B has a
complex structure and its total synthesis requirethy synthetic steps, as established by the Kishi
group™™ As a result, structure-activity relationship stslion halichondrin B became possible, and
this led to the discovery of eribulin, the rightfhpart of halichondrin B responsible for biologica
activity. The industrial total synthesis of erilvulvas achieved in 62 steps.
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eribulin

Figure 1-4. A structure of eribulin

In 2013, the Baran group completed a total synshes$i(+)-ingenol (Figure 1-3321°
Ingenol was isolated fromEuphorbia ingens. Its structure was showing a unique
in,out-bicyclo[4.4.1]Jundecane core. Ingenol esters pasgaportant anticancer activity, and indeed
the angelate [Picato (LEO pharma A/S)] was apprawedhe Food and Drug Administration as a
first-in-class treatment for actinic keratosis i012. The required amount for chemotherapy is
currently being provided by extraction from plarttee amount of which is 1.1 mg/kg. In order to be
able to supply on a large scale, numerous plamtsnaeded. In addition, chemical solutions were
required to conduct a more detailed structure-agtielationship. Ingenol with its complex strucur
has historically been a good research target fothgfic chemists. Total synthesis of ingenol hanbe
reported three times, and in each case an eledgmtvas used for skeleton construction. Howevkr, al
total synthesis were laborious (37~45 sté{is§:'%! A synthetic route that is tedious is impractical (
20 steps). Thus, a 14-step route by the Baran granmllow a chemical supply of ingenol. The Baran
group adopted the unique idea of a 2-phase (cy@daseoxidase) approach. Natural products are
biosynthesized by undergoing oxidase pathway akeletal construction by cyclase pathway. It is an
idea that a short process will be realized evethénartificial synthetic route by imitating biogesie
They started from inexpensive (+)-carene (~ $10/math a bulky dimethylcyclopropyl group as a
foothold for stereochemical control (Scheme 1-1ffe A5 steps, Pauselhand reaction was carried
out to construct a tiglinane skeleton. It was tfameed into the ingenane skeleton by pinacol
rearrangement, and then total synthesis was aahiéveugh allylic oxidation using selenium. Various
analogs are being synthesized using this synthaiite for structure-activity relationship studies.

(+)-ingenol (+)-ingenol 3-angelate
(picato)

Figure 1-5. Structures of ingenol and ingenol 3-angelate



TMSO,/,,: 1) Pauson-Khand

5 steps i 2 steps
P reaction \ . HO' H
[ = H —>) ortaB HO ’HOTBS - g ""OTBS
= Yy 2) MeMgBr " P
; OTBS / P
(+)-carene “ H A )/ o -
L
cyclase phase oxidase
endopoint phase

pinacol .,

rearrangement
- -

4 steps

- =
JE———

H
"'OTBS allylic oxidation

o (+)-ingenol

Scheme 1-1. Total synthesis of (+)-ingenol by the Baran group

Most drugs are developed by synthetic organic chiyniSynthetic organic chemistry is a
powerful tool to create even unknown compoundsexgting in nature. In the material civilization in
which we live, synthetic organic chemistry has madgreat contribution from the point of material
supply. It was also through synthetic organic clstrpithat synthesis of unknown compounds became
possible. Synthetic organic chemistry has two fielebaction development and synthesis of target
compounds. The two fields are not independent oh esther, indeed they have contributed to the
development of each other. Ultimately, it is dddeathat target compounds are synthesized from
simple compounds as starting materials in a shatgss, inexpensively, safely, and without waste.
However, at present, the level of organic synthisdiy no means satisfactory.

The author decided to carry out synthetic studfesytotoxic marine natural compound, in
order to make them a foothold for development ofeh@nticancer lead compounds like eribulin. This
thesis details two research themes: aplyronineddsavinhoeisterol A as target compounds.
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Chapter 2. Structure-activity relationship study of aplyronideby hybridization with
swinholide A

2-1. Introduction
2-1-1 Protein-protein interaction and aplyronine A

Protein-protein interactions (PPIs) play major sole the signal transduction system that are in
charge of life phenomena. Their induction and iittih influence the life phenomena such as prddifien,
differentiation, and aging due to collapse or thamations of biological reactions. The relatiomshétween
PPI defects and various diseases has been clathiesl PPIs are attracting as the drug targgiestrgenomic
era.

Rapamycift? is a natural product that induces PPIls (Figure).2Rapamycin binds to the
intracellular receptor protein FKBP12 to form a gex. The rapamycin—-FKBP12 complex forms a protein
heterodimer by binding to the FKBP12-rapamycin-tsigdsite (FRB) in FKBP12-rapamycin-associated
protein (FRAP) and inhibits the bioresponse of thierleukin-2 receptor. Since this inhibition shows
immunosuppressive activity, rapamycin is used asnamunosuppressant in organ transplantation.

HO,,.
MeO

FKBP12
binding site

FRAP-FRB
binding site

rapamycin

Figure 2-1. Rapamycin

Aplyronine A (1),2*% a 24-membered macrolide, is also one of the RiRlders in marine natural
products isolated from the sea hAptysia kurodai (Figure 2-2). Aplyronine AX) shows cell growth inhibitory
activity against HeLa S3 (ko= 0.01 nM) and powerful antitumor activity agaimspuse P388 lymphoma
tumor models (T/C = 545%) (Table 2/} The mode of action is shown to form a 1:1:1 heteneric
complex with actin and tubulin, and inhibits tulbutiolymerizatior®!

The mode of action was investigated as followihig2006, the crystal structure of actin—aplyronine
A complex was revealed. At that time, the trimesieyine group at C7 is projected at the outer dtipife 2-
3).°l Meanwhile, aplyronine C2J, a natural aplyronine derivative lacking trime#grine group, shows as
high actin-depolymerizing activity as aplyronin€l), and has 1000-fold weaker cytotoxicity than aphine
A (1).2° From these results, the trimethylserine grouppdyranine A (1) was suggested to interact with
another protein except actin. In addition, siddarchaalogd of aplyronine A has actin-depolymerizing activity
but no cytotoxicity***®! and macrolactone anal@® doesn’t have both actin-depolymerizing activitydan
cytotoxicity (Figure 2-41'4 It is supposed that the side chain part is verparant to express actin-
depolymerizing activity and the entire compoundicinre including trimethylserine group at C7 iswer
important to express powerful cytotoxicity. Finalpur group made sure that the second target prigei
tubulin with photoaffinity biotin probe of aplyrame A (1).*° Aplyronine A (1) that possesses the
unprecedented mode of action is expected to bera type of antitumor drug candidate.



Me,N
2 I\OMe

aplyronine A (R = trimethylserine, 1) LZ*L 6]
aplyronine C (R=H, 2) trimethylserine

Figure 2-2. Structures of aplyronines A (1) and C (2)

Table 2-1. Cytotoxicity and actin-depolymerizing activity of aplyronine A and its analogs.

conpound cytotoxicity against actin-depolymerizing
p Hela S3 cells IC5q (ng / mL) activity ECgq (UM) @
aplyronine A (1) 0.011 31
aplyronine C (2) 16.1 32
macrolactone analog 3 2100 inactive
side chain analog 4 >10000 330

INMez

OH OH OH 020 OAc Me

macrolactone analog 3 side chain analog 4

Figure 2-4. Artificial analogs.



2-1-2 Actin, a cytoskeletal protein, and marine naturaldoicts targeting actin

There are three types of cytoskeletal proteins:ratibules, medium diameter fibers, and
microfilaments. Actin constitutes microfilamentgida known as the most abundant protein in eukargetls.
Actin takes two forms of G-actin as a monomer arattn as a polymer. G-actin is a globular proteith a
diameter of 5 nm consisting of four subdomains. AftBracts with the cleft between subdomains 24hkd
When the concentration of G-actin reaches thecatitconcentration (> 100 nM) under physiological
conditions, G-actin starts to polymerize and bewndeuble-stranded helical F-actin. Repetition of
polymerization and depolymerization regulates wsitfe phenomena such as retention of cell shegié,
movement, cytokinesis, and muscle contraction.

Cytotoxic compounds targeting actin are isolatedifmarine organisms. Swinholide ) {” which
is a dimeric macrolide with a 44-membered ring, gatated from the Okinawan spongeeonella swinhoei
(Figure 2-5) Swinholide A has cytotoxicity against murine leukarh1210 cell (IGo = 0.03pg/mL) and
human oral epidermoid carcinoma KB cell {4& 0.04pug/mL).2®*8Swinholide A depolymerizes F-actin,
and its two side chain parts that are actin bindites bind at the same time to the hydrophobiit bEtween
subdomains 1 and 3 of G-actin to form a 1:2 compigh G-actin Kq = ~50 nM for each side chaifj>”!
Misakinolide A 6),??? a natural derivative of swinholide A is cytotoxdgainst L1210 cells (i = 0.035
ug/mL) and has been found to exhibit antitumor digtisgainst P388 leukemia model mice (T/C = 140%0) a
with aplyronine Al® Misakinolide A 6) have no cleavage activity against F-actin dugnding to its barbed
end®! Also, Mycalolide B 7)** is a macrolide with trisoxazole structure isolafesin the marine sponge
Mycale sp. in Gokasho Bay and exhibits antibacterial actidhd cytotoxicity against B16 melanoma cells
(ICs0= 0.5-1.0 ng/mL). Mycalolide B shows actin-depolyrmi@g activity Kq = 13—20 nM) by forming a 1:

1 complex with G-actiff®!

swinholide A (5) : n=1
misakinolide A (6) : n =0

mycalolide B (7)

Figure 2-5. Structures of swinholidé), misakinolide §) and mycalolide B%)



2-1-3 Previous studies

In previous studies, the side chain moiety of apiyme A () proved to be crucial for actin-
depolymerizing activity*®22% Artificial analog4 showed relatively potent actin-depolymerizing atyi
(EGso = 7.9uM) as shown in Table 2-2. On the other hand, myicldB (7), which possesses a similar side
chain to that of aplyronine ALY, has a stronger interaction with actity € 13—20 nM§*?!than aplyronine A
(1) (Ka = 100 nM) (Figure 2-6%! The Kigoshi group synthesized and biologically leated the artificial
analog8, which only consist of the side chain moiety of mycaloliBe(7), revealing its stronger actin-
depolymerizing activity (E€ = 2.7uM) than analogt. !

Meo/IOMe

HO HOMeO 07 0 OAc Me

side chain analog of mycalolide B (8)

Figure 2-6. Side chain analog of mycalolide B

Table 2-2. Biological activities of aplyronine A and mycaldd B and their side chain analogs

compound cytotoxicity against actin depolymerizing
P HelLa S3 cells ICs5q (ng / mL) activity ECsq (M)
aplyronine A (1) 0.011 16
mycalolide B (7) 35 n.d.
side chain analog 4 >10000 7.9
side chain analog 8 >10000 2.7

Reasoning that reinforcement of the actin-depolyzivey activity led to the higher cytotoxicity,
aplyronine A—mycalolide B hybrid compourtdwas designed and synthesized, and its cytotoxiwitgct
against HeLa S3 and actin-depolymerizing activigravevaluated (Figure 2-7J As results, aplyronine A-
mycalolide B hybrid compoun@retained potent actin-depolymerizing activity g€ 1.0uM), however its
cytotoxicity against HeLa S3 was considerably redu@Go = 12 nM) compared to that of aplyronine B (
(ICs0 = 0.010 nM). It was recognized that the differenzemethyl group at the C24 and stereochemistry of
substitution at the C25 between aplyronine 1 &nd aplyronine A—mycalolide B hybrid compoufd
significantly influenced their cytotoxicities. Theonsideration was supported by a comparison oKtnay
crystallographic structures between the actin—aplyre A complex and an actin—kabiramide C (mycd#li
B-related compound,0) complex (Figure 2-8).
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' mycalolide B (7)

! kabiramide C (10)

MeO/i\)\’OMe

OMe 07 "0  OAc

faplyronine A-mycalolide B hybrid compound 9
' 1actin depolymerizing ativity (ECsp) 1.0 uM
MeZNI\OMe ' icytotoxicity against HeLa S3 cells (ICsp) 12 "M

3 INMGQ

0~ O OAc

e ‘" aplyronine A (1)

Figure 2-7. The differences in the pattern and stereocheyndtsubstitution at C24—-C26

.......

N
— gplyronine A

kabiramide C

Figure 2-8. Superimposing conformations of actin—aplyroninanl —kabiramide C complexes

11



2-1-4. Swinholide A and aplyronine A—swinholide A hybridropound

As mentioned above, swinholide B)(shows strong cytotoxicity against various humamncer cells
and actin-depolymerizing activity (Figure 2-®q value of swinholide Ag) is almost the same as that of
aplyronine A () in complex with actin. Raymestal. reported the X-ray crystallographic analysis oaatin—
swinholide A §) complex, revealing that the side chain moietgwinholide A §) interacted with actin in the
same way as that of aplyronine B.(Superimposed conformations of actin—aplyronirendl —kabiramide C
(10) or —swinholide A complexes based on X-ray anayse shown in Figure 2-8 and 2-10. The differences
in configuration at C25 and the degree of sub#bituat C24 between aplyronine A and kabiramide Gsea
a change in the conformational relationship betwenmacrolactone and the side chain part. On tier o
hand, because the stereochemistry of C25 and tireel®f substitution at the C24—C26 are same betwee
aplyronine A () and swinholide Ag), the macrolactone part of swinholide A would espond well with
those of aplyronine A on their actin complexes. ¢éenwe designed aplyronineA—swinholide A hytrdd For
the reason that the stereochemistry and the degfreseibstitution at C24—-C26 of swinholide A)(are
coincident with those of aplyronine A)( the author expected that the conformation ofaplyronine A—
swinholide A hybridl1 would be similar to that of aplyronine A)(

Me,N
2 rom
0

OH 0" o

@ aplyronine A (1)

—a@plyronine A
swinholide A

Figure 2-10. Superimposing conformations of actin—
aplyronine A and —swinholide A complexes

“OH swinholide A (5)

Figure 2-9. Design of aplyronine A—swinholide A hybrid
compound
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2-2. Retrosynthetic pathway of aplyronine A—swinholidé@ybrid compound

Retrosynthetic pathway of aplyronine A—swinholiddnbrid compound.l is shown in Scheme 2-
1. Thus, we planned the synthesis of hybrid comgdinbased on our second-generation total synthesis of
aplyronine A (). The all carbon framework could be assembled bgrintlecular NHK coupling and
macrolactonization (path a) or esterification anttaimolecular Nozaki—Hiyama—Kishi (NHK) coupliffy
(path b) from C1-C19 segmeit and C20-C34 segmehb. C1-C19 segmerii4 was the intermediate of
aplyronine A () in the 2nd generation total synthe$sC20—-C34 segmens is a similar compound as the
synthetic intermediate of misakinolide A by Miyasi§i® andthe author followed the Miyashita method with
modification. Thus, C20—-C34 segmdtcan be constructed by coupling reaction betweearpgegment6
and acetylene segmetit.

MeZNI\OMe
OH O "O (0] TBSO OMTM o

34 macrolactonization
o —— 0
G X - route a
MeO S Y Y w OMe MeO v OMe
hybrid compound 11 12
intramolecular intermolecular
route b NHK coupling NHK coupling

TBSO  OMTM o

esterification

h 1 34
Bu. ‘Bu 34 B;iSiig” o
Q9% F " o |\/W N
< + 3 W
19K/\,/'\,/2s e Y OMe
ER- AcO" 2 OMe = -
acetylene segment 17 pyran segment 16 C20-C34 segment 15

Scheme 2-1. Retrosynthetic pathway
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2-3. Synthesis of C20-C34 segment

The known optically active dioll9 was synthesized from commercially availablg)-3-
hydroxybutanoatel@) by using Miyashita reported procedure (Schemé.21Diol 19 was obtained as an
inseparable mixture of diastereomers at the newlyecated secondary hydroxy growugr (= 95:5). For
separation of the diastereomers, d@ivas converted to aldehy@g&. The diastereomers of aldehyziecould
be separated by silica gel chromatography. Remaiviile cyclohexylidene acetal group and cyclizatdn
the resultant diol afforded acef2, which was transformed into methyl etl8 Hydrolysis of the methyl
acetal in23 and acetylation of the resultant hemiacetal gia# gave pyran segmef6.

M M ; ;
OH O known 2 steps eO” OMe

L ref. 30) /Qi/(')Hv PPTS /Q\/Ob 1) DIBAL, CH,Cl,, ~78 °C, 87% o o
: _— co,Bu ——— - CO,Bu ~ CHO
OMe 2 CH,Cly 2 2) chromatographic separation /\/'\/
18 19 95:5 rt. 20 of diastereomers 21
96%
PPTS 70% TFA aqg.
- s (6] - - (0]
MeOH rt.
rt. MeO OR RO OMe
96% 22R=H NaH, Mel 24R=H j Ac,0, EtsN
23 R =Me THF, r.t., 98% 16 R=Ac DMAP, CH,Cl,

r.t., 72% in 2 steps

Scheme 2-1. Synthesis of pyran segmei

The synthesis of acetylene segmdifit from known aldehyde28 which was prepared from
acyloxazolidinone in 4 steps was examiffédror the stereoselective introduction of a secontigdroxy
group at the C25 and a secondary methyl group at G&6, we attempted Marshall asymmetric
propargylatior*! Addition of chiral allenylzinc reagent, generafesim mesylate29, Pd(OAc), PPh, and
EtZn, to aldehyde?8 gave acetylen80, which has four contiguous stereogenic centersad®al of TES
group gave the diol, which was transformed intglasile acetal?.

o

A 1) MeNHOMe -HCI, MezAl
o O BnO H OH 0 © THF/CH,Cl,, 0 °C OH O
J Bu,BOTf, Et;N R L 92% 5 DIBAL TESO
N O " . Bno <" N "o - BnOW\ANJ\/‘e = g~ CHO
CH,Cl, B )—( 2) 'PrNEt, TESOTY, CH,Cl, R THF n :
Ph rt. Ph ., 95% OMe 780
25 95% 26 27 98% 28
known
\\\/OMS
29
Pd(OAc), Bu._.Bu
PPh -Si
3 TESO  OH 1) HF-Py., Py., THF, 0 °C oo
Et,Zn : %7 quant. A7
BnO Y25 BnO Y Y
THF ER- 2) 'Bu,Si(OTf),, 2,6-lutidine R
~78 to —20 °C 30 CH,Cl,, 30 °C, 95% 17
79%, d.r.=9:1

Scheme 2-2. Synthesis of acetylene segméit

The coupling reaction between pyran segmérand acetylene segmeitwas next examined based
on the Miyashita reported conditions (Table 22¥)The coupling reaction using excess pyran segrb@nt
proceeded in 27% vyield (entry 1). We next examitésicoupling reaction using excess acetylene saghie
becausel7 was recoverable antb was not.As a result, the reaction yield was improved (@sti2 and 3).
Next, the solvent at the preparation of the Li-glod¢ of 17 was changedlhe Li-acetylide, generated in situ
from acetylene segmef? in THF, participated in the coupling reaction toyade the coupling compourgi
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in 66% yield. Finally, increase of the concentnaticmm 0.1 M to 0.3 M improved the yield 81 to 80%. This
reaction proceeded through a more stable chairdikesition state via an oxonium cation, and the
stereochemistry in coupling produgt was determined by the coupling constants betw&H and 30-H
(Figure 2-11).

Table 2-1. Coupling reaction between pyran segnmhand acetylene segmetit

o
Bu., Si,'Bu Acobwo,vle Bu. si Bu o
oo Me,AlOTf 16 oo
W "BuLi (3.2 eq) conditions B W OMe
BnO : ; BnO Y ;
H E conditions A CH,Cl,, -30 °C CH,Cl, H H
17 -30°C -30°Ctor.t. 31
single isomer
conditions A conditions B
17 "BuLi 16 ]
ent . solvent . . conc (M ield (%
Y (equiv) (equiv) (equiv) M) yield (%)
1 1.0 1.0 CH,Cl, 14 0.1 27
2 1.4 1.0 CH,Cl, 1.0 0.1 42
3 1.4 1.4 CH,Cl, 1.0 0.1 55
4 1.4 1.4 THF 1.0 0.1 66
5 1.4 1.4 THF 1.0 0.3 80
B Bk
R
‘l‘ 54 Hz 121 Hz
Me
/\twist boat—lik/’ \g(;%}OMe
R—=—=0 Me\léz unstable TS
\)\ZOMe
\ * It
chair-like OMe
Me\A®Oﬁ Bu
l BnO # X coupling constant
R
stable TS

Figure 2-11. Transition states in the coupling reactior8tcand the coupling constants 3

The coupling compoun8l was converted into C20—-C34 segm#&nts follows. Hydrogenolysis of
the benzyl group and hydrogenation of the triplacm 31 afforded alcohoB2,2 which was oxidized by
Dess—Martin periodinafd to give an aldehyde. Takai olefinatitthof the aldehyde gave C20—-C34 segment

15.
4 4 He Bu. B Bu. ‘Bu
Bu:Si,\Bu 0 Pd(OH),/C Usgi-P 1) Dess—Martin periodinane S
BnO oo« omMe NaHCO; HO OO 0 Py., CH,Cly, rt. 85% | oo %
W W\\~ \/\/'\/'\/\\\‘.
: EtOAc, rt YT OMe  2) CHIy, CrCly, THF, rt. H OMe
= = 89% = = 72% =4 =
31 32 15

Scheme 2-3. Synthesis of C20—-C34 segmédbt
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2-4. Synthesis of aplyronine A—swinholide A hybrid corapd

Asymmetric NHK coupling reaction with Nigtdppp), CrCl, and ligand34 between the aldehyde
which was derived from C1-C19 segmédtin 2 steps and C20-C34 segm&bhivas conducted. The ligand
34 was developed in our laboratory, and which pogsefisree electron-donating methoxy groups on the
benzene ring, a largBu group on the oxazoline ring, and a small metmgLip on the sulfonamide group to
improve the reactivity and selectivity! The reaction proceeded with moderate yield. TReesthemistry at
C19 was determined by modified Moscher’s metfidd@he coupling product was converted to seco 86id
by methylation, removal of silylene acetal groupd daydrolysis. Unfortunately, seco a@8 is difficult to
handle due to its high polarity, and also followimgcrolactonization gave no desired macrolac8mhe

34
Bu._ ‘Bu

oo o
I\/W .
Z SN OMe
2 ER—

TBSO OMTM TBSO OMTM
- CO,Et C20-C34 segment 15 :
ligand 34 , proton sponge
NiCl,(dppp), CrCl,

MeCN
r.t.
C19- 8 -OH (desired) : 53%
33 C19-a-OH (undesired) : 10% 35

TBSO  OMTM [0}

MeO 7Y w OMe OMe
H H OMe
36
O OMe

1) Mel, NaH, THF, 30 °C, 47%
2) "BuyNF, AcOH, THF, r.t., 52%

3) 4 M LiOH aq., THF, r.t.

TBSO OMTM o} ‘ N ofgt'o
TCBC : B Me
EtsN, DMAP : o ligand 34
CHCly : o
r.t. MeO : H ) OMe

37

Scheme 2-4. Macrolactonization route

The author planed two synthetic pathways, a mactatdzation route which failed as described
above, and an intramolecular NHK coupling routechitis shown below. Transformation of protectingugro
in segmeni5 was needed in the intramolecular NHK coupling rotitee selective protection of the hydroxy
group at C25 ir80 could not be achieved directly. Hence, a circigteynthetic route to desired monoalcohol
was required in the end (Scheme 2-5). Accordirtgly,author manipulated the protecting groups in-C3%
segmentl5 to give iodoolefin39 in four steps: (1) removal of the silylene acefd),regioselective pivalation
at 230, (3) TBS protection of the remaining hydroxy gro@) reductive removal of the pivaloyl group.
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1 1
Bu-g;-BU 1) "Bu,NF, THF, r.t., quant.
oo 0 PivO OH o}
|W\\\~‘ oM 2) PivCl, DMAP, Py. I\/\/'\:/k:/\\\“. oM

= = CH,Clj, r.t., quant. H H
C20-C34 segment 15 38

1) TBSOTY, 2,6-lutidine, CH,Cly, rt., 97% oH OTBS ogj\
2) DIBAL, CH,Cl,, ~78 °C, 83% NP N ol

257

e

39
Scheme 2-5. Manipulation of protecting groups in C20—-C34 segti5

Next, the connection of carboxylic adf synthesized from C1-C19 segmé#tby hydrolysi&€®
and iodoolefin39 was achieved by esterification (Table 2-3). Tredds of estedl under normal Yamaguchi
(entry 1) Shiina (entry 25" and Steglich (entry 3! condition was 55, 49, and 19%, respectively. Under
DPTC conditions that were developed by Mukaiy&tfiacarboxylic acid40 reacted only with pyridone,
generated from DPTC, to produce pyridyl ed@(entry 4). When toluene was changed to a mixtieHs-
and toluene, the Yamaguchi condition that gaver ddtevith the best yield.

Table 2-3. Esterification between carboxylic aclll and iodoolefi0

34
OH OTBS C(’j\
IW\\\~' OM

TBSO  OMTM o) z O e TBSO OMTM o)
' 1 OH T NN otes oﬁ)\
'\/A/v'\/\ OMe
MeO OTBS MeO = OTBS ’ :
40 41
entry conditions yield
1 TCBC, Et;N, DMAP, toluene, r.t. 55%
2 MNBA, Et;N, DMAP, CH,Cly, r.t. 49%
3 DCC, DMAP, CH,Cl, r.t. 19%
4 DPTC, Et;N, DMAP, CH,Cly, rt. 0% (42 : 90%)
5 TCBC, Et3;N, DMAP, THF/toluene, r.t. 83%

TBSO OMTM (0] = ‘

Removal of the primary TBS group followed by Dessiih oxidation produced NHK coupling
precursor43 (Scheme 2-6). Intramolecular NHK coupling 48 gave the desired macrolide and the C19
diastereomer, which could be separated by silidacgematography. The stereochemistry at C19 was
confirmed by modified Moscher’s method (Figure 2-82 Methylation of the resulting hydroxy group and
removal of the MTM group gave alcoh8. TheN,N,O-trimethylserine ester group with a 1:1 diasteredene
ratio ato-position of trimethylserine was introduced by gsan2:1 enantiomeric mixture of trimethylserine.
Finally, removal of two TBS groups afforded aplyraiA—swinholide A hybrid compounid. The synthesis
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of hybrid compoundl was 16-step shorter than the 86-step synthesiglpfonine A. In addition, to confirm
the mode of action of hybrid compourid, aplyronine C (a natural aplyronine derivativekiag the
trimethylserine ester group) —swinholide A hybrahpound46, was synthesized froab.

TBSO OMTM o omTM o
AN L
w é\ 1) NH,4F, MeOH, r.t., 99% v\/g\/(')lBj\ ({'j\
2NN OMe NN OMe

2) Dess—Martin periodinane
Py., CH,Cly, 0 °C, 93% MeO

TBSO

OoTBS

MeO
41 43
TBSO OMTM [0}
X
NiCl,, CrCl,
DMSO
rt. MeO
C19- B -OH (desired) : 48%
C19- @-OH (undesired) : 35% 44

1) Mel, NaH, THF, 35 °C, 88%

ogj\

OMe
OQ')\
OMe

2) AgNO3, 2,6-lutidine, THF, 30 °C, 90%

1) N,N,O-trimethylserine (e.r. = 2/1) 45:R'=TBS,R*=H
TCBC, DMAP, Et;N, CH,Cly/toluene Me,N
97% 1 2 OMe HF-Py., Py.
2) HF-Py., Py., THF, r.t., 88% 1M:R=HR"= o THE. 11. 83%
46:R'=R2=H D

Scheme 2-6. Synthesis of aplyronine A—swinholide A hybrid qooand1l and aplyronine C—swinholide A
hybrid compoundi6

A § values (6 s~ R)

-0.004 +0.001

Q/\/ e)

TBSO S

-0.000+0.004 O +0.057 +0.000
0.012 0040 omtPa i/ omBS O
-0, > :
Moo : : N T OMe
~0.004 co: L oo

-0.003 +0.137 +0.012
Figure 2-12. Determination of stereochemistry at C194h
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2-5. Biological activities
2-5-1. Cytotoxicity

The cytotoxicities of aplyronines AY, aplyronine A—swinholide A hybrid compoudd, aplyronine
C—swinholide A hybrid compountb, and the derivative47-49 that was synthesized from alcodslby a co-
researcher are indicated in Table 2-4. Hybrid caimpld1 had strong cytotoxicity, but which was some-what
weaker than that of aplyronine &)(presumably due to the simplification of the siti@in. On the other hand,
hybrid compoundl was found to have about 10000-fold stronger cyiotty than hybrid compound6. This
fact indicates a similar tendency with aplyroniAeand C, where the trimethylserine moiety is venportant
for cytotoxicity. In addition, the cytotoxicity dfl was stronger than that of aplyronine A—mycaloBdeybrid
compound. DerivativesA7-49 was designed with a view to synthesize chemigathgs for the elucidation of
the binding site with tubulin later and research&ure-activity relationship studies of the amawd moiety
in 1 that have never been conducted. Examinationseif tiytotoxicities showed that all of them decrehse
about 1000-fold as compared with hybrid compolihdA hydrogen bond between the methoxy group in the
trimethylserine and tubulin or a bulky substituemight influence to the cytotoxicity. Chemical pradaked
at trimethylserine moiety were supposed to be weiakactivity than hybrid compountlL.

Table 2-4. Cytotoxicities

cytotoxicity

compound against HelLa S3 cells
1C50 (NM)
e} ApA (1) 0.01
R= WOME : aplyronine A—swinholide A hybrid compound 11 ApC (2) 10
NMe, T A e
ApA-SwA 11 0.17
R = H : aplyronine C-swinholide A hybrid compound 46
ApC-SwA 46 1500
(0]
ApA-MyB 9 12
R= %J\( : dimethylalanine analog47 ~ TooTToommoooomsoooomsoooooooooooooooooooooooo
dimethylalanine
NMe; analog 47 190
(0]
dimethylphenylalanine
R= Ph : dimethylphenylalanine analog 48 analog 48 260
NMe,
dimethylleucine 720
analog 49
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2-5-2. Actin-depolymerizing activity

Actin depolymerization activity of synthesized higbrcompound 11 was evaluated in an
ultracentrifugation method. In an ultracentrifugatimethod, each G-actin (monomer) and F-actin (pely
can be divided into supernatant and precipitatifras, respectively. Actin in G-buffer is a monaraad was
detected in a supernatant fraction (Table 2-5, lBnéMeanwhile, when MgGlwas added to the mixture,
polymerized actin was detected in a precipitatetioa (lane 2). The purpose of this experimenthetler the
addition of aplyronine AX) or hybrid compoundl to a polymerized actin solution affects the exteht
polymerization of actin. In lane 3, actin in thegence of aplyronine A was detected in a supernfxtaation
only. In the case of hybrid compoudd, actin was detected in a supernatant fraction dose-dependent
manner (lane 4-6). After developing the sample BDS-PAGE, the bands were stained by CBB. The ratio
of G-/F- actin at each sample concentration wasginbt by processing the image with Image J, an&EMe
value was calculated. Hybrid compoulidpossessed about 10-fold weaker actin-depolymeraativity than
aplyronine A (). Since cytotoxicity of hybrid compountll was also about 10-fold weaker than that of
aplyronine A (), the result was reasonable.

Table 2-5. Actin-depolymerizing activity.

lane 1 2 3 4 5 6
MgCl, - + + + + +
ApA (1,5 uM) - - + - - _
ApA-SwA (11, 5 uM) - - - + - -
ApA-SwA (11, 15 uM) - - - - + -
ApA-SwWA (11, 50 uM) - - - - - +
supernatant —
precipitate
cytotoxicity actin-
compound against HelLa S3 cells depolymerizing
ICs0 (NM) activity ECgp (uM)
ApA (1) 0.01 1.3
ApA-SwA 11 0.17 12.8
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2-5-3. Tubulin polymerization inhibitory activity

As hybrid compound.l retained strong cytotoxicity and actin-depolymieigzactivity, the author
examined whether it would induce PPI between aotithtubulin. In an ultracentrifugation method, maoeo
and polymer tubulin are also separated to superhatad precipitate fractions. Tubulin is polymedze
BRB8O0 buffer by paclitaxel (Table 2-6, lane 1). @ndoexistence of aplyronine A in this solutiorpulin still
precipitated (lane 2). In lane 3, when actin wadeado the condition of lane 2, actin and mosteftubulin
were detected in the supernatant. Actin and tuldilinnot interact directly with each other, andgpided
proteins were detected (lane 5). These resultsroved that these experiments are suitable for tatga PPI
inducing ability of aplyronine A1) between actin and tubulin, resulting in depolyizegion of actin and
tubulin. Hybrid compoundl showed the same result as aplyronind)A(lanes 6 and 7). Therefore, hybrid
compoundll induces PPI between actin and tubulin just dses, albeit with 10% of the potencylofThis
results support our hypothesis that aplyronind)Abfnds to actin with its side chain moiety and #utin—
aplyronine A () complex interacts with tubulin by using the madactone moiety with the trimethylserine to
give actin—tubulin—aplyronine AJ complex, resulting in depolymerization of actimdaubulin.

Table 2-6. Tubulin polymerization inhibitory activity.

lane 1 2 3 4 5 6 7 8
tubulin (3 uM) + + + - + + + -
actin (3 uM) - - + + + - + +
paclitaxel (6 uM) + + + - + + + -
ApA (1, 10 uM) - + + + - - - _
ApA-SwA (11, 100 M) - - - - - s+ s

supernatant tUbL{li”

actin

precipitate tubulin

actin
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2-6. Summary

Aplyronine A (1) is expected to be a novel type of anticancer darglidate based on the induction
of PPI between actin and tubulin. The author pldrtoaelevelop a lead compound for an anticancer based
on aplyronine AX) by hybridization with swinholide A5). Aplyronine A—swinholide A hybrid compourid
was synthesized in 70 steps through esterificaioeh intramolecular NHK coupling (Scheme 2-7). Hglbri
compoundLl possesses potent cytotoxicity, and its mode @dagtas confirmed to be the same as aplyronine
A by the actin-depolymerizing activity assay andbuiin polymerization inhibitory activity assay. Als
cytotoxicities of amino acid derivativd3-49 decreased about 1000-fold as compared with hylontbound
1.

esterification
TBSO OMTM (0] . & TBSO OMTM o
R intramolecular :
"1"OH 34 NHK coupling
* OH OTBS OKJ)\ —— : ()(’j\
\/\/\/‘\/\ N i .
MeO' OTBS N~ Y Y N OMe MeO . . w OMe
20 = z 28 H z
37 36 “

aplyronine A-swinholide A hybrid compound 11
total 70 steps
IC50=0.17 nM
ECs0=12.8 uM

Scheme 2-7. Summary (1)

Table 2-7. Summary (2)

cytotoxicity

compound against HelLa S3 cells
ICs5q (NM)
9 ApA (1) 0.01
R= NOMS : aplyronine A-swinholide A hybrid compound 11
ApC (2) 10
NMe,
R = H : aplyronine C—swinholide A hybrid compound 46 ApA-SwA 11 0.17
o ApC-SwA 46 1500
R= : dimethylalanine analog 47 dimethylalanine
}%J\( Y & analog 47 190
NMe,
o dimethylphenylalanine
analog 48 260
R= }L)Kﬁph : dimethylphenylalanine analog 48 . .
NM dimethylleucine
“ analog 49 720
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2-7. Experimental section
2-7-1. General

All moisture-sensitive reactions were performedarah atmosphere of argon or nitrogen, and the
starting materials were azeotropically dried wigmbene before use. Anhydrous MeOH, MeCNCl] THF
and DMSO were purchased from Sigma-Aldrich Co.,,loc Wako Pure Chemical Industries Ltd., and used
without further drying. TLC analysis were conductedE. Merck precoated silica gel 6&40.25 mm layer
thickness). Fuiji Silysia silica gel BW-820MH (75-2Qm) was used for column chromatography. E. Merck
PLC Silica gel 60 E4(0.5 and 2 mm layer thickness) was used for PTLioal rotations were measured
with a JASCO DIP-370 polarimetdnfrared (IR) spectra were recorded on a JASCORR/100 instrument
and only selected peaks are reported in wavenungbets). *H and**C NMR spectra were recorded on a
Bruker AVANCE 600, a Bruker AVANCE 500, a Bruker AMCE 400, and a Bruker DPX 400 spectrometer.
The'H and™*C chemical shiftsy) are reported relative to residual CHEh = 7.26 andc = 77.0), respectively.
Jvalues are given in Hz. The following abbreviati@are used for spin multiplicity: s = singlet, dieublet, t
= triplet, g = quartet, m = multiplet, and br = bdb High resolution ESI/TOF mass spectra were tembon
a JEOL AccuTOFCS JMS-T100CS spectrometer.

2-7-2. Cell growth inhibitory assay

Stock cultures of HeLa S3 cells were maintaineBagle’s Minimum Essential Medium containing
Earle’s Balanced Salts and 10% fetal bovine sernth#6 antibiotic-antimycotic mixed stock solution a
37 °C under 5% C@For the purpose of the experiment, 2xdélls suspended in 1A of medium per well
were plated in 96-well plate. After 12 h incubatair87 °C under 5% CQo allow cell attachment, compounds
in 100pL of medium were added to the well at different@amtrations and incubated for 96 h under the same
conditions. After 3 h of the MTT addition to eaclellythe medium/MTT mixtures were removed, and the
formazan crystals formed were dissolved in 150 UID®SO per well. After 30 min, optical absorbande a
540 nm were measured with a microplate reader.cytmoxic effects of each compound were obtained as
ICso values.

2-7-3.Invitro actin depolymerizing activity assay

To a solution of actin (3M, from rabbit skeletal muscle, Cytoskeleton) irb@#er (200uL) was
added a 0.12 M solution of Mg{(1.6 uL), and the mixture was stirred at 25 °C for 30 nuirgive F-actin
solution. To the solutions of F-actin were added@as in DMSO, and the resulting mixtures weraetirat
25 °C for 30 min and then ultracentrifuged (6000@y22 °C, 1 h). The supernatants and the pretégitaere
dissolved in 1 x SDS buffer (3@, Sigma) and boiled at 95 °C for 5 min. SDS-PAG&swerformed by using
a precast 10% polyacrylamide gel (ATTO), and ths gere stained with a Quick-CBB kit (Wako).

2-7-4.Invitro tubulin polymerization inhibitory activity assay

To a solution of actin (M, from rabbit skeletal muscle, Cytoskeleton) in H#® (50uL) were
added samples (1 mM or 10 mM in DMSO, L9, tubulin in BRB80 (5QuL), H-O (0.5uL), and paclitaxel
(2 mM in DMSO, 0.31L). The resulting mixtures were standed at 37 AC3fdmin and then ultracentrifuged
(60000 rpm, 37 °C, 1 h). The supernatants andringptates were dissolved in 1 x SDS buffer (P0Sigma)
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and boiled at 95 °C for 5 min. SDS-PAGE was perfirhy using a precast 10% polyacrylamide gel (AT TO)
and the gels were stained with a Quick-CBB kit (\WJak
*When the samples were not added, the same ambtimt corresponding solution was added.
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2-7-5. Synthesis and spectroscopic data of commound

Cyclohexylidene acet&0

MeO~ "OMe ;
OH OH

PPTS o 9
/’\/k/COZ'Bu —_— /'\/k/cozfsu

CH,Cl,
19 rt 20

To a stirred solution of didl9 (95:5 diastereomeric mixture, 1.11 g, 5.43 mmoICHCI, (30 mL)
were added 1,1-dimethoxycyclohexane (1.34 mL, 8rB8ol) and PPTS (300 mg, 1.19 mmol) at room
temperature. After stirring for 18 h at room tengtaere, the mixture was diluted with saturated agseo
NaHCG; (30 mL) and extracted with GRBI2 (3 x 30 mL). The combined extracts were washel tuiine (30
mL), dried over NgSQ,, filtered, and concentrated. The crude productpuaiied by column chromatography
on silica gel (44 g, hexane—EtOAc 10 : 1) to affoydlohexylidene acet&0 (95:5 diastereomeric mixture,
1.48 g, 96%) as a colorless oil.

Major isomer

Ri=0.27 (hexane : EtOAc =8:1)

[a]p®+7.0 € 1.11, CHC))

IR (CHCk) 2938, 1721, 1449, 1368, 1157 ¢m

'H NMR (400 MHz, CDCJ) 5 4.25 (dddd,) = 13.5, 8.4, 5.2, 5.2 Hz, 1H), 3.99 (dd¢; 8.1, 6.3, 6.3 Hz, 1H),
2.43 (ddJ=14.9, 8.4 Hz, 1H), 2.34 (dd= 14.9, 5.2 Hz, 1H), 1.75-1.29 (m, 12H), 1.4598), 1.19 (dJ =
6.3 Hz, 3H)

13C NMR (100 MHz, CDQJ) § 170.6, 100.4, 80.6, 63.5, 62.3, 42.6, 39.6, 33460, 28.3 (3C), 25.7, 23.2,
23.2,21.9

HRMS (ESI)m/z 307.1895, calcd for fgH2sNaQs [M+Na]* 307.1885.
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Aldehyde21

1) DIBAL, CH,Cl,, 78 °C Q

o O o O
H 2) chromatographic separation B
§
/\/‘\/COZ Bu of diastereomers /\/'\/CHO

20 21

To a stirred solution of cyclohexylidene aced@l(95:5 diastereomeric mixture, 1.72 g, 6.06 mmol)
in CHCl, (30 mL) was added DIBAL (1.06 M solution in hexa®e70 mL, 7.10 mmol) at —78 °C. After
stirring for 2 h at same temperature, the mixtuas wiluted with saturated aqueous Na/K tartratenflLpand
stirred at room temperature for 2 h. The resuli@rture was extracted with GBI» (3 x 10 mL). The extracts
were combined, washed with brine (20 mL), driedrdN@SQ;, filtered, and concentrated. The crude product
was purified by column chromatography on silica @8 g, hexane—EtOAc 5 : 1) to give a diastereatneri
mixture of aldehyd¢l1.24 g, 96%). Diastereomers were separated byrcotinromatography on silica gel (20
g, CHCI—EO 100 : 1) to afford diastereomerically pure ald##®1 (1.11 g, 87%) as a colorless oil.

Ri=0.23 (hexane : EtOAc=8:1)

[ a]o®® +18.0 £ 0.423, CHGJ)

IR (CHCL) 3026, 3003, 2939, 2858, 1725, 1448, 1364, 1129 cm

'H NMR (400 MHz, CDCJ) § 9.78 (ddJ = 2.5, 1.8 Hz, 1H), 4.38 (dddd= 12.7, 8.8, 4.4, 4.4 Hz, 1H), 4.01
(ddg,J = 6.3, 6.3, 6.3 Hz, 1H), 2.61 (dddl= 16.4, 8.8, 2.5 Hz, 1H), 2.48 (ddil= 16.4, 4.4, 1.8 Hz, 1H),
1.77-1.30 (m, 12H), 1.21 (d,= 6.3 Hz, 3H)

13C NMR (100 MHz, CDGJ) 6 201.3, 100.6, 62.3, 61.9, 49.4, 39.8, 34.4, 3605, 23.2, 23.1, 21.8

HRMS (ESI)m/z 267.1558, calcd for £8H2sANaQs [M+Na+MeOH] 267.1572.
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Methyl acetal?2

To a stirred solution of aldehyd@d (896 mg, 4.22 mmol) in MeOH (20 mL) was added PRZA.
mg, 0.878 mmol) at room temperature. After stirfog31 h at room temperature, the mixture wastéedu
with saturated agqueous NaH&Q@O0 mL) and extracted with £2 (5 x 10 mL). The extracts were combined,
washed with brine (20 mL), dried over 188, filtered, and concentrated. The crude productpuasied by
column chromatography on silica gel (20 g, hexat®A€ 5 : 1) to afford methyl acetal (594 mg, 96%) as
a colorless oil.

Ri=0.15, 0.19 (hexane : EtOAc =1 :1)

IR (CHCL) 3446, 3012, 1385, 1210, 1121¢m

'H NMR (400 MHz, CDC) § 4.84 (d,J = 3.4 Hz, 1H) [4.29 (dd] = 9.6, 2.0 Hz, 1H)], 4.09 (m, 1H) [3.81 (m,
1H)], 3.84 (ddg,J = 12.6, 2.0, 6.3 Hz, 1H) [3.48 (ddy= 12.5, 2.0, 6.3 Hz, 1H)], 3.33 (s, 3H) [3.503Hl)],
2.07 (ddddJ = 12.6, 3.7, 2.0, 2.0 Hz, 1H) [2.17 (dddd;s 12.0, 4.7, 2.0, 2.0 Hz, 1H)], 1.96 (dddd; 12.3,
4.6, 2.0, 2.0 Hz, 1H) [1.92 (ddddl= 12.4, 4.8, 2.0, 2.0 Hz, 1H)], 1.65 (br. s, 1HB[ (br. s, 1H)], 1.49 (ddd,
J=125,12.3, 3.4 Hz, 1H) [1.33 (dd#i= 12.4, 11.5, 9.6 Hz, 1H)], 1.23 (ddds= 12.6, 12.6, 11.8 Hz, 1H)
[1.18 (ddd,J = 12.5, 12.0, 12.0 Hz, 1H)], 1.22 (@~ 6.3 Hz, 3H) [1.28 (dJ = 6.3 Hz, 3H)] (the minor
counterparts of doubled signals in the ratio of@ZCare in brackets)

13C NMR (100 MHz, CDGJ) § 99.2 [101.2], 64.0 [68.2], 63.7 [67.1], 54.5 [5p 4.6 [42.4], 39.1 [40.8], 21.4
[21.3] (the minor counterparts of doubled signalghie ratio of 1:0.67 are in brackets)

HRMS (ESI)m/z 169.0770, calcd for {11405 [M+Na]" 169.0841.
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Methyl ether23

Mel
o) NaH O
—_— =
MeO OH THF MeO OMe

r.t.
22 23

To a stirred solution of methyl aced (595 mg, 4.07 mmol) in THF (20 mL) was added 608N
(267 mg, 6.66 mmol) at room temperature. After 40 at room temperature, Mel (700 mL, 11.3 mmol) was
added to the mixture, and the mixture was stirfretbam temperature for 18 h. The resultant mixtwes
diluted with saturated aqueous MH (20 mL) and extracted with £ (3 x 20 mL). The extracts were
combined, washed with brine (40 mL), dried oves®{@, filtered, and concentrated. The crude product was
purified by column chromatography on silica gel (R@entane—&D 4 : 1) to afford methyl eth@3 (637 mg,
98%) as a colorless oil.

Ri= 0.45, 0.48 (hexane : EtOAc=1:1)
IR (CHCk) 3009, 2934, 1449, 1385, 1100 ¢m
'H NMR (400 MHz, CDC) § 4.84 (d,J = 3.5 Hz, 1H) [4.29 (dd] = 9.8, 2.1 Hz, 1H)], 3.82 (ddd,= 12.6,
2.0, 6.3 Hz, 1H) [3.46 (ddg,= 12.3, 2.0, 6.2 Hz, 1H)], 3.62 (dddbs 11.3, 11.3, 4.6, 4.6 Hz, 1H) [3.42-3.33
(m, 1H)], 3.33 (s, 3H) [3.50 (s, 3H)], 3.32 (s, 31¥)35 (s, 3H)], 2.13 (dddd}, = 12.7, 4.6, 2.0, 1.7 Hz, 1H)
[2.23 (ddddJ = 12.0, 4.6, 2.0, 1.9 Hz, 1H)], 2.02 (dddd; 12.4, 4.6, 1.7, 1.7 Hz, 1H) [1.98 (dddd; 12.5,
4.6,2.1,1.9 Hz, 1H)], 1.43 (ddd~ 12.4, 11.3, 3.5 Hz, 1H) [1.29 (ddd+ 12.5, 11.2, 9.8 Hz, 1H)], 1.20 (d,
J=6.3 Hz, 3H) [1.29 (d]) = 6.2 Hz, 3H)], 1.15 (dddl = 12.7, 12.6, 11.3 Hz, 1H) [1.14 (ddbiF 12.3, 12.0,
11.2 Hz, 1H)] (the minor counterparts of doubleghsis in the ratio of 1:0.67 are in brackets)
13C NMR (100 MHz, CDGJ) § 99.4 [101.2], 72.6 [75.4], 64.0 [68.1], 55.5 [5634.7 [55.5], 39.4 [38.8], 36.0
[37.2], 21.6 [21.3] (the minor counterparts of dimabsignals in the ratio of 1:0.67 are in brackets)
HRMS (ESI)m/z 183.0987, calcd for 411605 [M+Na]" 183.0997.
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Acetatel6

ji‘j\ 1) 70% TFA aq. @
MeO OM 2) Ac,0, EtzN, DMAP AcO OMe

e CH2C|2, r.t.

23 16

Methyl ether23 (941 mg, 5.87 mmol) was treated with 70% aqueob& {30 mL) at room
temperature. After being stirred at room tempegafar 2 h, the reaction mixture was diluted withtusated
aqueous NaHC®(100 mL) at 0 °C and extracted with CH@ x 60 mL). The extracts were combined,
washed with brine (50 mL), dried over 188, and filtered. Removal of the solvent affordeddertlnemiacetal
24, which was used for the next reaction withoutHartpurification.

To a stirred solution of crude hemiace?dlin CHCI, (38 mL) were added B (5.20 mL, 37.3
mmol), AcO (1.10 mL, 11.6 mmol), and DMAP (158 mg, 1.29 mhatlroom temperature. After stirring for
1 h at room temperature, the mixture was dilutetth WO (20 mL) and extracted with GAI» (3 x 10 mL).
The extracts were combined, washed with brine (L] ©fried over NaSQ,, filtered, and concentrated. The
crude product was purified by column chromatogramigilica gel (20 g, pentane-6t4 : 1) to afford acetate
16 (789 mg, 72% in 2 steps) as a colorless oil.

R=0.39, 0.44 (hexane : EtOAc=1:1)

IR (CHCk) 3010, 1743, 1450, 1375, 1240, 970, 669'cm

'H NMR (400 MHz, CDCJ) § 6.26 (d,J = 3.0 Hz, 1H) [5.64 (dd] = 10.2, 2.3 Hz, 1H)], 3.95 (ddd= 12.5,
2.2,6.2 Hz, 1H) [3.60 (ddq4,= 11.4, 2.0, 6.2 Hz, 1H)], 3.63 (dddtk 11.2, 11.2, 4.5, 4.5 Hz, 1H) [3.43 (dddd,
J=11.2,11.2, 4.5, 4.5 Hz, 1H)], 3.34 (s, 3H) B(3, 3H)], 2.14 (dddd] = 13.2, 4.5, 2.2, 1.9 Hz, 1H) [2.25
(dddd,J = 11.9, 4.5, 2.0, 2.0 Hz, 1H)], 2.07 (m, 1H) [1(@€dd,J = 12.6, 4.5, 2.3, 2.0 Hz, 1H)], 2.06 (s, 3H)
[2.10 (s, 3H)], 1.54 (ddd} = 11.2, 10.2, 3.0 Hz, 1H) [1.39 (ddd+ 12.6, 11.2, 10.2 Hz, 1H)], 1.22 (ddbs
13.2,12.5, 11.2 Hz, 1H) [1.17 (dd#i= 11.9, 11.4, 11.2 Hz, 1H)], 1.21 @F 6.2 Hz, 3H) [1.29 (d) = 6.2
Hz, 3H)] (the minor counterparts of doubled signalthe ratio of 1:0.82 are in brackets)

13C NMR (100 MHz, CDG) § 169.5 [169.3], 93.0 [92.7], 71.9 [74.9], 66.7 [§]9.55.3 [55.6], 38.8 [38.4],
34.7 [36.1], 21.5 [21.1], 21.2 [21.1] (the minoruaterparts of doubled signals in the ratio of 120a8e in
brackets)

HRMS (ESI)m/z 211.0929, calcd for &116NaOs [M+Na]* 211.0946.
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Acetylene30

\/OMS
H 29
Pd(OAC)
TESO PPhy TESO  OH
& O/WCHO Et,Zn o : =
: THF :
28 —78 to —20 °C 30

To a stirred solution of Pd(OAc§30.0 mg, 0.134 mmol) in THF (4.0 mL) were addellisons of
PPh (183 mg, 0.523 mmol) in THF (2.0 mL), aldehy2® (183 mg, 0.523 mmol) in THF (2.0 mL), and
mesylate29 (160 mg, 1.08 mmol) in THF (2.0 mL) at —78 °C.&t (1.1 M hexane solution, 1.50 mL, 1.60
mmol) was slowly added to the mixture at —78 °QeAstirring for 5 min at =78 °C, the reaction mipd was
warmed to —20 °C and stirred for 15 h. The restitature was diluted with saturated aqueous,GIH6.0
mL) and extracted ED (3 x 6 mL). The extracts were combined, washeti Wwiine (5.0 mL), dried over
NaSQy, filtered, and concentrated. The crude product puagfied by column chromatography on silica gel
(9.3 g, hexane—EtOAc 20 : 1) to afford acetyl80€103 mg, 51%) and diastereomeric mixture of aegiyl
30 (57.3 mg, 28%¢.r. = 1 : 0.36) as yellow oils, respectively (totab0lmg, 79%gd.r. =91 : 1).

Ri= 0.48 (hexane : EtOAc =5:1)

[ @]p?®—32.5 € 1.00, CHCY)

IR (CHCk) 3427, 3307, 3008, 2959, 2877, 2112, 1455, 11003 tm*

'H NMR (600 MHz, CDCY) § 7.36—7.27 (m, 5H), 4.52 (d,= 11.8 Hz, 1H), 4.48 (d] = 11.8 Hz, 1H), 4.36

(d,J=2.2 Hz, 1H), 4.03 (dg = 8.9, 3.2 Hz, 1H), 3.59-3.53 (m, 2H), 3.48 (d#id,9.9, 2.3, 2.2 Hz, 1H), 2.58
(ddq,Jd = 2.3, 2.3, 7.1 Hz, 1H), 2.11 (dd§= 9.9, 8.9, 7.0 Hz, 1H), 2.00 (d~ 2.3 Hz, 1H), 1.89-1.80 (m,
2H), 1.30 (dJ = 7.1 Hz, 3H), 0.96 (] = 7.9 Hz, 9H), 0.81 (d] = 7.0 Hz, 3H), 0.63 (q] = 7.9 Hz, 6H)

13C NMR (151 MHz, CDQJ) § 138.6, 128.5 (2C), 127.8 (2C), 127.7, 85.2, 7843, 73.1, 70.2, 67.3, 41.6,
31.9, 30.5, 17.8, 13.5, 7.0 (3C), 5.0 (3C)

HRMS (ESI)m/z 413.2486, calcd for £HzeNaOsSi [M+Na]" 413.2488.
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Diol S1

A solution of acetylen80 (225 mg, 0.575 mmol) ina 1 : 3 : 5 mixture of R¥., Py., and THF (40
mL) was stirred at 0 °C for 3 h. The reaction migtpoured into saturated aqueous NaH(ED0 mL) at 0 °C,
and extracted with EtOAc (3 x 100 mL). The combieatracts were washed with brine (50 mL), driedrove
NaSQy, filtered, and concentrated. The crude product pragfied by column chromatography on silica gel
(3.8 g, hexane—EtOAc 5 :-» 2 : 1) to afford diolS1 (158 mg, quant.) as a colorless oll.

Ri=0.28 (hexane : EtOAc=1:1)

[a]o®®+1.44 € 1.00, CHCY)

IR (CHCL) 3452, 3306, 3010, 2875, 2109, 1454, 1099, 983, 681 cr*

'H NMR (600 MHz, CDCYJ) 6 7.33-7.28 (m, 5H), 4.53 (s, 2H), 4.16 (m, 1H),63(@dd,J = 9.2, 4.8, 4.8 Hz,
1H), 3.67 (ddd,) = 9.2, 9.2, 4.0 Hz, 1H), 3.53 (br. s, 1H), 3.47 (), 3.43 (br. s, 1H), 2.63 (ddg = 2.4,
2.4,7.1 Hz, 1H), 2.10 (d,= 2.4 Hz, 1H), 2.00-1.92 (m, 2H), 1.63 (dddd¢; 8.9, 4.8, 4.0, 2.2 Hz, 1H), 1.28
(d,J= 7.1 Hz, 3H), 0.89 (d] = 7.1 Hz, 3H)

13C NMR (151 MHz, CDGJ) § 138.0, 128.6 (2C), 128.0, 127.8 (2C), 85.1, 7836 (2C), 70.7, 70.0, 40.9,
32.7, 30.6, 18.0, 12.0

HRMS (ESI)m/z 299.1602, calcd for £H2sNaO; [M+Na]* 299.1623.
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Silylene acetal7

Bu,Si(OTf), Bu.g,/Bu
OH OH 2,6-lutidine oo
BnO H H CH2C|2 BnO H :
= = 30°C = :
s1 17

To a stirred solution of didbl (21.3 mg, 77.1 mmol) in Ci€l; (0.40 mL) were added 2,6-lutidine
(40.0 mL, 345 mmol) anBu,Si(OTf), (50.0 pL, 154 mmol) at room temperature. Afterristg for 2 h at
30 °C, the reaction mixture was diluted with satedaagqueous NaHGd1.0 mL) and extracted with EtOAc
(8 x 1 mL). The extracts were combined, washed Wwithe (1.0 mL), dried over N&Q,, filtered, and
concentrated. The crude product was purified burool chromatography on silica gel (0.8 g, hexaneAEtO
8:1— 1:1)to afford acetylene segmdiit(30.5 mg, 95%) as a colorless oil.

Ri= 0.65 (hexane : EtOAc=5:1)

[a]o**—62.8 € 1.00, CHCJ)

IR (CHCL) 3306, 2964, 2934, 2859, 2109, 1474, 1363, 11@65,1826, 647 cM

'H NMR (600 MHz, CDCJ) § 7.36-7.27 (m, 5H), 4.55 (s, 2H), 4.16 (ddd; 11.0, 5.5, 3.0 Hz, 1H), 3.76—
3.68 (m, 2H), 3.67 (dd]l = 9.8, 2.4 Hz, 1H), 2.57 (ddd,= 2.4, 2.4, 7.0 Hz, 1H), 2.49 (dd§= 9.8, 5.5, 7.1
Hz, 1H), 2.00 (dJ = 2.5 Hz, 1H), 1.83-1.73 (m, 2H), 1.28 Jd5 7.0 Hz, 3H), 1.04 (s, 9H), 0.94 (s, 9H), 0.80
(d,J=7.1Hz, 3H)

3C NMR (151 MHz, CDGJ) § 138.8, 128.5 (2C), 127.8 (2C), 127.6, 85.4, 7839, 73.3, 69.8, 68.1, 39.8,
31.3, 30.5, 27.7 (3C), 27.3 (3C), 21.6, 21.0, 1¥3FH3

HRMS (ESI)m/z 439.2665, calcd for £H4oNaGsSi [M+Na]" 439.2644.
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Coupling compoun@1

Me,AIOTf

Bu._ B o Bu._B 0
S’Si‘ou AcO OM U’Si‘ ’
€ © 3 OMe

O o0 R
/\/M "Byl 16 /\/M
BnO p Y BnO p p
i THF CH,Cl, I
17 -30°C -30°Ctort 31

(Preparation of MAIOTT)

To a stirred solution of M@l (1.4 M solution in hexane, 1.72 mL, 2.41 mmal)GCHCI, (0.5 mL)
was added TfOH (220 mL, 2.49 mmol) in 0 °C. Thaulesmt mixture was stirred at 0 °C for 30 min tfoad
1.0 M MeAIOTTf solution.

To a stirred solution of acetylene segm&nt(372 mg, 0.892 mmol) in TH®.46 mL) was added
"BuLi (1.6 M hexane solution, 610 mL, 0.976 mmol)}-80 °C. After stirring for 2 h at =30 °C, the abev
mentioned 1.0 M M&AIOTT solution (2.03 mL, 2.03 mmol) was added te tkaction mixture at —30 °C. After
solution of pyran segmef6 (120 mg, 0.637 mmol) in Ci€l»(0.50 mL) was added, the reaction mixture was
stirred at —30 °C for 30 min. The resultant mixtwas warmed to room temperature and stirred fom80
The reaction mixture was diluted with saturatedesmqus Na/K tartrate (5.0 mL) and saturated aqueous
NaHCQG; (5.0 mL) and extracted with GBI, (3 x 10 mL). The extracts were combined, washet bine
(5.0 mL), dried over N&Q, filtered, and concentrated. The crude product wasfied by column
chromatography on silica gel (10 g, hexane—EtOAcP24» 14 : 1) to afford coupling compouidd (280 mg,
80%) and recovered acetylene segni@ntl26 mg, 34%) as colorless oils, respectively.

Ri= 0.38 (hexane : EtOAc=1:1)

[ a]o*®—66.6 € 1.00, CHCJ)

IR (CHCk) 2971, 2933, 2860, 1473, 1063 tm

'H NMR (600 MHz, CDC) § 7.36—7.26 (m, 5H), 4.84 (ddd= 5.4, 2.2, 2.1 Hz, 1H), 4.55 (s, 2H), 4.17 (ddd,
J=11.2,5.6, 2.7 Hz, 1H), 4.00 (ddbs 12.1, 2.0, 6.2 Hz, 1H), 3.75-3.70 (m, 2H), 368&,J = 9.8, 2.4 Hz,
1H), 3.64 (ddddJ = 12.1, 12.1, 4.4, 4.4 Hz, 1H), 3.33 (s, 3H), 2é&q,J = 2.4, 2.2, 7.0 Hz, 1H), 2.43 (ddq,
J=9.8, 5.6, 7.1 Hz, 1H), 2.06 (ddddl= 12.1, 4.4, 2.1, 2.1 Hz, 1H), 2.00 (dddd;s 12.4, 4.4, 2.1, 2.0 Hz,
1H), 1.82-1.72 (m, 2H), 1.56 (dd#l= 12.1. 12.1, 5.4 Hz, 1H), 1.27 @= 7.0 Hz, 3H), 1.20 (d] = 6.2 Hz,
3H), 1.10 (dddJ = 12.4, 12.1, 12.1 Hz, 1H), 1.03 (s, 9H), 0.93€¢), 0.81 (d,J = 7.1 Hz, 3H)

13C NMR (151 MHz, CDGJ) § 138.8, 128.5 (2C), 127.8 (2C), 127.6, 87.8, 78381, 73.8 (2C), 73.3, 68.0,
66.8, 64.8, 55.5, 40.2, 39.8, 36.5, 31.4, 30.76 23C), 27.3 (3C), 21.9, 21.6, 20.9, 17.7, 13.2

HRMS (ESI)m/z 567.3491, calcd for £Hs:NaQ:Si [M+Na]" 567.3482.
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Alcohol 32

H
1 J( t) J(
BU g B Ogj\ PA(OH)/C Busgi 0
/\/Qo\/'\///\\‘l OMe NaHC03 /\/Q\/ok/\ {
BnO 7Y EtOAc HO OMe

H H rt H H
31 32

A mixture of coupling compoundl (179 mg, 0.329 mmol), NaHG{58.6 mg, 0.698 mmol) and
20% Pd(OHYC (wetted with ca. 50% water, 20.5 mg) in EtOAcO(4nL) was stirred under hydrogen
atmosphere at room temperature for 4 h. The mixt@®filtered through a pad of Celite, and thedhesiwas
washed with EtOAc. The filtrate and the washingseneombined and concentrated. The residual oil was
purified by column chromatography on silica geb(8, hexane—EtOAc 10 :-b 5 : 1) to afford alcohds2
(134 mg, 89%) as a colorless oil.

Ri=0.20 (hexane : EtOAc=2:1)

[a]o*®~78.0 € 1.00, CHCJ)

IR (CHCk) 3471, 2963, 2935, 2860, 1474, 1383, 1064, 828,064"

'H NMR (600 MHz, CDCJ) § 4.26 (dddJ = 11.4, 5.5, 1.8 Hz, 1H), 4.01 (m, 1H), 3.93-3(8% 2H), 3.75
(dd,J =9.2, 2.3 Hz, 1H), 3.69 (ddgd,= 10.2, 2.2, 6.2 Hz, 1H), 3.53 (dddbs 10.3, 10.3, 4.3, 4.3 Hz, 1H),
3.34 (s, 3H), 2.59 (br. s, 1H), 2.26 (m, 1H), (88dd,J = 12.3, 4.3, 2.2, 2.2 Hz, 1H), 1.91-1.82 (m, ZH31
(dddd,J = 12.3, 4.3, 2.2, 2.2 Hz, 1H), 1.62-1.57 (m, 3H¥4-1.29 (m, 2H), 1.23 (m, 1H), 1.19 (& 6.2
Hz, 3H), 1.17 (dddJ) = 12.3, 10.3, 10.2 Hz, 1H), 1.01 (s, 9H), 1.009¢3), 1.00 (dJ = 6.8 Hz, 3H), 0.77 (d,
J=7.1Hz, 3H)

13C NMR (151 MHz, CDGJ) § 77.9, 77.5, 73.5, 71.6, 64.7, 62.3, 55.4, 38.9,386.1, 34.9, 32.8, 29.2, 27.8
(3C), 27.5(3C), 24.1, 21.9,21.8,21.1, 16.9, 13.5

HRMS (ESI)m/z 481.3348, calcd for £HsoNaGsSi [M+Na]" 481.3325.
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To a stirred solution of alcoh8R (198 mg, 0.434 mmol) in Gi€l; (2.2 mL) were added pyridine
(120 mL, 1.49 mmol) and Dess—Martin periodinanéd(&@, 0.472 mmol) at O °C. After stirring for 20mi
at room temperature, the mixture was diluted wétusated aqueous b#&O; (5.0 mL), saturated aqueous
NaHCQ; (5.0 mL), and HO (5.0 mL). The resultant mixture was extractechvii,O (3 x 5.0 mL). The
extracts were combined, washed with brine (1.0 rdtigd over NeSQ,, filtered, and concentrated. The crude
product was purified by column chromatography dicasigel (24.7 g, hexane-EtOAc 20:+419:1- 5
1) to afford aldehyd&2 (167 mg, 85%) as a colorless oil.

R=0.53 (hexane : EtOAc=2:1)

[ @]p?*—71.9 € 1.00, CHCY)

IR (CHCL) 2963, 2934, 2860, 1726, 1473, 1384, 1128, 1024, 869 crm*

H NMR (600 MHz, CDCJ) § 9.84 (dd,J = 4.0, 1.4 Hz, 1H), 4.69 (ddd= 11.2, 5.6, 3.2 Hz, 1H), 4.03-3.99
(m, 1H), 3.73 (ddJ = 9.7, 1.9 Hz, 1H), 3.69 (ddd,= 10.1, 2.0, 6.3 Hz, 1H), 3.54 (dddts 10.1, 10.1, 4.2,
4.2 Hz, 1H), 3.34 (s, 3H), 2.65 (dddi= 15.2, 11.2, 4.0 Hz, 1H), 2.39 (ddbz 15.2, 3.2, 1.4 Hz, 1H), 2.36
(ddqg,J = 9.7, 5.6, 7.1 Hz, 1H), 1.98 (dddbi 12.5, 4.2, 2.0, 2.0 Hz, 1H), 1.90 (m, 1H), 1(8ddd,J = 12.9,
4.2,2.0,2.0 Hz, 1H), 1.67-1.58 (m, 2H), 1.43-1r822H), 1.23 (m, 1H), 1.20 (d,= 6.3 Hz, 3H), 1.18 (ddd,
J=125,10.1, 10.1 Hz, 1H), 1.01 (& 6.8 Hz, 3H), 1.00 (s, 9H), 0.97 (s, 9H), 0.74Xe 7.1 Hz, 3H)

3C NMR (151 MHz, CDGJ) § 202.6, 77.2, 73.5, 73.1, 71.4, 64.8, 55.4, 488,388.3, 35.2, 34.4, 29.1, 27.6
(3C), 27.3 (3C), 23.7, 21.9, 21.8, 20.9, 16.9, 13.2

HRMS (ESI)m/z 479.3172, calcd for £HsNaOsSi [M+Na]' 479.3169.
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THF was degassed by freeze-thawing. To a stirrkdiso of aldehydes2 (167 mg, 0.366 mmol) in
THF (6.8 mL) were added Cr(460 mg, 3.74 mmol) and CE(288 mg, 0.731 mmol) at room temperature
in a glove box. After stirring for 2 h at room teempture in a glove box, the resultant mixture wiageh with
saturated aqueous NaHe(.0 mL) and extracted with 3 (3 x 5.0 mL). The extracts were combined,
washed with brine (1.0 mL), dried over4$&, filtered, and concentrated. The crude productpueigied by
PTLC (hexane—EtOAc 2 : 1) to afford iodoolefi (179 mg, 73%) as a white solid.

Ri=0.18 (hexane : EtOAc=2:1)

m.p. 104-106 °C

[a]p**-97.5 € 1.00, CHCJ)

IR (CHCL) 2934, 2859, 2736, 1474, 1384, 1125, 1065, 828,066"

H NMR (600 MHz, CDCY) 5 6.70 (ddd,) = 14.5, 7.6, 6.5 Hz, 1H), 6.08 (ddb; 14.5, 1.2, 1.2 Hz, 1H), 4.05
(ddd,J = 11.0, 5.3, 2.8 Hz, 1H), 4.01 (m, 1H), 3.72 (@ 9.6, 2.1 Hz, 1H), 3.68 (ddd= 10.2, 2.1, 6.3 Hz,
1H), 3.54 (dddd) = 10.2, 10.2, 4.2, 4.2 Hz, 1H), 3.34 (s, 3H), 2&ddd,J = 14.5, 11.0, 6.5, 1.2 Hz, 1H),
2.26 (ddgJ =9.6, 5.3, 7.1 Hz, 1H), 2.17 (dddbs 14.5, 7.6, 2.8, 1.2 Hz, 1H), 1.98 (dddd; 12.5, 4.2, 2.1,
2.1 Hz, 1H), 1.89 (m, 1H), 1.81 (dddb+ 12.8, 4.2, 2.1, 2.1 Hz, 1H), 1.62-1.57 (m, 2H¥2-1.30 (m, 2H),
1.24 (m, 1H), 1.19 (d] = 6.3 Hz, 3H), 1.17 (ddd), = 12.5, 10.2, 10.2 Hz, 1H), 1.00 (s, 9H), 0.99)(¢,6.5
Hz, 3H), 0.99 (s, 9H), 0.75 (d,= 7.1 Hz, 3H)

13C NMR (151 MHz, CDQJ) § 144.6, 77.5, 76.0, 75.8, 73.5, 71.5, 64.7, 584,38.7, 38.0, 35.1, 34.6, 29.1,
27.7 (3C), 27.4 (3C), 23.9, 21.9, 21.8, 21.0, 1633

HRMS (ESI)m/z 603.2345, calcd for £HagdNaOsSi [M+Na]" 603.2342.
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(preparation of a MeCN solution of Ce€ligandcomplex)

MeCN was degassed by freeze-thawing. To a stiédisn of ligand(63.3 mg, 0.164 mmol) in
MeCN (0.8 mL) were added CrQL7.2 mg, 0.140 mmol) and proton-spofi¢@9.9 mg, 0.140 mmol) at room
temperature in a glove box. The mixture was stigtedom temperature for 2 h in a glove box to givdeCN
solution of CrCl-ligandcomplex.

The above—mentioned solution of C¢8igandcomplex was added to a mixture of the aldel3&ie
(14.7 mg, 0.0234 mmol), the iodoorefid (23.8 mg, 0.0404 mmol), and Ni@ppp) (2.5 mg, 4.umol) at
room temperature in a glove box. After stirring@m temperature for 5 h in a glove box, the mixtwas
filtered through a pad of florisil with EtOAc, atide filtrate was concentrated. The crude produst puaified
by PTLC (hexane—ED 1 : 4) to afford desired allylic alcoh8b (13.3 mg, 53%) as a colorless oil.

Ri=0.15 (hexane : ED =1 : 1)
[a]o®*—41.5 €0.43, CHCY)
IR (CHCk) 2958, 2927, 1732, 1494, 1375, 1250, 1045'cm
'H NHR (600 MHz, CDGQJ) 6 7.27 (ddJ = 15.3, 10.7 Hz, 1H), 6.25 (dd= 15.2, 10.7 Hz, 1H), 6.17 (ddd,
=15.2, 6.8, 6.0 Hz, 1H), 5.84 (ddd= 15.4, 7.0, 7.0 Hz, 1H), 5.80 (@= 15.3 Hz, 1H), 5.51 (dd, = 15.4,
7.4 Hz, 1H), 5.34 (ddd] = 6.5, 6.5, 1.1 Hz, 1H), 4.61 (d~ 11.6 Hz, 1H), 4.59 (dl = 11.6 Hz, 1H), 4.23-
4.16 (m, 1H), 4.20 (¢) = 7.1 Hz, 2H), 4.03-3.99 (m, 2H), 3.75 (dd; 9.5, 2.0 Hz, 1H), 3.69 (ddd= 10.2,
2.6, 6.2 Hz, 1H), 3.62 (dd,= 3.5, 3.5 Hz, 1H), 3.56 (ddd= 6.7, 6.7, 3.6 Hz, 1H), 3.54 (dddbs 10.2, 10.2,
4.1, 4.1 Hz, 1H), 3.38 (0 = 6.8 Hz, 1H), 3.34 (s, 3H), 3.15 (s, 3H), 2.48dd) = 15.2, 6.0, 3.6 Hz, 1H),
2.32-2.24 (m, 3H), 2.25-2.14 (m, 2H), 2.14 (s, 3HY9 (dddd, = 12.5, 4.1, 2.6, 2.0 Hz, 1H), 1.92-1.82 (m,
3H), 1.82 (ddddJ = 12.8, 4.1, 2.0, 1.9 Hz, 1H), 1.69-1.64 (m, 1H$2-1.58 (m, 3H), 1.56-1.51 (m, 3H),
1.51-1.44 (m, 2H), 1.50 (d,= 1.1 Hz, 3H), 1.42-1.30 (m, 3H), 1.29J%& 7.1 Hz, 3H), 1.26-1.21 (m, 1H),
1.20 (d,J = 6.2 Hz, 3H), 1.17 (ddd, = 12.5, 10.2, 10.2 Hz, 1H), 1.00 (s, 9H), 1.00J(¢, 7.1 Hz, 3H), 0.99
(s, 9H), 0.90 (dJ = 7.1 Hz, 3H), 0.89 (s, 9H), 0.87 @ 7.0 Hz, 3H), 0.84 (d] = 7.0 Hz, 3H), 0.76 (d] =
7.0 Hz, 3H), 0.05 (s, 3H), 0.05 (s, 3H) A signaéda a proton (OH) was not observed.
13C NMR (151 MHz, CDGJ) § 167.4, 144.8, 140.7, 135.3, 135.0, 130.6, 13®2,8, 119.9, 88.3, 79.2, 77.5,
75.9, 75.9, 73.5, 73.4, 71.7, 71.6, 64.7, 60.48,555.4, 44.4, 39.9, 38.9, 37.6, 35.1, 34.9, 33472, 33.7,
32.0, 30.2, 29.9, 29.2, 28.9, 27.7 (3C), 27.5 (26)3 (3C), 24.0, 21.9, 21.8, 21.0, 20.2, 18.69185.7, 14.5,
14.4,13.5,11.2, 10.6, -3.5, -3.7
HRMS (ESI)m/z 1103.7421, calcd fordgH112NaOoSSk [M+Na]* 1103.7412.
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To stirred solution of coupling produ8b (3.8 mg, 3.5umol) in THF (1.0 mL) were added NaH
(60%, 2.2 mg, 5.pmol) and Mel (3.44L, 5.5 umol). After stirred for 7 h at room temperatureg tieaction
mixture was deluted with saturated aqueous®lKil.0 mL) and extracted with £ (3 x 1 mL). The extracts
were combined, washed with brine (5.0 mL), driedraMgSQ, filtered, and concentrated. The crude product
was purified by column chromatography on silica @8 g, pentane—ED 4 : 1) to afford methyl ethe33
(1.7 mg, 45%) as a colorless oil.

Ri=0.52 (hexane : EtOAc=3:1)

H NMR (600 MHz, CDCJ) § 7.27 (ddJ = 15.4, 10.8 Hz, 1H), 6.25 (dd= 14.9, 10.8 Hz, 1H), 6.17 (ddd,
=14.9, 6.4, 6.4 Hz, 1H), 5.80 (@= 15.4 Hz, 1H), 5.80 (ddd,= 15.4, 7.4, 7.4 Hz, 1H), 5.33 (dii= 6.5, 6.5
Hz, 1H), 5.28 (ddJ = 15.4, 8.4 Hz, 1H), 4.61 (d,= 11.5 Hz, 1H), 4.58 (dl = 11.5 Hz, 1H), 4.20 (g} = 7.2
Hz, 2H), 4.05 (ddd) = 10.4, 5.0, 3.2 Hz, 1H), 4.03-3.98 (m, 1H), 3d&,J = 9.4, 2.0 Hz, 1H), 3.69 (ddqg,
=10.3, 2.5, 6.2 Hz, 1H), 3.61 (d#i= 3.6, 3.6 Hz, 1H), 3.61-3.52 (m, 2H), 3.54 (ddid,10.3, 10.3, 4.3, 4.3
Hz, 1H), 3.37 (tJ = 6.8 Hz, 1H), 3.34 (s, 3H), 3.25 (s, 3H), 3.153d), 2.46-2.42 (m, 1H), 2.34-2.20 (m,
4H), 2.14 (s, 3H), 2.14-2.10 (m, 1H), 1.99 (ddd& 12.5, 4.3, 2.5, 2.3 Hz, 1H), 1.92-1.83 (m, 3HRB2
(dddd,J=13.0, 4.3, 2.3, 2.3 Hz, 1H), 1.68-1.57 (m, 5H%2-1.33 (m, 7H), 1.50 (s, 3H), 1.29)& 7.2 Hz,
3H), 1.27-1.22 (m, 1H), 1.20 (4= 6.2 Hz, 3H), 1.17 (ddd, = 12.5, 10.3, 10.3 Hz, 1H), 1.00 (s, 9H), 0.99
(s, 9H), 0.98 (dJ = 7.0 Hz, 3H), 0.89 (s, 9H), 0.89 @@= 7.0 Hz, 3H), 0.88 (d] = 6.8 Hz, 3H), 0.84 (d] =
7.0 Hz, 3H), 0.77 (d) = 7.1 Hz, 3H), 0.04 (s, 3H), 0.04 (s, 3H)

HRMS (ESI)m/z 1117.7549, calcd for dH11ANaO10SSk [M+Na]* 1117.7569.
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To a stirred solution of iodoolefitb (166 mg, 0.286 mmol) in THF (1.7 mL) was added TBA.O
M solution in THF, 170 mL, 1.70 mmol) at room termgaterre. After stirring for 1.5 d at room temperafuhe
reaction mixture was diluted with water and exidovith EtOAc (4 x 3.0 mL). The extracts were comeoi,
washed with brine (5.0 mL), dried over4$&, filtered, and concentrated. The crude productpueigied by
column chromatography on silica gel (5.0 g, hex&t@Ac 4 : 1— 3 :1— 1: 1) to afford dioS4 (125 mg,
99%) as a colorless oil.

Ri=0.22 (hexane : EtOAc=1:1)

[@]p**-14.9 € 1.08, CHCY)

IR (CHCL) 3482, 3006, 2972, 2944, 1456, 1382, 1153, 11081,1950, 664 cm

H NMR (600 MHz, CDCJ) 6 6.55 (ddd,) = 14.4, 7.4, 7.0 Hz, 1H), 6.13 @z 14.4 Hz, 1H), 4.05-3.96 (m,
2H), 3.72 (ddddyJ = 12.5, 9.3, 6.2, 3.0 Hz, 1H), 3.53 (ddgs 8.8, 3.9, 6.3 Hz, 1H), 3.33 (s, 3H), 3.35 (m,
1H), 2.97 (br. s, 1H), 2.31 (dddi= 14.2, 7.5, 7.4 Hz, 1H), 2.13 (ddtk 14.2, 7.0, 6.7 Hz, 1H), 1.96 (m, 1H),
1.89-1.74 (m, 3H), 1.70 (m, 1H), 1.66-1.56 (m, 2H21 (d,J = 6.3 Hz, 3H), 1.34-1.18 (m, 2H), 0.97 Jc&
7.1 Hz, 3H), 0.87 (d]) = 6.7 Hz, 3H), 0.98-0.85 (m, 1H) A signal due taraton (OH) was not observed.
13C NMR (151 MHz, CDGJ) § 143.2, 80.4, 76.9, 73.2, 71.3, 70.6, 65.0, 593,438.1, 37.3, 35.3, 34.9, 29.0,
27.7,21.6,16.5,11.4

HRMS (ESI)m/z 463.1326, calcd for gHssNalOs [M+Na]* 463.1321.
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To a stirred solution of did3 (22.7 mg, 51.5 mmol) in Cil, (0.50 mL) and pyridine (0.25 mL)
were added PivCl (12.7 mL, 103 mmol) and DMAP (34, 25.8 mmol) at room temperature. After stirring
for 5 h at room temperature, the reaction mixtues wiluted with water and extracted with £ (3 x 2.0
mL). The extracts were combined, washed with b{ih@ mL), dried over N&Qy, filtered, and concentrated.
The crude product was purified by column chromaiply on silica gel (0.7 g, hexane-EtOAc 614 : 1)
to afford pivalated8 (27.0 mg, quant.) as a colorless oil.

Ri=0.78 (hexane : EtOAc=3:1)

[a]po**-8.5 €0.95, CHCY)

IR (CHCL) 3480, 2974, 2943, 1704, 1479, 1384, 1219, 1168111079, 940, 681 ch

'H NMR (600 MHz, CDCJ) § 6.41 (ddd,J = 14.4, 7.7, 6.4 Hz, 1H), 6.12 (@= 14.4 Hz, 1H), 5.30 (ddd,=
7.4,4.2,1.5Hz, 1H), 3.99 (m, 1H), 3.68 (dddl¢, 12.8, 9.4, 6.3, 3.0 Hz, 1H), 3.53 (ddg; 9.8, 4.7, 6.2 Hz,
1H), 3.33 (s, 3H), 3.04 (br. s, 1H), 2.95 (dd; 9.5, 2.3 Hz, 1H), 2.48 (ddd,= 15.2, 7.7, 7.4 Hz, 1H), 2.21
(dddd,J=15.2, 6.4, 4.4, 1.5 Hz, 1H), 1.97 (m, 1H), 1(88 1H), 1.80 (dddd] = 12.8, 4.0, 2.0, 1.8 Hz, 1H),
1.75 (ddddJ = 16.2, 7.1, 6.7, 1.8 Hz, 1H), 1.66 (m, 1H), 1(88d,J = 12.8, 10.4, 5.4 Hz, 1H), 1.39 (ddHd,
=128, 6.7, 3.1 Hz, 1H), 1.22 (d~ 6.2 Hz, 3H), 1.20 (s, 9H), 1.32-1.13 (m, 3HR&(d,J = 6.8 Hz, 3H),
0.85 (d,J = 6.9 Hz, 3H)

13C NMR (151 MHz, CDGJ) 6 179.6, 141.7, 77.6, 76.5, 73.3, 71.6, 71.4, 6853, 40.0, 39.4, 39.1, 38.6,
34.9, 33.3,29.2, 27.3 (3C), 24.2, 21.8, 17.7, 9.7

HRMS (ESI)m/z 547.1868, calcd for £&H4iNalOs [M+Na]* 547.1896.
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To a stirred solution of pivala88 (145 mg, 0.276 mmol) in Gi€l, (2.5 mL) were added 2,6-lutidine
(2130 mL, 1.11 mmol) and TBSOTf (0.13 mL, 0.55 mmatlyoom temperature. After stirring for 2 h atmoo
temperature, the reaction mixture was diluted wittter and extracted with CBI> (3 x 3 mL). The extracts
were combined, washed with brine (5.0 mL), driedrdvaSQ,, filtered, and concentrated. The crude product
was purified by column chromatography on silica @e# g, hexane—EtOAc 12 : -2 9 : 1) to afford TBS
etherSs (172 mg, 97%) as a colorless oil.

Ri=0.67 (hexane : EtOAc=3:1)

[a]p?®=20.7 €2.11, CHCJ)

IR (CHCk) 2954, 2932, 1717, 1461, 1382, 1256, 1166, 11081,1945, 680 cm

'H NMR (600 MHz, CDCJ) § 6.41 (ddd,J = 14.5, 7.4, 7.4 Hz, 1H), 6.06 (ddb 14.5, 1.0, 1.0 Hz, 1H), 5.02
(ddd,J=6.4, 6.4, 4.2 Hz, 1H), 3.96 (dddb 9.6, 4.8, 4.8, 2.6 Hz, 1H), 3.66 (dddd;13.0, 9.6, 6.4, 3.0 Hz,
1H), 3.51 (ddqJ = 9.8, 4.7, 6.1 Hz, 1H), 3.39 (ddi= 6.7, 2.4 Hz, 1H), 3.33 (s, 3H), 2.33 (ddd; 7.4, 6.4,
1.0 Hz, 2H), 1.97 (m, 1H), 1.86-1.76 (m, 3H), 1.853 (m, 2H), 1.42 (m, 1H), 1.27-1.13 (m, 3H), 1(d9
J=6.1Hz, 3H), 1.17 (s, 9H), 0.92 @5 6.9 Hz, 3H), 0.90 (s, 9H), 0.90 @5 6.7 Hz, 3H), 0.06 (s, 3H), 0.04
(s, 3H)

13C NMR (151 MHz, CDGJ) 6 177.7, 141.8, 78.3, 73.3, 72.3, 71.9, 64.6, 55121, 39.8, 39.0, 38.7, 36.2,
34.8, 29.8, 27.5, 27.3, 27.2 (3C), 26.2 (3C), 28197, 18.4, 17.3, 11.4,-3.9, 4.1

HRMS (ESI)m/z661.2742, calcd for £HssNalOsSi [M+Na]® 661.2761.
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To a stirred solution of TBS eth8b (35.0 mg, 54.8 mmol) in CGi€l> (1.0 mL) was added solution
of DIBAL (1.06 M solution in CHCIz, 160 mL, 170 mmol) at —78 °C. After stirring forh2at —78 °C, the
reaction mixture was diluted with saturated aquédai tartrate (10 mL) and stirred at room tempaefor
2 h. The resultant mixture was extracted with,Chkl (3 x 2 mL). The extracts were combined, washetl wit
brine (3 mL), dried over N&Q,, filtered, and concentrated. The crude product pasfied by column
chromatography on silica gel (1.1 g, hexane—-EtOA& 9> 7 : 1— 5: 1) to afford alcohd9 (25.6 mg, 84%)
as a colorless oil.

Ri= 0.51 (hexane : EtOAc=3:1)

[a]p?®=25.5 € 2.13, CHCY)

IR (CHCk) 3446, 3005, 2932, 1646, 1463, 1382, 1257, 1168311018, 836, 670 ch

'H NMR (500 MHz, CDC) § 6.52 (ddd,J = 14.5, 7.9, 6.8 Hz, 1H), 6.10 (ddb 14.5, 1.3, 1.3 Hz, 1H), 4.12
(dd,J=6.9, 6.8 Hz, 1H), 3.96 (m, 1H), 3.70 (dddd; 12.8, 9.5, 6.4, 3.0 Hz, 1H), 3.57-3.46 (m, 3H33 (s,
3H), 2.28 (ddddJ = 14.2, 7.9, 6.8, 1.3 Hz, 1H), 2.05 (ddd; 14.2, 6.9, 6.8 Hz, 1H), 1.97 (ddbs 12.4, 8.5,
2.1 Hz, 1H), 1.87-1.76 (m, 2H), 1.76-1.65 (m, 2H$0 (dddJ = 12.9, 10.0, 5.4 Hz, 1H), 1.52 (m, 1H), 1.29—
1.16 (m, 2H), 1.21 (d) = 7.5 Hz, 3H), 1.08 (ddd,= 10.7, 4.1, 2.4 Hz, 1H), 0.98 @3 8.5 Hz, 3H), 0.92 (d,
J=6.3 Hz, 3H), 0.91 (s, 9H), 0.11 (s, 3H), 0.1,03(d)

13C NMR (125 MHz, CDQ) § 143.2, 83.1, 76.5, 73.2, 71.6, 70.0, 64.9, 551.33,438.3, 38.1, 36.8, 34.8, 30.2,
29.7, 26.1 (3C), 21.7, 18.2, 15.7, 12.3,-3.9, 4.0

HRMS (ESI)m/z577.2175, calcd for &H47NalOsSi [M+Na]" 577.2186.
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To a stirred solution of carboxylic aci@ (86.0 mg, 0.120 mmol) in THF (5.0 mL) were addegNEt
(200 mL, 0.720 mmol) and TCBC (94.0 mL, 0.601 mnaalp °C. After stirring at O °C for 5 min, the riuxe
was allowed to warm to room temperature and stifoe@ h. Then, a solution of alcoh&® (92.5 mg, 0.170
mmol) and DMAP (147 mg, 1.20 mmol) in toluene (B1D) was added. The resulting mixture was stirred fo
1 h, poured into saturated aqueous NakICKD mL), and extracted with EtOAc (3 x 10 mL). Tdmmbined
extracts were washed with brine (10 mL), dried dva&SQy, and concentrated. The crude product was purified
by column chromatography on silica gel (5.4 g, Imex&tOAc 15 : 1) to afford estét (124.9 mg, 83%) as
a pale yellow oil.

Ri= 0.64 (hexane : EtOAc=3:1)

[«]p**-18.8 € 1.38, CHCY)

IR (CHCE) 3000, 2955, 2929, 2857, 1704, 1640, 1463, 1388311256, 1177, 1089, 1038, 1004, 940, 908,
836 cm*

'H NMR (500 MHz, CDCJ) § 7.23 (ddJ = 15.4, 10.4 Hz, 1H), 6.46 (dd#i= 14.4, 7.3, 7.2 Hz, 1H), 6.24 (dd,
J=14.8, 10.3 Hz, 1H), 6.19 (ddd= 14.8, 7.1, 7.1 Hz, 1H), 6.09 (@= 14.4 Hz, 1H), 5.78 (dl = 15.4 Hz,
1H), 5.34 (dddJ = 7.2, 7.2, 1.0 Hz, 1H), 5.11 (ddi= 10.1, 6.3 Hz, 1H), 4.61 (d,= 11.6 Hz, 1H), 4.59 (dl
=11.6 Hz, 1H), 3.96 (m, 1H), 3.75-3.46 (m, 6H143(dd,J = 6.3, 3.1 Hz, 1H), 3.38 (dd= 6.9, 6.9 Hz, 1H),
3.33 (s, 3H), 3.15 (s, 3H), 2.49-2.23 (m, 4H), 39,8H), 2.09 (dd] = 14.4, 7.2 Hz, 1H), 1.98 (m, 1H), 1.91-
1.76 (m, 4H), 1.72-1.39 (m, 11H), 1.49 (s, 3H),0:B.15 (m, 3H), 1.20 (d] = 6.2 Hz, 3H), 0.96-0.81 (m,
4H), 0.94 (dJ = 7.2 Hz, 3H), 0.92 (d] = 6.9 Hz, 3H), 0.91 (d] = 5.8 Hz, 3H), 0.889 (s, 9H), 0.888 (s, 9H),
0.885 (s, 9H), 0.84 (d,= 7.1 Hz, 3H), 0.05 (s, 3H), 0.044 (s, 3H), 0.08912H)

13C NMR (125 MHz, CDGJ) § 166.6, 144.7, 141.7, 140.8, 134.9, 130.4, 128.0,81 88.2, 79.0, 78.5, 77.3,
75.8, 73.3, 73.2, 72.5, 72.0, 64.6, 61.4, 55.63,580.2, 39.6, 39.52, 39.50, 38.7, 37.5, 36.4,,3%(®, 33.5,
31.7,30.2, 29.8, 29.7, 28.6, 27.5, 26.2 (3C), 28Q), 26.0 (3C), 21.8,19.7, 18.4, 18.3, 17.26154.4, 11.5,
11.0, 10.4, -3.7, -3.8, —3.9 (2C), -5.3 (2C)

HRMS (ESI)m/z 1273.6816, calcd ford2H11dNalOsSSk [M+Na]* 1273.6815.
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Alcohol S6

TBSO OMTM 9] TBSO  OMTM o]

To a stirred solution of estéd (124 mg, 99.8 pmol) in MeOH (6.0 mL) was addedsNKB70 mg,
9.98 mmol) at room temperature. The mixture wasestiat room temperature for 3.5 d, poured intaxdure
of saturated aqueous MEl (8 mL) and HO (8 mL), and extracted with EtOAc (3 x 10 mL). T¢mmbined
extracts were washed with brine (10 mL), dried dva&SQy, and concentrated. The crude product was purified
by column chromatography on silica gel (3.7 g, mexd&tOAc 4 : 1 3 : 1) to afford alcohoB6 (106 mg,
93%) as a colorless oil.

Ri=0.30 (hexane : EtOAc=3:1)

[«]p?®-38.3 €1.17, CHCY)

IR (CHCk) 3477, 3004, 2955, 2930, 2857, 1702, 1644, 1646311382, 1362, 1301, 1256, 1176, 1089, 1042,
1003, 955, 941, 854, 837 c

'H NMR (600 MHz, CDCJ) § 7.23 (dd,J = 15.4, 10.8 Hz, 1H), 6.45 (dddi= 14.4, 7.2, 7.1 Hz, 1H), 6.24 (dd,
J=14.9, 10.8 Hz, 1H), 6.18 (ddd= 14.9, 7.2, 7.2 Hz, 1H), 6.10 @3z 14.4 Hz, 1H), 5.78 (dl = 15.4 Hz,
1H), 5.34 (ddJ = 7.1, 6.9 Hz, 1H), 5.11 (dd,= 10.1, 6.2 Hz, 1H), 4.61 (d= 11.4 Hz, 1H), 4.59 (d} = 11.4
Hz, 1H), 3.96 (m, 1H), 3.74-3.63 (m, 3H), 3.61 (@&, 3.4, 3.4 Hz, 1H), 3.57 (ddd= 6.4, 6.4, 3.5 Hz, 1H),
3.51 (ddgJ = 9.9, 4.8, 6.2 Hz, 1H), 3.43 (dil= 6.2, 3.0 Hz, 1H), 3.38 (dd,= 6.9, 6.9 Hz, 1H), 3.33 (s, 3H),
3.15 (s, 3H), 2.49-2.26 (m, 4H), 2.14 (s, 3H), Addd,J = 14.2, 7.1, 6.9 Hz, 1H), 1.98 (m, 1H), 1.91 (d#id,
=14.2,7.2, 7.1 Hz, 1H), 1.87-1.76 (m, 4H), 1.7841(m, 11H), 1.50 (s, 3H), 1.32-1.13 (m, 3H), 1(@Q

= 6.2 Hz, 3H), 1.00-0.86 (m, 1H), 0.94 {ds 7.1 Hz, 3H), 0.92 (d] = 6.7 Hz, 3H), 0.91 (d] = 6.5 Hz, 3H),
0.89 (s, 18H), 0.84 (d, = 6.9 Hz, 3H), 0.05 (s, 6H), 0.043 (s, 3H), 0.0883H)

3C NMR (151 MHz, CDGJ) & 166.7, 144.8, 141.7, 140.7, 135.1, 130.4, 127.8,81 88.1, 79.0, 78.5, 77.4,
75.8, 73.30, 73.27,72.6, 72.0, 64.6, 61.1, 5573,510.2, 39.7, 39.58, 39.55, 38.7, 37.5, 36.4),34.8, 33.5,
31.7,30.2, 29.9, 28.6, 27.6, 26.2 (3C), 26.1 (2T)8, 19.7, 18.44, 18.42, 17.2, 15.5, 14.4, 1M 5), 10.4, —
3.7,-3.9, -3.96, -3.98

HRMS (ESI)m/z 1159.5940, calcd fordgH10sNalOsSSk [M+Na]* 1159.5960.
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Aldehyde43

TBSO OMTM o] o]
B Dess—Martin TBSQ QMTM

periodinane

Q OTBS (0] _—

- CH,Cl,
rt.

OMe

To a stirred solution of alcoh86 (12.1 mg, 10.7 pumol) in G412 (2.0 mL) was added Dess—Martin
periodinane (6.7 mg, 15.8 umol) at room temperafline mixture was stirred at room temperature for, 1
poured into a mixture of saturated aqueousS@; (2.0 mL), saturated aqueous NaHJ@.0 mL), and HO
(2.0 mL), and extracted with GBI, (3 x 5 mL). The combined extracts were washed Wwithe (10 mL),
dried over Na&SQs, and concentrated. The crude product was purifyecblumn chromatography on silica gel
(0.24 g, hexane—EtOAc 7 : 1) to afford aldehy@€11.2 mg, 93%) as a colorless oil.

Ri= 0.64 (hexane : EtOAc=3:1)

[«]0®-22.3 €1.27, CHCY)

IR (CHCE) 3004, 2955, 2930, 2857, 1718, 1704, 1644, 1483211362, 1301, 1255, 1176, 1136, 1090, 1039,
1003, 954, 940, 854, 837 cm

H NMR (600 MHz, CDCY) § 9.76 (br. t, 1H), 7.23 (dd),= 15.4, 10.7 Hz, 1H), 6.46 (ddd= 14.3, 7.3, 7.3
Hz, 1H), 6.24 (ddJ = 14.9, 10.7 Hz, 1H), 6.18 (dddi= 14.9, 7.2, 7.2 Hz, 1H), 6.10 (@ 14.3 Hz, 1H), 5.78
(d,J=15.4 Hz, 1H), 5.33 (dd,= 6.8, 6.8 Hz, 1H), 5.11 (dd,= 10.1, 6.1 Hz, 1H), 4.61 (d,= 11.7 Hz, 1H),
4.59 (d,J = 11.7 Hz, 1H), 3.96 (m, 1H), 3.68 (ddb= 9.5, 6.5, 2.8 Hz, 1H), 3.61 (ddl= 3.4, 3.4 Hz, 1H),
3.57 (dddJ = 6.5, 6.5, 3.3 Hz, 1H), 3.52 (ddij= 9.9, 4.8, 6.2 Hz, 1H), 3.44 (ddi= 6.1, 3.0 Hz, 1H), 3.38
(dd,J = 6.8, 6.8 Hz, 1H), 3.33 (s, 3H), 3.15 (s, 3H%722.29 (m, 5H), 2.26 (ddd,= 16.3, 7.8, 2.3 Hz, 1H),
2.13 (m, 1H), 2.14 (s, 3H), 2.02-1.94 (m, 2H), £BJ7 (m, 3H), 1.67-1.37 (m, 9H), 1.50 (s, 3H)pL213
(m, 3H), 1.20 (dJ = 6.2 Hz, 3H), 1.01-0.80 (m, 1H), 0.98 {5 6.5 Hz, 3H), 0.94 (d] = 7.1 Hz, 3H), 0.92
(d, J = 6.9 Hz, 3H), 0.89 (s, 18H), 0.87 = 7.3 Hz, 3H), 0.84 (d] = 6.9 Hz, 3H), 0.05 (s, 6H), 0.043 (s,
3H), 0.039 (s, 3H)

13C NMR (151 MHz, CDGJ) § 202.5, 166.6, 144.7, 141.7, 140.7, 136.4, 13®8,3, 119.9, 88.0, 78.9, 78.5,
75.8, 73.30, 73.25, 72.5, 72.0, 64.6, 55.8, 590%,510.2, 39.6 (2C), 38.7, 37.5, 36.4, 34.8, 3335, 31.8,
29.9, 29.7, 28.7, 28.6, 27.6, 25.2 (3C), 26.1 (20)8, 20.0, 18.44, 18.43, 17.2, 15.6, 14.4, 11@), 10.5, —
3.7,-3.8,-3.96, -3.98

HRMS (ESI)m/z 1157.5798, calcd for4gH10NalOsSSh [M+Na]* 1157.5804.
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Allylic alcohol 44

TBSO  OMTM 0 TBSO  OMTM o
- ~ X

43 44a : desired C19-B-OH compound
44b : undesired C19-a-OH compound

DMSO was degassed by freeze-thawing. To a stiroédisn of aldehydet3 (71.6 mg, 63.1 pmol) in
DMSO (5.0 mL) were added CeJ77.5 mg, 631 pmol) and Nigl1.6 mg, 12.6 umol) at room temperature in a
glove box. The mixture was stirred at room tempegafor 6 h in a glove box, poured inte® (15 mL), and
extracted with ED (3 x 15 mL). The combined extracts were washel kiine (10 mL), dried over MgSQand
concentrated. The crude product was purified byrool chromatography on silica gel (5.0 g, hexaneAgEtD: 1
—5:1— 2:1) to affordd4a (30.6 mg, 46%) and4b (22.6 mg, 35%) as colorless oils, respectively.

Desired coupling compountiia

Ri=0.20 (hexane : EtOAc=2:1)

[ «]0?"-8.0 € 1.86, CHCY)

IR (CHCh) 3622, 3453, 3006, 2956, 2930, 2858, 1704, 1648311382, 1362, 1302, 1254, 1177, 1138, 1082,
1046, 1003, 970, 909, 875, 857, 837

H NMR (600 MHz, CDCJ) § 7.22 (ddJ = 15.4, 10.1 Hz, 1H), 6.24-6.26 (m, 2H), 5.82)d,15.3 Hz, 1H), 5.57
(ddd,J =15.0, 10.5, 4.3 Hz, 1H), 5.30-5.20 (m, 2H), 51®5 1H), 4.59 (dJ = 11.6 Hz, 1H), 4.53 (d| = 11.6 Hz,
1H), 4.09 (dddJ = 9.2, 9.2, 4.7 Hz, 1H), 3.96 (m, 1H), 3.67 (dddld, 13.5, 10.2, 7.0, 3.7 Hz, 1H), 3.60 (m, 1H),
3.52 (m, 2H), 3.43 (dd} = 5.0, 4.1 Hz, 1H), 3.38 (dd,= 10.6, 4.4 Hz, 1H), 3.33 (s, 3H), 3.18 (s, 3HRR(ddd J
=13.9, 1.9, 1.9 Hz, 1H), 2.33 (m, 1H), 2.25 (dd&; 13.9, 10.9, 10.9 Hz, 1H), 2.17 (s, 3H), 2.0341(®, 2H),
1.86-1.76 (m, 3H), 1.75-1.36 (m, 10H), 1.45 (s,,3H35-1.06 (m, 6H), 1.20 (d,= 6.24 Hz, 3H), 0.98-0.77 (m,
1H), 0.96 (dJ = 7.1 Hz, 3H), 0.922 (dl = 6.8 Hz, 3H), 0.916 (d = 6.8 Hz, 3H), 0.90 (s, 9H), 0.88 (s, 9H), 0.87
(d,J=7.0 Hz, 3H), 0.81 (d] = 6.1 Hz, 3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.053(4), 0.04 (s, 3H) A signal due to a
proton (OH) was not observed.

13C NMR (151 MHz, CDGJ) § 166.3, 144.4, 140.7, 135.1, 134.2, 130.0, 1228,5, 120.4, 87.5, 79.1, 77.5, 76.8,
73.3,72.7,72.2,72.1, 64.6, 55.6 (2C), 55.3, 42877, 38.5, 37.5, 36.6, 36.3, 34.8, 32.9, 30979,229.7, 29.6,
27.9, 26.2 (3C), 26.0 (3C), 22.7, 21.8, 21.0, 20815, 18.3, 17.2, 14.5,14.2, 12.5, 12.0, 9.88-24.0, —4.3 (2C)
HRMS (ESI)nVz 1031.6837, calcd fordeH104ANaG:SSk [M+Na]* 1031.6837

Undesired coupling compourddb

Ri=0.49 (hexane : EtOAc=2:1)

[a]p?” —2.5 € 1.89, CHCY)

IR (CHCh) 3453, 2999, 2954, 2930, 2857, 1703, 1641, 1488211362, 1301, 1256, 1178, 1136, 1088, 1038,

1003, 973, 909, 857, 83T

'H NMR (600 MHz, CDCJ) §7.22 (ddJ = 15.5, 10.7 Hz, 1H), 6.22 (ddi= 15.0, 10.7 Hz, 1H), 6.14 (dd#i= 15.0,

7.3, 7.3 Hz, 1H), 5.78 (d, = 15.5 Hz, 1H), 5.62 (ddd,= 15.2, 8.7, 4.9 Hz, 1H), 5.50 (d#i= 15.2, 5.0 Hz, 1H),

5.30-5.17 (m, 2H), 4.61-4.55 (m, 2H), 4.16-4.02 1h), 3.96 (m, 1H), 3.71-3.62 (m, 2H), 3.58-3.47 2H),

3.46 (ddJ=6.4, 4.8 Hz, 1H), 3.36 (dd,= 9.6, 5.0 Hz, 1H), 3.33 (s, 3H), 3.15 (s, 3H322:2.23 (M, 3H), 2.17 (s,
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3H), 2.15 (m, 1H), 1.97 (m, 1H), 1.87-1.74 (m, 3H¥48 (s, 3H), 1.72-1.36 (m, 10H), 1.19 Jd; 6.2 Hz, 3H),
1.31-1.07 (m, 6H), 0.96 (d,= 7.1 Hz, 3H), 0.92 (dl = 6.9 Hz, 3H), 0.90 (s, 9H), 0.88 (s, 9H), 0.85)d 6.9 Hz,
3H), 0.81 (dJ = 6.6 Hz, 3H), 1.01-0.79 (m, 4H), 0.11 (s, 3HPAX(S, 3H), 0.05 (s, 3H), 0.04 (s, 3H) A signal due
to a proton (OH) was not observed.

13C NMR (151 MHz, CDG) § 166.7, 144.7, 140.0, 135.9, 134.5, 130.3, 12813,8, 120.1, 87.9, 78.9, 73.4, 73.3
(2C), 73.1, 72.0, 69.8, 64.6, 55.5, 55.2 (2C), 4453, 38.7, 37.4, 36.5, 34.8, 31.6, 30.9, 29997,229.5, 27.9,
26.2 (3C), 26.01, 25.96 (3C), 22.6, 21.7, 19.84,188.3, 17.3, 14.5, 14.4, 14.1, 12.4, 12.0, 16318. -4.0, —-4.2
(2C)

HRMS (ESI)mVz 1031.6809, calcd forfgH10ANaG:SSk [M+Na]* 1031.6837.
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Determination of the absolute configuration at ©144b
(S)-MTPA ester of 44b

To a stirred solution of alcohd#b (2.5 mg, 2.5 pumol) in C¥Cl, (1.0 mL) were addedRj-(+)-MTPACI (9.4
pL, 50 pmol) and DMAP (9.1 mg, 75 umol). The reactinixture was stirred at room temperature for gduyred
into saturated aqueous NaHE@.0 mL), and extracted with GBI, (3 x 3 mL). The combined extracts were
washed with brine (5 mL), dried over 2, and concentrated. The crude product was putifjedTLC (hexane—
EtOAc 9 : 1) to afford9-MTPA ester ofS7 (2.6 mg, 87%) as a colorless oil.

(R)-MTPA ester of 44b

A solution of alcohok4b (2.9 mg, 2.9 mmol) in C¥Cl, (1.0 mL) was similarly treated witt5-MTPACI and
DMAP to afford R)-MTPA ester ofS8 (2.8 mg, 80%) as a colorless oil. Thé values §s—or) for these MTPA
esters are described below:

A § values (6 s— 0 R)

-0.004 +0.001
Q/\S/ e}
X
-0.000 +0.004

-0.040 OMTPA

TBSO

+0.057 +0.000
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Methyl etherS9

TBSQO  QMTM o] TBSO  OMTM ]
~ N Mel ~ N

J NaH >
: 0 : o
: . THF : \
MeO 7Y OMe 35°C MeO 7Y OMe

44a S9

To a stirred solution of4a (6.7 mg, 6.64 pmol) in THF (2.0 mL) were added N&3.0uL, 530 pumol)
and NaH (60% in mineral oil, 13.3 mg, 332 pmoljcatm temperature. The mixture was allowed to wari3& °C,
and stirring was continued for 9 h. The reactiontore was poured into saturated aqueous@H2.0 mL) and
extracted with EtOAc (3 x 2 mL). The combined egtsawere dried over N8Oy and concentrated. The crude
product was purified by column chromatography dinasgel (0.2 g, hexane—EtOAc 9 -1 6 : 1) to afford methyl
etherS9 (5.6 mg, 82%) as a colorless oil.

Ri=0.63 (hexane : EtOAc=2:1)

[ «]p®®+38.9 €1.81, CHCY)

IR (CHCL) 3003, 2954, 2930, 2857, 2824, 1703, 1645, 1648211379, 1362, 1302, 1257, 1177, 1137, 1081,
1045, 1003, 972, 909, 858, 86/

'H NMR (600 MHz, CDG) § 7.22 (dd,J = 15.3, 10.2 Hz, 1H), 6.27-6.14 (m, 2H), 5.82)¢,15.3 Hz, 1H), 5.55
(ddd,J = 15.0, 10.6, 4.2 Hz, 1H), 5.28 (ddb= 11.1, 4.8, 1.9 Hz, 1H), 5.05 (m, 2H), 4.59J& 11.5 Hz, 1H),
4.53 (d,J = 11.5 Hz, 1H), 3.96 (m, 1H), 3.68 (dddds 12.9, 9.5, 6.4, 3.0 Hz, 1H), 3.60 (m, 1H), 3386 (m,
3H), 3.44 (ddJ = 5.3, 4.0 Hz, 1H), 3.38 (dd,= 10.7, 4.4 Hz, 1H), 3.33 (s, 3H), 3.19 (s, 3H)63(s, 3H), 2.44
(ddd,J = 14.0, 1.9, 1.9 Hz, 1H), 2.33 (m, 1H), 2.28 (d#i¢, 14.0, 10.8, 10.8 Hz, 1H), 2.16 (s, 3H), 2.0241(19,
2H), 1.88-1.77 (m, 3H), 1.74-1.38 (m, 10H), 1.443(), 1.35-1.05 (m, 6H), 1.20 (@= 6.2 Hz, 3H), 1.03-0.71
(m, 1H), 0.96 (dJ = 7.1 Hz, 3H), 0.924 (dl = 6.8 Hz, 3H), 0.918 (d] = 7.0 Hz, 3H), 0.90 (s, 9H), 0.88 (s, 9H),
0.86 (d,J = 6.8 Hz, 3H), 0.79 (dl = 6.3 Hz, 3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.0443H), 0.039 (s, 3H)

13C NMR (151 MHz, CDGJ) § 166.3, 144.4, 140.6, 134.1, 132.9, 131.3, 13®9,6], 120.4, 87.5, 81.4, 79.0, 77.5,
76.8,73.3,72.7, 72.1 (2C), 64.6, 55.6 (2C), 55239, 38.7, 38.5, 37.5, 36.5, 36.3, 34.8, 32.9%,39.9, 29.7, 29.5,
27.9, 26.2 (3C), 26.0 (3C), 22.7, 21.8 (2C), 208.5, 18.3, 17.2, 14.5, 14.1, 12.4, 12.1, 9.8, —48, —4.3 (2C)
HRMS (ESI)m/z 1045.6997, calcd forgH106NaQ®ySSk [M+Na]* 1045.6994.

49



Alcohol 45

TBSO  OMTM o
: X AgNO,4

C 2,6-lutidine
: O >
: _ THF/H,0

MeO ; ; oM 35°C

e

S9

To a stirred solution of methyl eth8® (17.8 mg, 17.4 umol) in THF (2.0 mL) and®1(0.4 mL) were
added 2,6-lutidine (0.40 mL, 3.45 mmol) and AgN®40 mg, 3.77 mmol) at room temperature. Afteristy at
30 °C for 19 h in the dark, the reaction mixturesviitered through a pad of Celffteand the residue was washed
with EtOAc (20 mL). The filtrate and the washingsres combined, washed and brine (10 mL), dried Mg8Qy,
and concentrated. The crude product was purifieddiymn chromatography on silica gel (0.53 g, hex#&tOAc
8:1— 6:1)to afford alcohot5 (15.1 mg, 90%) as a colorless oil.

Ri=0.54 (hexane : EtOAc=2:1

[ @]p?" +32.8 €0.71, CHCY)

IR (CHCL) 3449, 3003, 2954, 2930, 2857, 2825, 1704, 1683611463, 1380, 1362, 1302, 1257, 1139, 1083,
1024, 1003, 973, 908, 853, 86

'H NMR (600 MHz, CDCY) § 7.23 (ddJ = 15.4, 10.4 Hz, 1H), 6.23 (dd= 15.2, 10.4 Hz, 1H), 6.18 (m, 1H), 5.80
(d,J=15.4 Hz, 1H), 5.52 (ddd,= 14.9, 10.4, 4.3 Hz, 1H), 5.26 (m, 1H), 5.19-508 2H), 3.95 (m, 1H), 3.78
(m, 1H), 3.67 (m, 1H), 3.60 (m, 1H), 3.55-3.47 @Hl), 3.45 (dd,J = 4.3, 4.3 Hz, 1H), 3.39 (dd,= 9.7, 4.8 Hz,
1H), 3.33 (s, 3H), 3.19 (s, 3H), 3.15 (s, 3H), 2(b8 s, 1H), 2.45 (m, 1H), 2.36 (dd#i= 14.3, 5.3, 5.3 Hz, 1H),
2.33-2.23 (m, 2H), 2.05 (ddd= 6.3, 6.2, 6.2 Hz, 1H), 1.97 (m, 1H), 1.87-1.i76 8H), 1.72-1.36 (m, 9H), 1.45
(s, 3H), 1.36-1.10 (m, 6H), 1.19 @= 6.2 Hz, 3H), 0.95 (d] = 7.1 Hz, 3H), 0.92 (d] = 6.8 Hz, 3H), 0.91-0.88
(m, 4H), 0.90 (s, 9H), 0.89 (s, 9H), 0.88 Jd5 7.4 Hz, 3H), 0.79 (d] = 6.5 Hz, 3H), 0.12 (s, 3H), 0.08 (s, 3H),
0.062 (s, 3H), 0.059 (s, 3H)

13C NMR (151 MHz, CDGJ) § 166.5, 144.6, 140.2, 134.0, 133.5, 130.6, 13@9,11, 120.3, 87.7, 82.0, 79.0, 76.8,
74.1, 73.3, 73.0, 72.1, 64.6, 55.7, 55.6, 55.29,422.2, 40.4, 38.7, 38.3, 38.1, 36.6, 35.5, 33186, 30.4, 29.9,
29.7,27.9, 26.2 (3C), 25.9 (3C), 21.8, 20.2, 18%2, 17.3, 16.4, 14.1, 13.3,12.4, 10.1, -3.81 4.3, -4.4
HRMS (ESI)nm/z 985.6936, calcd for 4sH102NaO:Si; [M+Na]* 985.6960.
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Assignment ofH NMR spectra of alcohal5

D25 T

3
(¢]
. 31
v OMe

29

10:

[92)

2:5.80 (d) 1.72-1.36 19 : 3.55-3.47 (m) - 2772-1.36, 1.36-1.1(
3:7.23 (dd) 11:1.72-1.36 1.36-1.10 20 : 5.188-%m) 28 :1.87-1.76, 1.72-1.3
4 :6.23 (dd) 12 :1.72-1.36, 1.36-1.1@1 : 5.52 (ddd) 29 : 3.95 (m)

5:6.18 (M) 13 : 3.45 (dd) 22 :2.36 (ddd), 1.7361 30 : 1.87-1.76, 1.72-1.3
6:2.33-2.23(m) | 15:5.19-5.08 (m) 23:5.26 (m) 31: 3.55-3.47 (m)

7 :3.60 (m) 16 : 2.05 (dd), 1.72-1.36 24 : 1.8761. 32:1.36-1.10
8:1.72-1.36 17 : 0.91-0.88 25 : 3.78 (m) 3%73m)

9 :3.39 (dd) 18 :1.36-1.10 26:1.72-1.36 3491d)

H NMR data for alcohod#5 in CDCk [carbon number : chemical shift (coupling pattgrn)
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ApC—-ApA hybrid compound6

aplyronine C—swinholide A hybrid compound 46

A solution of alcohol5 (7.8 mg, 8.1 umol) ina 5 : 3 : 7 mixture of HF;My., and THF (2.0 mL) was
stirred at room temperature for 12 h. The mixtuess \woured into saturated aqueous Nakl(1® mL) and stirred
at 0 °C for 30 min. The resultant mixture was extied with EtOAc (3 x 8 mL). The combined extracesewashed
with brine (15 mL), dried over N&Q, and concentrated. The crude product was purifigdcolumn
chromatography on silica gel (0.25 g, hexane—aeefonl— 1 : 1) to afford ApC—SwA hybrid compou#é (5.0
mg, 83%) as a colorless oll.

Ri=0.21 (hexane : acetone = 2 : 1)

[ a]0?’ +16.5 € 0.44, CHCY)

IR (CHCL) 3445, 3005, 2931, 2875, 2825, 1704, 1685, 1687711457, 1378, 1362, 1261, 1244, 1145, 1099,
1081, 1002, 972, 8eem*

'H NMR (600 MHz, CDCJ)  7.28 (dd,J = 15.3, 10.6 Hz, 1H), 6.23 (dd,= 15.1, 10.6 Hz, 1H), 6.16 (ddd =
15.1, 9.8, 5.5 Hz, 1H), 5.85 (d= 15.3 Hz, 1H), 5.55 (ddd,= 14.9, 10.5, 4.6 Hz, 1H), 5.41 @= 10.5 Hz, 1H),
5.15 (ddJ = 15.3, 9.0 Hz, 1H), 5.11 (dd= 7.3, 7.3 Hz, 1H), 4.00 (m, 1H), 3.73 (m, 1HpHAB(ddd,J = 9.6, 6.5,
2.9 Hz, 1H), 3.64 (dd] = 7.6, 3.7 Hz, 1H), 3.57—-3.46 (m, 2H), 3.42 (3¢, 8.5, 6.5 Hz, 1H), 3.33 (s, 3H), 3.23 (d,
J=4.8Hz, 1H), 3.20 (s, 3H), 3.18 (s, 3H), 3.0ddd = 9.6, 6.4, 2.4 Hz, 1H), 2.53 (ddbi= 14.4, 9.8, 7.6 Hz, 1H),
2.50-2.42 (m, 2H), 2.37 (dd,= 9.6, 6.8 Hz, 1H), 2.25 (ddd,= 14.4, 5.5, 3.7 Hz, 1H), 2.20 (m, 1H), 2.03-1.94
(m, 2H), 1.88 (dddd] = 13.5, 9.3, 9.3, 3.8 Hz, 1H), 1.85-1.72 (m, 3HJ2-1.55 (m, 5H), 1.52-1.43 (m, 1H), 1.46
(s, 3H), 1.40 (dddd] = 12.7, 7.1, 6.4, 3.4 Hz, 1H), 1.34-1.17 (m, 5H20 (d,J = 6.2 Hz, 3H), 1.08 (m, 1H), 1.04
(d,J = 7.0 Hz, 3H), 0.99 (d] = 6.8 Hz, 3H), 0.91 (dl = 6.9 Hz, 3H), 0.88 (d] = 6.9 Hz, 3H), 0.76 (d] = 5.7 Hz,
3H). Two signals due to a proton (OH) were not ol

13C NMR (151 MHz, CDGJ) § 168.0, 145.1, 140.7, 134.7, 133.1, 131.1, 13®28,9, 119.6, 87.2, 81.3, 76.4, 75.4,
74.8,73.3,73.1,71.5, 64.7,55.7, 55.6, 55.24,440.1, 38.6, 38.14, 38.09, 36.6, 36.2, 35.7,,38®, 29.7, 29.5,
29.3, 26.3,24.2, 21.8, 19.6, 17.6, 15.5, 11.94,010.02

HRMS (ESI)m/z 757.5216, calcd for £gH7aNaQy [M+Na]* 757.5231.
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Trimethylserine este®10

TBSO 0O YO

N, N, O-trimethylserine
TCBC

DMAP
(e}
. CH,Cl,/toluene
OM r.t.

e

To a stirred solution of alcohdb (8.3 mg, 8.6 pmol),-N,N,O-trimethylserine (21.1 mg, 14.3 umol), and
D-N,N,O-trimethylserine (10.6 mg, 7.18 pumol) in &€&, (2.0 mL) and toluene (2.0 mL) were addegNHi66.0 UL,
474 pmol), TCBC (53.8 pL, 345 umol), and DMAP (2618, 215 pumol) at room temperature. After stirratg
room temperature for 1 h, the reaction mixture diaged with saturated aqueous NaH{J3.0 mL) and extracted
with CH.Cl> (3 x 5 mL). The combined extracts were washed wWithe (5.0 mL), dried over N&CQy, and
concentrated. The crude product was purified byrool chromatography on silica gel (0.50 g, hexan@AEt1 :
1— 2: 3) to afford trimethylserine est8t0 (SR = 1/1 as to the trimethylserine part) (9.1 mg, 9&%Hp colorless
oil.

Ri=0.11 (hexane : EtOAc=2:1)

[ ]’ +13.9 €0.83, CHCY)

IR (CHCL) 3000, 2930, 2857, 2827, 1705, 1646, 1617, 1488211361, 1303, 1256, 1175, 1100, 1086, 1036,
1002, 971, 858, 838"

H NMR (600 MHz, CDCJ) 6 7.18 (dd,J = 15.3, 11.0 Hz, 1H), 6.21 (dd,= 14.7, 11.0 Hz, 1H), 6.08 (ddd=
14.7, 7.4, 7.4 Hz, 1H), 5.822 [5.818] (0= 15.3 Hz, 1H), 5.54 (ddd,= 15.0, 10.5, 4.3 Hz, 1H), 5.27 (ddd=
11.0, 2.4, 2.4 Hz, 1H), 5.16-4.98 (m, 2H), 4.83 1), 3.95 (m, 1H), 3.68 (dddd,= 12.8, 9.5, 6.4, 3.0 Hz, 1H),
3.64-3.60 (m, 2H), 3.56-3.46 (m, 2H), 3.46-3.41 Zi), 3.41-3.34 (m, 2H), 3.36 [3.35] (s, 3H), 3(333H),
3.187 [3.188] (s, 3H), 3.163 [3.162] (s, 3H), 2.884 (m, 3H), 2.40 (s, 6H), 2.28 (m, 1H), 2.08-1(88 3H),
1.88-1.77 (m, 3H), 1.77-1.37 (m, 8H), 1.47 (s, 3H}7-1.11 (m, 6H), 1.19 (d,= 6.2 Hz, 3H), 1.09-0.85 (m,
1H), 0.96 (dJ = 6.5 Hz, 3H), 0.95 (d] = 6.0 Hz, 3H), 0.92 (d] = 6.8 Hz, 3H), 0.90 (s, 9H), 0.89 (s, 9H), 0.773 (d
J=6.2 Hz, 3H), 0.769 (d1= 6.1 Hz, 3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.033¢d), 0.02 (s, 3H) (the counterparts of
doubled signals in the ratio of about 1:1 are grckets)

13C NMR (151 MHz, CDQ) § 170.2, 166.16 [166.14], 144.0 [143.9], 138.9, $34.33.1, 131.0, 130.9, 129.3
[129.2], 121.0 [120.9], 87.62 [87.57], 81.3, 79[09.04], 75.3, 73.3, 72.9, 72.0, 71.4 [71.3], 6B4.2, 64.7,59.13
[59.08], 55.61 [55.60], 55.3 (2C), 42.81 [42.773,3, 42.2 (2C), 41.1, 38.7, 38.5 [38.4], 36.6, 384L8, 32.8, 29.9,
29.7, 29.6, 28.0, 26.2 (3C), 26.0 (3C), 21.8, 20815, 18.3, 17.21, 17.19, 14.8, 12.4, 11.84, 1194 -3.8, —4.1,
—-4.2, 4.3 (the counterparts of doubled signatkérratio of about 1:1 are in brackets)

HRMS (ESI)nVz 1114.7725, calcd fordgH113NO11Si [M+H]* 1114.7750.
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ApA-SwA hybrid compoundl1

S$10 aplyronine A—swinholide A hybrid compound 11

A solution of trimethylserine est&10 (8.6 mg, 7.9 umol)ina 5 : 3 : 7 mixture of HF:My., and THF
(2.0 mL) was stirred at room temperature for 1ZHe mixture was poured into saturated agueous NaHC®
mL) and stirred at 0 °C for 30 min. The resultamttore was extracted with EtOAc (3 x 8 mL). The doned
extracts were washed with brine (15 mL), dried dNaiSO4, and concentrated. The crude product was editify
column chromatography on silica gel (0.25 g, CH®leOH 20 : 1) to give ApA-SwWA hybrid compoudd (6.0
mg, 88%) as a colorless oil.

Ri=0.45 (CHC}: MeOH =9:1)

[ @]’ +40.3 € 0.55, CHCY)

IR (CHCh) 3502, 3003, 2930, 2874, 2829, 1717, 1644, 1648711382, 1299, 1271, 1245, 1174, 1146, 1100,
1039, 1001, 972, 867, 84hT*

H NMR (600 MHz, CDCJ) § 7.24 (dd,J = 15.3, 10.8 Hz, 1H), 6.22 (dd,= 15.0, 10.8 Hz, 1H), 6.12 (ddd=
15.0, 9.5, 5.2 Hz, 1H), 5.90 (d= 15.3 Hz, 1H), 5.56 (ddd,= 14.9, 10.4, 4.3 Hz, 1H), 5.42 @= 11.0 Hz, 1H),
5.11-5.00 (m, 2H), 4.77 (m, 1H), 4.00 (m, 1H), 3é&dd,J=12.9, 9.5, 6.4, 3.0 Hz, 1H), 3.65-3.59 (m, 23436—
3.45 (m, 3H), 3.43 (ddd} = 10.5, 3.9, 3.9 Hz, 1H), 3.37-3.32 (m, 1H), 3336] (s, 3H), 3.34 (s, 3H), 3.19 (s,
3H), 3.18 (s, 3H), 3.08 (d,= 4.7 Hz, 1H), 3.03 (m, 1H), 2.54-2.44 (m, 2HR&(s, 6H), 2.23 (ddd} = 14.2, 5.2,
1.8 Hz, 1H), 2.22 (br. s, 1H), 2.02-1.84 (m, 4HB4+1.76 (m, 2H), 1.73-1.53 (m, 6H), 1.49Jd; 2.8 Hz, 3H),
1.44-1.32 (m, 2H), 1.32-1.05 (m, 7H), 1.20J& 6.2 Hz, 3H), 1.10 (m, 1H), 1.00 @@= 7.4 Hz, 3H), 0.99 (d]
=7.0 Hz, 3H), 0.98 (d] = 4.6 Hz, 3H), 0.88 (d]= 6.9 Hz, 3H), 0.718 [0.724] (d,= 6.0 Hz, 3H) (the counterparts
of doubled signals in the ratio of about 1:1 arbriackets)

13C NMR (151 MHz, CDGJ) § 170.0 [170.2], 167.6, 144.49 [145.53], 139.48 [539 135.03 [134.99], 132.9,
131.43[131.41], 130.87 [130.84], 129.15 [129.2470.43 [120.38], 86.8 [86.7], 81.6, 77.2, 76.43732.9, 71.52
[71.46], 70.6, 67.49 [67.46], 64.7,59.12 [59.5B§,712, 55.714, 55.6, 55.3, 42.43 [42.40] (2C)3440.11, 40.09,
38.6, 37.1, 36.8, 35.0, 33.5, 33.2, 29.8, 29.39,284.2, 21.8, 19.7, 17.6, 15.70, 15.66, 12.1,,170M00, 9.98 (the
counterparts of doubled signals in the ratio ofualdol are in brackets)

HRMS (ESI)nm/z 886.6003, calcd for gHgsNO11 [M+H] " 886.6020.
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lane 1 2 3 4 5 6

MgCly -+ + + + +

ApA (1,5 uM) - - + - - _

ApA-SWA (11,5 uM) - - - o+ - -

ApA-SWA (11,15 ;,M) - - - - o+ -

ApA-SwA (11, 50 uM) - - - - - +
(( T ST ol L o L W Wy U

-

50 kDa —> & '

37 kDa —> ’

\

lane 1 2 3 4 5 6 1+ 1 2 3 4 5 6

supernatant precipitate

Figure S1. SDS-PAGE of the supernatants and precipitatesn{Alepolymerizing activity assay)

Actin was depolymerized in the presencelobr 11, and then precipitated by ultracentrifugation.iAdh the
supernatant and the precipitate were analyzed I8+B8GE and detected with CBB stain. Polymerizethagas

detected in the precipitate fraction.
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lane 1 2 3 4 5 6 7 8 9

tubulin (6 pM) + o+ o+ o+ - + o+ o+ -
actin (6 uM) - - =+ 4+ + -+
CaCl; (5 mM) + - - - - - - - -
paclitaxel (2 uM) — o+ o+ o+ -+
1 (10 uM) I T
11 (100 uM) oo -
50 kDa — tubulin
actin
37 kDa —

Figure S2. SDS-PAGE of the supernatants (Tubulin polymerarathhibitory activity assay)

Tubulin was polymerized with paclitaxel in the mese of actin and/ot or 11, and then precipitated by
ultracentrifugation. Proteins in the supernatarmt #ae precipitate were analyzed by SDS-PAGE anelctled with
CBB stain. Depolymerized protein was detected éndipernatant fraction.
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lane 1 2 3 4 5 6 7 8 9

tubulin (6 pM) + o+ + o+ - + o+ o+ —
actin (6 uM) - - -+ - o+ o+
CaCl, (5 mM) + - - - - - _ _
paclitaxel (2 uM) - o+ o+ o+ = + o+ o+ -
1 (10 pM) - -+ o+ - - - -
11 (100 uM) - - o - o e
o e ; v
<
R . tubulin
50 kDa — e - aetin
37 kbDa —

_ﬁ.______v____—:—'——"_—'"_—._
— - = —~

Figure S3. SDS-PAGE of the precipitates (Tubulin polymeriaatinhibitory activity)

Tubulin was polymerized with paclitaxel in the prase of actin and/ot or 11, and then precipitated by
ultracentrifugation. Proteins in the supernatart e precipitate were analyzed by SDS-PAGE anelctied with
CBB stain. Polymerized protein was detected inpifeeipitate fraction.
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Chapter 3. Synthetic studies of swinhoeisterol A, a novel steroid with an unusual carbon
skeleton

3-1. Introduction
3-1-1. Steroids and terpenes

Both triterpenes and steroids are compounds bibsgi#ed from squalene possessing a C30 skeleton.
Steroids are basically no different from terperes] they are compounds that have very similar tstres to
each other (Figure 3-1). Steroids and terpenefareed by head to tail reaction (tail to tail reantin some
cases) of isopentenyl diphosphate (IPP) and dintatylydiphosphate (DMAPP) (Scheme 3/%)Since the
reaction with IPP repeatedly occurs and the cadi@in is elongated, the numbers of carbon atontlan
terpenes generated in the process are multiplsasoprene unit. Steroids were produced by deytagibn
in the later stage of biosynthesis, where theyatevirom this rulé? Thus, steroids are classified as another
group, because the biosynthetic mechanisms andthittie@s are different from terpenes. Steroids éhav
common structure in which three chair-like 6-menaldering and one 5-membered ring are connected. The
carbon skeleton was biosynthesized through squaleitke. The ring closure reaction of squalene oxide
proceeds at once by a concerted cyclization reacticompanied with hydride shift and Wagner—Meenwei
rearrangement through 2,3-oxidosqualene cyclas€@4S. It was classified into three cases of chaiath
chair-boat type, chair-chair-chair-boat type, ahdicchair-chair-chair-chair type (Scheme 3-2). Theair-
boat-chair-boat type reaction only generates stera@ind other 2 types generate various triterpegietsng?

The series of reactions are catalyzed by each reiffeenzyme and proceeds with strict control of
stereochemistry. The conversion from linear squalentetracyclic compounds is an example of thetmos
complex and artistic chemical reactions organiseréopm.

cholesterol protopanaxadiol
(steroid) (tritepene)

Figure 3-1. Structures of cholesterol and protopanaxadiol.

monoterpene sesquiterpene

oPp T

IS
IPP x2

o QQ/ N . - -
(OPP > ° squalene oxide
GPP tail s u X

qualene
DMAPP (C10) FPP (C15) C30 (6)
(C5) (C30) \ l
l IPP \
il GGPP GFPP —> | sesterterpene
(C40) to (C20) (C25)
tail l

Scheme 3-1. Biosynthetic pathway of terpenes and steroids
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chair-boat-chair-boat

chair-chair-chair-boat

osQcy l osQcCy

®

dammarane| <——

|

limonoid
quassinoid

— | baccharane

cycloartenol

HO lanosterol HO

elimination of
methyl group

— | lupane

cholesterol

HO

oleanane

®H@Yi@?ﬁ> osacy N M

chair-chair-chair-chair-chair

Scheme 3-2. Biological transformation of squalene oxide

Steroids and steroid derivatives, such as testws#érand cortisol®! are used as medicines for
hormonal and anti-inflammatory drugs, respecti@ligure 3-2). Therefore, artificial synthetic mediscofor
generating normal steroids are well developed. @tstsroidal drugs are industrially semi-synthesizeth
compounds that contain a tetracyclic skeletongf@mple, Marker degradation of diosgenin (Scher83-
In small-scale synthesis, steroids are preparezh dfom Wieland—Miescher ketone, by polyene cytilizrg
or Diels—Alder reaction (Scheme 34§

testostelone cortisol

Figure 3-2. Structures of testosterone and cortisol
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Ac,0 Cro;

AcOH

1) Br,
2) CrO;
—_—

3) Zn/AcOH

NaOH

progesterone

testosterone
estrone
estradiol

Scheme 3-3. Marker degradation of diosgenin

[0} NN Diels-Alder
reaction
o =¢ O
o O H s

Wieland-Miescher ketone

polyene
cyclization

Diels-Alder
reaction

11-ketoteststerone

Scheme 3-4. Examples of steroid synthesis

Recently, novel steroids having unusual carbonesties such as jaborosalactone'{@ortistatin
A, cyclocitrinol? and aspafilisin®® were isolated (Figure 3-3). Some members of thelyehave unique
biological activities: jaborosalactone Hfdinone reductase induction promoting action; cortistatin A, strongest
antiproliferative activity, and cyclocitrinol, cAMP production promoting actioAs their novel carbon
skeletons are supposed to be biosynthesized h&aranstruction of normal 6/6/6/5 steroidal struetaheir

biosynthetic pathways are also interesting.
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jaborosalactone 10 cortistatin A cyclocitrinol aspafilisine

Figure 3-3. Structures of jaborosalactone 10, cortistatisy&locitrinol, and aspafilisine

Cortistatin A is presumed to be biosynthesized feoB29-diaminosterol (Scheme 38) The abeo-
9(10-19)-diene system is formed from a 3,29-diastiei®l through a[819-cyclo system. Then, the 6-ene
unit is oxidized to afford a 5,8-oxide ring systerhe piperidine-type side chain is formed from @ation of
the 29-amino group. The piperidine unit is dehyellato afford a 3-methylpyridine unit, which is fuer
converted to an isoquinoline unit by cyclizatiodatemethylation of the C-21 or the C-26 methyl grou

formation of
isoquinoline
unit

formation of abeo-
9(10-19)-diene system

B § ——> cortistatin A

Scheme 3-5. Plausible biogenesis of cortistatin A

Swinhoeisterols A50) and B 61) were isolated from the same sp. of the spongelygiag
swinholide A, Theonela swinhoei in 2014 (Figure 3-4%° They are novel sterols which possess a 6/6/5(7 rin
skeleton. The carbon framework is suggested tdtresm the rearrangement of normal a 6/6/6/5 stilo
structure by the Zhang group (Scheme 8%Dxidative cleavage of the C8—C14 double bond imaasterol
and following deprotonation of H-7 with base getesaa nucleophile intermediate, which initiates an
intramolecular aldol condensation. An enzyme-caedy cleavage of the C13-C14 bond and subsequent
rearrangement yields the unprecedented 6/6/5/7system. In 2018, swinhoeisterols CH2465)*¢ were
isolated too. Swinhoeisterol A5) shows a remarkable inhibitory activity againsp3{0), a histone
acetyltransferase, associated with the manifestamcer (16 = 2.9 uM) and cytotoxicity against A549 cells
(ICso = 8.6 uM). The author was attracted to both tledoljical activity and the structure, and startediss
toward the total synthesis of swinhoeisterob8)(

swinhoeisterol A (50) swinhoeisterol B (R = OH, 51) swinhoeisterol C (R = 8-H, 52) swinhoeisterol F (55)
swinhoeisterol E (R = H, 54) swinhoeisterol D (R = a-OH, 53)

Figure 3-4. Structures of swinhoeisterols A-B0(55)
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R
14 - = 40 _—
00; ;
HO! HO HY o HO

conicasterol

Scheme 3-6. Plausible biosynthetic pathway of swinhoeistér¢b0)
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3-1-2. Chemistry of benzene

Benzene rings are represented by double bondsragld bonds alternately in the structural formula,
but actuallys-electrons are delocalized, selectrons do not contribute to a specific bond éitrelectrons
are delocalized, the stability is increased congbénethe usual double bounds, and its propertiegeeatly
different from that of olefins. The chemistry oftzene provides powerful tools in the synthesisadyqyclic
compounds, because it is useful for the synthekigotycyclic compounds and multisubstituted ring as
exemplified in Friedel—Crafts reactions, utilizatiof benzylic cations, ¥\r reactions and so on, even if the
synthetic targets lack benzene rings. The undesieszene rings should be dearomatized under reducti
conditions such as Birch reduction or oxidativeditians with hypervalent iodine @mmonium ceriuniy)
nitrate CAN). The chemistry of benzene has been used irytoaial syntheses. Li and co-workers synthesized
septedine utilizing polyene cyclization followingréh reduction (Scheme 3-74¥. Combination of oxidative
dearomatization and Diels—Alder reaction give a/timf2.2.2]octane skeleton, and the method was used
the total synthesis of atropurpuran by the Qin grBcheme 3-7038 Also, oxidative dearomatization of a
compound that has a nucleophile in the moleculgiges a heterospiro ring (Scheme 3-#¢).

a) Total synthesis of septedine by Li group

OMe OMe

MOMO —— o)
1) polyene cyclization 1) Birch reduction Me //i/ —
N/‘q Me
2) removal of the MOM group 2) acetal protection o OH
"o
septedine
b) Total synthesis of atropurpuran by Qin group
OMe Meo_OMe o] Y
oxidative MeO. 0 o I ;>
H( dearomat|zat|on
i - T 0 E—
\/\ij/ Dlels Alder 0 ~ H H
reaction )/\ o

atropurpuran
c) Total synthesis of erysotramidine by Ciufolin group

CO,Me

—

O.__N oxidative
dearomatization

erysotramidine

Scheme 3-7. Examples of total synthesis exploiting benzenggi
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3-2. Synthetic strategy toward the total syntheémswinhoeisterol A

In order to study structure-activity relationshigstablishment of an efficient synthetic route is
essential. Before conducting the synthesis of @weiral product, the author focused on a model racem
compound6 in which the side chain moiety was removed tovthedestablishment of a synthetic strategy to
construct the carbon framework.

A flexible synthetic route was planned to allow threparation of various analogs (Scheme 3-8).
Benzene ring is used for B ring in model compoBfdwhile the CD rings were expected to be efficigntl
constructed utilizing the chemistry of benzenés #ssumed that the desired tricyclic compob® obtained
by dearomatization after CD ring system assembhus] the synthesis was started from indanbne
Construction of the Aring at a later stage woelad to model compourib. In the case of the natural product,
the side chain moiety would be introduced at thgetbefore the corresponding tricyclic compound: §ame
route as the model compound is applied to leableddtal synthesis.

oxidative
dearomatization

R
O,
MeO
MeO
R

59

56:R=H

Scheme 3-8. Synthetic strategy of swinhoeisterol 20f and the model compours
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3-3. Synthesis ad model tricyclic compound with BCD rings of swinhoeisterol A

This study began with a synthesis of indan&defrom commercially availabl@-eugenol 60)
(scheme 3-9). Mesylation 6D and hydroboration gave alcohs. After two oxidation steps of alcoh6g,
Friedel-Crafts reaction through an acid chloride affordadanone mesylaté5. Because solubility of
mesylateb5 was very low, mesylatgs was transformed into indanobe.

x X
HO MsCl, EtN MsO. BH3-SMe,, THF, 0 °C MsO OH S0j3-Py., EtsN, DMSO MsO
CH,Cl, then 1 M NaOH aq. CH,Cl,
MeO 0°c MeO 30% H,0, aq. MeO MeO
61

96% 85%
62

r.t.
99%

°’3§3
w
o

o-eugenol (60)

NaClO, aq., NaH,PO, aq. o 1) (COCI),, DMF

2-methyl-2-butene CH,Cly, r.t. MsO (o) 1) 6 M KOH ag., NMP, 60 °C BnO fo)

MsO OH

'BUOH/THF 2) AlCl, CHyCly, rt. 2) BnBr, K;CO3
rt. MeO MeO DMF, 40 °C MeO

83% in 5 steps
64 65 57

Scheme 3-9. Synthesis of indanone

The conjugated ester that was prepared by HornedsW&rth—Emmons reaction did not react with
Gillman Reagent (Scheme 182! So that Michael reaction of a similar compouné®fvas reported, in this
case, electron-rich benzene ring was considereetiiace the reactivitsy?

0o o0
EtO),P. e}
(Et0),| \AOER OFt Me,CulLi
BnO o NaH BnO = TMSCI Bno&
toluene CH,Cl, EtO o
MeO reflux MeO ~78t00°C MeO
57 84% 66 67
EIZ=1/0.15

Scheme 3-10. Michael addition

On the other hand, methylation ®f and substitution of the resultant benzylic teytialcohol with
ketene silyl acetal (KSA) afforded es@ (Table 3-1)2*%* In entry 1, ketene silyl acetal (KSA) result from
EtOAc gave esteB7 in moderate yield. The results of the reactiorhitenetert-butyldimethylsilyl methyl
acetal(entry 2) or silyl enol ether (SEE) (entry 3) wem better because of dehydration of the startiatenal
and intermolecular Friedel—Crafts reaction. Whestity distilled KSA was used, the desired compouad
produced in 73% (entry 4). Because an enantiosete@action is achievable with a chiral Lewis aicistead
of ZnChor a chiral catalygt® the enantioselective preparationé@fcould be carried out.
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Table 3-1. Substitution of benzylic tertiary alcohol

KSA or SEE
BnO &o _ MeMgBr :(9( _ ZCh(1.1ed)  gno
Ve THF B g O

0°Ctor.t. MeO
57 R = OEt: 67
OMe : 69
H:70
entry KSA or SEE temp. (°C) results (from 57)
OTMS
1 = (crude) -78 to -40 67 : 58%
OEt
OTBS .
2 = <°°”?|m;'°'a"y> ~78 0 -40 69 :N.D.
OMe avaliable
3 __oTvs <:32:|':§;°'a"-‘/> -78 70 18%
OTMS
4 = (dist.) -40 67 :73%

OEt

Redox steps on estéi that was obtained in this way followed by Horner-ed@orth—Emmons
reactio®?® gave unsaturated est, which was transformed into tricyclic compourglin a 3-step sequence
which included Friedel-Crafts reaction (Scheme B-Cbnditions of PPA or TFA/TFAA was not suitabie i
this Friedel-Crafts reaction (PPA: 13%, TFA/TFAA%). Oxidative dearomatization @8 did not give the
desired compoun@ but a complex mixture.

1) MeMgBr, THF 1) (COCI),, DMSO, Et;N Bno.
BnO:&O 0°Ctort. BnO LiAIH, BnO CH,Cl,, r.t.
B ——— —_— Vs
2 OTMS o THF 2 o o MeO
MeO ) = MeO EtO MeO HO )

I
0°C EtO),P. o)
57 OEt 67 93% 71 (Et0), QKOB 72 EtO
ZnCly, CH,Cl NaH, THF, r.t.
-78°C 85% in 2 steps

73% in 2 steps

1) Hp, Pd/C, MeOH
rt.
2) 4 M NaOH aq.

THF/MeOH, r.t. HO PIDA o
3) BF,-OEt,, DCE MeO MeOH MeO
reflux 0°C MeO
. o 0
98% in 3 steps 73 74

very unstable

Scheme 3-11. Synthesis of tricyclic compourd8 and the oxidative dearomatization

The reaction was considered to fail because thigedesompound’4 is so electronically deficient
that side reactions might occur, such as Diels—Aleaction and conjugate addition. Thus, the cayrbgroup
in 73 should be removed (Scheme 3-12). Acetal proteatitm either ethylene glycol or propanediol did not
proceed?® Dithioacetalization and the oxidative dearomaiiabf 77 proceeded, but the dithioacetal group
was transformed into a dimethyl acetal.
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TMSOL (111
BF;-OFEt, HO
CH,Cl, MeO
r.t. (0]
HO _ ~_OH
HO BF3-OEt, HO
MeO CH,Cl, MeO o
0 r.t. o)
73
SH\/\/SH
BF3-OEt, HO PIDA o
CHCly MeO MeOH MeO
. SKAS MeG

94% 0oc MeO ome

14%
77 78

Scheme 3-12. Acetalization and dithioacetalization

Next, we decided to reduce the carbonyl group @&bR). In entry 1, NaBHprovided a 1:1
diastereomeric products. In entry 2, the diastelegtivity was 3:1 in the case of DIBAL. L-seledij a bulky
hydride reagent, did not reduce ketat3e(entry 3). A borane reduction using 2-Me-CBS-oxamalidingd?®”!
gave the alcohdl9 in a good diastereomeric ratio (entry 4).

Table 3-2. Reduction of carbonyl group #8

N Ho&
_ >
MeO MeO N

73 O 79 HO
entry conditions results
1 NaBH,, MeOH, 0 °C quant., d.r. = 1/1
2 DIBAL, CH,Cl,, -78 °C quant., d.r. =3/1
3 L-selectride, THF, =78 to 0 °C N.R.
4 rac-2-Me-CBS, BH;*SMe,, THF, -30 °C 94%, d.r. = 16/1

Alcohol 79, which was given by reduction @8 with DIBAL, could be dearomatized with PIDA in
MeOH (Scheme 3-13). Correspondimguinone monoacet8D was protected by a PMB group to afford PMB
ether81 in 40% vyield as a single diastereomer. The reaatio81 with vinyl Grignard reagent gave only
aromatized compoun8?. The mechanism presumably involved eliminatioi#fH as MeOH after addition
of Grignard reagent, then the intermediate was ataed by dehydration (Scheme 3-14).

1) DIBAL, CH,Cl, PMBCI
HO -78°C _ NeHTBAIL °© 2 P mger OQ
MeO
MeO 2) PIDA, MeOH, 0 °C ° THF Meoo T Mmeo

. MeO R
o 96% in 2 steps PMBO 0°Ctort. PMBO

d.r.=1/0.3 40% 24%
73 80 single diastereomer 81 82

Scheme 3-13. Oxidative dearomatization and the next reaction
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o
(@)
o ZMgBr 7 =
> ~
MeO MeO MeO
s MeO 143 ~MeOH ©

MeO 6 : K
PMBO PMBO H PMBO PMBO
81 82

Scheme 3-14. Reaction mechanism fro81 to 82

Considering the mechanism, a reductionA8f double bond could suppress the production of
undesired aromatic compou®@. Thus, hydrogenation of®’ double bond was conducted (Table 3-3). A
condition of Pd/C in MeOH led to the overreducti(entry 1). Using cationic Crabtree catalyst for
regioselective reduction by neighboring group pgétion of hydroxyl grougyave aromatized compounds
(entry 2)® In entries 3-6, a base that played neutralizing eatalyst poisoning roles was added to the
condition of entry 1. KCOs; brought better results (entry 3), and finaByg, was produced in 80% vyield by
solvent exchange from EtOAc to MeCN to increasesthlability of K:COs; (entry 6).

Table 3-3. Hydrogenation o080

MeO MeO MeO
I(\E/Ieoj f ii conditions MeO MeO MeO

yields (%)

entry conditions

83 84 79 85
1 Pd/C, MeOH, r.t. 0 5 O 0
2 Crabtree cat., DCE, r.t. to 40 °C 0 0o 19 39
3 Pd/C, K,CO3, AcOEt, r.t. 55 0 17 0
4 Pd/C, Cs,CO3, AcOEt, r.t. 4 0 13 0
5 Pd/C, Et3N, AcOEt, r.t. 13 0 16 O
6 Pd/C, K,CO3, MeCN, r.t. 80 0 0 0

Oxidative dearomatization and hydrogenation waserhout in succession becaufewvas unstable
(Scheme 3-15). In this way, regioselective hydragen of resultanto-quinone monoacetal gavweo-
dimethoxy enon@&3a with BCD rings stereoselectivity. The relative figarations of 6/5/7-ring systen&sa
and83b were determined by NOE correlations88& and the corresponding diketoB@a. These results were
supported by computational chemistry (Figure 31)e DFT calculations fo83a and86a were performed
using Spartan 08 at the B3LYP/6-31G* level. The NGQirelation between 7-H and 18-H in the natural
compound was observed according to the isolatipepdhe distance between 7-H and 18-186a (2.61 A)
was closer than that BBa (2.41 A).

HO 1) PIDA, MeOH Dess-Martin
0 °c perlodmane
MeO * MeO MeO + MeO
MeO N 2) H,, Pd/C, K,CO3 MeO CH Clz MeG

HO MeCN, r.t.

79 83a 83b
50% 19%
¥\ : NOE

Scheme 3-15. a,a-dimethoxy enon&3a with BCD rings
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2.41A

83a 86a
Figure 3-5. Calculated structures 88a and86a (B3LYP/6-31G*//B3LYP/6-31G*)
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3-4. Attempted construction of the Aring

Transformation 083a for the construction of A ring was attemp{&theme 3-16). Addition of vinyl
Grignard reagent proceeded in 72% yield as expeMethylation of double allylic alcoh@7 was found to
result in decomposition, argd was detected with low yield, which was producediassult of Grob type
fragmentation. To prevent Grob type fragmentatib870 the hydroxyl group was protected to give acelate
However, acetat80 was decomposed under the conditions of a metbylalihe aldol reaction of aceti2
with the lithium enolate of EtOAc worked well tofafd aldol 93, dehydration of which resulted in
aromatization (Scheme 3-1%y.Exomethylened6, a foothold to construct the A ring, was obtaimedy by
modified Julia coupling using BT-sulfone (Bl-sul&@n0%, and PT-sulfone: 11931233 wittig, HWE,
Peterson reactions, and Petasis reagent did et gioduction of olefin€%3435%lacetate92 seemed to be
able to react only with primary nucleophiles. Hoeewsubsequent cyclopropanatfdrand hydroboration of

96 did not proceed (Scheme 3-18).

MeAl
o 2 MgBr TiCly 7
MeO MeO MeO MeO
. THF CH,Cl, o o ;

MeO : o MeO o N
HO 0°C -78°C o HO Y
72%
83a

0% 14%
rt, 94%

MezAl
T|CI4
MeO CHZCIz MeO

MeO 278 °C MeO
decomp.

‘ Ac,0, DMAP, CH,Cl,

Scheme 3-16. Construction of quaternary carbon
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Ac,0

o EtsN o AcOEt OH
DMAP LHMDS EtO,C™ Y Burgess reagent  EtO,C” ™
MeO MeO MeO MeO
MeO N CHoCl MeO N _THL: MeO N THF MeO N
HO sf(-)f,-/ AcO ;gu/c AcO rt AcO
83a ° 92 ? 93 94
0%
EtO,C
MeO N
AcO
95
88%
Wittig reaction o modified
R HWE reaction Julia coupling
MeO . MeO MeO
MeG x :;e:ers_,on react|ton MeG 3 IHF MeO T
AcO etasis reagen AcO -78°Ctor.t. AcO
92 96
modified Julia coupling condition
conditions yield
BT-sulfone, NaHMDS 44% (brsm 66%)
BT-sulfone, LHMDS 17% (brsm 41%)
Bl-sulfone, NaHMDS N. R.
PT-sulfone, NaHMDS 11% (brsm 37%)
Scheme 3-17. Olefination
CHyl,
HO BH3-SMe,, THF, r.t. ZnEt,
MeO then 0.5 M NaOH aq.  Me© . CH,Cl, MeO
MeO 3 30% H,O. MeO S o MeO N
AcO o H705 aq. AcO 30°Ctort. AcO
97 96 98

Scheme 3-18. Transformation of exometyler®é
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3-5. Birch reduction

In the previous section, the author mentionedatke dearomatization. Next, Birch reductiory8f
79 and 8 analogs were examined (Figure 3-6). Eactinede results gave reduction of a carbonyl group,
recovery of a starting material, or decompositidithough the substituents and the conditions waenged,
the desired compounds were not obtained. It waggthtothat the substitution number of benzene riag &
problem. There were no reports of Birch reductidth wenta-substituted benzenes and a few tetratitutbs

benzenes.
O
NC
HO
99 © 100 ©
(6]

103

*metal -+ Li, Na, K
MeO ramine *** NH3, Et3N
e -solvent -+ THF, THF/'PrOH, THF/'BUOH
(¢}
106

8@8@8@

D
o
) -

conditions

Figure 3-6. Birch reduction

Here, eight analogs were synthesized as below. Gongs99, 100, 104, 105, 106 were derived
from 73. Nitrile 99 was prepared by Negishi coupling between triflld@ and Zn(CN),*® and subsequently
hydrolyzed to afford carboxylic acid00 (Scheme 3-19). Reduced compouhd4 was prepared by
hydrogenolysis ofl07, and independent reduction of the carbonyl graufice-Saegusa oxidatiéi¥ of 104
gave alcoholl05 and enond 06, respectively. Starting froh09 instead o067, tetra-substituted benzet®l
was prepared, which was transformed into tetratgubesd benzene$02 and103. Thus, methylation 0109
and the following substitution with the KSA gaveéerd410. Redox steps on estEl0 that was obtained in this
way followed by Horner—Wadsworth—Emmons reactfbgave unsaturated estd2, which was transformed
into tricyclic compoundO1 in a 3-step sequence which included Friedel-Cratistion.
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PhNTf,

HO EtsN Zn(CN), o
DMAP Pd(PPhg), 4 M NaOH aq. HO
JR—— B —— e
MeO CH,Cl, DMF EtOH/dioxane MeO
rt

o) 1 180 °C, MW reflux 0
73 quant. 107 92% 60% 100
Ha, Pd/C, EtsN
MeOH, r.t.
99%
i) LHMDS, TMSCI
DIBAL THF, -78°C OO
MeO C7H§C|2 MeO ii) Pd(OAc),, MeCN ~ MeO
36%
HO 93% 0 °
105 d.r.=3/1 104
BnBr 1) MeMgBr, THF
HO. o K,COs4 BnO o 0°Ctor.t. BnO LiAIH4 BnO
—_—
DMF 2) OTMS 0 THF
rt. EtO 0°c HO
108 99% 109 OEt 110 85% 111
ZnCly, CH,Cl,
-78°C
52% in 2 steps
1) Hp, Pd/C, MeOH
r.t.
1) (COCI),, DMSO, Et3N BnO. 2)4 M NaOH aq.
CHoCly, rt. THF/MeOH, r.t. HO peaL MO
/ _—
2) N 3) BF3-OFEty, DCE C;';%"z
(EtO),P o) reflux -78°C HO
OEt 112Et0 93% in 3 steps 0 0%
NaH, THF, r.t. 101 d.r. =3/ 102

86% in 2 steps

Mel, K,CO4 MeO
—_—
DMF
r.t.
80% 103

Scheme 3-19. Synthesis of substrates for Birch reduction
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3-6. Synthesis of 6/6/6- and 6/5/6-ring systems

The analogous tricyclic skeletons8%a and83b prepared by this strategy are included in therahtu
compounds such as amphilectane-class diterpEieand 114,°*! wickerol A (115)"?, and hydropyrene
(116)** as shown in Figure 3-7. The author investigatedagiplicability of the above strategy for the sysik
of other polycyclic compounds, 6/6/6- and 6/5/63rgystems.

7-isocyanoisoneoamphilecta-1(14),15-diene (113) 7,15-diisocyano-11(20)-amphilectene (114)

e S0}

OH
wickerol A (115) hydropyrene (116)

Figure 3-7. Structures of amphilectane-class diterpeti@sand114
wickerol A (115), and hydropyren€l{6)

Known tetralonel18,Y which was synthesized fromeugenol mesylatél, was converted to ester
119, which was reduced to alcoht?0. Sy2 reaction with NaCN of the corresponding mesyfaiavided
homologated nitrilel21 (Scheme 3-20). After removal of the benzyl grouypdrblysis and Friedel-Crafts
acylation gave the desired 6/6/6-compoddd. Oxidative dearomatization a2 failed as with compound
73. Thus, 6/6/6-compound22 was reduced by borane and CBS catalyst with goedtatieoselectivity.
However, oxidative dearomatization gave only adramount of the desired compound.

1) methyl acrylate

X HG-II, Cul, Et,0 1) 1 N NaOH aq. 1) MeMgBr, THF
MsO reflux, 80% MsO. o dioxane, reflux BnO o 0°c BnO
2) Hy, Pd/C, MeOH 2) BnBr, K,CO3 2) OTMS
MeO rt. MeO MeO = MeO Et0” YO

DMF, r.t.

3) PPA, 70 °C 88% in 2 steps OEt
61 90% in 2 steps 117 ’ 118 ZnCly, CHyCly 119
-78°C

77% in 2 steps

1) Hy, Pd/C, EtOH, r.t.

) 1) MsCl, Et3N, CH,Cl, 2) 5 M NaOH aq., EtOH
LiAIH, BnO rt. BnO reflux HO
THF 2) NaCN, DMSO, 60 °C 3) BF3-OEt,, DCE, reflux MeO
0°c MeO HO 94% in 2 steps MeO Z 86% in 3 steps

0
o 120 121 122
BH,-SMe, .
rac-2-Me-CBS HO. 1) PIDA, MeOH, 0 °C o
THF VO 2)Ha, PAC, ;05 MeO
_30°C © H MeCN, r.t MeGO :
60%, brsm 94% 123 ©OH 124 OH
d.r.=231 trace

Scheme 3-20. Synthesis of a 6/6/6-ring system compound
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Intermediat&’l was converted into nitril&25 by S2 reaction. The same 3-step transformation as in
the preparation 0ofl22 afforded 6/5/6-compound26 in moderate yield (Scheme 3-21). Reduction,
dearomatization, and hydrogenation afforded the@elsompound as a single diastereomer in 16% yield

1) Hy, Pd/C, EtOH, r.t.

1) MsCl, Et;N 2) 5 M NaOH aq. BH3-SMe;
. CHCl, rt. BnO EtOH, reflux HO rac-2-Me-CBS HO
e - .
2) NaE:N, DMSO MeO V 3) BF3-OEt,, DCE MeO THF MeO :
60 C' 125 N reflux 126 fo) —30°C 127 6H
87% in 2 steps 50% in 3 steps quant.

d.r. >25/1

1) PIDA, MeOH, 0 °C 0O, a

2) Hy, PAIC, K,CO; MeO Ge

MeCN, r.t. MeO H (5)H
16% in 2 steps 128a
single diastereomer

Scheme 3-21. Synthesis of a 6/5/6 system compound

The producti28 has a possibility of four sterecisomé&28a-d (Figure 3-8), and the correct structure
was determined by NMR and DFT calculations compnsively. Four structures were calculated in.CHat
the B3LYP/6-31G level to reproduce the NMR dat&BCh. In *H NMR spectrum, the coupling of H1-H3
and H1-H5 were observed (5.1 and 13.5 Hz) andahbtl-H7 was not. According to Karplus equatith,
each dihedral angles were anticipated to be alf¥fut@hi1-co-ca-Hg), 180° @Hi-c2-ca-+s), and 90° Gri-co-ce-H3)-
The suitable calculated structures to explain thesgpling constant values wefl@8a and 128d. Next,
coupling constants of axial H8 were observed as1343, and 13.3 Hz. These facts indicate thaC ring
has a chair-like conformation, showing that streefi?8a is correct.
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128a 128b

OH1-c2-c3-Ha) = 45.23° OH1-c2-c3-Hay = 84.61°

Or1-c2caHs) = 163.15° OH1-c2-c3-Hs) = 32.42°

OH1-c2-coHr) = 52.04° OH1-c2-corr)= 176.15°
128c 128d

H5

> N c6 ( AN
/ H1 \ H1 17 H8
H4 C3 €3 ha

OH1-c2-c3-Ha) = 57.35° OH1-c2-C3-H4) = 57.35°
OH1-ca-cams) = 176.18° Or1-c2cans) = 176.24°
On1-co-ce-nr) = 177.11° OH1-c2-ce-H7) = 54.29°

Figure 3-8. Calculated conformation structures of four 6/6ffy systems in CECl>
(B3LYP/6-31G*//B3LYP/6-31G*)

These experiments indicated that the yields ofatwié dearomatizations of 6/5/7-, 6/6/6-, and 6/5/6
tricyclic systems were much influenced by the sggtems. On TLC, oxidative dearomatization was lesk
to proceed clearly, therefore, the reason of theylields of the desired products might be thatuhstableo-
quinone monoacetal decomposed during at the worsfugxidation step, particularly in the cases @/6/
and 6/6/6-ring systems.
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3-7. Summary

The author has achieved the synthesis of two ticgompound®3 and96, which corresponds to
the BCD ring system of swinhoeisterol A. Swinhogiet A is a novel steroid with unusual carbon starle
that shows cytotoxicity against A549 cells and H@@nhibitory activity. The synthetic strategysed on the
chemistry of benzene, allowed the preparation ¢ticycompound<93 and96 in 20 steps frono-eugenol.
Friedel-Crafts acylation and an oxidative dearonaditbn were the key steps of this synthetic endeavo

EtO,C
MeO

MeO

93

~ 7 steps 11 steps
HO —________» BnO (0]
> MeO
MeO

MeO MeO
60 57

swinhoeisterol A

Scheme 3-22. Summary
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3-7. Experimental section
3-7-1. General

All moisture-sensitive reactions were performedarah atmosphere of argon or nitrogen, and the
starting materials were azeotropically dried wigmbene before use. Anhydrous MeOH, MeCNCl] THF
and DMSO were purchased from Sigma-Aldrich Co.,,loc Wako Pure Chemical Industries Ltd., and used
without further drying. TLC analysis were conductedE. Merck precoated silica gel 6&40.25 mm layer
thickness). Fuiji Silysia silica gel BW-820MH (75-2Qm) was used for column chromatography. E. Merck
PLC Silica gel 60 F54(0.5 and 2 mm layer thickness) was used for PTh€ated (IR) spectra were recorded
on a JASCO FT/IR-4100 instrument and only seleptks are reported in wavenumbers (3mH and®C
NMR spectra were recorded on a Bruker AVANCE 60Byuaker AVANCE 500, a Bruker AVANCE 400, and
a Bruker DPX 400 spectrometer. THeand®*C chemical shiftsd) are reported relative to residual CH@H
= 7.26 and¢c = 77.0), respectivelyd values are given in Hz. The following abbreviatiare used for spin
multiplicity: s = singlet, d = doublet, t = triplefj = quartet, m = multiplet, and br = broad. Higlsolution
ESI/TOF mass spectra were recorded on a JEOL ACECBOIMS-T100CS spectrometer.
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3-7-2. Synthesis and spectroscopic data of compgound

A
MsO BH3-SMe,, CH,Cl,, 0 °C; MsO o
then 1 M NaOH aq., H,0; aq.
MeO MeO

61 62

Alcohol 62

To a stirred solution of mesylagd (504 mg, 2.08 mmol) in THF (10.5 mL) was added;BsMe
(2.0 M THF, 1.1 mL, 2.20 mmol) at 0 °C. After siimg for 3 h at 0 °C, 1.0 M NaOH ag. (1.4 mL, 1.46ha)
and 30% HO; aqg. (1.4 mL) were added to the mixture. Afterrstg for 2 h at 0 °C, The mixture was diluted
with saturated aqueous p80O; (10 mL) and extracted with GBI» (3 x 10 mL). The combined extracts were
washed with brine (20 mL), dried over 188, filtered, and concentrated. The crude productpuaiied by
column chromatography on silica gel (15 g, hexat®A€ 7 : 1— 5: 1 -3 : 1) to afford alcohob2 (519
mg, 96%) as a colorless oil:

Ri=0.40 (hexane : EtOAc=2:1)

'H NMR (400 MHz, CDCJ) 5 7.17 (dd,J = 8.0, 8.0 Hz, 1H), 6.89 (dd,= 8.0, 1.1 Hz, 1H), 6.84 (dd,= 8.0,
1.1 Hz, 1H), 3.88 (s, 3H), 3.68 &=5.9 Hz, 1H), 3.67 (1) = 5.9 Hz, 1H), 3.36 (s, 3H), 2.85 {§t= 7.7 Hz,
2H), 1.91 (ttJ = 7.7, 5.9 Hz, 2H).
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Aldehyde63

MsO Sy SOs'Py. EGN.DMSO oo I
CH,Cl
MeO rt. MeO

62 63

To a stirred solution of alcohéR (2.70 g, 10.4 mmol) in Cil, (35 mL) was added SCPy. (4.96
g, 31.2 mmol), BN (5.8 mL, 41.6 mmol), and DMSO (5.9 mL, 75.5 mmat)0 °C. After stirring for 1.5 h at
room temperature, the mixture was diluted wit©OH30 mL) and extracted with GBI, (3 x 25 mL). The
combined extracts were washed with brine (30 mtigddover NaSQ,, filtered, and concentrated. The crude
product was purified by column chromatography dieasigel (80 g, hexane—EtOAc 7 -2 5 : 1) to afford
aldehydes3 (2.28 g, 85%) as a colorless oil.

Rr=0.61 (hexane : EtOAc = 2 : 1)

H NMR (400 MHz, CDC}) 3 9.80 (t,J = 1.0 Hz, 1H), 7.17 (ddl = 8.0, 8.0 Hz, 1H), 6.85 (d,= 8.0 Hz, 2H),
3.88 (s, 3H), 3.36 (s, 3H), 3.09 Jt= 7.5 Hz, 2H), 2.81 (dil = 7.5, 1.0 Hz, 2H).
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Indanones7

NaClO; aq. o
| NaH,PO4 aq. 1) (COCI),, DMF 1) 6 M KOH aq.
MsO o 2-methyl-2-butene MsO OH CH,Cly, r.t. MsO (0] NMP, 70 °C BnO (0]
‘BUOH/THF 2) AICI3, CH,CI, 2) BnBr, K,CO3
MeO rt MeO rt. MeO DMF, 40 °C MeO
63 64 65 57

To a stirred solution of aldehyd8 (330 mg, 1.30 mmol) ifBuOH (13 mL) and THF (8 mL) were
added 80% NaClgoaqg. (0.8 mL, 7.08 mmol) and 8.0 M N#&*D, ag. (12 mL) at room temperature. After
stirring for 12 h at the same temperature, the unéxtvas diluted with O (20 mL) and extracted with 1.5 M
NaOH ag. (3 x 15 mL). The combined extracts werdifé@d to pH 3 with 3.0 M HCI ag. and extractedthwi
CH:ClI> (3 x 20 mL). The combined extracts were washel titne (30 mL), dried over N&Q;, and filtered.
Removal of the solvent afforded crude carboxylid &4, which was used for the next reaction withoutHart
purification.

To a stirred solution of the carboxylic add in CHCl> (7 mL) were added DMF (3 drops) and
(COCl) (0.2 mL, 2.33 mmol), at OC. After stirring for 1 h at 0C and for 1 h at room temperature, the
mixture was concentrated. The crude acid chlorids used for the next reaction without further peaifon.

To a stirred solution of the acid chloride in £Hy (7 mL) was added AIGI(311 mg, 2.33 mmol) at
0 °C. After stirring for 8 h at room temperaturge tmixture was diluted with saturated aqueous NatH@O
mL) and saturated aqueous Na/K tartrate (4 mL)emtidicted with CELCl, (3 x 10 mL). The combined extracts
were acidified to pH 3 with 3.0 M HCI aq. and extead with CHCI; (3 x 20 mL). The combined extracts
were washed with brine (15 mL), dried over8@y, filtered and concentrated. The crude productpeasally
purified by column chromatography on silica gel ¢,GCHCE-MeOH 9 : 1). The resultant indanoé& was
used for the next reaction without further purifioa.

To a stirred solution of the indanof&in NMP (10 mL) was added 6.0 M KOH ag. (1.0 mL,3®.0
mmol) at room temperature. After stirring for 40nnait 70 °C, the mixture was acidified to pH 3 with 3.0 M
HCIl aq. and extracted with EtOAc (3 x 8 mL). Thentined extracts were washed with brine (10 mLkdiri
over NaSQy, and filtered. Removal of the solvent affordedderphenol, which was used for the next reaction
without further purification.

To a stirred solution of the phenol in DMF (7 mLasvadded KCO; (719 mg, 5.20 mmol) and BnBr
(0.31 mL, 2.59 mmol) at room temperature. Afterristg for 12 h at 40°C, the mixture was diluted with 4@
(25 mL) and extracted with &2 (3 x 15 mL). The combined extracts were washel line (20 mL), dried
over MgSQ, filtered and concentrated. The crude product puaied by column chromatography on silica
gel (12 g, hexane—EtOAc 4 : 1) to afford indan6r€285 mg, 83%) as a pale yellow solid.

Rr= 0.34 (hexane : EtOAc = 2 : 1)

IH NMR (400 MHz, CDCJ) 5 7.53 (d,J = 8.5 Hz, 1H), 7.44-7.39 (m, 2H), 7.39-7.30 (m),36199 (d,J =
8.5 Hz, 1H), 2.89 (t) = 5.9 Hz, 2H), 2.58 (] = 5.9 Hz, 2H).
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Ester67

1) MeMgBr, THF
Bnoj&o 0°Ctort. BrO

2 OTMS o
MeO ) :( MeO EtO

57 OEt 67
ZnCly, CH,Cl,, -78 °C

(Preparation of ketene silyl acetal)

To a stirred solution 0PLNH (8.7 mL, 62.4 mmol) in THF (120 mL), BuLi (2.80 solution hexane,
21.6 mL, 56.2 mmol), was added dropwise at O °@, tae whole was stirred for 15 min. After cooliray-t
78 °C, a mixture of AcOEt (5.1 mL, 52.1 mmol), ahMSCI (9.4 mL, 74.1 mmol) in THF (30 mL) was
dropped to the mixture. After the addition was ctetgal, the mixture was stirred for 3 h at room temagure.
Then, THF was evaporated and hexane was addedreShiting precipitate was filtered through a pad of
Celité® with hexane. The filtrate was evaporated, andréiselting residue was purified by distillation (b.p
55 “C/ 4 kPa) to give ketene silyl acetal (3.25 g, 39%).

To a stirred solution of indanor (100 mg, 0.352 mmol) in THF (1.8 mL) was added MEw
(3.0 M E£O, 0.29 mL, 0.87 mmol) at O °C. After stirring f&h at room temperature, the mixture was diluted
with saturated aqueous ME1 (1 mL) and extracted with EtOAc (3 x 2 mL). Thembined extracts were
washed with brine (5 mL), dried over #, filtered, and concentrated. The crude product pasially
purified by column chromatography on silica geh(fhexane—EtOAc 3 : 1). The resultant tertiary labtavas
used for the next reaction without further purifioa.

To a stirred solution of the tertiary alcohol anstiled ketene silyl acetal (179 mg, 1.12 mmol) in
CHxCI; (1.8 mL) was added Zn£{1.9 M 2-methyl THF, 0.24 mL, 0.456 mmol) at —@@. After stirring for
2 h at —78 °C, the mixture was diluted with saegleiqueous EDTANa (1 mL) and extracted with GEl,
(83 x 2 mL). The combined extracts were washed \piime (5 mL), dried over N&Q, filtered, and
concentrated. The crude product was purified byrool chromatography on silica gel (4 g, hexane—EtOAc
0— 20 : 1) to afford este87 (107 mg, 78% in 2 steps) as a colorless oil.

R=0.71 (hexane : EtOAc=2:1)

IR (CHCk) 3019, 2960, 1721, 1486, 1266, 1077, 790'cm

'H NMR (400 MHz, CDCJ) & 7.45-7.38 (m, 2H), 7.37-7.26 (m, 3H), 6.83J¢ 8.2 Hz, 1H), 6.78 (d] =
8.2 Hz, 1H), 5.03 (s, 2H), 4.10 (d§= 10.8, 7.2 Hz, 1H), 4.06 (dg,= 10.8, 7.2 Hz, 1H), 3.86 (s, 3H), 2.74
(dd,J=7.2, 7.2 Hz, 2H), 2.53 (d,= 13.7 Hz, 1H), 2.42 (d,= 13.7 Hz, 1H), 2.21 (ddd,= 13.6, 6.4, 6.4 Hz,
1H), 1.87 (dddJ = 13.6, 6.4, 6.4 Hz, 1H), 1.32 (s, 3H), 1.21 @4,7.2, 7.2 Hz, 3H)

3C NMR (100 MHz, CDGJ) $171.9, 151.5, 144.1, 143.8, 138.1, 136.7, 1288,21(2C), 127.8 (2C), 117.6,
111.4,74.4, 60.0, 56.2, 46.1, 45.4, 39.2, 27.04,264.2

HRMS (ESI)m/z377.1729, calcd for £H26NaOs [M+Na]* 377.1738.
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Alcohol 71

Bno& LiAIH, Bn0:§<j

(6] THF

MeO EtO 0°C MeO HO
67 71

To a solution of este7 (660 mg, 1.86 mmol) in THF (9.0 mL) was added HAK78 mg, 2.06
mmol) at 0 °C. After stirring for 1 h at the saneenperature, the mixture was diluted with saturaigageous
Na/K tartrate (10 mL) and stirred for 30 min at méemperature. The resultant mixture was extraatiéu
EtOAc (3 x 5 mL). The combined extracts were washkid brine (20 mL), dried over N&Q,, filtered, and
concentrated. The crude product was purified burool chromatography on silica gel (20 g, hexane—EtOA
5:1— 3:1) to afford alcohorl (551 mg, 93%) as a colorless oil.

Ri=0.31 (hexane : EtOAc=2:1)

IR (CHCL) 3624, 3010, 2955, 1604, 1485, 1266, 1077, 1080 cAt*

'H NMR (400 MHz, CDCJ) & 7.43-7.40 (m, 2H), 7.37-7.27 (m, 3H), 6.81J&; 8.7 Hz, 1H), 6.79 (d] =
8.7 Hz, 1H), 5.06 (d] = 11.4 Hz, 1H), 5.02 (d,= 11.4 Hz, 1H), 3.86 (s, 3H), 3.64 (ddds 10.5, 8.7, 6.0 Hz,
1H), 3.57 (dddJ = 10.5, 8.5, 6.3 Hz, 1H), 2.75 (ddbs= 15.5, 8.6, 5.5 Hz, 1H), 2.68 (ddbi= 15.5, 7.9, 7.1
Hz, 1H), 1.98 (ddd) = 12.9, 7.9, 5.5 Hz, 1H), 1.91-1.75 (m, 3H), 1(&33H). A signal due to a proton (OH)
was not observed.

13C NMR (100 MHz, CDGJ) & 151.4, 144.6, 143.5, 138.1, 137.0, 128.32 (2C8.2®@ (2C), 127.8, 117.6,
111.5, 74.4, 60.4, 56.2, 46.0, 44.1, 39.3, 27.83 27

HRMS (ESI)m/z335.1632, calcd for £8H.4NaO; [M+Na]" 335.1623.
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Conjugated estef2

1) (COCI),, DMSO, Et;N BnO
BnoO. CH,Cly, -78t0 0 °C
o o MeO ¢
2 e
MeO HO )

1]
EtO),P o
71 (Et0) OEt 72 EtO

NaH, THF, r.t.

To a solution of (COC})(0.22 mL, 2.57 mmol) in C¥Cl> (7.0 mL) was added DMSO (0.39 mL,

4.99 mmol) in CHCI; (3.0 mL) at —78 °C. After stirring for 30 min ai8-°C, alcohol1 (361 mg, 1.16 mmol)
in CHxCI, (2 mL) was added to the reaction mixture. Aftéristy for further 30 min at 6C, E&N (0.72 mL,
5.17mmol) was added to the reaction mixture. Theume was stirred for 2 h at 0 °C and diluted wHHO
(10 mL) and extracted with GBI, (3 x 10 mL). The combined extracts were washedt Witne (15 mL),
dried over N&SQ, filtered, and concentrated. The crude product \wasially purified by column
chromatography on silica gel (7 g, hexane—EtOA&)% The resultant aldehyde was used for the readtion
without further purification.

To a stirred solution of ethyl diethylphosphonoatet(0.43 mL, 1.68 mmol) in THF (10 mL) was
added 60% NaH (63.1 mg, 1.58 mmol) at 0 °C. Afterisg for 30 min at 0 °C, a solution of the algele in
THF (2.0 mL) was added to the reaction mixture. fitveture was stirred for 12 h at room temperatdieted
with saturated aqueous MEl (4 mL), and extracted with EtOAc (3 x 6 mL). Thembined extracts were
washed with brine (5 mL), dried over #, filtered, and concentrated. The crude product puagied by
column chromatography on silica gel (12 g, hexat®A€ 8 : 1) to afford conjugated esi& (420 mg, 96%
in 2 steps) as a colorless oil.

Ri= 0.58 (hexane : EtOAc=3:1)

IR (CHCL) 3019, 3011, 2957, 1709, 1485, 1266, 1186, 1036 cAT*

'H NMR (400 MHz, CDCJ) & 7.45-7.39 (m, 2H), 7.38-7.27 (m, 3H), 6.88 (dild, 15.5, 7.7, 7.7 Hz, 1H),

6.79 (s, 2H), 5.80 (ddd, = 15.5, 1.1, 1.1 Hz, 1H), 5.03 (s, 2H), 4.18J¢; 7.2 Hz, 2H), 3.86 (s, 3H), 2.75
(ddd,J = 15.5, 8.4, 5.3 Hz, 1H), 2.68 (ddii= 15.5, 7.8, 7.3 Hz, 1H), 2.40 (ddb= 14.8, 7.7, 1.1 Hz, 1H),

2.36 (dddJ = 14.8, 7.7, 1.1 Hz, 1H), 1.96 (ddb= 13.1, 7.8, 5.3 Hz, 1H},..78 (dddJ = 13.1, 8.4, 7.3 Hz,

1H), 1.28 (ddJ = 7.2, 7.2 Hz, 3H), 1.23 (s, 3H)

13C NMR (100 MHz, CDGJ) & 166.4, 151.5, 146.2, 144.0, 143.9, 138.1, 13&8,27 (2C), 128.26 (2C),

127.8,123.6, 117.6, 111.5, 74.4, 60.1, 56.2, 442, 38.9, 27.0, 26.7, 14.3

HRMS (ESI)m/z403.1895, calcd for &4H2sNaO, [M+Na]* 403.1885.
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Tricyclic compound/3

1) Hy, Pd/C, MeOH

r.t.
BnO 2) 4 M NaCH aq. HO

THF/MeOH, r.t.

VZ
MeO 3) BF3-OEt,, DCE MeO
(6] reflux
7o EtO 73 O

To a stirred solution of conjugated est&r(2.19 g, 5.76 mmol) in MeOH (28 mL) was added 10%
Pd/C (184 mg, 0.173 mmol) at room temperature.rAdtiering under hydrogen atmosphere for 1 h atesam
temperature, the mixture was filtered through a pa@elite® with MeOH (100 mL), and the filtrate was
concentrated. The crude product was used for thieraaction without further purification.

To a stirred solution of the phenol in THF (14 nad MeOH (7 mL) was added 4.0 M NaOH aq. (7 mL,
28 mmol) at room temperature. After stirring forliat room temperature, the mixture was acidifeegh 3
with 4.0 M HCI ag. and extracted with EtOAc (3 x ihll). The combined extracts were washed with brine
(15 mL), dried over N&5Q,, filtered, and concentrated. The crude phenolid a@s used for next reaction
without further purification.

To a stirred solution of the phenolic acid in CKCHH,CI (115 mL) was added BFOE® (2.45 mL,
17.3 mmol) at room temperature. After stirring 1& h at reflux, the mixture was diluted with® (20 mL)
and extracted with Cil, (3 x 25 mL). The combined extracts were washed tine, dried over N&Qy,
filtered and concentrated. The crude product wafigd by column chromatography on silica gel (40 g
hexane—EtOAc 4 : 1) to afford tricyclic compour®i(1.39 g, 98% in 3 steps) as a pale yellow solid.

Ri=0.45 (hexane : EtOAc=2:1)

m.p. 161.5-162.7 °C

IR (CHCk) 3531, 3018, 2946, 1659, 1493, 1378, 1291, 1078681

'H NMR (400 MHz, CDCJ) 8 7.04 (s, 1H), 5.92 (s, 1H), 3.88 (s, 3H), 2.9982M, 3H), 2.74 (ddd] = 13.4,
11.2, 4.0 Hz, 1H), 2.20-1.83 (m, 6H), 1.13 (s, 3H)

3C NMR (100 MHz, CDGJ) 8204.5, 145.3, 145.1, 145.0, 128.4, 128.1, 109.3,58.4, 46.1, 42.9, 40.8,
26.1, 25.9, 21.6

HRMS (ESI)m/z269.1162, calcd for &H1sNaO; [M+Na]* 269.1154.
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Alcohol 79

rac-2-Me-CBS
_—
MeO THE MeO >

-30 °C :
73 O 79 HO

To a stirred solution of tricyclic compound3 (73.1 mg, 0.296 mmol) andac-2-Me-CBS-
oxazabororidine (1.0 M toluene, 0.06 mL, 0.06 mmolYHF (1.5 mL) was added BHSMe, (2.0 M THF,
0.37 mL, 0.740 mmol) at =30 °C. After stirring #h at the same temperature, the mixture was dilwvith
MeOH (0.5 mL) and kD (3 mL) and extracted with GBI, (3 x 5 mL). The combined extracts were washed
with brine, dried over N&Qy, filtered, and concentrated. The crude product wasfied by column
chromatography on silica gel (3 g, hexane—EtOAc 8- 5 : 1) to afford alcohol9 (69.5 mg, 94%¢d.r. =
16/1) as a colorless oil.

Ri= 0.38 (hexane : EtOAc=1:1)

IR (CHCk) 3545, 3007, 2932, 1497, 1291, 1094, 793'cm

'H NMR (600 MHz, CDCJ) 8 7.05 (s, 1H), 5.50 (s, 1H), 4.82 (brXk 7.3 Hz, 1H), 3.88 (s, 3H), 2.92 (ddd,
J=10.7,5.3, 1.6 Hz, 1H), 2.87 (m, 1H), 2.16 (H),11.98-1.76 (m, 5H), 1.66-1.43 (m, 3H), 1.143(3)

13C NMR (151 MHz, CDG) & 144.8, 139.9, 139.8, 132.4, 129.2, 105.5, 72.3,38.9, 43.6, 41.5, 39.8, 26.0,
23.5, 22.6

HRMS (ESI)m/z269.1162, calcd for &H20NaO; [M+Na]* 269.1154.
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a,0-Dimethoxy enoné&3a and83b

1) PIDA, MeOH .
HO 0% o o
MeO MeO

MeO . 2) Hp, PAIC, KoCO3 e > MeO :

Hd MeCN, r.t. HO HO
79 83a 83b

To a stirred solution of alcoh@P (40.2 mg, 0.162 mmol) in MeOH (1.6 mL) was addeD#(62.6
mg, 0.194 mmol) at O °C. After stirring for 1 htaé same temperature, the mixture was diluted sd@tbrated
aqueous NaHC£X3 mL) and extracted with Gl (3 mL x 3). The combined extracts were washed with
brine, dried over N&&Qy, filtered, and concentrated. The crude product pesially purified by column
chromatography on silica gel (1 g, hexane—EtOA& 5+ 1 : 1). The resultam-quinone monoacetal was used
for the next reaction without further purification.

To a stirred solution of the-quinone monoacetal in MeCN (1.6 mL) were adde@®: (55.9 mg,
0.405 mmol) and 10% Pd/C (3.4 mg, 3.24 umol) atmraemperature. After stirring under hydrogen
atmosphere for 1 h at the same temperature, thiimiwas filtered through a pad of Célitgith EtOAc (50
mL), and the filtrate was concentrated. The cruapct was purified by column chromatography oitail
gel (2 g, hexane—EtOAc 6 : -+ 4 : 1— 3 : 1) to afford alcohdB3a (22.6 mg, 50%) as a colorless oil and
alcohol83b (8.4 mg, 19%) as a white solid.

Alcohol 83a

Ri=0.17 (hexane : EtOAc=1:1)

IR (CHCL) 3409, 3008, 2949, 1665, 1624, 1451, 1217, 1093, 716 crm*

'H NMR (600 MHz, CDCJ) 84.62 (br s, 1H), 4.10 (m, 1H), 3.33 (s, 6H), 2.@8 (H), 2.55 (br dd] = 8.6,
16.2 Hz, 1H), 2.45 (dddd, = 2.3, 7.1, 9.5, 16.2 Hz, 1H), 2.41 (dds 2.1, 14.2 Hz, 1H), 2.35 (dd,= 6.8,
14.2 Hz, 1H), 2.02 (m, 1H), 1.84 (ddd= 9.5, 9.5, 12.1 Hz, 1H), 1.80 (d#i= 7.9, 14.6 Hz, 1H), 1.71-1.54
(m, 3H), 1.53-1.30 (m, 2H), 1.01 (s, 3H)

13C NMR (151 MHz, CDGJ) 5 188.5, 170.9, 137.9, 96.0, 72.7, 51.7, 50.8, 480%, 39.5, 39.4, 37.8, 37.2,
26.4, 25.6, 18.0

HRMS (ESI)m/z303.1585, calcd for fgH24NaQ: [M+Na]" 303.1572; alcohol

Alcohol 83b

Ri=0.14 (hexane : EtOAc=1:1)

m.p. 126.4429.2 °C; IR (CHCk) 3452, 3009, 2940, 1670, 1605, 1453, 1208, 100751731 crt

'H NMR (600 MHz, CDCJ) 83.72 (m, 1H), 3.37 (s, 3H), 3.20 (s, 3H), 2.94 (#i¢,3.6, 13.0 Hz, 1H), 2.81
(m, 1H), 2.58-2.47 (m, 2H), 2.19 (m, 1H), 1.85-1(48 7H), 1.42 (br s, 1H), 1.24 (ddi= 7.0, 7.0 Hz, 1H),
1.03 (s, 3H)

13C NMR (151 MHz, CDGJ) 5191.1, 170.7, 135.7, 97.1, 70.9, 52.1, 50.4, 49409, 42.7, 41.5, 38.3, 38.0,
26.0, 23.0,21.4

HRMS(ESI)m/z303.1557, calcd for fH.4NaOs [M+Na]* 303.1572.
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Determination of the relative configurations at Ci4 and C18 i83a and86a

diketone86

To a stirred solution of alcoh8B (d.r. = 3/1, 5.9 mg, 0.0210 mmol) in GEl, (1.0 mL) was added Dess—Matrtin
periodinane (17.9 mg, 0.0422 mmol) at room tempegatThe mixture was stirred at room temperaturelfa,
poured into a mixture of saturated aqueousxs (1.0 mL), saturated aqueous NaHJ®.0 mL), and KO (1.0
mL), and extracted with Ci€l; (3 x 3 mL). The combined extracts were washed Withe (5 mL), dried over
NaSQy, and concentrated. The crude product was purifiedolumn chromatography on silica gel (2 g, hexane
EtOAc 6 : £>3: 1) to afford diketon&6 (4.7 mg, 81% d.r. = 3.5/1) as a colorless ofk = 0.52 (hexane : EtOAc
=1:1)

The stereochemistry of 6/5/7-ring systeB3a and83b were determined by NOE correlations83a and the
corresponding diketor&a oxidized by Dess—Martin periodinane.

MeO% MeO
MeO MeO

83a

Determination of the relative configuration88a and86a
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Double allylic alcohoB7

To a stirred solution af,a-dimethoxy enon&3a (81.7 mg, 0.291 mmol) in THF (2.9 mL) was added
vinyl Grignard reagent (1.0 M gD, 0.87 mL, 0.87 mmol) at O °C. After stirring 8 at room temperature,
the mixture was diluted with saturated aqueous@®H4 mL) and extracted with EtOAc (5 mL x 3). The
combined extracts were with brine (8 mL), dried roMeSQ, filtered, and concentrated. The crude product
was purified by column chromatography on silica @), hexane—EtOAc 5: + 4:1 — 3: 1) to afford
double allylic alcohoB7 (64.8 mg, 72%gas a colorless oil.

Ri= 0.39 (hexane : EtOAc=4:1)

'H NMR (400 MHz, CDCJ) 5.92 (dd,J = 17.0, 10.7 Hz, 1H), 5.36 (dd= 17.0, 1.7 Hz, 1H), 5.23 (dd=
10.7, 1.7 Hz, 1H), 4.15 (br dd,= 8.0 ,8.0 Hz, 1H), 3.39 (s, 3H), 3.33 (s, 3HP(m, 1H), 2.64 (m, 1H),
2.43-2.08 (m, 4H), 1.77-1.40 (m, 7H), 1.10 (s, 3MJo signals due to a proton (OH) were not observed
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Acetate90

OH Ac,0O OH
2 DMAP 2
MeO MeO
MeO : CFrlthIz MeO :
HO " AcO
87 90

To a stirred solution of double allylic alcol®¥ (4.3 mg, 0.0123 mmol) in THF (1.0 mL) was added
DMAP (15.0 mg, 0.123 mmol) and 4@ (6.5 pL, 0.0694 mmol) at 0 °C. After stirring f8rh at room
temperature, the mixture was diluted witbGH(2 mL) and extracted with EtOAc (3 x 2 mL). Tharbined
extracts were with brine (3 mL), dried overJ88@, filtered, and concentrated. The crude productpuagied

by column chromatography on silica gel (2 g, hex&t®Ac7 : 1 — 5: 1) to afford acetaté0 (4.6 mg, 94%)
as a colorless oil.

Ri=0.73 (hexane : EtOAc=1:1)

'H NMR (400 MHz, CDCY) 85.89 (dd,J = 17.2, 10.8 Hz, 1H), 5.34 (dd= 17.2, 1.8 Hz, 1H), 5.23 (dd=
10.8, 1.8 Hz, 1H), 5.15 (m, 1H), 3.40 (s, 3H), 3(&83H), 3.05 (m, 1H), 2.83 (m, 1H), 2.38-2.01 &H),
2.03 (s, 3H), 1.73-1.41 (m, 7H), 1.16 (s, 3H).dusil due to a proton (OH) was not observed.
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Exomethylen&6

o BT-sulfone
NaHMDS
MeO MeO
Y THF N

MeO : N MeO :
AcO -78 Ctor.t. AcO

92 96

To a stirred solution of BT-sulfone (28.2 mg, @18mol) in THF (1.5 mL) was added NaHMDS
(1.0 M THF, 0.145 mL, 0.145 mmol) at —78 °C. Afirring for 30 min at the same temperature, ae&at
(21.3 mg, 0.0661 mmol) was added to the mixture7&t°C. After stirring for 12 h at room temperature, the
mixture was diluted with saturated aqueous®H3 mL) and extracted with EtOAc (3 x 3 mL). Té@mmbined
extracts were with brine (4 mL), dried over88@, filtered, and concentrated. The crude productpuagied
by column chromatography on silica gel (2 g, hex&@t®Ac 12 : 1) to afford exomethyle®6 (64.8 mg,
72%)as a colorless oil.

Ri=0.67 (hexane : EtOAc=2:1)

'H NMR (400 MHz, CDCJ) 8 5.36 (s, 1H), 5.30 (ddd, J = 9.0, 6.3, 2.4 Hz,B)5 (s, 1H), 3.32 (s, 3H), 3.04
(s, 3H), 3.03 (m, 1H), 2.49 (m, 1H), 2.31 (dds 12.1, 4.7 Hz, 1H), 2.24 (ddd,= 15.5, 7.6, 3.9 Hz, 1H),
2.38-2.20 (m, 1H), 2.04 (s, 3H), 1.79-1.23 (m, 830 (s, 3H).
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Triflate 107

PhNT,
Et,N
HO DMAP TfO
_—
MeO CHCl,  MeO
rt.
73 o 107 0

To a stirred solution of tricyclic compoufi@ (15.1 mg, 0.0613 mmol) in GBI, (1.0 mL) was added
EtN (25.3 pL, 0.184 mmol), PhNT{43.8 mg, 0.123 mmol), and DMAP (1.5 mg, 0.0123af)rat room
temperature. After stirring for 1 h at same temper the mixture was diluted with saturated aqsded,Cl
(1.5 mL), and extracted with GBI, (3 x 3 mL). The combined extracts were washed fiithe (5 mL), dried
over NaSQ, filtered, and concentrated. The crude productpuaied by column chromatography on silica
gel (2 g, hexane—EtOAc 16 : 1) to afford trifldfe¥ (23.2 mg, quant.) as a colorless oil.

Rr=0.74 (hexane : EtOAC = 2 : 1)

IH NMR (400 MHz, CDCJ) 5 7.03 (s, 1H), 3.89 (s, 3H), 3.06—2.98 (m, 2H), Z901H), 2.72 (ddd] = 12.8,
11.6, 4.1 Hz, 1H), 2.21~1.96 (m, 5H), 1.89 (ddi¢, 16.4, 16.4, 5.6 Hz, 1H), 1.14 (s, 3H).
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Nitrile 99

Zn(CN),
0 Pd(PPhs), NC
MeO DMF MeO
4 180 °C, MW 4

107 99

To a stirred solution of triflaté07 (23.2 mg, 0.0613 mmol) in DMF (1.5 mL) was added@N),
(25.9 mg, 0.221 mmol) and Pd(RRH10.6 mg, 9.17 umol) at room temperature. Afterisg for 20 min at
180 °C in microwave, the mixture was filtered thgbwa pad of Celiftwith EtOAc (30 mL), and the filtrate
was concentrated. The crude product was purifie¢ddymn chromatography on silica gel (3 g, hexane—
EtOAc 12 : 1) to afford nitril®9 (14.4 mg, 92%) as a colorless oil.

Rr=0.74 (hexane : EtOAc = 2 : 1)

H NMR (400 MHz, CDC}) 8 6.88 (s, 1H), 3.91 (s, 3H), 3.19-3.03 (m, 2H), Z:891H), 2.72 (ddd] = 12.2,
12.2, 3.8 Hz, 1H), 2.23-1.97 (m, 5H), 1.87 (m, 1H).2 (s, 3H).
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Carboxylic acidl00

(0]
NC 4 M NaOH agq. HO
MeO EtOH/dioxane MeO

reflux
99 © 100

To a stirred solution of the nitril@ (14.1 mg, 0.0552 mmol) in dioxane (0.8 mL) and Hi{(D.4
mL) was added 4.0 M NaOH aq. (0.4 mL, 1.60 mmolfeAstirring for 1.5 d at reflux, the mixture was
acidified to pH 3 with 4.0 M HCI ag. and extractwith CH,Cl> (3 x 3 mL). The combined extracts were
combined, washed with brine (5 mL), dried over${@,, filtered, and concentrated. The crude product was
purified by column chromatography on silica geg(hexane—Acetone 4 % 3 : 1) to afford carboxylic acid
100 (9.0 mg, 60%) as a white solid.

Ri= 0.58 (hexane : Acetone =1:1)

'H NMR (400 MHz, CDCJ) 8 6.97 (s, 1H), 3.90 (s, 3H), 3.31 (ddd; 17.8, 6.9, 3.1 Hz, 1H), 3.17 (ddbs
17.8, 9.5, 8.6 Hz, 1H), 2.92 (dd#l= 12.6, 6.6, 2.2 Hz, 1H), 2.77 (ddbs 12.6, 11.8, 3.7 Hz, 1H), 2.22-1.91
(m, 5H), 1.87 (ddd])=13.0, 13.0, 2.3 Hz, 1H), 1.12 (s, 3H). A sigtha¢ to a proton (COOH) was not observed.
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Tricyclic compoundlL04

Ha
Pd/C
TfO EtoN
MeO MeOH MeO

0 rt 0
107 104

To a stirred solution of triflat&07 (152 mg, 0.402 mmol) in MeOH (2.0 mL) was addedNED.57
mL, 4.09 mmol) and 10% Pd/C (12.8 mg, 0.012 mmbkoam temperature. After stirring under hydrogen
atmosphere for 3 h at the same temperature, theiriwas filtered through a pad of Celitgith MeOH (100
mL), and the filtrate was concentrated. The cruaelpct was purified by column chromatography oicail
gel (5 g, hexane—EtOAc 8 : 1) to afford tricyclmngpoundl04 (92.7 mg, 99%) as a white solid.

Rr= 0.64 (hexane : EtOAc = 3 : 1)

'H NMR (400 MHz, CDCJ) 56.90 (d,J = 2.3 Hz, 1H), 6.88 (d] = 2.3 Hz, 1H), 3.81 (s, 3H), 2.97 (m, 1H),
2.92-2.82 (m, 2H), 2.78 (ddd= 12.2, 12.2, 3.9 Hz, 1H), 2.17 (m, 1H), 2.10-1®35H), 1.13 (s, 3H).
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Ester110

1) MeMgBr, THF

BnO&o o Bno\&
OTMS

2) — g0’ ©

109 OEt 110
ZnCl,, CH,Cl,
-78C

To a stirred solution of indanori®9 (601 mg, 2.52 mmol) in THF (8.0 mL) was added M&vig
(3.0 M E®O, 1.7 mL, 5.40 mmol) at O °C. After stirring forh2at room temperature, the mixture was diluted
with saturated aqueous ME1 (6 mL) and extracted with EtOAc (3 x 6 mL). Thembined extracts were
washed with brine (10 mL), dried over 1$&, filtered, and concentrated. The crude product patially
purified by column chromatography on silica gel ¢f,hexane—EtOAc 3 : 1). The resultant tertiarpladd
was used for the next reaction without further fieation.

To a stirred solution of the tertiary alcohol anstiled ketene silyl acetal (1.44 g, 8.98 mmol) in
CH.CI; (1.8 mL) was added Zng£{1.9 M 2-methyl THF, 1.42 mL, 2.70 mmol) at —78. #Gter stirring for 2
h at —78 °C, the mixture was diluted with saturatgdeous EDTA2Na (2 mL) and extracted with GEl (3
x 4 mL). The combined extracts were washed withéb(® mL), dried over N&Q,, filtered, and concentrated.
The crude product was purified by column chromaipgy on silica gel (18 g, hexane—EtOAc 1-®0 : 1)
to afford estef10 (424 mg, 52% in 2 steps) as a colorless oil.

Ri= 0.68 (hexane : EtOAc=3:1)

'H NMR (400 MHz, CDCJ) 8 7.46-7.41 (m, 2H), 7.41-7.35 (m, 2H), 7.31 (m,,1H)4 (dd,J = 7.8, 7.8 Hz,

1H), 6.79 (dJ= 7.8 Hz, 1H), 6.74 (d] = 7.8 Hz, 1H), 5.09 (s, 2H), 4.11 (dbs 11.1, 7.2 Hz, 1H), 4.06 (dq,
J=11.1,7.2 Hz, 1H), 2.92 (dd= 7.2, 7.2 Hz, 2H), 2.59 (d,= 13.8 Hz, 1H), 2.49 (dJ = 13.8 Hz, 1H), 2.32
(ddd,J=12.9, 7.2, 7.2 Hz, 1H), 1.97 (ddblz 12.9, 7.2, 7.2 Hz, 1H), 1.32 (s, 3H), 1.24 (@d,7.2, 7.2 Hz,

3H).
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Alcohol 111

Bno\& LiAIH, Bno\&ﬁ
eo” ©  THF HO

0°c
110 111

To a solution of estet10 (424 mg, 1.31 mmol) in THF (3.0 mL) was added HAK53 mg, 1.40
mmol) at 0 °C. After stirring for 1 h at the saneenperature, the mixture was diluted with saturaigageous
Na/K tartrate (10 mL) and stirred for 30 min at méemperature. The resultant mixture was extraatitl
EtOAc (3 x 5 mL). The combined extracts were washid brine (10 mL), dried over N&Q,, filtered, and
concentrated. The crude product was purified burool chromatography on silica gel (14 g, hexane—EtOA
5:1— 3:1)to afford alcohdlll (313.6 mg, 85%) as a colorless oll.

Ri= 0.15 (hexane : EtOAc=3:1)

'H NMR (400 MHz, CDCJ) 8 7.46-7.41 (m, 2H), 7.41-7.35 (m, 2H), 7.32 (m, ,1H}5 (dd,J = 7.8, 7.8 Hz,
1H), 6.77 (dJ = 7.8 Hz, 1H), 6.74 (d] = 7.8 Hz, 1H), 5.09 (s, 2H), 3.71-3.58 (m, 2H}42.2.82 (m, 2H),
2.09 (dddJ=13.2, 7.1, 5.7 Hz, 1H), 1.98-1.82 (m, 3H), 1(283H). A signal due to a proton (OH) was not
observed.
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Conjugated esteil?

1) (COCI),, DMSO, EtN
Bno\gﬁ CHyCly, 1t BnO
2) 6 0 VZ
HO I
E
11 ( to)zp\)kOEt
EtO

NaH, THF, r.t. 112

To a solution of (COC}(0.19 mL, 2.22 mmol) in C¥l, (3.0 mL) was added DMSO (0.35 mL,

4.48 mmol) in CHCI, (2.0 mL) at —78 °C. After stirring for 30 min af8-°C, alcoholl11 (211 mg, 0.745
mmol) in CHCI; (2.0 mL) was added to the reaction mixture. Aftering for further 30 min at 0 °C, &
(0.66 mL, 4.74 mmol) was added to the reaction unétThe mixture was stirred for 2 h at 0 °C arldtdd
with H2O (10 mL) and extracted with GBI, (3 x 10 mL). The combined extracts were washel laiine (15
mL), dried over NgSQu, filtered, and concentrated. The crude product pasially purified by column
chromatography on silica gel (7 g, hexane—EtOA&)% The resultant aldehyde was used for the readtion
without further purification.

To a stirred solution of ethyl diethylphosphonoatet(0.34 mL, 1.17 mmol) in THF (3.5 mL) was
added 60% NaH (39.7 mg, 0.993 mmol) at 0 °C. Adtaring for 30 min at 0 °C, a solution of the digde
in THF (1.5 mL) was added to the reaction mixtdree mixture was stirred for 12 h at room tempemgtur
diluted with saturated aqueous MH (3 mL), and extracted with EtOAc (3 x 5 mL). Tbembined extracts
were washed with brine (5 mL), dried over.N@y, filtered, and concentrated. The crude productpuaiied
by column chromatography on silica gel (8 g, hex&t®Ac 15 : 1) to afford conjugated estdf (226 mg,
86% in 2 steps) as a colorless oil.

Ri= 0.64 (hexane : EtOAc=3:1)

'H NMR (400 MHz, CDCJ) 8 7.46-7.41 (m, 2H), 7.41-7.34 (m, 2H), 7.33 (m,,1H}5 (ddJ = 7.8, 7.8 Hz,
1H), 6.90 (dddJ = 15.5, 7.7, 7.7 Hz, 1H), 6.76 (@~ 7.8 Hz, 1H), 6.75 (d] = 7.8 Hz, 1H), 5.83 (ddd], =
15.5, 1.3, 1.3 Hz, 1H), 5.09 (s, 2H), 4.18J¢; 7.1 Hz, 2H), 2.96-2.80 (m, 2H), 2.45 (ddd; 13.9, 7.7, 1.3
Hz, 1H), 2.41 (ddd) = 13.9, 7.7, 1.3 Hz, 1H), 2.06 (ddd= 13.0, 7.5, 5.3 Hz, 1H},.86 (dddJ = 13.0, 8.4,
6.8 Hz, 1H), 1.279 (ddl = 7.1, 7.1 Hz, 3H), 1.277 (s, 3H).
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Tricyclic compoundl01

1) Hy, Pd/C, MeOH
r.t.
BnO. 2) 4 M NaOH aq. HO
THF/MeOH, r.t.
V
3) BF3-OEt,, DCE
EtO (0] reflux 0

112 101

To a stirred solution of conjugated estéP (241 mg, 0.687 mmol) in MeOH (3.5 mL) was added
10% Pd/C (14.6 mg, 0.014 mmol) at room temperaiter stirring under hydrogen atmosphere for 1th a
same temperature, the mixture was filtered thraughd of Celit® with MeOH (50 mL), and the filtrate was
concentrated. The crude product was used for thieraaction without further purification.

To a stirred solution of the phenol in THF (3.0 nalnd MeOH (3.0 mL) was added 4.0 M NaOH ag.
(2.5 mL, 6.0 mmol) at room temperature. After siigrfor 12 h at room temperature, the mixture wadiied
to pH 3 with 4.0 M HCI ag. and extracted with EtO@cx 10 mL). The combined extracts were washet wit
brine (15 mL), dried over N&Q, filtered, and concentrated. The crude phenolid a@s used for next
reaction without further purification.

To a stirred solution of the phenolic acid in CKCH,CI (13 mL) was added BFOE®L (0.26 mL,
2.07 mmol) at room temperature. After stirring 1& h at reflux, the mixture was diluted with® (15 mL)
and extracted with C4#Ll; (3 x 10 mL). The combined extracts were washet Wiine, dried over N&Q,,
filtered and concentrated. The crude product watfi@d by column chromatography on silica gel (7 g,
hexane—EtOAc 4 : 1) to afford tricyclic compout@l (138 mg, 93% in 3 steps) as a white solid.

Rr=0.50 (hexane : EtOAc =1: 1)

IH NMR (400 MHz, CDCJ) & 7.40 (d,J = 8.3 Hz, 1H), 6.65 (d] = 8.3 Hz, 1H), 5.46 (br s, 1H), 2.94-2.78
(m, 3H), 2.74 (dddJ = 13.2, 11.6, 4.0 Hz, 1H), 2.20-1.87 (m, 6H), 1(L,3BH).
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Benzylic alcoholl02

HO DIBAL HO
CH,Cls
278

o} HO
101 102

To a stirred solution of phen@D1 (53.4 mg, 0.247 mmol) in CG&l, (2.5 mL) was added DIBAL
(1.06 M hexane, 0.62 mL, 0.657 mmol) at 0 °C. Aftiaring for 1 h at the same temperature, the imnétwas
diluted with saturated aqueous Na/K tertrate (3 mahdl stirred for 2 h at room temperature. The tastl
mixture was extracted with GBI, (3 x 5 mL). The combined extracts were washed Withe, dried over
Na:SQq, filtered and concentrated. The crude productpuaied by column chromatography on silica gel (5
g, hexane—EtOAc 5 : 1) to afford benzylic alcob@® (48.9 mg, 90%¢d.r. = 3/1) as a colorless oil.

major diastereoisomer

Ri= 0.36 (hexane : EtOAc=2:1)

'H NMR (400 MHz, CDCJ) 5 7.31 (d, J= 8.3 Hz, 1H, 6.65 (d,J = 8.3 Hz, 1H), 4.83 (br d,= 10.3 Hz, 1H),
4.65 (br s, 1H), 2.87-2.77 (m, 2H), 2.17 (m, 1HP22-1.73 (m, 5H), 1.66-1.55 (m, 2H), 1.17 (s, 3H).

103



Methyl etherl03

HO Mel, K,cO; ~ MeO
—_—
DMF

HO rt HO
102 103

To a stirred solution of benzylic alcoht®2 (7.0 mg, 0.0321 mmol) in DMF (2.0 mL) was added
K2CGO; (22.2 mg, 0.161 mmol) and Mel (2@, 0.321 mmol) at room temperature. After stirriiog 12 h at
the same temperature, the mixture was diluted sathrated aqueous NElI (3 mL) and extracted with ED
(3 x 4 mL). The combined extracts were washed tithe, dried over MgSg)filtered and concentrated. The
crude product was purified by column chromatogramigilica gel (2 g, hexane—EtOAc 7 : 1) to afforethyl
etherl03 (5.9 mg, 80%¢d.r. = 3/1) as a colorless oil.

major diastereoisomer

Ri= 0.57 (hexane : EtOAc=2:1)

'H NMR (400 MHz, CDCJ) 57.38 (d, J= 8.5 Hz, 1H, 6.70 (d,J = 8.5 Hz, 1H), 4.84 (br d,= 11.2 Hz, 1H),
3.83 (s, 3H), 2.90 (ddd,= 16.5, 3.3, 2.3 Hz, 1H), 2.78 (ddbi= 16.5, 8.5, 7.9 Hz), 2.18 (m, 1H), 2.01-1.75
(m, 5H), 1.67-1.49 (m, 2H), 1.17 (s, 3H).
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Conjugated estesl1

X methyl acrylate X COMe
MsO HG-II, Cul MsO
Et,0
MeO MeO

refulux

61 S11

To a stirred solution ob-eugenol mesylatél (2.29 g, 9.45 mmol) in ED (100 mL) was added
methyl acrylate (2.54 mL, 28.3 mmol), HG-II (101 n@gl61 mmol) and Cul (54.0 mg, 0.284 mmol) at room
temperature. After stirring for 12 h at reflux, timxture was concentrated. The crude product wafigul by
column chromatography on silica gel (65 g, hexan®A€ 6 : 1— 4 : 1— 3 : 1) to afford conjugated ester
S11 (2.27 g, 80%) as a colorless oil.

Ri= 0.46 (hexane : EtOAc=3:1)

'H NMR (400 MHz, CDCJ) 7.19 (dd,J = 8.0, 8.0 Hz, 1H), 7.06 (di,= 15.6, 6.8, 6.8 Hz, 1H), 6.89 (d#,
=8.0, 1.1 Hz, 1H), 6.82 (dd,= 8.0, 1.1 Hz, 1H), 5.85 (di,= 15.6, 1.5, 1.5 Hz, 1H), 3.89 (s, 3H), 3.71 (s,
3H), 3.66 (ddJ) = 6.8, 1.5 Hz, 2H), 3.34 (s, 3H).
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Tetralone mesylat&l?

X -C0Me )1 Pd/C, MeOH/EtOAC
MsO r.t. MsO
S S o
2) PPA, 70 °C
MeO MeO

S11 117

To a stirred solution of conjugated es#d (2.27 g, 7.56 mmol) in MeOH (14 mL) and AcOEt (28
mL) was added 10% Pd/C (402 mg, 0.378 mmol) at raemperature. After stirring under hydrogen
atmosphere for 3 h at the same temperature, theiriwas filtered through a pad of Célitgith AcOEt (100
mL), and the filtrate was concentrated. The crusierewas used for the next reaction without further
purification.

A round-bottomed flask was charged with PPA (40agdl the ester at room temperature. After
stirring for 5 h at 70 °C, the resulting hot mix@uwvas poured into ice water (30 mL). The soluticesw
alkalinized to pH 10 with 1.0 M NaOH ag. and exteacwith AcOEt (3 x 40 mL). The combined extracts
were washed with brine, dried over JS&), filtered and concentrated. The crude product puasfied by
column chromatography on silica gel (40 g, hexat®AE 4 : 1) to afford tetralone mesylat&7 (1.83 g,
90% in 2 steps) as a white solid.

Rr=0.33 (hexane : EtOAc = 3: 1)

IH NMR (400 MHz, CDC}) 8.04 (d,J = 8.8 Hz, 1H), 6.96 (d] = 8.8 Hz, 1H), 3.96 (s, 3H), 3.17 (s, 3H), 3.07
(t, J= 6.1 Hz, 2H), 2.62 (1) = 6.6 Hz, 2H), 2.152.05 (m, 2H)
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Tetralone Bn ethetl8

1) 1 M NaOH aq.
MsO dioxane, reflux
S o BnO o
2) BnBr, K,CO3
MeO DMF, r.t. MeO

117 118

To a stirred solution of the tetralone mesylHté (1.83 g, 6.77 mmoln dioxane (35 mL) was added
1.0 M NaOH ag. (16.9 mL, 16.9 mmol) at room tempe® After stirring for 14 h at reflux, the mixtuwas
acidified to pH 3 with 3.0 M HCI aq. and extracteidh EtOAc (3 x 20 mL). The combined extracts were
washed with brine (30 mL), dried over 1$&x, and filtered. Removal of the solvent affordedderyhenol,
which was used for the next reaction without furterification.

To a stirred solution of the phenol in DMF (35 mids added BCO; (1.68 g, 12.2 mmol) and BnBr
(1.05 mL, 8.84 mmol) at room temperature. Aftemrstg for 12 h at room temperature, the mixture diaged
with H,O (40 mL) and extracted with 8 (3 x 40 mL). The combined extracts were washet tiine (40
mL), dried over MgSQ filtered and concentrated. The crude productpuaied by column chromatography
on silica gel (60 g, hexane-EtOAc 4 +43 : 1— 1: 1) to afford tetralone Bn eth&t8 (1.69 g, 88% in 2
steps) as a white solid.

Rr=0.60 (hexane : EtOAc =2 : 1)

IH NMR (400 MHz, CDCJ) 87.89 (d,J = 8.6 Hz, 1H), 7.447.32 (m, 5H), 6.91 (d] = 8.6 Hz, 1H), 5.00 (s, 2H),
3.95 (s, 3H), 2.83 (i = 6.1 Hz, 2H), 2.55 ()= 6.1 Hz, 2H), 2.041.95 (m, 2H).
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Ester119

1) MeMgBr, THF
BnO o 0 Ctort. BnO
2)  OFt
MeO =( MeO Et0” o

118 OTMS 119
ZnCly, CH,Cly, ~78 °C

To a stirred solution of tetralone Bn etid8 (1.48 g, 5.25 mmol) in THF (26 mL) was added
MeMgBr (3.0 M THF, 4.38 mL, 13.1 mmol) at 0 °C. Aftstirring for 2 h at room temperature, the migtur
was diluted with saturated aqueous 48H(5 mL) and extracted with EtOAc (3 x 10 mL). Tbembined
extracts were washed with brine (15 mL), dried dvesSQy, filtered, and concentrated. The crude product
was partially purified by column chromatography silica gel (20 g, hexane—EtOAc 3 .2 1 : 1). The
resultant tertiary alcohol was used for the neattien without further purification.

To a stirred solution of the tertiary alcohol aridtiled ketene silyl acetal (2.53 g, 15.8 mmol) in
CHxCI; (13 mL) was added Zn&{1.9 M 2-methyl THF, 4.15 mL, 7.89 mmol) at —78. Ater stirring for 2
h at —78 °C, the mixture was diluted with saturaigdeous EDTA2Na (1 mL) and extracted with G&l (3
x 8 mL). The combined extracts were washed withébtb mL), dried over N&Q,, filtered, and concentrated.
The crude product was purified by column chromaipgy on silica gel (40 g, hexane—EtOAc 1-®0 : 1)
to afford estefl19 (1.48 g, 77% in 2 steps) as a colorless oil.

Ri=0.64 (hexane : EtOAc=3:1)

IR (CHCL) 3017, 2938, 1719, 1489, 1276, 1087, 1031, 743 cm

'H NMR (400 MHz, CDCJ) & 7.50-7.44 (m, 2H), 7.40-7.26 (m, 3H), 7.03J&; 8.7 Hz, 1H), 6.79 (d] =
8.7 Hz, 1H), 4.98 (d) = 11.1 Hz, 1H), 4.95 (dl = 11.1 Hz, 1H), 4.08 (d¢,= 10.8, 7.1 Hz, 1H), 4.04 (dqd,
=10.8, 7.1 Hz, 1H), 3.85 (s, 3H), 2.76 (ddd; 17.3, 6.4, 6.4 Hz, 1H), 2.69 (ddblz 17.3, 7.4, 7.4 Hz, 1H),
2.62 (d,J = 13.6 Hz, 1H), 2.55 (d = 13.6 Hz, 1H), 2.00 (ddd,= 12.9, 9.1, 3.5 Hz, 1H), 1.84-1.64 (m, 2H),
1.58 (m, 1H), 1.38 (s, 3H), 1.18 (dblF 7.1, 7.1 Hz, 3H)

13C NMR (100 MHz, CDQJ) 5171.7, 150.3, 144.9, 138.2, 137.1, 131.5, 1288,0.(2C), 127.7 (2C), 122.1,
110.1, 73.9, 59.9, 55.8, 47.6, 36.2, 35.4, 29.84,218.8, 14.2

HRMS (ESI)m/z391.1863, calcd for £H2sNaQs [M+Na]™ 391.1885.
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Alcohol 120

BnO LiAHs — pho
THF
MeO E0” S0 0% MeO HO
119 120

To a stirred solution of est&d9 (1.72 g, 4.67 mmol) in THF (23 mL) was added LiAlfd95 mg,
5.13 mmol) at 0 °C. After stirring for 1 h at thanse temperature, the mixture was diluted with saar
aqueous Na/K tartrate (10 mL), and stirred at réemperature for 30 min. The resultant mixture wdsaeted
with EtOAc (3 x 10 mL). The combined extracts weseshed with brine (15 mL), dried over 184, filtered,
and concentrated. The crude product was purifiedddymn chromatography on silica gel (35 g, hexane—
EtOAc 5: 1— 3: 1) to afford alcohadl20 (1.48 g, 97%) as a colorless oil.

Ri=0.17 (hexane : EtOAc=3:1)

IR (CHCk) 3616, 3010, 2938, 1601, 1488, 1276, 1087, 1094 cAt*

'H NMR (400 MHz, CDCJ) & 7.48-7.43 (m, 2H), 7.40-7.28 (m, 3H), 7.04J&; 8.6 Hz, 1H), 6.80 (d] =
8.6 Hz, 1H), 5.00 (d] = 11.1 Hz, 1H), 4.95 (d,= 11.1 Hz, 1H), 3.86 (s, 3H), 3.63 (ddds 10.3, 9.3, 5.6 Hz,
1H), 3.53 (dddJ = 10.3, 8.8, 6.0 Hz, 1H), 2.79 (ddb= 17.1, 5.5, 5.6 Hz, 1H), 2.55 (m, 1H), 2.02 (dd,
13.8, 9.3, 6.0 Hz, 1H), 1.84 (dd#i= 13.8, 8.8, 5.6 Hz, 1H).79-1.56 (m, 3H), 1.53 (m, 1H), 1.28 (s, 3H). A
signal due to a proton (OH) was not observed.

13C NMR (100 MHz, CDGJ) 5 150.1, 144.9, 138.1, 137.4, 131.8, 128.2 (2C),Ag&C), 127.7, 122.0, 110.2,
73.9, 60.0, 55.8, 46.0, 35.7, 35.5, 31.0, 24.5) 19.

HRMS (ESI)m/z349.1794, calcd for £H26NaOs; [M+Na]" 349.1780.
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Nitrile 121

1) MsCl, EtsN
BnO. CH,Clp, 0°C tort. Bno
2) NaCN, DMSO, 60 °C
MeO HO MeO —

120 121

To a stirred solution of alcohdR0 (1.46 g, 4.47 mmol) in Ci€l; (22 mL) were added &Y (1.5
mL, 10.7 mmol) and MsClI (0.42 mL, 5.37 mmol) at@) After stirring for 3 h at room temperature, thixture
was diluted with HO (10 mL) and extracted with Gl (3 x 10 mL). The combined extracts were washed
with brine (15 mL), dried over N&8CQ, filtered, and concentrated. The crude mesylate wead for the next
reaction without further purification.

To a stirred solution of the mesylate in DMSO (2R)rwas added NaCN (1.09 g, 22.4 mmol) at
room temperature. After stirring for 1.5 h at 6Q e mixture was diluted withJ@ (30 mL), and extracted
with EtO (3 x 10 mL). The combined extracts were washeH fiine (15 mL), dried over MgS(xiltered,
and concentrated. The crude product was purifiedddymn chromatography on silica gel (35 g, hexane—
EtOAc 8 : 1— 6 : 1) to afford nitrilel21 (1.41 g, 94% in 2 steps) as a colorless oil.

Ri= 0.65 (hexane : EtOAc =2:1)

IR (CHCk) 3019, 2938, 2247, 1489, 1455, 1276, 1087, 1020 cAT*

'H NMR (400 MHz, CDCJ) & 7.51-7.42 (m, 2H), 7.39-7.28 (m, 3H), 6.92Jd¢; 8.7 Hz, 1H), 6.82 (d] =
8.7 Hz, 1H), 5.01 (dJ = 11.1 Hz, 1H), 4.95 (d} = 11.1 Hz, 1H), 3.87 (s, 3H), 2.82 (ddds 17.5, 5.1, 5.1 Hz,
1H), 2.46 (dddJ = 17.5, 9.0, 5.9 Hz, 1H), 2.20-1.85 (m, 4H), 1B@6 (m, 4H), 1.28 (s, 3H)

13C NMR (100 MHz, CDGJ) 4 150.4, 145.0, 138.1, 135.1, 132.2, 128.2 (2C),1.§&C), 127.8, 121.7, 120.4,
110.5, 73.9, 55.8, 38.7, 36.4, 34.6, 30.5, 24.8,1R.7

HRMS (ESI)m/z358.1800, calcd for £H2sNaNO, [M+Na]* 358.1783.
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Tricyclic compoundl22

1) Hp, Pd/C, EtOH, r.t.
2) 5 M NaCH aq.
BnO EtOH, reflux HO
3) BF5-OEt,, DCE
MeO N// reflux MeO
121 122 ©

To a stirred solution of nitril@21 (457 mg, 1.36 mmol) in EtOH (7 mL) was added 10842(43.5
mg, 0.0409 mmol). After stirring under a hydrogémasphere for 2 h at room temperature, the mixiwas
filtered through a pad of Celftavith EtOH (40 mL). The filtrate was concentratadg the crude phenol was
used for the next reaction without further purifioa.

To a stirred solution of the phenol in EtOH (7 miias added 5.0 M NaOH ag. (1.4 mL, 7 mmol).
After stirring for 12 h at reflux, the mixture wasidified to pH 3 with 4.0 M HCI aq. and extracteith EtOAc
(3 x 10 mL). The extracts were combined, washedh wiine (10 mL), dried over N&8Q,, filtered, and
concentrated. The crude phenolic acid was useddxtrreaction without further purification.

To a stirred solution of the phenolic acid in CKCHH,CI (20 mL) was added BFOE® (0.51 mL,
4.67 mmol) at room temperature. After stirring 1& h at reflux, the mixture was diluted with® (15 mL)
and extracted with Ci€l; (3 x 15 mL). The combined extracts were washet Wiine, dried over MgS{)
filtered, and concentrated. The crude product wa¥i@d by column chromatography on silica gel (7 g
hexane—EtOAc 4 : 1) to afford tricyclic compoutP (284 mg, 86% in 3 steps) as a pale yellow solid.

Ri= 0.39 (hexane : EtOAc =3:1)

m.p. 166.9-168.6 °C

IR (CHCk) 3522, 3012, 2940, 1657, 1581, 1479, 1307, 120921772 crmt

'H NMR (400 MHz, CDCY) 8 7.42 (s, 1H), 6.24 (s, 1H), 3.90 (s, 3H), 2.95-Z1@812H), 2.66—2.52 (m, 2H),
2.09-1.85 (m, 4H), 1.71 (ddd~ 12.1, 3.2, 3.2 Hz, 1H), 1.55 (ddblr 13.1, 13.1, 4.1 Hz, 1H), 1.24 (s, 3H)
13C NMR (100 MHz, CDG) 8 197.7, 148.2, 144.4, 143.4, 123.7, 121.3, 1068),87.3, 37.0, 34.4, 32.4,
26.1,21.9,17.3

HRMS (ESI)m/z269.1174, calcd for £H1gNaNO; [M+Na]* 269.1154.
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Benzylic alcoholl23

HO rac-2-Me-CBS, BHs-SMe, HO:C%
MeO THP MeO .

-30°C H
OH

122 123

To a stirred solution of tricyclic compount22 (80.5 mg, 0.327 mmol) anchc-2-Me-CBS-
oxazabororidine (1.0 M toluene, 0.066 mL, 0.066 mnmmTHF (1.6 mL) was added BHSMe; (2.0 M THF,
0.41 mL, 0.82 mmol) at —30 °C. After stirring foh6at the same temperature, the mixture was dilwigd
MeOH (0.5 mL) and kD (3 mL) and extracted with GBI» (3 x 5 mL). The combined extracts were washed
with brine, dried over N&Q,, filtered, and concentrated. The crude product wasfied by column
chromatography on silica gel (3 g, hexane—EtOA& 8+ 5 : 1) to afford benzylic alcoh@R3 (69.5 mg, 94%,
d.r. = 23/1) as a white solid

Ri=0.22 (hexane : EtOAc=3:1)

m.p. 150.9-152.8 °C

IR (CHCk) 3527, 3017, 2940, 1656, 1479, 1307, 1091, 806 cm

'H NMR (600 MHz, CDCJ) 8 6.94 (s, 1H), 5.67 (s, 1H), 4.82 (ddds 8.3, 8.3, 8.3 Hz, 1H), 3.87 (s, 3H),
2.85-2.73 (m, 2H), 2.23 (ddddl= 13.2, 7.2, 3.6, 3.6 Hz, 1H), 2.13-1.95 (m, 2H36 (m, 1H), 1.73-1.55 (m,
4H), 1.42 (dddJ = 13.1, 13.1, 5.3, 1H), 1.21 (s, 3H)

3C NMR (151 MHz, CDG) 5 144.3, 142.2, 135.1, 128.5, 121.6, 106.9, 70.M,5%5.35, 37.28, 32.6, 29.9,
26.8, 20.8, 17.0

HRMS (ESI)m/z271.1302, calcd for &H20NaO; [M+Na]* 271.1310.
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Nitrile 125

1) MsCl, Et;N
BnO CH,Cl,, 0°Ctor.t. BnO
MeO HO 2) NaCN, DMSO, 60 °C MeO N//
7 125

To a stirred solution of alcoh@ll (426 mg, 1.36 mmol) in CITl, (7 mL) were added &Yl (0.42
mL, 3.01 mmol) and MsCI (0.12 mL, 1.55 mmol) at@. After stirring for 13 h at room temperature, the
mixture was diluted with kD (5 mL) and extracted with GBI, (3 x 5 mL). The combined extracts were
washed with brine (5 mL), dried over 3}, filtered, and concentrated. The crude mesylatewsad for the
next reaction without further purification.

To a stirred solution of the mesylate in DMSO (7)mas added NaCN (201 mg, 4.10 mmol) at
room temperature. After stirring for 1.5 h at 6Q ke mixture was diluted withJ4@ (10 mL) and extracted
with EtO (3 x 10 mL). The combined extracts were washet fsine (10 mL), dried over MgS(filtered,
and concentrated. The crude product was purifiedddymn chromatography on silica gel (12 g, hexane—
EtOAc 8 : 1— 6 : 1) to afford nitrilel25 (380 mg, 87% in 2 steps) as a colorless ail.

Ri= 0.60 (hexane : EtOAc =3 :1)

IR (CHCk) 3017, 2957, 2247, 1486, 1441, 1266, 1077, 994 cng*

'H NMR (400 MHz, CDCJ) 8 7.42-7.28 (m, 5H), 6.81 (d,= 8.2 Hz, 1H), 6.73 (d] = 8.2 Hz, 1H), 5.07 (d,
J=11.4 Hz, 1H), 5.03 (d| = 11.4 Hz, 1H), 3.88 (s, 3H), 2.74 (ddds 16.5, 8.8, 5.2 Hz, 1H), 2.59 (ddbs
16.5, 8.0, 8.0 Hz, 1H), 2.19-1.90 (m, 2H), 1.9651m, 4H), 1.28 (s, 3H)

13C NMR (100 MHz, CDGJ) 5 151.8, 143.8, 142.2, 137.9, 137.2, 128.5 (2C),228C), 128.0, 120.3, 117.5,
111.6, 74.3, 56.2, 46.8, 38.3, 37.0, 27.2, 26.81 13

HRMS (ESI)m/z344.1648, calcd for fH2aNaNG; [M+Na]* 344.1627.
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Tricyclic compoundl26

1) Hp, Pd/C, EtOH, r.t.
2) 5 M NaOH aq.
BnO EtOH, reflux HO
_ 3) BF3-OEt,, DCE
MeO N7 reflux MeO
125 126 0

To a stirred solution of nitrild25 (380 mg, 1.18 mmol) in EtOH (5.6 mL) was added 1P&#C
(25.1 mg, 0.0236 mmol). After stirring under a hyglen atmosphere for 20 h at room temperature, tkteima
was filtered through a pad of Cefitavith EtOH (30 mL). The filtrate was concentratadd the crude phenol
was used for the next reaction without further fication.

To a stirred solution of the phenol in EtOH (5.6)mias added 5.0 M NaOH ag. (1.2 mL, 6.0 mmol).
After stirring for 6 h at reflux, the mixture wasidified to pH 3 with 4.0 M HCI aqg. and extractediwEtOAc
(3 x 5 mL). The extracts were combined, washed Wwiihe (10 mL), dried over N&Q, filtered, and
concentrated. The crude phenolic acid was useddxtrreaction without further purification.

To a stirred solution of the phenolic acid in CKCHI,CI (12 mL) was added BFOE® (0.44 mL,
3.50 mmol) at room temperature. After stirring 1& h at reflux, the mixture was diluted with® (15 mL)
and extracted with C¥l> (3 x 10 mL). The combined extracts were washetl Wwitne (8 mL), dried over
MgSQ,, filtered, and concentrated. The crude product peadied by column chromatography on silica gel
(7 g, hexane—EtOAc 4 : 1) to afford tricyclic conpad 126 (123 mg, 50% in 3 steps) as a pale yellow solid.

Ri= 0.26 (hexane : EtOAc =3:1)

m.p. 149.2-150.8 °C

IR (CHCk) 3520, 3011, 2960, 1659, 1597, 1467, 1322, 12017,1820 crm

'H NMR (400 MHz, CDC)) 8 7.19 (s, 1H), 6.22 (s, 1H), 3.89 (s, 38)02 (dddd,) = 16.2, 11.0, 6.1, 0.7 Hz,
1H), 2.92 (ddJ = 16.2, 8.5 Hz, 1H), 2.81 (ddd~ 18.5, 13.4, 5.4 Hz, 1H), 2.57 (ddbi+ 18.5, 5.0, 1.8 Hz,
1H), 2.18-2.07 (m, 2H), 2.01 (dd#l= 13.2, 13.2, 5.0 Hz, 1H), 1.90 (ddds 11.3, 11.0, 8.5 Hz, 1H),.27 (s,
3H)

3C NMR (100 MHz, CDG) 8 197.0, 153.4, 147.3, 146.7, 125.8, 121.2, 10%4,%2.6, 42.4, 36.9, 35.2,
27.2,23.0

HRMS (ESI)m/z255.0981, calcd for dH1eNaNO; [M+Na]* 255.0997.
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Benzylic alcoholl27

HO rac-2-Me-CBS, BHzSMe, Hoj&ﬁ
MeO THF MeO

126 O e 127 OH

To a stirred solution of tricyclic compourt26 (120 mg, 0.550 mmol) andrac-2-Me-CBS-
oxazabororidine (1.0 M toluene, 0.11 mL, 0.110 mmolTHF (2.0 mL) was added BHSMe; (2.0 M THF,
0.69 mL, 1.38 mmol) at —30 °C. After stirring foh6at the same temperature, the mixture was dilwigd
MeOH (0.5 mL) and kD (4 mL) and extracted with GBI, (3 x 5 mL). The extracts were washed with brine,
dried over NaSQy, filtered, and concentrated. The crude productpuaied by column chromatography on
silica gel (3 g, hexane—EtOAc 8 -2 5 : 1) to afford benzylic alcohdR7 (121 mg, quantd.r. >25/1) as
a colorless oil.

Ri=0.22 (hexane : EtOAc=3:1)

IR (CHCk) 3593, 3536, 3007, 2944, 2853, 1490, 1275, 908,682"

'H NMR (400 MHz, CDCJ) 6 6.79 (s, 1H), 5.69 (br s, 1H), 4.76 (br dds 8.7, 7.2 Hz, 1H), 3.85 (s, 3H),
2.97 (dddJ =16.1, 11.0, 5.9 Hz, 1H), 2.80 (dbi+ 16.1, 8.1 Hz, 1H), 2.26 (ddddl~= 13.5, 7.2, 3.4, 3.4 Hz,
1H), 2.06-1.94 (m, 2H), 1.90 (dddi= 13.0, 3.4, 3.4 Hz, 1H), 1.79 (br s, 1H), 1.78dd) = 11.0, 11.0, 8.1

Hz, 1H), 1.62 (dddj = 13.0, 13.0, 3.4 Hz, 1H), 1.21 (s, 3H)

3C NMR (100 MHz, CDGJ) 8 146.3, 143.4, 141.1, 126.1, 125.9, 107.0, 69.®,3&.4, 42.1, 36.1, 31.0, 26.7,
24.5

HRMS (ESI)m/z257.1134, calcd for GH1eNaO; [M+Na]* 257.1154.
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6/5/6-u,0-Dimethoxy enond28a

1) PIDA, MeOH
HO:& - O%
MeO
Meo e 2) H2, Pd/C, K2003 MeO H -

- MeCN, r.t. 6H
127 " 128a

To a stirred solution of benzylic alcoht27 (59.0 mg, 0.252 mmol) in MeOH (1.5 mL) was added
PIDA (97.4 mg, 0.302 mmol) at O °C. After stirrifigr 1 h at the same temperature, the mixture Wasedi
with saturated aqueous NaH&@ mL) and extracted with G&l, (3 x 3 mL). The combined extracts were
washed with brine, dried over p&0,, filtered, and concentrated. The crude productpeasally purified by
column chromatography on silica gel (1 g, hexan®A¢€t5 : 1— 1 : 1). The resultard-quinone monoacetal
was used for the next reaction without further fication.

To a stirred solution of the-quinone monoacetal and®0Os (87.1 mg, 0.405 mmol) in MeCN (2.5
mL) was added 10% Pd/C (5.3 mg, 5.1 pumol) at rcmmmperature. After stirring under hydrogen atmospher
for 1 h at the same temperature, the mixture Wasdd through a pad of Celftevith EtOAc (40 mL) and the
filtrate was concentrated. The crude product wadfied by column chromatography on silica gel (2 g,
hexane—EtOAc 6 : 1> 4 : 1— 3: 1) to afford 6/5/Gx,a-dimethoxy enond28a (11.1 mg, 16% in 2 steps) as
a white solid.

Ri=0.20 (hexane : EtOAc=1:1)

m.p. 144.9-145.5 °C

IR (CHCE) 3611, 3473, 3019, 2938, 1676, 1643, 1455, 1289111051, 794, 713 ch

'H NMR (400 MHz, CDCJ) 8 3.35 (s, 3H), 3.33 (m, 1H), 3.14 (s, 3H), 2.86 (@¢,13.5, 5.1 Hz, 1H), 2.63
(ddd,J = 15.9, 9.7, 1.2 Hz, 1H), 2.60-2.45 (m, 2H), 1253 (m, 7H), 1.42 (ddd,= 13.3, 13.3, 3.4 Hz, 1H),
1.16 (s, 3H)

13C NMR (100 MHz, CDGJ) 5191.0, 169.8, 132.8, 97.7, 76.3, 50.4, 49.1, 43933, 39.6, 37.0, 35.2, 31.6,
27.2,23.2

HRMS (ESI)m/z289.1416, calcd for gH22NaQ, [M+Na]* 289.1417.
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[Cartesian Coordinates 88a, 86a, and128a-d]

All calculations were performed with the progranckege Spartar08 v1.2.0 of Wavefunction Inc. All
structures were optimized and subjected to frequanalysis with B3LYP/6-31G* method, followed bygle
point calculations to provide the thermodynamicpemies.

Compoundi3a
E(B3LYP/6-31G*//B3LYP/6-31G*) = -885.7119678 au

Cartesian Coordinates (Angstroms)

Atom X Y Z

C -1.009950 0.659515 -1.470117

H -1.114529 -0.087831 -2.265229

H -1.360922 1.612810 -1.881245
C 0.490312 0.728947 -1.092332
H 1.056360 0.712286 -2.035252
C -1.991730 0.256365 -0.357308
C -0.009427 -1.131833 0.523349

C 0.864075 -0.458114 -0.261363

C -1.449816 -0.898713 0.538824
@] -2.218484 -1.547036 1.243402
C 0.668987 -2.210142 1.338150
H 0.436748 -3.208423 0.941325
H 0.335503 -2.208692 2.381098
C 2.163499 -1.849306 1.172084
H 2.824506 -2.722961 1.181832
H 2.473011 -1.192319 1.994124
C 2.259979 -1.066592 -0.171370
@] -3.262352 -0.018475 -0.905569

@] -2.172001 1.405548 0.465265
C -3.179731 1.334314 1.487893
H -4.148605 1.094876 1.046452
H -3.203615 2.331045 1.933426
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-2.929266
-3.490036
-4.484152
-3.472550
-2.764948
3.438859
3.724711
4.301699
2.436375
2.328234
1.704774
3.439448
3.224503
4.210589
2.743418
0.901188
0.466098
2.415219
2.814191
2.549917
0.429511
-0.537831

0.588595
-1.294225
-1.237728
-2.091211
-1.523055
-0.062198
0.128698
-0.573033
-2.058003
-1.551227
-2.872599
-2.500840
1.291360
1.729812
1.158818
2.073368
2.872144
2.308614
2.358660
3.304012
2.173347
2.030936

Requested basis set is 6-31G*
There are 120 shells and 329 basis functions

Compound36a

2.409 A

Cartesian Coordinates (Angstroms)

Atom

-1.910888
-1.094013

-0.128873
0.521255

2.247785
-1.490792
-1.940788
-0.741779
-2.285373

-0.202876
-1.247679

0.246658
-1.350094
-2.316751
-1.311991
-1.318131

0.493141

0.692171

1.469561

-0.388307
-1.016002
-0.330929
-1.354166

0.109303

0.937247

0.920171

-0.286843
-1.416432
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H -1.557585 1.464677 -1.713385
H -1.139398 -0.149461 -2.280866
C 0.383624 0.758178 -1.035093
H 0.924682 0.984660 -1.965618
C 0.248525 -1.465319 0.120518
C 0.982757 -0.468409 -0.415584
C -1.214469 -1.431095 0.219293
O -1.853566 -2.357625 0.695410
@) -3.173300 -0.363491 -0.845420
O -1.962846 0.680297 0.887300
C -4.191541 -0.951741 -0.024535
H -4.042047 -0.714007 1.031578
H -4.207136 -2.037349 -0.143258
H -5.139464 -0.525284 -0.368792
C -2.706207 1.900897 0.787385
H -2.184653 2.649115 0.181696
H -2.797061 2.270800 1.811429
H -3.703733 1.727043 0.373101
C 1.105144 -2.590787 0.648920
H 0.724826 -3.574798 0.355830
H 1.119128 -2.582376 1.747650
C 2.489091 -2.266652 0.036151
H 2.606047 -2.819155 -0.904122
H 3.325739 -2.548356 0.684829
C 2.479278 -0.736890 -0.275261
C 3.039074 0.050638 0.945330
H 4.119686 -0.141828 0.999721
H 2.604350 -0.373813 1.860981
C 2.809155 1.570195 0.968472
H 3.266059 2.049661 0.092394
H 3.347873 1.971468 1.835365
C 1.333653 2.020989 1.100263
H 0.803898 1.350822 1.791128
H 1.286398 3.033987 1.510251
C 0.552274 2.055771 -0.199854
O 0.066262 3.089711 -0.619529
C 3.283822 -0.409573 -1.544553
H 3.303410 0.663590 -1.764617
H 2.867779 -0.923026 -2.419240
H 4.323110 -0.739025 -1.427213

Requested basis set is 6-31G*
There are 120 shells and 329 basis functions
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Compoundl28a
E(B3LYP/6-31G*//B3LYP/6-31G*) = -885.7207902 au

Cartesian Coordinates (Angstroms)

Atom

T TOOIITOIIOIIITOIIITOOOO0OOOITIOOIITOO

1.919072
0.875891
0.813781
1.235404
0.018439
-0.532766
-0.558450
-0.864600
1.454481
2.266329
2.021933
3.199786
3.045985
4.041046
2.931806
2.941302
3.370837
2.868109
3.026714
4.446282
-0.657944
-0.423542
-0.325598
-2.160969
-2.807408
-2.471746
-2.271427
-2.558815
-2.495519
-1.850292

0.363791
1.485245
1.886969
2.285974
-1.133114
1.024422
0.904372
-0.303362
-0.873888
-1.622048
-0.045609
0.813448
-0.988245
-0.580653
-1.930830
-1.182395
1.259943
2.218288
0.519984
1.404860
-2.364692
-3.253196
-2.595901
-1.983730
-2.842207
-1.567174
-0.879062
-1.519192
-0.794044
-2.324728

0.264268
0.239081
-0.775604
0.894682
-0.553210
0.655573
1.748839
0.042509
-0.568406
-1.112077
1.615143
-0.123466
1.933569
1.732250
1.384244
3.003747
-1.463699
-1.647558
-2.195013
-1.596637
-1.114586
-0.511293
-2.132592
-1.046497
-0.838025
-2.011735
0.048197
1.429986
2.248123
1.653027
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I OIXTITOITOITIITOIT

-3.568599
-3.304143
-4.320023
-3.248398
-1.626881
-1.462982
-3.036281
-3.776658
-3.159585
-1.458751
-2.095294

-1.946240
0.230183

-0.137548
0.487085
2.064010
2.952874
1.504096
2.272658
1.317729
2.412606
3.118521

Requested basis set is 6-31G*
There are 120 shells and 329 basis functions

Compoundl28b
E(B3LYP/6-31G*//B3LYP/6-31G*) = -885.7178526 au

Cartesian Coordinates (Angstroms)

Atom

T O000O0O0O0O0OITOIITOON

1.850123
0.942571
1.224233
1.161446
-0.572357
-1.081461
-0.036088
-0.919200
1.408620
3.214681
1.695725
3.643061
3.348301

0.311941
1.157044
2.206620
0.880488
0.976718
1.201384
-1.405326
-0.425795
-1.185805
0.454674
0.819315
0.004026
0.696253

1.441718
-0.255065
-0.065863
-1.319423
0.309720
0.937646
0.563760
0.305189
1.638316
-1.071359
-1.271183

0.071609
0.973037
0.849850
2.009992
0.740694
1.690431
0.060163
0.345235
0.039171
0.401939
-1.241777
1.681925
2.481179
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H 4.734896 -0.027577 1.641227
H 3.276640 -1.002187 1.912988
C 2.562220 0.295808 -2.249918
H 2.258503 0.786194 -3.177740
H 2.459424 -0.790226 -2.367344

H 3.609275 0.531403 -2.038229
C -0.724062 -2.705140 -0.291137

H -0.622171 -3.434073 0.524278

H -0.283443 -3.180247 -1.174801

C -2.200938 -2.272034 -0.513173

H -2.412530 -2.226625 -1.586816

H -2.907919 -2.986611 -0.081224

C -2.357824 -0.848215 0.120073
@) 2.222482 -2.093785 -0.120725
C -1.212156 1.947153 -0.279513
H -0.697362 1.823658 -1.243273
C -2.711147 1.643919 -0.440895

H -3.210454 1.885310 0.506167
H -3.134595 2.321861 -1.193921
C -3.152762 -0.913237 1.442468
H -3.208471 0.056167 1.947964
H -2.697383 -1.624122 2.141707
H -4.179578 -1.245489 1.250254
C -2.985048 0.187759 -0.856041
H -4.065190 0.014637 -0.942437
H -2.560344 0.023176 -1.855175
O -1.001872 3.268067 0.224674
H -1.270022 3.890939 -0.470154

Requested basis set is 6-31G*
There are 120 shells and 329 basis functions

Compoundl28c
E(B3LYP/6-31G*//B3LYP/6-31G*) = -885.7119678 au
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Cartesian Coordinates (Angstroms)

Atom

T ITITOIIITOOOOOIIIOIOIOIITIOIITOOIIOIITIOOOITIOIIITOONO

-6.709184
-7.729271
-7.872590
-7.321933
-9.075395
-8.895712
-8.725624
-9.540928
-9.515927
-9.595270
-9.045945
10.894415
11.729498
10.892095
11.004563
11.738549
12.812873
11.369897
11.507348
12.348615
11.491219
10.187391
10.359216
-90.711124
10.385342
11.620567
11.103951
12.673031
11.587688
-7.278654
-6.528158
-5.548274
-6.424205
-4.856676
-3.855988
-5.340078
-4.771282
-5.462519
-4.569061
-5.192898
-5.872267

3.108660
4.196349
4.149744
5.179305
3.993413
4.116904
1.521249
2.588319
0.228280
-0.228282
-0.524240
0.706080
0.097673
0.647004
2.197845
3.157689
2.940537
2.976689
4.655739
5.031584
5.244874
4.981582
4.924190
6.289942
6.925789
2.261335
1.584538
1.955971
3.262598
1.657588
0.696986
3.140091
3.342314
4.389895
4.167205
5.096967
4.846644
2.485092
2.367619
2.968295
1.489467

-3.222375
-2.834615
-1.747782
-3.081673
-3.545979
-4.626598
-3.213908
-3.336413
-3.249731
-2.253664
-3.891950
-3.790410
-3.428476
-4.885766
-3.351272
-4.307146
-4.324936
-5.324360
-3.939357
-3.345164
-4.863104
-3.182524
-2.097130
-3.508089
-3.217099
-1.929116
-1.239890
-1.971831
-1.489497
-3.080442
-2.931563
-2.429556
-4.602233
-2.381013
-2.002384
-1.695896
-3.372874
-5.217331
-4.596124
-6.159881
-5.429443
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Requested basis set is 6-31G*
There are 120 shells and 329 basis functions

Compoundl28d
E(B3LYP/6-31G*//B3LYP/6-31G*) = -885.7107134 au

Cartesian Coordinates (Angstroms)

Atom

I T OIITOOIITOIITOO0O0Oo0OOOOITOIITIOON

1.926696
0.815526
1.157496
0.672630
-0.517286
-0.359242
0.085762
-0.837151
1.509078
2.360274
3.148463
2.136329
-0.567093
-0.610385
-0.017837
-1.983757
-2.755065
-1.963059
-2.250607
-3.066698
-2.658290
-4.110502
-3.019943
-3.840809
-3.207372

0.459740
1.496934
2.444389
1.648458
1.043761
0.966047
-1.297067
-0.346059
-0.992998
-1.826639
0.846651
0.445827
-2.655071
-2.964223
-3.443565
-2.404844
-3.039847
-2.617519
-0.887002
-0.150110
-0.423335
-0.486802
1.397082
1.732355
1.844982

-0.121524
0.112703
-0.318556
1.186391
-0.503659
-1.591121
0.213805
-0.043349
0.296848
0.606666
0.469313
-1.522146
0.379111
1.432602
-0.146797
-0.217149
0.230870
-1.293570
0.014159
-1.064365
-2.046235
-1.061603
-0.907243
-0.262080
-1.889517
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C -1.703757 1.999142 -0.324362
H -1.475517 2.931999 -0.858836
O -1.806136 2.290336 1.078195
H -2.480690 2.981253 1.182558
C -2.873807 -0.692059 1.420558
H -3.908745 -1.056664 1.418889
H -2.868015 0.354184 1.730741
H -2.322020 -1.263298 2.176216
C 3.211377 0.888690 1.889899
H 4.261985 1.056683 2.139376
H 2.892289 -0.054508 2.348252
H 2.621093 1.715848 2.305250
C 3.228657 -0.329163 -2.017533
H 4.179946 0.007505 -1.595911
H 3.230790 -0.169780 -3.099119
H 3.107910 -1.399423 -1.811418

Requested basis set is 6-31G*
There are 120 shells and 329 basis functions
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Chapter 4. Conclusion

Most drugs are developed by synthetic organic chieyniSynthetic organic chemistry is a
powerful tool to create even unknown compounds exasting in the nature. Nevertheless, natural
products, which have unique structures and bioidiely are useful as drug seeds. The author carried
out researches about aplyronine A and swinhoeisteno order to make them foothold for creation of
novel anticancer lead compounds.

In chapter 2, aplyronine A—swinholide A hybrid camypd was designed as a simplified
compound of aplyronine A. The hybrid compound wastlsesized in 70 steps through esterification
and NHK coupling as key steps (aplyronine A: 8ps}elts cytotoxicity was strong, but which was
some-what weaker than that of aplyronine A. Froedhaluations of its actin-depolymerizing activity
and tubulin polymerization inhibitory activity, thmode of action was confirmed to identify with that
of aplyronine A.

In chapter 3, swinhoeisterol A, a novel steroidwéh unusual carbon skeleton was targeted.
Before conducting the synthesis of the natural pegda model racemic compound was focused on to
construct the carbon framework. A flexible syntbetbute was planned to allow the preparation of
various analogs. The synthetic strategy, baseth®@chemistry of benzene, allowed the preparation of
model compound with BCD rings in 20 steps froraugenol through oxidative dearomatization as a
key step.

Chapter 2) MeszOMe

OH 070 o)

SNl
MeO YT OMe

NHK coupling

aplyronine A-swinholide A hybrid compound
total 70 steps
cytotoxicity against HeLa S3 cells IC55 = 0.17 nM
actin-depolymerizing activity EC5q = 12.8 uM

Chapter 3)
N steps
O <

MeO :
Me AcO

swinhoeisterol A

Scheme 4-1. Conclusion

Through these researches, the author showed dewefdpof new useful compound to
connect to a lead compound for anticancer drugssgnthesis of a 6/5/7-ring system. This work is
expected to contribute to the elucidation of thedbig site between aplyronine A and tubulin and
development of new cytotoxic compound for drug osry.
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