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Scheme 1. Mechanisms of Achmatowicz Rearrangement
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Achmatowicz, Jr., O.; Bukowski, P.; Szechner, B.; Zwierzchowska, Z.; Zamojski, A. Tetrahedron, 1971, 27, 1973-1996.
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FOD 2 R4 >
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(+)-Musellarin A (B12) (£)-Musellarin B (B2a) (£)-Musellarin C (B3a)
(200 Dy L 2 & Lenna, T (2014) by Lj, Z. & Leung, T-F. (2014) by Li, Z. & Leung, T.-F.
(-)-Musellarin A (B1b) (-)-Musellarin A (B2b) (0)-Musellarin A (B3b)
(2015) by Li, Z. (2015) by Li, Z. (2015) by Li, Z.
OH OH
MME
v s\
/o H
S N\—/
HO — H
Psoracorylifol B (B8) ent-Psoracorylifol C (B9) (+)-Attenol B (B9) (-)-Attenol A (B10)
(2014) by Ren, J. & Liu, Y. (2014) by Ren, J. & Liu, Y. (2015) by Ren, J. (2014) by Ren, J.
NaO3SO/Y\O
NH,

EtO
Didemniserinolipid B (B11) Uprolide G Acetate (B5 ) )
(2014) by Ren, J. P (2014) by Zha, L_‘ ) Uprolide F Diacetate (B7)

(2015) by Zhu, L.
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Zhu, L.; Song, L.; Tong*, R. Diastercoselective Reductive Ring Expansion of Spiroketal Dihydropyranones to cis-

Fused Bicyclic Ethers. Org. Lett. 2012, 14, 5892-5895.
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Cascade Michael Addition

Cascade Tsuji-Trost Allylation R'-,
Oxa-Michael Cyclization | Cycloacetallization o
H R"“*
o O. R~ Path a 4 Path b
; Pd(PPhjz), 2a-h quinine
A R" =
R? = Et;N, Toluene + DCM
. 2 H O } ) 2 H
\__R O OOC, 30 min AN reﬂUX, 12-36 h ~~’R 4
3a-l R a-p
v 5,07 YOAc 16 examples
70-92%

12 examples S
- R
1a-d

78-98%
Yu, J.; Ma, H.; Yao, H.; Cheng, H.; Tong*, R. A General Concise Strategy Enables Collective Total Syntheses of
>50 Protoberberine and 5 Aporhoeadane Alkaloids within 4-8 steps. Org. Chem. Front. 2016, 3, 714-719.
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Ferrier type (L.A.)

O
Oj\/\/lh Tsuji-Trost type (Pd) Ij\
>& >
R 2707 "oac  Ally-Aryl Rz O Ar

H Coupling I;I\JH
cis/trans = 3:2 . . trans:cis >15:1

1) Zn O
HOAC | 12) ArN,BF,

1t, 87-88% | R3O Pd(OAc),
y-Deoxygenation 'H, 1°C-NMR| Heck-Matsuda

Li, Z.; Tong*, R. Highly trans-Selective Arylation of Achmatowicz Rearrangement Products by Reductive y-
Deoxygenation and Heck-Matsuda Reaction: Asymmetric Total Synthesis of (-)-Musellarins and Analogues.
Chem. Eur. J. 2015, 21, 11152-11157.
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New Protocol for FOD: Tong Moc
(Achmatowncz Rearrangement) Y

Zddd.

= CO,H 2 NBS, m-CPBA, PCC
oH m-CPBA =
Ry O e - ﬁ + or |+ WH Br,, Oxone
\W/ ' orNBs R7Z0" "R o Phl(OAc),
1 2 >1.2 equiv >1 .Zoequiv vo(acac)z: t-BuOOH
KBr (5 mol%), Oxone (waste) (waste) Sharp|ess AE
| up to 93% yield
Tong-Achmatowicz

o T e I o B e S T T P T S NS S

= K,SO/ (no organic waste)

% No TS Metals

% No Organic Waste
***  No Column

l0xone I *** Tolerance of FGs
*  Tolerance of H,O/Air

**  Higher Yield

**  Short Rx Time

***  Wide Scope

2

Li, Z.; Tong*, R. Catalytic Environmentally Friendly Protocol for Achmatowicz Rearrangement. J. Org.
Chem. 2016, (Accepted).
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FOD in Total Synthesis of Musellarins
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MeO

H —
YO

</
(;—'z)'ﬂ”ie"ff';“&(fh) i (£)-Musellarin B (B2a) (+)-Musellarin C (B3a)
(2014) by Li, Z. & Leung, T.- (2014) by Li, Z. & Leung, T.-F. N o L ety e
(-)-Musellarin A (B1b) : (2014) by Li, Z. & Leung, T.-F.

(-)-Musellarin A (B2b) (-)-Musellarin A (B3b)

(2015) by Li, Z. (2015) by Li, Z. (2015) by Li, Z.
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Musellarins A'-C

MeO R1

Musellarin A: R4=H, R,=0H
Musellarin B: R1=0CH3, R,=0OH
Musellarin C: R{=OH, R,=0CHs;

Musellarin A was

isolated from Musa x Musellarin B and C

paradisiaca L. by A | CD (ug/mL)  ICs0 (1g/mL) NEBEERITIENIE were isolated from
oo o . required to double aerial parts of
group Reductase, phase II : *
M llarin B anificant bioactivit enzyme fO’r (ﬂt/%i@) by Zhao
. . Nno signiricant bioac i i
i{angid? S5 i/?ﬂ;: EVJ’ I . » o pamaae detoxication) activity Qin-Shi’s group
awthorne, M. E.; Vigo, J. e

S.; Graham, J. G.; ICs0 /,UM
Cabieses, F.; Santarsiero,
B. D.; Mesecar, A. D.; Musellarin C
Fong, H. H. S.; Mehta, R. 21.3 26.7 251 >40 > 40
G.; Pezzuto, J. M_;

Kinghorn, A. D. J. Agric.

Dong, L.-B.; He, J.; Li,
HL-60 SMMC-7721  A-549 MCF-7 Swa4go|  X-Y: Wu, X.-D.; Deng,
X.; Xu, G.; Peng, L.-Y;
Zhao, Y.; Li, Y.; Gong,
X.; Zhao, Q.-S. Nat.

HL-60 acute leukemia Prod. Bioprospect. 2011,
Food Chem. 2002, 50, SMMC-7721 liver cancer 1,41.
6330. A-549 lung cancer

MCE-7 breast cancer
SW480 colon cancer







MeO 1)TIPSCl ~ MeO MeO 0 OAc  nBuLi
Imid. 1) PPhs, NBS o
H —— ———> TIPSO *H >
HO 2)NaBH, 1IPSO 2) PPhs \ 71%

PPhsBr
o © 94% (2 steps) 10 OHgo% (2 steps) 7 3 8
MeO
MeO
o, O 7 Mg/MeoH Meo OH m-CPBA
TIPSO \ ) 58% vield o —  » TIPSO /
1 oy TIPSO < 85% yield o
(E/Z = 2:3) 6 Achmatowicz OH
. Rearrangement 5
@j: 1) PhNTY, MeQO "
—> s KHMDS
TIPSO i
EtuSH TIPSOW ' s TIPSO 5
4:3 = 2:1 82 2) Pd(OAc),
2L HCO,H, BusN
78% combined yield 4 2, bug
(76% vield) BF5;-Et,0, -78 °C 3) RhCI(PPh,) 2

FI~/— i DBU, MeOH
>99% vyield P P!

Li, Z.; Leung, T.-F.; Tong*, R. Total Syntheses of (+)-Musellarins A-C. Chem. Commun. 2014, 50, 10990-
10993.
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F4BN2—©—OH MeO ’
15a
> HO Q o0 OH
1) Pd(OAc), ﬂ
H

2) TBAF

88% yield for 2 steps Musellarin A (1a)
(dr 9:1)

OMe

MeO F4BN2—©—OAC

H MeQ OMe
— 15b H
1) Pd(OAc
TIPSO 5= )Pd(OAc), HO N OH
2) K2CO3, MeOH
—— 3)TBAF H
70% yield for 3 steps Musellarin B (1b)
(dr 7:1)

OAc

F4BN2‘GOMe

1) Pd(OAg), 1°¢
2) K,CO3, MeOH
3) TBAF

80% yield for 3 steps
(dr 8:1)

Musellarin C (1C)

Li, Z.; Leung, T.-F.; Tong*, R. Total Syntheses of (+)-Musellarins A-C. Chem. Commun. 2014, 50, 10990-
10993.
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TIPSO \ / 68% yield O > TIPSO (
11 °yie TIPSO () 85% yield 3
(E/Z = 2:3) 6 OH
5

eQ MeQ H o
TFA  TiRsO == © :<)|-|P|\;][l>\gf2 H
—> TIR TIPSO
Et;SiH © ¥ O ——» TIRSO 0%
4:3 = 2:1 2) Pd(OAc),
) , _ 4 3 HCO,H, BusN
(78% combined yield) | BF3-Et,0, -78 °C * 3) RhCI(PPhj) 2
: DBU, MeOH
>99% yield
MeQO
H
=~
TIPSO o

Li, Z.; Leung, T.-F.; Tong*, R. Total Syntheses of (+)-Musellarins A-C. Chem. Commun. 2014, 50, 10990-
10993.
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No Precedent for Such Transformation
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Ferrier type (L.A.) ®)

O AN Tsuji-Trost type (Pd) N
HK—> :
: Ally-Aryl RT3 O 1 Ar

R w O "0oAc )
Coupling N7
cis/trans = 3:2 trans:cis >15:1

1) Zn O
HOAc | 2) ArN,BF4
rt, 87-88% Ri"5 O Pd(OAc),
r»-Deoxygenation 1, 13C-NMF\’) Heck-Matsuda




Li, Z.; Tong*, R. Highly trans-Selective Arylation of Achmatowicz Rearrangement Products by Reductive y-

Deoxygenation and Heck-Matsuda Reaction: Asymmetric Total Synthesis of (-)-Musellarins and Analogues.
Chem. Eur. J. 2015, 21, 11152-11157.
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Asymmetric Tota
Musellarins A-C

OMe OMe
Me OMe ' TIPSO TIPSO
TIPSO TIPSO c) iPrMgCl e) Ru* (R, R)
a) HWE MeN(OMe)H,Cl o > OH
b) Pd/C, H, d) n-BulLi, furan \ ) ~99% \ /
98% (2 steps OEt 9 i
o (2 steps) 1 92% (2 steps) 12a Noyori ATH 6a (>96% ee)
Me OMe . \
TIPSO mone TIPSO TIPSO Ra
HNBS 9) nHOAC h) ArN;BF, Ar: R
then Ac,0O 86% Pd(OAc)2 . 1
90% OAc 77-93% 33‘13 : ﬁc1);f;)HR('A\E)’OT/IZez "
Achmatowicz 7a (dr 3: 2) ;ﬁDeoxygenatlon Heck-Matsuda 9c:. R11 _ OMe’, R22 - OAc
MeQ  (or OMs)
_ OMs)H
i) NaBH TIPSO MeO_ (Or
j) Tf,0 (or Ms;0) S ' Ar
2,6-lutidine HIO~Ar TIPSO 4
H
_Q10
76-83% (2 steps) 131 13lI 13111
| ((OMs) Fast _Slow (-OMs) |

Friedel-Crafts

13a—c
(single diastereomer)

k) TBAF
—_—
or KQCO3
MeOH

83-95%

80 °C, 3 h, 88%* * 80 °C, 7 h, 46%
MeO

(-)-Musellarin A (14a)

(-)-Musellarin B (14b)

(-)-Musellarin C (14c)
LLS: 11-12 steps
Yield: 38-43%
quantity (23-36 mg)



H

(-)- Musellarin A (14a), 98% ee
(24 mg, 10% for 11 steps)

9f (R =TIPS, dr: 15:1) 14f (R = H, 24 mg)
9g (R = Me, dr: 15:1) 14g (R = Me, 45 mg)

TIPSO. MeO.

OMe

9h (R = TIPS, dr: 15:1) OAc 14h (R = H, 26 mg)
9i (R = Me, dr: 15:1) 14i (R = Me, 39 mg)

(-)-Musellarin B (14b)
(23 mg, 10% for 11 steps)

TIPSO. MeO.
OAc
OMe
(-)-Musellarin C (14c) 9j (R=TIPS, dr: 15:1) 14j (R = H, 29 mg)
(36 mg, 10% for 11 steps) 9k (R = Me, dr: 15:1) 14k (R = Me, 20 mg)
OMe OR
TIPSO, MeO. OMe
(o]
W
91 (R=TIPS, dr: 15:1) 141 (R = H, 49 mg)
9m (R = Me, dr: 15:1) 14m (R = Me, 41 mg)
OR
TIPSO. MeO MeO. OMe

9n (R =TIPS, dr: 15:1) F 14n (R =H, 35 mg)
90 (R = Me, dr: 15:1) 140 (R = Me, 50 mg)

9e (dr: 15:1) F 14e (56 mg)



RTONG@HKUST

Cytotoxicity of Musellarin Analogues

NN e

-

compound

14a (Musellarin A) 23.8 9.7 44.1 >50
14b (Musellarin B) 65.3 25.9 >50 >50

14c (Musellarin C) >50 22.0 >50 >50

14d 23.6 7.4 >50 >50
14e 33.1 11.9 >50 >50
14i 29.6 10.8 >50 >50
14 >50 23.1 46.1 >50
17.7 3.9 40.4 >50
NA 1.56 5.28 12.99



RTONG@HKUST

Asymmetric Total Synthesis o
dd . Musellarms A-C

S e =

~ e S AN T AT R R

Kishi Reduction

OH O
O : O
R.. O m-CPBA ~ Z Et,SH (&
YA R, Z07= R S -
or NBS 2 2,0 =Ry R O":="R Ry”="O0"="R
OH H 2 SR 249 ™
Tong Deoxygenation/Heck-Matsuda Coupling
OMe
Ferrier type (L.A.) 9) HO 7 Fri
O R Tsuji-Trost type (Pd) s 3-4 steps
A > R7ZOAAr ———>
R7207 *oAc Ally-Aryl Ty~ g R,
H Coupling >__7 (@)
cis/trans = 3:2 trans:cis >15:1
1) Zn i @) ) (-)-Musellarins A-C R
‘ HOAC j\\/] 2) ArN,BF, * First Asymmetric Syntheses
- 5 * 11 Steps with 10% Yield
-Deoxrt’ 8;1:2(:?; . A O AR * 12 Analogues
/4 yg L'H, 3C-NMR) Heck-Matsuda

Li, Z.; Tong*, R. Highly trans-Selective Arylation of Achmatowicz Rearrangement Products by Reductive y-

Deoxygenation and Heck-Matsuda Reaction: Asymmetric Total Synthesis of (-)-Musellarins and Analogues.
Chem. Eur. J. 2015, 21, 11152-11157.
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Asymmetric Total Sy
Dlospongm B and Parvistones D/E WA

£ SRR LSl et

Tong Deoxygenatlon/Heck MatsudaCopImg

Ferrier type (L.A.) ®)
Oﬁ Tsuji-Trost type (Pd) J\\/j\
HK—> :
R0 Ally-Aryl Rz O 1 Ar

Coupling N
cis/trans = 3:2 trans:cis >15:1
e A
1) Zn O
HOAc | | 2)ArN,BF,
rt, 87-88% Pd(OAC),
r-Deoxygenation Heck-Matsuda

Hedycoropyran A Diospongin B Parvistone D Parvistone E

Li, Z.; Tong, R. Synthesis 2016, 48, 1630-1636 (Invited contribution).



o 1) LDA, EtOAc

ol
OH OTIPS N
o 2) LAH, Et,0 5 O OTPS oyori (RR) @/?\) 1) KBriOxone /\Ijs
H - o N e
\ / 3) TIPSCI, Et;N @)1\) Et;N/HCOOH \_/} 2) Ac0, BN TIP h 9 bac

4) MnO,, DCM DCM 82% over two steps
4 60% over four steps 5 99% gg‘;/?ee (+)-7 (dr 5/4)
OH OH
O RuCl Os_A_ wOH Z_ OH
1) Zn/HOA AN 3 " “
) Zn/HOAC /\Ij\ CeCLTH,0 /\Ij\ 1) TSNHNH, oTIP
2) PhN,BF, - e | ) |
Pd(0) IPSO g O 5Ph NalO, TIPSO 07z Ph 2) NaBH,CN INOEN L
72% over two steps ()8 70% (+)-9 73% over two steps (+)-10
Me
1) DMP
Me
1) p-TsOH _9’\0 2) NaClO,
Me,C(OMe), OH S KH,PO,4
— E—
2) TBAF o pp, 3 P-TsOH (@ eq)
H - H
85% over two steps (-)-11 59% over 3 steps Parvistone E

(synth-3)

Li, Z.; Tong, R. Synthesis 2016, 48, 1630-1636 (Invited contribution).



a) K2CO3

P =

b) NaBH(OAC)s
synth-3 TPAP/NMO

Sy2  Mitsunobu or MsCI/CsOAc

0 oH ) aRuCls [ oOH T
_ .OH | (1mol %) OH IN O
oTIPS (1" Oxone ) QTIPS 8 b) NaBH(OAc)3
| — | + : >
15072 Pn | 12a/12b Ph h 95| 1013=21
=2:1 ~42% (71% brsm)
\ (+)-10 / 12b over 2 steps
OH

Me
Me
= on ©) p-TSOH O_e e) DMP
10 + OTIPS Me,C(OMe)s oy O f)NaClO,
—_—
O”: Ph d) TBAF
H H H
70% over 2 steps
(+)-13

H o
(+)-14 49% over 3 steps
Li, Z.; Tong, R. Synthesis 2016, 48, 1630-1636 (Invited contribution).

—— > Parvistone D

07 Ph g) HCl
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Asymmetric Tota

1) LDA, EtOAc

A/ ol e 3
Q OTIPS OH  OTIPS 1) KBr/Oxone © N
o 2) LAH, Et,0 o Noyori (RR) O, = ) >
H —_—
\ / 3)TIPSCL Et,N -\ /) EtsNJHCOOH \\_/} 2) fczo’ Et3N TIPSO H 9 bac
4) MnO,, DCM DCM "6 82% over two steps
4 60% over four steps 5 99% é 8); (+)-7 (dr 5/4)
Jo€
OH ..dr4/ OH
5 h) Rhy(OAC), O. A& =
1) Zn/HOAc AN Et;SiH oSi* j) TsNHNH, OTIPS
2) PhN,BF CPBA > >
2bF4 IPSO : i) m- 2 2
Pd(0) RTO7ETPRL ) 1~o7=>pn k) NaBH4CN No7sp
o)
72% over two steps (-)-8 65% over 2 steps (-)-15 (dr 4/1) 68% over 2 steps (—)-16 (dr 4/1)
OPMB o
1) PMBCI <
m) TBAF 9] o) PhMgBr 11 1 9] H
- I > Ph OH H e .3, I_IOH
n) DMP 0"=>Ph  p)DMP H-7]:07~Ph Ph ‘07 ~Ph
52% over H r) DDQ _ _
3 steps (-)-17 (dr4/1) 62% over 3 steps  (+)-diospongin B (1) diospongin A (1)

Li, Z.; Tong, R. Synthesis 2016, 48, 1630-1636 (Invited contribution).
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FOD in Total Synthesis of DOBCO

ol Sl T TN T T Lt i -’ drd

OH o

R._ O m-CPBA ~ Achmatowicz
FOD 2 R, >
\ / orNBS RS 50ZR,  Rearrangement

Me
SIS 28 Me Me
NaO3SO/\:/\O 17 OH x
N, oY 7 -+
= o)
0 H ST 110
\ OH
EtO™ 1 2/ 8 H
Didemniserinolipid B Psoracorylifol B Psoracorylifol C
OH O OH OH
A M
O@ /\/\/\/'\/O\ji
: HAC') H
OH |° COOH HO\/\=/_(
H” “H H

Cochlearols A Attenol B Siladenoserinol A
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v 4 T B A RN = BB A T AT S

Furan Oxidative Dearomatization (FOD)

OH 0 )
R, fo) KBr (cat) f\/ﬁ
\W/

r

R, Oxone R27 >0

L Achmatowicz Rearrangement

31 29
Na0;50” ¥ 0

NH,
O
T Ao~—
Et0” 1N
Didemniserinolipid B
OH O OH OH
Ol oy
. H
OH © COOH HO\/\_/—
H” “H —

Cochlearols A Attenol B Siladenoserinol A
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Psoracorylifol B and ent-Psoracorylifol C
& lllzﬂ;/:/r, T B B e A T e R A N N T R I R T SO W S

Me

Mo,
(0]

’d
H=~

HO
Psoracorylifol B Psoracorylifol C
MIC =12.5 ug/mL MIC =12.5 ng/mL

Psoralea corylifolia L

First isolated from the seeds of Psoralea corylifolia L. in 2006. In 2007, Yoshikawa and co-workers
independently isolated psoracorylifols B and C again from the same source.

They showed significant antimicrobial activity in vitro as potent inhibitors against two strains of
Helicobacter pylori with MICs of 12.5-25 g/mL.

(@) Yin, S.; Fan, C. -Q.; Dong, L.; Yue, J.-M. Tetrahedron 2006, 62, 2569-2575.
(b) Matsuda, H.; Sugimoto, S.; Morikawa, T.; Matsuhira, K.; Mizugachi, E.; Nakamura, S.; Yoshikawa,
M. Chem. Pharm. Bull. 2007, 55, 106.


http://en.wikipedia.org/wiki/File:Psoralea_corylifolia_-_Agri-Horticultural_Society_of_India_-_Alipore_-_Kolkata_2013-01-05_2282.JPG
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Asymmetric Total Synthesis of Psoracoryli
and em-Psoracoryl|fo| c

:{r;.r;-— R Iy R SR ST T T AN S N SR BN
Ar
o) : .
SO,PT O 2) i-PrMgBr . O 3) AD-mix 8
Br e) | . BrmAr 'Pr\mAr - >
\ 1) KHMDS Fe(acac)s 0°C, 4d
84 88% 85 81% 86 847%
. 5) Pd/C, H, . _
OH 4)ym-cPBA X 6) HWE B 8i) PyCO,H
0,
Pr. O ar thenCSA | A\l 66% (E/Z=3/1) {X- X OH DCC, 85% _
\ 72% O O 7)piBAL O
OH AT, 86% ArTN 8ii) MeC(OEt)s
87 88 89 9ii) DIBAL-H
10ii) oxone/DMF
11ii) Barton deoxy
. 9i) MeMgBr Me 12ii) TBAF
S SubrMezS Me/O&rMe dr1:3.5
n
H= /OCOPy 2 _ . H=
o) -~
Ar 10i) TBAF, 71%
H dr10.5:1 HO HO
90 psoracorylifol B (8) ent-psoracorylifol C (ent-9)

Ren, J.; Liu, Y.; Song, L.; Tong*, R. Scalable Asymmetric Total Syntheses of (+)-Psoracorylifol B and (+)-ent-
Psoracorylifol C. Org. Lett. 2014, 16, 2986-2989. Highlighted in Synfacts: 2014, 10, 904. And Highlighted in Organic

Chemistry Portal, 2014, November 10.



http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
http://www.organic-chemistry.org/Highlights/2014/10November.shtm
http://www.organic-chemistry.org/Highlights/2014/10November.shtm

iPr. o2 MeMgBr
0 CuBr-Me,S
OCOPy ZnCl,

(E/Z =311)
ilar* o’
H=—y
O Me +
TIPSO H
iPr i iPr
o) ! o
H= = OH 3steps : PsB (2) 3steps H—TN
o > PsB (2) ! + - fo)
l ! ent-PsC (ent-3
Ar H (only) : ( ) Ar H “on
16a (E only) ! 2/ent-3 = 21 16b (Z only)
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Non-stereospecific Johnson-Claisen N
A #lm:/r;-—.;n.'~'..-—::s.:c;svw--_*m&-ﬁ'c:\:r_a:vﬂ-Trm:-.s’r-mmmm O T R T RN YT R e .. ,

iPr o
0 iPr
H ™ /OH MeC(OEt), 'o§, OEt
~ H
Ar—N EtCO,H (cat) 0 = ’
84% yield Ar
(E/Z=3/1) df 3.5/1 H
A

Non-Stereospecific Johnson-Claisen Rearrangement

iPr iPr
o 0
’ OH MeC(OEt); MeC(OEt), H
6 \ > A + B - 6\
A EtCOOH(cat) EtCOOH(cat) Ar
" H dr = 3.3/ = el
(E only) ' dr =1.5/1 (Z only)



OH OH

H=—y1
HO o H
— H
(-)-Attenol A (+)-Attenol B
I1Cso = 24 pg/mL ICs0 =12 pg/mL

Isolated from the Chinese bivalve Pinna attenuata in 1999, exhibited cytotoxicity

against P388 cells (1Cso values of 24 and 12 pg/mL, respectively).

Suenaga, K.; Araki, K.; Sengoku, T.; Uemura, D. Org. Lett. 2001, 3, 527-529.
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Previous Methods to Attenols A and B )-Attenol A
//l/// OH OH
Method A: Suenaga, K, & Uemura, D. & Chandrasekhar, S. &Enders D. & Yadav J. S :
Me
H+
—_— Attenol A + Attenol B
Ketalization (+)-Attenol B

A:B = 3.8:1 to 6.3/1

Attenol A + Attenol B
A:B =8.6:1

7 total Synthesis of
Attenols A and B

DDQ Attenol A 2 Total Synthesis of

Attenol A

Mehtod D: Rychnovsky, S. D.
OP(O)(OEt), Me Me




NN e S K.

O OH Jj\/\
(9) 1) m-CPBA, EtO O 2) LiAIH,, Cul

EtO %
\ / \\ then CSA ~ H 86%
OH X O O >
85% BnO 3) DIBAL-H
91 BnO 92 H 88%
OH OTIPS OTIPS
BnO H  4)TIpsci  BnO H  6)Cul  BnO Me
O 86% N Q MelLi Q
\H O OH 5)TfO' \H O OTf \H O H
2 76%
N 2,6-lutidine N ° N
H 84% H H
93 94 95
| OH OH
- Me
11 steps @) CDCl;
—> H —~——————
HO — H A:B=10:1
(+)-attenol B (6) (-)-attenol A (96)

Ren, J.; Wang, J.; Tong*, R. Asymmetric Total Synthesis of (+)-Attenol B. Org. Lett. 2015, 17, 744-747.



http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038
http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038
http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038

Asymmetric Total Synthesis of
Didemniserinolipid B

£ SRR LSl et

o) OH 1) m-CPBA a) F(’;i/gtm)
O (CH,)sOBn then CSA 2
to \ / 72% 87%
OH
H
(-)-109 (97% ee) (-)-110 (>6.4 g)
0
) K- selectrlde JJ\/\, EtOJj\/O\,OH
H=1
6% OBn O H
(1:1)
H a)DMP H
(+)-111 (+)-112b > (+)-112a
b) K-selectride
31 30 29 28
13 steps Na0;50” Yy~ 0 > o
- NH, O
O HAQ 110
Jj\/3\/\/__'0 "
EtO” 17 8N

(+)-Didemniserinolipid B (1)

Ren, J.; Tong*, R. Asymmetric Total Synthesis of (+)-Didemniserinolipid B via Achmatowicz
Rearrangement/Bicycloketalization. J. Org. Chem. 2014, 79, 6987-6995. (Top 20 most downloaded JOC articles:
July & August 2014). Highlighted in Organic Chemistry Portal on April 20, 2015.



http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://www.organic-chemistry.org/Highlights/2015/20April.shtm
http://www.organic-chemistry.org/Highlights/2015/20April.shtm
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Completed Natural

Me o) Me C:)H OH
~d H 7
o
H OH
Psoracorylifol C \ /y Attenol B
Me e .
we A Na0350 Y 0N o
fo) : R ' N
H i 0N NH,
Me €«—— : H 0%0 D — 0
. . H
HO H : R2 H ; EtO 7
: ‘veneancunsunen .’ Didemniserinolipid B
Psoracorylifol B
v 6,8-DOBCO

(&) Ren, J.; Wang, J.; Tong*, R. Asymmetric Total Synthesis of (+)-Attenol B. Org. Lett. 2015, 17, 744-747.

(b) Ren, J.; Tong*, R. Asymmetric Total Synthesis of (+)-Didemniserinolipid B via Achmatowicz
Rearrangement/Bicycloketalization. J. Org. Chem. 2014, 79, 6987-6995. Highlighted in Organic Chemistry
Portal on April 20, 2015.

(c) Ren, J.; Liu,Y.; Song, L.; Tong*, R. Scalable Asymmetric Total Syntheses of (+)-Psoracorylifol B and (+)-
ent-Psoracorylifol C. Org. Lett. 2014, 16, 2986-2989. Highlighted in Synfacts: 2014, 10, 904. And
Highlighted in Organic Chemistry Portal, 2014, November 10.



http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038
http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038
http://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00038
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://pubs.acs.org/doi/pdf/10.1021/jo501142q
http://www.organic-chemistry.org/Highlights/2015/20April.shtm
http://www.organic-chemistry.org/Highlights/2015/20April.shtm
http://www.organic-chemistry.org/Highlights/2015/20April.shtm
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
http://pubs.acs.org/doi/pdf/10.1021/ol501120m
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0034-1378591.pdf
http://www.organic-chemistry.org/Highlights/2014/10November.shtm
http://www.organic-chemistry.org/Highlights/2014/10November.shtm
http://www.organic-chemistry.org/Highlights/2014/10November.shtm
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OH o

R._ O m-CPBA ~ Achmatowicz
FOD & R, oo
\ / orNBS Ry 2 0"2>R, Rearrangement
OH H
OAc
Me
HOY o

Me OAc

Uprolide F Diacetate (B7)
(2015) by Zhu, L.

Uprolide G Acetate (B5)
(2014) by Zhu, L.



Uprolide F Diacetate Uprolide G Acetate
(UFD) (UGA)

Isolated from sea coral Euniceain mammosa
by Rodriguez and coworkers in 1995.

They were cytotoxic and showed some anti-

cancer properties.

Rodriguez, A. D.; Soto, J. J.; Pina, I. C. J. Nat. Prod. 1995, 58, 1209.
Rodriguez, A. D.; Pifia, 1. C.; Barnes, C. L. J. Org. Chem. 1995, 60, 8096.



OH

THF/H,0 1) mCPBA, 49%
o™ -
pTs
reflux 5 h 2) pTsOH, 88%

structural
similarity Me

Revised

NMR
similarity
-
Uprolide F Diacetate, 3.50, R = Ac 3.128 (UFD, R =Ac) 3.127 (X-ray, 38%)
Uprolide G Acetate, 3.51, R = Me | 3.129 (UGA, R = Me) | Analogue
4 - 13C-NMR A§(Analogue 3.127-natural UGA) ppm
E-l ] [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ 1
= 1 2 3 4 67891011121314151617I19202122
o
-6 -

Rodriguez, A. D.; Soto, J. J.; Barnes, C. L. J. Org. Chem. 2000, 65, 7700.
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Structural Revision by Rodriguez

Revised

NO total synthesis
NO X-ray

Uprolide F Diacetate, 3.50, R = Ac
Uprolide G Acetate, 3.51, R = Me

Goals:

To confirm the structural revision by Rodriguez
To provide a fexible and robust synthetic strategy

Rodriguez, A. D.; Soto, J. J.; Barnes, C. L. J. Org. Chem. 2000, 65, 7700.



Retrosynthetic AnaIyS|s for UGA

AT T o N TP e R O S T TR

Strategic ring construction: A — C — B

RCM or
Julia-Kocienski
Olefination

———>

ring B closure

MeO""

Masamune Me
Aldol MeO™

Achmatowicz/
Kishi Reduction OBn OH OTIPS

0
———> \7@{3\)

OTIPS ring A construction

Barbier
Alkylation
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"

Ring A Construction

T T G B ey T B e S T TR T N S R N N T R SRS e y

1) LDA, EtOAc OBn OH OH  3) TIPSCI, Et;N OBn OH OTIPS

(0) - (0)

2) LiAIH, \ / \ /
3.182

(+)-3.180

57.6% 4) MnO,
(4 steps) DCM

o 6) NBS [ N 5) (R,R)-Ru*
: OBn O OTIPS
THE, H0 QBN OH OTIPS|  Lico,H, Et;N o
< \ )3 T o0 \ /
R 99%
OBn OTIPS | _ 3.183
3.184 | (+)-3.180 (97% ee) Noyori asymmetric

“ transfer hydrogenation

7) BF;-Et,0 75%
Et;SiH for 2 steps

[ o OTIPS | o
- 8) Pd/C, H
BnO J Q ¥ > ) ,2 3
quant. H
Et;Si OBn OTIPS
- 3.186, dr > 20:1 3.179
Achmatowicz/Kishi Reduction ring A constructed

Achmatowicz Rearrangement: O. Achmatowicz, Jr., et al., Tetrahedron 1971, 27, 1973.
Kishi Reduction: Phillips, A. J., et al., Org. Lett. 2008, 10, 3769.



OTIPS
3.187b

minor isomer

minor isomer

Entry Me reagent

Yield (%) 3.187a: 3.187b
1 Me,CulLi, 86 15:1
2 MelLi 80 3:1
3 MeLi + CeCl, 95 1.1:1

1) TESOTf

—_—
2) Pd/C, H,

95%
(2 steps)

3) DMP, NaHCO;
4) MeMgCl, THF

5) DMP, NaHCO,

>

80%
(3 steps)

UGA, 3.129
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Installation of 2nd Tertlary Alcohol
//l‘/ et ——

OTES
‘7,° o Mew
.y M H
OTIPS
Cram-chelation
OTIPS CeCl;, /\MgBr
{ -
(1)
OTES 95%
o M . B 7
e .
Me o
OTIPS
3.189 OTIPS UGA, 3.129
3.178 Desired
polar Felkin-Anh model
90% 1) HWE - e 72% 4) PPh3, CBr,
over 2 stepsl 2) DIBAL-H Cll)wsz?i; ‘;‘fpercégzh over 2 StePST 5)Sml, reductive

Me PP (dr >20:1) Me epoxide

.OTES Z.OTES opening
Me 3) Ti(OiPr),, D-Tartrate Me

HO OTIPS TB:;} beM HO OTIPS
o
3.191 (/2 >10:1) Sharpless Asymmetric 3.192 (dr >20:1)

Epoxidation



1) NaH, Mel MeO

—
2) 9-BBN;
oTips NaOH, H,0,
3.178 90% (2 steps)
(> 5 g prepared)
@ 2 carbon extended 80% 4) TBAF
10 steps, 58% (4 steps) l 5) TESOTf

6) A-21, MeOH

7) DMP
10) DMP 8) HWE
€ -
81% (4 steps) 9) DIBAL

3.1477
(> 2 g prepared)
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Installation of 2 Ch_ir'al Cen'ter's'

i{.!'.'..," L T RS e T S A S T TR N S NS R S

Ph O

e as

N.
MesO,S” “Bn Me

DCM, -78°C N
70% MesO,S” ~Bn
Abiko-Masamune Aldol 3.198 (dr >20:1)

Me

80% 2) LAH
(2 steps) w 3) TBSCI

UGA, 3.129

2 chiral centers installed

4) MeC(OEt); MeO,
EtCO,H Me=

—~—
OBn
90% 7
TBSO TBSO OH
Me N Me
3.175 3.200 3.176

Johnson-Claisen Rearr.

Abiko, A. Org. Synth. 2002, 79, 109 and 116.



Installation of
Centers & Ring C Formation

RN o o RIS O TR RS

OTES

pathway A

— 3

Lactonization 3.202a, 60%

major isomer
from SAD

poor selectivity, 2 : 1

3.175 UGA, 3.129

internal alkene OTES ring C formed

“WMe oxy-chiral centers installed

L ]

pathway B

3.202b, 30%

minor isomer
from SAD

Lactonization
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Ring B Closure

JMI:{:‘; SN T VAR i TR O I S U T AN S R R R

Julia-Kocienski
Olefination

OTES UGA, 3.129

3) PTSH, PPh,, DIAD

1) MOMCI 4) mCPBA, NaHCO,

—>
2) Pd(OH),/H,

e
MeO"

80% over 2 steps
95% (2 steps) TBSO

Me
major isomer
from SAD l 5) A;:S%/THF
2

OTES

7) KHMDS, THF
-

(C<0.002M)
~30% yield

Me 20
3.207, side product Failure!
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OTES

1) MOMCI 3) DMP
2) Pd(OH),/H, 4) Ph3P=CH,

95% (2 steps) 90% (2 steps)

major isomer ) 50% 5) ACOH/ITHF
from SAD (3 steps) 6) DMP
_ 7) PhsP=CH,
9) Pd/C, H, 8) Grubbs I Me
MeO"
D
75%
(2 steps)
RCM
3.212a Success!

rina B closed



TONG@HKUST

Study on SAD

el B T A R R e ST T VP T T T RS

1) MOMCI 3) DMP
—— —_—
2) Pd(OH),/H, 4) Ph3P=CH,

90% (2 steps)

3.202b
minor isomer
from SAD 60% 5) AcOH/THF
! N, (3 steps) | 6) DMP
via pathway B e 7) Ph;P=CH,
8 8 Ng?,
c:?Rm
OTES OTES OTES
X-ray of 3.211b " \Me
Me
Pd/C, H 8) Grubbs Il N
9) Pd/C, H, ) Grubbs MeO"
- B
75%
(2 steps)




1) LDA, CH,0 (g)
then, MsCl; DBU

50% l

stereochemistry Me

confirmation MeO"" |§|
| )

X-ray of 3.213 Me

3.129
Proposed UGA

2) TFA
3) Ac20

€

60% (2 steps)



0.4 - 'H-NMR (A& ppm)

0.2
£
o
2 -

N T T T T T T T T T -_|

g 1 2 4 5 8 9 10 11 12 13 I4 15 16 17 18 19 20 21 22

-0.2

> 13

3 | *C-NMR (Ad ppm)

1 4
E 71 i T T - T T T T T
e 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 19 20 21 22
= 3
<]

-5 4

7 -

,9 J

3.129
Proposed UGA

not correct for
natural UGA
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~ Structural Revision by Rodriguez

Revised
— Total synthesis of
Proposed UGA
Uprolide F Diacetate, 3.50, R = Ac 3.128 (UFD, R = Ac)
Uprolide G Acetate, 3.51, R = Me L 3.129 (UGA,R = Me)/

Goals: To confirm the structural revision by Rodriguez
" To provide a fexible and robust synthetic strategy

: . Disproved the structural revision of UGA by Rodriguez
Achieved: )
Developed a robust synthetic strategy

What is the true structure for natural UGA?
Rodriguez, A. D.; Soto, J. J.; Barnes, C. L. J. Org. Chem. 2000, 65, 7700.
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Structural ReV|S|on by us

Sl A TSN T Lt Su”

13C NMR AS(Anangue 3 127-natural UGA) ppm
4 ] M)
é T '. |( T T T ]I T T T T T T T T T T 1
;'1'1 2 (3 4 6 L7 8 9 1d 11 12 13 14 15 16 17 19 20 21 22
<
Around C4 Around C8
'6 - ;/ —

methyl ether with

free alcohol Me . 8 > the same or inverted
HO™ stereochemistry
_ atU(z;8A <= ) or
" in UGA

OAc (o)
20 Me

3.127 (X-Ray)

Analogue derived from
natural Eupalmerin Acetate ised UGA
Rodriguez, 2000 revise

by us
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aorb:wh
‘_/[lm@/w,.,;

L ST
91-1

ich is more likely?

A T ST N R A SR T R R

S effect (3.129-3.127)
B (8): +4.2
v (7,19): -5.1, -6.1

| %

_ e 4
Me 3 127 Rule: P eﬁect.. positive
Analogue derived from Y effect: negatlve - 3.129
natural Eupalmerin Acetate proposed UGA
: If UGA = 3.215b
If UGA = 3.215a Substituent Effect of O-Me S effect (UGA-3.129)
S eff.ect (UGA-3.127) on 13C NMR B(4): +5.5; 5 (8): +4.2
B (4): +3.7 A(3, 5, 18): +1.0, +1.2, }8.9
v (@3, 5,18): -0.8, -5.4, -4.5 y(7,9): -5.1, -6.2 l
normal abnormal
) not
preferred! Me excluded!
3.215b

revised UGA
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Total Syntheses of 3.215aanc

il il T SN T R, Frar o YR TN LN

3.187a:3.187b
=1.1:1

Proposed UGA
achieved

Straightforward Synthesis!



9-BBN
then NaOOH TESO NaH, BnBr

——» Complex mixture

(4S)-3.218a 4S)-3.219
OH (45)-3.219a
(4R)-3.218b (4R)-3.219b

OMe

OTIPS OTIPS
H 4s)-3.219a (4S)-3.220a OTES(4S)-3.221 a
(4R)-3.219b (4R)-3.220b (4R)-3.221b

OMe 1) 9-BBN OMe
then NaOOH
—_—
OTIPS 2) A(I:I-(I)l'(l)/THF OTIPS
2
4S)-3.218 : OH
£4R))-3.218?) selective (4S)-3.222a selective OBn(4S)-3.223a

desilylation (4R)-3.222b benzylation (4R)-3.223b
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Co

~ TS < SRl VAL A

7

mpletion of Revised UGA

NMR
1H, A8 <0.02 ppm
23 steps 13C, A8 =0.1 ppm
—
— [ap
UGA +125.0 c=0.66
(45)-3.223a Me” O 3.215a +110.0 c=0.10
\ 3.215a /
23 steps
—
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Structural Re\
_Uprolide G Acetate

TR

Me, 8
2000 MeO" 2014
—> 7o —>

revised o revised

by Rodriguez 0 0o by us

Me o Me >=0
Me
Uprolide G Acetate, 3.51 Proposed Structure, 3.129 Correct Structure, 3.215a

(UGA, 1995) (UGA, 2000 ) (UGA, 2014)
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Structural Revisior
Uprolide F Diacetate

4 R

2000 AcO"
revised revised??
by Rodriguez by us
Me (o]
Uprolide F Diacetate, 3.50 Proposed Structure, 3.128 Correct Structure??

(UFD, 1995) (UFD, 2000) (UFD, 3.233)



Retrosynthetic alysis

T B s, L
OAc OAc
NHK Me ==Me
e Sy2' Appel
Macrocyc_llza_tlon/ TESO,, Bromination TESO,
Lactonization Me s Br " ’,
:'> e
ring B+C \O>Me OMe
]
Me igs Me TBS
UFD, 3.233 3.234 3.235

Strategical ring construction: A — (B+C)

Morita-
right side chain Baylis-
OAc extension Hillman
S.Me Olefin Cross OTBS
TESO,,, Metathesis 10
Me + OAc
OTES I Me OPMB left side chain S Me
. . extension
ring A 3.237 side chain 3.239 TESO,,,
—a  me
____________________________________________________ o
OTBS OPMB
Julia-Kocienski
Olefination  1° Me 3 536
+ PTO,S Me OPMB
OTES

ring A 3.238 side chain 3.240



Retrosynthetic Aalysis

Zimmerman-Traxler-type

1) CrCl,, THF
y

2) TsOH, PhMe y§
54% Me OH é

wrong o ]
3.160, R=MOM stereochemistry bisepimer of Uprolide D

Uprolide D, 3.46

Marshall, J. A. et al. Org. Lett. 2010, 12, 4328.
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Jr..« R T

R R e S AR TR

1) Ti(OiPr),, (+)-DIPT

Synthe5|s of Slde Chalns

3) NaH, PMBOH
TBHP, 4A M.S., DCM o
Me._~_ OH o Meg>\_OTs —— e S5 _opue
(1]
3.246 2) TSC', Et3N, 61% 3.247 3.248
Sharpless asymmetric
epoxidation
OH
OTBS | 4 vinymgr
K\H\/OPMB 5') TBSCI, imid. f\‘/'\/OPMB 80% Cul, THF
| -
Me3 239 95% “29249 epoxide opening
5 steps, 33%
o OH
OTBS 6) 9-BBN OTBS 5) TBSCI, imid. OPM
OPMB % _ OPMB - /\H\/
NaOH, H202 M 98% Me
OH Me ®3 551 3.250
3.252 90% '
7) PTSH, DIAD | gg¢,
PPhs, THF
OTBS 8)MArInrlr)|donium OTBS
OPMB olybdate, OPMB
> 8 steps, 33%
SPT Me H202, EtOH TPOZS Me
3.253 90% 3.240

\_




2) Pd(OH),/C, H,
EtOAc/MeOH=1/4,
r.t., 2h

1) DIPEA, Ac,0
DMAP, DCM

>

90% oTips  100%

3) DMP

0,

forgas/t"e .| 9 meLi, cect,
PSL 5)pmP

6) VinyIMgBr M
7) TBAF, THF CeCl, e
- -——
OH  90% 80%
3.245
8) TESOTf o
2,6-lut. ¢ 95%

9) 05, Py, DCM
y

80%

3.237

8 steps, 42% 9 steps, 33%

UFD, 3.233




Left Side Chaln Extensmn

NN T S SR e R O A S T VR

OTBS TESQ

Grubbs cat. Me
. 10 | S
Me OPMB

Olefin Cross Metathesis

3.237 3.239
Entry Reaction condition Results
1 Grubbs II, DCM, reflux, 12 h total recovery of 3.237
2 Grubbs II, DCM, reflux, 36 h The same as above
3 Grubbs I, PhMe, reflux, 12 h The same as above

4 Hoveyda-Grubbs Il, PhMe, reflux, 12 h The same as above




3.236
MBH substrate

N- Me

3.240

4DmMP,  TESO
NaHCO,;, DCM  Me
-
90%

OPMB 1) LIHMDS

THF, -78°C
70%
Julia-Kocienski Olefination

2) AcOH/
80% | THF/H,0




Morita- Baylls -Hillman

Literature
DABCO
example
Z>co,Me
>
22 days
57% Me OPMB
3.156 Slow and low-yielding! 3.157
i cat. system oH
AN
Model study Me o ¥ “)LO""G — Me/\)\H\OMe

3.258 3.259, desired
Entry Conditions Time/h Yield%

1 DABCO, dioxane, 0°C 12 10

2 DABCO, dioxane, r.t. 24 50

3 PhSelLi, THF; mCPBA, Na,CO, 12 40

4 PhSeLi, THF; BnBr, TBAI 12 30~40
Marshall, J. A. et al. 5 PBuj,, BINOL, THF, r.t. 4 40
Org. Lett. 2010, 12,
4328, 6 PBus, THF, r.t. 4 60




Me OPMB
3.235

2) CBr4, PPh3,
DIPEA, DCM

80%

3) DDQ, pH=7 buffer
-

4) DMP, DCM

80%
over 2 steps

3.234
key precursor
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Ring B Closure

el T T A R B e S T U T A NS S AT

desired product debrominated product  debrominated product

3.262 3.263 3.264
ring B closure
Entry Conditions Conv.% Yield%
1 In, THF/H,0, r.t. 0 0
2 Zn, THF, r.t. 100 90% 3.263/3.264~1/1
3 Sml,, THF, 0°C 100 90% 3.263
4 CrCl,, 4 AM. S., THF, r.t. 100 95% 3.262
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Ring C Formatlon
&Hlﬂ}l £ Gy :rgw-vw’-«a wg—w« P R AV T R T e T

&-lactone 3.267a y-lactone 3.267b

3) 1% HCI in MeOH, 90% &:y = 10:1

5) HOAc, CH,Cl,

or Silica Gel
>85%

4) NaH, 80%

v:6=10:1

y-lactone
translactonization ring C formed

d-lactone



Completion of

3.268
4-nitrobenzoyl chloride
90% DIPEA
DMAP, DCM

Ac,0, DMAP
DIPEA, DCM

o

Correct UFD

90%

A

K Revised tJFD /

3.233
NMR [a]p

1H, AS <0.02 ppm natural  +145.7 C=0.88
13C, A6 0.1 ppm synthetic +135.9 C=0.10
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Structural Revisionfc
. Uprolide F Diacetate

Me, 8 ~
2000 ACO“\(I:I 2015
revised revised
by Rodriguez by us
Me o
Uprolide F Diacetate, 3.50 Proposed Structure, 3.128
(UFD, 1995) (UFD, 2000 )

Correct Structure!!
(UFD, 3.233)
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Summary

£ AT

Revised UGA Meo 3
(correct) HO
Strategy 1 T
Strate‘} OBn  OH OTIPS /
Proposed UGA . o i Strategy 1 4-epi-UGA (X-ray)
\ e’
(97% ee)
Strategy 1 l Strategy 2 OAc
Ring construction: ) Strategy 2 .
A->C->B Revision Me 8 N Rlng construction:
HOY| H .
43 steps (LLS) ——> H A->(B+C)
47 steps (TS) 30 steps (LLS)

Proposed UFD

“OACH 38 steps (TS)

Me
Revised UFD

(correct)
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