4

% 4”) {t % DOI: 10.6023/cjoc201703017 SZR5iR

Chinese Journal of Organic Chemistry

REVIEW

BB RInEEMRIRIAZY Neopeltolide B & AT RIHE

FL L,

EE 4 B

(PO TR LA R e L Z B BRI E LR E 4% 312000)

#E  (+)-Neopeltolide /& Wright /NHMHFEER neopeltidae ZEIR/KEEL 3B A3] T KA AEILEY. %o FRAAE
WA AR AR B A PURETE M, BIH BTN B2 H £ 5% T neopeltolide & i SCIRkIE, BHE4 &K
FRIA N B 2L )& k. FRHE neopeltolide [& SR IE 0 22 54T T T Z R 4508, EZ N6 M RN BB 2L6 -

neopeltolide ZEBIN & RS JLANT7 1.

KEA  (+)-Neopeltolide; KRIFPHE; Puiw; KIFWEEIL N ; Prins LN Ja48 5 i S B

Synthetic Studies toward Neopeltolide: A Potent
Anti-cancer Natural Product
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Abstract (+)-Neopeltolide was isolated from a deep-water sponge of the family neopeltidae. Due to its attractive novel
structure and highly potent anticancer activity, more than twenty total and formal syntheses have been reported in last decade.
Herein, the synthetic studies toward the total and formal syntheses of neopeltolide are reviewed according to the synthetic

strategies toward the macrolactone core.
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Figure 1 Structures of (+)-neopeltolide and leucascandrolide
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Reagents and conditions: (a) (i) BH3*SMe,, THF; (ii) TBDPSCI, DMF; (iii) DIBAL-H, Et,0, -78°C; (iv) 1,3-propanedithiol, I, CHCl3, 68% (over 4
steps). (b) (i) t-BuLi, THF, 5, -78 °C; (ii) CaCOs, Mel, MeCN/H,0, 50% (over 2 steps). (c) (i) Zr(Ot-Bu)s, i-PrCHO, -78 °C. (ii) Me3;OBF,, Proton
Sponge, CHCly, 90%. (i) 49% HF in H,O, MeCN, r.t., 91%. (iv) (COCI),, DMSO, CH,Cl,, Et;N, -78°C to r.t., 73% (over 4 steps). (d) 8, TfOH,
CH,Cly, benzene, -78 °C, 75% (dr 10 : 1). (e) (i) NaCN, DMF, 60 °C, 84%; (ii) DIBAL-H, Et,0, -78 °C, 96%; (iii) DIBAL-H, CH,Cl,, -78 °C, 60%;
(f) (i) NaClO,, NaH,PO4*H,0, t-BuOH, H,0, 85%. (ii) 2,4,6-trichlorobenzoyl chloride, toluene, DMAP, Et;N, 44%; (g) (i) Hg(O,CCF3),, then
NaBH,, 63% (d.r.>20 : 1); (ii) 12, EDCI, HOBT*H,0, CH,Cl,, 99%; (iii) 18-crown-6, KHMDS, -78 °C, then 13, 85°C, 62%

B 1 Panck FJ&&H

Scheme 1 Panek’s total synthesis
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Kozmin ¥ igfh 4 & p: 2008 4F, Kozmin 5545 H
EXFFRALI) Prins MK R 5E % T neopeltolide Y HE A1)
G i(Scheme 2). BAXFRE KL EY) 14 KA Prins
IS NI T DY S PR 2 1), o DY SRR 5 A 52 dik

HEATRIRERY 5 KA Wacker S K A ui XU 4 46 A Y
B 15 R 16 L3RRS & NPT Wittig

SRS BIRKEEA A 17, TG DT RIE M 2 5
BILIK ARG, #E4T Yamaguchi KIME N, siFIHH T
RINELE 18, B 50 B 28T B Re A e Ak, RICRAE
MEEIMEGL R CADA BFREEM TR . B P
SR DA B R PR i ok S V7, 4 3 DK A 1A v e A4 A
HAR19. ZUE 28 19 Al EE 20 38T Mitsunobu Jx i i
P20 5 L AR K A 20,
Maier 4= & Ji: Maier 2534738 T neopeltolide ] &
HWEERZ O E R E R, SRR Prins LAY
UM IR 45 #4) (Scheme 3).

(£)-19

Reagents and conditions: (a) (i) CFsCO.H, 0 °C, ag. NH,OH; (ii) BhnOC(NH)CCls, TfOH (cat.); (iii) PdCl,, CuCl,, DMF, H,O, O, (64% for 3
steps). (b) (i) 16, Cy,BCl, Et;N; (ii) PPhsMeBr, KHMDS, then HCI quench (75% for 2 steps). (c) (i) Et,BOMe, NaBHy; (ii) TMSOK, Et,0; (iii)
2,4,6-trichlorobenzoyl chloride, toluene, DMAP, Et;N (55% for 3 steps). (d) (i) Hz, Pd/C; (i) p-NO,C¢H4CO,H, PPh;, DEAD; (iii) K,CO;, MeOH,;
(iv) MesOBFg; (v) Ha, PA(OH), (41% for 5 steps). (e) 20, PPhs, DIAD, 83%

B 2 Kozmin JHIE/E4 &

Scheme 2 Kozmin’s total synthesis of (£ )-neopeltolide

OR OMe
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Reagents and conditions: (a) (i) (S)-BINAP, Ru(ll), Hy; (ii) TBDPSCI, Imidazole; (i) DIBAL-H, -78 °C (90% for 3 steps). (b) (i) 22, CH,Cly; (ii)
MesOBF.; (c) (i) OsO4, NMO; (ii) NalO4, MeOH (70% for 4 steps). (d) PhsP=CHCOSEt, CH.Cl,; (ii) MeMgBr, CuBreSMe,, (S,R)-Josiphos
(86% for 2 steps). (e) (i) EtsSiH, Pd/C; (i) 27, TFA, -5°C; (iii) K2COs, MeOH (62% for 3 steps). (f) (i) MOMCI, DIPEA,; (ii) H,, Pd/C; (iii) DMP,
NaHCO;3; (iv) NaClO,, NaH,PO, (86% for 4 steps); (g) (i) TBAF, THF; (ii) Yamaguchi lactonization; (iii) HCI (80% for 3 steps); (h) 20, PPhs,
DIAD, 80%

B 3 Maier &&

Scheme 3 Maier’s total synthesis
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Mitk, PN O EEIR IR 2B 46. L)REEmE
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P R i 4 2 I B ek B OR AP 5 e A N R IR F IR 50. I BR
50 ¥ MPM J5 K lig 2t B Ak K A, #2540t Yamaguchi
KIF A B S E 51, 52 LB A 5. DO EE
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Roulland 44 % 2009 4F, Roulland Z50F] FH 47 4L
FRY s — R A TG e 2 KA 3R T DY S R PR, IR SR R T
neopeltolide HJ4& il T1E(Scheme 6). MJEEL 21

~ | ~
¢ O 0., d_ MeO O,
OH Pr

CO,Et Y CO,Et
OCOC,Hs
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Reagents and conditions: (a) (i) NaH, CI;CCN, Et,0, 0 °C, 100%; (ii) 31, TfOH, cyclohexane, 77%; (b) 33, Cul, i-Pr.NH, [(PhsP),PdCl;], 89%;
(c) [Pt(DVDS)], THF, then H,0,, KF, BusNF, KHCO3;, DMF, 40 °C, 57% (67% based on starting-material purity); (d) (i) EtCHO, Sml,, THF,
—10 °C, 77%; (ii) Me3OBF,, proton sponge, CH,Cl,, 0 °C, 93%; (e) (i) LiOH, H.O, MeOH, 45 °C; (ii) Et;N, 2,4,6-Cl;BzCl, THF, then DMAP,
toluene, 65 °C, 72% (two steps). (f) HOAc, Na,COj3, [{Ru(p-cymene)Cl,},], 1-decyne, (2-furyl)sP, toluene, 80 °C, 82%. (g) DDQ, 2,6-Cl,Py,
LiClO4, DCE, 65%. (h) H2, Pd/C, EtOH, 74%. (i) NaBH4, MeOH, 95%. (ii) 20, PPh;, DIAD, 93%

E3 4 Floreancig H14 5 %

Scheme 4 Floreancig’s total synthesis
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Reagents and conditions: (a) (i) (+)-Ipc.BOMe, allylIMgBr; (i) MPMOC(=NH)CClI;, La(OTf)s. (b) (i) Grubbs’ II, methyl acrylate; (ii) DIBALH, —78 °C
(45% for 4 steps). (c) (i) (—)-DET, Ti(Oi-Pr)s, t-BuO,H; (ii) PPhs, ly; (iii) Zn, AcOH (73% for 3 steps). (d) (i) BOMCI, DIPEA; (ii) DDQ, pH 7 buffer (72% for
2 steps). (e) (i) Acz0, EtsN, DMAP; (ii) KHDMS, (PhO),P(O)CI, —78 °C; (f) (i) B-MeO-9-BBN, {-BuLi, then 47, Pd(PPhs)s; (ii) Grubbs II, 70 °C; (iii) H,
Pd/C, EtOAc (63% for 3 steps); (g) (i) TBAF, THF; (ii) SO3+Pyr., EtsN, DMSO; (h) (i) NaClO,, NaH,POy, t-BuOH; (ii) TMSCHN,, MeOH (86% for 4 steps).
(i) (i) DDQ, pH=7 buffer; (ii) TMSOK, Et,0; (iii) Yamaguchi lactonization (92% for 3 steps). (j) Hz, Pd(OH)./C; (k) 20, PPh, DIAD, 61%

B 5 Fuwa fl Sasaki 4= &

Scheme 5 Fuwa and Sasaki’s total synthesis
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Paterson 4= ff.: 2008 4E, Paterson Hf 7T [ A 415 FH
D-A M SEHL T neopeltolide 144 1% (Scheme 7). 1%/
HBFIH 21 FIARFINE R M C(13) Tk, 7
22 3 B PR3 IR 0 J5LAS 2% 59, B 5K 4E Brown
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Reagents and conditions: (a) (i) (R)-(+)-Synphos-Ru(ll), Hy; (ii) MeNH(OMe)*HCI, AlMe; (87% for 2 steps). (b) (i) (2-methylallyl)/magnesium
chloride; (ii) PhCHO, Sml, (68% for 2 steps). (c) (i) acryloyl chloride, DIPEA; (ii) Grubbs I, reflux (83% for 2 steps). (d) H,, Pd/C, then, PPTS,

n-PrOH; (ii) MeOsBF; (iii) DIBALH, —78 °C (69% for 3 steps). (€) InBrs,

56%, 77%. (f) [CPRu(MeCN)s]PFs, but-3-enal, AcOH, 28%~58%. (q)

(i) OsOs4, NalOy; (ii) NaClO,, KH,POy; (iii) Yamaguchi lactonization; (iv) NaBH4, MeOH (73% for 4 steps). (h) 20, PPh;, DIAD, 75%

B= 6 Roulland 45K
Scheme 6 Roulland’s total synthesis

OMe
otBsl9 .«

63

11,0Me OMe
c
OTBS —_— OTBS

20

Reagents and conditions: (a) (i) (S)-BINAP-Ru(ll), Hy; (ii) TBSCI, DMF; (iii) DIBALH, —78 °C (76% for 3 steps). (b) (i) (—)-Ipc.B(2-methylallyl);
(if) NaH, Mel (77% for 2 steps). (c) (i) Os, DMS; (ii) (OMe),POCH,CO,Me, NaH (68% for 2 steps). (d) (i) DIBALH, —78 °C; (ii) DMP, NaHCOyg;

(iii) 62, Hantzch ester, dr=3 : 1

(86% for 3 steps). (€) 65, 4 A MS, 8 d, CHCls, 78%. (f) (i) DDQ, pH 7 buffer; (i) DMP, NaHCOs; (iii) NaClO,,

NaH,PO.; (iv) TBAF, THF (88% for 4 steps). (g) (i) Yamaguchi lactonization; (ii) NaBH4, MeOH (79% for 2 steps). (h) 20, PPhs, DIAD, 53%

B 7 Paterson &

Scheme 7 Paterson’s total synthesis
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f MeO

j k
> (+)-19 —— (+)-Neopeltolide

Reagents and conditions: (a) (i) Lipase PS-30, n-PrOH; (ii) BHs*Me,S, THF (98% for 2 steps). (b) (i) Swern oxidation; (ii) (CH,OH),, PPTS
(89% for 2 steps). (c) (i) LiAIH4, Et;O; (ii) OsOa, NalOy; (iii) (+)-lpc.BOMe, allyIMgBr (58% for 3 steps). (d) (i) NaH, Mel; (ii) OsO4, NalOy; (iii)
(—)-lpc.BOMe AllyIMgBr (64% for 3 steps). (e) (i) PPTS, AcOH; (i) LiCl, DIPEA; MeCOCH,P(O)(OMe),; (iii) TESOTTf, Et;N (81% for 3 steps).
(f) 74, TFA, 4 A MS, 75, 83%; (g) (i) (CH2OH),, PTSA,; (ii) NaCN, DMF (48% for 2 steps). (h) (i) 10% NaOH, EtOH; (ii) PTSA, acetone (74% for
2 steps). (i) Yamaguchi esterification, 40%; (j) (i) Pd/C, Hy; (ii) NaBH,4, EtOH (71% for 2 steps). (k) 20, PPh;, DIAD, 78%

B 8 Ghosh &5k
Scheme 8 Ghosh’s total synthesis

O OH a O OPMB b OTBSy O OH c OTBSy OMe OH
)J\/'\/\—> Me ( — W — R
EtO N
80 OMe g4 83 84
OMe
OYWO R o
d_ 0_0O OH O e, o4 | oms
— 7< K/k/ o QTBS| O
| <
OHC™ ™ HO o'\
Me OMe 82 85
86

Reagents and conditions: (a) (i) (OMe)MeNH.CI, THF, i-PrMgBr; (ii) PMB-OC(NH)CCls, PPTS (68% for 2 steps). (b) (i) 82, t-BulLi; (ii) DDQ,
buffer. (c) (i) Sml,, PhCHO; (ii) MeOTf, DTBMP; (iii) K.CO3, MeOH (29% from 81). (d) (i) 85, Yamaguchi condition; (ii) HFpyridine; (iii)
TEMPO, HsCel(OAc), (76% for 3 steps). (e) (i) Sc(OTf)s, CaSOy; (ii) DMSO, H,0 (21% for 2 steps). (f) (i) NaBH4, MeOH; (i) 20, DIAD, PhsP
(76% for 2 steps).

B9  Scheidt 4%k
Scheme 9 Scheidt’s total synthesis

FRELNA 83, FRHEMA A4 Sml, 51 K 1) Evans-Tischenko i& R AR N TE A B 2R 40 [E . R K
JFAFE] 13- R, LR p s R IRy, B C(5) Bk E 136 JR BL & Mitsunobu S B € AR T
2 55 R FH i TR B P o 2 B T 258 M) 62 £ A T A T O A neopeltolide 4= k.

84. 7 84 FIFR 85 7E Yamaguchi 25 T R AL BE AL S B, 122 Lee & & &

FESIMR T LRk ML DR A, FH DG F R I e SR AL 2008 4F, Lee #2114 450 5t B\ F Prins R %
(TEMPO) R B BAE hofly — U SR FE MR ALY, 18 Rghesoesb %, [mIRHR S0 T J0p P IS 22 2% DU 2L
FI Prins MUICHERTINIARE 86. 7EHEH IR =3 IR $Rusiy, 52007 neopeltolide 14 & Hi(Scheme 10). T
UM TRER) Prins BORSOSIRRIZE EXIAA, B 2o AR B i i i 5750, 0 47 1 S 0 7 T /2
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1S 2 88, HAE F— KR AR 3 1R T EE 0 %
Ri, LB R RS B G 90. SRS S EE 1AL
10 Y RN S S BB A e, Horpr C(9)fr B AL )
JEXt MRt 5 0 1P, B R A A N4 B i
91, WiFR WG AR 92 KA, ik PMB (1)
PPy LUBRF 52 Prins FMUHTIRAR 93, J5 & 1L 5 B
TR 1AL T KA Prins MU, F5T 7RIV 42 R VDA
Mt gityg, Mt QBRI BERTS 20 B4R 19, BE
L%k 20 4 Mitsunobu J2 )% 1] BA 58 fi% Neopeltolide ]
E

\/\H/Ha

93 OH
(+)-19

oM
. O(c-DPPB) © g
_a, \/Y\H/H P, A OBn N —
0 OBn 9
OBn O MeO
88 90
91

1.3 FIABRE DR MR KL
1.3.1 Fuwa &4 %

W0 52 A S 2 A BRI 485 A 1 5 ) 909070,
Fuwa /NSRS 70 AL S S (RCM) 5 82 S
HIRSERL T neopelto- lide 144 Ai(Scheme 11) &%), F
YA &9 94 2SR R XU D) TS B 95,
AN TR s TR A B L ATARS 8 5270 At S 2T BURE 95 Al
NANLHIE 96, Fdk A 48 Y AU DR A7 ReE B 1 B Bz,
BRI 97 Jola il iy TN EIRIE OB, = AL
A (TMSOK) & A= il 5 /K A 20 3 7 18] i 4 S 7 3t

OMe

COOH o opPmB
on (I A
P pph, HO h
92
87 89

Reagents and conditions: (a) (i) 87, CSA, CH.Cly; (ii) NaH, BnBr, TBAI, THF/DMF (5 : 1); (iii) O3, CH,Cl,, —78 °C, Ph3P (49% for 3 steps). (b)
(i) CH,C(CH3)CH,TMS, TiCls, —78 °C; (ii) 89, DCC, DMAP, CH,ClI; (78% for 2 steps). (c) (i) Rh(CO).(acac), H,/CO; (ii) H.SO,4, HC(OMe)s; (iii)
KOH, EtOH; (iv) NaH, Mel (40% for 4 steps). (d) (i) H., Pd/C, MeOH; (ii) 92, DCC, DMAP; (iii) DDQ, pH 7 buffer (81% for 3 steps). (e) (i)
TESOTf, TMSOAC; (ii) K.CO3, MeOH (68% for 2 steps). (f) 20, DIAD, Ph;P, 79%

B 10 Lee &AM
Scheme 10 Lee’s total synthesis

Ph MeO._0O Ph
MeO.___O TBS | Ph e |
O, HO,,
b AN /. C AN . d
OH

5BOM
96 97

OMe
OH
98

99 (+)-19

Reagents and conditions: (a) (i) TBSCI, imidazole; (ii) OsO4, NalO4 (58% for 2 steps). (b) (i) (+)-Ipc.BOMe, allylMgBr; (i) Grubbs' Il, methyl
acrylate (78% for 2 steps). (c) (i) BOMCI, DIPEA; (ii) TBAF, THF (90% for 2 steps). (d) (i) DBU, toluene; (ii) TMSOK, Et,0; (iii) 98, Yamaguchi
esterification (38% for 3 steps). (e) (i) Grubbs' II, toluene, 1,4-benzoquinone; (ii) H,, Pd/C, Pd(OH)./C (79% for 2 steps)

B 11 Fuwa &85

Scheme 11 Fuwa’s total synthesis
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BIHE

BRI N T IRAA 99, 7E Grubbs AR AL FFIE A
T RAS TR E s M, A F R
£ BOM [P JBEBR AR (R 38 Ji S B2, 56 KA Y B AZ
HE219 AR B FIEE 20 &4 Mitsunobu J B AJ
PL5E i Neopeltolide F4= k.

1.3.2 Hoveyda & & &

Hoveyda /N0 UMK ] DL Sk A 547 0 52 90 it S 17,
2015 4, ARATVRIFH BH AN AT A IR I R 2 a0 i I S AR
R SE R T neopeltolide )4 & il T 1F (Scheme 12).
A A MAEAIEEZ 100 FF46, 200 F M N-Z 1 s
R R Y, 153 p- 52 5L BRI &9 52, B4
¥& BN« Evans-Tischenko 8 J5 . #7535 FF 3L A0 RN 4 FH ik
Tl SN, MR A R BRI AT IR A 98. FRIR & Rk
BT VEE R 102 FALAS 2], B 56 102 MIET 2 L ARFHERE
FERCAA 103 1ER T R ARG R S iR B, =i
1RE VUSRI 104, H26 IGREREERR 1 T K AE KRS
B, 2 AR RRRLEY 105, RIEE 105 FIfE
98 2 i i

A NAF RN =9 106 75 FHEAHECAA 107 4L T
KA RN, DL 89% = R AF B KA W g
20108, A& AR AT Mitsunobu [ BB SER T
FAIRF=H) neopeltolide FY4= A k.

HrP UEE 20 ()G Rl 2R FHATET IO AL AE 3T

oiPr

PN XU (Scheme 13). 4 PR3 14L 54 109 FIR
BEAERH AT 110 /EH F158) Z M 24 DIRR R 111, 4%
FHAMAY) 112 RAEMBRMNAAEIEE 113, FEfERKAR
IR, B2 A TR A TR ) R 28 S B 19 B — 0 I
114, S I R T 4 —REEAT b7 115 /B R R
AR R NS BUARE 116, BB B AL MR
FIEE 20. A TAERSSETAEMEE 20 FORIRA B 4L
A B ERAE A T IR IR o OB, AR )
HWEY 18

2 Neopeltolide XIFHIEEE AR

Neopeltolide (1451 HA BRI B A0, X B4
BT EREN TAE. WBOCRFEE AR H, K3F
RN e NN Y 3 IS N AN == R e
BT AR A BB R S, R 20N BT T &k
Wt
2.1 FIRAXRFABELR RAHATTE
2.1.1  VAIZ 55 e m R 3 509 F o 3R

Hong KNS HE 28 & 2009 4E, Hong #HF|
FH 075 AT S A, B PR SR o s S ) SR DY S ML 2R, I3
I R FE R A S B 58 A neopeltolide A% /0B 425 A%
(Scheme 14). 1,3-MEREX AL EAT S AZ R 5 1 30
FU NP B E SRR A RS 18, B

...................................................

Reagents and conditions: (a) 101 (7.5 mol%), Bx(pin),, NaBOz, MeOH, THF, 86% (er=95 : 5). (b) (i) (2-methylallyl)magnesium chloride,
PPTS, CHCly; (ii) Sml,, PhCHO; (ii) Me3OBF,, proton sponge; (iii) KOH, MeOH (53% from 52). (c) 1-(vinyloxy)butane, 103 (0.6 mol%), ben-
zene, 88%, (er=99 : 1). (d) (i) 1.0 mol/L HCI, THF; (ii) NaCIlO,, NaH,PO, (86% for 2 steps). () EDC, DMAP, Et;N, 88%. (f) (i) 107 (8.0 mol%),
toluene, 89%, (Z/IE>98 : 2). (g) (i) Pd/C, H, EtOH,; (ii) 20, DIAD, Ph;P (68% for 2 steps)

B 12 Hoveyda && %
Scheme 12 Hoveyda’s total synthesis
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MesN ~— NMes
Cl

115

Reagents and conditions: (a) 110 (3.0 mol%), vinyl-B(pin), 86% (Z : E>98 : 2). (b) Pd(dppf)Cl, (10 mol%), 112, 82%. (c) (i) PPhs, CBr,,
2,6-lutidine, 81%; (ii) CUCN (50 mol%), allyIMgBr, 70%. (d) Z-2-butene-1,4-diol, 115 (10 mol%), 70%. (e) (i) Dess-Martin, NaHCOg; (ii) NaClOy,
NaH;PO,*H,0, t-BuOH, H,0O, 85% (75% for 2 steps)

B 13 Hoveyda M54 B
Scheme 13 Hoveyda’s synthesis of the side chain

3 v Yy “3‘””\;

118
OMe

—
122

123 124 (+)-19

Reagents and conditions: (a) (i) n-BuLi, THF, 1 h, then (R)-5-iodo-4-methylpenten; (ii) n-BuLi, THF, then (R)-epichlorohydrin (66% for 2 steps).
(b) (i) EtMgBr, Cul; (ii) Mel, CaCO; (84% for 2 steps). (c) (i) PhCHO, Smly; (ii) MeO3sBF,4 (81% for 2 steps). (d) (i) AD mix-8; (ii) NaH,
N-p-toluene sulfonylimidazole (85% for 2 steps). (e) (i) n-BuLi, HMPA, THF, 122, 75%; (f) MnO,, 3 h, then dimethyltriazolium iodide, MnO,,
DBU,MeOH; (ii) 0.1 mol/L LiOH, MeOH/THF (V . V=1 : 3) (77% for 2 steps). (g) (i) MNBA, CH.Cl,; (ii) Mel, CaCOs; (iii) NaBH4, MeOH (57%
for 3 steps)

B 14 Hong KIF P EsHE 246
Scheme 14 Hong’s synthesis of macrolactone core
AT QA% RGP AR, IR ERME b, 1521 AE PR TR A s 2 14,z 3 3 A VR e 1 I o R R £ JER
M 119 /X 4= Evans-Tischenko i J§US RA ST 1,3- 325640 S8R0 KFE R 22 19 195 k.

EW, FERNE MR EAT FEAL AT 3] 120, R A XU Subhash Ghosh KIWESH & B Ghosh /)

I 3 A X R R A B BR S AL e T AL A
121" F R AR e b 122 X3R4 121 FFIR N, 15311
PRI 123 7E A AR S TR R AR I T AL FR S SR R AR
FiE v N, (R R Gk SR A A FRIR, 133 KIR AL
RTIRAA 124, 7F 2-H SE-6-Al FE 2K FRR BT AL R A5 KR
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AL, AT T R E L & i (Scheme 15).
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HEMAET 127AW), B R A R BRARTRITF IR R
FEFE AR T LR R R EE BT A R I B A8 B

http://sioc-journal.cn/ 2535



ity

o OMe o d OMe OBn
11 13
128

125 C 126A b 127A
126B 127B

e o} OMe OBn
e AN
H

129
131 132
TBDPSO\/k)\/OH TBDPSOMOH BnO e
126B 127B 130

Reagents and conditions: (a) (i) TBDPSCI, DMF, imidazole; (ii) mCPBA, CHCly; (iii) (S,S)-(Salen)Co(lll)(OAc), H.0; (b) (i) AcCl, —78 °C; (ii)
MsCl, Et;N; (iii) K2CO3, MeOH (71% from 125); (c) (i) vinylmagnesium bromide, Cul, THF, —40~0 °C; (ii) KH, Mel (81% for 2 steps); (iii)
(R,R)-(Salen)Co(lll)(OAc), H-O (60% from 126A). (d) (i) EtMgBr, Cul; (ii) BhO(NH)CCls, CF3SOsH; (iii) TBAF, THF (77% for 3 steps). (e) (i)
TsCl, Et;N; (i) NaCN, Nal; (iii) DIBAL-H, —78 °C (75% for 3 steps). (f) 130, LiCl, DIPEA, 77%. (g) (i) HF-Py, CH;CN; (ii) Pd(CH3;CN)sBF4,
CH_Cly, r.t. (38% for 2 steps). (h) (i) Pd/C, Hy; (ii) TEMPO, BAIB; (iii) NaClO,, KH,POy; (iv) Yamaguchi lactonization (61% for 4 steps)

B 15 Subhash Ghosh K I P - 42 & A
Scheme 15 Subhash Ghosh’s synthesis of macrolactone core

128, 4 A i 0 3 A R S 2 398 o — B S Taylor K¥F A EEE 224 H: 2008 4E, Taylor /b
Jrik. AL IE R A 2 R 129 A1 A B 130 @i HWE A I P AR 4 I T IR AT R ek A AR
S, B AR RN ANET 131, ISR T A s, BRI AEAL RN A RT
it Bk ARG G, R AR AR A R R 2400 o BB TS R T neopeltolide 1% 0> 42(Scheme 16). 4 5k 3 56540
DU S PR P 5 R R BT, 132 IR R E R, SRR 4 HRIRIE R . WAL S NP2 Dess-Martin 204653 & 3
it TEMPO &AL A1 Pinnick FALFEAL ARIR™Y, )5 @it FAL NS 133, FIF Soderquist FHERAE 7 A0
Yamaguchi I AK S5 N7 58 B 4R 1 K. 13414055t 8 S2E AT A Bk 0 7R 2 A S o Js Y 4 PR AR 1

(0] H O 9] B O
J O, 2 e J A B
MeO OH N H
3 0]

Me

133

A~ _A_SPh
136

Reagents and conditions: (a) (i) BHz*SMe,, THF; (ii) (OMe)MeNH.ClI, i-PrMgCl; (iii) DMP, NaHCO; (86% for 3 steps). (b) (i) 134, BF3Et,0; (ii)
BOMCI, DIPEA (55% for 2 steps). (c) 136, n-BuLi, LiDBB, 92%. (d) (i) Sml,, PhCHO; (ii) Me3sOBF,, Proton sponge (79% for 2 steps). (e) ICl,
NayS,03, 71%. (f) (i) ethyl propiolate, BusP; (ii) AIBN, n-BusSnH (93% for 2 steps). (g) (i) KOH, MeOH; (ii) TCBCI, EtsN, DMAP; (iii) Hz, Pd/C
(83% for 3 steps)

B 16 Taylor K¥ N EHEZL4 %

Scheme 16  Taylor’s synthesis of macrolactone core
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P15 135, p-FIEmREE 136 78K BRI % Weinreb
P B AT SR AZ I R4S B B-FRBEER 137, SR PR R A
Evans-Tischenko & Ji Jx N33 1,3- #2347, Hebfg
TR IR R S IRtk ik & 138, TE S
510 Tk % B8 S BT DL sk B L C(S) Tk R I
(1391, WY 139 75 = T I B 1EF T SR Z B Rk
AR T R Y, AR R AN T RN I T VOR A B E
T INALR NS B UL AL A4 1400, K Mg 2
[l 7K i I K AE Yamaguchi KIFBELL, fEINE ST
L 163 S R gl 8 IO R P R AZ O 22 141 16 A
2.1.2 A1 D-A R A=[3,3]-F HER 2 A9 A ok vh
3R (Raghavan K 3F N BB &R A %)

2012 4, Raghavan ###Z 1525 T neopeltolide )k
WERE, 1% T/ERHES D-A KMNH[3,3]-FHAx
97 5E il VU S IR 3 R A4 2 (Scheme 17). ANTELRIES 142 76
MacMillan 251 T 2k 47 XU 1) AN X6 BRI iR B -1
DI R I5 5 U 144 KA TR D-A RSP R
SRR 145, XFERHRIEHEAT Luche i JRPPAN 20 Ffk JE 4
1533 146, B )5 &4 Ireland-Claisen = HEP) 4 B
2,6-cis NI ML 147, KHHE R ONRE /5 3ET TBS
Ry, 72 LDBB EH T, RAERGBETE 148 10
NASE] 149, 1521k G4 IT 25E E AL S S AR S
153 — F2 5L HR 150. #5414k ) Evans-Tishchenko fz b1
EFERE, PR R RIS T RS A
151. KEeFE/KM#, TEMPO FIES R MILAR & B A A i

Phs” N
SPh
L B
H |
142 ac
146
f i-PrOCO
—

iProco

151

OMe

BRRNR, A5 K4 Yamaguchi KM EsLES 11, 78
A R R, A R R B 48 5 AR A R A R R
e CO)YFIEFREE, R Te ORI W EEAZ O 42 141 &
i
2.2 FIAKIESFIMULR AT AKIREEH K PO S A E
IR
2.2.1 Yadav K3R A BB FRA K

Yadav #3ZP MR Prins KA SR T IETER T
neopeltolide KIF g H J2 105 i(Scheme 18). (S)-&
it 22 3o T AR I R A U ) SR AT ok S A9 3 45 TR
Bl 152, SLAALUIBIOE R 1531 B 5 5 (25)-4-
Hii-1,2-1% I R A Prins FAb & N A3 5 R 154101 55—
K Prins LN EESL C(ID)AT C13)FHE#EE, ¥ 155
IR — 52 R B A B 5 R AT B e B A5 21 v ]
T 156. FRFEM IR . A d SR OB [R] IR e B
B BRI, AT A8 A TR I B AT S
TORBEREEL I WO, M A5 20 18 A SR HT SR A 157
VEZ WG B 4515 134 1518 Lee /NARIA BT IR 5E K
R AZ OB SR B R
2.3 FABRE DR AR KIRLEN
2.3.1 She K3& A B FRA MK

2011 4, JE2E T PR A AR 0 0 I 1 e AR
e AR s RN 73— A A 0 B A S 53 il 5 S DY
ML 45 R0 neopeltolide KIE5H4 1) 5 % (Scheme 19).

141

OMe

0]

HN//g P

\"I\N *CCI3;COzH \/Y\CHO
>\ H TBSO

143 144 148

Reagents and conditions: (a) (i) 143, Hantzch ester; (ii) TBME, TFA, 144, (S,S)-(Salen) (56% for 2 steps). (b) (i) NaBH,4, CeClj; (i) AcO, TEA
(91% for 2 steps). (c) (i) LDA, TMSCI; (ii) etheral CH;N, (90% for 2 steps). (d) (i) LAH, THF; (ii) TBSCI; (iii) LDBB, THF, —78 °C, then 148
(51% for 3 steps). (e) (i) IBX, DMSO; (ii) TBAF, THF (81% for 2 steps). (f) (i) isobutanal, —50 °C, Zr(Oi-Bu)s; (i) NaH, Mel (75% for 2 steps).
(9) (i) K2CO3, MeOH; (ii) Phl(OAc),, TEMPO; (iii) NaClO,, NaH,POy; (iv) Yamaguchi lactonization (39% for 4 steps). (h) Hg(OTFA),, THF, 24 h,
then NaBH,4, ag. NaOH, 24 h, 60%

B3N 17 Raghavan KIF S E 2L 6
Scheme 17 Raghavan’s synthesis of macrolactone core
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BT RIRE R

OH OBn OH OTBDPS
a b OBn o c OBn 13 d OBn
ST ) T, = T e |
= H (6) O
153 155
OH 154
152

OMe OMe OH

o OBn OH OTBDPS /L\V/I\V/A\\/J\\/J Lee's endgame
- M — MeO 1M>"13 — > ()19

156 157

Reagents and conditions: (a) (i) NaH, BnBr, TBAI; (ii) H.O,, (PhSe),, t-BuO,H, CH,Cl, (74% for 2 steps). (b) O;, —78 °C, Me,S, 88%. (c)
(S)-pent-4-ene-1,2-diol, TFA, CH,Cl,then K,CO3, CH30H, 56%. (d) (i) TsCl, EtsN, CH,Cly; (ii) TBDPSCI, DMAP, imidazole; (iii) Nal, reflux (84%
for 3 steps). (e) Zn, EtOH, reflux, 96%. (f) (i) MesOBF4, CH.Cly; (ii) Hz, Raney nickel, EtOH; (iii) DMP, NaHCO3;, CH.Cl,; (iv) PTSA, CH(OMe)s,
CH3OH (56% for 5 steps)

B18  Yadav KIK P EEE 226 ik

Scheme 18 Yadav’s synthesis of macrolactone core
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OMe

OH
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\\ Os_OMe O+_OMe *T/\T/“\/
HO ™ NoH —m WL o e o a4,
158
OH OBn
160

OMe O

pZ (0]

OBn
161

Reagents and conditions: (a) [Ir(cod)Cl],, (R)-Cl,OMe-BIPHEP, allyl acetate, 70%. (b) PdCl,, CuCl,, CO, CH;CN, MeOH, r.t., 4 h, 83%. (c) (i)
BnO(NH=C)CClIs, CF3SO3H; (ii) Grubbs’ Il, MeOH, 60 °C (73% for 2 steps). (d) (i) LiOH, MeOH; (ii) 98, MNBA, DMAP (87% for 2 steps). (e) (i)

Hoveyda-Grubbs' II, toluene, 80 °C; (ii) Pd/C, H,, EtOH (53% for 2 steps)

BIX19  She kIR ATEHE 2L 5 )

Scheme 19  She’s synthesis of macrolactone core

FIH Krische /NI Ji2 OB P A PO RUAS S Bk b 7R 4k
SN E AT C-2 RERRPER R 158, 35 & ARl
e SE AL BRI B9 B IO U R Ak A4 159, Zid
FELY G, 76 Grubbs AL & AE K v SUE ) IE S
SN 15 Bk S SRR 160, BEFEEK RS S8 98 18
2- i Jk-6- i 22 T H R I 1 26 1 R & AE 4K S 7 7T LA IR
ME RS RE AT 161, BFiEEH) THEEE S
I LA SRR 42, FEARR NS T RN R A 3
it ok ATDOUBREE J5 S B, 5E RO 22 19 1R k.

2.3.2  Sharma K 3% P B& B 5 A%

2012 4, Sharma /NP ST 4 I 8 52 0 A S I A
IR S S5 R S5 T neopeltolide AFAH 42
HR BRI CAIE AW 162 iR RN . AR
JE R DA R Rl AR AR 5 163, 1355 5 SUK R 4 5
1,2- ZREF AL N IR R A E D, TR REAL & 0 IR S ) T 38
SN AT LUBA 5 EIEE 166, He P FEBEE L0 R IR RN %
TR T AR R X BRI A Ak S R R 3k B 1
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WAR B _RNEY 167. (£S5 TG40 RN
UEE T I R R A A 8 B Y B 169 1) A AR
(Scheme 20).

FRIR Fr BUR & O E R F AL &7 170 (AT FRIA
AMTFFU6 (Scheme 21), &I AHIBIHEGFH] 1,3-
171, B REPFAL G AR 172, B G kR I XG4
RN IR R AT 173, LS G IR A A
FHAAE LR R B S 173 el 174, Kimfr
FIFRFE 2 BB 5 A AN IRTR 175, BRIRF B
MIEE 169 Fafl 5 7E Grubbs AL T &4 KIME BAF 2]
U TR P T 4R8BSR R, B
RAAE RIS BIAG SV S 454 177" 5 B
[ 7 I g FH S PR RS R AT 7K A 58 BROK IR N iR AZ 00 i 22
141 H) & K.

3 Neopeltolide Z{4IE X R X R R
Tz s, X T neopeltolide

Chin. J. Org. Chem. 2017, 37, 2526~2543



Chinese Journal of Organic Chemistry

a WLO OTBDPS p 4 OTBDPS c
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162 163 164 165OTHP 166
d m . OMe OTBDPS ¢ OMe OH
T HOT Y - \/‘\/\/K/\ - \/k/\/k/\
OH 467 168 169

Reagents and conditions: (a) (i) n-propyl bromide, Mg, —40 °C; (ii) (COCI),, DMSO, Et;N, —78 °C; (iii) LiAlH,, Lil; (iv) TBDPSCI, imidazole
(46% for 4 steps). (b) (i) CuCl,, CH3CN; (i) BzClI, Bu,SnO; (iii) TsCl, EtsN; (iv) K.CO3, MeOH (58% for 4 steps). (c) (i) n-BuLi, BF3;+Et,0; (ii) Mel,
NaH; (i) PPTS, MeOH (41% for 3 steps). (d) (i) Red-Al, Et,O; (ii) (—)DIPT, Ti(Oi-Pr),; (i) MesAl, hexane (60% for 3 steps). (e) PPhs, imidaz-
ole, I, 70%. (f) TBAF, THF, 84%

BlxX 20  Sharma 5 5B 169 1145 A%
Scheme 20 Sharma’s synthesis of alcohol fragment 169

OPMB

—

OH %O OH OH %0 OPMB c o
O\)\/k) —’O\)\/k/\

—
OTBDPS

o] \ OTBDPS

172

170 171

PVB
o o omoMm

175

177 OMOM

Reagents and conditions: (a) (i) (—)-DIPT, Ti(OiPr)s, CeHsC(CH3),O0H, 4 A MS; (ii) Red-Al, THF, 0 C~r.t. (68% for 2 steps). (b) (i)
p-anisaldehyde dimethyl acetal, PPTS, CH.Cl,; (ii) DIBALH, CH,Cl,; (iii) TBDPSCI, imidazole, CH,Cl, (63% for 3 steps). (c) (i) CuCl,-2H,0,
CH3CN; (ii) p-TsCl, Bu,SnO, EtsN, CHyCl,; (i) K.CO3, MeOH (62% for 3 steps). (d) (i) vinyl magnesium bromide, Cul, THF, —20 °C; (ii)
MOMCI, DIPEA, DMAP (75% for 2 steps). (e) (i) TBAF, THF; (ii)) TEMPO, BAIB (60% for 2 steps). (f) (i) 1562, DCC, DMAP, CHCl; (ii) Grubb’s
I, CH,CI, (44% for 2 steps). (g) (i) DDQ, CH,CIy; (ii) Hg(CF3;COO),, CH,Cl,, KBr (76% for 2 steps). (h) (i) n-BusSnH, AIBN, toluene, reflux; (ii)

conc. HCI, MeOH (80% for 2 steps)
A=K 21

Sharma KIF P B 226 il

Scheme 21 Sharma’s synthesis of macrolactone core

&R TR KERIRIE. R, RE2 0N —H
T E R A o R P, 7 S Ae &
WA E ARG &Y. JLHJE Fuwa DN, &
% T K& ¥ neopeltolide 25ML147), FFHEAT T & MM,
3.1 Dai 4948

Dai 78 /NATOR J& T — Bl L A ) 931 P9 Ut
AR AL S B, (R A 52 T DD M g R R R R Y T
W, BAHIER B A K (Scheme 22). FIF Y 178
TERSFRAEAE N R AL S NAF BRI S50 179, KE
A7 TR ) 7K ARRD 3 38 I S AR B 9-2 F IR R IR
B2 180, FJ5ERMEE S5 T 9-demethylneopelto-
lide (181) & F.
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3.2 Maier ZUE B AIEMETR

2008 4, Maier Z5PPME 52 T neopeltolide ) 4: & Bk
TAER SR L, 3 T H O R BUBEE 1 ST AR S 4 AR AL
RN T — e R SR 182~186, L T — R4
a7 17 W N Sl [ e S S o i D A /A4
(C2'-C3"), E (C4-C"IHIMEY 184 HA IR A BEVE
P, Kb/ BT R0 (L929) . A i 41 D (A549). iE
JR B T (NADH) R 41 41 5 1) ICs 739314 0.16, 0.22,
12.9 nmol/L, FIRARFZHIHI neopeltolide F% MR 2
T, 4108 0.25, 0.16, 10.2 nmol/L (A 2).
3.3 Fuwa H{HE R TESERR

Fuwa /NAYTRIF CAF 1A O 2k &l T 2Rk

2539
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180

Reagents and conditions: (a) Pd(OAc),, CuCl,, CO, 4 A MS, DCE,
58%; (b) (i) HCI; (ii) NaBH,4 (72% for two steps); (c) 20, DIAD, PhsP,
56%
B 22 Dai’s neopeltolide Z5LU41 & %,
Scheme 22 Dai’s synthesis of neopeltolide analogues

OMe

o

0y, 0 (';N

a0
z e N

184: n=1, Z (C2'-C3'), E (C4-C5")

185: n = 1, E (C2-C3'), E (C4-C5')
186:n =0, E (C2-C3))

B 2 Maier & neopeltolide ZRAUYILE#4

Figure 2 Maier’s synthesis of neopeltolide analogues
R (B 3). ABATE %6E BT 9-demethylneopeltolide
(181)F1 11-demethoxyneopeltolide (187), %1%} P388 4Hfify
RIPEE LR, (L&Y 181 AN R MA BT,
H 1C59 4 0.813 nmol/L, & neopeltolide AJ 1.11 f%(ICs
=0.899 nmol/L). #% Fuwa /NIRRT E 0 fft s B,
TEPR B C(3)M C(T)IL B FPEIR LN cis-F R HITEHL T,
AT 16 Ff 8,9-dehydroneopeltolide fi74:47) 188a~188p.
WHICRIN, FIRIRF=IIORFE— BT 188a A
BIRUF A AEFEVEVE, AR AS49. AN FLIRE 40 &
(MCF-7) A £F4E pag v 5 4 5550 SE40 I (HT-1080) /)
i ML 2 A (P388) ) ICso 737108 0.5, 33, 0.51, 0.72
nmol/L, fE NKIEAIM R AS49 RMHEZRL TR
SR72H) neopeltolide (ICso=1.2 nmol/L).

3.4 Floreancig K{\HM& R EE AT

Floreancig Z:0*"FIFH O & 26V G 1 T 2 F
FKER(E 4). HATE G T 8,9-dehydroneo-
peltolide (188a), #2345 F| XU EALIE R A 1 T 9-epi-

1b: neopeltolide
182:11-epi-neopeltolide
183: 5-epi-neopeltolide

2540 http://sioc-journal.cn/
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2b: neopeltolide

181: 9-demethylneopeltolide 188 a~188p

187: 11-demethoxyneopeltolide

kel AR kel SR EE
188a 3R,5S5,7S,115,13S 188i 3R,5R,7S,11S,13S
188b 3R,5S,7S5,11R,13S 188j 3R,5R,7S,11R,13S
188c 3R,5S5,7S,11S,13R 188k 3R,5R,7S,11S,13R
188d 3R,5S,7S,11R,13R 188l 3R,5R,7S,11R,13R
188e 3S,5R,7R,11R,13R 188m 3S,5S5,7R,11R,13R
188f 3S,5R,7R,11S,13R 188n 3S,55,7R,11S,13R
188g 3S,5R,7R,11R,13S 1880 3S,5S5,7R,11R,13S
188h 3S,5R,7R,11S5,13S 188p 3S,5S,7R,11S5,13S

B 3 Fuwa A% neopeltolide 24 45 14

Figure 3  Fuwa’s synthesis of neopeltolide analogues
neopeltolide (189), 8,9-epoxyneopeltolide (190), dihy-
droxyneopeltolide (191), (8R)-hydroxyneopeltolide (192)
F1(8S)-hydroxy-9-epi-neopeltolide (193). {IJ4%EA1 5-5 %k
BEZ AT ACAS 2 194, DAZRER, HHERE R RE e
WRERHEAT B 4020 513 2 196 #1197, FxT LR &7
A FRVEVEEAT 7O PEIN. R c@)—C(5) AR
WU SEH, [RI DMK A B AR LR, 153021004 198.
WEEMR R I, LAY 188a H 189 7E A\ 45 7k 4l i &
HCT116 1 Glso 4373} 5.41, 6.62 nmol/L, #ed%ili RIAF=
YIRIEUE (Gl5g=0.77 nmol/L), 189 7 A\ JLAz% 4 AL &
MCF-7 HJ Glso (1180 nmol/L)ZEALF neopeltolide (6960
nmol/L). £ HCT116-p53KO 40 R MEIF, (8R)-
hydroxy neopeltolide (192)[1) Gls, (13 nmol/L)#x £t
neopeltolide HJ{E (9.9 nmol/L).

4 FHREHRAIR

PUAER A B 5 2 K I LK 2= 25 8088 1) % R
EH TIRKMTTER, 4 PRI SR UL e
RN 2R B B fa, A PTA 208 25 et e fE
. RIAERE A —RIBE N AT IRRP A RS
), HT SRR, A RMERROR, fEIRK M) — B E
WA AR B 9T .

Neopeltolide 1F—/N%f2H i B AT 3 (1 = FE bt
HTEREVE RPN R, B RILCAK, B3] TR KRR
E, BIHATAIEA 20 258G B SHRSC. 1
neopeltolide /G2 TR, A AT 75 2 %0E. H
—, BRI N R OE R W BRI &) 200, AT L
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:;—\_ (0] :r)—\_
194: X=N; Y= Ng_O 195:X=0,Y =
; N HN)J\OMe N O
NS
o)
196:X=0,Y = HNJJ\OMe
NS
9
197:x=0,y= N /HNJkOMe
189: X=X'=Y'=H,Y = Me; N
190: X=Me, X' =H,Y =Y' = O;
191: X=Me, X'=H, Y =Y'=OH; — 0o
192: X =Me, Y=X'=H, Y' = OH: 198: X=0, E (C4'-C5), Y= O~ HNJ\OM
193: X = Y'=H, Y= Me, X' = OH:; ©
N
B 4 Floreancig & B[f neopeltolide Z LM 454
Figure 4 Floreancig's synthesis of neopeltolide analogues
o ST e
X 20200 X=NVY= No.O NS N+ _NMe
199:X=0;200: X=N; ¥ = BN HNJ\OMe Y HN" SoMe Y HN~ “OMe
N ' \ x '
o 8 Dl
N S N _NMe
NS o|.|NJ\N|.|2 Y HN"ONH, Y HN” “NH,
. X ' X

B 5 Neopeltolide AT A4k ISP 4544

Figure 5 Desgined structures of neopeltolide analogues

5 N EE A AT AT AL, BRI B A Z5 4 Y 2
AR RO A S ) PR P ) 50, Pk 7 JH X4 128 P 50 T
e AR m(K 5). o, BRI RS D RZILEY)
e CAE— 2 AT I PR 6 (O PR A, Bl AT ) s 3 v 65
AR, EAA R neopeltolide B BN ZAL AP —5
PSR
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