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Synthetic Studies toward Natural Occurred
Cyanolide A and Cocosolide
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Shaoxing University, Shaoxing, Zhejiang 312000)

Abstract Cyanolide A and cocosolide, two 16-membered dimeric macrolide xylopyranosides, were isolated from Guam and
Papua New Guinea, respectively. Their fascinating structures and outstanding biological activities had attracted great attentions
from chemists. The synthesis of cyanolide A and cocosolide is reviewed based on the construction methods of tetrahydropyran
ring, which involves oxo-Michael addition reaction, oxo-carbenium cyclization and transition-metal catalyzed cyclization

reactions.
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MeO,

Cyanolide A (1), R' = Et, R? = Me

Cocosolide (2), R" = \PKVEF R%=H

B 1 Cyanolide A il cocosolide ffI£5 14
Figure 1 Structures of cyanolide A and cocosolide

I H AT A8 2 thE S5 TRl P A A AT 1 A LR
PR —, W5 N B I R R SRR, k52
e NECRH 2.07 12, BFE 7.79 1N EA BEGR X
B H A G 3 B S AR SRR SR BBl ik,
1 I 7 UM R AR B ) 2 A A8 B b o W R A G 1 T
i AEWEYERF 7SR B, cyanolide A ELA 1RUT A KIRRL
B, R MBAE R R KR, JCHX e MU IR 1R
TFHIER(LCso=1.2 pmolsL "), i IfiLWR H7 fI 5 ¥ A
ZEX.

Cocosolide MU 7] PAAR £7- 4 IL-2 7242, T TR,
G345 R T PR R A SR A1 R B OU P B AL S AR i
MR RIA BEERE X, Ak, Cocosolide Xt CD-3
) T2t L P s AR AU

Cyanolide A F cocosolide 1 #2514 Fll R 4 (1) 4= 47)
W SR T A R R R N e PR %
Cyanolide A 1 cocosolide B4 w1 FE [ g5 F AR, 72 DY
LIRS, eI A R CAEREAT
MEEFLELE, AT cyanolide A F1 cocosolide fiff 77 LA
[k — 0 JF . AR SRR R4 DY S0k i 144 30 77 VA 1 A
A, GAERRIE SR IR N A8 88 B I s S AR I v
&R AL AL [ N 46, X cyanolide A Fll cocosolide [
ARt Rl B AT g, R IR B, & H T coco-
solide R 7T 11K

1 Cyanolide A U4 R

1.1 |FIER/RINAKR B A5 SRR
1.1.1 Hong #9& %

2010 4E, Hong "R Fi I 7 A8 Ak — R BEIE 7 /K
TR R S 58 1) T cyanolide A FRI4& 1K, FEf e H 44
XFF R (Scheme 1). MEREL G 3V ELL A 41
NS LAY 5, JEE R A — Rt
A, Tl 5B A R L AR R R R T A A 3 v R
R B, 3 EIPUEME L S 6. MR DY St iR 3R
) 1,3-WEEEEE M, s KA BRIE I ST AR IR B 8 SR 15

3106 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

FBRIAED 7. (WG 7 FOBELESE 8UOI/E % 5 MR i
N RAFEFL RN, LL 3.7/1 WEHEXTBUE RS 2] p
A FERFE LG, B4 PMB BEH B 2]
Al 9. J53&{E Parikh-Doering S840 T #640 NEE, 1E
(+)-MIB PR PR ] — L T e R (dr =
6 : DUVEFI AL AY 10, 5 4t BEEE K i R AN
Shiina i fh 5 N 5E LR AR =4 cyanolide A 14 K.

8~ MnO,, DCM

_ >
THF, then 4 then, MnO,

OH PMBO DBU, MeOH
81% 88%

to
BuLi, HMPA OH HO

(1) 1, NaHCO,
B —

(2) NaBH,4, MeOH
95% for 2 steps

7

OR (1) TPAP, NMO
(1)MeOT, 8 MeO,C (1) TPAP, NMO
—_——
(2) DDQ, DCM (2) EtyZn, (+)-MIB
76% for 2 steps HO 68% for 2 steps

9
dr=3.71

OR
(1) LIOH, MeOH
B ——

(2) MNBA, DMAP
93% for 2 steps

Cyanolide A (1)

MeO,, OMe

OPMB /Ci R =  _OMe
< meo v~ YsPh ﬁoj
4 OMe “OMe
8

B3 1 Hong /N cyanolide A B IXRAEH K
Scheme 1 Hong’s first total synthesis of cyanolide A

1.1.2  Reddy #94& m&

2011 4E, Reddy NHAMPILIAKIFR aldol . A 4%
A 5 SR IR N AT Yamaguchi Big Ak e B 25 Sy S o0 B
SER T RARFEY) cyanolide A XU TR KA H 21 & %,
(Scheme 2). FLyc g 11U N3 ff Y. BRFEEIEJR
Wittig S .. TBS fr# . &AL BT Dess-Martin
AR NS 6 NP IR, BANRE 12, BlJS R A5 iR
FEHIR AR aldol 46& [N, LA 95%HHEXT ik FEi:
BT IR 14, TEILEMINGER R, p-FREm K
A2 1,3-cis IBJFE L, FHE— AL AR TR 15, FRARIR
285 TBS bR Swern AL N Al Horner-Wittig J v,
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193 ., f-ANHIFIEG 16. TEBRM: S5 AT T HEAT 4 I R /K i 1)
[ et R 26 SR 2% 30 5 SR B 200, R 4 722 G Sk i
H, BEedmEKBERINEY 17. 4L T
Yamaguchi K P 6 A S RPN A Ak I &S Rz B AT 52
cyanolide A FRIXUA i KFA 242 18 )5 k.

(0] -
HO: i Ref. [19] TBSO\/"ﬁ,OBn 13, BF5" Et,0
o "= — - %
28% for 6 steps 9
: o P OHC 56% brsm
1 12
TBSO % OB TBSO j OBn
" (1) catecholborane /\Zﬁ’
< (2) (CH3),C(OMe),
O OH PPTS, DCM o. 0O
14 60% for 2 steps 7<
15
L _OB
(1) TBAF, THF EtO,C AN n
(2) (COCl),, DMSO (1) PTSA, CHCI3
(3) PPh3=CHCO,Et H H (2) LiOH, MeOH/H,O/THF
61% for 3 steps O7<O 77% for 2 steps
16
HO
OBn
(1) CI3PhCOCI
DMAP, Et;N
—_— »
(2) Pd(OH),, Ha
H 29% for 2 steps o Et
OH
17 Cyanolide A aglycone (18)
OTMS

13

B 2 Reddy /N cyanolide A XU g K H 4210 & ik
Scheme 2 Reddy’s synthesis of cyanolide A aglycone

1.1.3 Pabbaraja #9 & &
2011 4, Pabbaraja /N8 T cyanolide A [#IXX
P9 KB 42 1) & B (Scheme 3). 156 M FLIC R 11 FF
B, ZaREELRY | B TR AT Wittig SN AR BUAEE 19.
Ja#& A BN 5 5 T 20 &4 Nagao-aldol [
R0 LL 9 L RS U RS BT ERE 21, BEE
T4 HE AN Weinreb Mtfiz, 728 ZE R 5 o i B 5,
FILERIPE 614 T H Weinreb BERZE WM EEILED) 22.
DA 22 203 i 5 2 A Rl P - 45 P R N7 A7 23 e
Wittig Je 8 B3 16731 N AR S /K Nk, BA 7 < 2 FR RS
BC I B % T DS IR ER 24, R A AT B R
be bR 47 e B, B4l R B - B 5 A - 56 B (Corey-
Bakshi-Shibata, CBS)i% 524 i F 1 26, 5t 15 WU
AL NIRIRAG &) 27, 18] FH Shiina 44 58 ik cyanolide
A PR BRI BRI A B
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(2) 20, TiCl4, DIPEA
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0 (1) benzyl imidate ?Bn oH
R ———
(2) DIBAL-H N

b,
HO™ [ (3)CH,=PPN,

11 66% for 3 steps 19

OB OH O S 1) MeNH(OMe)HCI

|3 T N™ g (2) Lithium, naphalenide
s Bn)\/ (3) Ba(OH),, THF

(dr=9:1) 87% for 3 steps
21
(1) DIBAL-H (1) TBSCI
—_—

(2) S-CBS (25), BH; -DMS

(2) 23, reflux
79% for 2 steps

o
76% for 2 steps J

26 (dr=4:1)
(1) MNBA _
2) HF-Py Cyanolide A aglycone (18)
43% for 4 steps
Ph
N//< PhsP: N,
)\/S 3 \)I\/ /B/O
B 23
" 20 25

B3 3 Pabbaraja /N cyanolide A XX P IS KA ZEHI & AR
Scheme 3 Pabbaraja’s synthesis of cyanolide A aglycone

1.1.4 Krische #9 4 A%,

Krische BRI R T —FhBEF4& ML AT B
W B SN, 546 G0 P 2R DT VAR B, 2 AT L
LN — G R AT AR BRI TS 2R A )OBE. 2013 4,
Krische Z"MFIFIi% % M 5ERL T cyanolide A 44k
(Scheme 4). LAHTIN —HF 28 NG RL, Gid AN FRIG R 3
I N 2% 1,3-anti T 29, Bl 51 2,28 206 5E R 30 &
A IR o R R R R A I S SR IR R, T 4y
THORPRE, AT LAAS 2 ME— i DY S G 54 31, 1Y
MR RRESHEY) 8 AT LR BAE R 32.
32 285 BLAE A SO AR s PR T R UL B R A P A — A
T RN SR & AT 2 LAY, Hh COE
HIEFRIE LA 5 0 1 SEARIEFENELS 2R AR =W B /5 (1)
P S5 R K b3 TR e I8 o A i — AP R
221 2,2,6,6-VU HILIRIE A AL Y)(TEMPO) AL BN R IR
&4 33, e Ja4ad Yamaguchi KR A EEAL Sz B IR 75
FIRIRF=H) cyanolide A.
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(2) TEMPO, NaOCl
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OMe “OMe
8

B 4 Krische /NH cyanolide A H14 A %
Scheme 4 Krische’s total synthesis of cyanolide A

1.1.5 Bates 894 n%

2014 £, Bates WA IR F 48 24438 70 2R RS
M T AR, H5EK T cyanolide A HI4 &
(Scheme 5). FEBREERIINTT M 1,3-cis —FRFLLEH FFIT
FIH %, 5 Jennings /NS K2R AEF AL M R-
WA T Wi, Gk F 30 i SRR o s Ji A= s I T e
35, FifiJa KA IR o i S SN 43 N AR 2% 38 b ZR IRk
R, R 1,3-cis —FRFREERIHLTT. R 36 &0 YA R AT
0 Ji RN 2-f i 2 2K H R (IBX) AL 3L o, B 53,3
TG FLIR KA Barbier-type [N, PLAERR AR
EEIEG - DERMLEW 3T, JaE 53815k 5 e T gk
TR LR, 133 B — RN &9 39. 39 &0 A
b S A RS SRR 40 K= Horner-Wittig [V,
A AN R 41, 41 7ERR P 250 T R AE 4RI ) 7K At DA
ARSI SR NN LRGSR DY S PR A, ] B i B T
TR A A o-FR R, S R e R ER B ) W o- 72
LR 2 BA 33, ) 4 1 Shiina BE 1L 5 B cyanolide A
(ESEENA
1.1.6 Zhou #94-m%

2019 4, JE ARS8 P A 0 AR A6 2R R
BT C(5), C(TYFI COO)=NFHFaHE, R HARE
IRIMBSBE, 2R T cyanolide A XU A i KR 22104 B
(Scheme 6)'"). 15 S FI AL (Ra)-43 Xt p-Fi S g 04T
AN, 1521052 2 347 H 4 28 H R (MOM) IR 715
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B 5 Bates /N cyanolide A [FJ 4 &K
Scheme 5 Bates’s total synthesis of cyanolide A

FMLEY) 44, B RUCKERRFL KR . BR4d & S RAAS
XFPREEAC I SN, A 2% 1AL &) 6. FERLH) P i
EWR, Yok MOM Bk y%e e, 1 280d MeE /K A
HEAR & SN FI AN BR A NS B A5 3] p-F2 HE 1 48. 48
281 P U A SR D SR DA TR A AR 1,3- % 49.
TR R A AR Wittig OB, BT DK 49 F44E
N o f-ANHIANG 50. Fodk kA BRI 5 AR SRR 44 A R
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20 1 R K R SR RT DA SRR S 51, 51 KA
Shiina sk S N A: B A BE AL & WIFE = SALER SR AT
KA HJEER K 43 AR, 52T cyanolide A P R KIR
HHHIA L.
1.2 S|SB FIMLR AT SIEIR
1.2.1 Rychnovsky &9 % — X A& %

2011 4E, Rychnovsky /N2 B T AR5 5 & ok
W 5ER T cyanolide A FKFR R B 224 1K, LA Prins 2F

Chin. J. Org. Chem. 2019, 39, 3105~3113



Chinese Journal of Organic Chemistry

REVIEW

OMe

(1) LiOH
o o (1) (Ra)-43, Hy L
BUOK o o (2) CDI, MgCl,, 45
OMe (2) MOMBr, DIPEA MoMe (3) (Ra)-43, H,
42 78% for 2 steps a4 {BUOK
61% for 3 steps
OMe PN (1) LIOH, THF/MeOH

O OH O I,, acetone o0 (2) CDI, MgCl,, 45
Sl At s et T Y
(3) (Sa)-43, H,, 'BUOK

_—
oM 76%
e
46 a7 COy,Me  88% for 3 steps

P

o0 OH (1) Mel, LDA 0770 OH oH

(2) Mel, LDA
- -
H\)\/\ (3) LiAH,, THF 40
48 CO,Me 52% for 3 steps

oH (1) MeoTf HO OMe

EtO

TEMPO, BAIB .
PhgP=CHCO,Et (3) LIOH, H,0
84% THF/MeOH
61% for 3steps  Et

(EIZ = 6:1)
51
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O Et
Cyanolide A aglycone (18)

B 6 Zhou /N cyanolide A XU i KB 221 A %
Scheme 6 Zhou’s synthesis of cyanolide A aglycone

b = R S DY S ML PR 25 74 (Scheme 7). MR R-IF4
Thith R, G4BT ERNEEIEE 530, BE)E, 46
P 25 A FE IR R R AR S AL B, ek — PR AR 4
AL &) 54, BRI Bt sirh, EiRER 33-24
AFE-2,2- T HIFL IR LT (55) A1 = F 3 fk i R LA 57
SN A B L PR PR L, i A P R Ry = 9 R i
i lig 570V, J5 5 =R R AR R RN A A
Kumada RIS, $36 1ERRVE %A TR 4 e K filg 453 3]
fi% 58. (—)-Sparteine 5T AN X F aldol J BB AL 2 B
IR 58 AR R p-FR BRI G 60, @it
Yamaguchi BRAYS S DA SE IR NRRE I 54 FIRER
60 EREEK. BRMEILI) Prins AL S N AE NG AF 3 DU A
HEE R A 1) ) B A BSR P P K 22 62, dRe e, i 314k
XU [ SR A W7 4 PV DL R e 4% o A R B S I T, 5%
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(CH38),CH; (52) I, MeOH
N CH(SMe), ———»
BuLi, 100% ~ A cniswer, 62%
34 53
OH
\)\/CH(OME)Z
54
OEt O _ OEt (1) TMSCH,MgClI
(1) LICH,TMS Pd(PPhs),
—_— —_—
IO 3N OF! (@) Ponr, (56) 107 3 OTF (2) p-TSA-H,0
55 94% for 2 steps 57 84% for 2 steps
: 54
(1) (—)-sparteine COOH

o)
haGis 58 OhCoCo0t

" @LOHH,0 | TMS DMAP, EtN

) HO” ™ 1%

58 64% for 2 steps $

Tms (2) LIOHH;0

o on ™S
o TMSOTF
h s 76%
CH(OMe),
61

(1) OsOy, NalO4

_ >
(2) NaBH,4, MeOH
79% for 2 steps

Cyanolide A aglycone (18)

B 7 Rychnovsky % —4X cyanolide A Py HE KIFE 221 &
5%

Scheme 7 Rychnovsky’s first generation synthesis of cyanolide
A aglycone

1.2.2 Jennings 94 A%

2011 4, Jennings 25275 F 520845 B 118 5 7 1A 1
VUSRI R 254, H 568 T cyanolide A KIAH R K6 Ak
(Scheme 8). \NFMIGHEMMMEY) 35 R, ZilliE
YRR LA T N RSB TR IR B > 43 B 63,
Bl 5K o B AL A O RS, 5 SIRIEERE 64 K
£ Mukaiyama-aldol <8, DL 4.2 0 1 [FEXT UL ML
T C5)F kR R A S, PR a3 3 (9 RO A o
SN AT LUR R EE AL I N TR 66. TR 66 55 T IR
B e B A B I A AR B AE = 9 SRR AN = R AR
TRAFSE FICJFE RN, 52 V0 M 67. A AU
223 BAA AL VI s AT Pinnick 48040 s N 3 AL RN IR TR 68.
a4t Yamaguchi K P BRAY SR A H 48 8k S P i
Fk, 5EH T cyanolide A XUPN B KB 2R 1A BX.

1.2.3 Rychnovsky #9 8 =X &%

2013 4E, Rychnovsky 523 F AR T K% 1 —
PR BLVU S IR R 1) 77 7%, X cyanolide A #EAT 158 K
26 I 9T (Scheme 9). I BERERE 69 15 2- 152 IR A I
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Scheme 8 Jennings’s synthesis of cyanolide A aglycone
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Scheme 9 Rychnovsky’s second generation synthesis of cy-
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P (T SN AR B-F2BE 0, B J5 R AR B ANk AL 5
S RICYRE 1,3-cis I 73. 73 5% 74 1E 8 5 Wik
T kA Prins RAUPIIME N, 152 DY AEIRER 75, %F
FRFLIEAT PMB DRI S B BB R, A A S ) 76
LW 8 RAEFETRN, Bk PMB R4 515 2 1A
fig 22 3d TEMPO AL AR R, FIFIA Shiina FEiL4
BN BRI E 2R, 58K cyanolide A HI4H k.

1.3 TEEBEELIMLR AT SIEIR

1.3.1 She #945%

2011 4F, JE2EThif g o) B A A AL i) e SR k3
R A S VY MR IR, SERR T R IR P24 cyanolide A [
24 T AE(Scheme 10). S-FA% T HefELE 79 K AT 38
AR N, i BRMEEGE IR 5 15 2 p-F2 LR 80. B-F2FLEH 80
234 Evans-Tishchenko it 5 NP4/ 1,3-anti — 1%,

(1) Sml,, EtCHO

OH O
H | (2) O3, PPh3, DCM
(3) Zn, prenyl bromide

&0 (1) 79, BuLi

(2) I,, CaCO5
78 81% for 2 steps 80 55% for 3 steps
(0] (1) 2,2-dimethoxy |
)J\ | B proprane, TsOH 5
Et” "0 ' (2) LiAH,, THF ~ PMPOQ  OH
3 —_— :
(3) p-OMeCH,4OH OH
g1 7SO DiaD, pPh, 82
(TR7S=1:1) (4) HCI, MeOH
M602C
PdCl,, CuCl,
_—
MeOH, CO pMpg (1) MeOTf, 8
52% for 5 steps ~ OH (2) CAN, DCM
0,
33 50% for 2 steps
(1) LiOH, THF .
Cyanolide A (1)
(2) MNBA, DMAP
93% for 2 steps
OMe S'S |
0 ’
OMe 79
(e}
Et 57% for 5 steps

7,%’OH The same to 81
7-epi-81

MeOQC

(1) Dess-Martin
—_———-
(2) NaBH,4, MeOH

PMPO
86% for 2 steps -

83

B 10 She /M cyanolide A ff) 4 &k
Scheme 10 She’s total synthesis of cyanolide A
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B KA SLE AT SOy, AR R S 3,3- A
W FEIR KL Barbier-type M UE B &) 81. Kk
EY) 81 v 13- LAY A A, S R DA I R B
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