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Introduction

Discovered in the slope eastern coast of New Caledonia
in 1996 by Pietra and coworkers from a new genus of
calcareous sponge, Leudcascandra caveolata.

Highly potent cytotoxic against KB oral epidermoid
carcinoma (IC5, = 0.05 pgmL-") and P388 leukemia (IC,
= 0.25 uygmL-1) cell lines as well as a powerful inhibitor
of Candida albicans, a pathological yeast that attacks
AIDS patient.

Biogenesis origin unknown.
Suspected to be of microbial origin.
Later expedition failed to collect any more material.

Helv. Chim. Acta 1996, 79, 51.
Helv. Chim. Acta 1999, §2, 347.
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Introduction

m Structural features
Doubly O-bridged 18-membered
macrolactone ring structure
Extensive 1,3-dioxygenation
Unusual oxazole bearing side
chain

m Synthetic interest stirred by its unavailability, high
bioactivity and unique structure

m Up-to-date, there are 2 formal syntheses and 4 total
syntheses reported
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Carreira Synthesis: Construction of C1-C9 Fragment

>< 2.1 mol % (R)-Tol-BINAP, ><
2 mol % Cu(OTf)s,,
~ P 4mol % BugNPhoSiF, L I A
7 H 3°OTMS e 7a00 X7 0
42 %
91 % ee

1. NaBH,, Et:B,
OH 0O O aora, i TESO  OTES

nBuOH, reflux M MeOH, THF, -78 °C /\/k/K/CHO
- X OBu g X

2. TESCI, imidazole,

78 % DMAP, DMF, rt 92 %
3. DIBAL, toluene, dr>95:5
-78 °C
1. DBU, LiCl,
> X7 3\ 1 OEt
2. TBAF, THF, rt

80 %



Carreira Synthesis: Construction of C1-C10 Fragment

OH
OH OH 0 KO'Bu, THF, 0 °C fj 0
1077 3 OEt 0 'II')kOEt
63 %
dr=10:1
20 mol %
PdCl,,
OTBS cucl 0, OTBS
TBSCI, imidazole, ﬁj 0 DMF/H,0 = 7:1, 0 @ 0
DMAP, DMF, rt rt
B N s "')kOEt } 10*“"7 0 3"")1k0Et
96 %



Carreira Synthesis: Construction of C11-C18 fragment

: Zn(OTf),, :
11 1. TEMPO, NaClO, (-)-N-methylephedrine,
KBr, pH 8.6, rt Et3N, toluene,
OTIPS - Qcmps 2 - OTIPS
160H ﬁ o) AN #\0 X _OH
2 - OMe then 17
I\ﬂﬁe% N, 87 % O\)\/CHO (o)
rt %0
K>,CO3, MeOH, rt
75 %
dr 94:6
: : L
CHO
1. LiAIH4, THF, OTIPS TBAF, THF, OH TPAP, NMO,
rt | 0°Ctort | CHpClp, it~
- OBz > OBz ~  16\U170Bz
2. BzCl, Et3N,
DMAP,
CH,Cls, rt O

%\0
90 %

96 % 87 %



Carreira Synthesis: Coupling of Two Main Fragments

Me Me

- 11 10 OTBS ; OTBS

Et'ProN,
| Et,0, -78 °C
17,0Bz -

(o)
O
TABH, OTBS
AcOH, K,COs,
MeCN, MeOH,
-40 °C rt

97% 92 %

dr > 95:5



Carreira Synthesis: Macrolactonization

Me
9!
~
Bu” "N Bu e Mé TBDOMI\ge
TIPPSeBr, CH,Cl,, AIBN, n-hexane,
-78 °C reflux

P

65 %
dr 88:12

1. ¢l
cocl

Et;N, DMAP,
DMF, rt

2. Me,OBFy4, 4 A
sieves, proton

sponge, CH,Cly, )VO
rt

49 % (3 steps)
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Carreira Synthesis: Installation of Side Chain C19-C22
Me

= Me
OTBS <

o ACOH/THF/H,0 1. Pb(OAC),,
\ M /
~0  OMe O, 2:1:1, 45 °C EtOAc, 0 °C
2. Ph.
N—N
21 19 ‘N
)VO /S\/L\N’
/ \
0o
80 % KHMDS, DME,
-78-0°C

TBAF, THF
0° Ctort

>

96 %
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Carreira/Leighton Synthesis: Side Chain C2’ C11’

1. n-Buli,
11 CO,, THF,
-781t0 0 OC
Me0—§ \
g 2. Lindlar,
quinoline,
H,, EtOAC
1. DAST,
CH,Cly, MeO-C
-20°C N\\
2. BrCCls, HNUO
DBU, Me0—§ —
0°C 0
64 %
nBusSn(allyl), 2
Pd2dba3, —
P(2-furyl)s, THF,
reflux

iBUOCOCI,
N-Me-morpholine Me02C
8 Ser-OMe *HCl,
HN COOH 1r HN OH
MeO— = - HN‘\:)ZO
o MeO—(
73 % 0
75 %
! HO CBry, PPhg, Br
2,6-lutidine,
Qﬁ MeCN Qﬁ
HNUO HNUO
Me0—§ — Me0—§ —
o o)
86 % 83 %
1. 9-BBN,
THF
2. (COCl),,
DMSO,
EtsN,
CH,Cly,

-78t0 0°C




Carreira/Leighton: Completion of the Total Synthesis
Me

O O
OH L o
Lo P(CH.CF3), N P(CH,CS),
EDCI-HCI, HOBt -H,0, O O
CH,Cl,

\

KHMDS, 18-crown-6,
THF, -100 °C

55 %
ZE=T7A1

Leucascandrolide A



Paterson Synthesis: Construction of C1-C8 Fragment

1. NaH, PMBCI,
TBAI, THF
2. 0s0y4, NMO,
acquous acetone 5 OTES
4 3.NalOy, C o
= acqueous acetone _ _ _ N \
: 4. L §oc
(0] (I? 1 @ nQ
OH
M _pome), Lo o
DBU, LiCl, MeCN 68 % - 0 .
5. TESOTf, NEts, Et,O 4 Asieves, 20 °C,
then acidified CH,Cl,,
8 20 9C OPMB
P 1
TBSO~ “CHO 80 %
dr > 20:1
ee>98 %
1. TIPSOTH,
NaBHy, lutidine, 8
MeOH, OH CH,Cl,, HO 5 OTIPS
20 °C -78 °C
2. CSA .
MGOH:CHzclz
OPMB 2:1,20°C OPMB
99 % 82 %

dr 13:1



Paterson Synthesis: Incorporation of C11-C15 Fragment
1. Tf,0, Py, cat. Hg(OAc),,

WOTIPS  CH,Cl,, WOTIPS  PPTS, wet THF
-10 °C 40 °C

2. LDA,
TMSCCH,
HMPA,

-78 t0 20 °C
then K2C03,
MeOH, 30 °C

fg

cHexBCl,
NEt3, Etzo, =
0°C :

Me - 1. LDA, LiCl, THF .

: 99 %

12%(NY\Ph TBSO\15/\/[ CHO dr 1;11
O Me 2. BH3-NH3, THF

3. Dess-Martin,
CH,CI»



Paterson Synthesis: Further Modification of Skeleton

_ MG4NBH(OAC)3, _
: LoTips  MIeCNIACOH : womps  1.CSA
3:1, MeOH/CH,Cls
-40 to -20 °C 2:1, 25°C
2. TEMPO,
PhI(OAC),,
OPMB CH,Cl,,
99 % 20°C
dr > 49:1
Me3OBF4, ~
proton sponge, H
~OTIPS “OTIPS
‘ CHCla, ‘ DIBAL,
0to20°C CH,Cl,,
then
ACzo, Py,
DMAP, -78
to -20 °C

OTIPS




LOTIPS

Paterson Synthesis: Installation of Side Chain C18-C22

ZnBry : : OTIPS
CH2C|2, _‘\0 6Me 6/,_
20 °C,
1. o 9 >
M _Pome), OPMB
DBU, LiCl, MeCN 16 OTMS
HJ19.0 2. LDA, TMSCI, NEts,
THF
21 > = e
o1 81 % (2 steps)
dr 50:1
79 %
E 1. Ac,0, Py, B
LIAIH(O'Bu)3, LOTIPS DMAP. ~OTIPS
(o]
-78to -10 °C 0to 20 °C
2. DDQ,
CH2C|2/pH 7
10:1, 20 °C
76 %
dr 32:1

99 %
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Peterson Synthesis: Macrolactonization

1. TEMPO, PhI(OAc),,
CH,Cl,, 20°C
then NaClO,,

NaHPQ,4, isopentene,
aq. '‘BUOH

JOTIPS LOTIPS

‘\\O C:)MQ C:),,, ‘\\O 6M9 6/,‘

L

~OAc 2. K,CO3, MeOH, 20 °C

71 %

LOTIPS \OH

HF Py,
THF,
0to 20 °C

65 % 95 %
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Paterson Synthesis: Construction of Side Chain C1’-C11’

1. LDA,
HMPA, 1. CI3CCONCO,
5 PMBO THF CH,Cl,, 20 °C, PMBO
v -78 to ‘ ‘ then K,CO3, ‘ ‘
. -20° MeOH, 20 °C
Me;NNZ N7+ If 20 °C g
OTBS 2. TBAF, 2.4 A sieves,
“Sgr  THF, PhH, 90 °C
20°C 0™ N’ AN
OH 8%0
65 % o
"COoH
Tf,0, . I
lutidine, PMBO 1. MeO,C.
CH,Cl,, ﬂ/\
78 to I Pd(PPh3)s,
-10°C lutidine, 20 °C S
g \
2.DDQ, o
N\\ CH,Cly/pH 7 //
>0 10:1,20°C HN
TfO 3. TEMPO, Me0~§ 11"
Phl(OAC)z, o)
CH,Cl,, 20 °C

36 %, 5 steps
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Paterson Synthesis: Completion of Total Synthesis

We DEAD,
OH COOH  ppp,
I THF/PhMe
1.5:1,0to
20°C

Ho, Lindlar,
quinoline,
EtOAc, 20 °C

92 %

Leucascandrolide A
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Highlight of Other Interesting Syntheses: Kozmin

Me
- WOBn  Pb(OAc),, .OBn
EtOAc,
20 °C
OH
OH
H
Me
PCC, H H
CH2C|2 " (0] UH
MeO Z OBn
0

85 %
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Highlight of Other Interesting Syntheses: Rychnovsky

tBu” "N~ Bu

BF3 etherate,
CH,Cl,, -78 °C
then NaBHy,
EtOH

TMS

Y

OBn OBn OTIPS
78 %
dr 5.5:1
1. MG3OBF4,
proton sponge,
4 A sieves,

CH,Cl,, 79 %

\j

2. OsO4, NMO,
then NalQg4, 80 %
3. L-Selectride,
THF, -90 to
-60 °C, 82 %




Highlight of Other Interesting Syntheses: Crimmins

5,0Bn

Et3SiH, AICl; 13

9N
: ~CL0Bn - -
O . 0 O,
Q CH.Cl,, -78°c 9B 28O O
““H

1 73 %

BnO




Summary

Leighton: Most linear synthesis.

m Richnovsky: Featuring Aldol-Prins cylclization to

construct the skeleton.

Wipf: Dithiane-iodide coupling was used to construct the
skeleton.

Kozmin: Most distinct feature: Spontaneous
Macroacetalization.

Carreira: Most convergent of all syntheses. Both
substrate control and reagent control were used to carry
out a highly diastereoselective synthesis.

Paterson: Only substrate control of stereochemistry
after the first chiral induction.

Crimmins: Featuring selective opening of functionalized
siproketal to construct the skeleton.



Rychnovsky Synthesis: Syntheses of Building Blocks

. [Ru((R)-BINAP)(CgHg)], Ho, EtOH,
96 %, 94 % ee
. TBSCI, imidazole, DMF, 86 %

. DIBAL, THF, -25 °C, 88 %

1. DIBAL, CH,Cl,, -78 °C
then Ac,0O, Py, DMAP, 95 %

2. Allyltrimethylsilylsilane, BF 3
etherate, CH,Cl, -78 °C,

4. PPhg, |,, imidazole, CH,Cl,, quant.

W
OH Me

LDA, LiCl, THF, -78 °C,

Ph

~OTBS 98 %, dr > 20:1
2.2 N HySOyq4, dixoane,
o] )
OBn 95°C, 77 %

1. TMSCI, EtzN, CH,Cly, 91 %

OBn dr > 20:1
3. O3, CH,Cl,, PPhg, -78 °C,
95 %
O.__OEt
(o) H 1. N2CHC02Et, SnC|2,
3 CH5Cly, 72 %
1
2. [Ru(S)-BINAP(CgHe)]
OTIPS o
H,, EtOH, 100 °C, OTIPS
51 %, > 95 % ee
6
™
S 1. CICH,COCI, Py,
HO,,, CH,Cly, 95 %
2. DIBAL, CHCI,, -78 °C
OTIPS then Ac,0, DMAP, Py

3. Li, NH3, THF, -78 °C,
65 %

2. CeClz, TMSCH,MgCI,

THF/Et,0, -78 to 23 °C
then silica gel, CH,Cl,, -78 °C

T™MS
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Crimmins Synthesis: Construction of Spiroketal

1. TiCly, 'PrNEt,,
12 Kfo BnOCH,CI

Bn CH,Cl, - Me 1. Swern Me .
\[N>:o 2. NaBHy, ] BnO _~_OH 2. SnCly, - BnO\/W
95 % AllyITMS 83 %
dr 89:11
(0
1. PMBCI, Me /fj
NaH,DMF  gpho. - Me~ O
2. 0sQy, NCHO LHMDS, THF, _
NalOy, OPMB om ’
THF, -187°C
H,O 73 %
1. TBSOTHT,
[utidine,
CH,Cly,
0°C TFA (0
2.DDQ CeHe

78 % 80 %



Crimmins Synthesis: Modification of Spiroketal

OTBS OTBS
CH,CHMgBr, 1. L-Selectride,
[CU|PBU3]4 THF
5_0 » >
BnO THF 2. KF, THF, BnO
_ BnBr

1.5 % HF TIPSCI,
MeCN imidazole
2.Jones BnO CH,Cl,

BnO

87 %



