First Voyage:

The Bounty :

Our bounty /!l

Pacific.

New Caledonia - Named by Captain James Cook (1774)because it remined him
of the Scottish highland (called Caledonia by the Romans

Both the French and the British claimed the island, but the French took control
Under Napolean III in 1853

In 1864, the island was used as a prision, sending over 21,000 convicts.

The island is still a territory of France Jeromy Cottell
Jan 21, 2003

(My last group mtg)



Callipeltoside A

O
Me O'(
MeO A NH
oo Me Callipeltoside A

Me Collected between 1992-1994 off the coast of New Caledonia (5-10m depth)
Me. -Out of 2.5 kg of the sponge Callipelta, 3.5 mg of macrolide was collected

R o -Extracted with Hex, CH,Cl,, and 8/2 CH,Cl,/MeOH

MeO’
Mass spec showed C35H,40;,NCl
Me \\ & NMR corrolated and showed 12 degrees of unsaturation
Cl

Also isolated Callipeltoside B and C, as well as Callipeltin A, B, and C (cyclic polypeptides)

Me OH
MeO A NHCHO
B) sugar =
oho Activity:  Callipeltoside A was found to inhibit the proliferation of:
Me. OH Nonsmall-cell lung carcinoma (11.26 pug/mL)
C) sugar=  MeO_ A ..OH P338 cells (15.26 ug/mL
oTo Protect in vitro cells infected by HIV virus
H

Minale JACS, 96, 118, 11085
Minale Tet, 97, 53, 3242



Stereostructure:

Structure Determination

Published structure was based on extensive NMR experiments

7\

Key HMBC connectivities

Callipeltoside A (1)

N,
W

6'CHg

A,

Figure 2. NOE enhancements observed for the sugar portion of
callipeltoside A (1).

Figure 1. NOE enhancements observed in NOE difference experiments of callipeltoside A (1).



Preparation of Chlorocyclopropanes

Dihalocyclopropanes:
HCX O><X X=Cl  59% Reaction was belived to proceed through a dihalocarbene.
’ KOt-Bu X X =Br 75%
Pentane
Doering JACS, 54, 76, 6162.
Olivo: HO\
Z>C0,tBu 5C OtBu LAH Lipases
HCCl, Cl ——  Poor resolution
50% NaOH H
Me,/NBr Cl Cl
o)
57% (+) 82% >—Et
Jonczyk JOC, 93, 58, 6120 HO o
1 DIBAL \ Novozym-435 Y H
Cl, [ >N CL, I +ClL, >N
H O. _Et H " OH
Cl W hig Cl Cl
o)
907% 57% 43%
0 87/13 er >98.5/15er
Et
o>\_ HO
\ Novozym-435 \
oL IS > CL[>N
“r N Acetone/ Aq Buffer H
l Cl
§7/13 er >98.5/15 er

Olivo OL, 00, 2, 4055



Conjugated Chlorocyclopropanes

H ) . H
. PH\/ LAH cL P\/ 1) PCC-celite o !."/B" MeLi ol INE Compound was volatle
“ OH " OH P\)\ o K x and not easily purified
: 2) PPhy, CBr, Br  .78°C o
Cl H
80% 80%
H
o ISE « p  PdEPhy, | H
P\\\ LIVE 2 -~ Cl, S
H Cul, piperidine AN~
THF H R
crude
H
1 CI/\/CI CI"'P\/\ 379 Typical Sonagashira coupling does not work well.
AN
H H cl
AN CL, | >
2 Br OH X _OH 24%
H H
W CI,,, :
3 Br OH X~ _OH 25-40%
H
H
H Br Pd,dba,, DIPEA :
Shen: : 27y :
cL, >~ B+ X/\/R .
B Pddbag ~-Ph r (4-MeOP}O1)3P ; X~ R
| e, a0 N F
Pd,dba; PPh 3 1 n-BU3Sn/\/\OH Cl., A 65%
DMF 3 B SN OH
PhSnn-Buy ol H
PPh3 _ /W ‘,
2 n-BugSn OH AN . _OH 95%
Ph H H
Z :
AR Cl. .2 X
Shen JOC, 99, 64, 8873 3 n-BugSn COEt | N\ A cOtt 80%

MeO,C




Carbohydrate synthesis

Giuliano

Me., O._.OH Me,, O._OH

. . Sugar is structurally related to L-rhamnose U
HNT X 'OMe HO® Y~ "OH
}/,o Me OH
o)

L-Rhamnose
Callipeltose
Me., O._OMe Me., O._OMe 1) PtOy H,, Me-., -O~_OMe M., O ,OMe

HNOHCHCI : D b0y 1 i - ¢
Lo pyr/EtOH HON™ %" "0 2)Bno,ccl BnOT TNT o BnO” "Ny “OH

Me (:)7/\ Me O~$ DIPEA H mé 07/\ H me ’bH

87%

HO"

OH )—O'Me

D-mannose O

D-glucal
Reddy Carb. Lett., 98, 3, 169 Nicolaou Tet:Asym, 01,12, 937



First Fragment Synthesis ’

Hoye: o o
me 0~ me 0% G
MeO., X._.NH YN A
| cl
HO - 0" "Me
—
—
Olefination
j\ O OH Me(OMe)NH<HCl 0 C O OTMS 1)9-BBN O OTMS
2 AlMe; : W - :
o N)W - Mell\l/lW Me[l\j : MGN)WOH
“{  Me Me OMe Me Me OMe Me Me  2)H;0, pH7 OMe Me Me
Bn
92% 98% 80%
Evans JOC, 97, 62, 454
ccl
° o OTMS . O OTMS O OH
PMBO NH : ViLi : PPTS :
X N
~ MeN” ™ OPMB \/U\:/\lﬂopma \)j\:/\l/\OPMB
CSA OMe Me Me Me Me MeOH Me Me
77% 60% 100%

Hoye OL, 99, 1, 169



] s
Ring Closing Metathesis
PMP "
: BH(OAQ); : H o 0o -
: OPMB NN OPMB N - L2 g
Me Me Me Me : Natl X T
66% Me Me Me Me
9/1 anti/syn 72% 90%
OMe OPMB
DIBAL OMe ?PMB Swern Ox A - N
NN OH Vo Mo
Me Me ° Ve
70%
77% 9
(@]
Me /fl\ 0] 0]
Me OH P NaH
?}\/OTBS )\MQBF -_OTBS Mo 9 we Me QJ\/U\Me : o
~ OTBS n-Buli
5% Cul 110 °C, toluene M
94%
77%
OH O 0]
Me, 0 Grubb's 1st gen
: No reaction
Me OPMB %(\/ OTBS or Schrock cat
MeO Me

70%
25/1dr

-established by oxidation
of PMB to cyclic acetal

at C(10", but does not close

TH NMR studies showed that the Ru cat initiates



Second Fragment Synthesis ’

Olivio: O 0
4
: Me O’/<
-~ MeOl,l ‘s‘NH
HO =~0" "M
i e
X \\ Baeyer-Villi
| OR aeyer-Villiger
" P Oxidation
e \\
‘ol “Cl
Nozaki/Hiyama/Kishi
Coupling
0]
Pseudomonas . .
putida e o LiHMDS o H LiHMDS AcO,H, NaOAc ool H
0 Mel, -78 °C Me* \_© -78 °C, NH,Cl AcOH Me 0
0
86% 78% 89%
17/1dr 6.3/1dr

Olivio OL, 00, 2, 1931



Baeyer-Villiger Oxidation

10

OPMB OPMB
1) PMBC], NaH
Me-., n-Bu,NI, DMF/THE ~ Me
1) DIBAL MeLi, Cul aNL e PPh,=CH,
—————r
2) MeOH 78 = -30 *C Me 2) conc. HC1 Me 0 40 °C
Dowex-50 Y THF/H,0
OMe OH
73% 82
16/1 regio. 887 %
OPMB OPMB OPMB OPMB
TPAP, NMO (TMSO), EtOAc, LDA
4A MS cat. 5SnCly -78 = 0°C Me
diamino-c-Hex B H
= CO,Et
81% C 60%
— ’ oA — single isomer
\ é\" - ‘/,, i
B L
J /‘,./’ / — e YQ
| } { } ol |



Aglycon synthesis H

O
Paterson: Me, O“(
MeO NH
O 10" 'Me
Me =
T Glysocidation
Me.,
Macrolactonization
MeO 0 O —

@)
Me O'/<
MeO A NH

HOHO Me

o
M
° VAN NA
“cl “cl
Sonogashira coupling
Aldol
LDA, ATPh
tol. -78 °C TBSC], Im 78 _y 970
OWMG OYW\/\/I O ! 1) -78 = -27°C
H Me OY\/\/I H Me OH H Me OTBS 2) Si0,
H CH,Cl,/H,0
80%
0 c-Hex,BCl
M |
e\)l\E/\OPMB Et;N
Me
1) TESOTY, 2,6-lut
Me Me Sml,, EtCHO Me Me 2) DIBAL
PMBO : AN AN AN | -20 —»-10°C PMBO - N N N | .
O OH Me OTBS OH O Me OTBS 3) Me;OBF,, H' sponge
99% O~ 'Et
>98.5/1.5 dr (aldol) 929
o

>98.5/1.5 dr (red)

Paterson Angew. Chem. Int. Ed, 01, 40, 603



Aglycon continued 12

Me Me Me Me
PMBO. - | 4DODO% CH,Cly/pH 7 buf. HO : | Dess-Martin periodinane
TR AN v N NN
TESO OMeMe OTBS TESO OMeMe OTBS
81% 42% + 37% SM
Me Me Me Me
: BF;¢OEt X
o) N X I 3 2 MeO : N X i
H OTESOMe Me OTBS O O OH OTESOMe Me OTBS
86% 85%
95/5 dr

MeO N —
TMSO OTMS

PPTS, (MeO);CH

MeOL 1) TBSCI, Im

2) TBAF, THF, 20 °C




Aglycon continued 2

OoTBS
1) Ba(OH),*8H,0, MeOH Me
2) 2,4,6-trichlorobenzoyl
chloride Me., '8
> H MeO
MeO" I 0O "0
—_ Me NF ]
1)TPAP, NMO 53%
46% 4A sieves
2) NaBH,, CeCl,

OTBS

1) Ba(OH)2 . 8H20, MeOH
2) 2,4,6-trichlorobenzoyl

chloride
70%
BuBL*
o n-BuLi, TMEDA ZnEty, CHl,
<§b/\C| HO/N\¢7\C| HO/N\D>\C|
80% 975/25er
1) Swern Ox BT 7o
R Br\/\l>\ o n-Buli, -78 °C \\\D\
2) Zn, pyr, Br Cl
PPh3, CBI'4
40% (3 steps)
ent-BuBL*
0 ZnEtz, CHZIZ

I~

steps

X 2,
\\:ACI

13

'H NMR showed better corallation
to the natural product.

M%WOQ’ CONM%

BuBL* O._.0

Br

Bu



Aglycon continued 3 14

OTBS OH

1) TBAF
i-Pr,NH, -20 — 20 °C Me.,,

2) PPTS

Diast. A

1)[(PPhg),PdCl,], Cul OH
i-Pr,NH, -20 — 20 °C Me -~

X =, .
\\:/\Cl Me.,, Diast. B
2) TABF MeO™
3) PPTS
Me

67%

"H NMR data for diast. A and B are almost identical to eachother and Callipeltoside A

Rotations:  Diast. A -97.8° (¢ =0.19, CHCl,)
Diast B +45.8° (¢ = 0.28, CHCl,)
Call. A -17.6° (¢ = 0.04, MeOH)



Total Synthesis - Evans

1) KIO,, KHCO, Qo

OH
@) - O
: o 2) KyCO;5 \/‘\
OH O T
P
N>
o 1) Pb(OAc),
; H K,CO
Dowex resin 23
MeOH 2) PPh;, CBry
84%

15

0

Me 9’/{NH Aldol

Meoby Me., ‘/‘/
O - O I"Me Aldol mMe = COzR
H o—0
MeO
G~ Me
Cl
Aldol

1) Thexyl,BH
0]

2) CuCl,, H,0 O\/‘\/\m

EtZZn, CF3C02H Q
O

HMPA, 70 °C
70%
>20/1E/Z
1) Pd(PPhy),
B TIOEt
WCI HO™ 2" B(OH),
Br 2) DBU, tol,, 110 °C
94%

CHol O\/kb\CI
82%
>50/1dr
2
" \\ Cl
77%

Evans OL, 01, 3, 503



Evans - Carbohydrate

16

1) NaOH, Cbz(Cl O Me 1) i-PrMgCl O Me
O OH z g 4 L
2) Mel, K,CO;, : HN(OMe)Me#HCl O Me_OH Me
HO/U\|)\Me 1o MeO X 0 > Me 0 > EtO0” Y 0
NH, S Z 2) MeMgBr CbzN MeO CbzN
MeQ, OMe mdfe mdse mde
D-threonine Me™ “Me 93% 61% %6%
/l(J)\/ LDA 2/1dr
OMe
EtO Proven the wrong isomer
at the lactone stage
0]
- LDA qMaoH e Me OH Me_OH
0 0 0 AcOH HO:,I \\\NHCbZ Me30.BF4 MeO/,' N \\\NHCbZ
O Me O CbzN 2,6-dit-Bu-4-Me-pyr .
ij /U\(\ 6 mde 070" "Me 070" "Me
Me 0 71%
CbzN 80% 82%
mle 15/1dr
O 0O
Me OH Me04 0’4
> 1) NaH : Met
1) DIBAL MeO.,, .NHCbz Y . MeO., X._.NH MeOH MO, X NH
2) Ac,O, pyr 2)DBU, Cl3CN TMSOTH
DMAP AcO” O 'Me 0 07 "Me MeO” ~0” "Me
93% ClsC”  NH 514,

Evans OL, 01, 3, 3133



Evans - Core Structure

55/45 dr

O
O
H 1) TBSCI, Im (o)
TMSO\ Me\ 1) OPMB EtO | OH 2)LAH H | OTBS 78 > -20°C
EtO CulL* 25mol%)  Me 3)SO3°PYL, Mo
-78 °C OPMB DMSO, Et;N
2) HC1 93% OPMB
95% ee (97.5/2.5) 75%
Cul* = x 2+
O O
o | - 0_‘ Cy,BCl, EtNMe,
</| v *2 SbE, o N .
N—Cu—nN 6 \{ e me EuO0—78C
Pﬁ. H200H2 Ph Bn
O
H OTBS 78> 20°C |
Me
OPMB
75%
1) HNMe(OMe)eHCI
AlMe;, 0 °C
1) Mey,NBH(OACc); 2) Me,C(OMe),, PPTS
MeCN, AcOH, 0 °C Acetone, rt
2) HN(CH,CH,OH), 3) LAH, rt

OPMB

86% (3 steps)

72% (3 steps)

Evans JACS, 02, 124, 5654

OPMB

17




Evans -Glycosidation 8

TMSO OTMS Me Me

MeO” 0O O OH 07 0

1) TBSOTH, 2,6-lut
2) PPTS, MeOH

BF;¢OEt,, -90 °C MeO : ?TBS 3) MeOTH, 2,6-dit-BuPyr
e
88% OPMB
>95/5 dr
Felkin Ahn control
oTBS OTBS
1) TBAF, rt 1) 1.5 mM, C52CO3
2) MsCl, Et3N, 18-C-6, 110 °C
DMAP, 0 °C '
2) TBAF
3) LiOH, H,O :
MeOH, THF
OPMB OPMB OPMB

50% (3 steps)

O
Me O

Meo;f:j@NTBS

PhS® "O° 'Me

DDQ, MeOH
CH,Cl,, H,0

NIS, TfOH,
2,6 dit-Bud-Me-pyr
-15°C —>rt

OPMB

95%

single anomer

83%



Evans - Coupling
MeQ'(p

0O

1) SO3¢pyr, DMSO

Et;N, 0°C
2) LIHMDS Me
OMe
MeO. ! MeQO

PN

5 A

1) SO5epyr, DMSO
Et;N, 0°C Me.,,

2) LIHMDS Me
OMe
MeO. ! MeO
~ /
e x

Diast. A -17.6° (¢ = 0.19, MeOH)

5 o)

E/Z=3/1

Me

1) I, (cat), rt

2) TBAF, AcOH

Cl
56% (4 steps)
E/Z=>11:1
0
MeQ’(
o) H 0~ “Me
1) I, (cat), rt Me.,

2) TBAF, AcOH Me

.
“Cl

56% (4 steps)
E/Z=>11:1

Diast. B +140° (¢ = 0.05, MeOH)

19

.
“Cl



Total Synthesis - Trost

20

 — H MeO
G\/\
x
\A T Alder-ene
Cl
Olefination //
Menthyl"(+)0,C LiTMP Menthyl (+)02C 1) NaOH, i-Pr, 70 °C Menthy!"(+)02C,
2) SOCI
COo(+)-Menthyl  BrCH,Cl COy(+)-Menthy! ) SOCh COCl
87%
99/1 dr
QNa
N__S
f
1) \F NMe Br
MeNHOMeeHCl 1) DIBAL
DMAP, CCly Menthyl"(+)02C, © e - O:/ >:
A i-PrMgCl A 2) PPhg, CBry Br A
2) AIBN cCl Cl I
60% 99% 80%



Trost - Carbohydrate

O 0
0’/< 1) H,S0,, PPTS Ac,O
Me Q’/< TBSOTf Me _0"/< Me. & 250y 2
Ho., X_ .NH 5 Ho., X_ .NTBS Mel, Ag2O Meo:fj@NTBS 2) K,CO3, MeOH
T 2,6-lut ' -
., " ‘e, DMF M O O "IM 3) C13CCN, NaH
MeO” O~ 'Me MeO® "0~ "Me e e
55% 69%
jJ)\ O Me OH
OTMS Me OH :

H™ Me CH,Li < m-CPBA  HO., NaH, Mel

| | ° MeOH
MeO BF,, -78 °C o “Me  100°C 0~ “Me MeO” >0 “Me
88% (+) 80% 62%
0
0
j\ 20 Me O—{ Me 04

DCi,c” N7 MeO., {_ NHp Rh(OAc), (10 mol%) MeO.,, NH

2) K,CO3 H,O 2,6-dit-Bu-pyr

ME(%H ¥R MeO O Me I(OAC)2 MeO (@] Me

88% ©/ 63%

Me 0’(

Meoﬁ\‘\NTBS

O O 'Me

A

HN? ~CClg

62%

Me :OH
MeO.,,

MeO” 07 “Me
70%

Trost JACS, 02, 124, 10396



O TBSCL, Im
Me

2-methyl (S)-CBS-
oxazaborolidine (2 eq)

BH3 ° SMez, -30 °C

oTBS
OTroc

85%
no branched pdt

"o

NH PPh,

NH PPh,

fae

Trost - Core Structure 22

o /MgBr
0 MeNHOMeeHCl Z 0
J\/\ B J\/\ MeO. /lk/\ Me
Meo - OH Meo = OTBS l'PngCI _20 OC hNAe E OTBS & - OTBS
Me ’ Me THF, 0°C Me Me
99% 99% 89%
OH
Mel, Ag,0 OMe Z>"0Troc
/\/\ OTBS A /\A OTBS
Me Me Me Me CpRu(MeCN);PF
Acetone (0.5 M), 30 min
99% 92
10/1dr %
Pd,dbaj, Me Me E . .
p-OMe-phenol OTBS TBAF OH Dess-Martin periodinane
n-BugNCl, L* MeO | OPMP MeO I OPI\ﬁJ
Me Z Me
51% + 25% linear 91%
20/1dr
O
M
H e\/[kSt-Bu
Me o LDA TBSOTf, 2,6-lut
MeO | OPMP -108 °C
Me Z
82
86% % 86%

5/1dr Trost JACS, 01, 123, 9449



Trost - Cyclization

o O

/\/\OTMS

DIBAL
-78°C BF;*OEt, -78 °C
TBSO
Me,
Me.,
Me
CAN  Me 0.5mM
AcetOHE/Hzo toluene MeO
MeO 110°C
Me
Me Boeckman's 829
82% lactomization ’
Br
Br HO/\/\Snn-Bu;g HO PPh,, CBry ‘\:\
Br A Pd,dbag,(4-MeOPh);P \\ -40 °C \\
Cl  DIPEA, DMF, 80 °C A A
C

Cl

66% 90%

23

TBSOT{

2,6-dit-Bu-pyr

TBSO
Me.,,

1)0sO, NMO  Me

2) NalO, MeO

80%

(Et0),(O)P
P(OEt), L\
100 °C AN

A

93% Cl

Trost Angew. Chem Int. Ed., 02, 41, 841



TBSO

TBSO

Trost - Coupling

TBSO

N

Ci
1) crotonaldehyde
1) HEepyr, MeOH Grubb's 2nd gen.
2) PPTS 2) CrCl,, CHI,
Br "
= ‘Cl
1) Br

n-BuLi, Me3SnCl

2) C1,Pd(MeCN),
DME, rt

24



Trost - Glycosidation 2

41\ Diast. A -19.2° (¢ = 1.0, MeOH)
HN” CClg

TMFOTf
-30°C

Diast. B +156.3° (c = 1.0, MeOH)

N

HN” CClg

TMFOTf
-30°C

.
“Cl
,

“Cl
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Substrate Comparisons
OH Controlled
Me A« = Aldol Paterson:  Prepared both diastereomers - could not determine

TMSO OTMS configuration in the natural product.
Z > 0oMe 20 steps and 2.7% yield to the aglycon

Aux. Derived Cyclopropanation
Substrate Me 2N
Controlled \ A ""[>\Cl HO™ >"cl

Unselective Ald. Aldol /\/K
LAO” X O

MeO, X <-NTBS
ﬁ\ Substrate Cont. Aldol 0 OH

Et” >~ “OPMB

Evans: Prepared Both diastereomers - configuration by rot. 0" 0" 'Me HO
Me., <«—___ Substrate NH,
15 steps (linear) and 3.0% yield to Callipeltoside A Controlled
Me Aldolryso  OTMS
Aux. Controlled aldol —— =
O O O MeO 0 OMe
o) O)L N )UH X Substrate derived
40 \,{ : // \ ") cyclopronation
RS Substrate Me O NTBS Enant - rhamnose Bn Cu cat Aldol HWE
Controlled MeO .+ Rec- Het. Diels Alder Me OTMS 5" poH) 0
Ao /\/‘\ 2 \)\/\
)'\A X OMe O
OH M -— Substrate TMSO™ OTMS
Controlled = OTMS
Aldol Trost:  Prepared Both diastereomers - configuration by rot.

Pd Asy. AlL Alk. 22 steps (linear) and 3.8% yield to Callipeltoside A

.—— Aux. Derived Cyclopropanation
h COxM
\ Cl Men0,c~ 02 en



