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Figure 1-1. Schematic overview of independent and divergent synthesis.
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Et;D EtZD Et;D EtZD

(2S, 3S)-5 (2R, 3R)-5 (2R, 3S5)-5 (2S,3R)-5

Figure 2. Structures of the four stereoisomers of reboxetine 5.
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ent-Ly (5%)
CUOAC+H,0 (5%)
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Scheme 1-1. Diastereoserective Henry reactions
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yield:68%
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Ph Y NO,
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yield:86%
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R =Ry =-(CHy)s

Figure 1-3. Chiral amino alcohol ligands L; and ent-L.
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(1R, 2R)-10 (1R, 2R)-5
(1R, 25)-10 (1R, 2S)-5

Scheme 1-2. Asynmetric synthesis of reboxetine 5
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ThHHO-A YV haxh ) —MIZFOT I FFEERICEB I, T6I138 D
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abs abs abs abs
(+)-isoretronecanol (-)-isoretronecanol (+)-labumine (-)-trachelanthamiddine
I =
:abs 0 abs
SC-53606 SC-53116
(5-HT4 agonist) (5-HT4 agonist)

Figure 1-4. Structures of pyrrolizidine alkaloids and their derivatives.

4-oxobutanoate & PMP-7 X & &N ARBEMAR G OIEPRIIAE L TEEL
72(Scheme 3), PhCOHDAFE(E T, A7 H C.Mannich 5t O fcii b 2170y, 458D
SARBMEARZEY 30 D 2 & AFHE LT,
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H _-
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: O L
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(+)-labumine COOH N (+)-isoretronecanol
K Hy
D Ph
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N~ 'COOH " H OTMs
’ FN-PMP \ Y
_ 12 OH
L —OH y

— diastereomers ;
N N
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Scheme 1-3. Synthesis strategy of four stereoisomers of pyrrolizidine alkaloids.
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Scheme 4. Asymmetric synthesis of (+)-Isoretronecanol
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Figure 5. Relative configuration of solandelactone I (17).
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2) TBAF 78% (2 steps) 2) Zn(BHa), 52% 2) TBAF 78% (2 steps) 2) Zn(BHy), 60%
OH OH OH
/‘\g/ 13 /.\1,3/
14 % 147 14
OH OH OH
17b 17¢ 17d

Scheme 6. Stereodivergent synthesis of 17a—17d.
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ZDOXIRERING, EWTENE RN OMEIETRE 2 A & LI LIRS &
A, B K OHEEETERBIC R 2982179 Z & & LT
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Figure 2-1. Planar structure of (—)-gummiferol.
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A~BRUTT7 7 ADMERRLIZZ S ~ 7V T—0 11 DIFAEFETEAD
EDTHN ~FDZ LW EH>T T ERFI TN TN I BENDIE 2 FH
ERCR R O

R +0.14 +0.07

TBDPSO._A N\~
~0.07 +0.13 +0.11 OTBS

(S)- and (R)-12 R = (S) or (R)-MTPA

Ads.r (400 MHz, CDCl3)
Figure 2-2. Chemical shift differences (Ads-z) of (S)- and (R)-12.
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2—3—2 VZRIXIITNI—NVDERK

VIZRF T3 —)L 14 DERKELT o 72 (Scheme 2-4), H LT ARFT T
Jb— L 9 %t LT Parikh-Doering f2fl ° 12 X W 7 L7 & N & L7-#£(T Horner—
Wadsworth—-Emmons its 8 247V, =27V 13 2457-, %\ T, 22 ¥ED
DIBAL-H # VT, T U AT L3 —/L 2 ~DRTERBATZN, TRF T RO
B LUTRIAERMEE U, Z07H, 1.2 480 DIBAL-H % VB 72238 0
ITHZ LT, BBIOT VAT ILa—L2 %2 AT v 7 80%DINETHRKT S
ZERMEK, T AT I 21Zx LT, (H)-DIPT ZH\WT EH DR
THEFAETV, WEBL NOH—D T AT LA v—E L TR LT
A= 14 ZERKRTH I IR LT,

Scheme 2-4
0 1) SO3-py., EtsN, DMSO o
HO_~Co CH,Cl,, 0°C to rt PN SN DIBAL-H
OTBS EtO,C 0oTBS ————————»>
2) (Et0),P(0)CH,CO,Et 2 CH,Cl,, -78 °C
9 DIPEA, LiCl 13 80% (2 cycles)

CH3CN,0°Ctort
80% (2 steps)

N (O 8.0 .0

HO A AEA g ()-DIPT. Ti(0-Py TBHP, MS4A  HO A ~C N~ ras
CH,Cl,, -40 to -30 °C 9 11
2 80% 14

- 14 -
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WIT, 14 O C8-CY MDD TRF ¥ KOMEERIE 21T > 72(Scheme 2-5), C11 {if
DEMEZ TIT A7, PmARFI T ha—L 145224 RELICLY T vh
V15 ~EEH L T2, iV T Red-Al &2 W TALEIRINGIZZ AR £ > ROBER %
TV 13- — & LIRS, —fke Rax sk s TBDPS JECHR# L 16 &
B LIz, &6i2, T Va3 —L%(S)-XIX(R)-MTPA T AT /)L 17 ~LFFE L
7=

Scheme 2-5
1) Red-Al, THF
HO~@ @S~ gppg  KOLON=NCOK, ACOH pyr  Ho_<Z <~ o oe0-c
MeOH, 40 °C 2) TBDPSCI
14 95% 15 imidazole, DMAP
CH,Cl,, 0 °C to 1t
55% (2 steps)
0 K]
TBDPSO_~_~E g1 _(R)Or (S-MTPAC, EtN, DMAP TBDPSO\/\?/\:/\/\OTBS
OH CHoCl, 0°C d—(S) or (R)-MTPA
quant for (S)- and (R)-17
16 (S)- and (R)-17

Al & FERICE R Yy v —IEIC LY, CO MLDNARLFOMR E1T > 7=
(Figure 2-3), = DFEF(S)-IK & (R)-IKD /7 L 17 hDFEN CONDLEMTT
A, AT~ A T ADOMERLTZT20, T a—b 16 DSARLZHZITEHRD H D
THY, TOZEICE->T, YoARFIT/a—L 14 NEBOSE LS TH D
T EMER LT,

-0.05

+0.06 & WO 007 -0.02
TBDPSO NG
- OTBS
+0.11 = -0.12 -0.03
OR R = (S) or (R)-MTPA
(S)- and (R)-17 A8g R (400 MHz, CDCly)

Figure 2-3. Chemical shift differences (Aods-r) of (S)- and (R)-17.

-15-
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2—3—3 TRETEFLLOERK

T, 7eET7BF L 3a DEMEIT>7-(Scheme2-6), £7 ., HFoiicy
TARF T a—/L 14 (2% L. Parikh-Doering B&2{l.° #1777 & K18 ~ &
oS GEK D Corey—Fuchs i EIZ KDY 7 v A4 L7 4 b2k A7 % Lav L,
HEEEWIa<GLNT, =R ROBHER L-RIAERY 1315 57z 10, flix
SRR EAT o T/, M E LT EsN 2z 2& 2 A, BHLAEY 19 %
N%D IR THKT D Z LT Lz 1, EgN ORIIE, =A% RABHR
T LRI IR T 2R N H D EEZ D, BEMIZIE, FAKRT ALY R
BT HBICETD N T 2= VR AT VXA T~ A KPRV REES &
LT#< DT, EN TERNLFAHAITO) 2L T, NI T 2= ViR AT ¢ V&
EL, REHZERSETWDEEEXD, £70, NIV T 2= VKA T 40X AT
a4 NERFICAKBGFELET EARELE LRILKENFEEL, BIEERD
e, ZNETHTHEEbHLDOTIIRVWNEZ X E LT,

RV BEOKRKNEENDEEIZECDL HBr 2 b7 vy 7L, TU—LmREFT R
MBBERT DRSS EIEIT 25 2 &

Z DO, EFEIE DO TBAF % >, TBS HEORELRELKBIZL DT VXD
R A RECITWVW I, T e T 2T L2 3a ~EBH LT,

Scheme 2-6

O .0 O .0
HO <G G A~ SOz py, EtsN, DMSO AE A A CBry, PPhg, EtsN
P4, Frs Bl
oTBS CHChL 0Ctort. O OTBS  ~Ch,Ch,, -78°C
14 18

TBAF U5 A oH
THF’ T /\/\/\/\

70% (3 steps) Br

- 16 -
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2-3-4 TUVTEFLVOERBEIONN 7Y T OMKRE

Bonl-7eE78F L3y TSI TR— b F—THDHYTEF L
4 DAERREAIT > 72 ?(Scheme 2-7), F 3. 1,4-dichloro-2-butyne (2% L. NaNHa,
NH; Z HHWNTF R LT EF Y RABH LR, NTRLVLAT AT E REK
JIESHEDLZET, VTEF L2002 AK LT, FEVWT, B Re® % TBS &
THRELYS T EF L4 257,

Scheme 2-7
C __ 1) NaNH,, NH3, -78 °C HO .~ TBSClImidazole ~ TBSO_ y
Tl 2)(CH0)n, EL,0 - — DMF, 0 °C =
55% 4
1,4-dichloro-2-butyne 20

Wiz, R T BT L UENAEZEIZ VD Cadiot—Chodkiewicz 77~ 7'V v 7 X
IS B OREMABHET S, RESET S UL S BALSAO D X 9 72480 A il
LT, KT A ennaFl b7 vxrbiahy 7)o 7S50
ThHU, ZORKISICLE ST TEFLUNELND, KEITRO X 5 10
B X F1 TV 5 (Scheme 2-8), KUl /KT DI L DB 7 b ABIZR O TEHRT)
TEFU RBERINDE, ALEHEOT BTV Ria e 7 v o 3 i
LE(IDSE A2 TERR . =ouhIEE 268 T, 8T LWRFE - IRBERE G DVERCT
a3

Scheme 2-8. Mechanism proposed for Cadiot—-Chodkiewicz coupling

RI— base , gi=" > R——=—=—cCu X—=——R?2

CUX : oxidative addition

RI————=——R? - R'— Cu
reductive elimination _
X = halogen

R2

-17 -
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Bohi-7aE®7EF L 3a Ll T EBF L 4D Cadiot—-Chodkiewicz 771~ 7
V> 7RG B OfEt #1417 o 72 (Scheme 2-9, Table 2-1), 7 2E7t&F L > 3a(1.0
equiv), 7T L 4 (1.1 equiv)iZxf L, Alami {E(ZHEV> Cul, (PPh3)2PdCI2 %
HWTRISEIT 1225 13, IS5 720 HELEWIISE b v n - 7z (entry 1),
% ZC, CuCl, NH20H*HCI, EtNH: Z# W\ T, |IR CTRILZTo72L 2 A 1
BHOT TV o TERESD Z LR (entry 2), LAxL Z OB TIIRERN
WEtChH-7o7o, ALt e EE2T7 T /b5 TTrET—F 21
BE2AT T 2% CHMRT DI LB LTz, EHRDOT v 7V 7K 21 2EEK
THZENHKRIED, By TV U TORRIZZRFT Y NIZYTEF LB IL
BN DEIVERMNEONT-, T2 T, By 7V U I RISOIREE 0 °C ~
T CRIGEITST2E A 2 AT v 7 40%E RN\ L Liz(entry 3), & 52—
78°C LK CRIGEAT T & ZA BO I v 7TV TR 21 22 AT v 7 67%
DULETEKRT 5 Z L 23K 7= (entry 4),

Scheme 2-9
o .0 NPT
~9 WC < < OAc
NN 0 1)4(1.1 equ), Table 2-1 Z
B 2) Ac,0, pyridine, DMAP Z
r c,0, pyridine,
3a(1.0eq. 2
(1.0eq) CHsCly, 0 °C TBSO. _Z 21

Table 2-1. Cadiot—-Chodkiewicz Coupling between 3a and 4

entry conditions yield (%)@
1 Cul, (Ph3P),PdCl,, pyrrolidine, rt 0
2 CuCl, NH,OH-HCI, EtNH,, MeOH, rt 20
3 CuCl, NH,OH-HCI, EtNH,, MeOH, 0°C 40
4 CuCl, NH,OH-HCI, EtNH,, MeOH, -78°C 67

“ Isolated yield in two steps.

- 18 -
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2-3-5  syn-VTAHRFT ROERK

LI, syn-Y TARF T K Sa DFEAEIT> 7 (Scheme2-10), 55727 &7
— b 21 |Z%} L HFepyridine % AT TBS A FRET L2 & T, syn-YVmRF
NSaZamd 52 LIk LT,

Scheme 2-10
O .0 8 .010.0 14
NG T NG T
4 OAc HF-py. // 9 11 OAc
Z THF, 0 °C Z
TBSO._Z o1 quant. o _Z
5a

2-4  anti-PTRF T FOIMEBRIRAGA KL

syn-Y TARF LR Sa DERAETET Licizd, Rk O FIECHE > T anti-V TR
& K 5b ORI A K 21T > 7= (Scheme 2-11), £ 3, LEFRATH DT
YILT )L a—)L 2 Z%F L, (-)-DIPT % FV>C Sharpless—Katsuki 75 T % A 3
BTV, B—DVT AT L A~—L L TYVZRFY R 22 24K LT, KIZ, 22
(2%} U Parikh—Doering fg{t 312 LV 7T KE L. U7 nxe4 L7 ¢ Ak,
TBS ZEDFRE & MRALKF L L FRFIZATV, 707 8F L3 &3 AT v
57%DILETERKT 5 Z & 23k 7z, Cadiot-Chodkiewicz 77 v 7"V > 7 iz B iz
K0, OTkEFL 4 LEHELMN TEFLUOBKEMBEL-RIZ, AT
Na—)zT v F AL 23 2157, &%IZ, TBS EDOREZITV., anti-¥ TR
FURSb AT DI EITRII LT,

Scheme 2-11

<0 o 0 .0
HO N~ ~grpg  (OVDIPT. Ti(OiPr),, TBHP, MS4A  HO <L ~E A~ 15
CH,Cly, -40 to -30 °C

2 81% 22
1) SO5-py., EtsN, DMSO
CH,Cl,, 0°C to rt 1) 4 (1.1 eq.), CuCl
2) CBry, PPhy, Et;N 0 .0 NH,OH-HCI, EtNH,
CH,Cl,. -78 °C _ NN T MeOH. -78 °C
3) TBAF, THF Z 2) Ac,0, pyridine, DMAP
0°Ctort Br CH,Cly, 0°C

3b

57% (3 steps) 48% (2 steps)

HF-py.

THF, 0°C
68%

-19 -
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2-5 ()-F v I T =u— VO AKERE ORE

(-7 7 =m— D2 ODBERHCEMDENTET LIzdD T, A LIARRD
EERET DIOICRKEY T — 52 EAR LT syn-B X W anti- =R ¥x > RO H
BELY BCNMR AT MT —F ORI AEIT 5Tz, FORER., syn-V = HR¥
R 5a ® 'HEBLO BC NMR A7 MLTF—=H|ZRBMT—H# & L~ Lz
(Table 2-2), —J5. anti-VTHRFT K5b D 'H BL BCNMR A7 kL5 —
ZIXRIR T — 2 LT —E L2 L3y o 72 (Table 2-3), ¥FIC. anti-v=7R
¥R Sb D CI, ClONMLOT v hrBLUOA—RDILFET 7 FOEITRKE L
Hrpot, ZOEIZZENZEI Adns=+0.08 (H-9), +0.12 (H-10), —1.23 (C-9), —0.88
(C-10)TH 7=,

Table 2-2. 'H and '3C NMR Chemical Shifts of Natural (-)-Gummiferol and the

Synthetic Product 5a“
"H NMR 13C NMR
position  npatural® 5a° Adn.g® natural® 5a° Adn.g®
1 4.34 4.36 -0.02 51.31 51.51 -0.02
2 77.20 77.21 -0.01
3 70.12 70.41 -0.29
4 62.43 62.60 -0.17
5 62.80 62.74 +0.06
6 69.00 68.99 +0.01
7 73.90 73.99 -0.09
8 3.46 3.44 +0.02 43.05 43.06 -0.01
9 3.35 3.34 +0.01 57.46 57.49 -0.03
10 3.04 3.02 +0.02 56.20 56.22 -0.02
11 3.39 3.38 +0.01 55.15 55.11 +0.04
12 5.49 5.49 0 129.37 129.31 +0.06
13 6.05 6.04 +0.01 130.53 130.44 +0.09
14 4.58 4.59 -0.01 63.55 63.50 +0.05
14-COCH;4 170.77 170.47 +0.34
14-COCH; 2.09 2.08 +0.01 20.87 20.90 -0.03

¢ Chemical shifts are reported in ppm with reference to tetramethylsilane. * Recorded at
500 MHz (125 MHz). € Recorded at 400 MHz (100 MHz). ¢ dx and Js are chemical
shifts of the natural product and the synthetic product, respectively.

-20 -
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Table 2-3. 'H and '*C NMR Chemical Shifts of Natural (-)-Gummiferol and the

Synthetic Product 5b*
"H NMR 3C NMR

position natural® 5h° Ad.g° natural® 5b° AdN.g°
1 4.34 4.36 -0.02 51.31 51.52 -0.21

2 77.20 77.20 0
3 70.12 70.41 -0.29
4 62.43 62.81 -0.38
5 62.80 62.55 +0.25
6 69.00 69.20 -0.20
7 73.90 73.69 +0.12
8 3.46 3.43 +0.03 43.05 43.47 -0.42
9 3.35 3.27 +0.08 57.46 58.69 -1.23
10 3.04 2.92 +0.12 56.20 57.08 -0.88
11 3.39 3.35 +0.04 55.15 55.86 -0.71
12 5.49 5.48 +0.01 129.37 129.05 +0.32
13 6.05 6.04 +0.01 130.53 130.50 +0.03
14 4.58 4.58 0 63.55 63.45 +0.10
14-COCH;4 170.77 170.39 +0.38
14-COCHj; 2.09 2.08 +0.01 20.87 20.90 -0.03

 Chemical shifts are reported in ppm with reference to tetramethylsilane. ® Recorded

at 500 MHz (125

MHz). ¢ Recorded at 400 MHz (100 MHz). ¢ 6x and Js are chemical

shifts of the natural product and the synthetic product, respectively.

(-7 v X7 = — VO L FE R R ET Do, I E OO ik A
1ToT7e RO [0]’p —170(c0.2, CH;OH) T 5 DIZxt L, Ak L7= syn-
YEARF Y R SalH[a]Pp —62.5(c0.07, CH;OH)/Z» 7=, ZOFERNG, (-7
X7 = v —/)LOMXARELE X Figure 2-3 (2R TH DO THDH I EEZHLMNTL

7’9
—o

g »O10.0 14
5 B \

OAc

Figure 2-3. Absolute configuration of (-)-gummiferol.
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2-6 (-7 I 7 zu— ) LOEEEMEFERE

2-6-1 (-)-7' V37 = —LOSERMEEDERE

(-7 7 2 a— VORI EZRET HZ ENTE D, Fo 37
=B —/LOBEEEHABEZH LT 228 L L, IXUDIT, YRF T RE
NN EIEVEIZ RAE T B AT 572012, (-7 2720 —1DEY 25
DNARFENER Se, 5d ZA KT 5 2 & & Liz(Scheme2-12), T 72bbH, 77U LT
Jb1—)b 6 1Zxf L(-)-DIPT % H\ 7= Sharpless—Katsuki <7 =R ¥ ALIEG 2 217
W, EIARF TV — b 24 ~ LEEEE | FIE & RO GIET syn-Y = ARF TR
Sc X Wanti-VEARF Y R5d AL,

Scheme 2-12
HO\/\/\/\OTBS
6
(-)-DIPT, Ti(Oi-Pr), CH,Cl,, -25 °C
TBHP, MS4A 56% (65% brsm)
(0]
HO L~ 0ras
(0] (0] . \Q
= OAc
=
HO // 5c

-2
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2-6-2 HEEBEMLEREDO K

RICPTRF Y REMEB LN Y 72 F L BRI G D i B k%
KOBKREIT T, T VTR F Y RN 2 H T DS EMACEEREIK 26 DA
% % 9 (Scheme 2-13), (-)-7' > I 7 =0 — L OARTEETH LT RFI T L
2—/L 14 1ZxF L PMB fRi#E 21TV, e\ T TBS ZEEBrEL T LV a— L2157,
Boni=7Trva—nETvF Ak LT T — 25 L L7, DDQ % {/EM <& PMB
BEREL, BROYZRIXY 26 28 L1z,

Scheme 2-13
1) PMBCI, NaH, TBAI
0 .0 THF,0°Ctort o0 .0
HOL Aoy orgg  2.TBAF.THF.0°C PMBO\/\?/\?/\/\O Ac DDQ |
3) Ac,0, pyr, DMAP CH,Clo/H,0
14 CH,Clp, 0 °C 25 0°Ctort
74% (3 steps) 81%

HO\/\‘C?)/\‘?/\/\OAC
26

FNT MY T BT LB AR T DS BEMALERE 30, 33, 37 DEAUICE
F L7z, BEEoOT7 V7 F27 %25 L, BB L7z Corey—Fuchs (B2 LD 71
EBF LT 4 o~ E WS BT TBAF Z VN, TBS il & i 2 bk
BB T LXK ERRFIZITW, 7oET7EF L 28 ~EE#HLT-
(Scheme 2-14), Cadiot—Chodkiewicz 77 v 7'V > 7 i Biz kv, 7mEe7®F 1
VETTETF LA L EEE L, AT VAV ET T LT HI LT
TET—129% 4 AT 7 63%DINETHI, TBS EORELZITV., 1 DHD
MG AL Y 72T L ALEW 30 AT 5 Z L ITHE LT,

Scheme 2-14
1)4 (1.1 eq.), CuCl
1) gﬁuc, IPP;%, !EégN o NH,OH-HCI, EtNH,
e oLy, - /\/\ MeOH, -78 °C to rt
OHC OTBS 5 TBAF, THF 5 Z OM ) Ac,0, pyridine, DMAP
27 45°C r 28 CH,Cl5, 0°C
63% (4 steps)
Z X OAc F \ OAc
4 HF-py. 4
_ THF,0°C =
TBSO_Z 20 88% HO_~" 30

_23 .
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fth > — SO ML EERZ IR 33, 37 b RIERIC AL L 72(Scheme 2-15), =/
—/L 1 % Parikh-Doering i8I LD 7Tk K31 ~EHL LTz, Fi< 4 AT v
TOEMEAITN N T EF L3 25/ LTI, 77006, (1) EtN /#{E  CBry
& PPhs B &8 1 REFBWK., 2) YRy hTO TBS D%k L Rk E
WZELDT XD, 3) 7aET VX & 4 & O Cadiot-Chodkiewicz 77 v 7
VUGB, @ECTTVa—nLrDOTvFIUUbEITIZLETREL4 AT VT
56%DINETR/-, H&%ZIZ TBS T—7 L OBIR#E LTV, 30 KV 2 RF\EH K S
NIZhVTEFLALEM I3 ZHKT 2 2 LI LTz, 37 D& S s i
KTHLHYx /=N 1 L0ATo7, 1ITH L m-CPBA % M\ (L& R 22 =
REXNMEITNTEIOZRX T /a3 —/L 34 457,34 % Parikh-Doering fi#
B2 E T T e K35 ~iFE%, Ak & FERIC 4 2T v T OEHEITV R Y
TEF L 36 AR LT,3612% L HFspy. % VT TBS J 4 frE+5 2 & T,
3 OHDOHEERML ) T ETFLALAEM 3T AT HZ LI LT, b
3701133 0F ) ZRIF ALK TH 5,

Scheme 2-15
HO mCPBA, NaHCO HO 0 A
\/WOTBS , 3 \/WOTBS
CH,Cl,, 0 °C to 1t
1 78% 34

SO5-py., EtzN, DMSO

CH2C|2, 0°Ctort 89% SO3py, Et3N, DMSO

CH,Cly, 0°Ctort 90%
AN Q
/\/\/\ /<l/\/\
OHC OTBS OHC N"oTBs
31 35
1) CBry, PPhs, EtsN | 3) 4, CuCl 1) CBry, PPhg, EtsN | 3) 4, CuCl
CH,Cl,,-78 °C NH,OH-HCI, EtNH, CH,Cl,,-78 °C NH,OH-HCI, EtNH,
2) TBAF, THF MeOH,-78 °C to rt 2) TBAF, THF MeOH,-78 °C
45°C 4) Acy0, pyridine, DMAP 0°Ctort 4) Ac,0, pyridine, DMAP
CH,Clp, 0°C CH,Cl,, 0 °C
56% (4 steps) 58% (4 steps)
P OAc
_— =
= P
TBSO._F -
32 TBSO. _F 36
HF-py. HF -py.
THF,0°C| 86% THF,0°C | 91%
NN N
Z OAc // OAc
= Z
P gz
= 7
HO 33 HO 37
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2-6-3  {EMERTif

(-7 v X7 = m—)(5a) & E DNAREMEAR Sb, Se, 5d, B L NZE O G H
{LEER%IR 26, 29, 30, 32, 33, 36, 37 OMIRATGTRIMZIT 7=, & NAME
BEME A M HL60 Mifads X Ue B85 A Hela S; iz W72 MTT 7 v &
AEZRANT, 2o OILEWOHEFEILEE 270 L7z, Mz 96 v = L7 L
— N TR A ORE (LAY T 72 BEALER U725 B 2 7~ 9 (Table 2-4). Figure 2-
4.,

BLRIZENZ LT, (0)-7 v X 7 = a—/(5a)8 L ONF DSLAREMEM 5b, Se. 5d

X, VEARX Y MO AEBEENRL2Z2 1L L FTICREEDIEME
(HL60...ICs0: 1.22-3.61 uM, HeLa Ss...ICs0: 6.76-19.1 uM)%& 7~ L7z, &3 Bldifb
L7zv=adR%y MMEEY 26 1%, HL60 35 X O HeLa S MO 5 1Z%F L CTARIE
PToH>7-(1Cs50>100 WM), —FH T, #EHM LI NI 7 EF L 1bEH 30
VB B TS M (HL60. . . ICs0: 12.3 uM., HeLa S3...1Cs: 31.6 pM) & {5FF L T 7=,
> —>D R TEF L ALEW 33 BLO3T OAEWIENEIZ30 DZFIL L L
THOTNITHEINT 5 Z EGEH Sz, £72. 30, 33, 37 D TBS RFEK 29, 32,
36 IZBWTH OO/ T D HIRFBIHEICEERIK T IER Nl 7
Jba— L 30 & LT, D TBS iR 29 O EMENmWRE & LTI,
I X > TL B DO KERTEN TS - 7258 . S M8 & < 72 0 iEME
MWEFLTEEEZ NS, —J., T/Aa—/ 33, 37 L gL C, 0 TBS {1#
KTHD 32, 36 DFPIEENMET Lz, ZORKRE LT, RERLDO LS 72K
XEEMEE DX —y N EOMEERAEILE LD EEZLND, L
EORERND | HEETEEMBICEE L TR o Ofkmm & EH e,

(1) YR F Y RO AR, HIHAFTEMEICIEZ E A SR LRV,
) T EF L UBRITHREEEZ BT 52O RAIRTH D,

_25.-
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Table 2-4. Growth-Inhibitory Activity of (—)-Gummiferol, Its Stereoisomers,

and Its Structural Analogues against Human Cancer Cells?

compounds HL60 HelLa S3
5a 1.22 6.76
5b 1.62 8.61
5c 1.23 6.68
5d 3.61 19.1
26 >100 >100
30 12.3 31.6
33 4.63 22.4
37 4.75 17.4
29 4.48 19.3
32 19.4 50.9
36 7.40 20.6

“1Cso values in uM

Figure 2-4. The structures of synthetic products.

o _O 0 .0
Z X OAc HO\/\T/\T/\/\OAC
=
Z
/ 26
HO 4 5¢c
x VA ?
P = OAc Z OAc Z OAc
P = P FZ P =
HO_Z" 30 HO._Z 33 HO _Z 37
X NN 0 NS
P F OAc F OAc F OAc
P =z Z Z
TBSO._Z 20  TBSO_Z 32 TBSO_Z 36

-26 -



F2E (-7 17 zu—)LORAH - MRIARREIRIE - A& A

2-7 F&®

(-7 27 20— VDL « M ARELEE - TSR O £ & DI
DWTRT, (-7 v 7 =i — /LOMINAREZRET R, B26n5 2
DDYT AT LA v —5a, 5b & EAKEIRIYIZ A A L 72 (Scheme 2-16), 78R
BF& LT cis-2-butene-1,4-diol 2\, 4 BEEOER AR TT U AT L a—/L 1 %
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Scheme 2-16
- 4 st ~TTX
Ho—/  \on —Astees, HO " N"0rBs
—_—
cis-2-butene-1,4-diol 1
J Sharpless—Katsuki
Asymmetric Epoxidation
0
HO\/\/\:/\/\OTBS
2
Sharpless—Katsuki
Asymmetric Epoxidation
O .0 O .0
HO N OTBS HO N OTBS
14 22
3 steps
J J 3 steps
O .0 S o .0 S
) /'/\/\/\ OH
Br 3a Br 3b
iot—Chodkiewi
CadIOthijpcl)icrilgleWICZJ TBSO\ = — J Cadiot—Chodkiewicz
_4 - Coupling

-28 -



F2E (-7 17 =n—)LOEEH - MOLRBLERE - WEiErER

ZEBRIH (Experimental Section)

General Methods. Reagents were used as received from commercial suppliers unless
otherwise indicated. All reactions were carried out under an atmosphere of argon.
Reaction solvents were purchased as dehydrated solvents and stored with active
molecular sieves 4A under argon prior to use for reactions. All solvents for work-up
procedure were used as received. Analytical thin-layer chromatography (TLC) was
performed with aluminium TLC plates (Merck TLC silica gel 60F254). Column
chromatography was performed with Fuji Silysia silica gel BW-300 or Kanto Chemical
silica gel 60N. Optical rotations were recorded on a JASCO DIP-1000. IR spectra were
recorded on a JASCO FT/IR-460 plus. 1H and 13C NMR spectra were recorded on a
JEOL JNM-AL400 or Varian 600 MHz spectrometer. Chemical shifts are reported in ppm
with reference to the internal residual solvent (1H NMR, CHCI3 7.26 ppm; 13C NMR,
CDCI3 77.0 ppm) or tetramethylsilane. The following abbreviations are used to
designate the multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br =broad.
Coupling constants (J) are in hertz. High resolution mass spectra were recorded on a
Micromass LCT (ESI-TOF-MS) spectrometer.

Epoxy Alcohol 9. To a suspension of powdered MS4A (400 mg) in CH>Cl; (40 mL)
were added (+)-DIPT (0.27 mL, 1.32 mmol), Ti(Oi-Pr)s (0.26 mL, 0.877 mmol), and
TBHP (ca. 6.0 M solution in 2,2,4-trimethylpentane, 2.9 mL, 17.4 mmol) at -25 °C. The
mixture was stirred at the same temperature for 30 min and a solution of allylic alcohol 1
(2.00 g, 8.77 mmol) in CH2CI (5.0 mL + 3.0 mL + 2.0 mL) was added. After the resulting
mixture was stirred at —25 °C for 4 h, the reaction was quenched with 3 M aqueous NaOH.
The mixture was stirred at room temperature for 1 h. The mixture was filtered through a
Celite pad and washed with EtOAc. The mixture was washed with H>O and brine, and
then dried over Na;SO4. Concentration and column chromatography (hexane/EtOAc =
6:1) gave epoxy alcohol 9 (901 mg, 42%) as a light yellow oil and allylic alcohol 1 (816
mg, 41% recovery). Epoxy alcohol 9: Ry = 0.39 (hexane/EtOAc = 1:1); [0]*p —27.1 (c
0.10, CHCL;); IR (neat) 3434, 2954, 2928 cm™'; 'H NMR (400 MHz, CDCl;3) 6 6.03 (dt,
J=154,4.4Hz, 1 H), 5.50 (ddt, J=15.4, 8.0, 2.0 Hz, 1 H), 4.20 (dd, J=4.4,2.0 Hz, 2
H), 3.96 (ddd, J=12.7, 5.4, 2.4 Hz, 1 H), 3.70 (ddd, /= 12.7,7.8,3.9 Hz, 1 H), 3.44 (dd,
J=28.0,2.4 Hz, 1 H), 3.09 (dt,/=3.9,2.4 Hz, 1 H), 1.60 (dd, /J=7.8, 5.4 Hz, 1 H), 0.92
(s, 9 H), 0.08 (s, 6 H); >*C NMR (100 MHz, CDCls) § 135.5, 125.9, 62.8, 61.2, 60.0, 55.3,
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26.0, 18.6, —5.2, —5.2; HRMS (ESI-TOF) calcd for C12H2403SiNa (M + Na)" 267.1393,
found 267.1385.

TBDPS Ether 11. To a solution of epoxy alcohol 9 (50.0 mg, 0.205 mmol) in THF (2.0
mL) was added Red-Al (65% in toluene, 0.31 mL, 1.00 mmol) at —40 °C. After the
mixture was stirred at 0 °C for 5 h, the reaction was quenched with saturated aqueous
sodium potassium tartrate. The mixture was diluted with EtOAc and washed with H,O
and brine, and then dried over NaxSOs. Concentration and column chromatography
(hexane/EtOAc = 4:1, 2:1) gave diol 10 (40.5 mg), which was used for the next reaction
without further purification.

To a solution of diol 10 obtained above (40.5 mg, 127 umol) in CH>Cl, (1.5 mL) were
added DMAP (32.6 mg, 0.237 mmol), imidazole (32.2 mg, 0.474 mmol), and TBDPSCI
(82 pL, 0.316 mmol) at 0 °C. After the mixture was stirred at room temperature for 1 h,
the reaction was quenched with saturated aqueous NH4Cl. The mixture was diluted with
EtOAc, washed with H,O and brine, and then dried over Na>SO4. Concentration and
column chromatography (hexane/EtOAc = 25:1, 10:1, 4:1) gave TBDPS ether 11 (61.9
mg, 65% in two steps) as a yellow oil: Ry = 0.67 (hexane/EtOAc = 4:1); [a]**p +1.2 (c
0.77, CHCl3); IR (neat) 3412, 2956, 2930 cm™'; 'H NMR (400 MHz, CDCls) 6 7.67-7.65
(m, 4 H), 7.44-7.37 (m, 6 H), 5.67-5.56 (m, 2 H), 4.10 (d, J = 3.7 Hz, 2 H), 3.78-3.75
(m, 1 H), 3.67 (dd, /= 10.2, 3.9 Hz, 1 H), 3.54 (dd, /= 10.2, 6.8 Hz, 1 H), 2.43 (brs, 1
H), 2.23 (t,J = 6.4 Hz, 2 H), 1.07 (s, 9 H), 0.90 (s, 9 H), 0.05 (s, 6 H); 1*C NMR (100
MHz, CDCl3) 6 135.4,133.1,132.2,129.7,127.7,126.2,71.5,67.4, 63.7,36.1,26.9, 26.0,
19.3, 18.5, -5.0; HRMS (ESI-TOF) calcd for C23H4403Si:Na (M + Na)" 507.2727, found
507.2733.

MTPA Ester (S$)-12. To a solution of alcohol 11 (2.8 mg, 5.77 umol) in CH>Cl> (0.2
mL) were added DMAP (1.4 mg, 11.5 pmol), EtzN (1.1 pL, 8.00 umol), and (R)-MTPACI
(1.3 pL, 6.93 umol) at 0 °C. After the mixture was stirred for 10 min at the same
temperature, the reaction was quenched with saturated aqueous NH4Cl. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc =45:1) gave MTPA ester (5)-
12 (4.0 mg, 99%) as a colorless oil: Rr=0.45 (hexane/EtOAc = 10:1); [a]**p —7.7 (¢ 0.19,
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CHCL); IR (neat) 2954, 2928, 1748 cm™'; '"H NMR (400 MHz, CDCls) 6 7.65-7.32 (m,
15 H), 5.64-5.52 (m, 2 H, H-12 and H-13), 5.25-5.20 (m, 1 H, H-10), 4.06 (d, J=4.4 Hz,
2 H, Hp-14), 3.74-3.66 (m, 2 H, Hy-9), 3.54 (s, 3 H), 2.55-2.41 (m, 2 H, Hy-11), 1.01 (s,
9 H), 0.89 (s, 9 H), 0.04 (s, 6 H); 3C NMR (100 MHz, CDCl3) § 166.0, 135.5, 135.4,
133.4, 133.0, 132.8, 132.2, 129.7, 129.5, 129.4, 128.2, 127.6, 127.6, 127.4, 124.2, 77.2,
76.8, 64.0, 63.4, 55.5, 33.5, 26.8, 26.0, 19.2, 18.5, —5.2; HRMS (ESI-TOF) calcd for
C3sHs1F305SiNa (M + Na)' 723.3125, found 723.3130.

MTPA Ester (R)-12. To a solution of the alcohol 11 (2.8 mg, 5.77 umol) in CH>Cl, (0.2
mL) were added DMAP (1.4 mg, 11.5 pmol), EtzN (1.1 pL, 8.00 umol), and (S)-MTPACI
(1.3 pL, 6.93 umol) at 0 °C. After the mixture was stirred for 10 min at the same
temperature, the reaction was quenched with saturated aqueous NH4CI. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 45:1) gave MTPA ester
(R)-12 (4.1 mg, quant) as a colorless oil: Ry= 0.45 (hexane/EtOAc = 10:1); [a]**p +26.7
(c 0.72, CHCl3); IR (neat) 2954, 2930, 1749 cm™'; '"H NMR (400 MHz, CDCl3) 6 7.65—
7.29 (m, 15 H), 5.53-5.39 (m, 2 H, H-12 and H-13), 5.27-5.20 (m, 1 H, H-10), 4.01-3.98
(m, 2 H, H>-14), 3.77 (dd, J=5.6, 2.2 Hz, 2 H, H2-9), 3.55 (s, 3 H), 2.35 (t, /= 6.3 Hz, 2
H, H>-11), 1.04 (s, 9 H), 0.88 (s, 9 H), 0.05 (s, 6 H); '*C NMR (100 MHz, CDCl3) § 166.0,
135.5,135.4,133.3, 133.0, 132.8, 132.4, 129.8, 129.8, 129.4, 128.6, 128.3, 127.7, 1274,
124.0, 77.2, 76.8, 64.4, 63.4, 55.5, 33.3, 26.8, 26.0, 19.3, 18.4, —5.1; HRMS (ESI-TOF)
calcd for C3sHs F30sSizNa (M + Na)* 723.3125, found 723.3135.

a,B-Unsaturated Ester 13. To a solution of alcohol 9 (998 mg, 4.09 mmol) in CH>Cl,
(40 mL) and DMSO (13 mL) were added Et:N (1.3 mL, 12.3 mmol) and SOs-py. (1.30 g,
8.18 mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture
was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOas.
Concentration and column chromatography (hexane/EtOAc = 10:1, 5:1) gave the
corresponding aldehyde (865 mg), which was used for the next reaction without further
purification.

To a solution of (EtO)P(O)CH2CO2Et (1.6 mL, 7.12 mmol) in CH3CN (27 mL) were
added DIPEA (1.8 mL, 10.7 mmol), LiCI (602 mg, 14.2 mmol), and the aldehyde obtained
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above (865 mg) in CH3CN (5.0 mL + 3.0 mL + 1.0 mL) at 0 °C. After the mixture was
stirred at room temperature for 30 min, the reaction was quenched with saturated aqueous
NH4Cl. The mixture was diluted with Et,O, washed with H>O and brine, and then dried
over NaxSOg4. Concentration and column chromatography (hexane/EtOAc = 20:1) gave
a,B-unsaturated ester 13 (1.02 g, 3.27 mmol, 80% in two steps) as a colorless oil: Ry =
0.63 (hexane/EtOAc = 4:1); [0]**p —43.2 (¢ 1.00, CHCl3); IR (neat) 2955, 2930, 1723,
1657 cm™!; 'H NMR (400 MHz, CDCls) 6 6.70 (dd, J = 15.6, 6.8 Hz, 1 H), 6.13 (d, J =
15.6 Hz, 1 H), 6.03 (dt,J=15.3,4.4 Hz, 1 H), 5.50 (ddt,J=15.3,7.7,1.9 Hz, 1 H), 4.22—
4.17 (m, 4 H), 3.38-3.32 (m, 2 H), 1.29 (t, /= 7.1 Hz, 3 H), 0.91 (s, 9 H), 0.07 (s, 6 H);
3C NMR (100 MHz, CDCls) 6 165.5, 143.7, 135.8, 125.3, 123.7, 62.7, 60.7, 60.6, 58.2,
26.0, 18.4, 14.3, -5.2, -5.2; HRMS (ESI-TOF) calcd for Ci6H2804SiNa (M + Na)*
335.1655, found 335.1648.

Allylic Alcohol 2. To a solution of o,B-unsaturated ester 13 (18.4 mg, 59.0 umol) in
CH>Cl (1.0 mL) was added DIBAL-H (1.03 M solution in hexane, 63 pL, 64.9 umol) at
—78 °C. After the mixture was stirred at the same temperature for 10 min, the reaction was
quenched with MeOH. The mixture was filtered through a Celite pad and washed with
EtOAc. Concentration and column chromatography (hexane/EtOAc = 20:1, 10:1, 4:1)
gave the corresponding aldehyde (16.4 mg), which was used for the next reaction without
further purification.

To a solution of the aldehyde obtained above (16.4 mg) in CH2Cl> (1.0 mL) was added
DIBAL-H (1.03 M solution in hexane, 63 pL, 64.9 umol) at —78 °C. After the mixture
was stirred at the same temperature for 10 min, the reaction was quenched with MeOH.
The mixture was filtered through a Celite pad and washed with EtOAc. Concentration
and column chromatography (hexane/EtOAc = 10:1, 4:1) gave allylic alcohol 2 (12.7 mg,
80% in two cycles) as a colorless oil: Ry = 0.35 (hexane/EtOAc = 2:1); [a]*’p —32.1 (c
0.87, CHCl3); IR (neat) 3409, 2954, 2929, 1692 cm™'; 'H NMR (400 MHz, CDCl5) 6 6.08
(dt,J=15.4,4.4 Hz, 1 H), 6.00 (dt,J=15.4, 4.4 Hz, 1 H), 5.54-5.46 (m, 2 H), 4.20-4.17
(m, 4 H), 3.29-3.27 (m, 2 H), 1.36 (brs, 1 H), 0.91 (s, 9 H), 0.08 (s, 6 H); *C NMR (100
MHz, CDCl3) 0 134.8, 134.2, 128.0, 126.1, 62.8, 62.7, 59.9, 59.6, 26.0, 18.4,—5.2; HRMS
(ESI-TOF) calcd for C14H2603SiNa (M + Na)* 293.1549, found 293.1545.
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Epoxy Alcohol 14. To a suspension of powdered MS4A (130 mg) in CH2Cl> (10 mL)
were added (+)-DIPT (0.17 mL, 0.843 mmol), Ti(Oi-Pr)4 (0.17 mL, 0.562 mmol), and
TBHP (ca. 6.0 M solution in 2,2,4-trimethylpentane, 1.8 mL, 10.8 mmol) at —30 °C. The
mixture was stirred at the same temperature for 30 min and a solution of allylic alcohol 2
(151 mg, 0.558 mmol) in CH>Cl; (3.0 mL + 1.0 mL + 1.0 mL) was added at —40 °C. After
the resulting mixture was stirred at —40 °C for 17 h and at —30 °C for further 8 h, the
reaction was quenched with saturated aqueous sodium potassium tartrate. The mixture
was filtered through a Celite pad and washed with EtOAc. The mixture was washed with
H>O and brine, and then dried over Na;SO4. After the concentration, the mixture was
diluted with Et2O and 3 M aqueous NaOH was added to the mixture. The mixture was
stirred at 0 °C for 30 min. The mixture was diluted with EtOAc, washed with H,O and
brine, and then dried over Na;SOs. Concentration and column chromatography
(hexane/EtOAc = 4:1) gave epoxy alcohol 14 (127 mg, 80%) as a colorless oil: Ry=0.42
(hexane/EtOAc = 1:1); [a]*’p —61.2 (¢ 0.98, CHCl5); IR (neat) 3435, 2954, 2929 cm™'; 'H
NMR (400 MHz, CDCls) 0 6.04 (dt, J = 15.6, 4.4 Hz, 1 H), 5.46 (ddt, J = 15.6, 7.8, 2.0
Hz, 1 H),4.19 (dd,J=4.4,2.0 Hz, 2 H), 3.96 (ddd, J=12.7,4.4,2.2 Hz, 1 H), 3.70 (ddd,
J=12.7,7.8,3.6 Hz, 1 H), 3.39 (dd, J=7.8,2.0 Hz, 1 H), 3.17 (dt,J=3.6, 2.2 Hz, 1 H),
3.07(dd,J=4.4,2.2 Hz, 1 H), 2.92 (dd, J=4.4,2.0 Hz, 1 H), 1.82 (brs, 1 H), 0.90 (s, 9
H), 0.07 (s, 6 H); '3C NMR (100 MHz, CDCl3) ¢ 135.8, 125.4, 62.7, 60.5, 57.9, 55.7, 55.5,
53.3,25.9, 18.4, -5.2; HRMS (ESI-TOF) calcd for C14H2604SiNa (M + Na)" 309.1498,
found 309.1496.

Alkane 15. To a mixture of alkene 14 (10.0 mg, 34.9 umol), pyridine (0.54 mL, 5.58
mmol), and KO2CN=NCO2K (542 mg, 2.79 mmol) in MeOH (2.0 mL) was added AcOH
(0.32 mL, 5.58 mmol) at 40 °C. After the mixture was stirred at the same temperature for
6 h, the reaction was quenched with saturated aqueous NH4Cl. The mixture was diluted
with EtOAc and washed with saturated aqueous NH4Cl, saturated aqueous NaHCO3, and
brine. The organic layer was dried over Na;SO4. Concentration and column
chromatography (hexane/EtOAc = 4:1) gave alkane 15 (9.6 mg, 33.2umol, 95%) as a
yellow oil: Ry=0.60 (hexane/EtOAc = 1:1); [a]**p —34.9 (¢ 0.20, CHCl5); IR (neat) 3435,
2954, 2928 cm™!; 'TH NMR (400 MHz, CDCls) 6 3.99-3.96 (m, 1 H), 3.71-3.69 (m, 3 H),
3.16 (dt,J=4.4,2.2 Hz, 1 H), 3.04 (dd, J = 4.6, 2.2 Hz, 1 H), 3.00-2.97 (m, 1 H), 2.76
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(dd, J=4.6,2.2 Hz, 1 H), 1.74-1.57 (m, 5 H), 0.89 (s, 9 H), 0.05 (s, 6 H); 13C NMR (100
MHz, CDCls) 6 62.4, 60.6, 56.2, 55.9, 55.7, 53.7, 29.1, 28.2, 26.0, 18.4, -5.2; HRMS
(ESI-TOF) calcd for C14H2504SiNa (M + Na)* 311.1655, found 311.1653.

TBDPS Ether 16. To a solution of epoxy alcohol 15 (12.0 mg, 41.5 umol) in THF (0.6
mL) was added Red-Al (65% in toluene, 62 pL, 0.208 mmol) at —40 °C. After the mixture
was allowed to warm to —10 °C for 2 h, the reaction was quenched with saturated aqueous
sodium potassium tartrate. The mixture was diluted with EtOAc, washed with H>O and
brine, and then dried over Na;SO4. Concentration and column chromatography
(hexane/EtOAc = 1:1) gave the corresponding diol (11.0 mg), which was used for the
next reaction without further purification.

To a solution of the diol obtained above (11.0 mg) in CH>Cl> (0.5 mL) were added
DMAP (5.4 mg, 44.0 umol), imidazole (3.0 mg, 44.0 umol), and TBDPSCI (7.6 uL, 29.3
umol) at 0 °C. After the mixture was stirred at room temperature for 7 h, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H»O and brine, and then dried over Na;SOs. Concentration and column
chromatography (hexane/EtOAc =10:1) gave TBDPS ether 16 (12.1 mg, 22.8 pmol, 55%
in two steps) as a colorless oil: Ry = 0.57 (hexane/EtOAc = 4:1); [a]**p —3.2 (c 0.33,
CHCl5); IR (neat) 3419, 2954, 2929 cm™'; 'H NMR (400 MHz, CDCl3) J 7.68-7.65 (m,
4 H), 7.46-7.37 (m, 6 H), 3.93-3.80 (m, 3 H), 3.67-3.60 (m, 2 H), 2.99-2.96 (m, 1 H),
2.78 (dd,J=4.6,2.2 Hz, 1 H), 2.63 (d, J=4.6 Hz, 1 H), 1.85-1.75 (m, 2 H), 1.67-1.58
(m, 4 H), 1.05 (s, 9 H), 0.89 (s, 9 H), 0.05 (s, 6 H); *C NMR (100 MHz, CDCl3) 6 135.5,
135.5, 129.7, 127.7, 69.6, 62.6, 61.6, 61.5, 55.9, 36.2, 29.8, 29.2, 28.3, 26.9, 26.0, 19.2,
—5.2; HRMS (ESI-TOF) calcd for C30H4304SixNa (M + Na)* 551.2989, found 551.2988.

MTPA Ester (S)-17. To a solution of alcohol 16 (1.7 mg, 3.21 pumol) in CH>Cl> (0.2
mL) were added DMAP (0.8 mg, 6.42 umol), EtsN (0.6 puL, 4.50 pmol), and (R)-MTPACI
(0.7 pL, 3.85 umol) at 0 °C. After the mixture was stirred for 10 min at the same
temperature, the reaction was quenched with saturated aqueous NH4Cl. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave MTPA ester (S)-
17 (2.5 mg, quant) as a colorless oil: Rr=0.41 (hexane/EtOAc = 7:1); [a]**p —14.3 (¢ 0.23,
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CHCL); IR (neat) 2953, 2929, 1751 cm™'; '"H NMR (400 MHz, CDCls) 6 7.65-7.62 (m,
4 H), 7.54-7.52 (m, 2 H), 7.39-7.35 (m, 9 H), 5.27-5.22 (m, 1 H, H-9), 3.75-3.70 (m, 2
H, H,-7), 3.61-3.56 (m, 2 H, Hx-14), 3.47 (s, 3 H), 2.88 (dd, /= 6.5, 2.1 Hz, 1 H, H-10),
2.79-2.76 (m, 1 H, H-11), 2.07-1.88 (m, 2 H, H,-8), 1.61-1.51 (m, 4 H, H,-12 and Hy-
13), 1.06 (s, 9 H), 0.89 (s, 9 H), 0.05 (s, 6 H); 13C NMR (100 MHz, CDCls) 6 165.7, 135.4,
135.4,133.3, 133.2, 132.1, 130.0, 129.5, 128.3, 127.7, 127.4, 77.2, 73.8, 62.4, 59.4, 58.4,
56.4, 55.4, 33.8, 29.1, 28.2, 26.9, 26.0, 19.2, 18.4, -5.2; HRMS (ESI-TOF) calcd for
CaoHssF306Si;Na (M + Na)* 767.3387, found 767.3378.

MTPA Ester (R)-17. To a solution of alcohol 16 (1.3 mg, 2.45 umol) in CH2Cl, (0.2
mL) were added DMAP (0.6 mg, 4.90 pmol), EtzN (0.5 pL, 3.43 pmol), and (S)-MTPACI
(0.6 pL, 2.94 umol) at 0 °C. After the mixture was stirred for 10 min at the same
temperature, the reaction was quenched with saturated aqueous NH4Cl. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave MTPA ester
(R)-17 (2.0 mg, quant) as a colorless oil: Ry=0.41 (hexane/EtOAc = 7:1); [a]*"p +28.0 (c
0.23, CHCl3); IR (neat) 2954, 2929, 1752 cm™'; 'TH NMR (400 MHz, CDCls) 6 7.73-7.70
(m, 1 H), 7.64-7.60 (m, 4 H), 7.53-7.51 (m, 1 H), 7.45-7.29 (m, 9 H), 5.20-5.15 (m, 1
H, H-9), 3.66-3.56 (m, 4 H, H>-7 and H»>-14), 3.57 (s, 3 H), 2.93 (dd, J= 7.3, 2.0 Hz, 1
H, H-10), 2.91-2.89 (m, 1 H, H-11), 1.93-1.80 (m, 2 H, H2-8), 1.66—1.51 (m, 4 H, H>-12
and Hz-13), 1.05 (s, 9 H), 0.89 (s, 9 H), 0.05 (s, 6 H); *C NMR (100 MHz, CDCI3) §
165.7, 135.5, 135.4, 134.7, 133.4, 133.3, 132.3, 129.7, 129.4, 128.3, 127.7, 127.2, 77.2,
74.5, 62.4, 59.2, 58.5, 57.1, 55.6, 34.0, 29.1, 28.2, 26.9, 26.0, 19.2, 18.4, —5.2; HRMS
(ESI-TOF) calcd for C40HssF306Si2Na (M + Na)" 767.3387, found 767.338]1.

Bromoacetylene 3a. To a solution of alcohol 14 (18.6 mg, 64.9 umol) in CH>Cl, (1.0
mL) and DMSO (0.3 mL) were added EtzN (45 pL, 0.325 mmol) and SO3-py. (41.3 mg,
0.260 mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture
was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 10:1, 5:1) gave the
corresponding aldehyde 18 (15.1 mg), which was used for the next reaction without

further purification.
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To a solution of CBr4 (70.3 mg, 0.212 mmol) in CH>Cl, (1.5 mL) was added PPhs (111
mg, 0.425 mmol) at 0 °C. The mixture was stirred at the same temperature for 15 min and
EtsN (59 pL, 0.425 mmol) was added to the resulting mixture at 0 °C. After the mixture
was stirred at the same temperature for 5 min, the aldehyde obtained above (15.1 mg) in
CH2Cl, (0.6 mL + 0.4 mL) was added at —78 °C. The mixture was stirred at the same
temperature for 1 h. The reaction was quenched with saturated aqueous NaHCOs3. The
mixture was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 30:1, 20:1) gave
dibromoalkene 19 (22.4 mg), which was used for the next reaction without further
purification.

To a solution of dibromoalkene 19 obtained above (22.4 mg) in THF (0.5 mL) was
added TBAF (1.0 M solution in THF, 0.20 mL, 0.20 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. Concentration and column chromatography
(hexane/EtOAc = 4:1) gave bromoacetylene 3a (11.1 mg, 45.3umol, 70% in three steps)
as a colorless amorphous solid: Ry = 0.23 (hexane/EtOAc = 1:1); [a]**p —89.9 (c 0.90,
CHCl5); IR (neat) 3354, 3012, 2949, 2225, 1644 cm™!; '"H NMR (400 MHz, CDCl3) &
6.12 (dt,J=15.6,5.0 Hz, 1 H), 5.46 (ddt, J=15.6,7.8, 1.7 Hz, 1 H), 4.20-4.18 (m, 2 H),
3.40 (dd,J=7.8,2.0Hz, 1 H), 3.38 (d,/=2.0 Hz, 1 H), 3.27 (dd, /=3.4, 2.0 Hz, 1 H),
2.99 (dd, J = 3.4, 2.0 Hz, 1 H), 1.55 (brs, 1 H); 3*C NMR (100 MHz, CDCls) 6 135.7,
126.5,75.8, 62.5, 57.0, 56.5, 55.3, 45.4, 43.6; HRMS (ESI-TOF) calcd for CoH9oBrOs;Na
(M +Na)" 268.9613, found 268.9611.

Acetate 21.
(entry 2)

To a solution of EtNH; (70% aqueous solution, 0.5 mL) in MeOH (0.5 mL) was added
CuCl (2.0 mg, 20.2 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH>OH-HCI (8.6 mg, 0.124 mmol) at room
temperature to discharge the blue color. The resulting colorless solution indicated the
presence of Cu(I) salt. To the resulting mixture was added diacetylene 4 (8.8 mg, 45.3
umol) in MeOH (0.3 mL + 0.2 mL) at room temperature and the mixture was stirred at
the same temperature for 20 min that resulted in the formation of a yellow suspension. To

the resulting mixture was added bromoacetylene 3a (10.1 mg, 41.2 pmol) in MeOH (0.3
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mL + 0.2 mL) at room temperature and the mixture was stirred at the same temperature
for 20 min. The mixture was diluted with Et,O, washed with H>O and brine, and then
dried over Na;SOs. Concentration and column chromatography (hexane/EtOAc = 2:1)
gave the corresponding triacetylene (4.2 mg), which was used for the next reaction
without further purification.

To a solution of the alcohol obtained above (4.2 mg) in CH>Cl> (0.5 mL) were added
pyridine (12 pL, 0.149 mmol), Ac2O (10 pL, 0.106 mmol), and DMAP (1.0 mg, 8.10
umol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
was diluted with Et;O, washed with H,O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 7:1) gave acetate 21 (3.2
mg, 7.9 pmol, 20% in two steps) as a yellow oil: Ry= 0.63 (hexane/EtOAc = 2:1) ; [a]*p
~77.7 (¢ 0.30, CHCL3); IR (neat) 2954, 2930, 2216, 1740 cm™'; '"H NMR (400 MHz,
CDCl3) 0 6.04 (dt,J=15.6,5.9 Hz, 1 H), 5.48 (ddd, J=15.6, 7.8, 1.2 Hz, 1 H), 4.58 (dd,
J=5.9,1.2Hz 2H),4.39 (s,2 H),3.44 (d,J=2.0Hz, 1 H), 3.38 (dd,J=7.8,2.0 Hz, 1
H), 3.33 (dd, /=3.2,2.0 Hz, 1 H), 3.01 (dd, /= 3.2, 2.0 Hz, 1 H), 2.08 (s, 3 H), 0.90 (s,
9 H), 0.12 (s, 6 H); '*C NMR (100 MHz, CDCls) 6 170.4, 130.4, 129.3, 77.8, 73.6, 69.5,
69.1, 63.5, 63.1, 62.0, 57.5, 56.2, 55.1, 52.1, 43.1, 25.8, 20.9, 18.3, —5.1; HRMS (ESI-
TOF) calcd for C22H2305SiNa (M + Na)* 423.1604, found 423.1613.

(entry 3)

To a solution of EtNH; (70% aqueous solution, 0.5 mL) in MeOH (0.5 mL) was added
CuCl (1.9 mg, 19.3 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH,OH-HCI (8.0 mg, 0.116 mmol) at room
temperature to discharge the blue color. To the resulting mixture was added diacetylene 4
(8.3 mg, 42.5 umol) in MeOH (0.3 mL + 0.2 mL) at room temperature and the mixture
was stirred at the same temperature for 20 min that resulted in the formation of a yellow
suspension. To the resulting mixture was added bromoacetylene 3a (9.8 mg, 38.6 umol)
in MeOH (0.3 mL + 0.2 mL) at 0 °C and the mixture was stirred at the same temperature
for 20 min. The mixture was diluted with Et,O, washed with H>O and brine, and then
dried over Na>SOs. Concentration and column chromatography (hexane/EtOAc = 2:1)
gave the corresponding triacetylene (6.7 mg), which was used for the next reaction

without further purification.
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To a solution of the alcohol obtained above (6.7 mg) in CH2Cl> (0.5 mL) were added
pyridine (12 uL, 0.149 mmol), Ac2O (10 pL, 0.106 mmol), and DMAP (1.0 mg, 8.19
pumol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
was diluted with Et,O, washed with H>,O and brine, and then dried over Na>SOas.
Concentration and column chromatography (hexane/EtOAc = 7:1) gave acetate 21 (6.2

mg, 15.4 pumol, 40% in two steps) as a yellow oil: Ry=0.63 (hexane/EtOAc = 2:1)

(entry 4)

To a solution of EtNH> (70% aqueous solution, 0.5 mL) in MeOH (0.7 mL) was added
CuCl (2.0 mg, 19.9 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH,OH-HCI (8.3 mg, 0.119 mmol) at room
temperature to discharge the blue color. To the resulting mixture was added diacetylene 4
(8.5 mg, 43.7 umol) in MeOH (0.3 mL + 0.2 mL) at room temperature and the mixture
was stirred at the same temperature for 20 min that resulted in the formation of a yellow
suspension. To the resulting mixture was added bromoacetylene 3a (10.1 mg, 39.7 umol)
in MeOH (0.3 mL + 0.2 mL) at —78 °C and the mixture was stirred at the same temperature
for 20 min. The mixture was diluted with Et,O, washed with H>O and brine, and then
dried over Na>SOs. Concentration and column chromatography (hexane/EtOAc = 2:1)
gave the corresponding triacetylene (9.9 mg), which was used for the next reaction
without further purification.

To a solution of the alcohol obtained above (9.9 mg) in CH>Cl> (0.5 mL) were added
pyridine (12 pL, 0.149 mmol), Ac2O (10 uL, 0.106 mmol), and DMAP (1.0 mg, 8.19
umol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
was diluted with Et;O, washed with H>O and brine, and then dried over NaxSOas.
Concentration and column chromatography (hexane/EtOAc = 7:1) gave acetate 21 (10.6

mg, 26.4 umol, 67% in two steps) as a yellow oil: Ry=0.63 (hexane/EtOAc =2:1)

Diepoxide 5a. To a solution of TBS ether 21 (1.2 mg, 2.99 umol) in THF (0.2 mL) was
added HF-py (5.0 uL) at 0 °C. After the mixture was stirred at the same temperature for
40 min, HF-py (2.0 uL) was added. The mixture was stirred at 0 °C for further 2 h. The
reaction was quenched with saturated aqueous NaHCO3 and the mixture was diluted with

Et>,0. The mixture was washed with saturated aqueous NaHCO3, H>O, and brine, and then
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dried over Na>SOs. Concentration and column chromatography (hexane/EtOAc = 5:1)
gave diepoxide 5a (1.6 mg, 5.59 pumol, quant) as a light yellow amorphous solid: Ry =
0.40 (hexane/EtOAc = 1:1); [a]*®p —62.5 (c 0.07, CH;0H); IR (neat) 3410, 3015, 2925,
1707 cm™!; 'TH NMR (400 MHz, CDCl3) § 6.04 (dt, J = 15.6, 5.6 Hz, 1 H), 5.49 (ddt, J =
15.6,7.8,1.4Hz, 1 H),4.59 (dd,J=5.6, 1.4 Hz, 2 H), 4.36 (d, /= 5.8 Hz, 2 H), 3.44 (d,
J=2.0Hz, 1 H),3.38(dd,/J=7.8,2.0 Hz, 1 H), 3.34 (dd, /=3.2,2.0 Hz, 1 H), 3.02 (dd,
J=3.2,2.0Hz, 1 H),2.08 (s,3 H), 1.69 (t,J = 5.8 Hz, 1 H); *C NMR (100 MHz, CDCl;)
0 170.43, 130.44, 129.31, 77.21, 73.99, 70.41, 68.99, 63.50, 62.74, 62.60, 57.49, 56.22,
55.11,51.51,43.06,20.90; HRMS (ESI-TOF) calcd for CisH140sNa (M + Na)" 309.0739,
found 309.0731.

Epoxy Alcohol 22. To a suspension of powdered MS4A (20 mg) in CH2ClL (1.0 mL)
were added (-)-DIPT (22 pL, 0.110 mmol), Ti(Oi-Pr)s (22 pL, 73.2 umol), and TBHP (ca.
6.0 M solution in 2,2,4-trimethylpentane, 0.23 mL, 1.38 mmol) at —30 °C. The mixture
was stirred at the same temperature for 30 min and a solution of allylic alcohol 2 (19.8
mg, 73.2 umol) in CH2Cl> (0.8 mL + 0.2 mL) was added at —40 °C. After the resulting
mixture was stirred at —40 °C for 8 h and at —30 °C for further 8 h, the reaction was
quenched with saturated aqueous sodium potassium tartrate. The mixture was filtered
through a Celite pad and washed with EtOAc. The mixture was washed with H,O and
brine, and then dried over Na;SOas. After the concentration, the mixture was diluted with
Et,0 and 3 M aqueous NaOH was added to the mixture. The mixture was stirred at 0 °C
for 30 min. The mixture was diluted with EtOAc, washed with H,O and brine, and then
dried over Na;SOs. Concentration and column chromatography (hexane/EtOAc = 4:1)
gave epoxy alcohol 22 (17.0 mg, 81%) as a colorless oil: Rr=0.34 (hexane/EtOAc = 1:1);
[0]**p—2.7 (¢ 1.14, CHCl3); IR (neat) 3435, 2954,2929 cm™!'; 'TH NMR (400 MHz, CDCls)
0 6.01 (dt,J=15.6,4.2 Hz, 1 H), 5.43 (ddt,/=15.6,7.9,2.0 Hz, 1 H), 4.17 (dd, J=4.2,
2.0Hz,2 H), 3.95-3.92 (m, 1 H), 3.67-3.64 (m, 1 H), 3.34 (dd, J=7.9,2.2 Hz, 1 H), 3.13
(dt,/=4.2,2.2Hz, 1 H), 3.04 (dd,J=4.4,2.2 Hz, ]| H), 2.91 (dd,J=4.4,2.2 Hz, 1 H),
1.76 (brs, 1 H), 0.88 (s, 9 H), 0.05 (s, 6 H); 3*C NMR (100 MHz, CDCl3) § 135.8, 125.2,
62.7, 60.8, 58.0, 56.5, 56.5, 53.7, 26.0, 18.4, —5.2; HRMS (ESI-TOF) calcd for
C14H2604SiNa (M + Na)* 309.1498, found 309.1490.
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Bromoacetylene 3b. To a solution of alcohol 22 (16.6 mg, 57.9 umol) in CH2Cl, (1.0
mL) and DMSO (0.3 mL) were added Et;N (40 uL, 0.289 mmol) and SO3-py. (36.7 mg,
0.231 mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture
was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 7:1) gave the
corresponding aldehyde (11.6 mg), which was used for the next reaction without further
purification.

To a solution of CBr4 (51.0 mg, 0.155 mmol) in CH2Cl; (1.5 mL) was added PPh3 (81
mg, 0.310 mmol) at 0 °C. The mixture was stirred at the same temperature for 15 min and
EtsN (43 uL, 0.310 mmol) was added to the resulting mixture at 0 °C. After the mixture
was stirred at the same temperature for 5 min, the aldehyde obtained above (11.6 mg) in
CH2Cl; (0.3 mL + 0.2 mL) was added at —78 °C. The mixture was stirred at the same
temperature for 2 h. The reaction was quenched with saturated aqueous NaHCOs3. The
mixture was diluted with EtOAc, washed with H>O and brine, and then dried over Na;SOs.
Concentration and column chromatography (hexane/EtOAc = 30:1, 20:1) gave the
corresponding dibromoalkene (18.0 mg), which was used for the next reaction without
further purification.

To a solution of the dibromoalkene obtained above (18.0 mg) in THF (0.4 mL) was
added TBAF (1.0 M solution in THF, 0.16 mL, 0.160 mmol) at 0 °C. The mixture was
stirred at room temperature for 30 min. Concentration and column chromatography
(hexane/EtOAc = 2:1) gave bromoacetylene 3b (8.1 mg, 32.6 umol, 57% in three steps)
as a colorless amorphous solid: Ry = 0.24 (hexane/EtOAc = 2:1); [a]*!p —9.0 (c 0.62,
CHCl); IR (neat) 3354, 3006, 2949, 2224, 1633 cm™'; 'H NMR (400 MHz, CDCls) 6
6.12 (dt, J=15.6, 5.1 Hz, 1 H), 5.45 (ddt, J=15.6, 7.8, 1.7 Hz, 1 H), 4.19 (dd, J= 5.1,
1.7 Hz, 2 H), 3.40-3.34 (m, 2 H), 3.22 (dd, /J=4.4, 2.0 Hz, 1 H), 2.91 (dd, J=4.4, 2.0
Hz, 1 H), 1.58 (brs, 1 H); '*C NMR (100 MHz, CDCls) 6 135.8, 126.2, 75.5, 62.4, 58.1,
57.2, 56.1, 45.7, 44.1; HRMS (ESI-TOF) calcd for CoHoBrO3Na (M + Na)" 268.9613,
found 268.9617.

Acetate 23. To a solution of EtNH> (70% aqueous solution, 0.4 mL) in MeOH (0.7 mL)

was added CuCl (1.6 mg, 16.3 umol) at room temperature that resulted in the formation

of a blue solution. To the resulting mixture was added NH,OH-HCI (6.8 mg, 97.8 umol)
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at room temperature to discharge the blue color. The resulting colorless solution indicated
the presence of Cu(l) salt. To the resulting mixture was added diacetylene 4 (6.9 mg, 35.9
umol) in MeOH (0.2 mL + 0.2 mL) at room temperature and the mixture was stirred at
the same temperature for 10 min that resulted in the formation of a yellow suspension. To
the resulting mixture was added bromoacetylene 3b (8.0 mg, 32.6 umol) in MeOH (0.2
mL + 0.2 mL) at —78 °C and the mixture was stirred at the same temperature for 20 min.
The mixture was diluted with Et,O, washed with H>O and brine, and then dried over
NazS04. Concentration and column chromatography (hexane/EtOAc = 3:1) gave the
corresponding triacetylene (5.5 mg), which was used for the next reaction without further
purification.

To a solution of the alcohol obtained above (5.5 mg) in CH2Cl (0.5 mL) were added
pyridine (12 pL, 0.149 mmol), Ac2O (10 puL, 0.106 mmol), and DMAP (0.8 mg, 6.55
umol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
was diluted with Et;O, washed with H,O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 8:1) gave acetate 23 (6.3
mg, 48% in two steps) as a colorless oil: Ry= 0.57 (hexane/EtOAc = 1:1); [a]*’p —1.5 (c
0.44, CHCl3); IR (neat) 2954, 2929, 2217, 1741 cm™'; 'TH NMR (400 MHz, CDCls) 6 6.04
(dt,J=15.6,5.8 Hz, 1 H), 5.47 (ddt, J=15.6, 7.6, 1.4 Hz, 1 H), 4.58 (dd, /=5.8, 1.4 Hz,
2 H),4.39(s,2H),3.42(d,J=2.0Hz | H), 3.35(dd, J= 7.6, 2.0 Hz, 1 H), 3.26 (dd, J
=4.1,2.0 Hz, 1 H), 2.92 (dd, J=4.1, 2.0 Hz, 1 H), 2.08 (s, 3 H), 0.90 (s, 9 H), 0.12 (s, 6
H); *C NMR (100 MHz, CDCls) § 170.4, 130.5, 129.1, 77.8, 73.3, 69.5, 69.4, 63.4, 63.2,
62.0, 58.7, 57.1, 55.8, 52.1, 43.5, 25.8, 20.9, 18.3, —5.1; HRMS (ESI-TOF) calcd for
C22H2305SiNa (M + Na)" 423.1604, found 423.1610.

Diepoxide 5b. To a solution of TBS ether 23 (5.0 mg, 12.4 pmol) in THF (2.5 mL) was
added HF-py (5.0 uL) at 0 °C. After the mixture was stirred at the same temperature for
2 h, HFpy (2.0 uL) was added. The mixture was stirred at 0 °C for further 2 h. The
reaction was quenched with saturated aqueous NaHCO3 and the mixture was diluted with
Et,0. The mixture was washed with saturated aqueous NaHCO3, H>O, and brine, and then
dried over NaxSOs. Concentration and column chromatography (hexane/EtOAc = 20:1,
7:1) gave diepoxide 5b (2.4 mg, 8.39 umol, 68%) as a light yellow amorphous solid: Ry
=0.43 (hexane/EtOAc = 1:1); [0]*’p +32.0 (¢ 0.12, CH30H); IR (neat) 3448, 2920, 2214,
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1711 cm™'; 'H NMR (400 MHz, CDCl3) § 6.04 (dt, J = 15.6, 5.8 Hz, 1 H), 5.48 (ddt, J =
15.6, 7.8, 1.5 Hz, 1 H), 4.58 (dd, J=5.8, 1.5 Hz, 2 H), 4.36 (d, J= 6.1 Hz, 2 H), 3.43 (d,
J=2.0Hz, 1 H),3.35(dd,J=17.8,2.0 Hz, 1 H), 3.27 (dd, J= 4.2, 2.0 Hz, 1 H), 2.92 (dd,
J=42,2.0Hz 1 H), 2.08 (s, 3 H), 1.67 (brt, J = 6.1 Hz, 1 H); '*C NMR (100 MHz,
CDCls) 6 170.39, 130.50, 129.05, 77.20, 73.69, 70.41, 69.20, 63.45, 62.81, 62.55, 58.69,
57.08, 55.86, 51.52, 43.47, 20.90; HRMS (ESI-TOF) calcd for C16H140sNa (M + Na)"
309.0739, found 309.0743.

Epoxy Alcohol 24. Light yellow oil; [a]®p +25.7 (¢ 1.21, CHCl3); HRMS (ESI-TOF)
caled for C12H2403SiNa (M + Na)* 267.1393, found 267.1396; IR, 'H NMR, and '3C

NMR spectra were identical to those of epoxy alcohol 9.

Diepoxide 5c. Light yellow amorphous solid; [0]*’p +76.0 (¢ 0.03, CH;0H); HRMS
(ESI-TOF) calcd for Ci6H1405Na (M + Na)™ 309.0739, found 309.0743; IR, 'H NMR,

and '3C NMR spectra were identical to those of diepoxide 5a.

Diepoxide 5d. Light yellow amorphous solid; [0]*’p —32.0 (¢ 0.12, CH3;0H); HRMS
(ESI-TOF) calcd for C16H1405Na (M + Na)" 309.0739, found 309.0739; IR, 'H NMR,
and 1*C NMR spectra were identical to those of diepoxide 5b.

Acetate 25. To a suspension of NaH (60% dispersion in oil, 9.5 mg, 0.197 mmol,
washed with hexane in advance) in THF (1.0 mL) was added alcohol 14 (16.2 mg, 56.4
umol) in THF (0.7 mL + 0.3 mL) at 0 °C. To the mixture were added PMBCI (23 pL,
0.169 mmol) and TBAI (10.3 mg, 28.0 umol) at the same temperature. After the mixture
was stirred for 12 h at room temperature, the reaction was quenched with saturated
aqueous NH4Cl and the mixture was diluted with EtOAc. The mixture was washed with
H>O and brine, and then dried over Na>SO4. Concentration and column chromatography
(hexane/EtOAc = 10:1, 8:1) gave the corresponding PMB ether (19.7 mg), which was
used for the next reaction without further purification.

To a solution of the TBS ether obtained above (19.7 mg) in THF (0.5 mL) was added
TBAF (1.0 M solution in THF, 97 pL, 97.0 umol) at 0 °C. The mixture was stirred for 3
h at the same temperature. The mixture was diluted with EtOAc, washed with H>O and

brine, and then dried over Na;SO4. Concentration and column chromatography
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(hexane/EtOAc = 1:1) gave the corresponding alcohol (12.6 mg), which was used for the
next reaction without further purification.

To a solution of the alcohol obtained above (12.6 mg) in CH>Cl, (0.8 mL) were added
pyridine (4.5 pL, 56.1 pumol), Ac,0 (4.9 pL, 51.8 umol), and DMAP (0.8 mg, 6.55 pmol)
at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 5:1, 3:1) gave acetate 25
(13.9 mg, 41.6 pmol, 74% in three steps) as a colorless oil: Ry= 0.36 (hexane/EtOAc =
2:1); [a]*'p —42.7 (¢ 0.66, CHCI3); IR (neat) 3000, 2934, 1735 cm™!; '"H NMR (400 MHz,
CDCl3) 0 7.25(d,J=8.3 Hz, 2 H), 6.88 (d, J= 8.3 Hz, 2 H), 6.02 (dt, J=15.6, 5.8 Hz, 1
H), 5.50 (ddt, J=15.6, 7.8, 1.5 Hz, 1 H), 4.58 (dd, J=5.8, 1.5 Hz, 2 H), 449 (d, /= 4.2
Hz, 2 H), 3.80 (s, 3H), 3.71 (dd, J=11.7, 2.0 Hz, 1 H), 3.52 (dd, /= 11.7, 4.0 Hz, 1 H),
3.37(dd,J="7.8,2.0Hz, 1 H), 3.18 (dt,J=4.2,2.0 Hz, 1 H), 2.96 (dd,/J=4.4,2.0 Hz, 1
H), 2.91 (dd, J= 4.4, 2.0 Hz, 1 H), 2.08 (s, 3 H); 13C NMR (100 MHz, CDCI3) 6 170.4,
159.3, 130.0, 129.8, 129.7, 129.3, 113.8, 73.1, 68.8, 63.6, 57.9, 55.3, 54.9, 54.6, 53.5,
20.9; HRMS (ESI-TOF) calcd for CisH20sNa (M + Na)* 357.1314, found 357.1312.

Alcohol 26. To a solution of PMB ether 25 (11.0 mg, 32.9 pmol) in CH2Cl; (1.0 mL)
and H>O (30 uL) was added DDQ (14.9 mg, 65.8 umol) at 0 °C. The mixture was stirred
at the same temperature for 2 h and at room temperature for 1 h. The mixture was diluted
with EtOAc. The mixture was washed with saturated aqueous Na>SOs3, saturated aqueous
NaHCO3s, H>O, and brine, and then dried over Na>SO4. Concentration and column
chromatography (hexane/EtOAc = 2:1) gave alcohol 26 (5.7 mg, 26.6 pmol, 81%) as a
colorless oil: Rr= 0.21 (hexane/EtOAc = 1:1); [a]*®p —62.0 (c 0.25, CHCl3); IR (neat)
3457, 2925, 1736 cm—1; '"H NMR (400 MHz, CDCls) § 6.04 (dt, J = 15.6, 5.9 Hz, 1 H),
5.51 (ddt,J=15.6,7.6, 1.2 Hz, 1 H), 4.59 (dd, /= 5.9, 1.2 Hz, 2 H), 3.97 (dd, J = 13.0,
2.2 Hz, 1H),3.72 (dd, J=13.0,3.4 Hz, 1 H), 3.39(dd, J= 7.6, 2.0 Hz, 1 H), 3.18 (dt, J
=3.4,22Hz, 1H),3.10 (dd, J=4.4,2.2 Hz, 1 H), 2.94 (dd, /= 4.4, 2.0 Hz, 1 H), 2.08
(s, 3 H); >*C NMR (100 MHz, CDCl3) 6 170.4, 129.9, 129.9, 63.6, 60.5, 57.8, 55.8, 54.9,
53.1, 20.9; HRMS (ESI-TOF) caled for CioHi4OsNa (M + Na)" 237.0739, found
237.0734.

Acetate 29. To a solution of CBr4 (150 mg, 0.451 mmol) in CH>Cl, (1.0 mL) was added
PPh3 (237 mg, 0.902 mmol) at 0 °C. The mixture was stirred at the same temperature for
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15 min and EN (0.13 mL, 0.902 mmol) was added to the resulting mixture at 0 °C. After
the mixture was stirred at the same temperature for 5 min, aldehyde 27 (22.6 mg, 0.113
mmol) in CH2Cl> (0.3 mL + 0.2 mL) was added at —78 °C. The mixture was stirred at the
same temperature for 1 h. The reaction was quenched with saturated aqueous NaHCOs.
The mixture was diluted with EtOAc, washed with H>O and brine, and then dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 50:1) gave the
corresponding dibromoalkene (39.2 mg), which was used for the next reaction without
further purification.

To a solution of the dibromoalkene obtained above (39.2 mg) in THF (2.0 mL) was
added TBAF (1.0 M solution in THF, 0.44 mL, 0.440 mmol) at room temperature. The
mixture was stirred at 45 °C for 18 h and diluted with Et2O. The mixture was washed with
saturated aqueous NH4Cl, H>O, and brine, and then dried over Na;SO4. Concentration
gave the mixture of the corresponding TBS-deprotected dibromoalkene and
bromoacetylene 24 (36.3 mg). The same procedure was repeated twice to give
bromocetylene 28 (17.3 mg), which was used for the next reaction without further
purification.

To a solution of EtNH; (70% aqueous solution, 0.9 mL) in MeOH (1.5 mL) was added
CuCl (5.3 mg, 54.0 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH>OH-HCI (22.5 mg, 0.324 mmol) at room
temperature to discharge the blue color. The resulting colorless solution indicated the
presence of Cu(]) salt. To the resulting mixture was added diacetylene 4 (73.4 mg, 0.378
mmol) in MeOH (0.4 mL + 0.4 mL) at room temperature and the mixture was stirred at
the same temperature for 10 min that resulted in the formation of a yellow suspension. To
the resulting mixture was added bromoacetylene 28 (17.3 mg, 0.108 mmol) in MeOH (0.4
mL + 0.4 mL) at —78 °C and the mixture was stirred at the same temperature for 30 min.
The mixture was allowed to warm to room temperature for 3 h. The mixture was diluted
with Et;O, washed with H>O and brine, and then dried over Na>SO4. Concentration and
column chromatography (hexane/EtOAc =4:1) gave the corresponding triacetylene (20.5
mg), which was used for the next reaction without further purification.

To a solution of the alcohol obtained above (20.5 mg) in CH2Cl» (3.0 mL) were added
pyridine (45 pL, 0.335 mmol), Ac;O (40 pL, 0.424 mmol), and DMAP (1.0 mg, 8.19

umol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
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was diluted with Et;O, washed with H,O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc =20:1) gave acetate 29 (22.5
mg, 63% in four steps) as a yellow oil: Ry= 0.69 (hexane/EtOAc = 2:1); IR (neat) 2953,
2929, 2860, 2173, 1746 cm™!; 'H NMR (400 MHz, CDCl3) 6 6.37 (dt,J=16.1, 5.4 Hz, 1
H), 5.78 (dt,J=16.1, 1.7 Hz, 1 H), 4.63 (dd, J= 5.4, 1.7 Hz, 2 H), 4.40 (s, 2 H), 2.09 (s,
3 H), 0.90 (s, 9 H), 0.12 (s, 6 H); '*C NMR (100 MHz, CDCl3) § 170.1, 141.7, 111.0, 79.0,
75.5,74.5,69.8, 66.4, 63.4, 62.6,52.2,25.8, 20.8, 18.3, 5.1; HRMS (ESI-TOF) calcd for
C18H2403SiNa (M + Na)* 339.1393, found 339.1388.

Alcohol 30. To a solution of TBS ether 29 (22.5 mg, 71.1 umol) in THF (2.0 mL) was
added HF-py (0.10 mL) at 0 °C. After the mixture was stirred at the same temperature for
1 h, HF-py (0.10 mL) was added. The mixture was stirred at 0 °C for further 2 h. The
reaction was quenched with saturated aqueous NaHCO3 and the mixture was diluted with
Et;0. The mixture was washed with H>O and brine, and then dried over NaxSOsa.
Concentration and column chromatography (hexane/EtOAc = 5:1, 3:1) gave alcohol 30
(12.6 mg, 88%) as a yellow oil: Ry= 0.37 (hexane/EtOAc = 2:1); IR (neat) 3418, 2925,
2187, 1740 cm™'; 'TH NMR (400 MHz, CDCls) 6 6.39 (dt, J=16.1, 5.6 Hz, 1 H), 5.78 (dt,
J=16.1,2.0 Hz, 1 H), 4.64 (dd, J = 5.6, 2.0 Hz, 2 H), 4.37 (s, 2 H), 2.09 (s, 3 H); 13C
NMR (100 MHz, CDCl3) 6 170.2, 141.9, 110.8, 78.1, 75.4, 74.9, 70.7, 66.0, 63.4, 63.2,
51.6, 20.8; HRMS (ESI-TOF) caled for Ci2Hi0OsNa (M + Na)" 225.0528, found
225.0519.

Dienal 31. To a solution of dienol 1 (24.2 mg, 0.106 mmol) in CH>Cl, (1.5 mL) and
DMSO (0.5 mL) were added EtsN (80 puL, 0.578 mmol) and SOs-py. (76.4 mg, 0.481
mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture was
diluted with EtOAc, washed with H>O and brine, and then dried over Na>SOa.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave dienal 31 (24.2
mg, 89%) as a colorless oil: Ry=0.54 (hexane/EtOAc =4:1); IR (neat) 2954, 2929, 1685,
1646 cm™'; 'TH NMR (400 MHz, CDCl3) 6 9.55 (d, J = 8.0 Hz, 1 H), 7.12 (dd, J = 15.3,
11.0 Hz, 1 H), 6.58-6.51 (m, 1 H), 6.31 (dt,/=15.1,4.4 Hz, 1 H), 6.08 (dd, /= 15.3, 8.0
Hz, 1 H), 433 (dd, J=4.4, 1.5 Hz, 2 H), 0.93 (s, 9 H), 0.09 (s, 6 H); *C NMR (100 MHz,
CDCl3) 0 193.6, 151.4, 144.2, 131.1, 127.0, 62.9, 25.9, 18.4, -5.3; HRMS (ESI-TOF)
calcd for C12H20,SiNa (M + Na)* 249.1287, found 249.1283.
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Acetate 32. To a solution of CBr4 (142 mg, 0.428 mmol) in CH>Cl, (1.5 mL) was added
PPh3 (225 mg, 0.856 mmol) at 0 °C. The mixture was stirred at the same temperature for
15 min and EzN (0.12 mL, 0.856 mmol) was added to the resulting mixture at 0 °C. After
the mixture was stirred at the same temperature for 5 min, aldehyde 31 (24.2 mg, 0.107
mmol) in CH2Cl; (0.3 mL + 0.2 mL) was added at —78 °C. The mixture was stirred at the
same temperature for 1 h. The reaction was quenched with saturated aqueous NaHCOs.
The mixture was diluted with EtOAc, washed with H>O and brine, and then dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 50:1, 30:1) gave
the corresponding dibromoalkene (39.7 mg), which was used for the next reaction without
further purification.

To a solution of the dibromoalkene obtained above (39.7 mg) in THF (2.0 mL) was
added TBAF (1.0 M solution in THF, 0.42 mL, 0.420 mmol) at room temperature. The
mixture was stirred at 45 °C for 20 h and diluted with Et2O. The mixture was washed with
saturated aqueous NH4Cl, H>O, and brine, and then dried over Na;SO4. Concentration
gave the mixture of the corresponding TBS-deprotected dibromoalkene and TBS-
deprotected bromoacetylene (42.3 mg). The same procedure was repeated once to give
the corresponding TBS-deprotected bromocetylene (31.3 mg), which was used for the
next reaction without further purification.

To a solution of EtNH> (70% aqueous solution, 1.3 mL) in MeOH (3.0 mL) was added
CuCl (5.1 mg, 52.0 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH>OH-HCI (21.7 mg, 0.312 mmol) at room
temperature to discharge the blue color. The resulting colorless solution indicated the
presence of Cu(I) salt. To the resulting mixture was added diacetylene 4 (70.7 mg, 0.364
mmol) in MeOH (0.7 mL + 0.3 mL) at room temperature and the mixture was stirred at
the same temperature for 10 min that resulted in the formation of a yellow suspension. To
the resulting mixture was added the bromoacetylene obtained above (31.3 mg) in MeOH
(0.7 mL + 0.3 mL) at —78 °C and the mixture was stirred at the same temperature for 30
min. The mixture was allowed to warm to room temperature for 3 h. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 5:1) gave the

corresponding triacetylene (18.8 mg), which was used for the next reaction without
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further purification.

To a solution of the alcohol obtained above (18.8 mg) in CH>Cl» (2.0 mL) were added
pyridine (24 pL, 0.179 mmol), Ac2O (20 pL, 0.212 mmol), and DMAP (1.0 mg, 8.19
umol) at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture
was diluted with Et;O, washed with H,O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc =20:1) gave acetate 32 (20.5
mg, 56% in 4 steps) as a yellow oil: Ry = 0.60 (hexane/EtOAc = 2:1); IR (neat) 2954,
2929, 2173, 1744 cm™!; 'H NMR (400 MHz, CDCl3) 6 6.77 (dd, J = 15.4, 10.8 Hz, 1 H),
6.33 (dd, J=15.1, 10.8 Hz, 1 H), 5.93 (dt,J=15.1, 6.0 Hz, 1 H), 5.66 (d, /= 15.4 Hz, 1
H), 4.64 (d, J= 6.0 Hz, 2 H), 4.41 (s, 2 H), 2.09 (s, 3 H), 0.91 (s, 9 H), 0.13 (s, 6 H); 13C
NMR (100 MHz, CDCls) 6 170.4, 145.1,131.9, 131.6, 110.2, 79.5, 76.3, 70.0, 67.4, 64.1,
63.9, 62.9, 52.3, 25.8, 20.9, 18.3, =5.1; HRMS (ESI-TOF) calcd for C20H2603SiNa (M +
Na)" 365.1549, found 365.1549.

Alcohol 33. To a solution of TBS ether 32 (11.2 mg, 32.7 umol) in THF (1.2 mL), was
added HFpy (40 pL) at 0 °C. After the mixture was stirred at the same temperature for 2
h, HF-py (50 uL) was added. The mixture was stirred at 0 °C for further 1 h. The reaction
was quenched with saturated aqueous NaHCO3 and the mixture was diluted with Et:O.
The mixture was washed with H>O and brine, and then dried over NaxSO4. Concentration
and column chromatography (hexane/EtOAc = 3:1) gave alcohol 33 (6.4 mg, 28.0 umol,
86%) as a yellow oil: Ry=0.52 (hexane/EtOAc = 1:1); IR (neat) 3508, 2912, 2173, 1715
cm'; "TH NMR (400 MHz, CDCl3) 6 6.78 (dd, J = 15.6, 11.0 Hz, 1 H), 6.33 (dd, J=15.3,
11.0 Hz, 1 H), 5.94 (dt, /=15.3, 6.1 Hz, 1 H), 5.66 (d, /J=15.6 Hz, 1 H), 4.64 (d, J=6.1
Hz, 1 H), 4.38 (s, 2 H), 2.09 (s, 3 H); *C NMR (100 MHz, CDCl3) 6 170.5, 145.3, 131.9,
131.8, 110.1, 78.6, 77.2,70.9, 67.0, 64.1, 63.9, 63.5, 51.6, 20.9; HRMS (ESI-TOF) calcd
for C14H1203Na (M + Na)* 251.0684, found 251.0689.

Epoxy Alcohol 34. To a solution of allylic alcohol 1 (297 mg, 1.30 mmol) in CH>Cl>
(17 mL), were added NaHCO3 (179 mg, 2.13 mmol) and mCPBA (69-75%, 306 mg,
1.22-1.33 mmol) at 0 °C. The mixture was stirred at room temperature for 5 h. The
mixture was diluted with EtOAc, washed with saturated aqueous NaHCOs3, H>O, and

brine, and then dried over Na;SOs. Concentration and column chromatography
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(hexane/EtOAc = 4:1) gave epoxy alcohol 34 (243 mg, 0.996mmol, 78%) as a light
yellow oil: HRMS (ESI-TOF) caled for Ci2H2403SiNa (M + Na)™ 267.1393, found
267.1396; IR, 'H NMR, and '*C NMR spectra were identical to those of epoxy alcohol
16.

Aldehyde 35. To a solution of alcohol 34 (15.7 mg, 64.1 umol) in CH>Cl> (0.6 mL) and
DMSO (0.2 mL) were added EtsN (45 pL, 0.321 mmol) and SO3-py. (40.7 mg, 0.256
mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture was
diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOsa.
Concentration and column chromatography (hexane/EtOAc = 8:1) gave aldehyde 35
(14.0 mg, 90%) as a colorless oil: Rr=0.57 (hexane/EtOAc = 1:1); IR (neat) 3439, 2954,
2929, 1730, 1692 cm™'; 'H NMR (400 MHz, CDCl3) 6 9.07 (d, J = 6.1 Hz, 1 H), 6.12 (dt,
J=15.6,4.2 Hz, 1 H), 5.49 (ddt, J=15.6, 7.8, 2.0 Hz, 1 H), 4.21 (dd, J=4.2,2.0 Hz, 2
H), 3.68 (dd, /=7.8, 2.0 Hz, 1 H), 3.30 (dd, /= 6.1, 2.0 Hz, 1 H), 0.91 (s, 9 H), 0.07 (s,
6 H); '*C NMR (100 MHz, CDCl3) § 197.1, 137.4, 123.3, 62.5, 60.8, 56.2, 25.9, 18.4, —
5.3; HRMS (ESI-TOF) calcd for Ci3H2604SiNa (M + Na)" 297.1498, found 297.1500.

Acetate 36. To a solution of CBr4(75.3 mg, 0.227 mmol) in CH>Cl> (0.8 mL) was added
PPh3 (119 mg, 0.454 mmol) at 0 °C. The mixture was stirred at the same temperature for
15 min and EzN (63 pL, 0.454 mmol) was added to the resulting mixture at 0 °C. After
the mixture was stirred at the same temperature for 5 min, aldehyde 35 (13.7 mg, 56.7
umol) in CH2Cl; (0.3 mL + 0.2 mL) was added at —78 °C. The mixture was stirred at the
same temperature for 1 h. The reaction was quenched with saturated aqueous NaHCOs.
The mixture was diluted with EtOAc, washed with H>O and brine, and then dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 20:1) gave the
corresponding dibromoalkene (21.7 mg), which was used for the next reaction without
further purification.

To a solution of the dibromoalkene obtained above (21.7 mg) in THF (0.7 mL) was
added TBAF (1.0 M solution in THF, 0.22 mL, 0.220 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. The mixture was diluted with EtOAc, washed with
H>O and brine, and then dried over Na>SO4. Concentration and column chromatography

(hexane/EtOAc = 3:1) gave the corresponding bromoacetylene (9.7 mg), which was used
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for the next reaction without further purification.

To a solution of EtNH; (70% aqueous solution, 0.6 mL) in MeOH (1.0 mL) was added
CuCl (2.4 mg, 24.0 umol) at room temperature that resulted in the formation of a blue
solution. To the resulting mixture was added NH>OH-HCI (10.0 mg, 0.144 mmol) at room
temperature to discharge the blue color. The resulting colorless solution indicated the
presence of Cu(I) salt. To the resulting mixture was added diacetylene 4 (10.2 mg, 52.7
umol) in MeOH (0.2 mL + 0.2 mL) at room temperature and the mixture was stirred at
the same temperature for 10 min that resulted in the formation of a yellow suspension. To
the resulting mixture was added the bromoacetylene obtained above (9.7 mg) in MeOH
(0.2 mL + 0.2 mL) at —78 °C and the mixture was stirred at the same temperature for 30
min. The mixture was diluted with Et,O, washed with H>O and brine, and then dried over
NazS04. Concentration and column chromatography (hexane/EtOAc = 3:1) gave the
corresponding triacetylene (11.1 mg), which was used for the next reaction without
further purification.

To a solution of the alcohol obtained above (11.1 mg) in CH>Cl, (0.6 mL) were added
pyridine (3.7 puL, 45.5 umol), Ac20 (4.0 pL, 42.0 pmol), and DMAP (0.8 mg, 6.55 pmol)
at 0 °C. The mixture was stirred at the same temperature for 20 min. The mixture was
diluted with Et,O, washed with H,O and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 8:1) gave acetate 36 (11.8
mg, 31.2 uM, 58% in four steps) as a yellow oil: Ry = 0.63 (hexane/EtOAc = 2:1); IR
(neat) 2954, 2930, 2216, 1745 cm™'; 'TH NMR (400 MHz, CDCl3) § 6.07 (dt, J=15.6, 5.6
Hz, 1 H), 5.46 (ddt, J=15.6, 7.3, 1.2 Hz, 1 H), 4.58 (brd, J = 5.6 Hz, 2 H), 4.39 (s, 2 H),
3.58(dd,J=7.3,12Hz 1H),3.33(d,J=1.2 Hz, 1 H), 2.09 (s, 3 H), 0.90 (s, 9 H), 0.12
(s, 6 H); 3C NMR (100 MHz, CDCl3) 6 170.3, 131.1, 128.4, 77.8, 73.9, 69.5, 69.2, 63.3,
63.2, 62.1, 59.5, 52.1, 47.2, 25.8, 20.8, 18.3, —=5.1; HRMS (ESI-TOF) calcd for
C20H2604SiNa (M + Na)" 381.1498, found 381.1501.

Alcohol 37. To a solution of TBS ether 36 (11.5 mg, 32.1 umol) in THF (1.0 mL) was
added HF-py (30 uL) at 0 °C. After the mixture was stirred at the same temperature for 2
h, HF-py (15 pL) was added. After the mixture was stirred at 0 °C for 1 h, HF-py (15 pL)
was added. The mixture was stirred at the same temperature for 30 min. The mixture was

diluted with EtOAc, washed with saturated aqueous NaHCO3, H>O, and brine, and then
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dried over Na>xSO4. Concentration and column chromatography (hexane/EtOAc = 7:1,
4:1) gave alcohol 37 (7.3 mg, 91%) as a yellow oil: Ry= 0.82 (hexane/EtOAc = 1:1); IR
(neat) 3436, 2925, 2214, 1738 cm™'; 'H NMR (400 MHz, CDCl3) § 6.08 (dt, J=15.6, 5.6
Hz, 1 H), 5.46 (ddt, J=15.6, 7.6, 1.5 Hz, 1 H), 4.59 (dd, J= 5.6, 1.5 Hz, 2 H), 4.36 (brs,
2 H), 3.59 (dd, J= 7.6, 2.0 Hz, 1 H), 3.34 (d, J = 2.0 Hz, 1 H), 2.08 (s, 3 H); *C NMR
(100 MHz, CDCl3) 6 170.4, 131.2, 128.4, 76.9, 74.3, 70.4, 69.1, 63.3, 62.8, 62.7, 59.5,
51.5, 47.1, 20.9; HRMS (ESI-TOF) calcd for C14H1204sNa (M + Na)" 267.0633, found
267.0634.

Cell Growth-Inhibitory Activity. HL60 cells were cultured at 37 °C with 5% CO> in
RPMI (Nissui, Tokyo, Japan) supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Sigma-Aldrich Co., St. Louis, MO), 100 units/mL penicillin, 100 pg/mL
streptomycin, 0.25 pg/mL amphotericin, 300 pg/mL L-glutamine, and 2.25 mg/mL
NaHCOs. HeLa S; cells were cultured at 37 °C with 5% CO2 in MEM (Nissui)
supplemented with 10% heat-inactivated FBS, 100 units/mL penicillin, 100 pg/mL
streptomycin, 0.25 pg/mL amphotericin, 300 pg/mL L-glutamine, and 2.25 mg/mL
NaHCO;. HL60 cells were seeded at 1 x 10* cells/well in 96-well plates (Iwaki, Tokyo,
Japan). HeLa S; cells were seeded at 4 x 10° cells/well in 96-well plates, and cultured
overnight. Various concentrations of compounds were then added, and cells were

incubated for 72 hours. Cell proliferation was measured by the MTT assay.
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EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 19

A

7156

0.19

13C NMR (100 MHz, CDCI3) spectrum of 9

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-68-13C. als
WA-68-13C

—_— DFILE  ¥¥D82w871x¥DATA¥wad
IA-68-13C

COMNT  WA-68~

DATIM Thu Jan 27 20:50:00
0BNUC 13C

EXMOD

0BFRO 100. 40 MHz
0BSET 125.00 KHz
0BF IN 10500. 00 Hz
POINT 32768
FREQU 27173.90 Hz
SCANS 622
ACOTM 1.2059 sec
PO 1.7940 sec
Pl 6.80 usec
IRNUC 1H

CTENP 25.9¢
SLVNT  CDCL3

EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 11

¥¥D82w871x¥DATA¥wada2¥gummi fero I¥WA-73-2. ~1H. als
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13C NMR (100 MHz, CDCI3) spectrum of 11
¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-73-2. . -13C. als

-53 -

BF
RGAIN

) ¥¥D82w871x¥DATA¥wad

Fri Apr 08 10:10:12
1H

399.65 MHz
124.00 KHz
10500. 00 Hz

32768
7993. 68 Hz
4.0993 sec
2.9010 sec
6.40 usec
2.7¢
7.26 ppm

0.12 Hz
14

CDCL3

¥¥D82w871x¥DATA¥wad
Thu Apr 07 23:49:41
130
100. 40 MHz
125.00 KHz
10500. 00 Hz
32768
27173.90 Hz
330
1.2059 sec
1.7940 sec
6.80 usec
26.1¢
77.00 ppm

0.12 Hz
23

1H
CDCL3



AT NVT—H

"H NMR (400 MHz, CDCI3) spectrum of (S)-12

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-74. .. -1H. als
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13C NMR (100 MHz, CDCIs) spectrum of (S)-12

¥:D§12l87lxmﬂ¥nd82¥mi ferol¥WA-74-13C. 11.06.05. als
WA-74

-54 -

BF
RGAIN

¥¥D82w871x¥DATA¥wad
mu Mar 24 21:23:22

399. 65 MHz

68
7993. Gg Hz
4.0993 sec

2.9010 sec
6.40 usec

H
2.9¢
CDCL3
7.26 ppm
0.12 Hz
20

:VDSMNXWATAW
Sun Jun 05 08:30:26
13C



AT NVT—H

"H NMR (400 MHz, CDCI3) spectrum of (R)-12

¥¥D82w871x¥DATA¥wada2¥gummi fero I¥WA-T75. .. . als
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13C NMR (100 MHz, CDCIs) spectrum of (R)-12

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-75-13C. als
WA-75-13C :

DFILE
DATIM

0BF

POINT
FREQU
SCANS
ACOTM

RNUC
CTENP
SLVNT
EXREF

BF
RGAIN

¥¥D82wB71x¥DATA¥wad
Tue Apr 05 16:11:41
H

399.65 MHz

124.00 KHz
10500. 00 Hz
32768
7993.60 Hz
78
4.0993 sec
2.9010 sec
6.40 usec
H
28.6¢
CD0L3
7.26 ppm
0.12 Hz
22
DFILE  ¥¥D82w871x¥DATA¥wad
T WA-75-13C
DATIM Mon Jun 06 21:26:04
0BNUC 13C
EXMOD
0BFRO 100. 40 MHz
0BSET 125. 00 KHz
OBF IN 10500. 00 Hz
POINT 32768
FREQU 27173.90 Hz
SCANS 700
ACOTM 1. 2059 sec
P 1.7940 sec
Ol’ll " 6.80 usec
CTENP 21.6 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 24
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AT NVT—H

'"H NMR (400 MHz, CDCls) spectrum of 13

mgnmmrmmzvmi forol¥WA-77. . als
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13C NMR (100 MHz, CDCIs) spectrum of 13

¥¥D82w871x¥DATA¥wada2¥guami fero | ¥WA-77. 13C. als
WA-77-13C

- 56 -

:}mm*nxmmm
Tue Feb 01 00:12:01
1H
399, 65 WHz
124,00 KHz
10500, 00 Hz
32768
7993, ag Hz
4.0993 sec
2.9010 sec
6.40 usec
2.7¢

1.26
0.12
10

COCL3
ppm
Hz

¥¥D82w871x¥DATA¥wad
WA-77-13C

Tue Feb 01 01:12:42
13C

100. 40 MHz

27173.90 Hz
1000
1.2059 sec
1.7940 sec
6.80 usec
25.5¢

71.00 ppm
0.12 Hz
22



ARG N LT —

7

"H NMR (400 MHz, CDCI3) spectrum of 2

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-78-4. als
WA-78-4 .
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6.05

13C NMR (100 MHz, CDCIs) spectrum of 2

C: \WINNMR98\COMMON\_DEFAULT.ALS

WA-78-13C

__—134.8453
TT—134.2101

—127.9735
TT——126.1256

_— 711.3217

=<— 177.0000
— 76.6865

62.6707
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¥4
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¥¥D82|_1487| X¥DATA¥wad
F'r‘i Nov 05 13:20:49
1

C: \WINNMR98\CON

WA-78-13C
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 14

¥¥D82w871x¥DATA¥wada2¥gummifero | ¥WA-99-2. . . als
WA-99-2.

DFILE  ¥¥D82w871x¥DATA¥wad
WA-99-2.
DATIN ?ﬁd Feb 02 01:20:43

0BNUC
EXMOD
0BFRQ 399. 65 MHz
0BSET 124.00 KHz
OBFIN 10500. 00 Hz
POINT 32768
FREQU 7993. 60 Hz
SCANS 8
ACOTM 4.0993 sec
PD 2.9010 sec
P 6. 40 usec
IRNUC  TH

L CTEMP 4.9c¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 11

6.44.

13C NMR (100 MHz, CDCI3) spectrum of 14

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-99-2. -13C. als
WA-99-2-13C

I ST OFILE wWD82wB71x¥DATA¥wad
COMNT  WA-99-2-13C
DATIN !gg Feb 02 00:56:48

0BNUC

EXMOD

0BFRQ 100. 40 Mz

0BSET 126.00 KHz

OBF IN 10500. 00 Hz

POINT 327

FREQU 27173.90 Hz

SCANS 1

ACOTM 1.2059 sec
1.7940 sec

Pl 6.80 usec

IRNUC  1H

CTENP 25.3¢

SLVNT

EXREF 77.00 ppm

2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 15

mynxmummvmi ferol¥WA-154. als

DFILE ¥¥D82w871x¥DATA¥wad
COMNT  WA-1
DATIM Thu Feb 10 02:42:21
O0BNUC 1H
EXMOD
0BFRO 399.65 MHz
0BSET 124.00 KHz
OBFIN 10500. 00 Hz
POINT 32768
FREQU 7993.60 Hz
SCANS 8
ACOTM 4.0993 sec
PD 2.9010 sec
Pl 6.40 usec
IRNUC 1H
CTEMP 2.7¢
2 SLVNT  CDCL3
| EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 17
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13
C NMR (100 MHz, CDCI3) spectrum of 15
¥¥D82w871x¥DATA¥wada2¥gummi fero |¥WA-155. -13C. als
WA-154-13C
DFILE  ¥¥D82w871x¥DATA¥wad
COMNT  WA-154-13C
DATIM Thu Feb 10 09:31:49
OBNUC  13C
EXMOD
0BFRQ 100. 40 MHz
OBSET 125.00 KHz
OBF IN 10500. 00 Hz
POINT 32768
FREQU 27173.90 Hz
SCANS 8080
ACQTM 1. 2059 sec
PD 1.7940 sec
Pi1 6.80 usec
IRNUC  1H
CTEMP 25.0¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 24
| |‘ H L
T T T | T T T T l . VN ! T T I T T T T I T l T P|PI
200 150 100 50 0
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 16

¥¥D82w871x¥DATA¥wada2¥gummi fero I¥WA-135-1. -1H. als
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3C NMR (100 MHz, CDCls) spectrum of 16

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-135-1. -13C. als
WA-135-1-13C

- 60 -

DFIL% ¥¥D82w871x¥DATA¥wad
DATIM Thu Feb 03 14:06:45
0BNUC 1H
EXMOD
0BFRQ 399. 65 MHz
O0BSET 124.00 KHz
0BFIN 10500. 00 Hz
POINT 32768
FREQU 7993. 60 Hz
SCANS 30
ACOTM 4.0993 sec
PD 2.9010 sec
P 6.40 usec
IRNUC  TH
CTEMP 23.0¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF 2.00 Hz
RGAIN 14
3
o
-
PPM
|
0
DFILE ¥¥D82w871x¥DATA¥wad
COMNT  WA-135-1-13C
DATIM Wed Feb 02 21:35:58
OBNUC 13C
EXMOD
0BFRO 100. 40 MHz
OBSET 125.00 KHz
OBFIN 10500. 00 Hz
POINT 321
FREQU 27173.90 Hz
SCANS 5112
ACOTM 1.2059 sec
PD 1.7940 sec
Pil1 6.80 usec
IRNUC 1H
CTEWP 2.2 ¢
SLWNT
EXREF 77.00 ppm
BF 2.00
RGAIN 24



AT NVT—H

"H NMR (400 MHz, CDCls) spectrum of (S)-17

¥¥D82w871 x¥DATA¥wada2¥gummifero| ¥WA-136. als

DFILE ¥¥D82w871x¥DATA¥wad

COMNT
DATIM Tue Jan 18 12:27:39
0BNUC 1H :
EXMOD
0BFRO 399. 65 MHz
l 0BSET 124.00 KHz
| 0BF IN 10500. 00 Hz
POINT 32768
FREQU 7993. 60 Hz
‘ SCANS 20
i ACOTM 4.0993 sec
PD 2.9010 sec
‘ Pl 6.40 usec
| IRNUC 1H
CTEMP 23.5¢
SLWNT  CDCL3
EXREF 7.24 ppn
BF 0.12 Hz
| RGAIN 21
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13
C NMR (100 MHz, CDCI3) spectrum of (S)-17
m:"mﬂxﬂ)ﬂﬂnnﬂl\-i ferol¥WA-136-13C. als
DFILE  ¥¥D82w871x¥DATA¥wad
COMNT  WA-13
DATIM Tue Jun 07 03:15:27
0BNUC 13C
EXMOD
0BFRQ 100. 40 NHz
OBSET 125.00 KHz
OBFIN 10500. 00 Hz
POINT 32768
FREQU 27173.90 Hz
SCANS 2100
ACOTM 1.2059 sec
PD 1.7940 sec
P 6.80 usec
IRNUC  TH
CTEMP 26.9¢
SLWNT
EXREF 77.00 ppm
2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of (R)-17

mgﬂlxmﬂhmﬂmi ferol¥WA-137.-1H. als
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13C NMR (100 MHz, CDCls) spectrum of (R)-17

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-137-13C. als

-62 -

¥¥D82w871x¥DATAVwad
WA-137.
Sat Feb 05 11:34:47
1H
399. 65 MHz
124.00 KHz
10500. 00 Hz
32768
7993. 60 Hz
100
4.0993 sec
2.9010 sec
6.40 usec
1H
2.9¢
00CL3
7.26 ppm
0.12 Hz
21
¥¥D82w871x¥DATA¥wad

Tue Jun 07 09:33:11
13C



AT NVT—H

'"H NMR (400 MHz, CDCls) spectrum of 3a

¥¥DB2w87 1 x¥DATA¥wada2¥gusmi fero | WWA-152. -1H. als

WA-152-1H
DFILE ¥¥D82w871x¥DATA¥wad
COMNT  WA-152-1H
DATIM Tue Feb 08 18:37:25
OBNUC  1H
EXHOD
0BFRO 399, 65 MHz
0BSET 124.00 KHz
OBF IN 10500. 00 Hz
POINT 32768
FREQU 7993. 60 Hz
SCANS 8
ACOTM 4.0993 sec
PD 2.9010 sec
Pl 6.40 usec
IRNUC  1H
CTEMP B.5¢
SLVNT  CDCL3
EXREF 1.26 ppm
BF 0.12 Hz
RGAIN 16
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13C NMR (100 MHz, CDCls) spectrum of 3a

mgﬂlxmrmmzvmi ferol¥WA-152. -13C. als

DFILE  ¥¥D82w871x¥DATA¥wad

WA-152
DATIN Tue Feb 08 19:25:10
OBNUC 13C
EXMOD
0BFRQ 100. 40 MHz
0BSET 125.00 KHz

OBFIN 10500. 00 Hz

POINT 32768
27173.90 Hz
SCANS 812
ACOTM 1.2059 sec
PD 1.7940 sec
Pl 6.80 usec
IRNUC 1H
CTEMP 25.5¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 24
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AT NVT—H

'"H NMR (400 MHz, CDCls) spectrum of 21

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-156. -1H. als
WA-156. -1H
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13C NMR (100 MHz, CDCls) spectrum of 21

mSZzﬂleAﬂhadaZh\-i ferol¥WA-156.-13C. als
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SCANS
ACOTM

RNUC
CTENP
SLVNT

RGAIN

¥¥D82w871x¥DATA¥wad
WA-156. -1H
}"hu Feb 10 14:15:26

::DOMN)(WATAW
Thu Feb 10 14:01:54
13C



AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 22

mggnumn\umzvmi ferol¥WA-185-1H. . als
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13C NMR (100 MHz, CDCls) spectrum of 22
¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-185-13C. .. . als
T T T I T T T T I T T T T [ T ] T T i
200 150 100 50 0

- 65 -

¥¥D82w871x¥DATA¥wad
WA-185
md Mar 23 23:28:43

399.65 MHz

124.00 KHz
10500. 00 Hz

32768
7993. Gg Hz

4.0993 sec
2.9010 sec
6.40 usec

24.9c¢
7.26 ppm

0.12 Hz
"

CDCL3

WDB2wET1xVDATAVwad
Thu Mar 24 12:53:14
13C



AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 3b

WDB2wBT1x¥DATA¥wada2¥gummi fero [ ¥ilA-181. als

DFILE  ¥¥DB2w871x¥DATA¥wad
COMN

T
DATIM Fri Mar 18 16:10:26
0BNUC 1H
EXMOD .
0BFRQ 399.65 MHz
OBSET 124,00 KHz
OBFIN 10500. 00 Hz
POINT 32766
FREQU 7993. 60 Hz
SCANS 8
ACQTM 4.0993 sec
PD 2.9010 sec
Pl 6.40 usec
IRNUG  1H
CTENP e
SLVNI  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 16
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13C NMR (100 MHz, CDCl;3) spectrum of 3b

¥¥DB2waT1X¥DATA¥wada2¥gummi fero I¥HA-181-13C. als
WA-181

DFILE  ¥¥DB2wB71x¥DATA¥wad
COMNT  WA-181
DATIM E;': Mar 18 16:18:44

O0BNUG
EXMOD
0BFRQ 100. 40 NHz
OBSET 125. 00 KHz
0BFIN 10500. 00 Hz
POINT 32
FREQU 27173.90 Hz
SCANS 100
ACOTM 1.2059 sec
PD 1. 7940 sec
6. 80 usec

IRNUG  1H
CTEMP 26.2¢

VNT

F 77.00 ppn

Bf 2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 23

VVDB2wET1 xVDATA¥wada2¥gusmi foro | YIA-183. als
WA-183

2.12
1.96

00
.00
0.94

013

.07

0.82

.07

9 48

598

@y

10

3C NMR (100 MHz, CDCls) spectrum of 23
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¥¥D82wB7 1 x¥DATA¥wad
WA-183

Sﬁt Mar 19 15:42:39
1

¥¥D82w871x¥DATA¥wad
WA-183
Sat Mar 19 16:17:12
13C
100. 40 MHz
125.00 KHz
10500. 00 Hz
32768
27173.90 Hz
600
1. 2059 sec
1.7940 sec
6.80 usec
25.5¢
77.00 ppm

2.00 Hz
24



AT NVT—H

"H NMR (400 MHz, CDCI3) spectrum of 5a

Y¥DB2wET 1 x¥DATA¥wada2¥gummi fero | ¥HA-177-1H-7. als

-177-1H-6
peiz = DFILE  ¥¥DB2wBT1x¥DATA¥wad
CONNT  WA-177-1H-6
DATIM Sun Jun 12 15:03:47
0BNUG 1H
EXNOD  NON
0BFRO 399.65 Uiz
0BSET 124,00 KHz
OBF IN 10500. 00 Hz
POINT 32768
| FREQU 7993. 60 Hz
! SCANS
| ACOTH 4,0993 sec
PD 2.9010 sec
P 6.40 usec
IRNUC  1H
= CTENP B8c
o SLYNT  CDCL3
1 EXREF 0.00 ppn
BF 0.12 Hz
RGAIN 22
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13C NMR (100 MHz, CDCI3) spectrum of 5a

¥¥D82w871x¥DATA¥wada2¥gummi fero | ¥WA-177-7-13C. als

M-I 77136 " DFILE ¥¥D82w871x¥DATA¥wad
COMNT  WA-177-13H-6
DATIM Mon Jun 13 08:46:30
OBNUC 13C
EXMOD
O0BFRQ 100. 40 MHz
OBSET 125.00 KHz
| 10500. 00 Hz

POINT 32768

EQU 27173.90 Hz
SCANS 19885
ACQTM 1. 2059 sec
PD 1.7940 sec
PH1 6.80 usec
IRNUC 1H
CTEMP 26.8 ¢
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 24
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AT NVT—H

'"H-'H COSY (400 MHz, CDCl5) spectrum of 5a

C: \WINNMR98\DATA\wada2\gummiferol\WA-120-1H-2D.als

WA-120-2D —
Vi DFILE C:\WINNMR98\DATA\wada2\gummi
J% 5 COMNT WA-120-2D
/3 7 s0 DATIM Sat Dec 25 14:35:50 2010
EXMOD VCOSYNH
ppM OBNUC 1H
- —TT T T 71 | OBFRQ 399.65 MHz
=T 0 7.5 |0 OBSET 133.90 KHz
a OBFIN 76.7 Hz
- POINT 512
. FREQU 2972.6 Hz
L . CLBNT 256
R TODAT 72
L CLFRQ 2972.6 Hz
| SCANS 1
L : ACQTM 0.172 sec
3 o G PD 1.500 sec
17 ® PH1 10.0 us
e | - PW2 10.0 us
i \ PW3 10.0 us
70— i & PI1 0.336 ms
? . i Wi P12 0.336 ms
¥ R i. ol . °13 1.00 ms
! | IRNUC 1H
r . | CTEMP 24.5 ¢
, Ld' _ SLVNT CDCL3
:) I a ° o. . EXREF 7.26 ppm
/# L : CLEXR 7.26 ppm
1 i RGAIN 22
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/2 J & ] g [ — LOoOP1 1
|
72 E [ — 8 — —+
L i
]
] i
L) ! i . t
HMQC (600 MHz, CDCI3) spectrum of Sa
g /|
- Ir’ t "
- ‘| ! !
Ay FLAGE ACTOEAITION AXBAYE |
data  Nar 1§ 311 ke phasa |
solveat edal)
raple
. l ‘ || “ 1 ‘
- e t I '
~ For | !
b “5 |
b s | ‘
1= ]
P il i
phass asvayed |
P .
- - |
efrg 595,778 H
et .0 1 1 !
g [ | l [
I B.4%0 i T |
&= @ | I ] i
= E — — — I -r
= Ay
- cop i !
At 3iae 1
o “ H
pivy 51 [
P 5300 1
ik u0.0 - !
mullfly ¥
- Sl -
i :
P
' |
B
5 1 I
M J_-..—‘_._ . — — _._—.JI S T — -
s - £ =z B R ,F -;._.._..._.
| ‘U | }
130 120 110 100 50 80 70 60 50 40 kL) 20 10

F1 ipp=)

- 69 -



AT NVT—H

HMBC (600 MHz, CDCl3) spectrum of 5a
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"H NMR (400 MHz, CDCI5) spectrum of 5b

YEDE2wBT 1 x¥DATA¥wada2¥guemi faro | WWA=177-1H=7_als
WA-177-1H-6

DFILE  ¥¥D82w87 1x¥DATA¥wad
CONNT  WA-177-1H-6

DATIN Sun Jun 12 15:03:47
0BNUC TH

NON
0BFRO 399, 65 UHz

OBFIN 10500
POINT 32768
| FREQU 7993. 60 Hz
| SCANS [
| AGOTE 4.0993 sec
FD 2.9010 sec
Pil 6.40 usec
IRNUG 1H
= GTENP 5.8¢
o SLVNT  €DCL3
! EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 22
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AR MT—H

13C NMR (100 MHz, CDCls) spectrum of 5b
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AT NVT—H

HMQC (600 MHz, CDCI3) spectrum of Sb
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 25
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13C NMR (100 MHz, CDCI3) spectrum of 25
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"H NMR (400 MHz, CDCl5) spectrum of 26
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13C NMR (100 MHz, CDCI3) spectrum of 26
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"H NMR (400 MHz, CDCl5) spectrum of 29
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13C NMR (100 MHz, CDCI3) spectrum of 29
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 30
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"H NMR (400 MHz, CDCls) spectrum of 31
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"H NMR (400 MHz, CDCI5) spectrum of 32
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13C NMR (100 MHz, CDCIs) spectrum of 32
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AT NVT—H

"H NMR (400 MHz, CDCls) spectrum of 33
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"H NMR (400 MHz, CDCl5) spectrum of 35
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"H NMR (400 MHz, CDCl5) spectrum of 36
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"H NMR (400 MHz, CDCls) spectrum of 37
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SUEFY ) T4 RCI-C13 7 T 7 A2 N ORISR R & A AR &

ﬁ%

3 VUEFY )54 RCI-C13 7 5 7 A N DK

FERHIE K & AR SLAREL B

3-1 i
e HFT T4 RQ) X, RIEEW Amphiscolops sp.\Z AT B EHE R

Symbiodinium sp. X ¥ ﬁ%ﬁﬂéﬂﬁ >V E2860 DR Y F—N~vruaT A RThd
! (Figure 3-1), ZDLEMOEYIEMIER & LT, NBRA AL T AF v 2O
1EME(7 nM), COX-1 FHETEMEQR pM), 36 & O MT-4 FifE 2 %92 HL HIV IETE(ECso
0.18 uM, CCs0 0.89 uM)RZEITF BN D, Y EAY ) T4 RQA)DO L, 7
A7z NMR fEATIC K VRIS TS, LasL, 61 OMfEfLba b H, B
NI REETH D720, 1 OMEEEIT, WEERHINL TR, 2070, Y
MEETII AT ) T4 FOMERELZ BN E L, O E SO 5
MR ZEDTND, TDO—BE LT, EHIL, Y84V /T4 FCI-C13 77
T A FOBERIZOWTHRF LTz, KRETIX 8 DORARBRYT AT LA~ —D
2B, 4 DDTVT AT LAY — DI ONARBIRBI G E . KT T 7R
> N OFERSIARBLE DR TEIZ DN TR S,

Figure 3-1. Structure of symbiodinolide (1).
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Cl-Cl13 7T 7 A v s DRGSOV T % AScheme 3-1), 2> B4
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Hoveyda-Grubbs fillllt 3 fF/E T, =F L HAZHND Z L2 L0 oA &
LTCICI3 777 A Na%ELENHKE, K777 A ME, 62 BER
~ruZ 7 FoENO—EICHEY T 5, oFEIE 302 THY, KL L T=>
DEGET HAFREED, AU SORFRBLEZAT H720, HERENIER
(CINEEZRH L TH D,
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_
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MesN._NM
es es
Clr IIJ
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o O OH OH OH

— oo )j\/K/\/K/\/\V%HO
CH2=CH2 OH
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rt,2h 4

Scheme 3-1. Degradation of Symbiodinolide (1)
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X, HHET DR E RS T D BRI ONREE L, AT bLT—
ZDOHIZAITO ZLICKOVHEET D2 HETH D, T7hbb, KIZT7A MO
C5-C7 fep7'm b DF v 7V » T EBF KM 7 MEZ BB - 726G R
CS5 BEXONCTALIX 3.97 ppm. CO6LiL 3.48 ppm THH7-, X HIT, C5-C6 L I
LR Co-CTHL e T NIy T 7 ERIX HIZ45Hz Thoto, 2,
FTF—TLRDH PV A—ADT =Y TIID, TOME, L% 7 ME
(Table 3-1), 5L, & v 7'V v JEE(Table 3-2) D —EZ X U (5R*,6R*,75%) %
L <I& (5R*,65%78%) ONKfEEZA L CWD EHEETE 72, 70d, C3 iz
LTI, #EET 2 Z Lixtiskinoiz,

OH OH
! 6 10
C6 : 314 3.48 ppm (t, J=4.5 Hz, 1H) HO 5 7 Me
| OH
OH OHi OH 5a-d
MeO,C 6 - _CHO 1 NMR Datapase §ubstrat.es .
3 75\ 57 Table3-1. '"H NMR chemical shifts of triols 5a=d in D,O / ppm
\OH|
v " 5a 5b 5¢ 5d
\ E podition ooLot afo aaf afp
vl SS AA SA AS
' ! 1 3.63 3.64 3.63 3.63
\
C5and C7 : 8y 3.97 ppm (m, 2H) 5 3.76 3.73 3.83 3.71
6 3.36 3.50 3.36 3.36
7 3.76 3.73 3.72 3.84
OH OH OH 10 0.93 0.93 0.93 0.93
6R*
Me0,C AL NN CHO Table3-2. "H NMR 3Jy, of triol 5a-d in D,0 / Hz
OH - 5a 5b 5¢ 5d
podition ooLot apo aaf afp
OH OH OH ss AA SA AS
MeO,C 6 XX -CHO
5R*: 7S* 56 4.5 6.0 3.5 7.0
OH
6,7 4.5 6.0 7.0 3.5

o:down B:up S:syn A:ant
3Ju, ¢ vicinal coupling

Figure 3-2. '"H NMR analysis of the C1-C13 degraded product.
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I ED X ST C1-C13 7T 7 A v s O fRAERM 3 D EMAT 21T - 7=
R ART I TR NDODEZLND8ODIT AT LF~—00, 4 DO
AW 6a—6d (TR A LTS (Figure 3-3), 2N H 4 OD VT AT LA~—% G L,
FNDDANY MVTF—H LSRR DT — 4 L &35 Z & T, CI-C13
T RA Y NOREERELITO 2L & LT,

OH OH OH OH OH OH
Meo,c. A _I8SL s~ cHo | | Meo,c A LESL L cHO
38 5RY 7S 3R B5RY 7S
OH OH
6a 6¢c
OH OH OH OH OH OH
MeO,C 6R XX_CHO MeO,C__~ 6R xX_CHO
38 B5RY 7S 3R B5RY 7S
OH OH
6b 6d

Figure 3-3. Four candidate compounds of the C1-C13 fragment.
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3-3 JOARF B RABRENGE LA RO
3—3—1 ARkERREEQ1)

CI-C13 77 7 A MIREANZK U CIHEFITRLER af,y,s-3E% 7 LT
RNFEIET D, 22T, KTT T A MEARTHICHIY . BROKET
By, - FHET VT € REMZBATHZ LT, Ak EBZEX b HH A OREL
WRTDZLIC L, FOT TR —F L LT, JuAA X A4 RHKEE L
AR ZRE Lz, OB ROV T 5 (Scheme 3-2), HIEWE TH
% 2-deoxy-D-ribose &V KA L7 4 VENLAHTLH TV a—v T 2ET 5,
ZD%, AFTNV RS HNTHEIKL 8 a2 e L 7T
ER8IZHL, TIVR—=ANIGEHANTT La—L 910 Z2{EV 352 L %
FE LT, 91Tx L, PRI DOFREF IO penta-2,4-dienal (11)° & D/ 1 A X 2+
VARITWHDOT NI A—v6a G THZ L ABE Lo, £72.9 1K L
C6 NLDNARKHRZ T o 7215, PRi#EFEDERZER L O penta-2,4-dienal (11)& D7 &
ARABRE U AEITV 6b ZERRHK D EZ 2T, IHIT, 102X L, Ak &R T
R T6e, 6d ZEMTHZEEME LR, 5L 6a DAE MR LTz,
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SUEFY ) T4 RCI-C13 7 T 7 A2 N ORISR R & A AR &

OH

N

HO
2-deoxy-D-ribose

oP
HO™ ™ N
oP
7
OP OP
OHC ; N
oP
8
OH OP OP OH OP OP
MeO,C ; ; N MeO,C 3 ; N
OP opP
9 10
N CHO
penta-2,4-dienal (11)
OH OH OH OH OH OH
Meo,c. L _J8SL s~ cHo Me0,C._~_J8SL -~ cHO
387 B5RY 7S 3R BRY 7S
OH OH
6a 6¢
OH OH OH OH OH OH
MeO,C 6R X CHO MeO,C._~ 6R XX_CHO
3SR 7S 3R BR] 7S
OH OH
6b 6d

Scheme 3-2. Synthetic Plan of the C1-C13 Fragment
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SUEFY ) T4 RCI-C13 7 T 7 A2 N ORISR R & A AR &

ﬁ%

3—3—2 7 uRXRXAZEIRAFEMEROERK

JRAABR VAL DV UL OENITHTE T, 7 R A A X ®YAH]
BMR L 72 DR T Vo o DEREAT T2, By 7V 7R 17 @/—\Em:ou\f%
T(Scheme 3-4), HBEWE TH D 2-deoxy-D-ribose (Zxf L Wittig St £ 0 — %

B L, PUA— 12 ~EHLT-, T, T X— I AREE T2, 2
e ReXx s TBS (Ri#T 5 2 & TREER 13 2157, (RiEMR 13 12X L.
DIBAL-H % AW/ E RN 2 7 v X — LV BRREEZITWT v a— v 14 & Lz, 7
Jb 33—V % Parikh-Doering FR{ILZ 1TV T /L7 & R 15 & L7214, 16 EOREFT
IV R—= ISR ZEATW v 7Y o TR 1T B L ON18 2 Z1E 4 68%.25% CTHRL L
776

Scheme 3-4
1) CSA MP
OH o OH OH p-anisaldehyde dimethylacetal O/'\O
KQMOH PhyP*CHyBI-, +-BUOK PPN CH,Cly, 0 °C to rt, quant. PPN
. THF, rt to 35 °C Y X 2) TBSCI, imidazole Y X
) A DMF, 0 °C to 40 °C A
HO quant. OH 47% OTBS
2-deoxy-D-ribose 12 13
X
S° NAc
“{  (7eq)
Bn
16
DIBAL-H AL SO3'py., EtsN, DMSO OHC QFMB TiCl, (1.8 eq.), DIPEA (1.75 eq.)
toluene, -78 to 0 °C H o CH,Cl,, 0°C to rt H o CH,Cl,, -78 °C to rt
88% OTBS 92% OTBS 17 68%, 18 25%
14 15
)SL O OH OPMB )SL O OH OPMB
S”°N Y X + S”°N v X
“—{ oTBS “—{ oTBS
Bn Bn
17 (desired) 18 (undesired)

BT Y v IR 1T OSTEEEOHERIZ SV T3 (Figure 3-4), 17 O C6 {0
MR EARBE Yy Uy —IEIC R VR L LD LATe, LirL, 'THNMR 7—
5’75%2"@7271&5 MEMERIZIIE O o T, 22T, AFMEEZDY A L

I RAEEWR LTRSS E S OfERE1T 5 Z & & L7z 7 (Scheme 3-5), %
@n’%‘%\ 17 IZEADONARMEF 2/ L TND Z & 2R LT,
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Scheme 3-5

j O OH OPMB O OH OPMB
S NJ\/'\;/k/\ AlMe;, (MeO)MeNH-HCI MeO‘N . N

A CH,Cl,, -20°C tort | =
\——(Bn OTBS 84% oTBS
17 19
O—(S) or (R)-MTPA

(R) or (S)-MTPACI, Et;N, DMAP o) ( %,p,va)

CH,Cl,, 0°C MeO.

quant for (S)- and (R)-20 T S B A

OTBS

(S)- and (R)-20

O OR OPMB

MeO. 0,36 \0.12
'T‘ o -9 008
+0.12 OTBS R = (S) or (R)-MTPA
(S)- and (R)-20 Adg.r (400 MHz, CDCI3)

Figure 3-4. Chemical shift differences (Ads-z) of (S)- and (R)-20.

71 7Y TR 25 DA OV TR T (Scheme 3-6), 77> 7' K17 Db
R S DN DOMER PN E D S T2D TE SR BB W AT 72, 1T 1T L
NaBH4 & W CARFMBEZRE L VA4 —0 21 2157, S5z 21 1IZx L,
T = AL EATUOMRGER 22 ~E L L T2, iV T, DIBAL-H # W T T &4
— VO ERINA AR EZITW S T a—L 23 L L, Tha—L %
Parikh-Doering B{LIZ XV 7 VT & K 24 L L72RRIC, RET IV R—IVIIGEAT
WAy Y TR 25 BEN 26 ZEEMICHET-, SAERIRMEIT 25:26 28 5:2
CREIIE DR TH o T2, BIEME TN RER IO UCE I Th T I A %
HHHZ L L LT,
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Scheme 3-6
S O OH OPMB OH OH OPMB p-anisaldehyde dimethylacetal,
SN . N NaBH4D y N PPTS
\J 5tBS MeOH, 0 °C &1Bs CH,Cl,, 0 °C to rt
79% uant.
Bn q
17 21
OPMB OPMB
/",’f OH OPMB OPMB
N S05-py., EtsN, DMSO
0”0 OPMB DIBAL-H _ N 3°py., Eta OHC _ N
toluene, -78 to 0 °C = CH,Cl,,0°Ctort A
; N o OTBS 60% OTBS
OTBS 23 24
22
S
S” 'NAc

(717 eq.)
16 Bn

OPMB OPMB

S O OH OPMB O OH OPMB
TiCls (7.60 eq.), DIPEA (7.38 eq.) S)J\N X *+ $° N X

CH,Cl,, -78 °C to rt
quant. (25:26 = 5:2)

“{

OTBS

| X
oTBS —{

Bn 25 Bn 26

71 7V TR 25 O CINLDONAR L FEOREFRIZ OV TR, 25 1Txf L, Bk
MR TAY )= VEERHESEDZETAFILZRATI2T ~EEWHR LT, ZD
BENR & AR BT v o v —¥BIC & 0 SR LR O REFR 24T - 72 (Scheme 3-7),
ZORER, 25 IFELDONIRLFEEHF LT D Z & &R L 7= (Figure 3-5),

Scheme 3-7

OPMB

)SL O OH OPMB
S” N Y X
“{ OTBS

Bn 25

(R) or (S)-MTPACI, Et;N, DMAP

CH,Cl,, 0 °C
74% for (S)-28
96% for (R)-28

O OR

'\4/-'889 +0.03

-0.15 =-0.03-0.03
-0.106TBs-0.04

OPMB
OH OPMB
imidazole, DMAP MeO,C N
MeOH, rt OTBS
quant.
27
(R) ro (SMTPA-O  OPMB
(0] OPMB
MeO 3 : N
OTBS

(S)- and (R)-28

OPMB

OPMB
-0.06 J-0.07 -0.02

X

-0.02 R =(S) or (R)-MTPA

Adg.R (400 MHz, CDCl3)

(S)- and (R)-28

Figure 3-5. Chemical shift differences (Ads-r) of (S)- and (R)-28.
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3—3—-3 JRRARAFZEIRICLBTUHNEADOKE

IR AAR A RN CI1-C13 7T 7 A v s DIEAEE OG-
T, 7B AAZ BRIV L MIEORG 21772 °, T VbE 33 &
penta-2,4-dienal (11) & D7 1 A X X & 2 A ZHWT, FH—HAR% Grubbs fill <>, 26
— 14X Hoveyda—Grubbs fiftfii%E | i~ Se/4% 5] L 72(Scheme 3-8, Table 3-3, entry
3)., TORER. & R Hoveyda—Grubbs il 2 FIV 72 BRIC, (RINETIEH 5 5
LHDT 7Y o TERERD Z LRk, IRITH 1L Hoveyda—Grubbs fififif
AW RmA L7 4 & penta-2,4-dienal (11)& D7 v A XA Z B A ZREtL
72(Scheme 3-8, Table 3-3), KA L 7 4 L 2 G 2{bEME LT, SWIREED
INSWRY A= 32 ZHWTRISZ T o T2, LA TF VT, 40 °C T
JREAT S T2, BURNIEL 720 BHRDO 7V 7K 30 13ESNho 7=
(entry 1), ¥AfEA ML= A& %, 100°C £ TMEL =28, 2 1TFEAE bz
NATERET, Iy 7V T RIIE LR o T2 (entry 2), PRFER 33 LD
HARAZE L ATIR, LA TF VBT 40 °C TRUSZIT 2728 2AH, 18% &
BIRTIEH D0, BRIO D v 7 ) 7R 30 AT 5 2 & AHSET= (entry 3),
7 EIOFERHENL S B - 7272, TEEE R L= 2282 100 °C F TMEV L 72 23U
ROWFITIR BN o T (entry 4), HAEBMETOY = AL OBEANZEE L,
KA L7 4 2B THI0EmE LT3 ARG EIT>72, bl 12-
Vv U EENEIREE LTHWRIGEITS 720, FENEI S D
DI T & > 7= (entry 5,6),
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Scheme 3-8
Hoveyda-Grubbs 2nd cat.
RO+ X -CHO conditions RO~ CHO , R__ -~ CHO
alkene (32, 33 or 34)  penta-2,4-dienal (11) Table 3-3 30 (desired) 31 (undesired)
Table 3-3. Cross metathesis of alkene with 11
entry alkene solvent temp. results
/\)oi/\
1 HO™ Y N CH,Cl, rtto 40 °C unknown product
OH 32
OH
2 HO/\M toluene rt to 100 °C unknown
z product
OH 32
MP
3 O)\O recovery of SM (73%)
K;/V\/\ CH,Cl, rtto 60 °C 30 (18%), 31 (9%)
oTBs 33
MP
4 0)\0 o recovery of SM (40%)
M toluene rtto 90 °C 31 (22%)
otBs 33
B
OH OPMB
5 MeOC Y X toluene rtto 90 °C recovery of SM (67%)
34 OTBS
OPMB
OH OPMB
6 MeO,C

Y X 1,2-dichloroethane rtto 90 °C recovery of SM (65%)
34 oTBS

UEDREREIO, KTZTTALMNEBRT HIZHIZ->T, 7 rAAZEIR
ERAWEYU N OB NINETH D W LT, & 2 TSR E S 2
EL, BB COARKEIT) Z & & Lz, TOB. apys- &7 VT & RN
ITEROKBETEAT L L LV NFRMICERTEEMET L LE2BEL
7=
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3-4 AFINTE T ET— FERWZERER OB

3—4—1 ARREREEQ)

CI-CI3 777 A FNOFTREM&ERKE LT, AFALTE T ET— M2 H
WCEARBHEZBEST L L2FE L 10 ZOERREICOWTHHET S
(Scheme 3-9), HFEWE CToh 5 2-deoxy-D-ribose £V 77 7 A NI & H#EEE L
35 2T 5, ED%k, MEERNRT XY —LHEEATTEE FeXx Ko
BlbZ2 T\, By 7 U U7 RIBRE 36 ~EFFETH LI LT, TATE R 36
2%t L. methyl acetoacetate(37) & 7 /v R— VS EITWCI-CI13 77 7 A hD
EARBEBET DL, ol 7 U 7R 38 1% L, MAREIR
Fy7eigEo U 21TV, 3940 Z1EV A &b Uiz, 39 1okt L, fReEREDOBRE
CEREARINMEALICE Y BMOT R T4 =)L 6a AT D Z L EMEE L,
F72. 391ZxF L, CONMLONRZ KEZSHT-D G| Ri#ERORER L OVERELE
RIRBRIL ATV 6b AT D Z L & Lz, 40 1ZxF L, Ak & RO LR %
ITWT T A= 6c KF6d BT 52 & &2MBE LT, FIHIZ 6a DERLAE
Rt L7z,
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Scheme 3-9. Synthetic Plan of the C1-C13 Fragment

k@mOH

HO

2-deoxy-D-ribose

O/'\O
K:/'\/WOP
OP 35
OPMB
OHC ; X oP
oP
36
O O

oo™

methyl acetoacetate (37)

O OH OPMB

MeO,C _ NNNop
oP
38
OH OH OPMB OH OH OPMB
MeO,C 6 X ~
eU, 3 - oP MeOZC 3 : AN ™ oP
opP opP
39 40
OH OH OH OH OH OH
MeOZCW/\/CHO MeO2C\/:\/k6§k/\/\/CHO
38 5RY 7S 3R BRY 7S
OH OH
6a 6¢
OH OH OH OH OH OH
MeO,C 6R XCHO MeO,C._~ 6R XX CHO
3S " 5R] 7S 3R 5R]| 7S
OH OH
6b 6d
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3—4—2 C5C13 757 A FOERK

T3 —)v 43 O AR DV Tor 9 (Scheme 3-10), HEWE TH 5
2-deoxy-D-ribose & V. BEENIDFIETT VAT Aa— L2 5k LT 12, o
7= 42 2% L . Parikh-Doering Bk # 4T\ 7 /L5 & K& L. KIZ
Horner—Wadsworth—-Emmons )i 21TV R L. DIBAL-H Z W T, = 27 )LES
NMORITLEITH Z & T, T/ha—L43 ZEHk LT,

Scheme 3-10
OH mP
O_on BN -
1) PhsPCH,CO,Me 0~ "o 1) TBSCI, imidazole
| THF, rt to reflux K/'\/\/C%Me CH,Cly, rt to reflux, 64%
HO 2) CSA, p-anisaldehyde dimethylacetal oH 2) DIBAL-H
2-deoxy-Doribose  CHzClz, 0 °C to rt, 90% (2 steps) “ CH,Cl,, -78 °C, 98%
)M\P 1) SO5-py., EtzN, DMSO mp
oo CH,Cly, 0°C tort o
PSP 2) (Et0),P(0)CH,CO,Me, NaH
Y X OH benzene, rt K)\/\/\/\OH
OTBS 3) DIBAL-H oTBS
CH,Cl,, -78 °C
42 81% (3 steps) 43

Ta—)L 43 Ot FuFx U HOR#EZIT > 72(Scheme 3-11), 7 /L =—/L 43
IZ%}3" % PMB fri#(entry 1), TBS fRi#(entry 2), TBDPS f&i#(entry 3)IXRiE 72 <
1#E1T L 7= (Table 3-4),

Scheme 3-11
mp MP
O/'\O (O e
WOH conditions K;A/WOW
OTBS Table 3-4 OTBS

43 44

Table 3-4. Protection of alcohol 44

entry conditions yields (%)
1 PMBCI, NaH, THF, 0 °C to reflux 77 (R' = PMB)
2 TBSCI, imidazole, CH,Cly, rt 94 (R'=TBS)
3 TBDPSCI, imidazole, DMAP, CH,Cl,, rt  quant. (R'= TBDPS)
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TR 44 (6 L, MEESBIR R T B 2 — VB ZATU 45 25T~ < gt
#1T o> 7-(Scheme 3-12), £7°, PMB {Ri&(K 44 [Tk 57 B X — VK ZI1T o T2
(Table 3-5), fifb A F L AT, =78 °C 72530 °C TRIGEIT- 7208, BHIYD
T3 — L 45 [FERIGE THE LN D DA T, BIZERSD & LT 2%k TBS &2 brE S
72 46 D 13%AE L5 E VI FERTH o7 (entry 1), £7-, I b= 2 H
WSTRE Z 0 °C £ THIE LIS ZIT o e DBICROWE TR b o7
(entry 2), IRIC—#k23 TBS F CLRE SN 44T 57 B X — VA AT T,
WAL A F L R T-65 °C 72510 °C TRIG&#IT-T2& 2 A, BHOT L a—
VB A0%E DT IR E ] ESE 5 2 AR (entry 3), L2xL., —#k TBS
HNFREINTZ A3 DEIERY E L THEONTERZ, M UBEICEZTEE D
7. BOSIIRE SNSRI DS 26% ~HE 2 D F & 72 - 7= (entry 4), 141
— %75 TBDPS 2 TlRi STz 44 1Zxf T 07 B X — N BRARZIT -7, Bl AT
VUL R-65 °C 22 5-10 °C TRISEAT S e BPICROUGEIT R 6o Tz
(entry 5), &M A = NZE 2T A, WREFM EL, BMOT L3 —/ L 45
% 56% CH5 Z L 2Nk (entry 6),

Scheme 3-12
X
O (0] OH OPMB
K/'\/\/\/\ DIBALH K/'\/\/\/\
Y OR! E—— Y NN OR!
OTBS Table 3-5 OR?
44 45 R? = TBS (desired)
46 RZ=H
Table 3-5. Cleavage of MP acetal 44
) yields(%)
entry R solvent temp. 44 (SM) 45 (prod) 46 43
1 PMB CH,Cl, -78 to -30 °C 49 25 13
2 PMB toluene -78to 0 °C 48 22
3 TBS CH,Cl, -65to-10 °C 29 40 - 9
4 TBS toluene -65to-10 °C 16 34 - 26
5 TBDPS CH,Cl, 65 to -10 °C 63 37
6 TBDPS toluene 65 to -10 °C 31 56
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ﬁ%

3—4—3 C1-C13 7T 7 A b OEABHEOESR

C1-Cl13 7 F 7 A v b DOIEAREH OREZEIZ OV TG L 72(Scheme 3-13), —i%
b Ra 56705 TBDPS {38 S 11727 /L =2 —/ L 45 (2%} L Parikh-Doering f2{t %
ITOWT AT e K47 24537, FEVWTT /LT B R 47 & methyl acetoacetate (37) & D
TV K= VR DWW TR Mimt 247 - 72 1% 3(Table 3-6), Z D SiiE 1.0 Y&
® methyl acetoacetate 37X L, 2.0 Y &L EOWEAEH S ETRESERZY
T oA ERERE LTy T O RIRTH D, 1.0 4 D methyl acetoacetate
BDITxFL 22 ¥FED LDA I E L THY, —60 °C »O=EETYT7T =4 %
FAESHEEH, BO60°C ~BEILT AT F47T 2{EH SEREE THIERS S
To(entry 1), TDFER, BHOT v 7Y 7K 48 35 LN C5 MO ARFEEIK 49
BT AT LA A1 OREME LT R2%DINETHED Z & NRHKT, SIRME
Om kA BEL, KNREAZ-T8 °C IZ F 72 ZARIGIEZFERE T, @IRMS
ZEAEEDBR) T (entry 2), £ Z T, HiX#% NaH & n-BuLi OfAEHOHE

ICEZRGEATH T & & Liz(entry 3~6), £, 12 ¥ ED 372K L 22 48D
NaH, 1.3 248 ® n-BuLi & 0 °C TEREMIIEN S E YT =4 v 2R ESE2%,
78 °C ~HEIL T VT & K47 Z{Ef Sz (entry 3), L2>L. SUGIFHETES
JFEIREI SND DR TH -T2, 2T, LOYEDOT /LT E R47TITxL 2.0 Y4
(D methyl acetoacetate (37) % W5 Z & & L, AU EWE R DY &% NaH(3.0
WE), n-BuLi(2.2 Y E)TH Liz(entry 4), 75 &, 94%, T AT L A6 :
1 CThy PV TRA8 %2 GL Z LTI LT, S b b @R Eom 2 L,
FOSIREE 2 -90 °C ~ T 722y, RONIFEREE T, BREOUGEIC LB LR Do
7= (entry 5), HiFi% NaH OA(5.0 Y&E)NE X, 18 °C TV T =F v 234AE St
Tot%. 95 °C TIRIGZATI2 > T NFEFREIU S L5 D #H T o - 7o (entry 6), Hikk
% LiIHMDS O Zx(4.4 &), 0°C NOL=EETY T =4 v 2 REIH%, 78 °C
N ERE CRIBRIS BN EIT R o720, FENEIN S35 D FHTH > 7= (entry
7o BIWEIZHEIZE D L OO, BB CTORIESIZ entry 4 & L, HixOE
Pz 1o 2L b LT, RB. ZOEFETO C5 MO LD LN
PAZREIT AT AT LA~ — DSBSk e - T,
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Scheme 3-13
O O
OH OPMB OPMB MeoJ\/u\
. EtN. DMSO M methyl acetqa_cetate(37)
. X OTBDPS C;pé, anci — OHC - X OR, conditions
~ 2vli2, A
OTBS 95% OTBS table 3-6
45 47
O OH OPMB O OH OPMB
MeO,C - NN"orteDPs |, MeOL - NN"oTBDPS
OTBS OTBS
48 (desired) 49 (undesired)
Table 3-6. Optimization of aldol reaction
Preparation of . o,
are tion results (%)
entry 37 (eq.) base dianion reac
temp. temp. 47 (SM) 48 +49
1 1.0 LDA (2.2 eq.) -60 °C to rt 60°Ctort - 52 (4:1)
2 1.0 LDA (2.2 eq.) -60 °C to rt -78°C 50 29 (4.5:1)
NatH2- 6=y o >
3 1.2 n-BuLi (1.3 eq.) 0°C -78 °C 92 trace
NaH (3.0eq.) . o _ .
4 2.0 n-Buli (2.2 6q.) 0°C -78°C 94 (6:1)
NaH (3.0 eq.) o o .
5 2.0 n-Buli (2.2 6q.) 0°C -90°C 53 39 (5:1)
6 2.0 NaH (5.0 eq.) 0°C -95°C 70 -
7 2.0 LIHMDS (4.4 eq.) O0°Ctort -78°Ctort 43 -
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TV R — Vi DR ME DR BLZ DT
Felkin-Anh model 35 & O" cornforth model IZ CTFHEEIND H D TH - 7= (Figure
3-6), 725, o-alkoxy aldehyde |Z%f 9 5 KK EIL a TR L o2, 77
ERC=0 D n FEHEIZx L, 7/ (OP)EATICHLE S NWI-AEN L E TH
0. BUZRT LD R BRBIRIE 28T 1,2-anti £ % 525, ZORENIL.
S D occk oo E DHAEERIZE LD THD, 72, bITRT X HIT,
C=0 & C—OP & DR A ENEM 2 i b D 72 < 72 % &K 9 72 Cornforth model % ji
JE LTS aTh . FERIC 1,2-anti EW % 525, DF D A EIOSEIL polar
Felkin-Anh model 3 JX OF cornforth mode DV 303 | 1,2-anti AR D3 SEAREIR

IO TS EEA6ND,

HJ\“/R

OoP

polar Felkin-Anh model

O R

PO
H H\\ Nu
O H |

R
H OF;\N“

Cornforth model

BT 5, Z OEIRMIL polar

anti

Figure 3-6. Nucleophilic addition model for a-alkoxy aldehydes.
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3= SUEFY ) T4 RCI-C13 7 T 7 A2 N ORISR R & A AR &
3—4—4 MMEFORERB X ONAKRRFETT

C5 DS LF- DR ZAT O 12O DAL A 1T > 72 (Scheme 3-14), 48 (ZxF L
HF -py. Z{FH &%, —#k TBDPS EZEIRIZREL T L a—)L 50 #1537,
C7z—#k7 va—% TEMPO BRLICE W T vT e K51 ~EHa L=, 7B, =
DEEETT IV R— IV IIGEDBIZAE LT CSNLDO YT AT LA~ —% 4B Uiz, #i

WT MS4A ZRik#Fl & LTHY., DDQ #/EH &5 2

s RN a b <y
Scheme 3-14
O OH OPMB
HF-
MeO,C : NNNOTBDPS — Opcyt - MeO,C
oTBS ’ °
48
O OH OPMB
TEMPO, BAB  MeO,C _CHO DDQ, MS4A
CH,Cl,, 0 °C 5TRS CH,Cl,, 0°C

60% (2 steps) 41%

51

ETCMP 7 EX—/L 52

O OH OPMB

B NNNoH
OTBS
50
MP
o o o
Meo,c. I I I~ _CHO
5TBS

52

52 1%} L, NOE EBAZ1T->72, £ DfEF, HoHp, Hi-He, Hp —He D] T NOE
DER SN2 L2y, CSITDE R T8 AON RS E2H LTS

Z L & HER8 L7 (Figure 3-7),

Figure 3-7

»x NOEs
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FWT B-B RexI b7 O RERRIBLEZITo 70, By 7V 7K S5l
IZxf L. EBOMe, NaBHs Z{Ef &5 Z & T, H—DO iR ERE LTUF
— )V 53 AT 5 2 & NSk 3(Scheme 3-15), £ 7=, 51 (2% L, NaBH(OAc);
RSB —ONKREMEEE L TOF— 54 AR LT, 53 & 54 @ 'H
NMR 7 —# (38725 Z & 2R L7z,

Scheme 3-15
O OH OPMB OH OH OPMB
Et,BOMe, NaBH
MeO,C ; NANAoTBDPS TH2F Oue, N 030 MeO:C._~ : PN
OTBS 95% : OTBS
51 53
NaBH(OAC) OH QH QPMB
& MeO,C.__~ NN
CHZCN-ACOH N - OTBDPS
-20 °C, 95% OTBS
54

C3 MDA F DMERR & AT O 128 DAEWZAT - 7= (Scheme 3-16), ¥4 —/L 53
ZMP 7 X —/L 55 ~EHLL, SEIEE & FIBRIC NOE %2175 2 & T, C314fL
DNACFDOREREATH Z L & L, ZDFER. 55 ® Ha-Hy, Ha-He, Hy-He D
M CHIZRT L D7 NOE BEllll a2 ik, C3fioe Fax v kixe
HDSLEACFH A L TWD Z & &S L 7= (Figure 3-8),

Scheme 3-16
MP
OH OH OPMB CSA, MS4A o/ko OPMB
MeO,C 3 : NN OTBDPS p-anisaldehyde dimethylacetal \e0,c . PN
O-srfs ggiclz, 0°Ctort C');'SBS
Figure 3-8

(@)
\43
(o)
Y

MGOQC

I
Z\
(i

)
xI
o

» X NOEs

€

5
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3—4—5 (3S,5R, 6S,7S)-T k7 A — L DL

C3. C5 MDAV DOMEFRINTE T LIZD T, & 57 5% 4772 > 7-(Scheme
3-17), A=/ 53 1Z%f L, PMB REDOBREEZITV, 56 25T << &fhMat &
1772 - 7=(Table 3-7), — X725 Tdh 5 DDQ % v 7= PMB D FRE %2 A 7=
1, WIEE LTl LA F L o KOEEERZ V. 0 °C 72 b IR O S CTRIG
iTo7=(entry 1), TOFEFR, AHIO T L a—1 56135507, C5ALOE R
FUIRLEDBTMP 72X — LS NTZT VT & K575 28~78% DU T 5
LD DI T -7 (Figure 3-9), FILZ (LA T L —pH=7.0 DV »EEFEEIK D
BRAEECEZ DT AT e R 58 MEMGRTHELNDL EWIHIFERTH- -
(entry 2), KIZ CAN ZH\U, 0 °C B RIBDOSFMTRIGEIT>T208 1, BUGMN
L7720 BIULEIIE SN/ o T=(entry 3), KV~ AL R4 En5
PhsC'BF4 (2 & (L7 PMB DO REZRATZN CSLOE Fafx v ikhn Y
T UERLASD 6-ex0 BRALNEE Z 0 U b —F LB L 72 59 DMEIER TE S
WD DIHTIH -7 Bentry 4), RIZ TFA BRI T COREZRATZN, FERIC
59 NELNDDIHTH-T= Pentry 5), Bib. L OIS TO PMB DR
RITEHELWEE X, VA A LREEEDHAEDLDEERAD ZEE LT, F
T, LA A& LT MgBr2-OEty, sKiZfE & L T 1,3-propanedithiol Z F\» 45 °C
TRIGEAT> T2, RUOGIEHEST Loy o 72 Xentry 6), KEZFE % EtsSiH (248 2 7=
D, FEERBH ORI DG EIND DR TH -7 (entry 7). LLEDFERNS
Z DEMETO PMB REOREIIREETH 2 &I L, BB MO L Hi% 12 PMB
DpEZRLD Z T LT,

Scheme 3-17
OH OH OPMB OH OH OH
conditions
MeO,C : NN OTEDPS iti MeO,C : NNNo1R
OTBS Table 3-7 OTBS DPS
53 56
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Table 3-7. Deprotection of PMB group

entry conditions yields (%)
1 DDQ, CH,Cl,/H,0, 0 °C to rt 57 (22-78)
2 DDQ, CH,Cl,/pH=7 buffer, 0 °C 58 (19)
3 CAN, CH3CN/H,0, 0 °C to rt unknown product
4 PhsC*BF4, CH,Cl,, 0 °C 59 (16)
5 TFA, CH,Cl,, t, 59 (49)

6 BF5-OEty, 1,3-propanedithiol, CICH,CH,CI, 50 °C 53 (76)

7 BF5 OEt,, PhSH, CICH,CH,CI, 50 °C unknown product

Figure 3-9. Structures of the products 57, 58, and59

MP
OH 0" O OH OH OPMB o} X
Y X
MeOzC\/k/'\/k/\/\/CHO MeOZC\/'\/'\)\/\/\/CHO MeOZCW
OTBS OTBS TBSO Y
OH
57 58 59

A=V 53 1% F D PMB EOBREN EFS WDRWERREE LT, YU
MEDFED E < . BERISR RS IZIT 2 Hivie W2 ERB 2 bhvle, %
T, KU TNT e RNEEWTHZ LT UENOEFREL FIF5Z
ElZ LTz, 72, DDQ ZHWBRIZ CS ok Ra X ikt OfTMP 714
—NVEERT D E WV HANELNTWa7zd(entry 1), 313X C3 & CSLDE
Fed e oZLicLi,

VA=V SIITK L, T M A FREEATUVIRGEIR 60 ~ZHL L | iV T HF
py. ZVEM &8 —#k TBDPS 4 #INAICERE LT /L2 —/L 61 Z437-(Scheme
3-18), 72d, ZOERETT NV R— IV IGDBRIZAE LT CSMD YT AT LA~ —
ZoBELT-, 61 Dt Ruf iz TEMPO BRLIZ LD 7uT b RAZEH L 22,
e\ T DDQ Z{EH & PMB DR EATTIR -T2 & T A, KINITIE R < T
L., 7T/ha—L62 x35 = &RHKT,
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Scheme 3-18
OH OH OPMB o><o OPMB
MeO C\v/l\»/l\»/l\»/”\»/”\»//\ Me,C(OMe),, p-TsOH \V/l\v/l\v/l\»/”\»/”\w/”\
e0, : NN0TBDPS 2C(OMe),, p MeO,C . NN0TBDPS
OTBS THF, rt OTBS
53 60
o O OPMB 1) TEMPO, BAIB o o OH
HEpy.  MeO,C \/'\/'\/'\/\/\/\OH CH,Cl,, 0 °C Meo,c A LI~~~ _cHO
THF, 0°C tort OTBS 2) DDQ OTBS
68% (2 steps) 61 CH,Cly/pH=7 buffer 62

0 °C (94% 2 steps)

WIZT & N A FOBREDSZEMRGET 21772 > 7-(Scheme 3-19, Table 3-8), &
. TFABBMESRIE T CTOT & b A ROBREZRATZ Blentry 1), LrL, Kis
ML 720 . HIEEWII G SN o7, RICZ, MgBn & /LA AR L CTHW
7ol 2 A, RIGETIE S 2 DIWRER 63 21525 Z & Ak H(entry 2), 72355,
ZDOBRCT M A ROBPNEICEE LT-RIAKRY) 63a 6T, KDL
A AW TH D TICKIZE X, 0°C TRIGSHET2 & T A, 63 DALEHFRREDINET
BT D 2 EITAE LT Pentry 3), & BIZ ISREZ-30°CIZ T2 & 2 A,
HIEAY) 63 % 98% D EE T D Z E 3Kz (entry 4), 728, S HITIRE
T T5E, TEMEA RBARNEICEE L 63a RIEL TS 228, B TICl
EEHSEDZ LT, 63 ~OEMMNARETH 5 = & & FLH L7z (entry 5),

Scheme 3-19
OH OH OH
Meo2C\/k/K/k/\/\/CHO
> oTBS
75 conditions 63 (desired) A
Meo2C\/'\/'\/'\/\/\/CHO _— TiCl,
: CH,Cl,, -30to 0 °C
oTes Table 3-8 OH o><o 44%, (brsm 59%)
6TBS

63a (undesired)
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Table 3-8. Deprotection of acetonide group

entry conditions results
1 TFA, THF : H,O=4:1, 0to 60°C decomp.
2 MgBr,, benzene, reflux 63 (14%), 63a (33%)
3 TiCly, CH,Clp, 0 °C 63 (67%)
4 TiCly, CH,Cly, -30 °C 63 (98%)
5 TiCly, CH,Cly, -50 °C 63 (50%), 63a (46%)

MU A=V 63 25D LN TE=DT, (3S,5R,6S,7S)-7 b 74—/ 51 DA
FRAZ T, Icf&BEBE T d 5 TBS D FREDFKMMFH 51772 - 7 (Scheme 3-20,
Table 3-9), £, TBAF (2 X % TBS DBk et Lz, KISAEL 720 H
FHEAEW I B> T=(entry 1), RIZ HF -py. & AV, THF AT 0 °C T
JISEAT T2 2 A, 18% ERINETIEH 208, BHILEY 6a 25T 52 &I
E L7z (entry 2), F7z, KMEEZEXY | A2 77 b= F U VICE 27203,
decomp. &\ 9 FEFITHEAD o 72 (entry 3),

Scheme 3-20
OH OH OH OH OH OH
Meo,c._I A I~~~ cHo _ condiions  meo,c I I L~ cHO
OTBS Table 3-9 OH
63 6a

Table 3-9. Deprotection of TBS group

entry conditions results
1 TBAF, THF ,0°Ctort decomp.
2 HF-pyridine, THF, 0 °C 6a 18% (brsm 38%)
3 HF-pyridine, CH3;CN, 0 °C to rt decomp.
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63 775 6a ~DIUISITIEFITELS . HBEWE 63 75 52%DIE TEIN ST,
FOGRFINE L 70 d &, BEORBIEBMOERPBILE SN, b, 20X
BIFBMER 2o T2, B TRED TBS HEDEREIL 6b~6d DAL THIRE L 72
L1280, K TROFEROREE X 0RO RR M TITH 7291, TBS &%
TES ~EHE T HZ & L LT,

61 ® TBS (D FRZFE% . MeCN H 60 °CT TBAF/AcOH % W TITV, VA —
)L 64 % 86%DULR T 7= (Scheme 3-21),64 O bt K11 % 2 Jk A TESOTH/2,6-lutidine
THEEL, v U vm—F b & L72IT, 1 8k TES &2 RINICRETHZ & T,
TES =—7 /L 65 %#4%7=, 7 U /LT /)La2—/)L 65 % TEMPO [{. L. PMB KD
EXATV, AT LT e R 66 5k Lz, &%IZ, 66 % TiCl 4 T-30C~== 1R
THEF L&, T2 A REZUTHES TES EDOFRENT ARy N TH#ITL,
HEID(3S, SR, 6S,75)-7 k7 A —/L6a % T4% DR THKT 5 Z Tk Lz,
B TREOBRENRE 2 < EITT D 2 ERD o720 T, thoBEHLEY D
ERRICET LT,

Scheme 3-21
o><o OPMB o><o OPMB
TBAF, ACOEt
MeOQC\/'\/k;/k/\/\/\OH o s0C MeO,C - Xy OH
: N, ’ :
oTBS 865 OH
61 64
1) TESOTY, 2,6-lutidine o><o oPME >
CH4CN, 60 °C 1) TEMPO, BAIB 0”0  OH
985, R . . PN o CHaCh,0°C Meo,c. A LI~ ~cHO
2) PPTS OTES 2)DDQ OTES
CH,Cl,/MeOH, 0 °C 65 CH,Cl,/pH=7 buffer 66
90% 0°Ctort
76% (2 steps)
OH OH OH
Ticl, Me0,C. I A I~ cHo
CH,Cly, -30 °C to rt OH

74%
6a
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3—4—6 (3S,5R, 6R,7S)-T k 7 A — DL

(3S, 5R, 6R, 7S)-7 N T A — IV DOERIZET Liz, T/ba—L 64 1ZxF L., C6 /L
Db Fax T EOSNEENiZSE, 0%, (3S,5R, 6S,7S)-7 s 7 A —/LDAERK
ERBEDERT 5 2 LT, (3S, 5R, 6R, 71S)-7 b T A — IV EERHERD £ B 27,
T7bb, CoMDE RuFx U EEmb L, i< RBIRN R TEITI 2 &1
LV (O6R)-DNbFEHETHT N a—LESHTHZLE L, 7 h 6T DA
RAZ DWW TEEII Y 5 (Scheme 3-22), 7 /L2 —/L 64 (25 L—fkbt Koo dks
TES TR L, #i\ T fkb Rz TPAP L2612 X 0 7 by 67 ~A
Hil 7=,

Scheme 3-22
0" 'O OPMB 1) TESCI, imidazole 0" "0 OPMB
Meo,0 I I8 s~ CH,Clp, -30t0-10°C  MeO,C P
H 2) TPAP, NMO
OH CH,Cly, 1t 0o
64 74% (2 steps) 67

FEWNT b 67 1TxFT 2 NEAREIRAUIE TTIZ DUV T ERIERRGET 21T > 72(Scheme
3-23, Figure 3-10), =7, #EjcAlE L CDIBAL-H Z# V2L 2 A, = AT JLES
NEDEITLHELZ Y T3 —)L 69 235 5417 (entry 1) , RIT Luche #= o % ik
728, —#k TES EDRBRESINTZV A=V 70 WELND DI TH - 7= (entry 2),
Z 2T, BILAlE NaBHs 1B 272 2 A, BHONIKMEEERET L7 v a—b
68 Z Hi— DN REMER L U TEMRT D Z & ITakE) L7z (entry 3),

- 108 -



H3E L EAY ) TA RCI-CI3 7 T 7 A b DONARIEBIE L & A L ARBL

Scheme 3-23
o><o OPMB o><o OPMB
conditions
MeOQC X OTES 1t MeozC\/k/H/k/WOTES
o) Table 3-10 OH
67 68
Table 3-10. Stereoselective reduction
entry conditions results
1 DIBAL-H, CH,Cl,, -78°C 69 (84%)
2 NaBH,, CeCly7H,0, MeOH, -78°C 70 (98%)
3 NaBH,, MeOH, -78 to 0°C 68 (98%)

Figure 3-10. Structures of the undesired products 69 and 70

0 o><o OPMB o><o OPMB
H NNN0otES Meozcv'\/'\H\/\/\AOH
OH OH
69 70

67 725 68 ~D NLARER IR T O BRI OV TR 5, Z OBIEIT polar
Felkin-Anh model (2 C P X5 4 D TH - 7= (Figure 3-11), 77205, a lIRd
K97l T, B R U R72S Burg-Dunitz 7> b HEEET 5 Z & TIWAREIRAIIZ b 23
BT D7D T 3 — b 68 PALRIBIRICHE LN TS B2 6TV 5,

Figure 3-11

OPMB OPMB N
HO R o 0 o OPMB\ o
. =
Io) R! MeO OTES
OH
2
R WH R H 68
Rl H
a H b
o) o><o
= )J\/'\/'\ 2= XN
YO T
R'= Vo & RE= & OTES
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HRONRLZE T T 57 Va3 —/L 68 5T 5 Z EnHkEI-D T, (3S, 5R,
6R, 7S) -7 kT A — /L OGNS T E 572 5 #1517 > 72(Scheme 3-24), 7 /L
Z1—)L 68 % TES £ CIRi# L 7. PPTS A {Ef & ¥ —#k TES k& BRI BRE
L7 va— T &5k, AC7ke Rax % TEMPO Bbic kv 7T e K
~NEFFER . PMB EOBREALITNT L a—L 72 ZER LT, KIT TiCly % v
TT7® b A ROBRELZE., &E%ICHF py W T TES JRDOBREEITH 2 &
T(3S, 5R, 6R, 7S)-7 b 7 A —/L 6b DA EER LT-,

Scheme 3-24
o O OPMB 1) TESOTT, 2,6-lutidine o” O OPMB
MeO,C NNNOTES . gs;zlz, 0°Ctort MeO,C D
OH CH,Cly-MeOH, 0 °C OTES
68 quant. (2 steps) n
N 1) TiCly
1) TEMPO, BAIB 0”0 OH CH,Cl,, -30 °C
CH,Cl,, 0°C MeO,C xX_CHO 80%
2) DDQ 2) HF-py
CH,Cly/pH=7 buffer OTES THF, 0 °C, 79%
0 °C, 82% (2 steps) 72
OH OH OH
MeOZC\/'\/k‘/k/\/\/CHO
OH
6b
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3—4—7 (3R, 5R, 6S,7S)-T k 7+ — L DL

(3R, 5R, 6S,7S)-T b 7 A — L DEFIZ OV Tt % (Scheme 3-25), ¥4 —/L
54 1ZxfL. 7B A NRELZITD, SENVTY I AEKEZREL YA —L T3 245
7o 13Dt R4 TES K CFRi& L7, PPTS Z/FH S —ifk TES X%
BIRMICRE L T va— L &5, b Fax 3% TEMPO BB{bic kv 7 v
T RA~ZEH L, $\ T DDQ #/EH &t PMB AEDREZITV, T2 —/L 74
185 Z LR, BIZICTICL ZHWTT & b A & TES OBREZITHD
A e 6c 5T D 2 LI LT,

Scheme 3-25

OH OH OPMB 1) Me,C(OMe),, p-TsOH o” O OPMB

Me0,C._~_I s~ THF, rt, 90% MeO,C._-~ NN

OTBDPS

5 2) TBAF, AcOH E
OTBS CHLCN, reflux, 66%
54 7

1) TESOTf, 2,6-lutidine
CH,Cl,, 0 °C to rt, quant.

2) PPTS N

CH,Cl,/MeOH, 0 °C to rt 0”0 OH

X CHO TiCly

: CH,Cly, -30 °C to
OTES a1 2 °

74

88% MeO,C
1) TEMPO, BAIB

CH,Cl,,0°Ctort
2) DDQ

CH,Cl,/pH=7 buffer, 0 °C to rt

72% (2 steps)

OH OH OH

Me0,C._~ I I~ CHO
oH
6¢c
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3—4—8 (3R,5R,6R,7S)-T + T A —ILDERK

(3R, 5R, 6R, 7S)-7 k7 A — /L DERKIZHE F L 72 (Scheme 3-26), > A4 —/L 73 O
—ifkt Fux 3% TES R CR#EL-%. M7 /va—L% TPAP BR{LIZ LV
k75 ~EHA L T2, NaBHy & W2 S ARINADIERTTIC L 0 . B SLIR L
EHTDHT N A=/ 76 B —DNARRMEERE LTHIKT 22 LIk LT, fit
WT ke R % TES TR L7k, —#k TES EDOREZITWT Lo
— NV EE7-, B Ra¥x % TEMPO B{LIC LV 7 VT b R~ Lg% PMB
HBOBREEITWT Vva— 77 25K LT, &%IZ TiICh ZHWTT7E bAoA R
K NTES JDBE%21T 5 Z & T3S, 5R, 6R, 78)-T b 7 A —/1 6d DA% % FERR L

72
Scheme 3-26
o o OPMB 1) TESCI, imidazole o O OPMB
MeO,C.__~ PN CH,Cly, -30 °C MeO,C.__~ NNNoTES
OH 2) TPAP, NMO, MS4A o
CH,Clj, rt 75
73 76% (2 steps)
1) TESOTY, 2,6-lutidine
CH,Cl, 0°Ctort
N 2) PPTS
0" O OPMB CH,Cl,/MeOH, 0 °C
NaBH4 MeO,C B NN OTES 72% (2 steps)
MeOH, -78°C OH 3) TEMPO, BAIB
quant CH,Cl,, 0 °C
76 4) DDQ
CH,Cl,/pH=7 buffer, 0 °C
75% (2 steps)
g><o OH OH OH OH
MeO,C.__- xX_CHO TiCl, MeO,C.__~ xX_-CHO
CH,Cl,, -30to 0°C
OTES 47% OH
77 6d
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3-5 AR S AABCE DR E

4ODTT AT LA V—6a-6d NEK TX7=DOT, ZHHD 'HNMR A7 k
T — B E R 4 DT —2 L L=, £ OR5E, Table 3-11 TR L7z &
912, 6b D 'HNMR 7 — F (X5 fRAERY) 4 L5285 Z LB LT,
—J5. 6a, 6¢c, K (N6d D 'HNMR 7 — X X NEI DAY 4 L5 HR
2o T, #RlT, 6a, 6. KN6d D CANLD 2 H>DF 1 b DfbEFY 7 MMt
FNENHEWIER ST, 4 Kb LD T m b OBy 7 ME
R THDHI ENghoTl, Led-T, Y4 /74 F (1) @ C1-Cl13
777 A N OMXAREEIX, 6b ICFEH LD TH D Z ENP LN
776

Table 3-11. 'H NMR Chemical Shifts of the Degraded Product 4 and the Synthetic
Products 6a—6d*

position 4° 6a° 6b¢ 6cP 6dP
1-CO,Me 3.67 3.67 3.67 3.67 3.67
2 2.56 2.56 2.56 2.49 2.48
2.44 2.44 2.44 2.49 2.48

3 4.21 4.31 4.22 4.31 4.27

4 1.75 1.85 1.75 1.78 1.70
1.75 1.70 1.75 1.60 1.59

5 3.88 3.85 3.89 3.91 3.93

6 3.33 3.39 3.32 3.39 3.23

7 3.81 3.72 3.80 3.73 3.82

8 2.52 2.61 2.52 2.62 2.52
2.48 2.40 2.47 2.42 2.48

9 6.47 6.48 6.47 6.50 6.49

10 6.47 6.48 6.47 6.50 6.49

11 7.29 7.29 7.29 7.30 7.29

12 6.09 6.08 6.09 6.08 6.09
13-CHO 9.49 9.49 9.49 9.49 9.49

aChemical shifts are reported in ppm with reference to the solvent signal (CD3;0D, 3.30
ppm). ®Recorded at 800 MHz. “Recorded at 600 MHz.
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3-6 EFR-5)

Cl-C13 77 7 A2 FDFE & DITOVT/RT (Scheme 3-27), 73 fEAERY) & LT
BJFoile C1-C13 77 7 A N OMRNAREEE L HEE L, 2% el LIRS
DPTEELT ) XL Ak &EIT o7, 2-Deoxy-D-ribose Z#HFEMWEE L, 10 AT v
TTTIVR—HIBMEE BT VT R4T~EW LT, ST VT e RIZ
KL, TV R VIS L DRBEEOEEIZLY 48 21572, p-t Faxr
b DONARERINARE T ATV, C3 LTI D R BR300, A —v
53, 54 2R 7-, VA=V 53T L, REROBRE, BREHIEIRMRL 21T\,
(3S,5R, 6S,7S)-7 R T A —/)L 6a T DRI ML L7z, E7z. 531TXFL C6
D Fuafx U HONARKER & i< BB, BRESINMIERILIZ LV (3S, 5R, 6R,
78)-7 R T A= 6b DERR A ER LT, S HIT, YA —/L 54 1ZxF L, Bk & [F]
FROFIEIZ XY . EREEY 6c DERREERNR LT, 54 I3 L, C6 /LDt R
X VEEDO SRR & e < RO FRE . BREERINERLIC LY 6d DA A E
% L7z,

B LT 4 DODOTT AT LA~ —GE 6a-6d DZENEILD 'H NMR A7 |k
NT =R LAY 4 OF =2 LT HZLIZE0, Y rEFY ) TAR

(1) ®C1-C13 77 7 A N O LAEREEIL, 6b TRENDBDTHDLHZ &
ZBH B M LT,
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Scheme 3-27
OH
‘\@nOH 10 steps OPMB
B —
A —_— OHC Y NN OTBDPS
HO oTBS
2-Deoxy-D-ribose 47
(0] O

MeOJ\/”\

methyl acetoacetate (37)

O OH OPMB

MeO2C - NN"0oTBDPS
OTBS
48
|
OH OH OPMB OH OH OPMB
MeO,C . X OTBDPS MeO;C . NNNoTBDPS
OTBS OTBS
53 54
OH OH OH OH OH OH
MeO,C 6s) s ~_CHO Me0,C. 88K s~ cHO
38 5RY 78 3R 5RY 78
OH OH
6a 6¢c
OH OH OH OH OH OH
MeO,C 6R X_CHO MeO,C.__~ 6R X_CHO
38 5RY 7S 3R 5RY 78
OH OH
6b 6d
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ZEBRIH (Experimental Section)

General Methods. Reagents were used as received from commercial suppliers unless
otherwise indicated. All reactions were carried out under an atmosphere of argon.
Reaction solvents were purchased as dehydrated solvents and stored with active
molecular sieves 4A under argon prior to use for reactions. All solvents for work-up
procedure were used as received. Analytical thin-layer chromatography (TLC) was
performed with aluminium TLC plates (Merck TLC silica gel 60F254). Column
chromatography was performed with Fuji Silysia silica gel BW-300 or Kanto Chemical

silica gel 60N. Optical rotations were recorded on a JASCO DIP-1000. IR spectra were
recorded on a JASCO FT/IR-460 plus. 'H and '*C NMR spectra were recorded on a
JEOL JNM-AL400 or Varian 600 MHz or Varian 800 MHz spectrometer. Chemical
shifts are reported in ppm with reference to the internal residual solvent (‘H NMR,
CHCl3 7.26 ppm; 3C NMR, CDCl; 77.0 ppm) or tetramethylsilane. The following
abbreviations are used to designate the multiplicities: s = singlet, d = doublet, t = triplet,
m = multiplet, br =broad. Coupling constants (J) are in hertz. High resolution mass

spectra were recorded on a Micromass LCT (ESI-TOF-MS) spectrometer.

Triol 12. To a solution of 2-deoxy-D-ribose (2.0 g, 14.9 mmol) in THF (152 mL) was
added #-BuOK (4.24 g, 35.8 mmol) at 0 °C. After stirring for 30 min, the mixture was
added Ph3P'CHsBr (13.6 g, 37.3 mmol) at the same temperature. The mixture was
stirred at 35 °C for 3 h. The reaction was quenched with saturated aqueous NH4Cl at
0 °C and stirred for 10 h at the same temperature. The resulting solid was filtrated and
concentrated. Column chromatography (CH2Cl2/MeOH = 15:1, 5:1) gave triol 12 (2.09
g, 15.8 mmol, quant.) as a white solid: Ry=0.70 (CH2Cl/MeOH = 5:1)

p-Methoxybenzyl Ether 13. To a solution of triol 12 (1.0 g, 7.57 mmol) in CH>Cl,
(30 mL) was added p-anisaldehyde dimethylacetal (1.94 mL, 11.4 mmol) at room
temperature. After the mixture was cooled to 0 °C, CSA (0.53 g, 2.27 mmol) was added.
The mixture was stirred at room temperature for 18 h, CSA (0.53 g, 2.27 mmol) was
added. The mixture was stirred at 40 °C for 3 days. The reaction was quenched with
Et;N at room temperature. Concentration and column chromatography (hexane/EtOAc
= 4:1) gave the corresponding alchole (3.5 g, 50.9 mmol, quant.) as a colorless oil: Ry =
0.25 (hexane/EtOAc = 2:1)
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To a solution of the alcohol obtained above (1.88 g, 7.51mmol) in DMF (5.0 mL)
were added imidazole (0.77 g, 11.2 mmol), TBSCI (1.47 g, 9.76 mmol) at room
temperature. The mixture was stirred at 40 °C for 21 h. After the mixture was cooled to
room temperature, imidazole (0.31 g, 4.5 mmol), TBSCI (0.56 g, 3.8 mmol) was added.
The mixture was stirred at 40 °C for 21 h. After the mixture was cooled to room
temperature, resulting mixture was quenched with MeOH, washed with H,O and brine,
and then dried over NaSO4. Concentration and column chromatography
(hexane/EtOAc = 12:1) gave p-methoxybenzyl ether 13 (1.29 g, 3.53 mmol, 47%) as a
colorless oil: Ry=0.74 (hexane/EtOAc = 2:1)

Alcohol 14. To a solution of p-methoxybenzyl ether 13 (50.0 mg, 137 pmol) in
toluene (1.4 ml) was added DIBAL-H (1.02 M solution in hexane, 0.27 mL, 274 umol)
at —78 °C. After the mixture was warm to —30 °C for 2 h, the mixture was added
DIBAL-H (1.02 M solution in hexane, 0.27 mL, 274 umol) at —78 °C. After the mixture
was warm to —30 °C for 3 h, quenched with MeOH. The mixture was filtered through a
celite pad washed with EtOAc. Concentration and column chromatography
(hexane/EtOAc = 13:1) gave alcohol 14 (44.0 mg, 117 umol, 88%) as a colorless oil: Ry
=0.75 (hexane/EtOAc = 2:1)

Aldehyde 15. To a solution of alcohol 14 (44.0 mg, 117 umol) in CH>Cl, (0.75 mL)
and DMSO (0.25 mL) were added EtsN (48.7 uL, 351umol) and SO3-py. (37.2 mg,
234umol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture
was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 20:1) gave aldehyde 15
(38.9 mg, 106 pumol, 92%) as a colorless oil: Rr=0.70 (hexane/EtOAc = 4:1)

Alcohol 17. To a solution of acethyl thiazolidinethione 16 (50.0 mg, 137 pmol) in
CH:Cl2 (1.0 mL) were added TiCls (27.1 pL, 233 pmol) and DIPEA (40.8 pL, 240
umol) at —40 °C. The mixture was stirred for 2 h at —78 °C. To the mixture was added
aldehyde 15 (50.0 mg, 137 umol) in CH2Cl, (0.3 mL + 0.2 mL) at —78 °C. After the
mixture was stirred for 13 h at the same temperature, the reaction was quenched with

saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed with H>O and
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brine, and then dried over Na;SO4. Concentration and column chromatography
(hexane/EtOAc = 6:1) gave alchole 17 (57.7 mg, 93.2 pumol, 68%): yellow oil; Ry= 0.24
(hexane/EtOAc = 4:1)

Weinreb Amide 19. To a solution of (MeO)MeNH-HCIl (2.4 mg, 24.3 pmol) in
CHxCl> (0.5 mL) was added AlMes (22.5 uL, 24.3 umol) at —0 °C. The mixture was
stirred for 30 min at room temperature. To the mixture was added thiazolidine 17 (5.0
mg, 8.11 pmol) in CH>Cl> (0.3 mL + 0.2 mL) at —20 °C. After the mixture was stirred
for 1 h at the room temperature, the reaction was quenched with MeOH. The mixture
was filtered through a celite pad washed with EtOAc. Concentration and column
chromatography (hexane/EtOAc = 4:1) gave weinreb amide 19 (3.2 mg, 6.84 umol,
84%) as a colorless oil: Rr=0.47 (hexane/EtOAc = 2:1)

MTPA Ester ($)-20. To a solution of alcohol 19 (1.6 mg, 3.42 umol) in CH>Cl, (0.4
mL) were added DMAP (0.8 mg, 6.42 pmol), EtzN (1.34 pL, 9.57 pmol), and
(R)-MTPACI (1.6 pL, 8.2 umol) at 0 °C. After the mixture was stirred for 1 h at the
same temperature, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with Et,O, washed with H>O and brine, and then dried over Na;SOs.
Concentration and column chromatography (hexane/EtOAc = 4:1) gave MTPA ester
(5)-20 (2.6 mg, quant.) as a colorless oil: Rr= 0.34 (hexane/EtOAc = 3:1)

MTPA Ester (R)-20. To a solution of alcohol 19 (1.8 mg, 3.84 umol) in CH>Cl, (0.4
mL) were added DMAP (0.6 mg, 490 umol), EtzN (1.5 pL, 10.8 pmol), and
(S)-MTPACI (1.8 puL, 9.22 umol) at 0 °C. After the mixture was stirred for 1 h at the
same temperature, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with Et,O, washed with H,O and brine, and then dried over Na;SOs.
Concentration and column chromatography (hexane/EtOAc = 4:1) gave MTPA ester
(R)-20 (2.7 mg, quant.) as a colorless oil: Ry=0.34 (hexane/EtOAc = 3:1)

Diol 21. To a solution of thiazolidine 17 (51.0 mg, 82.8 umol) in MeoH (1.0 mL) was

added NaBH4 (4.7 mg, 124 pmol) at 0 °C. The mixture was stirred for 1 h at the same
temperature. To the mixture was added NaBH4 (7.8 mg, 206 pumol). After the mixture
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was stirred for 30 min at the same temperature, the reaction was quenched with
saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed with H,O and
brine, and then dried over Na;SOs. Concentration and column chromatography
(hexane/EtOAc = 4:1, 3:1) gave diol 21 (26.8 mg, 65.4 pumol 79%) as a yellow oil: Ry=
0.38 (hexane/EtOAc = 1:1)

p-Methoxybenzyl Ether 22. To a solution of diol 21 (26.2 mg, 63.8 pmol) in CH2Cl>
(1.5 mL) was added p-anisaldehyde dimethylacetal (33.4 mL, 11.4 pmol) at room
temperature. The mixture was added PPTS (4.933 mg, 19.6 umol) and stirred at room
temperature for 40 min. The reaction was quenched with Et;N. Concentration and
column chromatography (hexane/EtOAc = 20:1) gave p-methoxybenzyl ether 22 (33.8
mg, quant.) as a colorless oil: Ry= 0.63 (hexane/EtOAc = 2:1)

Alcohol 23. To a solution of p-methoxybenzyl ether 22 (16.5 mg, 31.2 umol) in
toluene (0.6 mL) was added DIBAL-H (1.03 M solution in hexane, 64.3 pL, 66.2 pmol)
at —65 °C. After the mixture was warm to —10 °C for 2 h, the mixture was was added
DIBAL-H (1.03 M solution in hexane, 32.2 uL, 33.1 umol) at —65 °C. After the mixture
was warm to —30 °C for 1 h, quenched with MeOH. The mixture was filtered through a
celite pad washed with EtOAc. Concentration and column chromatography
(hexane/EtOAc = 5:1) gave alcohol 23 (11.7 mg, 24.0 umol, 77%) as a colorless oil: Ry
=0.48 (hexane/EtOAc = 2:1)

Aldehyde 24. To a solution of alcohol 23 (28.9 mg, 54.4 pmol) in CH>Cl> (0.6 mL)
and DMSO (0.2 mL) were added Et;N (22.6 puL, 163 pmol) and SO3-py. (17.3 mg, 109
umol) at 0 °C, and stirred at room temperature for 1 h. The mixture were added Ets;N
(45.2 puL, 326 umol) and SOs3-py. (346 mg, 218 umol) at 0 °C. The mixture was stirred
at room temperature for 3 h. The mixture was diluted with EtOAc, washed with H.O
and brine, and then dried over Na>SOs. Concentration and column chromatography
(hexane/EtOAc = 18:1, 10:1) gave the corresponding aldehyde 24 (17.2 mg, 33.2 umol,
60%) as a colorless oil: Ry=0.61 (hexane/EtOAc =4:1)

Alcohol 25. To a solution of acethyl thiazolidinethione 16 (56.0 mg, 233 pmol) in
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CH2Cl> (0.6 mL) were added TiCls (27.1 pL, 247 pmol) and DIPEA (40.8 pL, 240
umol) at —40 °C. The mixture was stirred for 2 h at —78 °C. To the mixture was added
aldehyde 25 (17.2 mg, 32.5 pmol) in CH2Cl> (0.3 mL + 0.2 mL) at —78 °C. After the
mixture was stirred for 17 h at the same temperature, the reaction was quenched with
saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed with H,O and
brine, and then dried over Na;SO4. Concentration and column chromatography
(hexane/EtOAc = 20:1) gave alchole 26 (18.1 mg, 165 pumol, 71%): yellow oil; Ry =
0.73 (hexane/EtOAc = 2:1)

Ester 27. To a solution of thiazolidine 25 (5.6 mg, 7.18 pumol) in MeOH (1.0 mL)
were added imidazole (0.5 mg, 7.18 pmol) and DMAP (0.9 mg, 7.18 umol) at room
temperature. After stirring for 12 h at the same temperature, the reaction was quenched
with saturated aqueous NH4Cl. The mixture was diluted with Et,O, washed with H.O
and brine, and then dried over Na>xSOs. Concentration and column chromatography
(hexane/EtOAc = 4:1) gave diol 27 (4.6 mg, quant.) as a colorless oil: Ry = 0.58
(hexane/EtOAc = 2:1)

MTPA Ester ($)-28. To a solution of alcohol 27 (2.3 mg, 3.82 umol) in CH>Cl, (0.4
mL) were added DMAP (0.8 mg, 6.42 pmol), EtzN (1.05 pL, 7.64 pmol), and
(R)-MTPACI (1.0 pL, 5.35 umol) at 0 °C. After the mixture was stirred for 10 min at the
same temperature, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with Et,O, washed with H>O and brine, and then dried over Na;SOs.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave MTPA ester
(5)-28 (2.3 mg, 2.83 umol, 74%) as a white solid: Rr=0.61 (hexane/EtOAc =2:1)

MTPA Ester (R)-28. To a solution of alcohol 27 (2.3 mg, 3.82 umol) in CH>Cl, (0.4
mL) were added DMAP (0.8 mg, 6.42 pmol), EtzN (1.05 pL, 7.64 pmol), and
(S)-MTPACI (1.0 pL, 5.35 umol) at 0 °C. After the mixture was stirred for 1 h at the
same temperature, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with Et,O, washed with H,O and brine, and then dried over Na;SOs.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave MTPA ester
(R)-28 (3.0 mg, 3.67 umol, 96%) as a white solid: Rr= 0.61 (hexane/EtOAc = 2:1)
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Dienal 30.
(entry 3)

To a solution of olefin 29 (61.9 mg, 0.17 mmol) in CH>Cl, (3.3 mL) were added
penta-2,4-dienal (34.4 mg, 0.42 mmol) and catalytic amount of Hoveyda—Gurbbs 2nd
cat. at toom temperature. After the mixture was stirred at 60 °C for 2 days, the mixture
was quenched with EtsN. Short column (hexane/EtOAc = 4:1) gave crude dienal.
Purification by column chromatography (hexane/EtOAc = 30:1, 20:1) gave dienal 30
(19.2 mg, 18%) as a light yellow oil: Ry = 0.67 (hexane/EtOAc = 2:1) and olefin 29
(45.4 mg, 73%) as a colorless oil: Rr=0.82 (hexane/EtOAc = 4:1) and aldehyde 31 (6.4
mg, 0.016 umol, 9%) as a colorless oil: Rr=0.67 (hexane/EtOAc = 4:1)

Alcohol 43. To a solution of allylic alcohol 42 (5.04 g, 12.8 mmol) in CH2CIL, (51.0
mL) and DMSO (13.0 mL) were added Et;N (7.8 mL, 56.3 mmol) and SOs-py. (4.07 g,
25.6 mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. The mixture
was diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc = 10:1) gave the
corresponding aldehyde (4.53 g), which was used in the next reaction without further
purification.

To a stirred solution of sodium hydride (1.11 g, 27.8 mmol) in benzene (35.0 mL)
was added (EtO)P(O)CH>CO:Et (6.0 mL, 30.2 mmol) at 0 °C. The mixture was added
the aldehyde (4.53 g) in benzene (5.0 mL + 2.5 mL+ 2.5 mL) at room temperature and
stirred for 1 h at the same temperature. The mixture was quenched with H>O at 0 °C,
washed with H>O and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc, 20:1) gave corresponding ester (4.85 g), which was
used in the next reaction without further purification.

To a solution of ester (4.85 g) in CH2Cl> (50.0 mL) was added DIBAL-H (1.04 M
solution in hexane, 20.0 mL, 20.8 mmol) at —78 °C. After the mixture was stirred for 30
min at the same temperature, quenched with MeOH. The mixture was filtered through a
celite pad washed with EtOAc. Concentration and column chromatography
(hexane/EtOAc = 4:1) gave alcohol 43 (4.11 g, 10.4 mmol 81% in three steps) as a
colorless oil: Ry = 0.19 (hexane/EtOAc = 4:1); [a]*p —60.6 (¢ 0.92, CHCl3); IR (neat)

3427, 2856, 1615 cm™'; '"H NMR (400 MHz, CDCl3) & 7.39 (d, J = 8.5 Hz, 2 H), 6.88 (d,
J=8.5Hz, 2 H),5.85 (dt,J= 15.0, 6.6 Hz, 1 H), 5.75 (dt, J= 15.0, 6.6 Hz, 1 H), 5.43 (s,
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1 H),4.18 (t,/=3.6 Hz, 2 H), 3.80 (s, 3 H), 3.58 (t,/=3.6 Hz, 2 H), 2.64 (dd, /= 14.4,
6.6 Hz, 1 H), 2.36 (dd, J = 14.4, 6.6 Hz, 1 H), 0.91 (s, 9 H), 0.09 (d, J = 8.3 Hz, 6 H);
13C NMR (100 MHz, CDCls) ¢ 159.8, 131.7, 130.5, 130.4, 127.6, 127.3, 114.0, 113.5,
100.7, 81.9, 71.7, 66.2, 63.5, 55.3, 34.8, 25.8, 18.0, 4.0, —4.6 ; HRMS (ESI-TOF)
calcd for C14H2603SiNa (M + Na)* 443.2230, found 443.2236.

p-Methoxybenzyl Ether 44. To a stirred solution of sodium hydride (34.3 mg, 714
umol) in THF (4.0 mL) was added alcohol 43 (200 mg, 476 umol) in THF (0.7 mL +
0.3 mL) at 0 °C. After being stirred for 30 min at 0 °C conditions, the mixture was
added PMBCI (77.6 pL, 571 umol) and TBAI (17.6 mg, 47.6umol) at the same
temperature. The mixture was stirred for 6 h at reflux conditions. After the mixture was
cooled at 0 °C, the reaction was quenched with saturated aqueous NH4Cl. The mixture
was diluted with Et;O, washed with H>O and brine, and then dried over NaxSOa.
Concentration and column chromatography (hexane/EtOAc, 40:1, 30:1) gave
p-methoxybenzyl ether 44 (194 mg, 366 mmol 77%): colorless oil; Ry = 0.47
(hexane/EtOAc, 4:1)

TBS Ether 44. To a solution of alcohol 43 (150 mg, 356 pmol) in CH>Cl, (1.0 mL)
were added imidazole (33.9 mg, 498 umol), and TBSCI (64.4 mg, 472 pumol) at 0 °C.
After the mixture was stirred at room temperature for 20 min, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H»O and brine, and then dried over Na;SOs. Concentration and column
chromatography (hexane/EtOAc = 50:1, 10:1) gave TBS ether 44 (178 mg, 335 mmol,
94%) as a colorless oil: Ry=0.76 (hexane/EtOAc = 2:1)

TBDPS Ether 44. To a solution of alcohol 43 (48.8 mg, 116 umol) in CH2Cl> (1.0
mL) were added DMAP (21.2 mg, 174 pumol), imidazole (11.8 mg, 174 pmol), and
TBDPSCI (36.1 pL, 139 umol) at 0 °C. After the mixture was stirred at room
temperature for 1 h, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with EtOAc, washed with H,O and brine, and then dried over
NazS04. Concentration and column chromatography (hexane/EtOAc = 50:1, 10:1) gave
TBDPS ether 44 (79.1 mg, quant.) as a colorless oil: Ry = 0.76 (hexane/EtOAc = 2:1);
[0]**p —33.7 (¢ 0.95, CHCl3); IR (neat) 3060, 2930 cm™'; 'H NMR (400 MHz, CDCI3) 6
7.71 (dd, J = 6.0, 1.8 Hz, 4 H), 7.45-7.37 (m, 8 H), 6.01 (dd, J = 8.6, 1.8 Hz, 2 H),

-122 -



H3E L EAY ) TA RCI-CI3 7 T 7 A b DONARIEBIE L & A L ARBL

6.32-6.14 (m, 2 H), 5.87 (dt, J = 14.9, 7.8 Hz, 1 H), 5.71 (dt, J = 14.9, 4.9 Hz, 1 H),
547 (d,J=1.8 Hz, 1 H), 4.26 (d, J=4.9 Hz, 2 H), 4.19 (dt, J = 8.6, 2.0 Hz, 1 H), 3.82
(s, 3 H), 3.64-3.60 (m, 1 H), 3.56 (d, /= 2.0 Hz, 1 H), 2.67 (dd, J=14.9, 6.9 Hz, 1 H),
2.39 (dd, J = 14.9, 6.9 Hz, 1 H), 1.10 (s, 9 H), 0.94 (s, 9 H), 0.13 (s, 6 H); *C NMR
(100 MHz, CDCl3) ¢ 159.8, 135.5, 135.5, 135.4, 133.7, 132.1, 130.4, 129.9, 129.3,
127.6, 127.6, 127.5, 127.3, 113.5, 100.7, 82.0, 71.7, 66.2, 64.2, 55.3, 34.9, 26.9, 26.8,
25.8, 19.3, 18.0, 4.0, —4.6; HRMS (ESI-TOF) calcd for C39Hs405SixNa (M + Na)"
681.3408, found 681.3398.

Alcohol 45.
(entry 1)

To a solution of p-methoxybenzyl ether 44 (212.4 mg, 392.8 umol) in CH2Cl> (3.0
mL), was added DIBALH (1.02 M in hexane, 0.77 ml, 785.6 umol) at —78 °C. The
mixture was warmed to —30 °C. After the mixture was stirred for 3 h at the same
temperature, the reaction was quenched with MeOH. The mixture was filtered through a
Celite pad washed with EtOAc. Concentration and short column chromatography
(hexane/EtOAc, 30:1, 10:1, 6:1, 4:1) gave alcohol 45 (54.1 mg, 98.2 umol, 25%) as a
colorless oil: Ry=0.73 (hexane/EtOAc = 2:1) and p-methoxybenzyl ether 44 (104.7 mg,
192.5 pumol 49% recovery) as a colorless oil; Rr= 0.25 (hexane/EtOAc, 3:1).

(entry 2)

To a solution of p-methoxybenzyl ether 44 (99.5 mg, 184 umol) in toluene (1.8 mL)
was added DIBALH (1.02 M in hexane, 0.36 mL, 368 pumol) at —78 °C. The mixture
was warmed to —10 °C and stirred for 2 h at the same temperature. The mixture was
added DIBALH (1.02 M in hexane, 0.36 mL, 368 umol) at —78 °C. After the mixture
was stirred for 5 h at —10 °C, the reaction was quenched with MeOH. The mixture was
filtered through a Celite pad washed with EtOAc. Concentration and short column
chromatography (hexane/EtOAc, 15:1, 10:1, 7:1) gave alcohol 45 (22.3 mg, 22%) as a
colorless oil: Rr= 0.73 (hexane/EtOAc = 2:1) and p-methoxybenzyl ether 44 (47.8 mg,
48% recovery) as a colorless oil; Rr= 0.25 (hexane/EtOAc, 3:1)

(entry 3)

To a solution of TBS ether 44 (60.0 mg, 112 pmol) in CH>Cl> (1.8 mL) was added

DIBALH (1.05 M in hexane, 128 pL, 134 umol) at —65 °C. The mixture was warmed to
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—10 °C and stirred for 2 h at the same temperature. The mixture was added DIBALH
(1.05 M in hexane, 128 pL, 134 umol) at —65 °C. After the mixture was stirred for 2 h at
—10 °C, the reaction was quenched with MeOH. The mixture was filtered through a
Celite pad washed with EtOAc. Concentration and short column chromatography
(hexane/EtOAc, 40:1 15:1, 10:1, 7:1) gave alcohol 45 (23.6 mg, 44.8 pmol, 40%) as a
colorless oil: Rr= 0.73 (hexane/EtOAc = 2:1) and TBS ether 44 (19.0 mg, 32.5 pumol,
29% recovery) as a colorless oil; Ry=0.25 (hexane/EtOAc, 3:1) and alcohol 43 (3.9 mg,
10.1 pmol, 9%) as a colorless oil: Rr=0.19 (hexane/EtOAc = 4:1)

(entry 4)

To a solution of TBS ether 44 (178 mg, 333 pumol) in toluene (3.0 mL) was added
DIBALH (1.05 M in hexane, 0.63 mL, 666 pmol) at —65 °C. The mixture was warmed
to —10 °C and stirred for 2 h at the same temperature. The mixture was added DIBALH
(1.05 M in hexane, 0.32 mL, 333 umol) at —65 °C. After the mixture was stirred for 2 h
at —10 °C, the reaction was quenched with MeOH. The mixture was filtered through a
Celite pad washed with EtOAc. Concentration and short column chromatography
(hexane/EtOAc, 40:1 15:1, 10:1, 7:1) gave alcohol 45 (61.1 mg, , 113.2 umol, 34%) as a
colorless oil: Ry = 0.73 (hexane/EtOAc = 2:1) and TBS ether 44 (28.1 mg, 53.3 umol,
16%, recovery) as a colorless oil; Ry = 0.76 (hexane/EtOAc, 3:1) and alcohol 43 (36.4
mg, 86.6 umol, 26%) as a colorless oil: Ry=0.19 (hexane/EtOAc = 4:1)

(entry 5)

To a solution of TBDPS ether 44 (76.4 mg, 116 umol) in toluene (3.7 mL) was added
DIBALH (1.02 M in hexane, 0.64 mL, 656 umol) at —65 °C. The mixture was warmed
to —10 °C and stirred for 2 h at the same temperature. The mixture was added DIBALH
(1.02 M in hexane, 0.64 mL, 656 umol) at —65 °C. After the mixture was stirred for 1 h
at —10 °C, the reaction was quenched with MeOH. The mixture was filtered through a
Celite pad washed with EtOAc. Concentration and short column chromatography
(hexane/EtOAc, 40:1, 10:1, 7:1) gave alcohol 45 (42.4 mg, 42.9 umol, 37%) as a
colorless oil: Ry=0.73 (hexane/EtOAc =2:1) and TBDPS ether 44 (48.2 mg, 77.7 umol,
67% recovery) as a colorless oil; Rr=0.19 (hexane/EtOAc = 4:1)

(entry 6)

To a solution of TBDPS ether 44 (176 mg, 267 umol) in toluene (5.3 mL) was added

DIBALH (1.02 M in hexane, 0.5 mL, 535 pmol) at —65 °C. The mixture was warmed to
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—10 °C and stirred for 2 h at the same temperature. The mixture was added DIBALH
(1.02 M in hexane, 0.5 mL, 535 umol) at —65 °C. After the mixture was stirred for 2 h at
—10 °C, the reaction was quenched with MeOH. The mixture was filtered through a
Celite pad washed with EtOAc. Concentration and short column chromatography
(hexane/EtOAc, 40:1, 15:1, 7:1) gave TBDPS ether 44 (54.0 mg, 82.8 pumol, 31%
recovery) as a colorless oil; Ry = 0.76 (hexane/EtOAc = 2:1) and alcohol 45 (98.0 mg,
149.5 pmol, 56%) as a colorless oil: Ry = 0.73 (hexane/EtOAc = 2:1); [a]®p —14.1 (c
1.00, CHCI3); IR (neat) 3476, 2930 cm™'; 'H NMR (400 MHz, CDCls) § 7.70 (dd, J =
7.6, 1.5 Hz, 4 H), 7.43-7.37 (m, 6 H), 7.27 (d, J = 8.6 Hz, 2 H), 6.89 (d, J = 8.6 Hz, 2
H), 6.27 (dd, J=15.0, 10.6 Hz, 1 H), 4.14 (dd, J = 15.0, 10.6 Hz, 1 H), 5.73-5.68 (m, 2
H), 4.55 (s, 2 H), 4.26 (d, J=4.2 Hz, 2 H), 3.79 (s, 3 H), 3.72-3.67 (m, 1 H), 3.59-3.55
(m, 1 H), 2.52-2.46 (m, 1 H), 2.39-2.33 (m, 1 H), 1.08 (s, 9 H), 0.93 (s, 9 H), 0.11 (s,
6 H); 3*C NMR (100 MHz, CDCls) § 159.2, 135.4, 133.7, 132.3, 130.4, 130.3, 129.9,
129.5, 127.6, 113.8, 80.4, 74.0, 72.5, 64.2, 55.3, 34.5, 26.9, 25.9, 19.3, 18.1, 14.3,
—4.3, —4.5; HRMS (ESI-TOF) calcd for C39Hss0sSiNa (M + Na)" 683.3564, found
683.3555.

Aldehyde 47. To a solution of alcohol 45 (79.3 mg, 148 umol) in CH2Cl; (1.0 mL)
and DMSO (0.3 mL) were added EtsN (103 pL, 740 umol) and SOs-py. (94.2 mg, 592
umol) at 0 °C. The mixture was stirred at room temperature for 2.5 h. The mixture was
diluted with EtOAc, washed with H>O and brine, and then dried over NaxSOs.
Concentration and column chromatography (hexane/EtOAc = 20:1) gave the aldehyde
47 (75.4 mg, 140.6 umol, 95%) as a colorless oil: Ry = 0.70 (hexane/EtOAc = 2:1)
[a]*p —14.1 (¢ 1.06, CHCl3); IR (neat) 2931, 2860, 1739 cm™'; 'H NMR (400 MHz,
CDCl3) 6 9.60 (s, 1 H), 7.73-7.68 (m, 4 H), 7.44-7.36 (m, 6 H), 7.25 (d, /= 8.3 Hz, 2
H), 6.87 (d, J = 8.3 Hz, 2 H), 6.27-6.10 (m, 2 H), 5.70 (dt, /= 14.4, 4.6 Hz, 1 H), 5.55
(dt, J=14.4, 6.8 Hz, 1 H), 4.58-4.49 (m, 2 H), 4.25 (d, /J=4.6 Hz, 2 H), 4.13 (m, 1 H),
3.80 (s, 3 H), 3.73-3.69 (m, 1 H), 2.43 (t, /= 6.8 Hz, 1 H), 1.08 (s, 9 H), 1.00 (s, 9 H),
0.50 (d, J = 4.4 Hz, 6 H); '>*C NMR (1 00 MHz, CDCls) 6 203.2, 159.1, 135.4, 133.6,
133.2, 131.0, 130.03, 129.5, 129.4, 129.0, 128.6, 127.6, 113.7, 80.8, 79.0, 71.9, 64.2,
55.3, 339, 269, 2558, 19.3, 183, 4.6, 4.7, HRMS (ESI-TOF) calcd for
C39Hs5405Si2Na (M + Na)" 681.3408, found 681.3410.
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Alcohol 48.

(entry 1)

Preparation of LDA. To a stirred solution of diisopropyl amine (26.4uL, 186 pumol)
in THF (1.3 mL), was added n-BuLi (1.57 M in hexane, 108 pL, 170 pmol) at —60 °C.
After stiring for 8 min, the mixture was warm to room temperature and stired for 5 min.
Then, the mixture was cooled at —60 °C.

To a stirred solution of LDA obtained above was added methyl acetoacetate (37)
(8.35 puL, 77.4 umol) at —60 °C. After stiring for 20 min, the mixture was warm to room
temperature and stired for 5 min. After stiring for 10 min at —60 °C, the mixture was
added aldehyde 47 (51.0 mg, 77.4 pumol) in THF (0.3 mL + 0.2 mL) at —60 °C and
gradually warm to room temperature. After stiring for 2 h at room temperature, the
mixture was quenched with saturated aqueous NH4Cl. The mixture was diluted with
EtOAc, washed with H,O and brine, and then dried over NaxSOs. Concentration and
column chromatography (hexane/EtOAc = 6.5:1) gave alchole 48 (31.4 mg, 40.2 umol,
dr=4:1, 52%) as a colorless oil: Ry=0.21 (hexane/EtOAc = 4:1)

(entry 2)

Preparation of LDA. To a stirred solution of diisopropyl amine (37.1uL, 153 umol)
in THF (1.8 mL), was added n-BuLi (1.57 M in hexane, 153 pL, 240 umol) at —60 °C.
After stirring for 8 min, the mixture was warm to room temperature and stirred for 5
min. Then, the mixture was cooled at —60 °C.

To a stirred solution of LDA obtained above was added methyl acetoacetate (37)
(11.8 puL, 109 umol) at —60 °C. After stirring for 20 min, the mixture was warm to room
temperature and stirred for 5 min. After stirring for 10 min at —78 °C, the mixture was
added aldehyde 47 (72.0 mg, 109 umol) in THF (0.3 mL + 0.2 mL) at —78 °C. After
stirring for 20 min at the same temperature, the mixture was quenched with saturated

aqueous NH4Cl. The mixture was diluted with EtOAc, washed with H,O and brine, and

then dried over Na>xSO4. Concentration and column chromatography (hexane/EtOAc
6.5:1) gave alchole 48 (21.0 mg, 27.2 umol, dr = 4.5:1, 25%) as a colorless oil: Ry =
0.21 (hexane/EtOAc = 4:1) and aldehyde 47 (36.2 mg, 54.5 pmol, 50% recovery) as a
colorless oil: Ry=0.70 (hexane/EtOAc = 2:1)
(entry 4)

To a stirred solution of sodium hydride (19.7 mg, 411 pmol) in THF (1.0 mL) was
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added methyl acetoacetate (37) (29.5 uL, 247 umol) at 0 °C. After stirring for 20 min,
the mixture was added n-BuLi (1.57 M in hexane, 192 puL, 301 pmol) at 0 °C. After
stirring for 10 min at —78 °C, the mixture was added aldehyde 47 (90.3 mg, 137 pmol)
in THF (0.3 mL + 0.2 mL) at —78 °C and stirred for 15 min at the same temperature.
The mixture was quenched with saturated aqueous NH4Cl. The mixture was diluted
with EtOAc, washed with H>O and brine, and then dried over Na>xSOas. Concentration
and column chromatography (hexane/EtOAc = 5.5:1) gave alchole 48 (100 mg, 232.1
pmol, dr = 6:1, 94%) as a colorless oil: Ry= 0.21 (hexane/EtOAc = 4:1); [a]**p +2.2 (c
1.00, CHCl3); IR (neat) 3517, 2930, 1748 cm™!; 'TH NMR (400 MHz, CsDs) 6 7.81 (dd, J
= 6.1, 2.4 Hz, 4 H), 7.23-7,22 (m, 8 H), 6.83 (d, J= 8.5 Hz, 2 H), 6.42 (dd, J = 15.0,
10.6 Hz, 1 H), 6.22 (dd, J = 15.0, 10.6 Hz, 1 H), 5.84 (dt, /= 15.0, 7.4 Hz, 1 H), 5.69
(dt,J=15.0,5.1 Hz, 1 H), 4.41 (d, J=4.6 Hz, 2 H), 4.32 (m, 1 H), 4.24 (d, /= 4.6 Hz,
2 H),3.87 (t,J=4.6 Hz, 1 H), 3.61 (dt,J=6.6,4.6 Hz, 1 H), 3.32 (s, 3 H), 3.26 (s, 3 H),
3.03 (s, 2 H), 2.80 (dd, J= 6.8, 3.7 Hz, 1 H), 2.65 (d, /= 9.3 Hz, 1 H), 2.48 (m, 2 H),
1.19 (s, 9 H), 1.01 (s, 9 H), 0.19 (s, 6 H); *C NMR (100 MHz, CDCl3) 6 201.1, 159.8,
135.9, 134.2, 132.6, 130.9, 130.8, 130.5, 129.9, 114.2, 114.1, 79.9, 77.1, 72.1, 69.0,
64.7, 54.9, 51.8, 49.8, 45.6, 34.0, 27.2, 26.5, 26.3, 19.6, 18.7, -3.9, —4.0; HRMS
(ESI-TOF) calcd for C44Hs208Si>Na (M + Na)" 797.3881, found 797.3875.

(entry 5)

To a stirred solution of sodium hydride (17.3 mg, 360 umol) in THF (1.3 mL) was
added methyl acetoacetate (37) (25.9 uL, 240 pumol) at 0 °C. After stirring for 20 min,
the mixture was added n-BuLi (1.57 M in hexane, 168 uL, 264 pumol) at 0 °C. After
stirring for 10 min at —95 °C, the mixture was added aldehyde 47 (79.4 mg, 120 pmol)
in THF (0.4 mL + 0.3 mL) at —95 °C and stirred for 50 min at the same temperature.
The mixture was quenched with saturated aqueous NH4Cl. The mixture was diluted
with EtOAc, washed with H>O and brine, and then dried over Na>xSOas. Concentration
and column chromatography (hexane/EtOAc = 7:1, 5.5:1) gave alchole 48 (36.2 mg,
93.6 umol, dr = 5:1, 39%) as a colorless oil: Ry = 0.21 (hexane/EtOAc = 4:1) and
aldehyde 47 (41.5 mg, 127.2 pmol, 53% recovery) as a colorless oil: Ry = 0.70
(hexane/EtOAc = 2:1)

Aldehyde 51. To a solution of TBDPS ether 48 (27.9 mg, 36.0 umol) in THF (3.6 mL)
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was added HF-py. (100 puL) at 0 °C. After the mixture was stirred at room temperature
for 6 h, HF-py. (100 puL) was added. After the mixture was stirred at room temperature
for 3 h, diluted with EtOAc, washed with saturated aqueous NaHCO3, H>O, and brine,
and then dried over NaSO4. Concentration and column chromatography
(hexane/EtOAc = 10:1, 2:1) gave alcohol 50 (15.4 mg) as a colorless oil: Ry = 0.39
(hexane/EtOAc = 1:1), which was used in the next reaction without further purification.

To a solution of alcohol 50 (15.4 mg) in CH2Clz (3.0 mL) were added BAIB (25.0 mg,
77.8 pumol) and TEMPO (0.48 mg, 3.1 umol) at 0 °C. After the mixture was stirred for 6
h at the same temperature, quenched with saturated aqueous NaS>0O3. The mixture was
diluted with EtOAc, washed with H»O, and brine, and then dried over Na;SOa.
Concentration and column chromatography (hexane/EtOAc = 4:1, 3:1) gave aldehyde
51 (11.6 mg, 21.6 umol, 60% in 2 steps) as a colorless oil: Rr= 0.56 (hexane/EtOAc =
1:1)

p-Methoxybenzyl Acetal 52. To a solution of aldehyde 51 (5.9 mg, 11.0 umol) and
MS4A (10.0 mg) in CH2CIL, (0.5 mL), was added DDQ (3.7 mg, 16.5 umol) at 0 °C.
After the mixture was stirred for 1 h at the same temperature, the reaction was filtered
through a Celite pad washed with EtOAc. Then, washed with saturated aqueous
NaHCOs, H>O, and brine, and then dried over Na>SOs. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave aldehyde 52 (12.4 mg, 4.51 pmol, 41%)
as a colorless oil: R=0.73 (hexane/EtOAc = 1:1); 'TH NMR (400 MHz, CsDs) 6 9.38 (d,
J=17.8Hz 1 H), 7.41 (d,J=8.8 Hz, 2 H), 6.78 (d, /= 8.8 Hz, 2 H), 6.40 (ddd, /= 15.4,
10.0, 4.4 Hz, 1 H), 6.03 (m, 2 H), 592 (dd, J = 15.4, 7.8 Hz, 1 H), 528 (s, 1 H),
3.86-3.80 (m, 1 H), 3.47 (td, J = 7.8, 2.7 Hz, 1 H), 3.31 (s, 3 H), 3.18 (s, 3 H),
2.61-2.58 (m, 1 H), 2.29-2.22 (m, 1 H), 1.36-1.25 (m, 4 H), 1.00 (s, 9 H), 0.05 (d, J =
27.8 Hz, 1 H).

Diol 53. To a solution of a-hydroxy ketone 51 (310.6 mg, 400 umol) in THF (8.6 mL)
and MeOH (2.1 mL), was added EtcBOMe (0.48 mL, 481 pumol) at —78 °C. After the
mixture was stirred for 15 min at the same temperature, the reaction was added NaBH4
(18.2 mg, 481 pumol). After the mixture was stirred for 1 h at the same temperature, the

reaction was quenched with AcOH. The mixture was diluted with EtOAc, washed with
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H>0, and brine, and then dried over Na>SOs. Co evaporated with MeOH (10 mLx5) and
column chromatography (hexane/EtOAc = 4:1, 3:1) gave diol 53 (304 mg, 392.0 umol,
98%) as a colorless oil: Rr= 0.45 (hexane/EtOAc = 2:1); [a]*p —2.5 (¢ 1.00, CHCl3); IR
(neat) 3464, 2930, 1738 cm™'; 'H NMR (400 MHz, CsDs) 6 7.80 (d, J = 8.5 Hz, 4 H),
7.25-7,22 (m, 8 H), 6.81 (d, /= 8.5 Hz, 2 H), 6.43 (dd, /= 15.1, 10.5 Hz, 1 H), 6.28 (dd,
J=15.1,10.5 Hz, 1 H), 5.94 (dt,J=15.1, 7.1 Hz, 1 H), 5.74 (dt, J=15.1, 5.1 Hz, 1 H),
4.45(d,J=42Hz 2 H),4.24(d,/=4.2 Hz, 2 H), 4.07-3.98 (m, 1 H), 3.88-3.75 (m, 2
H),3.59 (d,J=41.2 Hz, 1 H), 3.31 (s, 3 H), 3.25 (s, 3 H), 2.63-2.60 (m, 1 H), 2.44 (t, J
= 5.1 Hz, 1 H), 2.25 (dd, J = 16.3, 8.5 Hz, 1 H), 2.12 (dd, J = 16.3, 3.6 Hz, 1 H),
1.78-1.59 (m, 2 H), 1.20 (s, 9 H), 1.03 (s, 9 H), 0.22 (d, J = 20.3 Hz, 6 H); °C NMR
(100 MHz, C¢Ds) 6 172.6, 159.7, 135.9, 134.2, 132.9, 132.4, 131.4, 131.1, 130.7, 130.5,
130.2, 129.9, 114.3, 114.0, 79.9, 77.7, 73.6, 72.1, 69.6, 64.7, 54.8, 41.8, 38.6, 33.9, 27.2,
26.6, 26.3, 19.6, 18.8, —3.7, —=3.9; HRMS (ESI-TOF) calcd for Cs4HesOsSi2Na (M +
Na)* 799.4037, found 799.4037.

Diol 54. To a solution of a-hydroxy ketone 51 (595 mg, 0.77 mmol) in CH3CN (9.0
mL) and AcOH (9.0 mL), was added NaBH(OAc¢)3 (244 mg, 1.15 mmol) and at —20 °C.
After the mixture was stirred for 2 h at —20 °C, the reaction was quenched with
saturated aqueous NaHCOs. The mixture was diluted with EtOAc, washed with H>O,
and brine, and then dried over NaxSOs. Concentration and column chromatography
(hexane/EtOAc = 5:1) gave diol 54 (565 mg, 0.73 pumol, 95%) as a colorless oil: Ry =
0.45 (hexane/EtOAc = 2:1); [a]*p —9.1 (¢ 1.00, CHCl3); IR (neat) 3476, 2930, 1739
cm™'; 'H NMR (400 MHz, C¢Ds)  7.73—7,41 (m, 4 H), 7.25-7,09 (m, 8 H), 6.77 (d, J =
8.8 Hz, 2 H), 6.35 (dd, J = 15.1, 10.5 Hz, 1 H), 6.18 (dd, J = 15.1, 10.5 Hz, 1 H), 5.84
(dt, J=15.1, 7.6 Hz, 1 H), 5.61 (dt, J = 15.1, 4.9 Hz, 1 H), 4.40 (d, J = 1.9 Hz, 2 H),
430 (d,J=1.9Hz, 1 H), 4.16 (d,J=4.6 Hz, 2 H),, 4.07 (m, 1 H), 3.84-3.81 (m, 1 H),
3.68 (m, 1 H), 3.25 (s, 3 H), 3.21 (s, 3 H), 2.52 (t, /= 6.4 Hz, 2 H), 2.34-2.29 (m, 1 H),
2.17(dd,J=15.1,3.4Hz, 1 H), 1.71-1.66 (m, 2 H), 1.12 (s, 9 H), 0.94 (s, 9 H), 0.14 (d,
J = 15.4 Hz, 6 H); 3C NMR (100 MHz, CDCl3) § 173.1, 159.7, 135.9, 134.2, 132.4,
131.4,131.1, 130.7, 130.5, 129.9, 114.2, 114.0, 80.3, 77.7, 70.0, 72.1, 66.3, 64.7, 54.8,
51.3,41.4, 38.4,34.2,27.2,26.5, 26.3, 19.6, 18.8, 14.3, -3.6, —4.1; HRMS (ESI-TOF)
caled for C44He4OsSi2Na (M + Na)™ 799.4037, found 799.4036.
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p-Methoxybenzyl Acetal 55. To a solution of diol 53 (5.4 mg, 6.82 umol) in CH>Cl,
(0.5 mL) was added MS4A (5.0 mg) and p-anisaldehyde dimethylacetal (1.7uL, 10.2
umol) at room temperature. The mixture was added CSA (0.46 mg, 2.0 umol) at 0 °C
and stirred at room temperature for 4 h. The mixture was added p-anisaldehyde
dimethylacetal (1.7uL, 10.2 pmol) and CSA (0.46 mg, 2.0 umol) at 0 °C. After the
mixture was stirred at room temperature for 12 h, the reaction was quenched with Et3N.
The reaction was filtered through a Celite pad. Concentration and column
chromatography (hexane/EtOAc = 10:1) gave p-methoxybenzyl asetal 55 (4.0 mg, 4.50
pmol, 66%) as a colorless oil: Ry = 0.72 (hexane/EtOAc = 2:1); § 7.85-7.83 (m, 5 H),
7.64 (d, J=8.5 Hz, 2 H), 7.47-7.44 (m, 5 H), 7.02 (dd, /= 7.4, 4.0 Hz, 5 H), 6.55 (dd, J
=15.1,10.4 Hz, 1 H), 6.38 (dd, J=15.1, 10.4 Hz, 1 H), 6.00 (dt, J=15.1, 7.3 Hz, 1 H),
5.86 (dt,J=15.1,4.8 Hz, 1 H), 5.73 (s, 1 H), 4.62 (s, 1 H), 4.54-4.47 (m, 1 H), 4.36 (d,
J=4.8 Hz, 2 H), 4.29-4.24 (m, 1 H), 4.17 (t, /=4.8 Hz, 1 H), 3.88-3.84 (m, 1 H), 3.68
(s, 3 H), 3.64 (s, 3 H), 3.62 (s, 3 H), 2.89 (dd, J=15.1, 7.3 Hz, 1 H), 2.76-2.64 (m, 2 H),
1.93-1.80 (m, 2 H), 1.25-1.23 (brs, 1 H), 1.13 (s, 9 H), 1.01 (s, 9 H), 0.24 (s, 6 H).

Alcohol 61. To a solution of diol 53 (202 mg, 260 umol) in THF (2.6 mL) were added
Me,C(OMe), (0.32 mL, 2.26 mmol) and p-TsOH-H>O (4.9mg, 26.0 umol) at room
temperature. The mixture was stirred at room temperature for 25 min, then quenched
with saturated aqueous NaHCO3. The mixture was diluted with EtOAc, washed with
H>O, and brine, and then dried over NaxSOs. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave acetonide 60 (212 mg) as a colorless oil: Ry
= 0.62 (hexane/EtOAc = 2:1), which was used in the next reaction without further
purification.

To a solution of TBDPS ether 60 (212 mg) in THF (4.5 mL) was added HF-py. (0.5
mL) at 0 °C and. After the mixture was stirred at room temperature for 2 h, the mixture
was diluted with EtOAc, washed with saturated aqueous NaHCO3, H>O, and brine, and
then dried over Na;SO4. Concentration and column chromatography (hexane/EtOAc =
10:1, 2.5:1) gave alcohol 61 (101.8 mg, 176.8 umol, 68% in 2 steps) as a colorless oil:
Ry = 0.33 (hexane/EtOAc = 2:1); [a]**p —5.5 (c 0.98, CHCL); IR (neat) 3459, 2952,
2692, 1740 cm™'; '"H NMR (400 MHz, CDCl3) ¢ 7.23 (d, J = 8.8 Hz, 2 H), 6.86 (d, J =
8.8 Hz, 2 H), 6.20 (dd, J = 15.3, 10.6 Hz, 1 H), 6.08 (dd, J = 15.3, 10.6 Hz, 1 H),

- 130 -



H3E L EAY ) TA RCI-CI3 7 T 7 A b DONARIEBIE L & A L ARBL

5.76-5.70 (m, 2 H), 4.45 (s, 2 H), 4.24-4.20 (m, 2 H), 4.13 (d, J = 5.6 Hz, 2 H), 3.94
(ddd, J=12.6, 4.9, 2.4 Hz, 1 H), 3.90 (s, 3 H), 3.48 (dt, J=7.1, 4.4 Hz, 1 H), 2.53 (dd,
J=15.3,7.1 Hz, 1 H), 2.38-2.33 (m, 4 H), 1.47 (dt, J= 12.6, 2.4 Hz, 1 H), 1.40 (s, 3 H),
1.36 (s, 3 H), 0.89 (s, 9 H), 0.08 (d, J = 6.8 Hz, 6 H); '*C NMR (100 MHz, CDCls) ¢
171.2, 159.0, 131.9, 131.7, 131.3, 130.6, 129.8, 129.6, 113.6, 98.7, 78.7, 76.3, 71.6,
69.3, 65.9, 63.5, 55.3, 51.6, 41.6, 33.4, 31.7, 29.9, 26.2, 19.8, 18.5, 4.0, —4.3; HRMS
(ESI-TOF) calcd for C31Hs00sSiNa (M + Na)* 601.3173, found 601.3169.

Aldehyde 62. To a solution of alcohol 61 (101 mg, 176umol) in CH2Cl> (2.0 mL) was
added BAIB (146 mg, 440 umol) and TEMPO (5.5 mg, 35.2 umol) at 0 °C, and
stirred for 30 min at the same temperature. After the mixture was stirred for 1.5 h at
room temperature, quenched with saturated aqueous Na>S>0s3. The mixture was diluted
with EtOAc, washed with H>O, and brine, and then dried over NaxSO4. Concentration
and column chromatography (hexane/EtOAc = 4:1, 3:1) gave corresponding aldehyde
(101.5 mg, 105.6 umol, 60%) as a colorless oil: Ry=0.58 (hexane/EtOAc = 2:1)

To a solution of aldehyde (101.5 mg) in CH2Cl; (4.0 mL) and pH=7 phosphate buffer
(0.14 mL) was added DDQ (47.9 mg, 211 pumol) and at 0 °C and stirred at the same
temperature. After the mixture was stirred for 30 min at room temperature, the reaction
was quenched with saturated aqueous NaHCOs3. Then, washed with saturated aqueous
NaHCOs, H>O, and brine, and then dried over Na>SOs. Concentration and column
chromatography (hexane/EtOAc = 3:1) gave aldehyde 62 (76.0 mg, 165.4 pmol, 94%
in 2 steps) as a colorless oil: Ry = 0.52 (hexane/EtOAc = 1:1); [a]*’p —14.4 (c 0.97,
CHCl); IR (neat) 3490, 2953, 1739, 1681 cm™'; 'H NMR (400 MHz, CDCls) 6 9.54 (d,
J=17.8Hz, 1H), 7.09 (dd, J=15.3,9.9 Hz, 1 H), 6.43—6.31 (m, 2 H), 6.10 (dd, J=15.3,
7.8 Hz, 1 H), 4.34-4.27 (m, 1 H), 4.03 (ddd, J = 8.0, 5.4, 2.4 Hz, 1 H), 3.78 (dt, J = 8.0,
3.9 Hz, 1 H), 3.68 (s, 3 H), 3.53 (t, /= 5.4 Hz, 1 H), 2.56 (dd, J = 15.3, 7.0 Hz, 1 H),
2.51(dd,J=54,3.9Hz 1 H), 2.42-2.37 (m, 2 H), 2.30 (d, /=3.9 Hz, 1 H), 1.70 (dt, J
=12.7,2.4 Hz, 1 H), 1.45 (s, 3 H), 1.36 (s, 3 H), 0.90 (s, 9 H), 0.11 (d, /= 5.9 Hz, 6 H);
3C NMR (100 MHz, CDCls) § 193.6, 171.1, 151.9, 143.0, 130.8, 130.6, 98.8, 77.3,
72.7, 69.7, 65.9, 51.7, 41.5, 36.5, 32.7, 29.9, 26.0, 19.8, 18.3, -3.8, —4.2; HRMS
(ESI-TOF) calcd for C23H4007SiNa (M + Na)* 479.2441, found 479.2440.
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Triol 63.
(entry 2)

To a solution of MgBr; (6.3 mg, 34.2 umol) in benzene (0.2 mL) was added
acetonide 62 (3.9 mg, 8.54 umol) in benzene (0.3 mL + 0.2 mL) at room temperature,
and stirred for 1 h at the same temperature. After the mixture was refluxed for 12 h,
quenched with saturated aqueous NaHCOs3. The mixture was diluted with EtOAc,
washed with H>O, and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc = 3:1, 1:1) gave corresponding triol 63 (0.5 mg, 4.8
pmol, 14%) as a colorless oil: Ry = 0.09 (hexane/EtOAc = 1:1), and acetonide 63a (1.3
mg, 11.3 umol, 33%) as a colorless oil: Ry=0.53 (hexane/EtOAc = 1:1)

(entry 3)

To a solution of acetonide 62 (3.1 mg, 6.79 pumol) in CH>Cl, (0.5 mL) was added
TiCls (1.1 puL, 10.2 umol) and at 0 °C. After the mixture was stirred for 10 min stirred at
the same temperature, the reaction was quenched with saturated aqueous NaHCOs.
Then, washed with saturated aqueous NaHCOs;, H>O, and brine, and then dried over
NazS04. Concentration and column chromatography (hexane/EtOAc = 3:1) gave triol
63 (1.9 mg, 4.55 umol, 67%) as a colorless oil: Rr= 0.09 (hexane/EtOAc = 1:1)

(entry 4)

To a solution of acetonide 62 (4.8 mg, 10.5 umol) in CH>Cl, (0.75 mL) was added
TiCls (1.7 pL, 15.7 umol) and at —30 °C. After the mixture was stirred for 5 min stirred
at the same temperature, the reaction was quenched with saturated aqueous NaHCOs.
Then, washed with saturated aqueous NaHCOs, H>O, and brine, and then dried over
NazS04. Concentration and column chromatography (hexane/EtOAc = 3:1, 1:1) gave
triol 63 (4.3 mg, 10.3 umol, 98%) as a colorless oil: Ry = 0.09 (hexane/EtOAc = 1:1);
[0]**p —5.1 (c 0.73, CHCl5); IR (neat) 3449, 2928, 1736, 1680 cm™'; '"H NMR (400 MHz,
CDCl3) 6 9.54 (d, J= 8.1 Hz, 1 H), 7.09 (dd, J=15.3, 9.8 Hz, 1 H), 6.41-6.33 (m, 2 H),
6.10 (dd, J=15.3, 8.0 Hz, 1 H), 4.30-4.28 (m, 1 H), 3.99-3.95 (m, 1H), 3.72 (s, 3 H),
3.69 (d, J =22 Hz 1 H),3.54 (t, J= 144 Hz, 1 H), 2.63-2.35 (m, 4 H), 1.85 (t, J =
14.4 Hz, 1 H), 1.56 (m, 1 H), 0.91 (s, 9 H), 0.12 (d, J = 2.2 Hz, 6 H); *C NMR (100
MHz, CDCls) 6 193.7, 172.8, 152.0, 143.2, 131.9, 130.8, 130.5, 77.9, 73.7, 72.6, 69.2,
51.9, 41.6, 41.4, 384, 36.7, 26.1, 18.3, —4.0, HRMS (ESI-TOF) calcd for
C20H3607SiNa (M + Na)* 439.2128, found 439.2126..
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(entry 5)

To a solution of acetonide 62 (13.8 mg, 30.2 umol) in CH2Cl; (2.3 mL) was added
TiCls (3.79 pL, 36.2 umol) and at —50 °C. After the mixture was stirred for 10 min
stirred at the same temperature, the reaction was quenched with saturated aqueous
NaHCOs. Then, washed with saturated aqueous NaHCOs3, H>O, and brine, and then
dried over Na>xSO4. Concentration and column chromatography (hexane/EtOAc = 3:1,
1:1) gave triol 63 (6.3 mg, 50%) as a colorless oil: Rr= 0.09 (hexane/EtOAc = 1:1) and
acetonide 63a (6.3 mg, 46%) as a colorless oil: Ry=0.53 (hexane/EtOAc = 1:1)

@3S, 5R, 6S, 75)-Tetraol 6a. To a solution of TBS ether 63 (12.4 mg, 29.8 umol) in
THF (1.5 mL) was added HF-py. (60 puL) at 0 °C and stirred for 2 h at the same
temperature. After the mixture was stirred at room temperature for 2 h, HF-py. (70 uL)
was added at 0 °C and stirred for 30 min at the same temperature. After the mixture was
stirred at room temperature for 5 h, the mixture was diluted with EtOAc, washed with
saturated aqueous NaHCOs3, H>0, and brine. Back extract with AcOEt and then dried
over Na;SO4. Concentration and flash column chromatography (CH2Cl2/MeOH = 20:1)
gave (35, 5R, 68, 75)-tetraol 6a (1.6 mg, 5.36 umol, 18%, 33% brsm) as a colorless oil:
R;=0.33 (CH2Cl/MeOH = 10:1); [a]*p —32.1 (c 0.15, CHCl3); IR (neat) 3417, 2924,
1731, 1679 cm™!; 'TH NMR (400 MHz, COs0D) 6 9.48 (d, J = 8.1 Hz, 1 H), 7.33 (ddd, J
=15.3,10.0, 2.7 Hz, 1 H), 6.48 (dd, J=15.3, 2.7 Hz, 2 H), 6.08 (dd, J=15.3, 8.1 Hz, 1
H), 4.33-4.26 (m, 1 H), 3.85 (ddd, /=9.0, 5.9, 2.7 Hz, 1 H), 3.74-3.69 (m, 1H), 3.67 (s,
3 H),3.38 (t, J=6.3 Hz, 1 H), 2.57 (dd, J=15.3, 4.4 Hz, 2 H), 2.43 (dd, J = 15.3, 8.6
Hz,2 H), 1.85 (t, J=14.4 Hz, 1 H), 1.85 (ddd, J = 14.3,5.9, 3.1 Hz, 1 H), 0.91 (s, 9 H),
0.12 (d, J = 2.2 Hz, 6 H); *C NMR (100 MHz, COs0D) §196.0, 152.0, 143.2, 131.9,
130.8, 130.5, 77.9, 73.7, 72.6, 69.2, 51.9, 41.6, 41.4, 38.4, 36.7, 26.1, 18.3, —4.0;
HRMS (ESI-TOF) caled for C20H3607SiNa (M + Na)" 439.2128, found 439.2126.

Diol 64. To a solution of TBS ether 17 (160 mg, 0.277 mmol) in MeCN (2.8 mL) was
added a mixed solution of TBAF (1.0 M solution in THF, 2.8 mL, 2.80 mmol) and
AcOH (0.16 mL, 2.77 mmol) at room temperature. After the mixture was stirred at
60 °C for 6 days, the reaction was quenched with saturated aqueous NH4Cl. The
mixture was diluted with EtOAc and washed with H>O and brine. The aqueous phase

was washed with EtOAc three times. The combined organic layer was dried over
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NazS04. Concentration and column chromatography (hexane/EtOAc = 2:1, EtOAc)
gave diol 64 (111 mg, 0.238 mmol, 86%) as a colorless oil: Ry= 0.09 (hexane/EtOAc =
1:1); [a]**p +10.5 (¢ 0.71, CHCL); IR (neat) 3420, 2928, 2858, 1738, 1613 cm™'; 'H
NMR (400 MHz, CsD¢) 6 7.17 (d, J= 8.6 Hz, 2 H), 6.80 (d, J = 8.6 Hz, 2 H), 6.26—6.16
(m, 2 H), 5.91-5.86 (m, 1 H), 5.62 (dt, J = 14.0, 5.6 Hz, 1 H), 4.51-4.47 (m, 1 H), 4.43
(d, J=11.2 Hz, 1 H), 4.33-4.29 (m, 1 H), 4.22 (d, /= 11.2 Hz, 1 H), 4.11-4.06 (m, 1
H), 3.92-3.84 (m, 3 H), 3.60-3.56 (m, 1 H), 3.33 (s, 3 H), 3.31 (s, 3 H), 2.62-2.48 (m,
3 H), 2.18 (dd, J = 15.6, 5.2 Hz, 1 H), 1.46—1.40 (m, 2 H), 1.39 (s, 3 H), 1.29 (s, 3 H),
0.92 (t, J = 7.2 Hz, 1 H); *C NMR (100 MHz, C¢D¢) 6 170.9, 159.9, 132.7, 131.2,
130.9, 130.7, 130.0, 114.2, 99.0, 77.6, 73.8, 71.2, 69.7, 66.3, 63.3, 54.9, 51.2, 41.6, 32.9,
31.4, 30.3, 19.9; HRMS (ESI-TOF) calcd for C2sH3sOsNa [M + Na]"487.2308, found
487.2306.

Allylic Alcohol 65. To a solution of diol 64 (94.4 mg, 0.163 mmol) in CH>Cl> (1.6
mL) was added 2,6-lutidine (67 pL, 0.456 mmol) and TESOTT (88 pL, 0.391 mmol) at
0 °C. After the mixture was stirred at room temperature for 40 min, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H,O and brine, and then dried over NaxSOs. Concentration and column
chromatography (hexane/EtOAc = 20:1, 10:1) gave the corresponding bis-TES ether
(111 mg, 0.160 mmol, 98%) as a colorless oil: Ry= 0.71 (hexane/EtOAc = 2:1); [a]*p
+4.2 (¢ 0.49, CHCl3); IR (neat) 2953, 2871, 1742, 1612 cm!; 'H NMR (400 MHz,
CeD¢) 0 7.24 (d, J= 8.6 Hz, 2 H), 6.84 (d, J= 8.6 Hz, 2 H), 6.41 (dd, J=15.0, 10.6 Hz,
1 H), 6.30 (dd, J =15.0, 10.6 Hz, 1 H), 5.95-5.87 (m, 1 H), 5.73 (dt, J=15.0, 5.3 Hz, 1
H),4.48 (d,J=11.2Hz, 1 H), 435 (d,J=11.2 Hz, 1 H), 4.35-4.27 (m, 1 H), 4.15 (d, J
=5.3 Hz,2 H), 4.12-4.07 (m, 1 H), 3.95 (t, /= 5.0 Hz, 1 H), 3.61 (q, J = 5.4 Hz, 1 H),
3.35 (s, 3 H), 3.33 (s, 3 H), 2.60-2.53 (m, 3 H), 2.22 (dd, J = 154, 5.4 Hz, 1 H),
1.50—1.44 (m, 2 H), 1.46 (s, 3 H), 1.33 (s, 3 H), 1.09 (t, /=8.2 Hz, 9 H), 1.02 (t, /= 7.4
Hz, 9 H), 0.80 (g, J = 8.2 Hz, 6 H), 0.62 (q, J = 7.4 Hz, 6 H); 3*C NMR (100 MHz,
CsDg) 0 170.8, 159.8, 132.5, 131.3, 131.1, 131.0, 130.4, 130.0, 114.1, 99.0, 78.8, 76.9,
71.9, 69.8, 66.4, 63.5, 54.9, 51.1, 41.8, 33.7, 31.8, 30.2, 19.9, 7.5, 7.2, 5.9, 5.2; HRMS

(ESI-TOF) calcd for C37He4OsSioNa [M + Na]* 715.4037, found 715.4031.
To a solution of the corresponding TES ether (99.7 mg, 0.144 mmol) in CH2CI2 (7.0
mL) and MeOH (0.7 mL) was added PPTS (11.0 mg, 43.0 umol) at 0 °C. After the

mixture was stirred at room temperature for 1 h, the reaction was quenched with Et3N.
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The mixture was diluted with EtOAc, washed with H20 and brine, and then dried over
Na2S04. Concentration and column chromatography (hexane/EtOAc = 10:1, 2:1) gave
allylic alcohol 65 (75.1 mg, 0.130 mmol 90%) as a colorless oil: Rr = 0.53
(hexane/EtOAc = 1:1); [0]*'p +2.5 (¢ 1.53, CHCI3); IR (neat) 3460, 2952, 2875, 1739,
1612 cm—1; 1H NMR (400 MHz, C6D6) 6 7.23 (d, J = 8.0 Hz, 2 H), 6.83 (d, J = 8.0 Hz,
2 H), 6.26—6.16 (m, 2 H), 5.90—5.83 (m, 1 H), 5.64-5.57 (m, 1 H), 4.48 (d, J = 11.5 Hz,
1 H), 4.36 (d, J=11.5 Hz, 1 H), 4.32—4.31 (m, 1 H), 4.11-4.07 (m, 1 H), 3.96—3.93 (m,
1 H), 3.90 (brs, 2 H), 3.62—-3.58 (m, 1 H), 3.34 (s, 3 H), 3.33 (s, 3 H), 2.59-2.54 (m, 3
H), 2.24 (dd, J = 15.5, 5.1 Hz, 1 H), 1.49-1.46 (m, 2 H), 1.46 (s, 3 H), 1.33 (s, 3 H),
1.08 (t, J =7.9 Hz, 9 H), 0.79 (q, J = 7.9 Hz, 6 H); 13C NMR (100 MHz, C6D6) 6 170.9,
159.8, 132.4, 131.3, 131.2, 131.1, 131.0, 130.0, 114.1, 99.0, 78.7, 76.8, 71.8, 69.8, 66.4,
63.2, 549, 51.2, 41.8, 33.7, 31.7, 30.2, 19.9, 7.5, 5.9; HRMS (ESI-TOF) calecd for
C31H5008SiNa [M + NaJ+ 601.3173, found 601.3171.

Alcohol 66. To a solution of alcohol 65 (45.6 mg, 78.8 umol) in CH>Cl> (1.6 mL)
were added PhI(OAc). (65.0 mg, 0.197 mmol) and TEMPO (2.5 mg, 15.8 umol) at 0 °C.
After the mixture was stirred at room temperature for 5 h, the reaction was quenched
with saturated aqueous Na>S>0;. The mixture was diluted with EtOAc, washed with
H>O and brine, and then dried over Na>SO4. Concentration and column chromatography
(hexane/EtOAc = 5:1) gave the corresponding unsaturated aldehyde (44.5 mg), which
was used for the next reaction without further purification.

To a solution of the PMB ether obtained above (44.5 mg) in CH>Cl, (1.7 mL) and
phosphate pH standard solution (0.1 mL) was added DDQ (26.0 mg, 0.116 mmol) at
0 °C. After the mixture was stirred at room temperature for 3 h, the reaction was
quenched with saturated aqueous NaHCOs. The mixture was diluted with EtOAc,
washed with H2O and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc = 2:1) gave alcohol 66 (27.5 mg, 34.7 umol 76% in
two steps) as a colorless oil: Ry = 0.23 (hexane/EtOAc = 2:1); [a]*’p —15.2 (¢ 1.00,
CHCl3); IR (neat) 3479, 2953, 2876, 1739, 1682, 1639 cm!; 'H NMR (400 MHz,
CDCl3) 0 9.54 (d, J=7.8 Hz, 1 H), 7.09 (dd, J =154, 10.0 Hz, 1 H), 6.44—6.30 (m, 2
H), 6.10 (dd, J=15.4, 7.8 Hz, 1 H), 4.35-4.28 (m, 1 H), 4.05-4.01 (m, 1 H), 3.78-3.75
(m, 1 H), 3.68 (s, 3 H), 3.54 (d, J=5.5 Hz, 1 H), 2.60—2.51 (m, 2 H), 2.43—2.32 (m, 2
H), 1.72-1.64 (m, 2 H), 1.46 (s, 3 H), 1.36 (s, 3 H), 0.97 (t, J = 8.0 Hz, 9 H), 0.65 (q, J
= 8.0 Hz, 6 H); >*C NMR (100 MHz, CDCl3) 6 193.6, 171.1, 151.9, 143.0, 130.8, 130.6,
98.8, 72.8, 70.0, 65.9, 51.7, 41.5, 36.6, 32.5, 29.9, 19.8, 7.0, 5.3; HRMS (ESI-TOF)
calcd for C23H4007SiNa [M + Na]" 479.2441, found 479.2446.
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Tetraol 6a from 66. To a solution of acetonide 66 (4.1 mg, 8.99 pmol) in CH>CL (0.5
mL) was added TiCls (2.0 pL, 18.2 pumol) at =30 °C. The mixture was gradually
warmed up to room temperature for 1 h. After the mixture was stirred at room
temperature for 27 h, the reaction was quenched with saturated aqueous NaHCOs. The
mixture was diluted with EtOAc and washed with H,O and brine. The aqueous phase
was washed with EtOAc four times. The combined organic layer was dried over Na;SOs.
Concentration and column chromatography (CH2Cl2/MeOH = 10:1) gave tetraol 6a (2.0
mg, 6.65 pmol 74%).

Ketone 67. To a solution of diol 64 (59.5 mg, 0.128 mmol) in CH2Cl; (1.2 mL) were
added imidazole (12.2 mg, 0.179 mmol) and TESCI (26 pL, 0.154 mmol) at —30 °C.
After the mixture was gradually warmed up to —10 °C for 30 min, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H,O and brine, and then dried over NaxSOs. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave the corresponding mono-TES ether (60.8
mg), which was used for the next reaction without further purification.

To a suspension of the alcohol obtained above (60.8 mg) and MS4 A (50.0 mg) in
CHxCl; (1.3 mL) were added NMO (64.0 mg, 0.546 mmol) and TPAP (1.8 mg, 5.30
umol) at room temperature. After the mixture was stirred at room temperature for 8 h,
the mixture was filtered through a Celite pad and washed with EtOAc. Concentration
and column chromatography (hexane/EtOAc = 4:1) gave ketone 67 (54.8 mg, 0.094
mmol 74% in two steps) as a colorless oil: Ry= 0.56 (hexane/EtOAc = 2:1); [0]**p +15.6
(c 0.50, CHCI3); IR (neat) 2953, 2871, 1738, 1613 cm™!; '"H NMR (400 MHz, C¢Ds) 6
7.31 (d, J=8.5 Hz, 2 H), 6.80 (d, J = 8.5 Hz, 2 H), 6.31 (dd, J = 14.0, 10.6 Hz, 1 H),
6.17 (dd, J=15.0, 10.6 Hz, 1 H), 5.86 (dt, /= 15.0, 7.6 Hz, 1 H), 5.72 (dt, J = 14.0, 5.0
Hz, 1 H), 4.59-4.51 (m, 2 H), 4.37-4.16 (m, 3 H), 4.10 (d, /= 4.7 Hz, 2 H), 3.30 (s, 3
H), 3.29 (s, 3 H), 2.66—2.55 (m, 2 H), 2.43 (dd, J = 15.8, 7.6 Hz, 1 H), 2.09 (dd, J =
15.8, 5.0 Hz, 1 H), 1.65 (dt, J=12.9, 2.7 Hz, 1 H), 1.42—1.35 (m, 1 H), 1.40 (s, 3 H),
1.20 (s, 3 H), 1.00 (t, J = 7.9 Hz, 9 H), 0.60 (q, J = 7.9 Hz, 6 H); *C NMR (100 MHz,
CsDs) 0 206.8, 170.5, 159.8, 132.9, 132.1, 130.6, 130.0, 129.7, 129.1, 114.1, 99.4, 80.4,
73.4, 72.3, 66.1, 63.4, 54.8, 51.2, 41.2, 35.7, 32.2, 30.1, 19.3, 7.2, 5.1; HRMS
(ESI-TOF) calcd for C31H4gO0sSiNa [M + Na]* 599.3016, found 599.3012.
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Alcohol 68. To a solution of ketone 67 (8.5 mg, 14.7 umol) in MeOH (0.5 mL) was
added NaBH4 (0.6 mg, 14.7 pumol) at —78 °C. After the mixture was stirred for 20 min at
the same temperature, the reaction was quenched with saturated aqueous NaHCOs. The
mixture was diluted with EtOAc, washed with H>O, and brine, and then dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 2.5:1) gave
alcohol 68 (8.3 mg, 14.4 umol 98%) as a colorless oil: Ry= 0.30 (hexane/EtOAc = 2:1);
[0]*b +20.8 (¢ 0.44, CHCL;); IR (neat) 3518, 2953, 2885, 1740 cm™'; '"H NMR (400
MHz, C¢Ds) 0 7.20 (d, J = 8.5 Hz, 2 H), 6.80 (d, J = 8.5 Hz, 2 H), 6.40 (dd, J = 15.1,
10.5 Hz, 1 H), 6.25 (dd, J=15.1, 10.5 Hz, 1 H), 5.74 (m, 2 H), 4.49 (d, J=11.2 Hz, 1
H), 4.26 (d,J=11.2 Hz, 1 H), 4.15 (d, / =4.9 Hz, 2 H), 3.98 (m, 2 H), 3.52 (t, J = 4.7
Hz, 2 H), 3.33 (s, 3 H), 3.32 (s, 3 H), 2.66 (m, 2 H), 2.50 (m, 3 H), 2.12 (dd, J = 15.6,
4.9 Hz, 1 H), 1.41 (s,3 H), 1.30 (s, 3 H), 1.02 (t, /=7.9 Hz, 9 H), 0.62 (q, J=7.9 Hz, 6
H); C NMR (100 MHz, CDCls) 6 170.8, 159.8, 132.8, 131.6, 131.1, 130.2, 130.2,
129.9, 114.1,99.1,78.4,74.7,71.7, 70.0, 66.2, 63.4, 54.9, 51.1, 41.4, 34.2, 32.4, 30.3,
19.8, 7.2, 5.1; HRMS (ESI-TOF) calcd for C3;Hs0OsSiNa (M + Na)" 601.3173, found
601.3183.

Allylic Alcohol 71. To a solution of alcohol 68 (8.3 mg, 14.4 umol) in CH2Cl> (0.5
mL) were added 2,6-lutidine (17 pL, 0.113 mmol) and TESOTT (24 pL, 0.107 mmol) at
0 °C. After the mixture was stirred at room temperature for 4 h, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H>O, and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc = 10:1) gave the corresponding bis-TES ether (10.1
mg), which was used for the next reaction without further purification.

To a solution of TES ether obtained above (10.1 mg) in CH2Cl; (0.5 mL) and MeOH
(0.1 mL) was added PPTS (1.8 mg, 7.30 umol) at 0 °C. After the mixture was stirred at
0 °C for 2 h, the reaction was quenched with EtsN. Concentration and column
chromatography (hexane/EtOAc = 3:1) gave allylic alcohol 71 (8.5 mg, 14.4 pmol
quant. in 2 steps) as a colorless oil: Ry= 0.22 (hexane/EtOAc = 2:1); [a]*!p +11.2 (¢ 1.15,
CHCls); IR (neat) 3463, 2952, 2871, 1739, 1612 cm™'; 'H NMR (400 MHz, C¢D¢) &
7.22 (d, J=8.6 Hz, 2 H), 6.80 (d, J= 8.6 Hz, 2 H), 6.25-6.21 (m, 2 H), 5.81-5.74(m, 1
H), 5.64—5.57 (m, 1 H), 4.53 (d,/J=11.5Hz, 1 H), 4.35(d, J=11.5 Hz, 1 H), 4.33—4.30
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(m, 1 H), 4.16-4.10 (m, 1 H), 3.89 (d, J=2.9 Hz, 2 H), 3.73 (dd, J= 7.1, 3.2 Hz, 1 H),
3.54-5.49 (m, 1 H), 3.32 (s, 3 H), 3.31 (s, 3 H), 2.75-2.68 (m, 1 H), 2.57-2.48 (m, 2 H),
2.16 (dd, J=15.6, 4.9 Hz, 1 H), 1.48-1.42 (m, 2 H), 1.41 (s, 3 H), 1.10 (t, J= 7.8 Hz, 9
H), 0.76 (t, ¢ = 7.8 Hz, 6 H); 3C NMR (100 MHz, C¢Ds)  170.9, 159.8, 132.4, 131.5,
131.2, 130.9, 129.8, 129.6, 114.1, 99.1, 79.6, 76.4, 71.4, 66.1, 63.2, 54.9, 51.2, 41.6,
33.5, 32.9, 30.4, 19.8, 7.6, 5.9; HRMS (ESI-TOF) calcd for C31Hs00sSiNa (M + Na)*
601.3173, found 601.3170.

Alcohol 72. To a solution of alcohol 71 (8.5 mg, 14.6 umol) in CH>Cl, (0.5 mL) were
added BAIB (12.1 mg, 36.5 umol) and TEMPO (1.0 mg, 6.40 umol) at 0 °C.

After the mixture was stirred at room temperature for 3 h, the reaction was quenched
with saturated aqueous Na>S>0;. The mixture was diluted with EtOAc, washed with
H>O, and brine, and then dried over NaxSOs4. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave corresponding aldehyde (7.6 mg), which
was used in the next reaction without further purification.

To a solution of aldehyde (7.6 mg) in CH2Cl> (0.4 mL) and phosphate pH standard
solution (40 pL) was added DDQ (3.6 mg, 16.0 umol) and at 0 °C and stirred at room
temperature for 2 h, the reaction was quenched with saturated aqueous NaHCO3. Then,
washed with saturated aqueous NaHCOj. The mixture was diluted with EtOAc, washed
with saturated aqueous NaHCOs, H>O, and brine, and then dried over Na>SOa.
Concentration and column chromatography (hexane/EtOAc = 2:1) gave alcohol 72 (5.5
mg, 11.8 umol 82% in 2 steps) as a colorless oil: Ry=0.16 (hexane/EtOAc = 2:1); [a]*'p
—35.7 (c 0.47, CHCl3); IR (neat) 3490, 2954, 2871, 1739 , 1682, 1641 cm™'; 'H NMR
(400 MHz, CHCL3) ¢ 9.55 (d, J = 8.1 Hz, 1 H), 7.08 (dd, J = 15.2, 10.4 Hz, 1 H),
6.42—6.26 (m, 2 H), 6.09 (dd, J=15.2, 7.8 Hz, 1 H), 4.32—4.26 (m, 1 H), 3.98-3.94 (m,
1 H), 3.71-3.69 (m, 1 H), 3.69 (s, 3 H), 3.45 (d, /= 6.6 Hz, 1 H), 2.57-2.30 (m, 4 H),
1.65-1.60 (m, 1 H), 1.45 (s, 3 H), 1.38 (s, 3 H), 1.26—1.17 (m, 1 H), 0.97 (t, /= 7.9 Hz,
9 H), 0.69-0.61 (m, 6 H); *C NMR (100 MHz, CDCl3) 6 193.6, 171.0, 151.9, 142.6,
130.7, 130.6, 98.9, 77.1, 71.0, 69.3, 65.5, 51.7, 41.4, 39.2, 31.9, 29.9, 19.6, 7.1, 5.3;
HRMS (ESI-TOF) calcd for C23H4007SiNa (M + Na)" 479.2441, found 479.2442.
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(3S, SR, 6R, 75)-Tetraol 6b. To a solution of TES ether 72 (9.6 mg, 23.0 umol) in
THF (1.0 mL) was added HF-py. (50 puL) at 0 °C and stirred for 2.5 h at the same
temperature. After the mixture was stirred at room temperature for 2 h. After the mixture
was stirred at room temperature for 5 h, the mixture was diluted with EtOAc, washed
with saturated aqueous NaHCO3, H>O, and brine. Back extract with AcOEt and then
dried over Na>SQOs. Concentration and flash column chromatography (CH>Cl.e/MeOH
=20:1) gave (35, 5R, 6R, 7S)-tetraol 6b (5.5 mg, 18.2 umol, 79%) as a colorless oil: Ry
=0.35 (CH2Cl2/MeOH = 10:1); [a]*'p =6.1 (¢ 0.10, CHCl3); IR (neat) 3367, 2924, 2858,
1727 cm™'; 'TH NMR (400 MHz, CD30D) 6 9.49 (d, J= 7.8 Hz, 1 H), 7.29 (dd, J = 15.6,
9.9 Hz, 1 H), 6.51-6.41 (m, 2 H), 6.09 (dd, J=15.6, 7.8 Hz, 1 H), 4.25-4.20 (m, 1 H),
3.90-3.86 (m, 1 H), 3.83-3.79 (m, 1 H), 3.67 (s, 3 H), 3.33—-3.31 (m, 1 H), 2.56 (dd, J =
15.0, 4.2 Hz, 1 H), 2.53—2.43 (m, 2 H), 2.44 (dd, J = 15.0, 8.7 Hz, 1 H), 1.76—1.72 (m,
2 H); 1*C NMR (100 MHz, CDsOD) § 196.0, 173.7, 154.8, 145.0, 131.9, 131.2, 76.1,
72.9,71.7, 67.7, 52.0, 43.1, 41.1, 38.7; HRMS (ESI-TOF) calcd for C14H2207Na (M +
Na)" 325.1263, found 325.1266.

Diol 73. To a solution of diol 54 (871 mg, 1.12 mmol) in THF (11 mL) were added
Me,C(OMe); (1.4 mL, 11.2 mmol) and p-TsOH- H>O (21.0 mg, 0.112 mmol) at room
temperature. After the mixture was stirred at room temperature for 2 h, the reaction was
quenched with saturated aqueous NaHCOs. The mixture was diluted with EtOAc,
washed with H,O and brine, and then dried over Na;SOas. Concentration and column
chromatography (hexane/EtOAc = 7:1) gave the corresponding acetonide (822 mg, 1.00
mmol 90%) as a colorless oil: Rr = 0.62 (hexane/EtOAc = 2:1); [a]*'p —0.4 (c 0.99,
CHCl); IR (neat) 2929, 2856, 1742 cm™!; 'H NMR (400 MHz, CDCl3) 6 7.69 (dd, J =
7.8, 1.5 Hz, 4 H), 7.44-7.36 (m, 6 H), 7.25 (d, J = 8.5 Hz, 2 H), 6.86 (d, /= 8.5 Hz, 2
H), 6.26 (dd, J=15.0, 10.5 Hz, 1 H), 6.11 (dd, J=15.0, 10.5 Hz, 1 H), 5.73-5.65 (m, 2
H), 4.47 (s, 2 H), 4.25-4.16 (m, 3 H), 3.99-3.94 (m, 1 H), 3.81-3.78 (m, 1 H), 3.79 (s,
3 H), 3.69 (s, 3 H), 3.42-3.38 (m, 1 H), 2.52 (dd, J = 15.6, 8.3 Hz, 1 H), 2.44-2.33 (m,
3 H), 2.08-2.01 (m, 1 H), 1.59 (brs, 1 H), 1.34 (s, 3 H), 1.31 (s, 3 H), 1.08 (s, 9 H), 0.90
(s, 9 H), 0.10 (s, 3 H), 0.08 (s, 3 H); 3*C NMR (100 MHz, CDCl3) § 173.1, 159.1, 135.5,
133.7, 131.9, 130.5, 130.2, 130.0, 129.5, 129.3, 127.6, 113.7, 100.6, 79.3, 75.9, 71.8,
66.8, 64.3, 63.8, 55.3, 51.6, 40.7, 33.8, 32.8, 26.9, 26.2, 24.6, 24.5, 19.3, 18.4, —4.0,
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—4.3; HRMS (ESI-TOF) calcd for C47HesOsSioNa [M + Na]® 839.4351, found
839.4348.

To a solution of the corresponding bis-silyl ether (409 mg, 0.501 mmol) in MeCN
(5.0 mL) was added a mixed solution of TBAF (1.0 M solution in THF, 2.0 mL, 2.00
mmol) and AcOH (0.10 mL, 2.00 mmol) at room temperature. After the mixture was
stirred at reflux for 3 days, the reaction was quenched with saturated aqueous NH4Cl.
The mixture was diluted with EtOAc and washed with HoO and brine. The aqueous
phase was washed with EtOAc twice. The combined organic layer was dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 4:1, 1:1) gave
diol 73 (154 mg, 0.330 mmol 66%) as a colorless oil: Ry/= 0.19 (hexane/EtOAc = 1:1);
[0]*°p +43.1 (¢ 0.68, CHCL3); IR (neat) 3459, 2925, 1739, 1612 cm™'; 'H NMR (400
MHz, C¢Dg) 6 7.19-7.16 (m, 2 H), 6.79 (d, J = 8.6 Hz, 2 H), 6.25-6.15 (m, 2 H),
5.92-5.85 (m, 1 H), 5.63-5.57 (m, 1 H), 4.43 (d, J=11.5 Hz, 1 H), 4.37-4.30 (m, 1 H),
423 (d,J=11.5Hz, 1 H), 4.18-4.13 (m, 1 H), 3.96 (d,/J=5.7Hz, 1 H), 3.89 (d, J =
5.4 Hz, 2 H), 3.54-3.50 (m, 1 H), 3.33 (s, 3 H), 3.33 (s, 3 H), 2.61-2.55 (m, 2 H), 2.48
(dd, J=15.6, 8.8 Hz, 1 H), 2.23—-2.18 (m, 2 H), 2.08-2.01 (m, 1 H), 1.37 (s, 3 H), 1.28
(s, 3 H); 3C NMR (100 MHz, CsD¢) § 170.8, 159.8, 132.8, 131.2, 131.2, 130.9, 130.6,
129.8, 114.2, 100.8, 77.8, 73.8, 71.3, 67.1, 64.2, 63.3, 54.9, 51.1, 40.9, 32.9, 32.5, 25.1,
25.0; HRMS (ESI-TOF) calcd for C2sH3sOsNa [M + Na]* 487.2308, found 487.2302.

Alcohol 74. To a solution of diol 73 (22.4 mg, 48.2 umol) in CH>Cl, (1.0 mL) were
added 2,6-lutidine (40 pL, 0.270 mmol) and TESOTf (52 pL, 0.232 mmol) at 0 °C.
After the mixture was stirred at room temperature for 2 h, the reaction was quenched
with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed with HO
and brine, and then dried over Na>xSOs. Concentration and column chromatography
(hexane/EtOAc = 10:1, 4:1) gave the corresponding bis-TES ether (34.1 mg, 48.2 umol,
quant.) as a colorless oil: Ry=0.50 (hexane/EtOAc = 4:1); [a]*p +16.4 (¢ 0.23, CHCl:);
IR (neat) 2953, 2871, 1743, 1612 cm™'; 'H NMR (400 MHz, C¢D¢) 6 7.23 (d, J = 8.8 Hz,
2 H), 6.82 (d, /= 8.8 Hz, 2 H), 6.46—6.35 (m, 1 H), 6.34—6.24 (m, 1 H), 5.95-5.86 (m,
1 H), 5.73 (dt, J=15.1, 5.4 Hz, 1 H), 447 (d, J=11.2 Hz, 1 H), 4.46—4.38 (m, 1 H),
434 (d,J=11.2Hz, 1 H), 4.22-4.13 (m, 3 H), 4.05 (dd, /=5.9,4.1 Hz, 1 H), 3.50 (q,J
=53 Hz, 1 H), 3.34 (s, 3 H), 3.33 (s, 3 H), 2.62—2.45 (m, 3 H), 2.25 (dd, J = 15.5, 5.1
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Hz, 1 H), 2.21-2.12 (m, 1 H), 1.44 (s, 3 H), 1.43—1.34 (m, 1 H), 1.32 (s, 3 H), 1.10 (t, J
=7.9 Hz, 9 H), 1.02 (t, /= 7.9 Hz, 9 H), 0.84-0.76 (q, /= 7.9 Hz, 6 H), 0.62 (q, /= 7.9
Hz, 6 H); 3C NMR (100 MHz, C¢Ds) 6 170.8, 159.8, 132.6, 131.3, 130.7, 130.4, 129.9,
114.1, 100.9, 79.2, 76.4, 71.9, 67.3, 64.2, 63.5, 54.9, 51.1, 41.0, 33.9, 32.9, 24.9, 24.8,
7.5, 7.2, 5.9, 5.2; HRMS (ESI-TOF) calcd for C37HesOsSi2Na [M + Na]" 715.4037,
found 715.4037.

To a solution of the corresponding TES ether (15.0 mg, 21.6 umol) in CH>Cl> (0.7
mL) and MeOH (70 puL) was added PPTS (1.6 mg, 6.32 umol) at 0 °C. The mixture was
stirred at 0 °C for 2 h. After the mixture was stirred at room temperature for 30 min, the
reaction was quenched with Et3N. The mixture was diluted with EtOAc, washed with
H>O and brine, and then dried over Na>SO4. Concentration and column chromatography
(hexane/EtOAc = 7:1, 2:1) gave the corresponding allylic alcohol (10.7 mg, 19.0 pmol,
88%) as a colorless oil: Ry = 0.66 (hexane/EtOAc = 1:1); [a]*p +12.8 (c 0.74, CHCl5);
IR (neat) 3462, 2952, 2875, 1742, 1612 cm™'; 'H NMR (400 MHz, C¢Ds) 6 7.23 (d, J =
8.6 Hz, 2 H), 6.81 (d, J = 8.6 Hz, 2 H), 6.24-6.15 (m, 2 H), 5.88-5.81 (m, 1 H),
5.63—5.57 (m, 1 H), 4.47 (d, J=11.5 Hz, 1 H), 4.44-4.39 (m, 1 H), 435 (d,J=11.5 Hz,
1 H), 4.20-4.15 (m, 1 H), 4.04 (t,/J=4.9 Hz, 1 H), 3.89 (d, /= 5.4 Hz, 2 H), 3.51-3.47
(m, 1 H), 3.33 (s, 3 H), 3.33 (s, 3 H), 2.59-2.49 (m, 4 H), 2.25 (dd, J=15.5,4.9 Hz, 1
H), 2.19-2.12 (m, 1 H), 1.44 (s, 3 H), 1.40—1.30 (m, 1 H), 1.32 (s, 3 H), 1.10 (t, J= 8.0
Hz, 9 H), 0.79 (q, J = 8.0 Hz, 6 H); >*C NMR (100 MHz, CsDs) 6 170.8, 159.8, 132.5,
131.2, 131.1, 131.0, 129.9, 114.1, 100.9, 79.1, 76.3, 71.9, 67.3, 64.2, 63.2, 54.9, 51.1,
41.0, 33.8, 32.8, 24.9, 24.8, 7.5, 5.9; HRMS (ESI-TOF) calcd for C31Hs500sSiNa [M +
Na]" 601.3173, found 601.3168.

To a solution of the corresponding allylic alcohol (52.8 mg, 91.3 pumol) in CH2Cl,
(1.8 mL) were added BAIB (76.0 mg, 0.228 mmol) and TEMPO (2.9 mg, 18.3 pumol) at
0 °C. After the mixture was stirred at room temperature for 4 h, the reaction was
quenched with saturated aqueous Na>S>0s3. The mixture was diluted with EtOAc,
washed with H2O and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave the corresponding unsaturated aldehyde
(48.8 mg), which was used for the next reaction without further purification.

To a solution of the PMB ether obtained above (48.8 mg) in CH2Cl (1.7 mL) and
phosphate pH standard solution (0.1 mL) was added DDQ (26.0 mg, 0.115 mmol) at
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0 °C. After the mixture was stirred at room temperature for 2 h, the reaction was
quenched with saturated aqueous NaHCOs3. The mixture was diluted with EtOAc,
washed with H2O and brine, and then dried over NaxSO4. Concentration and column
chromatography (hexane/EtOAc = 2:1) gave alcohol 74 (29.9 mg, 65.7 umol 72% in
two steps) as a colorless oil: Ry = 0.61 (hexane/EtOAc = 1:1); [a]*p +5.8 (c 0.88,
CHCls); IR (neat) 3472, 2953, 2876, 1741, 1682, 1639 cm!; 'H NMR (400 MHz,
CDCl3) 0 9.54 (d, /= 7.8 Hz, 1 H), 7.09 (dd, J = 15.2, 10.2 Hz, 1 H), 6.44-6.29 (m, 2
H), 6.10 (dd, J=15.2, 7.8 Hz, 1 H), 4.26—4.19 (m, 1 H), 4.00-3.95 (m, 1 H), 3.68 (s, 3
H), 3.67-3.63 (m, 2 H), 2.59-2.51 (m, 2 H), 2.46 (dd, J = 15.6, 5.2 Hz, 1 H), 2.39-2.31
(m, 2 H), 2.07—2.00 (m, 1 H), 1.63—1.56 (m, 1 H), 1.35 (s, 3 H), 1.34 (s, 3 H), 0.97 (t, J
= 7.8 Hz, 9 H), 0.65 (q, J = 7.8 Hz, 6 H); 1*C NMR (100 MHz, CDCl3) 6 193.6, 171.2,
151.8, 142.9, 131.0, 130.7, 100.8, 72.8, 67.3, 63.7, 51.7, 40.7, 36.8, 33.5, 24.6, 24.5, 7.0,
5.4; HRMS (ESI-TOF) calcd for C23H4007SiNa [M + Na]* 479.2441, found 479.2446.

(3R, 5R, 68, 7S)-Tetraol 6¢c. To a solution of acetonide 74 (20.7 mg, 45.4 pmol) in
CH2Cl> (2.3 mL) was added TiCls (10 pL, 90.8 umol) at =30 °C. The mixture was
gradually warmed up to room temperature for 2 h. After the mixture was stirred at room
temperature for 3 h, the reaction was quenched with saturated aqueous NaHCO3. The
mixture was diluted with EtOAc and washed with H,O and brine. The aqueous phase
was washed with EtOAc four times. The combined organic layer was dried over
NaxSOs. Concentration and column chromatography (CH>Cly/ MeOH = 10:1) gave
tetraol 6¢ (6.1 mg, 20.0 pmol 44%) as a colorless oil: Ry= 0.35 (CH2Cl2/MeOH = 10:1);
[a]**p —8.9 (c 0.10, CHCI3); IR (neat) 3388, 2925, 2853, 1730, 1674, 1636 cm™'; 'H
NMR (600 MHz, CD30D) ¢ 9.49 (d, J = 7.8 Hz, 1 H), 7.33—7.28 (m, 1 H), 6.50—6.47
(m, 2 H), 6.08 (dd, J = 15.0, 7.8 Hz, 1 H), 4.32-4.27 (m, 1 H), 3.93-3.89 (m, 1 H),
3.75-3.71 (m, 1 H), 3.67 (s, 3 H), 3.39 (t, J = 6.6 Hz, 1H), 2.65-2.61 (m, 1 H),
2.54-2.47 (m, 2 H), 2.43-2.37 (m, 1 H), 1.78 (ddd, J = 14.4, 9.6, 2.4 Hz, 1 H), 1.60
(ddd, J = 14.4, 9.6, 2.4 Hz, 1 H); 3C NMR (100 MHz, CD;0D) § 196.0, 173.8, 155.5,
145.8, 131.8, 131.0, 78.1, 73.1, 70.6, 66.4, 52.0, 43.9, 40.3, 37.8; HRMS (ESI-TOF)
caled for C14H207Na [M + Na]" 325.1263, found 325.1271.

Ketone 75. To a solution of diol 73 (10.8 mg, 23.4 pmol) in CH>Cl; (0.3 mL) were
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added imidazole (2.2 mg, 32.8 umol) and TESCI (4.7 puL, 28.1 umol) at =30 °C. After
the mixture was stirred at —30 °C for 30 min, the reaction was quenched with saturated
aqueous NH4Cl. The mixture was diluted with EtOAc, washed with H>O and brine, and
then dried over Na;SO4. Concentration and column chromatography (hexane/EtOAc =
4:1) gave the corresponding mono-TES ether (12.9 mg), which was used for the next
reaction without further purification.

To a suspension of the alcohol obtained above (12.9 mg) and MS4A (15.0 mg) in
CH>Cl> (0.3 mL) were added NMO (13.4 mg, 0.115 mmol) and TPAP (1.0 mg, 2.85
umol) at room temperature. After the mixture was stirred at room temperature for 8 h,
the mixture was filtered through a Celite pad and washed with EtOAc. Concentration
and column chromatography (hexane/EtOAc = 4:1) gave ketone 75 (10.3 mg, 17.8 umol,
76% in two steps) as a colorless oil: Ry = 0.56 (hexane/ EtOAc = 2:1); [0]**p +28.7 (c
0.53, CHCl3); IR (neat) 2953, 2871, 1739, 1613 cm™!; 'H NMR (400 MHz, CsD¢) 6 7.28
(d, J=8.5Hz, 2 H), 6.80 (d, /= 8.5 Hz, 2 H), 6.34 (dd, /= 13.7, 10.2 Hz, 1 H), 6.15 (dt,
J=15.1,10.2 Hz, 1 H), 5.83-5.76 (m, 1 H), 5.72—5.64 (m, 1 H), 4.56 (dd, J=10.8, 3.3
Hz, 1 H),4.47 (t, J=5.9 Hz, 1 H), 4.34-4.27 (m, 3 H), 4.10 (t, J=4.6 Hz, 2 H), 3.31 (s,
6 H), 2.64-2.58 (m, 2 H), 2.38 (dd, J = 16.0, 8.4 Hz, 1 H), 2.13-2.04 (m, 2 H),
1.60—1.53 (m, 1 H), 1.36 (s, 3 H), 1.25 (s, 3 H), 1.00 (t, J = 8.0 Hz, 9 H), 0.60 (q, J =
8.0 Hz, 6 H); 1*C NMR (100 MHz, C¢Ds) 6 207.5, 170.4, 159.9, 133.0, 132.1, 130.6,
129.9, 128.8, 114.1, 101.3, 81.2, 72.2, 70.5, 63.8, 63.4, 54.9, 51.2, 40.4, 35.8, 33.1, 25.1,
24.5,7.2, 5.1; HRMS (ESI-TOF) calcd for C31H43OsSiNa [M + Na]" 599.3016, found
599.3013.

Alcohol 76. To a solution of ketone 75 (5.2 mg, 9.02 pmol) in MeOH (0.4 mL) was
added NaBH4 (1.0 mg, 26.4 umol) at =78 °C. After the mixture was stirred at =78 °C
for 20 min, the reaction was quenched with saturated aqueous NH4Cl. The mixture was
diluted with EtOAc, washed with H>O and brine, and then dried over Na>SOa.
Concentration and column chromatography (hexane/EtOAc = 3:1) gave alcohol 76 (5.4
mg, 9.02 umol, quant.) as a colorless oil: Ry= 0.33 (hexane/ EtOAc = 2:1); [a]**p +32.0
(c 1.11, CHCl); IR (neat) 3518, 2953, 2871, 1739, 1613 cm!; 'H NMR (400 MHz,
CeD¢) 0 7.19 (d, J=7.6 Hz, 2 H), 6.79 (d, J = 7.6 Hz, 2 H), 6.39 (dd, J = 15.0, 10.5 Hz,
1 H), 6.24 (dd, J = 15.0, 10.5 Hz, 1 H), 5.78-5.67 (m, 2 H), 4.47 (d, J=11.2 Hz, 1 H),
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4.34-4.25 (m, 1 H), 4.26 (d, J=11.2 Hz, 1 H), 4.14 (d, J = 4.9 Hz, 2 H), 4.04-3.98 (m,
1 H), 3.54-3.48 (m, 2 H), 3.32 (s, 3 H), 3.32 (s, 3 H), 2.69-2.62 (m, 1 H), 2.53-2.38 (m,
2 H), 2.12 (dd, J=11.2, 4.4 Hz, 1 H), 1.80—1.73 (m, 1 H), 1.38 (s, 3 H), 1.27 (s, 3 H),
1.22-1.15 (m, 1 H), 1.01 (t, J = 7.8 Hz, 9 H), 0.61 (q, J = 7.8 Hz, 6 H); '3C NMR (100
MHz, CéDs) 6 170.7, 159.8, 132.9, 131.6, 130.1, 130.1, 129.9, 129.8, 114.1, 100.9, 78.3,
74.4, 71.7, 67.7, 63.9, 63.4, 54.9, 51.1, 40.7, 34.1, 33.8, 24.9, 7.2, 5.1; HRMS
(ESI-TOF) calcd for C31Hs00sSiNa [M + Na]" 601.3173, found 601.3165.

Alcohol 77. To a solution of alcohol 76 (23.2 mg, 40.0 pmol) in CH2CL (0.4 mL)
were added 2,6-lutidine (17 pL, 0.113 mmol) and TESOTTf (24 uL, 0.107 mmol) at 0 °C.
After the mixture was stirred at room temperature for 30 min, the reaction was
quenched with saturated aqueous NH4Cl. The mixture was diluted with EtOAc, washed
with H,O and brine, and then dried over NaxSOs. Concentration and column
chromatography (hexane/EtOAc = 10:1) gave the corresponding bis-TES ether (28.1
mg), which was used for the next reaction without further purification.

To a solution of the TES ether obtained above (28.1 mg) in CH>Cl> (1.4 mL) and
MeOH (0.2 mL) was added PPTS (3.1 mg, 12.5 umol) at 0 °C. The mixture was stirred
at 0 °C for 2 h. After the mixture was stirred at room temperature for 20 min, the
reaction was quenched with EtsN. The mixture was diluted with EtOAc, washed with
H>O and brine, and then dried over Na>SO4. Concentration and column chromatography
(hexane/EtOAc = 7:1, 1:1) gave the corresponding allylic alcohol (16.9 mg, 28.8 umol,
72% in two steps) as a colorless oil: Ry = 0.44 (hexane/EtOAc = 1:1); [a]**p +27.5 (c
0.65, CHCl3); IR (neat) 3465, 2952, 2885, 1739, 1612 cm™'; 'H NMR (400 MHz, C¢Ds)
0724 (d,J=8.8 Hz, 2 H), 6.80 (d, J= 8.8 Hz, 2 H), 6.27-6.11 (m, 2 H), 5.83— 5.74 (m,
1 H), 5.65-5.54 (m, 1 H), 453 (d, J = 11.5 Hz, 1 H), 442 (d, J = 11.5 Hz, 1 H),
4.40—4.32 (m, 1 H), 4.17-4.08 (m, 1 H), 3.88 (d, /= 4.9 Hz, 2 H), 3.78 (dd, J = 10.8,
3.7Hz, 1 H), 3.57-3.48 (m, 1 H), 3.33 (s, 6 H), 2.74-2.65 (m, 1 H), 2.59-2.44 (m, 3 H),
220 (dd,J=15.8,5.0 Hz, 1 H), 1.92-1.83 (m, 1 H), 1.44 (s, 3 H), 1.42 (s, 3 H), 1.09 (t,
J=17.9 Hz, 9 H), 0.80—0.69 (m, 6 H); '*C NMR (100 MHz, CsD¢) 6 170.8, 159.8, 132.3,
131.5, 131.4, 131.2, 131.0, 129.7, 114.1, 100.9, 80.1, 75.6, 71.7, 68.3, 63.9, 63.2, 54.9,
51.1, 40.9, 34.6, 33.8, 25.2, 24.6, 7.5, 5.9; HRMS (ESI-TOF) calcd for C31Hs500sSiNa
[M + Na]* 601.3173, found 601.3170.
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To a solution of the corresponding allylic alcohol (16.9 mg, 29.2 umol) in CH>Cl,
(0.7 mL) were added BAIB (24.2 mg, 73.0 umol) and TEMPO (1.0 mg, 6.40 umol) at
0 °C. After the mixture was stirred at room temperature for 3 h, the reaction was
quenched with saturated aqueous Na>S>0s3. The mixture was diluted with EtOAc,
washed with H,O and brine, and then dried over Na;SOas. Concentration and column
chromatography (hexane/EtOAc = 5:1) gave the corresponding unsaturated aldehyde
(13.5 mg), which was used for the next reaction without further purification.

To a solution of the PMB ether obtained above (13.5 mg) in CH2Cl; (0.5 mL) and
phosphate pH standard solution (25 pL) was added DDQ (6.3 mg, 28.0 umol) at 0 °C.
The mixture was stirred at 0 °C for 1 h. After the mixture was stirred at room
temperature for 4 h, the reaction was quenched with saturated aqueous NaHCOs3. The
mixture was diluted with EtOAc, washed with H,O and brine, and then dried over
NaxSOs. Concentration and column chromatography (hexane/EtOAc = 4:1, 2:1) gave
alcohol 77 (10.0 mg, 21.9 pumol, 75% in two steps) as a colorless oil: Ry = 0.23
(hexane/EtOAc = 2:1); [0]**p —5.8 (¢ 1.16, CHCl3); IR (neat) 3490, 2952, 2871, 1739,
1681, 1640 cm™!; '"H NMR (400 MHz, CDCl3) 6 9.54 (d, J= 7.8 Hz, 1 H), 7.08 (dd, J =
15.0, 10.0 Hz, 1 H), 6.42-6.26 (m, 2 H), 6.09 (dd, J=15.0, 7.8 Hz, 1 H), 4.27-4.19 (m,
1 H), 3.93-3.87 (m, 1 H), 3.68 (s, 3 H), 3.68-3.65 (m, 1 H), 3.47 (dd, J=17.1, 7.6 Hz,
1 H), 2.59-2.30 (m, 5 H), 1.76—1.69 (m, 1 H), 1.65-1.57 (m, 1 H), 1.35 (s, 3 H), 1.33 (s,
3 H), 0.97 (t, J = 7.8 Hz, 9 H), 0.69-0.61 (m, 6 H); *C NMR (100 MHz, CDCl;) 6
193.6, 171.2, 151.8, 142.5, 130.7, 130.7, 100.9, 69.3, 67.9, 63.3, 51.7, 40.5, 39.4, 34.0,
248, 24.3, 7.1, 5.4, HRMS (ESI-TOF) calcd for C23H4007SiNa [M + Na]" 479.2441,
found 479.2438.

(3R, SR, 6R, 7S)-Tetraol 6d. To a solution of acetonide 77 (18.2 mg, 39.9 umol) in

CHxCl; (2.0 mL) was added TiCls (8.8 puL, 80.3 umol) at —30 °C. After the mixture was
gradually warmed up to 0 °C for 30 min, the reaction was quenched with saturated
aqueous NaHCOs. The mixture was diluted with EtOAc and washed with H,O and
brine. The aqueous phase was washed with EtOAc four times. The combined organic
layer was dried over Na;SO4. Concentration and column chromatography
(CH2Cl2/MeOH = 10:1) gave tetraol 6d (5.7 mg, 18.8 umol, 47%) as a colorless oil: Ry
= 0.25 (CH2Cl/MeOH = 10:1); [0]**p —19.1 (¢ 0.03, CHCI3); IR (neat) 3390, 2921,
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2852, 1730, 1677, 1637 em'; 'H NMR (600 MHz, CD:0D) 6 9.49 (d, J = 7.8 Hz, 1 H),
7.29 (dd, J = 15.6, 10.4 Hz, 1 H), 6.51-6.41 (m, 2 H), 6.09 (dd, J = 15.6, 7.8 Hz, 1 H),
429-4.24 (m, 1 H), 3.95-3.91 (m, 1 H), 3.82-3.79 (m, 1 H), 3.67 (s, 3 H), 3.23 (t, J =
3.9 Hz, 1 H), 2.56-2.43 (m, 4 H), 1.70 (ddd, J = 14.4, 10.2, 3.0 Hz, 1 H), 1.59 (ddd, J =
14.4, 10.2, 3.0 Hz, 1 H); 13C NMR (100 MHz, CD;OD) & 196.0, 173.7, 154.8, 145.0,
131.9, 131.2, 77.1, 72.8, 70.1, 66.4, 52.0, 43.8, 41.9, 38.7; HRMS (ESI-TOF) calcd for
C14H207Na [M + Na]* 325.1263, found 325.1270.

- 146 -



H3E L EAY ) TA RCI-CI3 7 T 7 A b DONARIEBIE L & A L ARBL

2255 3CHk

(1) Kita, M.; Ohishi, N.; Konishi, K.; Kondo, M.; Koyama, T.; Kitamura, M.; Yamada,
K.; Uemura, D. Tetrahedron 2007, 63, 6241.

(2) (a) Han, C.; Uemura, D. Tetrahedron Lett. 2008, 49, 6988.; (b) Han, C.; Uemura, D.
Tetrahedron 2011, 67, 6922.

(3) Higashibayashi, S.; Czechtizky, W.; Kobayashi, Y.; Kishi, Y. J. Am. Chem. Soc.
2003, 725, 14379.

(4) Ferrie, L.; Amans, D.; Reymand, S.; Bellosta, V.; Cadevielle, P.; Cossy, J. J.
Organomet. Chem. 2006, 691, 5456.

(5) (a) Hodge, M. B.; Olivo, Horacio. F. Tetrahedron 2004, 60, 9397.; (b) Skaanderup,
P. R.; Jensen, T. Org. Lett. 2008, 10, 2821.

(6) Mark, J. M.; Aaron, J. C.; Tarek, S. Angew. Chem. Int. Ed. 2007, 46, 1066.

(7) (a) Levin, J. L; Turos, E.; Weinreb, S. M. Synth. Commun. 1982, 12, 989.; (b)
Evans, D. A.; Black, W. C. J. Am. Chem. Soc. 1993, 115, 4497.

(8) Evans, D. A.; Cee, V. J.; Siska, S. J. J. Am. Chem. Soc. 2006, 128, 9433.

(9) (a) Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H. Angew. Chem. Int. Ed.
1995, 34, 2039. (b) Scholl, M.; Trnka, T. M.; Morgan, J. P.; Grubbs, R. H.
Tetrahedron Lett. 1999, 40, 2247. (c¢) Garber, S. V.; Kingsbury, J. S.; Gray, B. L.;
Hoveyda, A. H. J. Am. Chem. Soc. 2000, 122, 8168.

(10)Stuart, N. H, Larry, W. J. Am. Chem. Soc. 1974, 96, 1082.

(11)(a) Mitton-Fry, M. J.; Cullen, A. J.; C.; Sammakia, T. Angew. Chem. Int. Ed. 2007,
46, 1066. (b) Saksene, A. K.; Mangiaracina, P. Tetrahedron Lett. 1983, 24,273.
(12)(a) Nicolaou, K. C.; Wallace, P. A.; Shi, S.; Ouelette, M. A.; Bunnage, M. E.;
Gunzner, J. L.; Agrios, K. A.; Shi, G-Q.; Gartner, P.; Yang, Z. Chem. Eur. J. 1999,

5, 618. (b) Fuwa, H.; Sasaki, M.; Tachibana, K. Tetrahedron 2001, 57, 3919.

(13)Yingying, W.; Chao, D.; Congcong, H.; Ying, L.; Zhixiang, X. J. Org. Chem. 2011,
76, 4075.

(14)David, A. E.; Victor, J. C.; Sarah, J. S. J. Am. Chem. Soc. 2006, 128, 1433.

(15)Chen, K.-M.; Hardtmann, G. E.; Prasad, K.; Repi¢, O.; Shapiro,M. J. Tetrahedron
Lett. 1987, 28, 155.

- 147 -



H3E L EAY ) TA RCI-CI3 7 T 7 A b DONARIEBIE L & A L ARBL

(16)(a) Organ, M. G.; Bilokin, Y. V.; Bratovanov, S. J. Org. Chem. 2002, 67, 5176. (b)
Kutsumura, N.; Yokoyama, T.; Ohgiya, T.; Nishiyama, S. Tetrahedron Lett. 2006,
47,4133.

(17)Smith, A. B, IIL; Fox, R. J. Org. Lett. 2004, 6, 1477.

(18)Fujioka, H.; Sawama, Y.; Kotoku, N. Chem. Eur. J. 2007, 13. 10225.

(19)Edna, F. D. M.; John M.; Richard, J. K. J. Chem. Soc. Perkin Trans. 1991, 1, 1725.

(20)Onoda, T.; Shirai, R.; Iwasaki, S. Tetrahedron Lett. 1997, 38, 1443.

(21)Wensheng, Y.; Mei, S.; Xiaobang, G.; Zhiqiang, Y.; Zhendong, J. Tetrahedron Lett.
2000, 41, 4015.

(22)Arjan, E. J. N.; Arie, C. B.; Herman, B. Synthesis 1996, 1153.

(23)Yves Leblanc, B. J.; Fitzsimmons, J. A.; Francoise, P.; Joshua, R. J. Org. Chem.
1986, 51, 789.

(24)Haraldosson, G, G.; Stefansson, T.; Snorrason, T. Acta, Chem, Scand. 1998, 52,
894.

(25)Subhash, G, C.; Nageswara, R. Tetrahedron Lett. 2010, 51, 2053.

(26)For a review on oxidation with TPAP/NMO, see: Ley, S. V.; Norman, J.; Griffith,
W. P.; Marsden, S. P. Synthesis 1994, 639.

- 148 -



AL N LTF— A

AT MVT—# (Spectral Data)

"H NMR (400 MHz, CDCI5) spectrum of 12

ﬁﬂgﬁﬂ?lx*DA?‘A¥wada2¥Symbiodinnl ide¥iA-243 (H date. ais

DFILE  ¥YD82wBT1x¥DATA¥wad

"H NMR (400 MHz, CDCI5) spectrum of 13

¥¥DE2wR T x¥DAYA¥uada2¥Symbiodine | i de¥WA-246 TH date. als

9. 45

7.08

=8
o5
. = [
S 8 i
[ g g 5 88 g
~ < - - 2‘5
/ 1 //
‘ H H ] T | ¥ ‘ T aPPM
10 8 4 2 ¢

_ 149 -

COMNT  WA-243
DATIM mi dJut 22 14:50:01
EXHOD
OBFRQ 398, 65 MHz
QHSET 124,90 KHz
O8FIN 10500, 0C Hz
POINT 32768
FREGU 7993, 60 Hz
SCANS 8
AGGTM 4.0993 ses
8 el 2.9010 seo
o Pl 6.4C usec
IRRUC 1H
{ CTENP 26.6¢
SLYNY CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 2
s
o
'ﬁ (
H
s 3 3 g
i ;: - -
| |
e
J 12
b Au& L J\‘A‘ (N
PP
[ [ 1 T T T T T T [
10 8 6 4 2 0

DFILE  ¥¥DB2wBTLADATA¥wad
COUNT

PATIM Thu Jui 28 11:46:22
GBNUG  IH

EXH0D

GBFRG 399,65 Mz
OBSET 124.00 Kz
GBFIN 10500. 00 Hz
POINT 32768

FREQU 7993, 60 Hz
SCANS 8

ACQTH 4.0993 sec

# 2. 9010 sec
PH1 6. 40 usec
IRMUC  1H

CEENP 6.3 ¢
SLVNT GDCL3

EXREF 1.26 ppm

BF 0.12 Hz
RGAIN 12



AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 14

WDB2wRT1x¥DATAYwada2¥Symb i odino | ide¥WA-277 1H date. als

2.64

2.06

BT 100

. 1.85

= 1.82

2.91

A —

1.96

90§

5.2

"H NMR (400 MHz, CDCls) spectrum of 15

D8 2wBT1X¥DATA¥wadaz¥Symbi cdinof i de¥WA-Z75 1H date. als

—
217

1.00

B 102

e, 2. 26

385

— L2

b, 1.04
e— 1. TR

L 223

9.66

6.84

PPY

- 150 -

¥¥DB2w811x¥DATA¥wad
?gn Sop 05 22:58:06

124.00 KHz
!0500.03 Hz

3276
7993. Gg Hz
4.0093 sec
2. 9010 sec
£. 40 usac
2%.7¢

7.26 ppm
0.12 Kz
14

€DCL3

¥D82wBT I x¥DATA¥wad
Mﬂﬁ Sep 05 09:43:03
1

399, 65 MHz
124. 00 Kiz
10806. 00 Hz

32768
7993. Gg tiz
4.0993 sec

2.9010 sec
6. 40 usec

tH
26.9¢
€DeL3
7.26 ppm
0.12 Hz
i3



ALY BT K

"H NMR (400 MHz, CDCl5) spectrum of 17

Y¥DB2wBT Ix¥DATAYwada2¥Symbiodine | ide¥WA-280-2 tH date.als

7.16

1.58

120

= 1,89

Y 2.08

845

1.89

)

5.87

"H NMR (400 MHz, CDCl5) spectrum of 19

Y¥DE2wET 1 x¥DAT A¥wada2¥Symbiodino! i de¥WA-286-2 1H date. als

5
o

68
2.58

e 1.00

e, 2,85

R—— 1 1

9.31

501

i)

=
o
-
-

- 151 -

WDE2w8T IX¥DATA¥wad
Thu Sep 08 21:58:18
1H

369. 65 Mz
124. 00 Kiz

10500 00 Hz
32768
7693. Eg Hz

caeL3

4,0993 sec

2.8010 sec
6. 40 usec
6.0 ¢

7.26 ppm
0.12 Hz
10

VD82 T 1 xX¥DATA¥wad
Tue Sep 13 19:32:57
H
309, 65 HHz
124, 40 KHz
10600. 00 Hz
32768
7993, 52 Hz
4.0993 sec
2. 9010 sec
6,40 usec

W3

T CDOL3

1.26 pom
Q.12 Hz
8



AL N LTF— A

"H NMR (400 MHz, CDCI5) spectrum of (S)-20

WDB2uET 1 X¥DAT A¥wada2¥Symblodino | de¥WA-288 (R)-HIPA 1H dats. ais

DFILE ¥¥D824871x¥DATA¥wad
COMNT
DATIH ?&d Sep 14 00:43:13

OBNUG

EXMOD

ORFRG 389. 65 Mz

0BSEY 124.00 KHz

OBF 1N 10500, 00 Hz

PGINT 32768

FREQU 7993. 60 Hz

SCANS §

ACQTE 4.0983 sec

PR 29010 sec
1 6. 40 usec

tRNUC 14

CTENP 26.3 ¢

SEVNT  CDCL3

EXREF 7.26 ppm

BF Q.12 Hz

REBAIN 21

g
=3 g
g - L=
~ o QE o
L 2 = S o 4
G S 7 VA 1s
/ / 7
U A N é ﬂ i |} o J
PPR
% 7 ‘ T H | ) ‘ i 3 J
HY 8 & 4 2 ¢
1
H NMR (400 MHz, CDCl3) spectrum of (R)-20
¥¥D8IwBT1:DATA¥wadaZ¥Symhiodino | i de¥WA-287 (S)-MTPA 1H date. als
1 DFILE  ¥¥DB2w8T1x¥DATA¥wad
COMNT
DATIM  Tue Sep 13 23:18:10
OBNUC  tH
EXHOD NON
OBFRG 389, 65 Wiz
OBSEY 124.00 Kz
OBFIN 10500, 00 Hz
POINT 32768
FREGU 7993. 60 Hz
SCANS 4
ACQTH 4.0993 sec
2] 2.9010 sec
1 6. 40 usgo
IRNUC 1K
CTENP 26.0 ¢
SLVNT CDCL3
EXREF 7.26 ppi
BF 0.12 Hz
REAIN 2t
=
3
g &
o
S P
&g <
I 5 g
.4 = @ = o
3% 3 R N 3 !
a ibf
" R ulil Jﬁl bl I S W, Wh
PPY
E 7 i T [ T T E T 3 ; 13 T ' _E
10 8 6 4 2 0

- 152 -



AL N LTF— A

"H NMR (400 MHz, CDCls) spectrum of 21

¥¥Da2weT 1 X¥DATA¥wadaZ¥Syrh (odino [ 1de¥iA-280-2 IH date.als

DFILE  WDO2wBT1x¥DATAYwad
COMNT
DATIH Wed Sep 14 21:11:04
¢ 18
EXYoD
GBFRO 309, 65 Wz
OBSET 124. 00 KHz
N 10500, 00 Hz
POINT 32168
EQU 7993. 60 Hz
SCARS 8
AGATH 4.0983 sec
PC: 2, 9010 sec
Pl 6,40 usec
IRMUC 1H
| CTEMP 6.8 ¢
4 SLYNT CDCL3
EXREF 1.26 pom
BF 0,12 Hz
RGAIR 13
£
&
i
8
|
B4 ]
~ Z o o8 5 ]
i ~ H o o~
r -
8 / g B8 [
i w3 Aﬁ;;i\ S N T |
PP
T i i T F I T T 1 T T 1 T T
e 8 [ 4 2 ¢
1
H NMR (400 MHz, CDCl3) spectrum of 22
VWOE2wBT1 X¥DATA¥wadaZ¥Synbiodino | ide¥WA-292 1H date. als
OFHE  WDB2wBY X¥DATA¥wad
COUNY
DATIY Thu Sep 1B 12:42:06
0BMIC 1H
EXHCD  NON
0BFRO 399, 65 NHz
ORSET 124.00 Kz
OBFIN 10500. 00 Kz
POINT 32768
REGH 7993. 60 Hz
SCANS 8
ACGTH. 4, 0993 sac
PR 2.9010 sec
Pl 6. 40 usec
IRNUG 1H
CTENP 2.8 ¢
SLVNT  £DCL3
EXREF 7.26 ppr
BF 0.12 Hz
REAIN 12
>
e
o
- g
5 P
s
o % ¢ b
o . = 3] -
f 2 o | = &
o PN N
[ g o g ||z z =
— e / = j - - 7
— X xL_zfuvL Lh LAM,\_‘JL/LJK__JW
PP
T f - ' T [ T
10 8 3 4 2 0

- 153 -



AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 23

¥YDB2w8 T1X¥DATAYwada?¥Symb i odine] ide¥WA-203-2 1H date. als

DEHE WD82wETIX¥DATA¥wad

GOMNT
DATIM Fri Sep 16 00:03:02
OBNUG  1H
EXHOD  NON
OBFRQ 389. 65 Wiz
OBSET 124,00 KHz
OBFIN 10500, 00 Hz
POINT 32768
FREOU 7983. 60 Hz
SCANS 8
ACQTH 4.0093 sec
P 2.9010 sec
) 8. 40 uses
IRNUC  1H
GTENP 258
SLYNT  cDCL3
EXREF 1.26 pom
F 0.12 Hz
ReAIN 18
=
e
b
~ b3
o ]
s g
[ 3
N
S -8 = 2
2 N i~ ~ o
g EXNEE- BE g =
/ W [
A Y S YN W Y
P ] i : | . ; I . ‘ PPM
10 8 6 4 2 0
1
H NMR (400 MHz, CDCl3) spectrum of 24
YYDE2wa 71 x¥DATA¥wada2¥Symb i odino | ide¥liA-297-2 1H date. als
DFILE WDB2wE7 Ix¥DATAYwad
COMNY
DATIH Sat Sep 17 11:45:36
OBNUC I
EXH0D
OBFRY 399. 65 WHz
OBSEY 124.00 KHz
OBFIN 10500, 6 Hz
POINT 32768
FREQU 7993, 60 Hz
SCANS 8
AGATH 4.0993 sec
PR 2.901C sac
P 6. 40 usec
IRNUG 1B
CTENP %.9%c¢
k= SLVNT £RCL3
o EXREF 1. 26 ppm
aF 0,12 Hz
REAIN 14
B e
= e
“w
@ X
<
|
2 0§ B
I E — o
b
fea = - afs .
2 : g { % 2 : =
‘ y ji]( l‘éﬁ f[ M@J_JLJ . .J
_’\JQ 1 * ) S
PEY
T 7 T T T T T T T T T T i T T i T
10 8 6 4 2 [ i

_ 154 -



AT M LT—

7

"H NMR (400 MHz, CDCl5) spectrum of 25

W8T Ex¥DATA¥wada2¥Symb i odino | i de¥WA-305-2 1H date. als

e 15.38

4.12

~ 100

— 1,08

e, 205

£.30

.52

-

o
-
L=

"H NMR (400 MHz, CDCl5) spectrum of 27

¥¥D82u8 71 ¥DATA¥wada2¥Symb lodino | 1deWA-307 1H date.als

s

B0

St 1

— 3T

T 1.00

e, 172

f 48

L)

1.9
81

847

5. 14

Fr—

- 155 -

WDB2wET1 X ¥DAT A¥wad
Wad Sep 21 18:37:11
H

398,65 ¥z
124. 00 KHz
10500. 00 Hz

32768
7893. 60 Hz
2
4,0993 sec

2, 9010 sec
6. 40 usec

25306
CBoL3
7.26 ppm
0.12 Hz
14

YIDB2w3T1HDATA¥wad
Thu Sep 22 11:55:5%
14
390. 65 Mz
124,00 Kz
10500. 00 Hz
32768
7983. Bg Hz
4. 0943 sec
2.9010 sec
6. 40 usec

5.7 ¢
CDELS
7.26 pom
0.12 Hz
18



AT M LT—

7

"H NMR (400 MHz, CDCIs) spectrum of (S)-28

¥¥DB2wR 1 x¥DATA¥wada2¥Symb i odino | | do¥WA-308 - (8) -MTPA 1H date. als

N 5
2 N N
oP 55 7 =
g / - <
b | (
e [
PP
‘ F T I T F ! T
10 [ 4
"H NMR (400 MHz, CDCl5) spectrum of (R)-28
YYR82wB7 1 x4DATA¥wadaZ¥Symbiodine | ide¥WA-309 (R} -HMTPA 1H date. als
ke
4 e 8
- 4 = -
gg I3
by o
/
! g 3 i
g5 ~ g5y 8P
4 - f o =i |
[ m i )

-

- 156 -

¥¥082w8 11 ¥DAT A¥wad
Thu Sep 22 19:09:20
1H

399,66 My
124. 00 Kbz
10500, 00 Hz

32768
7993, 63 Hz
4,0993 sec

2. 8010 sec
6. 40 usac

B8 ¢
COeL3
7.26 ppm
0.12 iz
20

¥HDR2wE T X¥DATAYwad
Thu Sep 22 20:42:18
1

399, 65 iz
124. 00 KHz
10500. 00 Hz
32768
7993.68 Hz
4.0993 sec
2.8610 sec
6.40 usec

6.5 ¢

7.26 ppm
0.12 Hz
A

COCL3



AL N LTF— A

"H NMR (400 MHz, CDCI5) spectrum of 43
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"H NMR (400 MHz, CDCI5) spectrum of 44
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"H NMR (400 MHz, CDCl5) spectrum of 45

YDRMWET 1x¥DATA¥wadaZ¥Synbiodino ! ide¥iA-320-2 CDCI3 1H date. als
WA-320-2

- 159 -

DFILE WDB2wB71x¥BATAYwad
COMNT  WA-320-2
DATHE Sat Dec 15 11:39:30
0BRUC  1H
FAMoD
OBFRQ 30865 ¥z
QBSET 124,00 KHz
OBFIN 16509. 00 Hz
POENT 32768
RE 7993, 60 Hz
SCANS 8
ACAT! 4.0993 sec
PR 2.8010 sec
PHt 6. 40 usec
{RNUC  1H
CTEMP 26.3 ¢
SLYNT CDCL3
EXREF 7.26 ppm
BF 012 Bz
RGAIN 12
e o B
ES o TP
/ ; i
= /
~
b
i
— ML
T T 1 ] T T T ‘ T T ¥ T i I PPM{
10 § & 4 0 i
13
C NMR (100 MHz, CDCI3) spectrum of 45
WDB2wE7 DDATA¥wadaZ¥Symbiod ino | i de¥WA-886 130 date. als
" DEILE  ¥¥DR2wET1x¥DATA¥wad
COMRT
DATIM Thu Nov 29 #1:24117
OBMUG - §3C
EXMOD  BOM
CBFRQ 100. 40 MHz
OBSET 125.00 KHz
CBF [N 14500, 00 Hz
POINT 32768
FREQU 21173, 90 2
SCANS 220
ACQTH 1. 2069 sec
P 1, 7940 sec
Pl 6. 80 usee
IRNUC 11
LIENP 28.8¢
SLVNT GDCE3
EXREF 17.00 ppm
BF 2.00 Hz
RBAIN 24
| L) o
; ; . ! ; i |
Pe
T T T T ‘ T T ‘ T T T T T H ‘ T T ' T ‘ ‘ T T 1
200 175 150 125 100 5 50 25 ¢



AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 47

WYDE2wB 71 x¥DATAYwadaZ¥Symbiodinol i de¥¥id-746 1H date. als

DFILE  WDB2wRT1x¥DATA¥wad
CONNT
DATIN Fri Jan 256 {7:51:41
CBNUG  tH
EXNOD
OBFRQ 399, 65 MHz
OBSET 124.00 KHz
OBF 1M 10500, 00 Hz
POINT 32768
FREQU 7493, 60 Hz
SCANS &
ACGTM 4.0993 sec
PO 2.9010 sec
1] 6. 40 ysec
IRNEC 1H
CTENP 23.7¢
SLYNT  CDCL3
EXREF 7.28 ppm
BF 012 Hz
RGAIN 13
=
A
=
E:
<
©
2x 7 3
)UJLJ i M
PPY
! T | L | T
10 8 [ 2 4
13
C NMR (100 MHz, CDCls) spectrum of 47
YO8 2wB T 1 x¥DATAwadaZ¥Symb i odino| | de¥i¥A~745 13C date. als
DF lL% WDBIWS T x¥DATA¥wad
DATi# Fri dan 25 17:68:02
QBNUG  13C
EXHCD  BOM
OBFRQ 100. 40 Mz
OBSET 125.00 XHz
OBFIN 10500, 00 Hz
POINT 32168
FREGY 27173.90 Hz
SCANS 18
ACOTH 1. 2059 sec
] 1. 7940 sec
Pt 6. 80 usec
IRNUG  1H
CTENP 26.046
SLVNT
EXREF 71.00 ppm
BF 2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 48

WDEw8 T x¥DATA¥wadaZ¥Symb i odino | | de¥WA-650 CEDE tH date. ais
T DFILE  ¥¥DB2wBT1x¥DATAYwad
COM

T
DATI® Fri Nov 30 11:57:08
OBHUC
XHO0D
OBFRG 399. 65 Mz
OBSET 124. 00 Kiz
OBFIN 10500. 00 Hz
POINT 32768
FREGU 7993. 60 Hz
SCANS 8
ACOTH 4. 0693 sac
PR 2.9010 sec
] 6. 40 usec
JRNGC  TH
GEEMP 8.3 ¢
SLVNT  G6D6
EXREF 7.15 ppm
BF 0.12 Hz
RGAIN 13

Ho 86
1054

9.08

4.45

13C NMR (100 MHz, C¢Ds) spectrum of 48

YE082wB71 x¥DATA¥wada?¥Symb i odino | de¥WA-69C CED6 13C date.als

DFILE  Y¥DB2wBTtx¥DATA¥wad

COMNT

DATIM Fri Nov 30 12:16:07
130

NUC
EXHOD  BCH
OBFRG 190, 40 Mz
OBSET 125. 00 Kz
OBFIN 10500. 00 Hz
PGINT 768

32
FREQY 271173, 8C hz

SCANS 250
COTH 1, 2059 sec
PE 1. 7940 sec
Pl 6. 80 usec
iRNUC  1H

CTENP 2876
SLWT b6

EXREF 128, 00 ppa
F 2.00 Hz

RGAIN
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AR MVT—

7

"H NMR (400 MHz, CsDs) spectrum of 52

¥¥PaowST i x¥DATA¥wadaZ¥Symbi odino | i de¥WA-461 CE6DE 1H date.2ls

e 115

218

76.08

LT

e, 10O

"H NMR (400 MHz, C¢Ds) spectrum of 53

YeD8IWRT 1 ¥DATAYwadaZ¥8ymbiodinel ide¥WA-T26 GED6 TH date.als

15.49

4.34

812

637

-
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DFILE  ¥¥DB2wETIx¥DATAYwad
DATIH I;e Jun 05 18:04:50

EXHGD  HON
OBFRO 399. 65 MHz
EBSET 124.00 KHz
QBF1N 10500. 00 Kz
POINT 32768
FREQU 7693.60 Hz
SCANS 8§
ACOTH 4,0993 sec
PR 2.9010 sec
1 6. 40 usec
TRNUE  TH
CTENP bL IS ]
SLVNT  CBD6
EXREF 7.16 ppm
BF 0.12 #z
RGAIN 19

DFILE ¥D82w8T1 x¥DATA¥wad
COUNT

DATES Mon Dec 7 11:37:48
OBRUC  TH

EXHOD  MOK

OBFRQ 399. 65 WHz
ORSET 124. 00 Kiz
OBF iR 18500, 0C Hz
POINT 32768
FREQU 7993, 60 Hz
SCANS &
AGOTH 4.0993 sec
PB 2.6010 sec
P} 8. 40 uses
JRNUG  {H

CTERP 2.0 ¢
SLVNT  CBDS

EXREF 7.16 ppm
BF 0.12 Hz
RGAIN 14



AT NVT—H

13C NMR (100 MHz, C¢Ds) spectrum of 53

WS ZwBT TxYDATAYwadaZ¥Sysbiodino | i de¥iWA-725 (606 13C date.ats

DFILE A82w8T1x¥DATA¥wad

CORNT

DATIN Hon Dec 17 12:00:45
tic

OBNUC

XMOD

OBFRG 100. 4¢ Wiz
OBSEY 125. 06 KHz
OBF ik 10500. 08 Kz
POINT 32768
FREGU 27173.90 Hz
SOANS 402
ACOTH 1. 2059 sec
P> 1. 7940 sec
PH1 6. 80 usec
IRNUG  tH

CTEMP 8.8¢
SLVNT 6
EXREF 128.00 ppm
BE 2.00 Hz
RGAIN i8

"H NMR (400 MHz, C¢Ds) spectrum of 54

YYDB2w8T 1 x¥DATA¥wada2¥Symbi odino f i de¥i0-115 CBD6 tH date.als
- DFILE  Y¥DB2w8T1x¥DATA¥wac

COMNT

DATIN Tue Jan 29 £2:12:05
OBRUC  1H

EXMCD  NOR

CBFRG 399, 65 BHz
OBSET 124.00 KHz

CBFIN 10500, 00 Kz
POINT

i 32768
EQY 7993. 60 B2
SCANS 8
ACGTH 4,009 ses
P 2.9010 sec
i 6. 40 usec
[RNUG  1H
CYEMP 23.5¢
SLYNT  C6D6
EXREF 7.16 pom
ggnm Mt
o .
= o

6.80

e =
.o
%
J
T

E:“
.
<
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ALY BT K

13C NMR (100 MHz, C¢Ds) spectrum of 54

Y¥DB2wBT 1 x¥DATA¥ogi no¥i0-1t5 C6D6 13C date.als

DFILE  ¥DAIwETIx¥DATA¥ogi
CONNT
DATHE Tue Jan 29 12:24.37
{BMIC  13C
EX¥OD  BOM
{BFRG 100. 40 #z
OBSET 126.00 Wiz
OBF I $0500. 00 Hz
PGINT 32768
FREQU 27173.90 Hz
SCANS 132
ACGTH 1. 2059 sec
D 1.7940 sec
| 6. 80 usec
ERNUC  1H
CTENP 26.1 ¢
SLVNT  C6D8
EAREF 128. 00 ppm
F 2.00 Hz
RGAIN 18
I | |
i 11— AN L
PRI
(A S e [ L B B B L R R E B [ TR
2?{ 175 150 125 100 I3 25 0
1
H NMR (400 MHz, CsDsN) spectrum of 55
WDAZwET 1 ¥DAT A¥wada2¥Syrblodinol | de¥WA-643 tH CD30D date. ais
DFILE  ¥DB2w8Tix¥DATAYwad
COMRY
DATIN  Tue Nov 06 19:15:35
OBAUG IH
EXMOD
{BFRG 309,65 iz
OBSET 124. 00 Kiz
OBF [% 10500, 00 Hz
POIN 32768
FREQU 7993.60 Hz
" SCANS [
! ACOTH 4.0993 sec
~ P 2.9010 sec
/ B 6.40 usec
1RNUG  1H
N CTENP 5.0 ¢
E SLYNT  CD30D
b EXREF 3.30 ppin
BF 912 Hz
RGAtR 19

*H 1.08

2.32

230

4.0
403

1.
-
- 0.93
-
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AT NVT—H

"H NMR (400 MHz, CDCls) spectrum of 61

WNEIwE T AT A¥rada?¥Symbiodino | ide¥ilA-700 CDC13  TH date. als

DFILE  WDB2w8T1x¥ATAYwad

COUNT

DATIN Tﬁe Dec 04 22:08:50
(]

OBNUK
EXHOD

FRQ 399,65 Mz
OBSET 124.00 KHz
OBFIN 10500. 00 Hz
POIRY 32768
FREQU 7993. 69 Kz
SCANS 8
AGQTM 4.0092 sec
FD 2.8010 sec
il 6. 40 usec
IRNUC  1H
CTENP 26.2¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 12

8.93

6. 40
6.73

.85
. 2.90
2
3
—— 3. 38
0. 86
[}

L(;:\tm
[

— 275
R

— 218
1.05

| 5
=
Llﬂl

R

13C NMR (100 MHz, CDCl;3) spectrum of 61

WVUD82wE T X¥DATA¥wada 2¥Sysbi odine ! Ide¥WA-700 CDCIY 13C date, als

DFILE ¥¥D82w8T1x¥DATA¥wad
OMNT

£
DATIM TYuo Dec 04 22:10:02
OBNUG  13C
EXMOD -BCH
CBFRG 100. 40 ¥z
OBSET 125.00 KHz
GBF IN 10500, 00 Hz
POINT 32768
{H1] 27173.90 Hz
SCANS 182
ACOTH 1. 2059 sec
PD 1.7040 sec
1 6. 80 usec
IRNUC
CTENP 28.6 ¢
SLVNT CDCL3
EXREF 77.00 ppm
8F 2.00 Bz
REAIN 23
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AL N LTF— A

"H NMR (400 MHz, CDCI5) spectrum of 62

YDB2wS 71 x¥DATA¥wada 2¥Syabiodino | i de¥WA~730 CDCE3 1H date. als

o DFILE  ¥¥D82wRT1x¥DATA¥wad
= GOHNT
DATIN Wed Dec 10 16:26:57
OBNUC  H
EXMOD
OBFRG 398. 65 MHz
OBSET 124, 00 KHz
OBFIN 10500. 00 Hz
@ POINT 32768
= FREQU 7993. 60 Hz
b SCANS ]
ACQTH 4.0993 sec
PD 2,8010 sec
PH1 6,40 uses
JRNUG 1H
CTERP Hde
SLVNT  GDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 13
— 2
3 S
Lr=} N —
« ( «
o
e =
JF ¥ }
j o
© : % .S.. % g8 { z
P ; S s
| 2| N
= i [
! i 4
E {‘Ll JLJE Y e
]
I T I T ¥ T T T T ] T l g ”E
10 8 § 4 G |
13
C NMR (100 MHz, CDCI3) spectrum of 62
Y¥D82wET Ex¥DATAYwada2¥Symbi odinol i de¥®A~730 CDCI3 13C date. als
[ DFILE  ¥¥DB2wHT1x¥DATAYwad
COMNE
DATIR Wed Dec 19 16:43:53
UG 13C
EXMOL  BCK
GBFRG 100. 40 MHz
GBSET 125, 00 KKz
GBF IN 10500. 60 Hz
POINT 32768
FREQU 27173. 80 Hz
SCANS 222
ACOTH 1. 2059 see
FD 1.7940 sec
PHit 6. 80 useo
{RNUS  1H
GYEWP 28.4 ¢
SLVNT CPGL3
EXREF 71.00 ppm
B 2.00 Hz
REGAIN 24
|
| | |
é | ‘
: :
H
z | l !
H i
' T - s
PPy
T T T E T 3 l T 3 T T [ T T T T 1 T ' T 1 ‘ F T ; T :
175 150 125 100 76 50 25 1
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ALY BT K

"H NMR (400 MHz, CDCI5) spectrum of 63

YYDB2wB71x¥DAT A¥wadaZ¥Symbiodino | ide¥iWA~734 CDCI3 tH date. als

DF (LE DB2w871:DATAYwad

COMNT
DATIH  Sat Dac 22 16143138
OBNUS
EXH0D
OBFRQ 399.656 WHz
OBSEY 124.0C XHz
GBF 1Y 10500. 0C Hz
POINT 32768
FREQU 7983. 69 Hz
SCANS 4
ACOTH 4.0093 sec
FD 2.3010 sec
PH1 640 usec
RNUC  th
CTEWP 8.4
SLYNT GDCL3
] EXREF 7.26 pom
- BF 0.12 Hz
- RGAIN 13

1.08

47

—_

]g
W

LB‘\ 0.82
=076

13C NMR (100 MHz, CDCIs) spectrum of 63

VOB THODATAYwad22¥Syah ioding | | de¥WA-745 130 date. als

DFILE  WDBZw8T1x¥DATA¥wad

DATIR Fri Jan 25 17:58:02
OBAUC  13C

EXMOD SO

OBFRG 100, 40 Hikz
OBSET 125. 00 KHz
OBF 14 1050000 Hz
POINT 32768
FREQU 2M73.90 Hz
SCANS 76
ACOTH 1.2059 sec
PR 1. 7940 sec
Py 6. 80 usec
IRNUG  tH

GTERP 26.0 ¢
SLYNT GDOL3

EXREF 71.00 ppm
8F 2.00 Hz
RGAIN 24
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AL N LTF— A

"H NMR (400 MHz, CD3;0D) spectrum of 6a

YYRa2wBT HNBAT M ada?¥Symbiodino i [de¥WA-643 18 CD30D date. als

DFILE  ¥¥DBWET L¥DATA¥wad

COMNT
DATIW Tus Nov 06 19715:35
0BG 1H
EXMOD  NON
OBFRQ 399. 65 Mz
CBSET 124.006 KHz
08F iN 10500, 06 Hz
POINT 32768
FREQU 7993.60 Hz
E SOANS 8
. ACOTH 4.0993 sec
~ ) 2.9018 sec
1 ] 6. 40 usse
IRMIC  th
o GTENP 26.0¢
1 SLVNT  €D30D
3 EXREF 3.30 ppm
BF 0.12 Hz
RGAIN 1§

13C NMR (100 MHz, CD3;0D) spectrum of 6a

WDBR2WET 1 x¥DATA¥wadaZ¥Symbiodine f i de¥iA-735-2 CD30D 13C date. als

DFILE ¥¥D82¢871x¥DATA¥wad

COMNT

DATIM Thu Dec 27 03:31:48
OBNUC  13C

EX#0D  BCK

OBFRG 100 40 ¥Hz
-OBSET 125.00 XHz
OBF Il 0500. 00 Hz
POINT 37768
FREQU 2717390 Hz
SOANS 5888
AOTH 1, 2059 sec
PO 1. 7940 sec
Pt 6. 80 usec
IRNUC  1H

CIEp 219 ¢
SLYNT  CD30D

TXREF 49,00 ppm
BF 2.00 Hz
RGAIN 24
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 64

C:\Isers\Takamura\Documencs' " 8=« @\2014N\SRD C1-C13 Fragment\JOC I '—BV201 12 2E\NMB\alice\WA-E6G CED
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13C NMR (100 MHz, C¢Ds) spectrum of 64

C:\laers\Takamura\Dacumenta\ 3"« 2014V SRR C1-C13 fragmenthJOCAIS-BY\2013 12 25\NMB\alice\WA-E65 CENE

0 1 03 ) 4 e e 1 v
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 65

C:\Tlaeral\Takamura\Tiocumenta\“§~«g12014V\SRO_C1-013 fragment\JOC\i—1—

13 12 25\NMBR\alice\MD-312-1 CEDE

PPM|

A Tsers\Takamura\Document VSRN C1-013 fragmentd JOCYT— =B
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 66

o

“8e".q\2014\SA0 CI-C13 fragmenn\.JOCA

C:\llsers\Takamnra\Nocument

[

13C NMR (100 MHz, CDCI3) spectrum of 66

C:\Tlsera\Takamura\Documents\ "S5~ gY2014\SBN C1-C13 fragmenrt\JOCHi- - BAZ013 17 25\NMB\alice\MO_314 puve
2
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5
PPM
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AT NVT—H

"H NMR (400 MHz, CsDs) spectrum of 67

Macvs'TalamuraiTocymanra 82~ g 2014\ SBA C1-C13 fvagmanc i IOCLI- -5V 2013 10 2=\MBLalic=\WA-_T54 CATE

T

-

6.

o o

il

Lk
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13C NMR (100 MHz, C¢Ds) spectrum of 67

C:\lTeera)\Takamura\Dornment sy " Se~ V20144 SAN C1-C13 Fragment\JOCAI='=—BY2013 12 2S\NMRAAlica\WA-754 CAD
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 68

a

]
1

Naers\Takamura\Dorumentsi"Se~« g\ 20144SB0 C1-C13 fragment\JOCVio'—B

12_25\NMBY\alice\HA-7&

13C NMR (100 MHz, C¢Ds) spectrum of 68

C:\llsers) Takamura\Dorumentay "S5~ =gy 2014\SAN C1-C13 fragment\JOC\ i '—BY

2 2E\NMB\alice\WA-T&1 CEDA
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AT NVT—H

"H NMR (400 MHz, CsDs) spectrum of 71

C:\MTgers\Takasmnrat\Nocnmentst " E=*e V201 4VSAN C1-C13 Fragment\IOCNI—BA2013 19 SC\NMBAAlir=\WA-T764-9 CENG

=
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13C NMR (100 MHz, C¢Ds) spectrum of 71

ol \SRN C1-C13 fragment\JOCVI—'=B\2013 12 2S\NMB\alice\§A-T764 CEDNE

lsersyTakamura\Docomenta' " Seveq1 20
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AT NVT—H

"H NMR (400 MHz, CDCI3) spectrum of 72

Coh\Ilaersh Takamurat\Documentah"S=~«g\2014\SAN C1-C13 fragment\JIOCA\ = '—B\2013 12 2S\NMB\alice\WA-T766 CNCI3
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13C NMR (100 MHz, CDCIs) spectrum of 72
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ALY BT K

"H NMR (400 MHz, CD3;0D) spectrum of 6b

WD82wB 7 1 x¥DATA¥wada2¥Symb i odi no T i de¥WA~768 £D30D 1H date. als

gm%E ¥yp82wS 71 x¥DATAYwad
DATIH Thy Feb 14 18:08:00
GBNUG
EXHOD  No®
GBFRQ 399, 65 Mz
OBSET 124.00 Kz
OBFIN 10500.00 Hz
POIKT 32168
FREGY 7993. 60 Hz
SCANS 34
ACOTH 4.0993 sen
PD 2.9010 sec
P 6.40 usec
IRNUG 18
CIEwp 2B1e
SLVAT  CD30D
EXREF 3.30 pon
- BF 0.12 Kz
& RGAIN M
o
o £
@ [
2
-
[ Rt
5 [ &=
o = «~ 1
= 3 = o
| Y L[]
ﬁ luf £Y 'ﬁ __,}\u._.w_’__ﬁ_ww_u
PP
T T T T T | i ‘ 7 T
{
HY 3 6 z o]
13
C NMR (100 MHz, CD30D) spectrum of 6b
Y¥DB2u8T1 AT A¥wada2¥Symb i odino | i de¥WiA-768 CDI0G 13C.als
DFILE DB2w871x¥DATAYwad
COUNT
DATIM  Thu Fab 14 26:29:17
C 130
EXH0D  BCW
OBFRG 100. 40 ¥z
0BSEY 125. 00 Kz
OBF IN 10500. 60 Kz
POINT 32768
EQU 217390 Kz
SCANS 2710
AGOTH 1. 2058 sec
# 1. 7940 sec
PRI 6. 80 usec
1RNUG 1K
CTEWP 5.5 ¢
SLYNT  CD3GD
EXREF 49, 00 ppin
BF .00 Kz
RGAIN 24
| o T
Gl . IR " N i ’ k "
R o AR , e A ’ ,
PPY
|I1\|[1t\}1| §|\1i11\|‘115\\<‘\\\!|1
200 115 150 25 100 15 50 25 0
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AT NVT—H

"H NMR (400 MHz, CDCI5) spectrum of 73

ha Framment\ I0C 3o BASA1E 1T DO M
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*C NMR (100 MHz, CDCl3) spectrum of 73
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AT NVT—H

"H NMR (400 MHz, CDCl5) spectrum of 74
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13C NMR (100 MHz, CDCI3) spectrum of 74
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AR NT—H

"H NMR (400 MHz, CD3;0D) spectrum of 6¢

WDB2WRT 1 X¥DAT R¥wada2¥Symbiodine | i de¥WA-T70 CD30D. . als

DFILE  ¥¥DB2wBT{x¥DAT A¥wad
- COMNT
DATIN Thu Feb 2t 13:47:08
g CBMUC IH
- EX40D NON
~ OBFRO 399, 65 MHz
{BSEY 124. G0 KHz
OBFIN 10508. 00 Hz
POINT 32768
FREQU 7903, 60 Hz
SCANS 9
ACOTH 4.0893 sec
PC 2, 9010 sec
Pt 6. 40 usec
ERNUC TH
CTEMP Ble
SLVNT CD30D
EXREF 3.30 ppm
BF 0.12 Hz
RGAIN 20

8.60

£.82
1.00

1.03
. 0.93
. 0.62 4 a7
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]

13C NMR (100 MHz, CD3;0D) spectrum of 6¢
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 75

C:\Tlsers\ Takamura\Documentsy 5=~ g\ 20144 SRN C1-C13 FragmentdI0CYia b

\2013
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13C NMR (100 MHz, C¢Ds) spectrum of 75
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AT NVT—H

"H NMR (400 MHz, C¢Ds) spectrum of 76

C:\Ts=ral Takamira\locumenta ™8 I0Ch i 1By 20

2N14VERD C1-C13 Fvagment)

12 25\ NMR\
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13C NMR (100 MHz, C¢Ds) spectrum of 76
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AT NVT—H

"H NMR (400 MHz, CsDs) spectrum of 77

S\Tleeret\Takamura\Oocyment=y ® 5o guo014VERN C1-019 Fragment\ IOC o =BL 20 2 _25\MMB\alice\TE-2R7.ala

[=IR AR ST

T

PPM
T T T | T T T | T T ‘ T T
10 g 3 4 2 o
13C NMR (100 MHz, C¢Ds) spectrum of 77
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AT NVT—H

"H NMR (400 MHz, CsDs) spectrum of 6d

o\ Tlgey
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13C NMR (100 MHz, CsDs) spectrum of 6d
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