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Bu tertiary butyl

iPr isopropyl

QOL quality of life

Ac acetyl

CCso 50% cytotoxic concentration
IBX 2-iodoxybenzoic acid

TMS trimethylsilyl

Tf trifluoromethanesulfonyl
MS4A molecular sieves 4A

Ph phenyl

Et ethyl

DMF N, N-dimethylformamide
NBS N-bromosccinimide

DABCO 1,4-diazabicyclo[2.2.2]octane
t room temperature

nBu normal butyl

THF tetrahydrofuran

ECso 50% effective concentration
Me methyl

Ms methanesulfonyl

DMSO dimethylsulfoxide

DCDMH 1,3-dichloro-5,5-dimethylhydantoin
TCCA trichloroisocyanuric acid
PPTS pyridinium p-toluenesulfonate
TFA trifluoroacetic acid

Ts p-toluenesulfonyl

TES triethylsilyl

GFP green fluorescent protein
TBDPS tertiary butyldiphenylsilyl
TBAF tetrabutylammonium fluoride
MP melting point
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HRPTCREBRMELR S TWVWLEEIEOHTIZ, b FHREARE Y A /LA (human
immunodeﬁciency virus, HIV) JEYYERH 5, HIV L1, T U BRSO~ 7 27 7 — U7 EOGEM
BT D VAN ATH D, HIV AT OIS LCRER, Ml T HIV 28385 L Tl 2
EB’Z%L R CIIEGE L2 WRFERICH G LT <D, 20X LT, xR GIHEZ RIE
95 L DT o T IRIEZE 1% KA E N EIEWERE, AIDS (acquired immunodeficiency syndrome) & U
76
HIV JEYUE D BT OIERE L L TIE, WREEREAEA (ex. Y N7 YY), T 7 —EHEA
@x*W74fEﬂ%f4/777~?@%ﬂ(wy7W77?HW%CGBM§ﬂ(ﬁﬁ??fﬂ
7) EVNo TN ONOHL HIV HEMAE DO ZHFHBEEN LN TWD  (Figure 1), $T
HIV $IZ X2 EWERRC, HAIME Y A V2 DOHBL R & ORERIZER SN TOZR, ITFEOHIED
FRIZED, A0 ORZEMEOEROCERN N DL I, MEREZHRL &L, P20 k)
2. TRIERIEDOHEANT K - T AIDS (FZBm i 2 R A Tl AR < | BERYZREGYEIZ 72 > T2,

Ph Bu 6 Ph
| U
o H\(O o S OYNH o ”)\/\N M
HO ; F
LN \©)\NLﬁN T S FoF E{X JS
S N3 OH ”</ | N ~ | N H N°ON
H 0 N =N
OH (0] (¢] iPr
zidovudine nelfinavir raltegravir maraviroc
(reverse transcriptase inhibitor) (protease inhibitor) (integrase inhibitor) (CCRS5 inhibitor)

Figure 1. fXZA 7291 HIV 3K

L L. PLHIV T HIV OB Z Pl T & 223, HIV 258 2IERN N DR TE 7o 2 & 23ERE
ELTEENTWS, HIV X, BEDY ) LI ?4wx§§®7/A%m&@@ & TRGE OIR
MIZ. REIRICIEMR T 2, 2 OEMRIEGSMII LT, BEFOHL HIV BT REFBETE 2 &
5 HIV EBYYERIEORIT & 72> T D, LR ->T, REEZHFWT25 EFHO T A VARG L
BODHZ b, —EHIVIUEELTLEY &, AEICDE> TREZBIT H20LERH D, DT
. QOL 03%%““75 5. HIV ZBIET 5700 DO FEOREPRS BENTWD, 2O LX) sk,
WA, Shock & Kill {528 HIV JEYYE DORIGIE E L THEE STV S, Y

Shock & Kill £ & 1%, HIV RIS IEA THRIPL (shock) 525 Z & T, #Mlldx HBiEHE
L. %%élib“(%ff: HIV ZR#f (Kill) 3562 LI2L > T, BANRRERA S LT 5 HETHD
(Figure 2a), Z Z CHlll%% 5 z 5 #H|% LRA (latency-reversing agent) & FEOX, T 3L FE TIZ AN
EHTHEEMRHE Sz (Figure 2b), Bl 1X, v 7 A %+ —8 C (PKC) DOIEMALAIE L
T < prostratin (ECso = 0.87 pM)P<> PEP005 (ECso =211 nM)?, B A k> 7 7 FF—+ (HDAC)
DORAZEA| & LT < panobinostat (ECso = 10 nM)?, 7 € KA A %> /37 BRD4 #[HET % JQI
(ECso = 0.11 uM) "N B b, LovL, A HETIZ, BRRBRICBWTERMELA /R L7z LRA 13
BTN,



(a) Shock & Kill strategy (ART = Anti-Retroviral Therapy)

Latency Reversing Agent
(LRA)

HIV DNA

I

\(/N\
/N
s | N\g
\ o
Q =N }onsu
N .OH o}
H N
N
l
HN cl
prostratin (PKC activator)  PEP005 (PKC activator) panobinostat (HDAC inhibitor) JQ1 (BRD4 inhibitor)
EC50 =1.8 uM EC5O =211 nM EC50 =41 nM ECSO =0.11 yM

Figure 2. Shock & Kill ¥ & LRA i& %A+ 51L& ©

ZOX o7, 2010 FE XD BRAEERND DM D, B AZ T A ROBEBENRESINT
Wh, D ERZT AR A NI, EAREHDRFEL 25 TR S, ERGLEMIETEYE O BEE
T TAD—DTHHA TV I)AF Wl #xV%>, ATuAR) O—HThDH, ZiLb{bEaWIZ
B9 2 EMIEEOREDORKER, ZO—HMOILEDB LRATEEEZ AT 5 2 L B3HE S, BlxiX,
ansellone A (8.4% HIV FEMEAL, 10 pM)* ?, ansellone G (1.4% HIV FiEMEL, 30 uM)?), alotaketal C
(9.2% HIV FEMEAL, 1 pM)* 9% anvilone A (8.0% HIV FHEMEAL, 30 uM)? 13261 B35 (Figure 3), +
7oy MR EROMER, PKC 2/ L CLRATFMEZ B L TWAH Z LR BEN TS,

ansellone A ansellone G alotaketal C anvilone A
8.4% HIV reactivation, 10 uM  1.4% HIV reactivation, 30 uM 9.2% HIV reactivation, 1 uM 8.0% HIV reactivation, 30 uM

Figure 3. LRATEMZHT oA Z TN~/ A4 K



—J T, ZOXIICHE SN TETALEW DN, /)78 LRA IEM4RT alotaketal C 1%, M7
PERTZENHEINTND (CCs=11.0 uM), P ZDOT=DFEH T, LRATEEEZ R LR S G
faFgEtEZ R S 720, ansellone DO LAMIZFE B L7 (ex. ansellone A, CCso > 30 uM) , *

Ansellone J8I%, & Fe~Xr Y7 (HBP, M) kLT 0V gts (k) S
L= et 2 H 5 2L ThH 5 (Figure 4), 21X, ansellone A (1)X° ansellone G (2).
phorbadione 3)13Z&F B 5,

OAc OAc
ansellone A (1) ansellone G (2) phorbadione (3)

Figure 4. Ansellone ¥ DL &%)

ZAVETIT, 1 & 3DEMMD Tong HIZL > THE SN TS, ' Tong 5D 1 DE L% Scheme 1
R LT, D%, =2 O8G%Z VT, ansellone 380D HBP ‘B2 L T\ 5, T7hbb,
Barbier !5 v U LU KIG, 7 BAFH I DE ) TRF AL, AR OBRLKISED =
DThHDH, ZDOHRW OO TRELZRET 1 OBEMREENRL TEBY ., [FEEOFE#EIEL VT,
3DOAMBERLTND, LrL, FBEEROEMRKLOERK LIz RIS O AW TE MR 352
i S AV TUNer o 72, Ansellone 81X, LRA DEFES — XL L THAINZILEM TH D, ZixAl
FMFE~ LR 2 720121E, G RO OF TR EMIEHRBRNLETH H, £ 2 TEHIL,
#eik DELFN G RIE ORISR AR L, OB EIRG S "IRe72 /18 d % ansellone FHD B HLE HE &
BAFE T % Z & T, ansellone ¥ADAEIETEVEFA AN T & R BH 3~ < | WFEICETF LT,



| 1. Barbier-type
. reaction

3. intramolecular
cyclization

functionalization

: OAc
ansellone A (1) . phorbadione (3) .
LLS: 16 steps (0.75% overall yield) ; LLS: 18 steps (1.5% overall yield) |

* LLS = Longest Linear Sequence

Scheme 1. Tong &2 & % ansellone 2HD & k%

Tong & DA RKIETIL, HBP B OELIZEB\WT, 3 LEZZE L, Barbiet O » 7'V o JKIGD
SEARBPPENMENZ L3R E L TR STV e, £ 2 THEAL, HBP B Z 1 TR OILARERIR
AIZHESE T E AT, ansellone FAD &b 2B RIEIZ IR D & & %, Prins BRALIS DA ZE R LT,
Prins BRALESIE, RET VAT Va— LT AT e REAW-Z U KIGO—FETH D, AL,
FXRY NN LA T2 G RNBREBRELZRL LT, 7T Fett'T VEREELK
BIRIC G 25 2 EDRFMB TS (Scheme 2), '

R2

OH o)
?\)J\ L _ Bronsted — R1§ﬁ</R3
R R2 R3” "H orLewis acid 1 6¢\R3 R2
R
R2
+
_ . RXI0OA R — +
R2
R'"™ 07 "R®

Scheme 2. Prins BV his D S A%



BRI 32 13X L RTHIRR R IC W T, Prins BRAGEUSZ VD &0 1 O HBP ‘&% 1 TRED D LK%
RN ARETH DL Z L2 WMEL T0D, 706, (-)-carvone 22O LTIZARET U /LT L=
—/L 4 & (H)-sclareolide 2O A LT VT K5, KOS LT TMSOTE 2 V5 Z & TBRALX
JEHEIT L. ex0-6 & 38%. endo-6 & 12%DINZETHDH Z LIZHKEI L TV 5 (Scheme 3A), Prins B2
EROS ORI, BRICALE 725 =T Y /1/7/1/:1—/1/0>£f€ﬂ:0>7‘: . R Z7Z—1 (TfO) %
REANLTZZ L2 D, TIO BN WEEIZIE, Prins BRAGSUNTETE T, 7 U AT La— LD
KIDGEDHELT LTz, ZD7=, B Rax o BALIC %ﬂz%l%‘m%é TfO XA EANTHZ LT,
IKOFFHEZ KX VAT D =NV F A DOLZEMEMET L, BARBISHIIH CE/2EEZEZTND

(Scheme3B), Z D&, ex0-6 (ZDOWVWT, TIOHZ /N7 U0 Al X/, NV =F A7 I 2 HN
TOBITTRISIC KV RET HZ LT, Tong HOEPHEIE T 2GR L. 1 OFEAEGKAZER L TV D,

A) Formal synthesis of ansellone A

|

)-carvone 4(2.6eq) TMSOTf (0.50 eq.)

CH,Cl,, MS4A
-7810 -20 °C, 24 h

9 steps HO:

—, O« H ex0-6 (38%)

endo-6 (12%)

(+)-sclareolide (1.0eq.)

Pd(OAc), (0.10 eq.)
PPhs (0.23 eq.)
EtsN (12 eq.), HCO,H (8.2 eq.)

DMF
60°C, 2.5 h o
87%

Tong’s intermediates (7)
(from exo-6)

destabilization

Scheme 3. Ansellone A DA% & TIO DO E (LRI O )



T TERITL. BERIEMETEES. GRPHE 76 1 FToalEcEEEL. (B—EE—
i), FExBRE LR, Tong HORIGHEMETIE, ML 1 2B52 N TERPSTN, K
IR A AR T LT, BHMELLS 1255208 CT& 72 (Scheme 4), 1 Z2AKT 5 F TORE
TREET 13 THE, RINERIX 2.5%TH Y, Tong 5D 16 THE, 0.75%% Llal~>7=2 e, TEEKO
HITEL & iR o) ks Lz, 1

NBS (2.5 eq.)
DABCO (3.2 eq.) NaOAc (10 eq.)
CCl4/AcOH DMF
(10/1) 120 °C, 3 h
°Ctort,24h
0°Ctort,  23% OAG
8 (in 2 steps) ansellone A (1)

Scheme 4. Ansellone A D25 %

SHIC, 1OEMIEZIGH L, Lo ansellone A ARk L7 (B—EE M), mET VLT La—
a7 T e K9 &MV Prins BRALRS Tld, BRIEE OB EREEOBEANREIZ R -T2, £
T, FANCHRERLENIZAET VAT V2 —/120a % AW Prins BRESOS 2 AT 5 2 & T, &
DHDMBEREDBANES IR, 2 2RI EMT DL ENTEZ (Scheme 5), 7z, 2
D =T Va3 — )L OPKGZ XV | phorbadione 3)D &L H K L7z, ¥

O
OH HO
. TMSOTf
+
o Ox toluene, -78 to 0 °C
cl 42%
20a 9
nBuyN-OAc Burgess reagent
DMF, 60 °C THF, 50 °C
73% 55%
ansellone G (2) phorbadione (3)

Scheme 5. Ansellone G (2) & phorbadione (3)D A%



AAlERE LT RIRAILE 1 ~ 3 O, C22ADEHILICHE R L TAMR LT 1 OFERK 27 ~ 29
2D\, REARKRZFZRZFBL MBI A O =B EHdZ D 7 v — 712 LRATEM A3l L TV a7
W (B—EE=H), TOME. AL 1 (ECso = 1.1 uM), 2 (ECso > 10 uM), K& T3 (ECsp > 10
uM)IESCRRO S Y OIEMEZ R LT (Figure 5), £72. L&Y 28 (ECso > 10 uM), 29 (ECso > 10
UMIITEPEZ 1T & A ERES 72 o TeDITxt L, ABEW 27 (ECso=0.57 pM)IZ 1 L0 & mniEEEZ R L
22 oD, 1 OMIETEMEFBIC OWTEB R L, —J7, RIEBILE® 1~ 313, FEARFHERE LT
THHITHLPPDLLT, IEHICRKREREONR RN, TOERIIOWTEHEARZEEZ AN TELEL
el ZA, ENENOILEMDONAREEDNEEICE L 52 TWDH Z R E e, Y

27 29
(ECs0 = 0.57 pM) (ECsp > 10 pM) (ECs > 10 pM)

Figure 5. A L 7= RRA LA 1 ~ 3 L O 1 OFFEAE 27 ~ 29 OTEMEZH

Ansellone FEHOILAH, FFIC 11X, LRA DEKS — XL L THAMRIEEMTH D2, KIRERKAL
EMEERLICT D2 LIRS TH D Z L, RRAWILEDOIEEARFF LI E £, MGz
Mifbd 52 Lid, EFRILFNREMEZHET L TEECHD, £ 2 CTHEIESE L. ansellone FHDOHE
EHALICE Y $A TS (BBE), Scheme6!lZm LXK 512, R%E LV MEICEATRER RFEHITE
L7 b & 33 Zakit - &Rk - 33l L7z,



Scheme 6. Ansellone 8 D& B flifb,

ZOFER BUKMED S S DEMEICHBE A 5.2 TWA Z LR S 7=, £7-. Figure 6 |27
SOALEWY) 33i (ECso = 3.2 uM) & 33j (ECso = 3.7 uM)2S 1 IZVEELT DiEMEZ R L2 Z &0 h, T3
RNIZDOWTCEHARI A W TELZ L= 2 A, ansellone 358D CI11 (i, MR, MERA[RKT
X722V, SR Z RIS 2 72 DI TV D 2 E AR S LT,

1 33i 33j
(EC5O =11 HM) (EC50 =3.2 HM) (EC50 =37 IJM)

Figure 6. i B LR D LRA 15 MR

LT, 2B OFEMIZOWTIRRD,

10



EN ]

#5—%  Ansellone Fi M O D&k BIRD & [k & AYTENEETfll

%—Hi  Ansellone A DEFR

FHIX, Tong DAL 7 75 ansellone A (1)E TOEKE B LTZ, £9. Tong 5D
FafEt L7z (Scheme 7)., Tong HIX 71X L, Y7 unm X & HBORESTEEH ., NBS &
BT R ULEMRADZET, 7RETE MUK 8 A LT, D%, BT N U LZMZ,
MES % Z & T HBr OBBENET L, BRID 1235615, "D LA L, Tong & D 2 TRENEEN 26%
THoT=DIZx L, BHEOBRFTIE 4% TL2 1 BNESLNT, Tong HDINKREZFHEHTLZ LNTE
mnole, 7RETE MR IAMLOCRTABIET L L BT MU U LAHKREB X SN REY
BHEREINT-, 2F 0., B —ROKETIE W L 2FRENSE LN -T2 IR E L TE X,

NBS (1.5 eq.)
NaOAo (15 oa.) _NaOAc (10eq) _
(10/1) 120°C, 3 h
25°C,12h
Tong’s yield: 26% OAc
My trial: 4%
(in 2 steps) ansellone A (1)

Scheme 7. Tong & O i 5% AV 7= ansellone A D5 AL

T TEARITL, BBME 1 2/ OND USRI Z ML T 5 <, FAET L7 (Scheme8), £
DOFER, 7T X IACDORIGEMEICHONWT, HEZFERT N v AL AERERTH D
DABCOIZEH L, Witz Y7 vw X 52 o iR b WAL R E-HERRICAEE LI 25, %
THRONMTET L, 8 G TE 72, i< HBr OIEESUSIC LV . 1 2835607z, Al 2 TROIR
1£23%THY ., Tong b EFRIFEDOIRTHIBWMELS 1 2EL LN TE,

NBS (2.5 eq.)
DABCO (3.2 eq.) NaOAc (10 eq.)
CCl4/AcOH DMF
(10/1) 120 °C, 3 h
°Ctort,24h
0°Ctort,  23% OAG
8 (in 2 steps) ansellone A (1)

Scheme 8. Ansellone A D5 %

11



PLEZEFIL. 1 O2Ek%E#ER L7 (Scheme 9), Ak L7 1 DAY FUTEEITHRE S
HbOEREW—EEZRLT, 126K T 5 FE TCORE TREEIZ13 TR, BINEIT25%TH Y, Tong
5D 16 T, 0.75%% kEl>7-,

OH
4 steps
0 — 0

(-)-carvone 4 TMSOTf

CH,Cl,
38%
Prins exo-6
cyclization

(+)-sclareolide

"
3 NBS
EtsN, HCO,H DABCO NaOAc
CCl4/AcOH DMF
DMF 4 °
87% (10/1) 120 °C
23%
(in 2 steps)

ansellone A (1)

reproducibility
Natural; [a]3°= -15.4 (c =0.05, MeOH)
Tong’s work; [a]& = -22.0 (c =0.05, MeOH)
This work; [a]’ = -23.1 (c =0.05, MeOH)

Scheme 9. Ansellone A 5 XD F &

12



% _H1  Ansellone G * Phorbadione D& ik

Ansellone A (1)DE NS, Prins BRILIGZ VWS Z & T, HBP BHAZMBETEZ H 2 R boo
TW5, - T, ZOEHEREAZ WL, Mo ansellone FHOEEL S FIHRE TIXR W\ & & 2 T2,
Ansellone 38 % %03 K < BT 5 FEDBAZ L. ansellone FE OSSR MBI 2 BB 925 LT, &
EThD, £ T, ansellone G Q)~DwHZFHE L7-, 2%, HBP'B# &, REEMANVRN= Iz
BT BB E LIEBEE G T 5, £, DTN TIEH L0 LRATEAZRT Z L blE S
VTV 5 (1.4% HIV FHEMAE, 30 uM), F 72, [F U< ansellone 8 T& % phorbadione (3)DA§i&E 25 H
L7 ZA, 208 =T NVa— VORBKKISHETTUL, 3bERTELEB 27, £, kH
¥ 2 (1.4% HIV 5L, 30 uM) & 3 (no activity, <30 uM)?1Z, [F U HBP ‘B# % &2 03 597,
1 (8.4% HIV FHEMAL, 10 uM) IZHASTLRATEMEDR KR E S AL Z ERMESNTND, Ko T,
INE TICAR OTEMERHR O FEHE ATV 2 & 3 24U, W2 H0R Uiz FCIEtE & 3
T 5 Z LiX. ansellone HOMEEMEME AL BT 5 LT, HETH D,

Scheme 10 12 2 & 3 DA Z R L=, T7bb, RET VAT La—/L 4 LT LTERID
Prins BRALSOZ LV | 2 2Bk L. £D%, 2 OBKEISIZEY 3 2B TEDLEEZXT, 9DH
ST =R, ANVRE VD ol d D DD, BEPESETTT 5 Prins BALSUGIZ Bt 2 5
ho LBzl (5 7H Scheme 3B 5 H),

(0]
OH .
Ho\ Prins
o] T O A T

ansellone G (2) phorbadione (3)

Scheme 10. Ansellone G (2)% O® phorbadione (3) D& i k&

13



TAFE R ODAME Scheme 111275 Uiz, 91D % T M LAMI(+)-sclareolide 7> B AR T 5 =
L, VA= 13 ETOEHBITEIZHE I N WD HIEEZ AW, 3726, (+)-sclareolide (2
MeLi ZMzTH b 10 &L D, HEKEERE & 2tk 3EK A2 72 Baeyer-Villiger FR(kIZ L0 7 &
TN ~EEHLTEOL 'O TMSOMs IZ K D MKRISTAH LT 4 12 24572, ' Z D%, AD-
mix-B ZHW =T Redxifbic k) U4 — 113 2457, Wk T, & k7 /v a—1% IBX &
WTEBEkT 52T b 14 &L, Z0%, kLo 2fnTiibds2 LT/ 15 &
L Y0 KLY F U AL D= AT VOIKGRRCED T va— L 16 BB LIZOL, FH—HkT
Na— &k IBX # TS 52 LT, 7Tk R9ERH,

Ac,0 (13.2 eq.)
H,0, (11.5 eq.)

MeLiO LiBr (2.0 eq.) Maleic anhydride (7.8 eq.)

Et,0 o) CH,Clp, H,0O
-78°C,1h 0°Ctort,17h
96% 88%
(+)-sclareolide 10 1

AD-mix-B (790% w/w)

TMSOMs (5.0 eq.) ACO MeSO,NH, (1.1 eq.) IBX (3.0 eq.)
c —_—
CHoCN BUOH, H,0 AcO (CHCl, ~ AcO
rt, 10 min (171) 70°C,14h
76% rt, 100 h 96%
12 88%
o) o] o)
HO, HO. HQ
Se0, (5.0 eq.) : LiOHO H,0 (2.0 eq.) ' IBX (2.0 eq.)
BUOH/ACOH ~ AcO THFMeOHH,0  HO DMSO Ox
) (1/111) n,3h
100 °C, 22 h 0°C,1h 95%
84% 15 99% 16 9

Scheme 11. 7 /L7t K 9 DERK

ARLETATE RO ERET U ATV a—/L 4, KO TMSOTE % AV T, Prins B/ % it
L72 (Scheme 12), & D#E%:, Prins BRALSUSNIHEIT L, 2 @ HBP BHAME T, T7hbb,
exo-17 28 17%, endo-17 73 60%DETHHNTZ, L, TO%RDOHBEERLEDOEFEANBNT,
ENAE U, T72b5 exo-17 12%f L. ansellona A DEFEL[EIER, 7uE7 & 1k E . %< HBr
OBBEERSZ R L& 2 A, 2 TRIEN 1% ERINRTH 7=, /- endo-1712xF L, bt
Ly BAWET VAN OB A L7223, 73— 1913 17% T LB SRR ho Tz,

14



OH HO/ .\ TMSOTTf (0.50 eq.)
+
O O\ CHQC'Q
-78°Ct0-20°C, 24 h

4 (2.6 eq.) 9(1.0eq.)
ex0-17 (17%) endo-17 (60%)
NBS (2.4 eq.) 1,4-dioxane
DABCO (3.6 eq.) SeO, [HCO,H (2/1)
CCly, AcOH (10/1) (10 eq.) 80°C,2h
0°Cto30°C, 18 h 17%

NaOAc (20 eq.)

DMF
120°C, 3 h
11% in 2 steps

18 ansellone G (2) 19

Scheme 12. IE T U /LT L2 —)L 4 % A 7= ansellone G D& kL

Ansellone A 5% & [FIERDITHETIX, BRE M COREREMIIANE TH -7z, £ Z T, ansellone G
DTG LT, 00D T VAR A~T af{CEBRINZAET U AT La— 1%
ATz Prins BRAL LU D &2 % 27~ (Scheme 13), 7205, HHMNLCOHT VAR n ok TE
BENTZARET VAT Va—)L20a &, 7T M VETERINZ 200 DFHEEL LT,

Prins
n/\{ )%A cycllzatlon

20a (X =Cl)
20b(X OAc)

Scheme 13. 7 U Wi EHL I - AET VLT )L a—LOF|H

15



RET VLT Va—)L 20a & 20b DA% Scheme 14 [Z/x L=, Ta— 407 vafbi, Y4
WFREDHFROEGHIEIZESNTHER LT, *V 3 72bb, 73—/ 4Zxt L. DCDMH %/
52 &T, 7uafbik 20a AR LT, D%, BiET N U UL EHAWISREEEHRFISICEY . 7
t R AR 200 A LT,

O

(DCDMH) oH oH

OH )N
o ¢ (20eq) NaOAc (5.0 eq.)
o CHCl, © DMF o
0°Ctort, 15 h 80°C,1.5h

Cl
4 64% 20a 81% 20b

OAc

Scheme 14. 7 U MR EHLINT-FARET VLT )L a—LOEK

A D SHFEROPRKICE D TV a—L 4 O oot OF&MEHRT%LLITFIRT,

OH OH
reagent (eq.)
0) solvent 0
0°Ctort
4 20a cl
entry reagent (eq.) solvent yield (%)
tBuOCI (2.0 eq.
uocCl (2.0 eq.) CH,Cl, 48
CeCl30 7H,0 (0.6 eq.)
2 TCCA(1.0eq.) CH,Cl, 40
3 DCDMH (2.0 eq.) CH,Cl, 50
4 DCDMH (2.0 eq.) EtOAc 39
5 DCDMH (2.0 eq.) (CH,CI), 54
6 DCDMH (2.0 eq.) CHCI3 64

16



Ak L7z 20a, 20b 7 ansellone G & kI AIRE A R T 5720, T AL E LT, 20a £7=-
IZ20b, BB AT ILT B K, TMSOTf Z iV C Prins BRLGZ T Lz, £9°. 20b 2 T
st L7 (Scheme15), L/2L. HHO/LAW 21 136G 60T, BHREAEME 5 27-, TORN &
LT, BSDEITREZ NS, LT 40D affllt FaFrsEid b oRET VAT L a—
V% FWT Prins BRALS ZMGE LT2G6 . BERICE T a— VR T L, VR = {bEwY
HH 25 ENRMEEITVWS (Scheme 16), Y 20b & W2 KIETH, RO KGN & 7255 58,
OB EHEZ e > Te DT 0B 2 bhd, LEDOZ EXDH 20b @ ansellone G A~ Di

FAXREES & & 2 7,
OH CHyCH,CHO HoH
TMSOTf
N
o toluene o Fi
OAc 7810 0°C
20b 21 OAC

complex mixture

Scheme 15. "€ 7 U )L 7 )L =2—)L 20b % AV 7= Prins BR{b < )ix

Rl_0O
OH OH pinacol '/
R‘ R3CHO Prlns rearrangement -
R2 acid O
Rz“ (@] "RS

Scheme 16. #5\7 iis & £ 5 Prins B{L G

BT, 20a 2 HWTRREIL72 (Scheme 17), & DfEHR., BRALEISHAHEIT L, {LEW 22 £ 23 %
BREOINERTEZ -, /-, BEIC X0 22 L 23 DARRENRRALY . Uraa A X O8451322:23
=123 THol-DIZx L, Mo O8E1L2223=1:1 ThH-7-,

OH " GHLCH,CHO (3.0 eq.) - 0 - 0-
TMSOTF (1.0 eq.)
Ojij:( solvent [e) B Z ’ (0) B
7810 0 °C, 20 min H H
Cl cl cl
20a 22 23

entry  solvent yield (22+23, %) ratio (22:23)

1 CH.Cl, 57 1:2.3
2 toluene 62 1:1

Scheme 17. €7 U /L7 )Lz —/L 20a % 7= Prins Be{b e
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Scheme 17 DFEFRIZHOWNWTHEER LT, £, Elim22L 23007 un A X UiEEEARE LT U85
PR Z NS D EMEIZ OV T, Gaussian 16°V% iV 7= DFT #HRIC LY H#k L7, Figure 7
W2, 25K ML L1233 0= f X —EE2 R LT, M UHTIE, 2213230 ER, ZIKL D,
FEI1.09keal/mol, 1.32kcal/molZZE CTH -7z, £z, /7 AL T, 221523 D EIR,
ZIKX V., ZNEh 1.51 keal/mol, 1.62 kcal/mol ZE TH o712, OF V. WTFNOBEEPICB N T,
2L 23 X0V EETHDHIENRBENTZ, ZDOZ b, BB TO 22 & 23 OAREOEN
X, EBWOLRERICL D DT TIERNWEE X, £Z T, KISHRETHLINRIF A4

IZERB Lz, 221372 @it L <R O, 23137 a b ORBBEL TROND, 20L& X,
7u hrOik, 7 eeEOBEBFRSIDIRICEY OQITHESTBEEREWEZ XN Z L0 b,
FOSHEDOENOEZ D E 22 X0 23 B/BonoTWnWeEx7, —FH, FEEAZ, hr=o&
NFXAATODTFA-aHHEERCEY, MrzmoFoFRyr7an X2 mE0 B ZETH
HEEZLND, ULEOZ LmbEZEIL, vraa A X 0P Tik, TR A BREETHHT=DIC
WL e FONBEEL, 23 2EEMICE X T EE X T, — . ML= UHRTE, Y/ rBe R
AP XD bHEE ADRETHDLZ LD, KVRERERD TH D 22 7323 LRBRES LT
tEZLND, B2

H
Compounds e
(in toluene) H | HY
: H
0 g Mo

endo) 3 (E- |somer) 23 Z isomer)

H_ "Cl
O

Difference of : A
energy (kcal/mol) - +1.09 +1.32 :

'D oooo0o0>0000o0ooo0go
I] ADDO0O0OO0O0O0O >000000d

O00O00O0O0Ocation-mdO0O000O
Compounds
(in CHyCl) H l

endo) 3 (E- |somer) 23 Z isomer)

Difference of

energy (kcal/mol) +1.51 +1.62

Figure 7. Scheme 17 @ Prins BV Iits D& %%

2) REZRIZESNWT, BIRMELONEROSELBIE L., T4 2 ZELT D XD IekmitiEpt
ELT, 7B b= MU LDMF 25t L7z, L L, Wb EMRIREWE 5 27,
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ETNVIEDFERNS, 20a &7 LT € R 9 % HUN7z Prins BR{LS & MET L7z (Table 1), 22
T, 10 mg A7 — VTR LTS, £9, MLz UEEd, TMSOTE & 1 &AW TRE L
(entry 1). LU, BRIUIK 24 135 6N o7z, 522 HTHELSBRD2Y, 202 /L7 v e DR
RICE O ISHEME T LTEY, Prins BRALKIEDNETT LIS K o T B EEZXLND, F72. 9
(%L, 20a Z@EEMZ THDIZHBED LT, TLC ET9IIME S=2y, 20a TR TE o
oo DD, BIESEMET 20a 1ZIARLETHD ERBRINT, £ T, L VKE N CRIGHHEITS
52 EEWRFLT, TMSOTE & 2 M EICH L TRFT L7z (entry 2), EOFER, RAEMICERE T
FHLTH, 24 % 37%DIETH D Z LIZPI LTz, TMSOTf DY &% I G2 STV &,
3 M EORHIIL 0°C TGN TERE L, 52%DUCRT 24 NG 57 (entry 3), 723, TMSOTS % 4 34
B L T 24 OICRIZENIT R o7 (entry 4), Ft\ VT, BT AIGOFERNS, BF A
PR ZLENMSED LD RBEHENRBENWEE R MERETHLT7E F=FVU /L (entry 5) X~V
TULRIUEEBRD m-F L2 (entry 6) [ZHOWTHE L7, B 2088, 7B F=FU LT
I 24 1 IHERTE T, m-F U LU T 41%DIEET 24 BE LN, ML OFER%E BRI S 72
>7-. F7-. ansellone A K DOHFD Prins BRALISOMET YT, TMSOTE & A% DfE R %2 5 % 7~
TfOH (entry7) ([ZEAZZAH L7-23, 24 2185 Z LIXTERn oz, YLEDOZ G, entry 3 D5
AEBESEMEE LT, RV REWVWRTF— AL TORICERF LTz, T7bH, 200 mg DT LTk K9 %
HAnWiee Z A, IWRIFD UK TLIEDDD, 2%DIEET 24 A TE 12,

Table 1. Ansellone G A D 72 8 O Prins BR{LI & DR

OH
HO: acid
ojﬁ[{ N " eoent
al temp., 1h
20a (2.6 eq.) 9 (10 mg, 1.0 eq.)
24
entry acid solvent temp. (°C) yield (%)
1 TMSOTf (1.0 eq.) toluene -78tort 0
2 TMSOTTf (2.0 eq.) toluene -78tort 37
3 TMSOTf (3.0 eq.) toluene -78t0 0 52
4 TMSOTf (4.0 eq.) toluene -781t00 51
5 TMSOTTf (3.0 eq.) CH3CN -78t0 0 0
6 TMSOTf (3.0 eq.) m-xylene -20t0 0 41
7 TfOH (3.0 eq.) toluene -78t0 0 0

H3) YruruaArAF RV F =T bR L, 4138 0otz

7 4) Ansellone A &K DFEIZ, TMSOTf DAtlZ TfOH, BF; * OEt, InCls, Yb(OTf);, TH;NH, PPTS. TFA.
TsOH * HO. TESOTf. KSFcray &\ o 7zkkx el it L7y, Az 5 2 72013 TMSOTS & TfOH
DHThHoT, D EDOID, AEIOKFTIL, TMSOTF & TIOH IZ# - THst L 7=,
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T/, 7T E R 9 ZHAWEBRETTIEL, Scheme 17 TRONIZX I 24 L7 1 O BMEKRITIZ L
IWEBLNR DT, TOBEKRICONWTERZT LH2H, 3204 V7 ¢ o ORMIK 24, 25 D EK,
ZIBIZOWT, DFTEMR (BRI v R AR E) i L7, Table2IZ, 24 ZJEHEL LT25 &
DEFNX—FEER LT, TOME, 2413250 ERI Y 3.20 keal/mol, Z& XY 3.09 kcal/mol Z7E
Thole, BTV (Figure7) OGA LT 5L ARIOFZ T, endo kL exo KD R /LF
—ENEIDRENWZ EPRBINT, LR oT, UWPELRELTHEGN, 252552 LIXTE )
ofkEZLND, Y

Table 2. Prins BR AV S i DI IMA:

Compound
(in toluene)

24 (endo) 25 (E-isomer) 25 (Z-isomer)

Difference of
energy (kcal/mol) . +3.20 +3.09

ruanaiTEBRINTZAET VLT L3 —/120a % V72 Prins BRALSNIZ K W . ansellone G (2)
® HBP B ZREETE 2, FV T, HIREE2 O 7 SREERNS 2T L7 (Table 3), Fifg) k
VO LZEANTHETLIZE Z A, 63%DINERT2 24T 52 LICkTh Lz (entry 1), KoM L
ZHfEL., thoFEELREILzcE 24, BN U U A (entry 2) CHERE Y F U 4 (entry 3) TI,
entry 1 OfER%E LRG0T, Z2O—FHT, T 8N IFT7FAT =0 L PEHVTERIZ, 73%
ERIFRINET2 25272, A LE 2 ODFEFEALT MVTBECRESLEZLD LBV AR
LTW5, B9 AEFEHIT, Z7oolkTEBINZARET VAT ILa—/L 5 & fuiz Prins BRALRIG
2RV, 2 DHDRERAER LT, 2 26T 5 F TORELERIL 10 TR, #IERIT 13% T

27,

1 5) ABERAEMMT D720, 24 ZERTH-OOEBREOT= R LX— (TS1) & 25 24895
T2 DOBERBIRFEO =RV F— (TS2) (ZOWT, TSI<TS2 £721%, TSI = TS2 TH D EEL, 7t
BRZCEVRTZEERFI LI, L L, ZOREEXFFT 2 L5 2 RIIG ooz, 72
¥, Scheme 17 |2 DWW T b [AERICHRET L7223, FEBRAERICTID O X 2 REHERRIIG oo Tz,

6 AR L2 DENEARITE L2 A, [a]y=-12.8 (c 0.14, CH.CL) ThH 7=, —J7. HEf

THE SN TWBIENEL, [o]s =-30.5 (¢ 0.02, CH,CL)) TH o722 &b, BABENELNT-,
ZOERE LT, B SCTHEES N2 213075 0.5 mg E ISR TH D720, HIEREICIRE
WELTEOTIIARWNhEEZ NS, FOMD A7 kL ('H-NMR, *C-NMR, HRMS) 1ZEW\—%
s LT,

20



Table 3. FEf&HE 2 FH U 7= SRAEZ & LS

reagent (8 eq.)

DMF
temp.

ansellone G (2)

entry  reagent temp. (¥) yield (%)

1 NaOAc 80 63
2 KOAC 60 51
3 LiOAc 80 63
4 nBuyN-OAc 60 73

IHIT, 2OFE =T NI —VORKKINT LD, 3DEMKERF L7 (Scheme 18), kT /RS
Martin’s Sulfurane™ Tld 3 135 510720 > 7223, Burgess ek V& U\ = & X2, 55%DINET 3 %
BHZ LI LTz, ALz 3 OFFEARY MUTREICHESNTZbD L BN —FE R LT
5o 3HEMTHETORE TEEIT 11 T, BINEIX72%THY, Tong 5D 18 T, 1.5%% 1
[~ 7~

® n O
EtsN-S—-N-CO,Me
@)
Burgess reagent (4.0 eq.)
THF

50 ¥,25h
55%

2 phorbadione (3)
Natural; ["']3 = +34.6 (c 1.86, CH,Cl,)
Tong's work; ["]3° = +46.2 (c 0.21, CH,Cl,)
This work; [""]2 = +30.5 (c 0.15, CH,Cl,)

Scheme 18. Phorbadione ® & X

HANCERRE L ENTZRET VLT L a—/L 20a & AW T- A IS %2 ansellone A (1) OARKIC S
WHTE WA EE X, MLz (Scheme 19), T°7¢b 6, 7/ba—)L 20a L7 /LT R 5,
TMSOTS % F\ T Prins BALSUG 2T L7z, Lav L, BRLIK 26 2895 Z Lk c& 9, MR
BAEWMZE G ZT-, KESECHBOYBE LR L2, 26 350N ehotz, TOERKE LT, 7Tb
T NS5 OFE=MT N a—n, LY LOWEBEEICIHA SNl eNEZbND (B TH
Scheme 3B # £ ),
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OTf

TMSOTF (3.0 eq.)

toluene
-78t0 0 ¥, 30 min
complex mixture

OH
Oj/ij:( + o
Cl
20a 5

Scheme 19. IRET7 U /LT )L z1—)L 20a & 7~ 1 DS

DT T UMEOBEBIEOH D Prins BULKIGIC 52 5 BICOWTBE LI, 7 U AR
7 NI TEB I 20b 2V 25A | Scheme 15, 16 TR L7 K 912, S80S HETT L7z
=00, BRIOBILKEBAZ LN TEXhot-, —H T, Fu N TEBINTE 407 uandkT
B SN 200 2 AVHAIE, BEAABLREZZ LD, ZRBIZONTEY FHRICEL L
7=, Ansellone G & f\2 431} % Prins BHLSGIC DUV T, Scheme 20 (2% & iz, 7 m o A CEB I
TR 4 Z2 W2 EIZIE, TMSOTE 2% 0.5 S, SUGIREN-20°CTH-T2DIiZxt L (), 71
P CEH S 202 & O HAIE, TMSOTf % 3 &, MISIRED 0°CTHHMENH -7 (b),
ZDOZEND, 20a AV Prins BAULK IS TR, ROSHENE T T A2 R EINTE, Zaaio
EFRBMEICLY . XV HIAR=2T AL F U FREBIZHRT, FREKCOA L7 4> (K,
kM) OB FEEMET L, BRIBISHEITLIZS K hoTc B2 D, LT -> T, Prins BR1b
RIBICHBNT, FUSEOENT V=1 20n %Lﬁﬁf‘%é@ L BRI D & 5 B %
WAHLATHY, BICHWVEREZETOIEEEZHAVILAICIREA T2 ENRB I T,

(a) Without chloro

TMSOTf
(0 50 eq.)
CHZCIZ
-78to-20 ¥
24 h

(b) With chloro
(o}
OH TMSOTf
HO: (3.0eq.)
+ —_—
© Ox. toluene
-78to0 ¥
g 30 min
20a 9

Scheme 20. 7 & 2 X OHF M2 1 5 Prins Ui D&

24, 42%

22



VLB, T EaiHARRRE CREE L 7= Prins Bl it FIV 7= ansellone ¥8 D& A EEHS 2D T,
SV ERRERIEICERT A ENTE -, I42bb, Kk (a) &E (b) 2REICk > TEW
T HZEDTEDLZDOEKIENIL. ansellone FEOAHEE LTAHATH S, 9

(a) Late-stage functionalization (for ansellone A)

oTf
OH Prins Late-stage
cyclization -
+ —_— —_—
© oxidation
H

(b) Pre-functionalization (for ansellone G)

O
OH HO, Prins HO:
7 cyclization -
cl o :
20a 9

Scheme 21. Prins B2t & FAV 7= ansellone A DA AKX
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5% —Hi  Ansellone JEDOFHENRD A Al & AW IENEFEAR

Prins B LG % W= A RIS (2 L D | ansellone A (1), ansellone G (2) 2 O phorbadione (3) D44
AR CTE 2, T2 T, A LIERIRABILAEMO LRATEVEZFHE 95 Z &1 Lz, EIHILFH
BB % BHIE T ECTABMOIEMEFIX S B, v E CICIEERMEEEm S Tk 59, EET
bb, Flo. FEEEGK - FHIT 5 2 & CHEIEISTEBIFIE A I L. HBP k&% LRA & L
TERT272ODFHERGT 22 2 BE LT,

FBERAROIEE LT, HBP B LT VL7 v a— W ZER Lz, ZhETICHRESLTW
% LRA O—i% Figure 8 IZ/x L7z, 116 BER-6 BEEOMERMEEZ LD, AR — /LT AT L TH
% prostratin X°, VT /L T AT VT D PEP00S 1T 5 BER-7T BROMERMEGE 26T 52 &b,
Lli-fgEEZ A LD (MPo#Ef), 20— T, 1 BT T AETHRESNTZT I AT LV a—L
ZHTHOIZKE L, prostratin X° PEP005 (X, 7 U —0O7 U AT va— (KHFOkkE) 26879 5,
LLEDZ &35 ansellone FHIZOWT, 7 U T b a3 — WAL NEMIC KR E B2 5.2 Tnb &
Bz, TORBIONWTHET D Z LIZL,

ansellone A (1) prostratin PEP005

Figure 8. LRA &M 2 9 D b5 O & EL#

Ansellone FADT U LT )b a3 — )L SEMIZ G- 2 DB OWTHET 2720, 112250V T, RO K
I IRFHEARZ AR LTz (Scheme 22), T72bb. 1 OT B F NIEZ KL ) F 7 LI & 50K E
THRETDHZETTVa—L 27 ZEKL, 27 OF R T La— oI — KA Lz v
T AF M PN LY, AFNL=—T UK 28 G5k LT-, F7=, Prins BALKISDOEEOAF L7 0 D
FLER endo-6 (ZDWT, TIO KA /\T VU M, FE2, R =F LT I 2 HWEETTKSIZ X
DERETDHZET, 1OPTE RS ETHD 29 2B LT,
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Mel (49 eq.)
Ag,0 (10 eq.)
CICH,CH,CI

rt, 23 h
70%

LiOHO H,0 (3.0 eq.)

THF/MeOH
(1/1)
rt,1h
100%

OT§ Pd(OAc), (11 mol%)

PPh3 (22 mol%)

HCO,H (8.0 eq.)
Et3N (12 eq.)

DMF
60 ¥,2h
84%

Scheme 22. Ansellone A DO FFE(RE KL

B LT RIRERL A 1 ~ 3 LFFER 27 ~ 29, KON 2 DOBLT & F /LR 19 1220 T LRA JEMEZ
Al U7z (Figure 9) TEMERHMIZ, REAIRFRF B EmBL LA FEE O =B 202 0 7 N — 712 E
i L T2 W e, BARRIZ X, HIV-1 BMRET /L CToHh 5 J-Lat 10.6 #EIZ ISV T, prostratin & 748 T
F 4T ar h—e LT GFP BMERAZBE T2 L Tl L7z, 7 Z0fE%E, A L7 1 (ECs =
1.14 uM), 2 (ECso > 10 pM), KT} 3 (ECso > 10 pM)IZ TR DA @ Y OiFMEZ R L, Y 7=, 7
Jb3—)L 27 (ECso=0.57 uM) 25 1 }2 Y prostratin (ECso=0.72 uM) L 0 & @ WIEEZ R LT, 7eds i,
T a—)L 2T INRIRERELEW). ansellone J & L CHBES L, FRERIZ 1 L b EWEEZ R~ Z &
WHEIN TS, 0 ZofmiEL, 22 190 o, —FH, AF/Lo—7 /128 (ECso > 10
UM< E 9 29 (ECso> 10 pM)ITIF & A ETEIEZ R S 72 o T2,

£ 7) GFP X, HIV @ nef (negative factor)fHIRIZ = — NI TEY . HIV DX /3T E N3 ELT 5B
IZIAIRFIC LT 5, E D72, LRA 1T X > T HIV BEGAIRa A ST (b D & GFP 28T 5 2
AR L TIEMZFIL TV D,

1 8) A EIOFHM R Tid, J-Lat 10.6 Mz fiH L T\ 5, —F, BRICIEMEN#RE SN TV DT
I%. J-Lat 9.2 Ml ZfEH LTz, 2 D72, J-Lat OFEME D Z S X DIEHEMEOZEN R L
D3, 1 NEMZRT 2L, 2D\ VEREEZRT 2 L, 3NEHEZ RIS RN & IZLETOWE L £ D
BT,
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90

80
70
<
S 4
£
[9]
o 50
[0
=
=
i 40
o
[o8
o 30
L
o
20
. I II i
0 m - iiii' ====== - i.'l ———— i
ZOSNUI2  ZOSNUIZ  ZOSNOZ ZOSNUS ZOSNGIZ ZOSNG3 ZOSNGIZ  ZOSNOI 2
Sohwo 2 Sohwno 2 SCohpuwo 2 SCohwo? Oohmo?® Oohwol Oohwo2 Oobumo
anNo o aNo o aNho o a No o a o o a o a No o a hoa o
o 2o zo za oo 2o z o o (M)
« « « « « « « «Q
prostratin 1 2 3 27 19 28 29

Figure 9. 5% L 72 ansellone $8 &% OV O F5 8K DO TE MR
Fl ALEM1~3 L 19, KDV27 ~29122oW\W T, MfadEMEZFHE L7z, 7235, 0 uM L DMSO @

HEWMLUTAERE R LTS, ZOEER, SEIOPERESR (=10 pM) IZBWTIEL, WTno
{baW bl Z R S 727> 72 (Figure 10),

100

I — — :
90
80
70
< 60
@ —e—prostratin —e—1
g S0 2 3
(0]
'3 40 ——19 ——=27
30 —=28 ——29
20
10
0
0 0.625 1.25 2.5 5 10

Concentration (uM)

Figure 10. &% L 72 RINA AL G K O AR O fa 7 LR A
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O NTIEEREEORE R D 1 OBETEHEMBIC W TEL Lz (Figure 11), £79°. {LE&W 29
DIEMEPE LA ERNST2Z MDD, C22 M DIERIFF NEHRBUIMETH D Z & DRE S LT,
I Bz, Ta— 27T TIHEERM EL, AFV=—T )L 28 TIHIEENR R ooz 2 &b,
R U ERKF/BE RF—L LTIV TS Z ERRB SN, ZO—FT, 1 I3EHEE2H LT
WHZEMND, 1, TEFAEPMIENTRESND Z ETIEEZREILIL WD EEZHND,
Vb0 Aix, HBP{LAWE LRADT 7 L—hE L TEB LW ETHERMALTH D,

22> 0 Oooboooooooooo
gbooooo /)\A/D goboo0oooooooooooboooc
O

Figure 11. Ansellone A 2DV T D& PAAHBE
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FKIREREA 1 ~3 1220 T, HBP B ET I U U EBBIEA LTS & o FEABKIE U
WCHED O FIEMEICRE REN RS-, £ 2 C., Figure 1l OBR|IZESE bW 1~-3D0FNZ
nOT'FNEERE LTALAEY 27,19 X TV30 2 VT, IR ZEZ R LI RIRIZ DWW CEHR LS
WL DB LTz, §HEITZ4 T Macromodel (ver. 13.2 Y& W, &L L COKFPE2BE LT, 7.
LEW 27,19 ROV 30 DR ZERELZFHALIZE Z A, A () ,B (Ff) ,C (KE) Ok
ERE BN (Figure 12), A, B, C OiE# ERGOE - & 2 A, HBP B O NAREEILFRETH
D2 ENyoTe, —H T, HBP BRICKHT 2T U UEKOREIEVR RO, &2 TEOE
WIZDWT, 01-C9 & CI0-Cl1 ® A ZRDDHZ & THEE LT, TORE, A Tlix-84.2°, B T
83.7°THY ., WVMEE R LTz, —H T, CTIE-1393°TH Y, ABLITREL BRLEER L,

deacetyl ansellone A (27) deacetyl ansellone G (19) deacetyl phorbadione (30)
Global minimum structures

A

Superposition of A, B and C

Figure 12. Ansellone $H D &g 2 i B D g
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F72. A~C DELIERIED & DT 3 )L —FEM 3 keal/mol LA™ DELFEIZSW TR L7 (Figure
13), ZOfER, 27 £ 191 ClIALoE RaF ikl Ol LD THNAER/BEICEY, AEBDLD
IR e AEIE A I 9 5 2 E b oTz, 30 1ETDOL e Ry e bz b, A
X B DL EEIIER TE R hoTz, AL BOMGEAEREDEZEZ A, HBP B ET A
VERITHHIZBWER Y Z/x Lo, Figure 12 L [RIER, A ZROIZE A, ATIiE458°, BTl
48.1°THY ., IMVMEZR LTz, LEDOZ EMBERIL, 27019 & 3013, =RIcIZERY 5 SR
MBI AR BOLD iR & D ENIEERBUCEEL B X TWDHEE T, -, A-AH
DTN F—7L B-BHOTRNLF—EIZONWTHIEELIZEZ A, A-A 723 0.26 keal/mol TH - 7=
DKL, B-B’MI% 2.4 keal/mol TH o7z, ZD7d, AROB OEJED L D LF &8, 1L 2K
27 £ 19 DIEHEDZEICTHNTWD EE X B,

No structure like A’ or B’
from compound 30

» P

superposition

Figure 13. fic 2 EBLHE D> B 3 keal/mol LAPN O STARELHE D PEFR

19) ELERSED D DT R )LF—ZEN 3 kcal/mol LN DILEM TH L., 1A Z /X7 N TE DAL
EHEEEZIRD 9D L3N TWD, ZOHANENE, KEZEREN D 3 keal/mol LI O % 74 L
776
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ZZC, [RUK ansellone FHDOLAW TH 5 ansellone E BNIZHEH L7z, 31131 L L T, Cll
DONAERFETHLHEFICHEL LT, LRATEEZ RERWZ EnREIN TS, 72T, 1~3
CRIERIC, THREFAEEZBRELLAY 32 12OV T, #ELTEEOBIRIZOVWTELRT 572012
Macromodel (ver. 13.2)% VT, BB 2 i L7- (Figure 14), ZOFER, &RZEREIT D OK
) DLHITHoTm, D% A LEREDELLEZA, BEOKRE REIMBTE R0 -7 (01-C9
& C10-C11 @O A 3-69.6°) M, XL RV B EKBRHEEGLTWD EHRISND C22 ot Ka ¥
VHEN A LIFRAR DT EBNTND ZERN DD oTz, F2, D BOITFRLF—7EN 3 keal/mol
DUNOBLEZERLIZEZA, DOX I BRIEENHERE TET, DE A LERGDELE A, Ak
[CHEEIC R & RZEIT R b0 - 72 (01-C9 & C10-C11 @ “[HAA 56.1°) 78, A & D Okl LA
e, C2 Aok Fax v EITRARL HHEHON T, 512, DDEO= X LX¥—72EF 2.9
kcal/mol L KREX2 b D72 >7-, LEDOZ Enb, Cll fLDONARITALEY DSIAREE 2RO 5 ET
HETHDZ ENRBINT,

Global minimum structure
of compound 32 (D) \\

superposition
with structure A

superposition
with structure A’

Figure 14. Ansellone E O S ARKEE DB 52
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PLE, Bk LT RRFEILEME L O OFEROIEMEFMIZ LV . ansellone $HDAE &G MEFA RS
WZOWTLL T DOELEEGT,

< I HBP B LOKFER®S R — (T U ALT L a—)L) NEERE FEETHS,

| T FOLILSHIAN T XL T L 2 — LK ansellone FADTEMFE T 5,
I CIALDE Ra kN =Ruck&EIZEEE 5 2 T\ 5,
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Jopie

5 % Ansellone JADOHE HAKIC K L &R PEARBIMIZE

F i S EMTE LB ORE

Ansellone FHD{LA#), FFIZ ansellone A [, LRA DEHK L —XL LTI {bEMTHD, —
FT, RARABEEMEIEELICT L2 &1L, RADDLOHIEESEKIC DR - 22 ol
RIPD, —RICHHETH D, D7D, RIRAEBILEMOTEEZ R LIk £, MEx BT 5
ZEIEFR TR A BT ETEHETH D, 21X Wender 513, bryostatin-1 (2D THEE
% B U7z analog A DS RINERILEM ERIEOIENEZHET L2 L 2HE LT\ 5 (Tabled), V4%
Ol FROITHR LIZEERERREDOMNERROMER S TniuE, & o B k23 vlge TILR e
EWNIHIEZOL L, ARLE BEROBKICHKII L TW5D, FEEIC, FERSEZ WS i
X V| bryostatin-1 & analog A DNAKRIZR B2 Y ZHER L TV 5,

Table 4. Wender > O bryostatin-1 O i Hiffi{l,

C7H11/g0 CcO,Me

bryostatin 1 analog A

PKC! PKC"I PKC# PKC$ PKC%
bryostatin1  0.81 1.6 2.4 3 15

analog A 4.4 4 1.7 2.7 15 (Ki, "M)

122\ T, i PKC OIEMEAL %9 % LRA (prostratin, PEP005) & ##1& % Friss L 7= (Figure 15),
% 24 HTCiR_7= X 912, ansellone IR /LR —/LTRXT/)LTh D prostratin X°, V7T /LT RAT
NV ToH D PEPO0S LU MEZA LTS (KEf), £0—F5 T, HPHk TR LIEEZIZHONT
E. ENENERLRDOMEEZHA L TWD,
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1 prostratin PEPO005

Figure 15. Ansellone #8 & PKC Z{E1{k 7 % LRA D H#L

ZDEH, 11k, TAHV B TR TH, LRA IEEEZRTOTIE A2V EE 2, 1 HkOFEE
K27 OffE L Bk L7c 7 v a—)L 33 ZkGE - ARk - sl 2 2 &2 L7z (Figure 16), 5H—HH
—HiTlX. ansellone 38D Cll ftdD b Ko % VNS ICREL 52 TWA Z ENRB I,
ZFD—FT, Cll ffDk Fr X R, {EEEZREHT 5 ETURERAIRRODIRNEH TH 72,
ZOTH, RICE ReXUEO X ) RERELZ G /20 33 255 L. VIZILET 2182 Rm3 0L
IMEFETHI LI LT,

simplification

LRA activity?

Figure 16. Ansellone ${ D 185 Hifdif b

F72 RIZIE, REWRBHOEBEANENTZ LB 272, KigEEH TiR~<7- L 912, ansellone FHIZ.
PKC@%WK%%NT\ LRAVEMZFEBLL T D, ZhETIZ, PKCEWEMH LTS Z L TambhnT
WHLTPT NI U ta— T hAZONWT, TAT )V EDORFE#HEEL T HIZoN T, PKC & D
BRI L. PKC OIEMHALREN L3> 72 Z E N EE S TW5 M%@#mLLtEI&LT\
BKMEDR ERNE X2 Hivd, Table 5IZRL72& 912, logP (Eﬁﬂﬁ%?&ﬁ"?ﬁ%) & ECso DI
®m%%%ﬁﬁ%héoik\ﬁmﬁﬁimib\%Eiﬁﬁmm7yﬁvyﬁﬁﬁgmﬁot&
#ZZ b5, Figure 17 12 PKC DIFMAL A 1 = XL %57 LT, PKC 1TV H v F&DfEAH, I8E
HE~EBITL, WM b5, 0 ZolE, UHY Rig&Z o 7B L IRE _EFEOBSE 2T 729
W2, JBE CEBEICHOIAEND Z ERHRESINTEY, ZhiaET ) r7end, 20D, 7
PHY T TED LI RBKMEORE DU, SEV EWVIREHEATSHZ Lk, PKC OiFMHLER
#T 5 LT, HETHS,
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Table 5. 7 7 Vtvnr—7 7 s ORFBEEOE S &IEMFHMOBEGG

RYO
. PKC activation
Ki (nM logP
o o R (M) Ece, (1m) 9
O

HO\)/\C (CH,),CH3 19 1.95 3.66
(CH,),CH3 5.9 2.33 4.64
) >\ipr (CH5)gCH3 2.3 0.66 6.61

iPr

diacylglycarol-
lactone

lipid anchoring

i SOBSGBOG0LOAIAAIALAEEIENS
o . ////”C:’

o .
/ translocation l

ligand-protein

PKC O complex
(non-active)
PKC (active)

® =ligand

Figure 17. PKC OEMAL A 1 = X A

HHIT, O EE I TTOELNS, Figure 130 AD X 5 REEEZ IS 2 & NETETHIC B A
Bz TWwhe&Exlz, 22T, 7/Aa— 33D RICEWVREH (R=(CH)CH:) ZHo33a78 A
D XD RNEREEEZ IRV G500 E 9 v, FHRALFEEZ W THREEL 72 (Figure 18), 7, 33a (T
WTC, IRZEREEZFHFE LI ZA, EO XD REUENE LNz, T, ENDITRLXF—7EM3
keal/mol NN DBLEZPRE LT L T A, B'D X 5 72BN 1.9 keal/mol 720D & Z AR Sz (a),
BlZOWT, AL L, TNENORELZEREDLE-bOZiEm MmN b izt 0Z R LT
(b), ZOfER, AL EOHBPEHKITRWVERY 2R L, S5IC, BEOMEET AR 5EN EA L
TWHZERE NDOTH Y BN EA L TODEMICIE, o —Bn i oni,
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(a) Conformation of compound 33a (b) Superposition of compound 33a (E’) and compound 27 (A’);

. i Blue color: E’, Silver color: A’
Global minimum structure !

of 33a (E)

1.9 kcal/mol

(front) (side)

Figure 18. 7 /L 21—/l 33a DELELRETR & 7 /L a—)L 27 (A') & O NLARKEIE L

PLEDZ &35, ansellone BEA MG ML L= 7 va—1 331, b Ra o REAMIgEIcR-7<
ThH, T/ha—)L 27 DO NOE D REEZIRY | {EEEZRTZENTEDL EEZ X, £ THEE
FlE, EEEZ AT O 2 RBHOFEFLR S, BREICOWTIHET 572012, 33D RIZLL
TOEI 72T AR NVEEEAL, FHliT5 2 &2 L7z (Figure 19), 3725, 33b (R =Et), 33¢ (R
= Ph). 33d (R = Cy). 33e (R = CH,CH,Ph). 33f (R = (CH:)CH:). 33a (R = (CH,)1ocCH;). 33g (R =

(CHy)1CH3). 33h (R = CHOCO(CH:2):CH;). 33i (R = CH,O(CH2)15CHs), 33j
(CH,);CH=CH(CH,),CH3). 33k (R = CH,O(CH,)sCH=CH(CH,);CH3)% &k + il 2 Z iz L7z,

om | © aQ aQ T e
: 33c 33d 33e 33f

H 1 33b 33a

(@]

i o
oA ;‘{QG\ ot oty A=A ot ="

339 33h 33 33j 33k

Figure 19. Ansellone ¥8 % # 1 fElE L L 72 b S DX
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o Hi RIS L LB DB

H—Hi? Figure 19 T/r L7727 /L 2—)L 33 (2O C, ansellone G &k A B 5T, 7 L CEM
ENTZARET VAT L3 —)L 20a & A7 Prins BALKG THE L7z, ' Table 6 (Z 33a-33g & 33i-
3Bk DERIEER L, RET VAT Aa—/L20a EXIGT 5707 B K, KON TMSOTS & V7=
Prins BALSOGIZ &Y HBP A 2 HE5E L, 34 2Bk LTz, ZD%, 34 IZHFRT U 7 L&z TN
BT o2 LT. TERRUERIS 2B, KBS, KB FULEANTT B FAEZREST D Z
LC. BT L a—1 33 A LT,

Table 6. 7 /L 21— /L 33a-33g % O\ 33i-33k DAL

OH H U H _ H
TMSOTF (1.0 eq.) = 0 , - O-_R
RCHO (3.0 eq.) NaOAc (7 10 eq.) LIOHO H,0 (1-3 eq.)
o toluene o ~~  bvMF THF/MeOH o NF
78 ¥ 0 ¥ 30min H 80 ¥,3h 1) H
Cl cl rt,1h OH
20a 34 33

R yield, 35 in 2 steps yield, 33
Et 35b, 35% 33b, 99%

Ph 35c, 5% 33c, 99%
Cy 35d, 29% 33d, 98%
(CH,),Ph 35e, 28% 33e, 92%
(CH,)sCHs 35f, 29% 33f, 94%
(CH,)10CH3 35a, 31% 33a, 99%
(CH,)16CH3 35¢, 31% 339, 99%
CH,O(CH,);3CH3 35i, 21% 33i, 99%
(CH,);,CH=CH(CH,),CH 35j, 29% 33j, 99%
CH,0(CH,)gCH=CH(CH,);CH3 35k, 14% 33k, 84%

F7-. L&Y 33h DA% Scheme 23 127~k L7z, Table4 & [FIEEIZ 20a % V7= Prins BRIL I & it
REEFEHROSZ LD, 7' F U1K 37 258 LT-, £D%, TBDPS £% TBAF THREL, B
2 FEZHWT, = A7)0 35h IZEH L7, wEZIC, BIRICT B FLELZRETHZ LT, BWY
DT )La—)L33h AR LT,

TE 10) {L&% 33g, 33, 33k [CHOWTIE, YHFER 0 hERAGRKZHHY L, 33h ([COW TIIA i
AN ARCAZ Y Lz, 7235, LRA IEMEFHMIiORL%, EEA S THLRETOERE BRI L, A
MT—=ZIEEIZEBRL TW D, AR LR SUIFREONERIIEE OERICIDINETH D,

36



OH ONOTBDPS (3.0eq.)
TMSOTf (1.0 eq.)

o CH,Cl,
cal -78t0 0 ¥, 30 min

20b

OTBDPS

NaOAc (10 eq.) TBAF (1.4 eq.)

DMF THF o
100 ¥,3h 0 ¥ tort, 30 min
8% in 2 steps OAc
38
0
o)
cl 8 B B )J\(v)/ - 0. )k(\d/
Et:N (3.0 eq.) 0" Vg k,co;(1.2eq) SV
. R =
CH,Cl, : THF/H,0/MeOH O :
0% 1h (20/2/5) H
62% in 2 steps rt, 13 h OH

35h 68% 33h

Scheme 23. 7 /L =1— /L 33h DAFK
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RGN LI AL B O L TE VRS & E R

F9°. R ICHERBE DD 720 Ml fé%ﬁﬁ“é 33b-33f (2O T, LRA {EMEAFHME L7z (Figure
20), L FERIC, REARRFUTTEM MG 2K L, J-Lat 10.6 MIfRIZ351T 5, prostratin %
ROT 47 av h—n & L7z GFP Bﬁ@/fe%ﬁﬁﬂ“é ZETRHME L TWaEWe, TR, (LAY
33b & 33c ILIEME ARSI 72 o 72— T, 33d (24.1% at 10 uM), 33e (22.5% at 10 uM), 33f (41.0% at
10 pM)IETEMEZ R LT, 2D Z D, BF—HiTh 7=k oz, REEDPEWVWIZEEEWIEEEZET
DT eI,

H
- ! - OC_R
S« B
-= . O :
+ : H
¥ e OH
= om 33
g2 s
;ﬁ #1 = E
L1} "! .
I
1 - Ex E3 B3 EXEa =3 3 B3 3 B3 B3 = = [ === E -—-'
-,\,\,\,\ -,\,\,\,\ -,\,\,\,\ -t A -t -t A - A
Y - Y — Y — O T2 O TS O T2 O+ 2
b3 b3 g4 b I - S 4T g (M)
B & & & & & &
prostratin ansellone A (1)
33b 33c 33d 33e 33f

Figure 20. /b4 33b-33f © LRA 15144l

BT, 33D S HITIRFH A I L7 33a (R = (CH,)10CH3)X° 33g (R = (CH2)1sCH3)IZ DWW TR
fliL7= (Figure 21), ZOfER. 33a (58.1% at 10 pM)IE, 33f LV & EWEEEZ R LTz, £D—J T,
KV REHDOE 33g (47.5% at 10 yM) TlE, IEEOM EIXR 6otz DD &b, RFE
HORE, 37bb, BUKMEOR S PNIEMEICEELZ B2 TnD Z LRSI L,
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O__R
"
O /
g ¢ "
-
. "1
i
Py &!
i -
¥
= @
e
g $1 —
¥
- #
;  m - ---' --i - il
SSHTAL TSRTAL TShTAL TehA ToRTEAL
&1* &t &4 &f* &t oM
= = =X = =
Ro = = = Ro
prostratin 1 PN P PN
51% 6 %‘s 10 a 16
33f 33a 33g

Figure 21. E IR OMIEHZ & > HBP AL &) OIEMERFAM

BKYE L TEMEORRICOWTELRT 57201, BKMEZRTIIE S LT clogP #HWT, (L&Y
33a-33F 12O\ T, IEMEE OBAfRE 7=, clogP I% ChemDraw (ver. 19.1)% FIWCHEH L7, iz
clogP. #tEhZIEMEE S LTy b L7ZEAKIZOWT, Tz Rz & Z A, clogP &1k
EIXHFIBRICH D Z LM LT/ > 7= (Figure 22),

70
= 60
o — °33a
-0
53 50
C
S2 40
G
S 8 30
§ c‘-j R2 = 0.9581
5 20
E S~
2 10
s 33
0
-1 0 1 2 3 4 5

clogP

Figure 22. LRA 1% & f5TaME D BAtR
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5T, MEEREELAT S5 A7 33h (R = CH,OCO(CH,)sCH3) & = — 7 /L 33i (R =
CH2O(CHo)13CH3) A ##Alli L 7= (Figure 23), £ OfEHR., 33h I[JEMHL /RS R o7, Zhid, Maw
DEEFRIZLY | AT APNKGIEZZ T, BKMEAEEZ KTl Th D LEZX BN D, EBRIZ,
TATNENMKGELIACAEW 39 Ak L, FEHliL7z L 2 A, WA RE 2ol B 20—
T, 33i (ECso = 3.2 uM)iE 1 (ECso = 1.1 pM)IPEET BIEMEE R LT, FBERENZ L1, AL 7
+4 & AHT 5 33j (R = (CH2);CH=CH(CH.);CH3) b 33i & [F15E DI %/~ L7= (ECso= 3.7 uM), Z#Uid,
T—T WA L7 4 AT KV IBHORRMED B o TR, REFEOE ST XL D BKMED & S DMK S
Ntz ThbEBExT, 728, 33i D clogP 1% 5.7 2/~ L7z, —FH T, 33j D clogP (£ 73 THV,
BV Z R L2, A CIRFEED 33g @ 7.8 L0 HIRVMEEZ RS Z LidfEGEc& e, 272, 4L
74 v —7 )V EIRITHET S 33k (R = CH,O(CH,)sCH=CH(CH,),CH3) ClI K & < iM% FiF 7=, LA
FEOZ D, REHOR SIITHRATH 2 WREMEIRIR S N,

GFP positive cells (%)
o 5 8 8 &8 8 8 3 3
S29'0 I
Sz | I
sz I
0's I
S29°0 I
sz'| I
sz I
0'S I
sz'| .
S I
0°S I
001 I
O 0L
H
H

SZ'L

- =lAEEENE - - -l o= === e N O I I
z 2 Z 2 Zo=Nog  zZo zo Zo2Noa  Zo-No2
8 g 5 g °8m“‘°8 o9 5o 0380108 O%gmog
Q. Q. Q Q [=8 Q [=%
3 3 g g g @ = g
«Q «Q «Q «Q «Q «Q «Q
prostratin 1 @)
‘*e,/\o)k% Egeuly R % 0"h % OH
33h 33i 33j 33k 39

Figure 23. (UIHIZ B RES 28 A L 72 HBP AL &) DTG MERHM

T 11) 33h O AT )V & NKGFRITILLT O X 5125w LT,

O

HoH J\M/ HoH
T 7 O 5 K,COj (2.6 eq.) T 7 OH
o N MeOH 0 NF
H rt, 1 h H
OAc 70% OH
33h 39

Scheme 24. {b-& % 33h DA 55 iR
F 7o, LAY 33a-33k (2 OV THIAR RN 2 5l L 7= (Figure 24), £ OfER, KIHL AW DFT
fili & [FRE. A RIOHEIEEER (10 M) I2BW T, WTFholbaW b Miairt 2 R SR o7,
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ZOd, 1 ZREGEREMAL L TH, ansellone FHDMMEFEEM: 2 /R S 720y & W 9 FFUTIHERF STz,
RBAE, ShOEFCFNREREZ RIEZ . (LG 33 KT /L2—/L 27 O logD X° PBS ¥ fiFME,
PAMPA JEZIEMEIZ DWW T, KREIRRF R ZF R 7E R B A o ¥ — o FHll—Hdz 0 71—
TUZFHM L CTHV 2, BRSO (55 69 H) IZFt# L Th 5,

100
50 tz,_'ﬁ
80
70
< 60
3 50
.:12’ 40 ——33b —+-33c 33d 33¢ —e=33f —+-33a
30
20 ——33g —e-33h —e-33i —e—33j =33k
10
0
0 0.625 1.25 2.5 5 10
Concentration (M)

Figure 24. t & Bifdi{b L 729 33 D ABIa = ERF A

EVEMEZ R L7277 /b3 —) 1331 & 33j IOV TC, —IRICHE A FRAET 5 7212, Macromodel (ver.
13.2)% W TR EREZ R L7 (Figure 25), £9°, 33i & 33j T2\ T, RAEREEZFHE L
EZA, FE GDXIBREENELIIZ, HWT, F. GH DT R/LF—723 3 keal/mol LA DAL
FEABER LT Z A, P L GO LD RBUENZINZEI 1.4 keal/mol 7=, 2.0 kecal/mol 72D & Z AITHE
Wanz (ac), P& G@ENRETNOWT, Figure 13 D A’ L L, TNENOBVE A BEREDET-
HOEIER EEND Rzt 0ER Lz (b, d), TOME, AL FPEO GO HBP BfIZZE L
BWEZRYZRLE, &6, PEROGOMEBET VX LVENEE L TWDLZERE AT H Y EHK
DEA L TWAZEMICIE, ok —8n oz, LR TEEW 331X, RiCt R v
EORERRELZ LR TH, ADO X ) RViRBUEZ R L, {EEEZRT Z ERRB I, T7hb
5. ansellone ZHD Cl11 Azt Fr % U IITTEMEA BB 5 ECHEARRR TlE7e <, SEARREE % il
27202 Tnd EEZLND, ARIGLNZAMRIL, 5% L0 SIEER LA MO =T
% T, BHERHMRTH D,
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(a) Conformation of compound 33i (b) Superposition of compound 33i (F’) and compound 27 (A’);
i Purple color: F’, Silver color: A’
Global minimum structure :
of 33i (F)

1.4 keal/mol
0 I
HO N

o

13

(front) (side)

(c) Conformation of compound 33j (d) Superposition of compound 33j (G’) and compound 27 (A’);
i Pink color: G’, Silver color: A’

Global minimum structure :

of 33j (G)

2.0 kcal/mol
0 I

Figure 25. 7 /L 21— /1 33i Je (X 33j DL ERLEE & 77 /v 2—)L 27 (A) & DOELJHE LR

(front) (side)

DL EZEF 1L, ansellone FA% Hiffi{k L72ALEW DGR « FHHIC LV . #EETEMHFEBEIC OV, LT
DR Z/RT-, WInd, EEbFERE BT LT, EERMATHD,

<V LRATEMEZ R $ITIR, 7 a— L 27 (I e = koeH& 2 B s (Figure 25)

« L LRATEMEZ R 31TIR, WO RBfi kM2 02 9% (Figure 22),
VN RFBIHOESIZCISERENRETH Y, 2L EMIXT EIEERRKETRSD 33k DFER),
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k2A
Y=g

FEFEIX, THIV IR FEMELBE A AT 2 ansellone & N DOFFEIRO G AL - TEPEFFAM & A ik HL
ML & D EETEMRBINIGE ) 2B L. LN ISR TR 2157,

1) LRA OEHK T — XL L THE: ansellone FHDO 2 E K Z #EK L7, T 725, ansellone A,
ansellone G & U phorbadione ® =2 D KIKAMALEW Z AT 5 2 &3 TE 72, Ansellone FHH K
OFEIX. HBP B A2 WA AT DBkl & L C, Prins BRALSS Z A L=l H %, Prins B
LG E WD Z LT, HBP % | TR ONAERINICHEE S 2 2 LN T& iz, 4l &
THTHIRRFE CTBHZE L 7= Prins BRALLUS % H V7= ansellone 2E O A RIS (2 DWW T, KD H R E1K
BIZRAT 22N TE T, Thbb, HiE (@ &HE b) 2REICX>THEWSITHZ &
DTE D ZOEMENE L, ansellone D &b DG pkEL L OERICANTH L, B

(a) Late-stage functionalization
OTf

Prins
cyclization
_—

(b) Pre-functionalization

(@)
OH HO, Prins
7 cyclization
o SN
Cl
20a 9

) AR LIZRRAILED 1, 2 O3 12OV T LRATEMEZFIME L= & 2 A, & L= RRAIL
B, WEBY OEEL R L, ZHETIS, 1 & 3 FHEIC Tong HIZE > THERIS LT
7203, IEMERMIIE SN TE 6T, AN, &k L7 ansellone FHDIEPEREAL DO D FfE ] TdH 5,
F7-. RIREBILAD 1,2 KO3 OIEEOEDZHOWTEE(FE AW TER LA, =R
TEHI R REIE NTEMER B EZ 5.2 T\WH 2 &, 612, Cll Ot Rax U EMEEY DO SAR
FIENCREEE 5.2 TV D Z EAURIBE N, 5T, 1 OFER, 3T72bb, Tra—u 27,
AFNT—T K28, W7 & FFIAK29 25 L. LRAVEMEZFHE L 72,
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FZORER, 2711 LD bEmWIEEZ R LT, £O—5T, 28 L 29 31F & A ETEREZ RS20
Too LEDZ 2005, 1 OREEEVEFRICHOWT, O C22 (fiDME R FIISLERARTHD Z
EL QT ETFAERREINET VA= ENERFETHLZ &, @7 B FAENREINL
b e dokEfEe Fr—t LTi< ok, Uk3masgLi-, W

goooobooooooo

22q 0 0000000000000
0oooooo /y\‘/m 00000000000000000¢C
¢

3)! Ansellone JHOD EFALF B 2 RAE 2, &2 Bk Lo /b6 33 Z25ket - Gk - s L7z, %
DOFESF:, ansellone JHIIAHE 2 Hifli{b L CTH LRATEMEZ R L, BUKMERIBETEMEIC B L 5 2 T
WHZ EERH LT, 75802, (LA 331 & 335 13 1 ICILEcT AiEMEZ2 R LTz, 22 &b,
ansellone 5> Cl11 Db N w % HIFEHERBUZB W TIEL, LEARFR TIERWNZ & AVREE S
Nic, £124EL L&YW 33 1220, MlaEkEazsHMiL7ze 2 A, 10 uM LIN TlIfifia e 2
N7, ansellone FHDFHE 2 HERE L CTUhiz,

H
< < o
NS
R~
OH
1 33i 33j
(EC50 =11 !M) (EC50 =3.2 !M) (EC5O =37 !M)

Fo. EHEFHMEOWE T, U ToMmAE/HELNTEZ LT, 4%, L0 EiEERbam ORIz
Hffd LT, BEETHD,

- 1587772 LRATEMEZ 7R 971213, @O RBUKME 2 LB &35,
IV RBHOR SITIERAN DY . 2L BT LIEERARE ETT 5,
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AHEE

FRERZ DT | IGEBE R 5 THE L DHBER IR0 £ Lin, RIEAFRSRE S8R5
AR L e, FHIE i SR X U RE - LE T

M RS, THEEHE £ Lo, RBRORFRF R KEOFER el | BhUc iR BBV 2 LE T,

KX DFEARZ L CTIHE , ARLH5MMEZEY £ Lt RIRCRFERZERE FEMTER /N R
Bk, PR B WEEIRIZIR STV T2 L £

AWTEVERFAL 2 92 L CTHS £ Lo, RBARKZERF R AP At seil B0 1 R0 8
R CRFE . A EA BB BT AR b = S S ARSIV LR

WaVERTAL 2 5¢hi L CTTHS £ Lo, RBORZERF R KPAFER BRI v 7 — SR~ = >
N R M B, RFRRIMERIR IR VT2 L ET,

AL ED DITHTY | —FEICFEREED T lo, RIRRFERFERE FEOTER RS UL
o EF R R S ACIRSEH W LE T

FERICER LR R, B ATHE £ Lz, RIRRFRZRE JEeRt R G BL 200 B O RIS
BB £

SEVERFIRIC, BFEO S SHRETAV 72, KBRS BRI LI 8 * ORI TR < N 2 L E T

AT D EEH AR MVEHE LTIHE £ Lz, RIRRFPRFEE P sert
BN EF RITEH N LET,

FEETIR0oMBI& = NI QO &E MY & L1z, FASE>+BL, ICEH - LET,

FAEFIZBWT, BZU— /L, LA T NEE DONTESEH L ET,

B2 F Len, PAEERZENPS RLo T N2 0 I VSV LET,

2023434
5/ 6=t
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EBRDOE

General methods

All reagents were purchased from commercial sources and used without further purification. Reactions were
performed under a nitrogen or argon atmosphere using purchased anhydrous solvent. All reactions were
monitored by thin-layer chromatography using silica gel 60 F254. The products were purified by column
chromatography over silica gel 60 (70-230 mesh ASTM) or silica gel 60N (40-50 pm, spherical neutral). 'H
NMR and "“C NMR spectra were recorded at 25 °C on JNM-AL300, INM-ECS 400, and JNM-LA 500,
respectively and the chemical shifts are reported relative to internal TMS (‘H, 8 = 0.00) and CDCl; ('H, § = 7.26,
BC, 8 =77.0), CsDs ('H, § =7.16, °C, 5 = 128.0). Data for "H NMR spectra are reported as follows: chemical
shift (5 ppm) (integration, multiplicity, coupling constant (Hz)). Multiplicity and qualifier abbreviations are as
follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. High-resolution mass spectra
(MALDI-MS) were performed by the Elemental Analysis Section of Graduate School of Pharmaceutical

Science in Osaka University. Optical rotations were measured on JASCO P-1020.
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Svnthesis of ansellone A (1)"'(Scheme 8)

Bromoacetoxylation: NBS (21.4 mg, 0.120 mmol) was added to a solution of
compound 7 (18.4 mg, 0.0478 mmol) and DABCO (20.3 mg, 0.181 mmol) in
CCl4s/AcOH (10/1, 1.00 mL) at 0 °C. After stirring at room temperature for 24 h,
saturated NaHCOj aq. was added to the resulting mixture and extracted with CH,Cl,.

The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (9:2) to give

compound 8 as a crude product (14.3 mg).

HBr Elimination: NaOAc (33.4 mg, 0.407 mmol) was added to a solution of crude 8 (14.3 mg) in DMF (0.50
mL). After stirring at 120 °C for 2 h, the mixture was cooled to room temperature. The resulting mixture was
diluted with EtOAc and washed with H,O. The organic layer was dried over Na,SOs, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel using n-hexane-
EtOAc (3:1 to 2:1) to give ansellone A (1) (4.8 mg, 0.0108 mmol, 23% in 2 steps) as a colorless solid. [a]} =-
23.1 (¢ 0.05, MeOH); 'H-NMR (400 MHz, CsDg) &: 6.14 (1H, dd, J= 5.5, 1.4 Hz), 5.71 (1H, brs), 5.60 (1H, dd,
J=10.2, 1.4 Hz), 5.53 (1H, dd, J = 10.2, 3.0 Hz), 4.78 (1H, brs), 4.42 (1H, d, J = 12.6 Hz), 4.27 (1H, d, J =
12.6 Hz), 3.44 (1H, t, J = 4.1 Hz), 2.67 (2H, d, J = 8.7 Hz), 2.12-2.07 (1H, m), 1.81 (1H, brd, 12.4 Hz), 1.70-
1.69 (1H, m), 1.69 (3H, s), 1.67 (3H, s), 1.56-1.50 (1H, m), 1.50 (3H, s), 1.46 (1H, s), 1.36-1.35 (1H, m), 1.35-
1.29 (1H, m), 1.20 (3H, s), 1.08 (1H, dd, J = 14.0, 4.4 Hz), 1.01 (1H, dd, J = 13.3, 3.7 Hz), 0.90 (1H, brs), 0.86
(3H, s), 0.78 (3H, s); *C-NMR (100 MHz, CsDs) 8: 197.4, 169.8, 139.0, 138.2, 135.3, 134.4, 131.0, 127.6, 76.5,
72.7,70.5, 65.7, 63.4, 56.6, 41.8, 41.3, 38.5, 38.2, 34.4, 33.2, 32.7, 26.1, 21.8, 20.4, 18.5, 16.4, 15.9; HRMS
(MALDI-TOF) caled for C»7H350sNa [M+Na]": 465.2611, found 465.2614.
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Preparation of aldehyde 9 (Scheme 11)
Compounds 10", 11'°, 12" and 13"® were prepared by the reported method.

Compound 14°
o 2-lodoxybezoic acid (5.19 g, 18.5 mmol) was added to a solution of compound 13 (1.85 g,
6.20 mmol) in 1,2-dichloroethane (30.0 mL) at room temperature under an N, atmosphere.

AcO After stirring for 14 h at 70 °C, the solution was cooled to room temperature and diluted

with EtOAc. The resulting mixture was filtrated with celite and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel using n-hexane-EtOAc (3:1) to give
compound 14 (1.76 g, 5.94 mmol, 96%) as a colorless solid; '"H-NMR (500 MHz, CDCls) §: 4.40 (1H, dd, J =
12.0, 6.3 Hz), 4.34 (1H, dd, J = 12.0, 3.4 Hz), 4.02 (1H, s), 2.56-2.52 (2H, m), 2.04 (3H, s), 1.74 (1H, dd, J =
6.3, 2.9 Hz), 1.72-1.70 (1H, m), 1.64-1.58 (1H, m), 1.52-1.45 (2H, m), 1.30-1.27 (1H, m), 1.29 (3H, s), 1.18
(1H, td, J = 13.6, 4.2 Hz), 1.13-1.07 (1H, m), 1.10 (3H, s), 0.89 (3H, s), 0.87 (3H, s); *C-NMR (125 MHz,
CDCls) 6: 213.2,171.0, 77.4, 61.1, 60.4, 55.3, 41.1, 39.1, 38.0, 35.1, 33.8, 32.8, 23.4, 21.2, 21.0, 18.0, 15.2.

Compound 15
o) SeO; (880 mg, 7.93 mmol) was added to a solution of compound 14 (472 mg, 1.59 mmol)

HO
"- in /BuOH (18.0 mL) and AcOH (2.6 mL) at room temperature under N, atmosphere. The

AcO resulting mixture was stirred at 100 °C for 22 h and then filtrated with celite. Saturated

NaHCOs aq. was added to the resulting solution, and the resulting mixture was extracted
with CH,Cl,. The combined organic layer was dried over Na,SQs, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel using n-hexane-EtOAc (3:1) to give
compound 15 (394 mg, 1.34 mmol, 84%) as a colorless solid. MP 116-120 °C; [a], =-31.0 (c 0.35, CH,Cl);
'H-NMR (500 MHz, CDCls) &: 6.06 (1H, s), 4.46 (1H, dd, J = 12.0, 3.4 Hz), 4.41 (1H, dd, J = 12.0, 5.2 Hz),
3.48 (1H, brs), 2.23 (1H, dd, J=5.2, 3.4 Hz), 2.05 (3H, s), 1.92-1.89 (1H, m), 1.87-1.80 (1H, m), 1.63-1.56 (2H,
m), 1.45-1.39 (1H, m), 1.36-1.32 (1H, m), 1.34 (3H, s), 1.30 (3H, s), 1.23 (3H, s), 1.18 (3H, s); *C-NMR (125
MHz, CDCls) 6: 202.5, 179.1, 171.0, 119.8, 73.8, 61.2, 55.0, 40.4, 39.9, 39.2, 37.6, 32.2, 29.5, 24.0, 21.25,
21.22, 17.4; HRMS (MALDI-TOF) calcd for Ci7H2604Na [M+Na]": 317.1723, found 317.1727.

Compound 16

o LiOH * H,O (347 mg, 8.27 mmol) was added to a solution of compound 15 (1.19 g, 4.04
mmol) in THF (6.0 mL), MeOH (6.0 mL), and H,O (6.0 mL) at 0 °C under N, atmosphere.
After stirring at 0 °C for 1 h, the resulting solution was extracted with CH>Cl,. The combined

HO,
HO

organic layer was dried over Na,SOs, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel using n-hexane-EtOAc (3:2) to give compound 16 (1.01
g, 4.00 mmol, 99%) as a colorless solid. MP 123-127 °C; [a]; = -29.5 (¢ 0.33, CH,Cl,); 'H-NMR (500 MHz,
CDCI3) 3: 6.07 (1H, s),4.09 (1H, dd, J=11.5,9.2 Hz), 3.78 (1H, dd, J=11.5, 1.7 Hz), 2.11-2.08 (2H, m), 1.88-
1.81 (1H, m), 1.65-1.59 (2H, m), 1.45-1.34 (2H, m), 1.42 (3H, s), 1.22 (3H, s), 1.21 (3H, s), 1.18 (3H, s); "*C-
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NMR (75 MHz, CDCl;) 6: 202.6, 178.3, 119.4, 76.1, 59.8, 57.2, 40.34, 40.32, 39.8, 37.9, 32.5, 29.0, 23.2, 20.3,
17.6; HRMS (MALDI-TOF) calcd for CisH2403Na [M+Na]": 275.1618, found 275.1616.

Aldehyde 9
o o 2-lodoxybezoic acid (529 mg, 1.89 mmol) was added to a solution of compound 16 (240 mg,
- 0.951 mmol) in DMSO (9.0 mL) at room temperature under an N, atmosphere. The mixture
(O

was stirred at room temperature for 3 h. Saturated NaHCO; aq. was added to the solution, and
the resulting mixture was extracted with EtOAc. The combined organic layer was washed with
H,O0, dried over Na,SOs, filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel using n-hexane-EtOAc (2:1) to give aldehyde 9 (226 mg, 0.903 mmol, 95%) as a
colorless solid. MP 82-84 °C; [a]; = -60.1 (c 0.49, CH,Cl,); '"H-NMR (300 MHz, CsDs) 8: 9.98 (1H, d, J=1.6
Hz), 5.91 (1H, s), 3.70 (1H, s), 2.55 (1H, d, J= 1.6 Hz), 2.00 (1H, dd, /= 13.1, 2.2 Hz), 1.46-1.30 (1H, m), 1.27
(3H, s), 1.13 (3H, s), 1.11-1.03 (2H, m), 0.93 (1H, dd, J = 13.1, 4.1 Hz), 0.85 (1H, dd, J = 13.1, 3.8 Hz), 0.76
(3H, s), 0.73 (3H, s); *C-NMR (125 MHz, CsDs) 8: 202.2, 201.2, 176.8, 120.2, 73.6, 66.5, 40.7, 40.5, 39.9,
37.6, 32.4, 29.2, 25.1, 21.6, 17.7; HRMS (MALDI-TOF) calcd for C;sH»Os;Na [M+Na]": 273.1461, found
273.1458.

Svnthesis of ansellone G (2) with allyl alcohol 4 and aldehvde 9 (Scheme 12)

Alcohol 4 was prepared using the method used for the synthesis of ansellone A."

TMSOTTf (96 uL, 1M in CH,Cl,) was added dropwise to a mixture of alcohol 4 (86.5 mg, 0.520 mmol), aldehyde
9 (48.0 mg, 0.192 mmol) in CH,Cl, (1.8 mL) at -78 °C under an N, atmosphere. After stirring at -20 °C for 24
h, diisopropylethylamine was added to the resulting mixture and extracted with CH,Cl,. The combined organic
layer was dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel using n-hexane-EtOAc (5:1) to give exo-17 (14.2 mg, 0.0356 mmol, 17%)

as a colorless oil, and endo-17 (46.2 mg, 0.116 mmol, 60%) as a colorless oil.
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exo-17

[a]5 =-5.7 (¢ 0.24, CH,Cl,); "TH-NMR (400 MHz, CsDg) 8: 6.15 (1H, dd, J = 6.0, 1.4
Hz), 6.06 (1H, s), 4.70 (1H, t,J=1.7 Hz), 4.63 (1H, t,J= 1.7 Hz), 3.94 (1H, dt, J =
11.8,2.9 Hz), 3.87 (1H, s), 3.45 (1H, dd, J=5.7,3.0 Hz), 2.82 (1H, dd, /= 16.5, 14.2
Hz), 2.47 (1H, dd, J = 13.7, 11.9 Hz), 2.34-2.25 (4H, m), 1.95 (1H, d, J = 2.7 Hz),
1.71 (3H, s), 1.46-1.42 (1H, m), 1.40 (6H, s), 1.19-1.02 (4H, m), 0.90 (3H, s), 0.85 (3H, s); *C-NMR (100 MHz,
CsDs) 0: 202.6, 197.8, 179.6, 146.3, 139.0, 138.4, 119.5, 110.6, 78.9, 74.8, 72.8, 59.3, 42.4, 39.8, 39.7, 39.3,
39.1,37.3,32.3,29.8,24.5,22.7,17.7, 15.9; HRMS (MALDI-TOF) calcd for C,sH3404Na [M+Na]": 421.2349,
found 421.2349.

endo-17

[a]5 =-24.3 (c 0.47, CH,Cl); 'H-NMR (400 MHz, CsDs) &: 6.20 (1H, dd, J = 5.7,
1.6 Hz), 6.09 (1H, s), 5.26 (1H, s), 5.16-5.15 (1H, m), 3.98 (1H, brs), 3.57 (1H, t, J =
4.6 Hz), 2.57-2.45 (2H, m), 2.04 (1H, d, J= 12.8 Hz), 1.98 (1H, d, J = 1.8 Hz), 1.76-
1.71 (1H, m), 1.74 (3H, s), 1.68 (3H, s), 1.55-1.43 (1H, m), 1.51 (3H, s), 1.35 (3H,
s), 1.20-1.14 (2H, m), 1.11-0.98 (2H, m), 0.89 (3H, s), 0.87 (3H, s); *C-NMR (100
MHz, CeDs) 8: 203.0, 197.8, 180.0, 139.5, 138.2, 131.3, 129.0, 119.9, 76.5, 75.0, 70.2, 59.1, 42.7, 40.1, 39.7,
38.2,37.3,37.1,32.3,29.9, 25.1,23.3,20.7, 17.5, 16.0; HRMS (MALDI-TOF) calcd for C25sH3404Na [M+Na]:
421.2349, found 421.2346.

Ansellone G (2)°

Bromoacetoxylation: NBS (14.9 mg, 0.0837 mmol) was added to a solution of exo-
17 (14.0 mg, 0.0351 mmol) and DABCO (14.0 mg, 0.125 mmol) in CCl4/AcOH (10/1,
0.80 mL) at 0 °C. After stirring at 30 °C for 18 h, saturated NaHCOs aq. was added

to the resulting mixture and extracted with CH,Cl,. The combined organic layer was

dried over Na,SOs, filtered, and concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel using n-hexane-EtOAc (9:2) to give compound 18

as a crude product (5.6 mg).

HBr Elimination: NaOAc (19.5 mg, 0.238 mmol) was added to a solution of crude 18 (5.6 mg) in DMF (1.0
mL). After stirring at 120 °C for 3 h, the mixture was cooled to room temperature. The resulting mixture was
diluted with EtOAc and washed with H,O. The organic layer was dried over Na,SOs, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel using n-hexane-
EtOAc (4:1) to give ansellone G (2) (1.8 mg, 0.00394 mmol, 11% in 2 steps) as a colorless oil. [a]y =-12.8 (c
0.14, CHxCly); "H-NMR (300 MHz, C¢Dg) &: 6.15 (1H, dd, J = 5.7, 1.5 Hz), 6.09 (1H, s), 5.61 (1H, s), 5.18-
5.17 (1H, m), 4.36 (1H, d, J=12.7 Hz), 4.22 (1H, d, J= 12.7 Hz), 3.98 (1H, s), 3.48 (1H, t, J = 4.5 Hz), 2.69
(1H, dd, J = 15.8, 4.5 Hz), 2.58 (1H, dd, J = 15.8, 12.7 Hz), 2.05-2.00 (1H, m), 1.97-1.92 (1H, m), 1.92 (1H,
m), 1.73 (3H, s), 1.67 (3H, s), 1.66 (3H, s), 1.50-1.44 (1H, m), 1.47 (3H, s), 1.26-1.19 (1H, m), 1.15-1.10 (1H,
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m), 1.07-1.06 (1H, m), 1.00-0.92 (1H, m), 0.87 (3H, s), 0.86 (3H, s); *C-NMR (100 MHz, C¢D¢) 3: 203.1, 197.7,
180.2, 170.1, 139.5, 138.7, 133.7, 131.3, 120.3, 76.8, 75.2, 70.5, 66.1, 59.3, 43.1, 40.7, 40.1, 39.0, 37.5, 34.7,
32.7,30.2,25.5, 23.5, 20.8, 17.8, 16.4; HRMS (MALDI-TOF) caled for C27H3:O6Na [M+Na]": 479.2404, found
479.2410.

Compound 19

SeO; (14.4 mg, 0.130 mmol) was added to a solution of endo-17 (5.1 mg) in 1.4-
dioxane/HCO,H (2/1, 0.60 mL). After stirring at 80 °C for 2 h, the mixture was cooled
to room temperature. Saturated NaHCO3 aq. was added to the resulting mixture, and

the mixture was extracted with EtOAc. The combined organic layer was dried over

NaxSOs, filtered, and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel using n-hexane-EtOAc (1:2) to give compound 19 (0.9 mg,
0.00217 mmol, 17%) as a colorless solid. MP 172-174 °C; [a]y =-7.9 (c 0.19, CH,Cl,); 'H-NMR (500 MHz,
CsDg) 8: 6.21 (1H, dd, J= 5.7, 1.1 Hz), 6.09 (1H, s), 5.59 (1H, s), 5.19 (1H, d, J= 1.7 Hz), 4.00 (1H, s), 3.67
(2H, s), 3.59 (1H, t, J= 4.3 Hz), 2.68-2.56 (2H, m), 2.18 (1H, d, J=13.7 Hz), 2.03 (1H, ), 2.02 (1H, d, J=9.7
Hz), 1.74 (3H, s), 1.67 (3H, s), 1.50 (3H, s), 1.50-1.42 (1H, m), 1.42-1.27 (1H, m), 1.19-1.13 (2H, m), 1.06-1.01
(2H, m), 0.88 (3H, s), 0.86 (3H, s); *C-NMR (125 MHz, C¢Ds) &: 203.4, 198.3, 180.5, 140.0, 138.6, 136.0,
129.7, 120.3, 76.9, 75.4, 70.8, 64.4, 59.5, 43.1, 40.6, 40.1, 39.1, 37.5, 33.8, 32.7, 30.3, 25.4, 23.6, 17.9, 16.4;
HRMS (MALDI-TOF) caled for CosH340sNa [M+Na]": 437.2298, found 437.2298.

Preparation of allyl alcohol 20a and 20b (Scheme 14)

Compound 20a

o alcohol 4 (188 mg, 1.13 mmol) in CHCI; (11.0 mL) at 0 °C under N, atmosphere. After stirring

j/ij:o% 1,3-Dichloro-5,5-dimethylhydantoin (452 mg, 2.29 mmol) was added to a solution of allyl

c for 15 h at room temperature, the resulting solution was quenched with saturated NaHCO; aq.,
and extracted with CH,Cl,. The organic layer was dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (5:2)
to give compound 20a (145 mg, 0.723 mmol, 64%) as a yellow oil; [a]; =-165.6 (¢ 0.48, CH,Cl,); 'H-NMR
(500 MHz, CDCls) &: 6.77 (1H, td, J= 3.5, 1.9 Hz), 5.46 (1H, s), 5.13 (1H, s), 4.52-450 (1H, m), 4.21 (1H, d, J
=11.5Hz),4.09 (1H, d,J=11.5 Hz), 3.06 (1H, dt, /= 13.2, 3.5 Hz), 2.86-2.80 (1H, m), 2.43 (1H, dd, J = 16.0,
3.5Hz),2.02 (1H, s), 1.82 (3H, s); *C-NMR (100 MHz, CDCl;) 8: 199.1, 143.5, 141.8, 137.3, 118.5, 63.8, 47.6,
42.3,36.9, 15.5; HRMS (MALDI-TOF) calcd for CoH;30.CINa [M+Na]': 223.0496, found 223.0505.
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Compound 20b
OH Sodium acetate (177 mg, 2.16 mmol) was added to a solution of compound 20a (88.0 mg,
CII( 0.439 mmol) in DMF (3.6 mL) at room temperature. The mixture was stirred at 80 ¥ for
oac 1.5 h. H,O was added to the resulting solution, and the resulting mixture was extracted
with CHCl;. The combined organic layer was dried over Na,SO4, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel using n-hexane-EtOAc (1:1) to give compound
20b (86.2 mg, 0.356 mmol, 81%) as a yellow oil; [a]5 =-159.1 (¢ 0.59, CH,Cl,); "H-NMR (300 MHz, CDCl;)
8:6.77 (1H, dd, J= 5.5, 1.4 Hz), 5.36 (1H, s), 5.10 (1H, s), 4.60 (2H, s), 4.50-4.47 (1H, m), 2.92-2.80 (2H, m),
2.46-2.38 (1H, m), 2.12 (3H, s), 1.83 (3H, s); *C-NMR (75 MHz, CDCl;) §: 199.2, 171.0, 142.4, 141.8, 137.3,

115.9, 65.7, 64.0, 42.7, 36.6, 20.9, 15.6; HRMS (MALDI-TOF) caled for Ci,H1604Na [M+Na]": 247.0941,
found 247.0936.

Experimental details of Scheme 17

TMSOTf (1.0 eq., 1M in solvent) was added dropwise to a solution of alcohol 20a (1.0 eq.) and propionaldehyde
(3.0 eq.) in a solvent (0.1 M) at -78 °C under an N, atmosphere. After stirring at 0 °C for 20 min, saturated
NaHCOs aq. was added to the resulting mixture and extracted with CH,Cl,. The combined organic layer was
dried over Na;SOy, filtered, and concentrated under reduced pressure. The residue was purified by flash column

chromatography on silica gel using n-hexane-EtOAc (8:1) to give a mixture of compounds 22 and 23.

In CH>Clz: According to the procedure, 20a (31.7 mg, 0.158 mmol), propionaldehyde (34.0 puL, 0.467 mmol)
and TMSOTT (0.160 mL) gave 22 and 23 (21.8 mg, 0.0906 mmol, 57%) as a 1:2.3 mixture (from 'H-NMR
spectrum)

In toluene: According to the procedure, 20a (53.5 mg, 0.267 mmol) propionaldehyde (58.0 puL, 0.797 mmol)
and TMSOTS (0.270 mL) gave 22 and 23 (40.1 mg, 0.167 mmol, 62%) as a 1:1 mixture (from 'H-NMR

spectrum).

Separation of compounds 22 and 23 was done by flash column chromatography on silica gel using n-hexane-
EtOAc (10:1)

Compound 22: Yellow solid. MP 61.0-62.5 °C; [o]p =+115.9 (¢ 0.24, CH,Cl,); '"H-NMR
(500 MHz, CDCl;) ¢: 6.70 (1H, dd, J= 5.4, 1.4 Hz), 5.81 (1H, s), 4.22 (1H, td, J= 5.7, 1.5
Hz), 4.09 (1H, d, J= 12.0 Hz), 4.08-4.06 (1H, m), 4.02 (1H, d, /= 12.0 Hz), 2.80-2.75 (1H,
m), 2.62 (1H, dd, J=15.7, 3.7 Hz), 2.48 (1H, dd, J=15.7, 13.2 Hz), 1.83 (3H, s), 1.66-1.59
(2H, m), 0.93 (3H, t,J = 7.4 Hz); *C-NMR (125 MHz, CDCl;) &: 198.6, 139.5, 138.6, 135.5, 129.6, 76.6, 68.7,
45.9, 38.6, 33.7, 27.8, 15.9, 9.1; HRMS (MALDI-TOF) calcd for Ci3H;s0.Cl [M+H]": 241.0990, found
241.0985.
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Compound 23 (mixture of geometric isomers): Yellow oil; 'H-NMR (400 MHz, CDCls) &:
6.70-6.67 (1H, m), 6.02 (5/9H, d, J = 1.8 Hz), 5.92 (4/9H, d, J = 2.3 Hz), 3.94-3.93 (1H, m),
3.37 (4/9H, dt, J= 13.6, 3.8 Hz), 3.29-3.22 (1H, m), 2.92-2.68 (2H, m), 2.30-2.07 (2H, m),

cl 2.21 (2H), 2.11 (1H), 1.93-1.86 (5/9H, m), 1.83-1.80 (3H, m), 1.69-1.44 (2H), 1.00-0.93
(3H); PC-NMR (100 MHz, CDCI3) 8: 198.62, 198.58, 139.4, 138.64, 138.58, 138.51, 137.8, 113.2, 112.5, 79.3,
78.8,71.5,70.7,41.2, 38.7, 36.0, 35.6, 34.7, 29.8, 28.9, 28.7, 15.9, 15.8, 9.8, 9.8; HRMS (MALDI-TOF) calcd
for C13H170,CINa [M+Na]": 263.0815, found 263.0817.

General procedure for examination of Prins cyclization with alcohol 20a and aldehvde 9 (Table

1

Acid was added dropwise to a solution of alcohol 20a (20.8 mg, 0.104 mmol) and aldehyde 9 (10 mg, 0.0400
mmol) in a solvent (0.40 mL) at the temperature in Table 1 under an N, atmosphere. After stirring at the
temperature in Table 1 for 1 h, saturated NaHCOs aq. was added to the resulting mixture and extracted with
CH:Cl,. The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (4:1) to give a

compound 24.

(Study using 225 mg of aldehyde 9 using entry 3 conditions)

TMSOTT (2.70 mL, 1M in toluene) was added dropwise to a mixture of alcohol 20a (537 mg, 2.68 mmol),
aldehyde 9 (225 mg, 0.899 mmol) in toluene (10.0 mL) at -78 °C under N, atmosphere. After stirring at 0 °C for
30 min, saturated NaHCO; aq. was added to the resulting mixture and extracted with CH,Cl,. The combined
organic layer was dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by flush column chromatography on silica gel using n-hexane-EtOAc (4:1) to give compound 24 (165

mg, 0.381 mmol, 42%) as a colorless solid.

Compound 24

MP 191-192 °C; [a];, = +9.14 (¢ 0.22, CH2Cly); 'H-NMR (300 MHz, C¢Ds) 8: 6.09
(1H, s), 6.09-6.07 (1H, m), 5.48 (1H, s), 5.07 (1H, s), 3.83 (1H, s), 3.49 (1H, d, J =
11.9 Hz), 3.41 (1H, d, J=11.9 Hz), 3.37 (1H, d, J = 6.2 Hz), 2.57 (1H, dd, J = 15.7,
4.8 Hz), 2.46 (1H, dd, J=15.7, 12.7 Hz), 2.25-2.20 (1H, m), 1.90 (1H, d, J= 1.7 Hz),
1.90-1.84 (1H, m), 1.71 (3H, s), 1.61 (3H, s), 1.46-1.37 (1H, m), 1.43 (3H, s), 1.21-
1.12 (2H, m), 1.09-0.99 (1H, m), 0.93-0.85 (1H, m), 0.85 (3H, s), 0.85 (3H, s); *C-NMR (125 MHz, CsDs) &:
203.0, 197.3, 180.0, 139.3, 138.7, 134.6, 132.2, 120.2, 76.7, 75.2, 70.5, 59.3, 46.5, 43.0, 40.6, 40.0, 38.6, 37.5,
34.1, 32.7, 30.2, 25.4, 23.4, 17.8, 16.4; HRMS (MALDI-TOF) calcd for C,sH3304CINa [M+Na]": 455.1960,
found 455.1958.
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General procedure for examination of nucleophilic substitution reactions using acetates (Table

3

Acetate (8.0 eq.) was added to a solution of compound 24 (1.0 eq.) in DMF (0.05 M). After stirring at 60 °C for
30 min, H,O was added to the resulting mixture, and the mixture was extracted with EtOAc. The combined
organic layer was washed with H»O, dried over Na,SOg, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (2:1) to give
ansellone G (2).

(Study using 158 mg of compound 24 using entry 5 conditions)

Tetrabutylammonium acetate (880 mg, 2.92 mmol) was added to a solution of compound 24 (158 mg, 0.365
mmol) in DMF (7.5 mL). After stirring at 60 °C for 30 min, H,O was added to the resulting mixture, and the
mixture was extracted with EtOAc. The combined organic layer was washed with H>O, dried over Na,SOs,
filtered, and concentrated under reduced pressure. The residue was purified by flash column chromatography

on silica gel using n-hexane-EtOAc (2:1) to give ansellone G (2) (121 mg, 0.265 mmol, 73%) as a colorless oil.

Svnthesis of phorbadione (3)!" (Scheme 18)

Burgess reagent (11.9 mg, 0.0499 mmol) was added to a solution of compound 2 (8.5
mg, 0.0186 mmol) in THF (1.0 mL). After stirring at 50 °C for 2.5 h, brine was added
to the resulting mixture and extracted with CH>Cl,. The combined organic layer was

dried over Na,SQs, filtered, and concentrated under reduced pressure. The residue

was purified by flash column chromatography on silica gel using EtO-CH,Cl, (1:10)
to give phorbadione (3) (4.5 mg, 0.0103 mmol, 55%) as a colorless oil; [a]s =+30.5 (¢ 0.15, CH,Cl,); 'H-NMR
(500 MHz, C4¢Ds) 0: 6.50 (1H, s), 6.17 (1H, dd, J = 5.4, 1.4 Hz), 5.49 (1H, s), 4.73 (1H, brs), 4.36 (1H, d, J =
12.6 Hz), 4.22 (1H, d, J= 12.6 Hz), 3.57 (1H, t, J = 4.0 Hz), 2.67-2.60 (2H, m), 2.21-2.17 (1H, m), 2.12 (3H,
s), 1.91 (1H, m), 1.76 (3H, s), 1.64 (3H, s), 1.52-1.49 (1H, m), 1.43-1.37 (1H, m), 1.30-1.23 (2H, m), 1.07-1.01
(4H, m), 0.99 (3H, s), 0.93 (3H, s); *C-NMR (125 MHz, CsDs) 5: 196.8, 186.4, 170.6, 169.7, 156.4, 138.7, 138.2,
134.3, 133.8, 129.0, 124.3, 75.4, 70.7, 65.1,43.7,40.4, 37.4, 37.1, 34.3, 34.0, 32.4, 28.5, 24.5, 20.3, 18.4, 16.0,
12.2; HRMS (MALDI-TOF) calcd for C,7H340sNa [M+Na]': 461.2298, found 461.2295.
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Svnthesis of derivatives of ansellone A (Scheme 22)

Compound 27
Lithium hydroxide monohydrate (2.7 mg, 0.0643 mmol) was added to a solution of
compound 1 (9.7 mg, 0.0219 mmol) in THF (2.0 mL) and MeOH (2.0 mL) at room

temperature under N, atmosphere. After stirring for 1 h, the resulting solution was

added H»O, and the resulting mixture was extracted with EtOAc. The combined
organic layer was dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel using n-hexane-EtOAc (1:2) to give compound 27 (9.0
mg, quantitative) as a colorless oil. [a]y =+13.8 (c 0.12, CH,Cl,); 'TH-NMR (500 MHz, CDCls) &: 6.65 (1H, dd,
J=5.7,1.7Hz),5.90 (1H, d, J= 1.1 Hz), 5.72 (1H, dd, J = 10.0, 1.8 Hz), 5.55 (1H, dd, J = 10.0, 2.9 Hz), 4.84
(1H, d, J=1.7 Hz), 4.11 (2H, d, J = 4.0 Hz), 4.05-4.04 (1H, m), 2.65-2.60 (3H, m), 1.90 (1H, s), 1.84 (3H, s),
1.84-1.83 (2H, m), 1.76-1.73 (1H, m), 1.64-1.61 (1H, m), 1.42 (3H, s), 1.42-1.39 (3H, m), 1.18-1.12 (2H, m),
1.09 (3H, s), 0.89 (3H, s), 0.81 (3H, s); *C-NMR (125 MHz, CDCl5) §: 199.3, 139.9, 138.1, 135.3, 134.4, 129.7,
128.2, 76.7, 73.4, 70.4, 64.3, 63.0, 56.6, 41.3, 41.0, 38.0, 37.9, 33.3, 33.0, 32.6, 25.9, 21.7, 18.3, 16.1, 15.9;
HRMS (MALDI-TOF) caled for CosH3604Na [M+Na]": 423.2506, found 423.2501.

Compound 28
Mel (61 uL, 0.980 mmol) and Ag>O (46.4 mg, 0.200 mmol) was added to a solution
of compound 27 (8.0 mg, 0.020 mmol) in 1,2-dichloroethane (0.56 mL) at room

temperature under N, atmosphere. After stirring for 23 h, the resulting mixture was

filtered through celite pad, and the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (2:1) to give
compound 28 (5.8 mg, 0.014 mmol, 70%) as a colorless oil. [0} =+10.7 (¢ 0.13, CH,Cl,); "H-NMR (400 MHz,
CsDg) 0: 6.18 (1H, d, J= 5.5 Hz), 5.69 (1H, s), 5.61 (1H, d, /= 10.4 Hz), 5.54 (1H, dd, J=10.4, 3.0 Hz), 4.83
(1H, s), 3.61-3.49 (3H, m), 3.05 (3H, s), 2.76-2.67 (2H, m), 2.26-2.22 (1H, m), 1.91-1.88 (1H, m), 1.72-1.70
(1H, m), 1.70 (3H, s), 1.57-1.49 (2H, m), 1.53 (3H, s), 1.37-1.28 (2H, m), 1.23 (3H, s), 1.12-0.99 (2H, m), 0.86
(3H, s), 0.78 (3H, s); *C-NMR (400 MHz, CsD¢) &: 197.7, 139.2, 138.1, 135.4, 133.1, 131.7, 127.6, 76.6, 74.2,
72.8,70.7,63.4,57.7,56.7,41.8,41.3,38.5, 38.3, 34.0,33.2,32.7,26.1,21.8, 18.5, 16.4, 16.0; HRMS (MALDI-
TOF) calcd for Ca6H3s0sNa [M+Na]': 437.2662, found 437.2660.

Compound 29

Et;N (130 pL, 0.933 mmol) and HCO,H (24.0 pL, 0.636 mmol) was added to a
solution of compound endo-6 (42.3 mg, 0.0794 mmol), Pd(OAc). (2.0 mg, 0.00891
mmol) and PPhs (4.7 mg, 0.0179 mmol) in DMF (0.80 mL) at room temperature

under N, atmosphere. After stirring at 60 °C for 2 h, the resulting solution was cooled
to room temperature and added saturated NaHCO; aq., and the resulting mixture was extracted with CH,Cl..

The combined organic layer was dried over Na,SQs, filtered, and concentrated under reduced pressure. The
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residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (3:1) to give
compound 29 (25.8 mg, 0.0671 mmol, 84%) as a colorless solid. MP 151-154 °C; [a]; =+7.9 (¢ 0.11, CH2CL);
'H-NMR (300 MHz, C¢D¢) 8: 6.19 (1H, dd, J= 5.5, 1.4 Hz), 5.62 (1H, dd, J = 10.2, 1.4 Hz), 5.55 (1H, dd, J =
10.2,2.9 Hz), 5.33 (1H, d, /= 1.0 Hz), 4.78 (1H, s), 3.54 (1H, t, /= 4.3 Hz), 2.67-2.53 (2H, m), 1.91-1.86 (1H,
m), 1.81-1.71 (2H, m), 1.71 (3H, s), 1.59-1.50 (2H, m), 1.54 (3H, s), 1.40 (3H, s), 1.36-1.28 (2H, m), 1.23 (3H,
s), 1.15-1.00 (3H, m), 0.87 (3H, s), 0.79 (3H, s); *C-NMR (125 MHz, CsDs) 8: 197.9, 1394, 138.1, 135.5, 131.4,
129.4, 127.5, 76.8, 72.8, 70.6, 63.4, 56.8, 41.8, 41.4, 38.4, 37.9, 37.5, 33.2, 32.7, 26.1, 21.8, 20.7, 18.5, 16.5,
15.9; HRMS (MALDI-TOF) calcd for CosH3s03Na [M+Na]™: 407.2557, found 407.2552.

Computational study

Consideration of Prins cyclization (Figure 7. Table 2)

Structural optimization: Structural optimizations were performed using MacroModel*” (ver. 13.2) with none
solvent and OPLS3 force field. Each geometry of the generated conformer was optimized employing a Polak-
Ribiére Conjugate gradient (PRCG) method with convergence criteria of 0.05 and a maximum of 2500 iterations.
The results of these structures were utilized for DFT calculations to obtain thermodynamic energies.

DFT calculations: DFT calculations were performed using the Gaussian 162" software, and the B3LYP hybrid
functional. Optimized geometries for each conformer to single point calculations at a B3LYP/6-31G + (d, p)

level of theory.

The results are summarized in Table 7 at next page.
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Table 7. #1540 H = % /L ¥ —

compound free energy (hartree) compound free energy (hartree)
22 (endo) i 22 (endo) )
in toluene 1115.786702 in CH,Cl, 1115.791522

23 (E-isomer)
in toluene

23 (Z-isomer)
in toluene

24 (endo)
in toluene

25 (Z-isomer)

-1115.784969

-1115.784605

-1732.663642

-1732.658710

23 (E-isomer)
in CH2C|2

23 (Z-isomer)
in CH2C|2

25 (E-isomer)
in toluene

-1115.789122

-1115.788948

-1732.658548

in toluene

Comparison of stable structure for derivatives of natural products (Figure 12. 13. 14)

Minimization: Minimization was performed using MacroModel?’ (ver. 13.2) with H,O as a solvent and OPLS4
force field. Each geometry of the generated conformer was optimized employing a Polak-Ribiére Conjugate
gradient (PRCG) method with a convergence threshold of 0.05 and a maximum of 2500 iterations. The results
of the structures were utilized for a conformational search.

Conformational search: The conformational search was performed using mixed torsional/low-mode sampling
as implemented in MacroModel (ver. 13.2) with OPLS4 force field. The conformational analysis was carried

out with H,O as a solvent.
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Preparation of aldehydes for Prins cyclization

Propionaldehyde, benzaldehyde, cyclohexyl aldehyde, 3-phenylpropionaldehyde, octyl aldehyde, and 1-
dodecanal were commercially available. 1-Octadecanal®?, oleyl aldehyde®, and aldehyde 40°* were prepared by
the reported method.

o7~ -OTBDPS

40

Synthesis of aldehyde 42

o ToH ref 35 Nalo, (1.2 eq.)
A/o + Br/(/?g\ —>—> Ho/\(\o% - - OV\O/(’\])-S\

THF/H,0 (1/1)
OH O X tort
solketal 1-bromo- 41 99% 42
tetradecane

A solution of compound 41°° (618 mg, 2.14 mmol) in THF (3.2 mL) was added to a solution of NalO4 (530 mg,
2.48 mmol) in H,O (3.2 mL) at 0 °C. After stirring at room temperature for 2 h, the resulting solution was
extracted with CH,Cl,. The combined organic layer was dried over Na;SQO4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel using n-hexane-EtOAc (5:1) to give
compound 42 (543 mg, 2.12 mmol, 99%) as a colorless solid. MP = 30-31 °C; 'H-NMR (500 MHz, CDCl5) &:
9.74 (1H, s), 4.06 (2H, s), 3.53 (2H, t, J = 6.6 Hz), 1.66-1.60 (2H, m), 1.37-1.23 (22H, m), 0.88 (3H, t,J=7.2
Hz); C-NMR (125 MHz, CDCl;) &: 201.1, 76.2, 72.2, 31.9, 29.63, 29.61, 29.59, 29.54, 29.51, 29.47, 29.36,
29.30, 25.9, 22.6, 14.0. HRMS (MALDI-TOF) caled for Ci¢H3,02Na [M+Na]": 279.2295, found 279.2294.

Synthesis of aldehyde 44

OMe NaH (2.6 eq.) MeO
)\/ , HO o TBAI (0.010 eq.) Y\o TN
MeO Br 7( THF OMe 7l
Oto60 ¥,16h
2-Bromo-1,1- oleyl alcohol 41% 43
dimethoxyethane (1.0eq.)
(2.0eq)
CF;CO,H (11 eq.) Ov\o N
CH,CI,/H,0 (3/1) 4
rt, 24 h
74% 44

Oleyl alcohol (1.0 mL, 3.17 mmol) was added dropwise to a suspension of sodium hydride (194 mg, 8.10 mmol)
in THF (9.5 mL) at 0 °C. After stirring at 0 °C for 30 min, 2-bromo-1,1-dimethoxyethane (0.75 mL, 6.33 mmol)

and tetrabutylammonium iodide (12.1 mg, 0.0328 mmol) was slowly added to the mixture. Then the resulting
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mixture was warmed to 60 °C and stirred for 16 h. After the reaction mixture cooled to room temperature, ice
water was added, and the resulting mixture was extracted with EtOAc. The combined organic layer was washed
with brine, dried over Na,SQ4, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel using n-hexane-EtOAc (25:1). The resulting compound 43 (465 mg, 1.30 mmol)

was a mixture, but was used directly in the next reaction.

Trifluoroacetic acid (1.1 mL, 14.4 mmol) was added dropwise to a solution of crude compound 43 (465 mg,
1.30 mmol) in CH>Cl; (2.1 mL) and H,O (0.70 mL) at room temperature. After stirring at room temperature for
24 h, saturated NaHCOs aq. was added to the resulting mixture and extracted with CH,Cl,. The combined
organic layer was dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel using n-hexane-EtOAc (10/1) to give aldehyde 44 (300 mg,
0.965 mmol, 74%) as a colorless oil; "H-NMR (500 MHz, CDCl;) &: 9.74 (1H, s), 5.36-5.33 (2H, m), 4.06 (2H,
s), 3.53 (2H, t, J= 6.6 Hz), 2.03-1.99 (4H, m), 1.64-1.61 (2H, m), 1.30-1.25 (22H, m), 0.88 (3H, t, J = 6.9 Hz),
PC-NMR (75 MHz, CDCls) &: 201.2, 129.9, 129.8, 76.3, 72.2, 32.6, 31.9, 29.8, 29.7, 29.6, 29.5, 29.44, 29.38,
29.31, 29.2, 27.20, 27.17, 26.0, 22.7, 14.1; HRMS (MALDI-TOF) calcd for C19H20O4Na [M+Na]": 333.2764,
found 333.2769.

General procedure for the synthesis of compounds 35a-35¢g and 35i-35k (Table 6)

Prins cyclization: TMSOTT{ (0.250 mL, 0.250 mmol, 1M in toluene) was added dropwise to a mixture of alcohol
20a (50.0 mg, 0.249 mmol), aldehyde (0.750 mmol) in toluene (2.6 mL) at -78 °C under N, atmosphere. After
stirring at 0 °C for 1 h, saturated NaHCOs aq. was added to the resulting mixture and extracted with CH,Cl,.
The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel. The resulting compound 34 was a mixture, but

was used directly in the next reaction.

S#2 substitution: NaOAc (10 eq.) was added to a solution of crude compound 34 (1 eq.) in DMF (0.05 M).
After stirring at 80 °C for 3 h, H,O was added to the resulting mixture, and the mixture was extracted with n-
hexane-EtOAc (4:1). The combined organic layer was dried over Na,SQs, filtered, and concentrated under

reduced pressure. The residue was purified by flash column chromatography on silica gel to give compound 35.

Compound 35a

H According to the general procedure, alcohol 20a (50.5 mg, 0.252 mmol) and 1-dodecanal

i (133 mg, 0.722 mmol) gave crude compound 34a (40.5 mg, 0.104 mmol). Eluent of SiO,

column chromatography: n-hexane-EtOAc (12:1). Then, crude compound 7f (40.5 mg,
OAC (.104 mmol) and NaOAc (84.3 mg, 1.03 mmol) in DMF (2.0 mL) gave compound 35a (30.3

mg, 0.0776 mmol, 31% in 2 steps) as a colorless solid. MP = 47-49 °C. Eluent of SiO, column chromatography:
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n-hexane-EtOAc (10:1); [a]” =+38.2 (¢ 0.25, CHCls); '"H-NMR (300 MHz, CDCls) &: 6.70 (1H, dd, J=5.7, 1.5
Hz),5.75 (1H, d,J= 1.0 Hz), 4.58 (1H, dt, J= 12.7, 1.4 Hz), 4.49 (1H, d, J = 12.7 Hz), 4.28-4.24 (1H, m), 4.08-
4.06 (1H, m), 2.66-2.51 (3H, m), 2.08 (3H, s), 1.84 (3H, s), 1.62-1.55 (2H, m), 1.40-1.25 (18H, m), 0.87 (3H, t,
J = 6.7 Hz); *C-NMR (100 MHz, CDCL) &: 198.9, 170.6, 139.6, 138.5, 133.8, 129.5, 75.8, 68.6, 65.4, 38.9,
35.1,34.4,31.9,29.63, 29.59, 29.56, 29.51, 29.3, 24.9, 22.6, 20.9, 15.9, 14.1; HRMS (MALDI-TOF) calcd for
C4H3304Na [M+Na]": 413.2662, found 413.2667.

Compound 35b
H H According to the general procedure, alcohol 20a (50.3 mg, 0.251 mmol) and
) propionaldehyde (55.0 uL, 0.756 mmol) gave crude compound 34b (24.0 mg. 0.0997 mmol).
N

0 A Eluent of SiO, column chromatography: n-hexane-EtOAc (10:1). Then, crude compound

OAC  34b (24.0 mg, 0.0997 mmol) and NaOAc (86.2 mg, 1.05 mmol) in DMF (2.0 mL) gave
compound 35b (23.2 mg, 0.0878 mmol, 35% in 2 steps) as a colorless oil. Eluent of SiO, column
chromatography: n-hexane-EtOAc (8:1); [o]5 =+62.0 (¢ 0.44, CHCI;); '"H-NMR (400 MHz, CDCls) 8: 6.70 (1H,
dd, J=5.7,1.6 Hz), 5.75 (1H, s), 4.59 (1H, d, /= 12.6 Hz), 4.50 (1H, d, /= 12.6 Hz), 4.24 (1H, m), 4.09-4.07
(1H, m), 2.66-2.49 (3H, m), 2.08 (3H, s), 1.84 (3H, t, J= 1.1 Hz), 1.69-1.60 (2H, m), 0.95 (3H, t, /= 7.3 Hz);
C-NMR (100 MHz, CDCls) &: 198.8, 170.6, 139.5, 138.6, 134.2, 129.0, 76.6, 68.6, 65.4, 38.9, 34.4,27.9, 20.9,
15.9,9.1; HRMS (MALDI-TOF) calcd for CisH2004Na [M+Na]": 287.1254, found 287.1250.

Compound 35¢

H H According to the general procedure, alcohol 20a (49.8 mg, 0.248 mmol) and benzaldehyde

O P (80.6 mg, 0.760 mmol) gave crude compound 34¢ (10.4 mg, 0.0360 mmol). Eluent of SiO,
OI)H/\%/ column chromatography: n-hexane-EtOAc (10:1). Then, crude compound 34c¢ (10.4 mg,
OAC  0.0360) and NaOAc (30.1 mg, 0.367 mmol) in DMF (0.70 mL) gave compound 35¢ (3.8 mg,
0.0122 mmol, 5% in 2 steps) as a colorless solid. Eluent of SiO, column chromatography: n-hexane-EtOAc
(8:1). MP = 101-103 °C; [0 =+33.6 (c 0.22, CHCls); 'H-NMR (400 MHz, CDCl5) &: 7.38-7.30 (5H, m), 6.72
(1H, dd, J=5.5, 1.4 Hz), 5.87 (1H, s), 5.30 (1H, s), 4.63 (1H, d, J = 13.3 Hz), 4.54 (1H, d, J = 13.3 Hz), 4.31
(1H, d, J = 5.5 Hz), 2.77-2.68 (3H, m), 2.08 (3H, s), 1.83 (3H, s); *C-NMR (75 MHz, CDCl;) &: 198.5, 170.6,
139.7, 139.3, 138.9, 134.1, 128.8, 128.50, 128.48, 127.3, 78.6, 69.1, 65.2, 39.2, 34.2, 20.9, 15.9; HRMS
(MALDI-TOF) calcd for C19H2004Na [M+Na]": 335.1254, found 335.1253.

Compound 35d

According to the general procedure, alcohol 20a (50.3 mg, 0.251 mmol) and
cyclohexanecarboxaldehyde (84.2 mg, 0.751 mmol) gave crude compound 34d (44.2 mg,
0.150 mmol). Eluent of SiO, column chromatography: n-hexane-EtOAc (8:1). Then,
crude compound 34d (44.2 mg, 0.150 mmol) and NaOAc (84.3 mg, 1.03 mmol) in DMF
(3.0 mL) gave compound 35d (23.5 mg, 0.0738 mmol, 29% in 2 steps) as a colorless oil. Eluent of SiO; column
chromatography: n-hexane-EtOAc (5:1); [o]5 =+40.9 (¢ 0.35, CHCl;); '"H-NMR (400 MHz, CDCls) 8: 6.69 (1H,

60



dd, J=6.0, 1.4 Hz), 5.77 (1H, s), 4.58 (1H, d, J = 12.8 Hz), 4.49 (1H, d, J = 12.8 Hz), 4.11 (1H, m), 4.05-4.03
(1H, m), 2.64-2.47 (3H, m), 2.08 (3H, s), 1.84 (3H, s), 1.76-1.65 (5H, m), 1.61-1.55 (1H, m), 1.28-1.08 (5H,
m); *C-NMR (100 MHz, CDCls) &: 199.0, 170.7, 139.8, 138.5, 134.5, 128.0, 79.9, 68.5, 65.6, 42.5, 39.0, 34.6,
28.4,28.0,26.4,26.3,26.1,20.9, 16.0; HRMS (MALDI-TOF) calcd for C1sH260sNa [M+Na]': 341.1723, found
341.1720.

Compound 35e
H M o According to the general procedure, alcohol 20a (52.4 mg, 0.261 mmol) and 3-
phenylpropionaldehyde (106 mg, 0.790 mmol) gave crude compound 34e (33.3 mg,
OI)H/\%/\/ 0.105 mmol). Eluent of SiO, column chromatography: n-hexane-EtOAc (10:1). Then,
OAc crude compound 34e (33.3 mg, 0.105 mmol) and NaOAc (85.5 mg, 1.04 mmol) in DMF

(2.0 mL) gave compound 35e (24.9 mg, 0.0731 mmol, 28% in 2 steps) as a colorless oil. Eluent of SiO; column
chromatography: n-hexane-EtOAc (4:1); [a]5 =+23.0 (¢ 0.32, CHCls); 'H-NMR (300 MHz, CDCl;) &: 7.30-
7.28 (2H, m), 7.21-7.16 (3H, m), 6.72 (1H, dd, /= 5.5, 1.4 Hz), 5.75 (1H, d, /= 1.0 Hz), 4.58 (1H, dt, J=12.8,
1.5 Hz), 4.49 (1H, d, J = 12.8 Hz), 4.29 (1H, t, /= 6.2 Hz), 4.09-4.07 (1H, m), 2.74 (2H, t, J = 7.9 Hz), 2.68-
2.54 (3H, m), 2.08 (3H, s), 1.95-1.89 (2H, m), 1.87 (3H, t, J = 1.0 Hz); C-NMR (75 MHz, CDCl;) : 198.8,
170.6, 141.6, 139.5, 138.6, 134.3, 129.1, 128.4, 128.3, 125.9, 74.8, 68.7, 65.3, 38.9, 36.5, 34.4, 31.0, 20.9, 15.9;
HRMS (MALDI-TOF) caled for C21H2404Na [M+Na]": 363.1567, found 363.1562.

Compound 35f
According to the general procedure, alcohol 20a (50.9 mg, 0.254 mmol) and octyl aldehyde
(97.0 mg, 0.757 mmol) gave crude compound 34f (32.7 mg). eluent = n-hexane-EtOAc
(10:1). Then, crude compound 34f (32.7 mg), NaOAc (85.0 mg, 1.04 mmol) gave compound
OAc  35f(24.9 mg, 0.0744 mmol, 29% in 2 steps) as a colorless oil. eluent = n-hexane-EtOAc
(10:1); [o], =+47.4 (¢ 0.32, CHCl3); 'TH-NMR (300 MHz, CDCl;) &: 6.70 (1H, dd, J = 5.5, 1.4 Hz), 5.75 (1H,
d,/J=0.7 Hz),4.58 (1H, d, J=12.7 Hz), 4.49 (1H, d, J = 12.7 Hz), 4.28-4.25 (1H, m), 4.08-4.06 (1H, m), 2.66-
2.51 (3H, m), 2.08 (3H, s), 1.84 (3H, s), 1.62-1.55 (2H, m), 1.40-1.26 (10H, m), 0.87 (3H, t, J = 6.7 Hz); *C-
NMR (75 MHz, CDCl3) 8: 198.9, 170.6, 139.6, 138.5, 133.8, 129.5, 75.7, 68.6, 65.4, 38.9, 35.1,34.4, 31.8, 29.6,
29.2, 24.8, 22.6, 20.9, 15.9, 14.0; HRMS (MALDI-TOF) caled for CaH3004Na [M+Na]": 357.2036, found
357.2037.

Compound 35g

According to the general procedure, alcohol 20a (50.6 mg, 0.252 mmol) and 1-octadecanal
(201 mg, 0.749 mmol) gave crude compound 34g (38.7 mg, 0.0858 mmol). Eluent of SiO,
column chromatography: n-hexane-EtOAc (10:1). Then, crude compound 34g (38.7 mg,
0.0858 mmol) and NaOAc (70.3 mg, 0.857 mmol) in DMF (1.7 mL) gave compound 35g
(37.1 mg, 0.0782 mmol, 31% in 2 steps) as a colorless solid. Eluent of SiO, column chromatography: n-hexane-
EtOAc (10:1). MP = 60-61 °C; [a]p =+30.4 (c 0.25, CHCl3); "TH-NMR (400 MHz, CDCl3) &: 6.70 (1H, dd, J =
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6.0, 1.4 Hz), 5.76 (1H, s), 4.58 (1H, d, J = 12.8 Hz), 4.49 (1H, d, J= 12.8 Hz), 4.26 (1H, m), 4.08 (1H, m), 2.65-
2.52 (3H, m), 2.08 (3H, s), 1.84 (3H, s), 1.59-1.56 (2H, m), 1.38-1.25 (30H, m), 0.88 (3H, t, J = 6.9 Hz); "*C-
NMR (75 MHz, CDCls) §: 198.8, 170.6, 139.6, 138.6, 133.9, 129.5, 75.8, 68.7, 65.4, 38.9, 35.1, 34.5,31.9, 29.7,
29.62, 29.59, 29.52, 29.3, 24.9, 22.7, 20.9, 15.9, 14.1; HRMS (MALDI-TOF) calcd for C30HseO4Na [M+Na]":
497.3601, found 497.3603.

Compound 35i
H According to the general procedure, alcohol 20a (50.4 mg, 0.251 mmol) and aldehyde
O O% 42 (194 mg, 0.757 mmol) gave crude compound 34i (34.7 mg, 0.0790 mmol). Eluent
o i 7 of SiOz column chromatography: n-hexane-EtOAc (10:1). Then, crude compound 34i
OAc (34.7 mg, 0.0790 mmol) and NaOAc (61.8 mg, 0.753 mmol) in DMF (1.5 mL) gave

compound 35i (23.9 mg, 0.0517 mmol, 21% in 2 steps) as a colorless oil. Eluent of SiO, column
chromatography: n-hexane-EtOAc (8:1); [0]5 =+45.5 (¢ 0.30, CHCI:); '"H-NMR (400 MHz, CDCls) &: 6.72 (1H,
dd,J=5.5, 1.4 Hz), 5.80 (1H, s), 4.59 (1H, d, J=13.1 Hz), 4.50 (1H, d, /= 13.1 Hz), 4.49-4.47 (1H, m), 4.12-
4.11 (1H, m), 3.56-3.43 (4H, m), 2.66-2.54 (3H, m), 2.08 (3H, s), 1.83 (3H, s), 1.59-1.54 (2H, m), 1.28-1.25
(22H, m), 0.88 (3H, t, J = 6.6 Hz); C-NMR (100 MHz, CDCl;) &: 198.7, 170.6, 139.3, 138.7, 135.3, 126.2,
75.2,72.9,71.9,68.5,65.2,38.9,34.5,31.9,29.7,29.63,29.58, 29.56, 29.49, 29.44, 29.3, 26.0, 22.7,20.9, 15.9,
14.1; HRMS (MALDI-TOF) calcd for CosHasOsNa [M+Na]'™: 485.3237, found 485.3236.

Compound 35j

According to the general procedure, alcohol 20a (51.7 mg, 0.258 mmol) and oleyl
aldehyde (210 mg, 0.788 mmol) gave crude compound 34j (38.2 mg, 0.0851 mmol).
Eluent of SiO, column chromatography: n-hexane-EtOAc (25:1). Then, crude
compound 34j (38.2 mg, 0.0851 mmol) and NaOAc (72.1 mg, 0.879 mmol) in DMF
(1.7 mL) gave compound 35j (35.6 mg, 0.0753 mmol, 29% in 2 steps) as a colorless oil. Eluent of SiO, column
chromatography: n-hexane-EtOAc (10:1); [a] =+32.8 (c 0.41, CHCl;); 'H-NMR (500 MHz, CDCl;) &: 6.69
(1H, dd, J=5.7, 1.1 Hz), 5.75 (1H, s), 5.38-5.33 (2H, m), 4.58 (1H, d, J = 12.9 Hz), 4.49 (1H, d, J = 12.9 Hz),
4.27-4.25 (1H, m), 4.07-4.06 (1H, m), 2.65-2.49 (3H, m), 2.08 (3H, s), 2.03-1.96 (4H, m), 1.84 (3H, s), 1.60-
1.55 (2H, m), 1.39-1.26 (22H, m), 0.88 (3H, t, J = 6.9 Hz); *C-NMR (100 MHz, CDCl;) 8: 198.8, 170.6, 139.5,
138.5, 133.9, 129.9, 129.7, 129.5, 75.8, 68.6, 65.4, 38.9, 35.1, 34.4, 32.6, 31.9, 29.72, 29.69, 29.61, 29.5, 29 .4,
29.3,29.2, 27.2, 27.1, 24.9, 22.6, 20.9, 15.9, 14.1; HRMS (MALDI-TOF) calcd for C30H4sO4Na [M+Na]":
495.3445, found 495.3441.
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Compound 35k

H According to the general procedure, alcohol 20a (53.3 mg, 0.266 mmol) and

O~ OM aldehyde 44 (258 mg, 0.831 mmol) gave crude compound 34k (36.0 mg, 0.0730
m mmol). Eluent of SiO, column chromatography: n-hexane-EtOAc (10:1). Then,
OAc crude compound 34k (36.0 mg, 0.0730 mmol) and NaOAc (60.0 mg, 0.731

mmol) in DMF (1.5 mL) gave compound 35k (19.4 mg, 0.0375 mmol, 14% in 2 steps) as a colorless oil. Eluent
of SiO; column chromatography: n-hexane-EtOAc (8:1); [a]s =+42.1 (c 0.13, CHCI:); 'H-NMR (500 MHz,
CDCl) 6: 6.72 (1H, dd, J= 5.7, 1.7 Hz), 5.80 (1H, s), 5.38-5.30 (2H, m), 4.59 (1H, d, /= 12.9 Hz), 4.51 (1H,
d,J=12.9 Hz), 4.48-4.46 (1H, m), 4.12-4.11 (1H, m), 3.55-3.43 (4H, m), 2.66-2.52 (3H, m), 2.08 (3H, s), 2.02-
1.95 (4H, m), 1.83 (3H, s), 1.59-1.56 (2H, m), 1.32-1.25 (22H, m), 0.88 (3H, t, J = 6.9 Hz); >*C-NMR (125
MHz, CDCl;) é: 198.7, 170.6, 139.3, 138.7, 135.3, 129.9, 129.8, 126.1, 75.2, 72.9, 71.9, 68.5, 65.2, 53.4, 38.9,
34.5,32.6,31.9,29.72, 29.66, 29.62, 29.49, 29.46, 29.41, 29.3, 29.2, 27.2, 26.0, 22.7, 20.9, 15.9, 14.1; HRMS
(MALDI-TOF) caled for C3,Hs,OsNa [M+Na]": 539.3707, found 539.3702.

General procedure for the synthesis of compounds 33a-33g and 33j-33k (Table 6)

LiOH*H>0 (1-3 eq.) was added to a solution of compound 35 (1 eq.) in THF/MeOH (1:1, 0.02 M). After stirring
at room temperature for 30 min, H,O was added to the resulting mixture, and the mixture was extracted with
EtOAc. The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced pressure.

The residue was purified by flash column chromatography on silica gel to give compound 33.

Compound 33a
According to the general procedure, compound 35a (27.1 mg, 0.0694 mmol) and LiOH*H,O
(3.6 mg, 0.0858 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33a (24.1 mg, 0.0691
mmol, 99%) as a colorless solid. Eluent of SiO, column chromatography: n-hexane-EtOAc
OH (2:1). MP = 63-64 °C; [a]y =+43.7 (c 0.24, CHCI:); 'H-NMR (300 MHz, CDCl;) &: 6.70
(1H,dd, J=5.5, 1.4 Hz), 5.71 (1H, s), 4.26 (1H, m), 4.12 (2H, d, J= 5.5 Hz), 4.07 (1H, m), 2.66-2.52 (3H, m),
1.84 (3H, s), 1.62-1.56 (2H, m), 1.42-1.25 (18H, m), 0.87 (3H, t, J = 6.7 Hz); *C-NMR (75 MHz, CDCl;) &:
199.2,139.9, 138.5, 138.4, 125.9, 75.9, 68.8, 64.1, 39.1, 35.4, 34.1, 31.9, 29.7, 29.63, 29.61, 29.59, 29.56, 29.3,
24.9,22.7,15.9, 14.1; HRMS (MALDI-TOF) calcd for C»H303Na [M+Na]™: 371.2557, found 371.2556.

Compound 33b

H According to the general procedure, compound 35b (18.0 mg, 0.0681 mmol) and LiOH*H,O

oNg
' (9.3 mg, 0.222 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33b (15.0 mg, 0.0675
o i o mmol, 99%) as a colorless oil. Eluent of SiO, column chromatography: n-hexane-EtOAc
OH  (2:1); [a]s =+62.9 (c 0.25, CHCl;); 'H-NMR (400 MHz, CDCl;) &: 6.70 (1H, dd, J = 5.5,

1.4 Hz), 5.70 (1H, ), 4.24-4.21 (1H, m), 4.12 (2H, s), 4.08-4.06 (1H, m), 2.64-2.48 (3H, m), 1.83 (3H, s), 1.76
(1H, 5), 1.67-1.59 (2H, m), 0.94 (3H, t, J = 7.3 Hz); '3C-NMR (75 MHz, CDCL3) &: 199.2, 139.8, 138.7, 138.5,

63



125.4, 76.8, 68.7, 64.1, 39.1, 34.0, 28.1, 15.9, 9.2; HRMS (MALDI-TOF) calcd for Ci3HisOsNa [M+Na]":
245.1148, found 245.1149.

Compound 33¢

H According to the general procedure, compound 35¢ (13.8 mg, 0.0681 mmol) and LiOH<H,O

O (22 mg, 0.0524 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33¢ (11.8 mg, 0.0437
Oj/i\/HL%/ mmol, 99%) as a colorless oil. Eluent of SiO, column chromatography: n-hexane-EtOAc
OH  (2:1); [o]’s =+33.6 (c 0.58, CHCL); '"H-NMR (300 MHz, CDCls) &: 7.39-7.28 (5H, m), 6.73

(1H, dd, J = 5.7, 1.5 Hz), 5.83 (1H, d, J = 1.4 Hz), 5.30 (1H, s), 4.30 (1H, d, J = 4.8 Hz), 4.19-4.18 (2H, m),
2.73 (3H,s), 1.83 (3H, s); *C-NMR (125 MHz, CDCls) 8: 198.9, 140.1, 139.6, 138.7, 138.5, 128.7, 128.3, 127.2,

125.3, 78.7, 69.2, 64.0, 39.3, 33.7, 15.9; HRMS (MALDI-TOF) calcd for Ci7H;503Na [M+Na]": 293.1148,
found 293.1145.

Compound 33d

According to the general procedure, compound 35d (20.6 mg, 0.0647 mmol) and
LiOH*H>O (2.2 mg, 0.0524 mmol) in THF/MeOH (1:1, 3.2 mL) gave compound 33d
(17.6 mg, 0.0637 mmol, 98%) as a colorless solid. Eluent of SiO, column
chromatography: n-hexane-EtOAc (2:1). MP = 110-112 °C; [a]5 =+45.3 (c 0.30, CHCl;);
'H-NMR (300 MHz, CDCl3) &: 6.70 (1H, dd, J = 5.7, 1.5 Hz), 5.72 (1H, s), 4.12 (2H, s), 4.12-4.10 (1H, m),
4.05-4.02 (1H, m), 2.64-2.45 (3H, m), 1.83 (3H, s), 1.76-1.62 (SH, m), 1.57-1.52 (1H, m), 1.30-1.05 (SH, m);
PC-NMR (125 MHz, CDCls) &: 199.3, 140.1, 139.0, 138.4, 124.3, 80.1, 68.6, 64.3, 42.7,39.2, 34.2, 28 .4, 28.1,
26.42,26.35,26.2, 16.0; HRMS (MALDI-TOF) caled for C17H2403Na [M+Na]": 299.1618, found 299.1612.

Compound 33e
H o H o According to the general procedure, compound 35e (25.0 mg, 0.0734 mmol) and
LiOH*H>O (9.5 mg, 0.226 mmol) in THF/MeOH (1:1, 3.6 mL) gave compound 33e
m\/ (20.1 mg, 0.0674 mmol, 92%) as a colorless oil. Eluent of SiO, column chromatography:
OH n-hexane-EtOAc (2:1); [o]5 =+28.0 (¢ 0.34, CHCl;); '"H-NMR (400 MHz, CDCl;) &:

7.35-7.31 (2H, m), 7.26-7.22 (3H, m), 6.78 (1H, dd, J= 5.5, 1.4 Hz), 5.75 (1H, s), 4.34 (1H, t, J= 5.5 Hz), 4.17
(2H, ), 4.13-4.12 (1H, m), 2.80 (2H, t, J = 7.8 Hz), 2.72-2.61 (3H, m), 1.99-1.93 (2H, m), 1.91 (3H, s), 1.82
(1H, s); *C-NMR (75 MHz, CDCL3) &: 199.1, 141.8, 139.8, 138.8, 138.5, 128.5, 128.3, 125.8, 125.5, 75.0, 68.8,
64.0, 39.1, 36.7, 34.1, 31.0, 15.9; HRMS (MALDI-TOF) calcd for CioH»,03Na [M+Na]*: 321.1461, found
321.1459.
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Compound 33f

According to the general procedure, compound 35f (23.7 mg, 0.0709 mmol) and LiOH*H,O
(3.5 mg, 0.0834 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33f (19.5 mg, 0.0667
mmol, 94%) as a colorless solid. Eluent of SiO, column chromatography: n-hexane-EtOAc
(2:1). MP = 59-60 °C; [a]s =+52.1 (c 0.25, CHCls); '"H NMR (500 MHz, CDCl3) &: 6.70
(1H, d, J=5.7 Hz), 5.71 (1H, s), 4.27 (1H, m), 4.12 (2H, d, J= 4.6 Hz), 4.06 (1H, s), 2.64-2.50 (3H, m), 1.84
(3H, s), 1.60-1.56 (2H, m), 1.44-1.38 (2H, m), 1.27-1.25 (8H, m), 0.87 (3H, t, J = 6.6 Hz); *C{'H} NMR (75
MHz, CDCl3) 8: 199.2, 139.9, 138.44, 138.36, 125.8, 75.9, 68.8, 64.0, 39.1, 35.3, 34.0, 31.8, 29.6, 29.2, 24.9,
22.6,15.9, 14.1; HRMS (MALDI-TOF) calcd for C1oH203Na [M+Na]": 315.1931, found 315.1925.

Compound 33g

H According to the general procedure, compound 35g (27.1 mg, 0.0694 mmol), LiOH - H,O
) (3.6 mg, 0.0858 mmol) gave compound 33g (24.1 mg, 0.0691 mmol, 99%) as a colorless
solid. MP = 63-64 °C; [a] =+34.0 (c 0.20, CH,Cl,); 'H-NMR (300 MHz, CDCl;) &: 6.70
(1H, dd, /= 5.7, 1.5 Hz), 5.71 (1H, d, J = 0.7 Hz), 4.28-4.25 (1H, m), 4.14-4.11 (2H, m),
4.08-4.05 (1H, m), 2.66-2.47 (3H, m), 1.84 (3H, s), 1.62-1.55 (2H, m), 1.40-1.19 (30H, m), 0.88 (3H, t, /= 6.7
Hz); *C-NMR (100 MHz, CDCl;) &: 199.2, 139.9, 138.5, 138.4, 125.8, 75.9, 68.8, 64.1, 39.1, 35.4, 34.0, 31.9,
29.71, 29.68, 29.64, 29.62, 29.56, 29.3, 24.9, 22.7, 16.0, 14.1; HRMS (MALDI-TOF) calcd for C,sH4303Na
[M+Na]': 455.3496, found 455.3490.

Compound 33i
H ok e A.ccording to the general procedur.e, compound 35i (27.1 mg, 0.0694 mmol) anc?
137 LiOH<H,0 (3.6 mg, 0.0858 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33i
m (24.1 mg, 0.0691 mmol, 99%) as a colorless oil. Eluent of SiO, column
OH chromatography: n-hexane-EtOAc (2:1); [a]y =+54.0 (¢ 0.39, CH.Cly); 'TH-NMR (300

MHz, CDCL) §: 6.72 (1H, dd, J = 5.8, 1.4 Hz), 5.75 (1H, d, J = 1.0 Hz), 4.50-4.46 (1H, m), 4.14-4.10 (3H, m),
3.57-3.42 (4H, m), 2.66-2.54 (3H, m), 1.83 (3H, s), 1.59-1.50 (2H, m), 1.25 (22H, m), 0.87 (3H, t, J = 6.7 Hz);
3C.NMR (100 MHz, CDCL5) &: 199.0, 139.9, 139.6, 138.6, 122.5, 75.3, 73.2, 71.9, 68.6, 64.0, 39.1, 34.1, 31.9,
29.67, 29.64, 29.62, 29.58, 29.50, 29.45, 29.3, 26.0, 22.7, 15.9, 14.1; HRMS (MALDI-TOF) calced for
Ca6H4s04Na [M+Na]': 443.3132, found 443.3131.

Compound 33j

According to the general procedure, compound 35j (32.3 mg, 0.0683 mmol) and
LiOH*H»O (11.0 mg, 0.262 mmol) in THF/MeOH (1:1, 3.4 mL) gave compound 33j
(29.0 mg, 0.0673 mmol, 99%) as a colorless oil. Eluent of SiO, column
chromatography: n-hexane-EtOAc (3:1); [o]5 = +32.9 (¢ 0.24, CHCl:); 'H-NMR
(500 MHz, CDCl;) 6: 6.70 (1H, dd, /= 5.4, 1.4 Hz), 5.71 (1H, s), 5.38-5.33 (2H, m), 4.27-4.25 (1H, m), 4.13-
4.12 (2H, m), 4.07-4.06 (1H, m), 2.64-2.60 (2H, m), 2.53 (1H, dd, J = 16.3, 14.0 Hz), 2.02-1.96 (4H, m), 1.84
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(3H, s), 1.60-1.56 (2H, m), 1.43-1.26 (22H, m), 0.88 (3H, t, J = 6.9 Hz); *C-NMR (75 MHz, CDCl;) &: 199.2,
139.9, 138.45, 138.38, 129.9, 129.8, 125.8, 75.9, 68.8, 64.0, 39.1, 35.3, 34.0, 32.6, 31.9, 29.73, 29.70, 29.66,
29.5, 29.4, 29.28, 29.25, 27.17, 27.15, 24.9, 22.6, 15.9, 14.1; HRMS (MALDI-TOF) calcd for CosHss03Na
[M+Na]": 453.3339, found 453.3339.

Compound 33k
H o H e A'ccording to the general procedure-, compound 35k (10.0 mg, 0.0194 mmol) and
8 7~ LiOH+H»O (1.7 mg, 0.405 mmol) in THF/MeOH (1:1, 1.0 mL) gave compound
m 33k (7.7 mg, 0.0162 mmol, 84%) as a colorless oil. Eluent of SiO, column
OH chromatography: n-hexane-EtOAc (3:1); [a]h =+39.6 (¢ 0.39, CHCls); 'H-NMR

(500 MHz, CDCl3) &: 6.72 (1H, dd, J = 5.7, 1.7 Hz), 5.75 (1H, s), 5.37-5.33 (2H, m), 4.48-4.47 (1H, m), 4.13
(2H, s), 4.12-4.10 (1H, m), 3.55-3.43 (4H, m), 2.66-2.61 (2H, m), 2.55 (1H, dd, J = 16.0, 13.7 Hz), 2.02-1.96
(4H. m), 1.83 (3H, s), 1.62-1.55 (2H, m), 1.32-1.25 (22H, m), 0.87 (3H, t, J = 6.9 Hz); *C-NMR (125 MHz,
CDCls) &: 199.0, 139.9, 139.6, 138.6, 129.9, 129.8, 122.6, 75.3, 73.2, 71.9, 68.6, 64.0, 39.1, 34.1, 32.6, 31.9,
29.7,29.68, 29.63, 29.5, 29.47, 29.42, 29.3, 29.2, 27.19, 27.17, 26.0, 22.7, 15.9, 14.1; HRMS (MALDI-TOF)
calcd for C30Hs0OsNa [M+Na]": 497.3601, found 497.3605.
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Synthesis of compound 33h (Scheme 23)

Compound 37
Prins cyclization: TMSOTf (1.10 mL, 1.10 mmol, 1M in CH,Cl,) was added
OTBDPS  dropwise to a solution of alcohol 20a (220 mg, 1.10 mmol) and aldehyde 40 (960 mg,
3.22 mmol) in CH>Cl, (11.0 mL) at -78 °C under N, atmosphere. After stirring at 0 °C

OAc for 30 min, saturated NaHCOs3 aq. was added to the resulting mixture and extracted

H _H

o
N

with CHCIl;. The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel using n-hexane-EtOAc (8:1). The

resulting compound 36 (95.2 mg, 0.198 mmol) was a mixture, but was used directly in the next reaction.

S#2 substitution: NaOAc (161 mg, 1.96 mmol) was added to a solution of crude compound 36 (95.2 mg, 0.198
mmol) in DMF (4.0 mL). After stirring at 100 °C for 3 h, H,O was added to the resulting mixture, and the
mixture was extracted with n-hexane-EtOAc (4:1). The combined organic layer was dried over Na,SQOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica
gel using n-hexane-EtOAc (6:1) to give compound 37 (42.3 mg, 0.0838 mmol, 8% in 2 steps) as a colorless oil;
[a]; =+24.2 (¢ 0.27, CHCl;); "TH-NMR (500 MHz, CDCls) 8: 7.65 (4H, dd, J = 8.0, 1.1 Hz), 7.43-7.40 (2H, m),
7.37-7.34 (4H, m), 6.64 (1H, dd, J= 5.7, 1.7 Hz), 5.87 (1H, s), 4.58 (1H, d, /= 12.9 Hz), 4.48 (1H, d, /= 12.9
Hz), 4.39-4.36 (1H, m), 4.08 (1H, m), 3.79 (1H, dd, /= 10.3, 5.7 Hz), 3.68 (1H, dd, /= 10.3, 5.7 Hz), 2.62-2.49
(3H, m), 2.07 (3H, s), 1.84 (3H, s), 1.05 (9H, s); *C-NMR (125 MHz, CDCl;) &: 198.7, 170.6, 139.3, 138.6,
135.64, 135.59, 134.9, 133.3, 129.7, 127.6, 126.5, 76.3, 68.3, 66.0, 65.3, 38.9, 34.5, 26.8, 20.9, 19.2, 15.9;
HRMS (MALDI-TOF) caled for C30H3605SiNa [M+Na]": 527.2224, found 527.2224.

Compound 35h
Removal of TBDPS: Tetrabutylammonium fluoride (0.11 mL, 0.11 mmol, 1M in
THF) was added to a solution of compound 37 (39.8 mg, 0.0798 mmol) in THF (1.0

mL) at 0 °C. After stirring at room temperature for 30 min, saturated NH4Cl aq. was

added to the resulting mixture, and the mixture was extracted with EtOAc. The
combined organic layer was dried over Na;SOs, filtered, and concentrated under reduced pressure. The crude

compound 38 (19.0 mg, 0.0713 mmol) was used for the next reaction without other purification.

Esterification: The solution of decanoyl chloride (31.1 mg, 0.163 mmol) in CH,Cl, (0.30 mL) was slowly added
to a solution of crude compound 38 (19.0 mg, 0.0713 mmol) and Et;N (33.0 uL, 0.238 mmol) in CH»ClI, (0.80
mL) at 0 °C. After stirring at 0 °C for 1 h, saturated NaHCO3 aq. was added to the resulting mixture and extracted
with CHCl;. The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel using n-hexane-EtOAc (4:1)
to give compound 35h (20.7 mg, 0.0492 mmol, 62% in 2 steps) as a colorless oil; [a]; =+51.5 (¢ 0.24, CHCl);
'H-NMR (300 MHz, CDCl5) 8: 6.69 (1H, dd, J = 5.5, 1.4 Hz), 5.73 (1H, s), 4.60-4.48 (3H, m), 4.19-4.17 (2H,
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m), 4.13-4.11 (1H, m), 2.67-2.54 (3H, m), 2.31 (2H, t, J = 7.4 Hz), 2.08 (3H, s), 1.84 (3H, s), 1.61-1.56 (2H,
m), 1.25 (12H, m), 0.86 (3H, t, J = 6.7 Hz); *C-NMR (75 MHz, CDCl;) &: 198.4, 173.6, 170.5, 139.0, 138.9,
136.6, 124.5, 74.0, 68.5, 65.4, 64.9, 38.8, 34.3, 34.1, 31.8,29.4, 29.2, 29.1, 24.8, 22.6, 20.8, 15.9, 14.1; HRMS
(MALDI-TOF) caled for C24HzsOsNa [M+Na]": 443.2404, found 443.2403.

Compound 33h
H o] K>CO; (2.5 mg, 0.0181 mmol) was added to a solution of compound 35h (6.5 mg,
"o s 0.0155 mmol) in THF/H,O (4:1, 0.50 mL). After stirring at room temperature for 2 h,
Oj/:/:HL%/\ MeOH (50 uL) was added to the solution. The solution was then stirred for another
OH 13 h, the solution was directly purified by flash column chromatography on silica gel
using n-hexane-EtOAc (1:1) to give compound 33h (4.0 mg, 0.0106 mmol, 68%) as a colorless oil; [a]; =+47.6
(c 0.25, CHCl3); "TH-NMR (500 MHz, CDCl3) 8: 6.71 (1H, dd, J= 5.7, 1.1 Hz), 5.70 (1H, s), 4.53-4.52 (1H, m),
4.21-4.11 (5H, m), 2.67-2.53 (3H, m), 2.32 (2H, t,J= 7.4 Hz), 1.84 (3H, s), 1.61-1.53 (2H, m), 1.29-1.25 (12H,
m), 0.87 (3H, t, J = 6.9 Hz); "C-NMR (100 MHz, CDCls) &: 198.7, 173.7, 141.1, 139.1, 138.9, 121.1, 74.1,

68.6, 65.7, 63.8, 39.0, 34.1, 33.9, 31.8, 29.4, 29.3, 29.1, 24.9, 22.7, 16.0, 14.1; HRMS (MALDI-TOF) calcd for
CH340sNa [M+Na]": 401.2298, found 401.2299.

Synthesis of compound 39 (Scheme 24)

Compound 39
H K,CO; (16.2 mg, 0.117 mmol) was added to a solution of compound 35h (19.0 mg, 0.0452
O oH mmol) in MeOH (1.0 mL). After stirring at room temperature for 1 h, saturated NH4Cl aq.
OI:HQ%/\ was added to the resulting mixture and extracted with EtOAc. The combined organic layer
OH

was dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (eluent: EtOAc) to give compound 39 (7.1 mg, 0.0317
mmol, 70%) as a colorless oil; [a]; =+41.7 (¢ 0.28, CHCl3); 'H-NMR (300 MHz, CDCl3) &: 6.71 (1H, dd, J =
5.7, 1.5 Hz), 5.69 (1H, s), 4.43-4.40 (1H, m), 4.14 (3H, m), 3.80-3.76 (1H, m), 3.61 (1H, dd, J=11.7, 6.2 Hz),
2.70-2.63 (2H, m), 2.51 (1H, dd, J = 16.3, 13.9 Hz), 2.06 (1H, brs), 1.85 (3H, d, J = 1.4 Hz), 1.77 (1H, brs);
PC-NMR (125 MHz, CDCls) &: 198.7, 141.0, 139.3, 138.8, 121.6, 76.6, 68.5, 65.3, 63.9, 39.2, 34.1, 15.9;
HRMS (MALDI-TOF) caled for C12H;604Na [M+Na]": 247.0941, found 247.0942.
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Physical properties (logD. PBS solubility, PAMPA permeability)
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Confirmation of purity by HPL.C

HPLC purity determination of ansellone A (1), ansellone G (2), phorabdione (3), 19, 27, 28, 29, 33, and 39 were
performed by normal phase column chromatography (CHIRALPAK-IC, 5 pm, 6~250 mm). Prostratin (positive

comtorol) was commercially available.
ansellone A (1)

Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 1.0 ml/min) over 20 min. UV detection (A
=254 nm)
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ansellone G (2)
Purity is > 95%. Condition: eluting with hexane and ethanol (97:3, 0.30 ml/min) over 20 min. UV detection (A
=254 nm)
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phorbadione (3)
Purity is > 95%. Condition: eluting with hexane and ethanol (99:1, 0.30 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 19
Purity is > 95%. Condition: eluting with hexane and ethanol (98:2, 0.50 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 27
Purity is > 95%. Condition: eluting with hexane and ethanol (80:20, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 28
Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 29

Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33b
Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 1.0 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33¢
Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 1.0 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33d

Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 1.0 ml/min) over 20 min. UV detection (A

=254 nm)
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Compound 33e
Purity is > 95%. Condition: eluting with hexane and ethanol (85:15, 1.0 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33f
Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)

3000000 3
S
<
= 2500/00
> l
Z 2000000
@
o
o 150000
c
T 1000600
500700
Y Ry, VA
AT 'a 1330 _006-CH11
I I I 1
0.000 5.000 10.000 15.000 20.000
Retention Time [ min]
#lpeak _|tR [|larea [|arep®]
Unkno 6. | 50 1. 31
Unkno 7. 24 0. 94
Unkno 8. | 401 97.1263
Unkno 14. 37 0. 12
Compound 33a

Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33¢g
Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.60 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33h

Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)

3500/00

3000/00

[ HAU]

250000

150000

Intensity

100000

|
J
|

50000

L A fester-type sujmple_001-Ct
T \

. 000 15.000 20.000
on Time [ min]

77



Compound 33i
Purity is > 95%. Condition: eluting with hexane and ethanol (90:10, 0.60 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33j
Purity is > 95%. Condition: eluting with hexane and ethanol (95:5, 0.80 ml/min) over 20 min. UV detection (A
=254 nm)
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Compound 33k

Purity is > 95%. Condition: eluting with hexane and ethanol (75:25, 1.2 ml/min) over 20 min. UV detection (A

=254 nm)
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Compound 39
Purity is > 95%. Condition: eluting with hexane and ethanol (70:30, 1.2 ml/min) over 20 min. UV detection (A
=254 nm)
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Biological assav (Common to Chapters 1 and 2)

<Material>

Prostratin was purchased from LC Laboratories. The following reagent was obtained through the NIH AIDS
Reagent Program, Division of AIDS, NIAID, NIH: J-Lat Full Length Cells (10.6) from Dr. Eric Verdin (cat#
9849). Tzm-bl cells from Dr. John C. Kappes, and Dr. Xiaoyun Wu (cat# 8129).

<Method>

HIV-latency reversal with Latency-reversing agents (LRASs)

The reactivation of HIV from latently-infected cells was determined by quantifying the changes in intracellular
GFP expression (J-Lat cells). J-Lat 10.6 cells (5 x 105 cells/ml) were placed in 96-well plates and incubated
with different concentrations of each drug for 24 h. Then, GFP-positive cells were analyzed by flow cytometry
(Beckman coulter, CytoFlex). Furthermore, cell viabilities of J-Lat cells were determined using a
LIVE/DEAD® Cell Viability Kit (Thermo Fisher Scientific K.K.) at 24 h. EC50 values were calculated from

dose-response curves using GraphPad® Prism software version. 9.0.

Computational study (Figure 18, 25)

Minimization: Minimization was performed using MacroModel?’ (ver. 13.2) with H,O as a solvent and OPLS4
force field. Each geometry of the generated conformer was optimized employing a Polak-Ribiére Conjugate
gradient (PRCG) method with a convergence threshold of 0.05 and a maximum of 2500 iterations. The results
of the structures were utilized for a conformational search.

Conformational search: The conformational search was performed using mixed torsional/low-mode sampling
as implemented in MacroModel (ver. 13.2) with OPLS4 force field. The conformational analysis was carried

out with H,O as a solvent.
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