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Callipeltoside A
•First isolated from Lithistid sponge in
1996

•Exhibits moderate cytotoxicity against 
human bronchopulmonary non-small-
cell lung carcinoma

•Extensive NMR experiments were used
to assign the relative stereochemical 
relationships in macrolactone and 
sugar regions
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Synthetic Rationale

• Only able to isolate from sponge in small
quantities (~35 mg total studied since first
isolation)

• Relative stereochemistry of cyclopropyl
moiety unclear from NMR experiments

• SAR studies from diastereomers
• Four total syntheses reported to date: Evans

(02), Trost (02), Patterson (03), Panek (04)



Common Retrons

O

O O

OHH

Me

O O

NH

O

O

Me

Me

MeO

Me

MeO

Me
Cl

H

X O

NH

O

O

Me

Me

MeO

H

O

O O

OHH

Me

OH

Me

MeO

Me
O

Cl

R

Same disconnects proposed in each total synthesis:
Horner-Wadsworth Emmons Olefination, and
glycosylation to append the sugar

Each total synthesis demonstrates a unique method of
preparing each structure utilizing a variety of different
known synthetic transformations



Evans total synthesis

Retrosynthetic Analysis for macrolactone a
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Synthesis of Macrolactone
Me4NBH(OAc)3, AcOH

MeCN, 0 ºC

98 %
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1. (MeO)2CMe2, PPTS, acetone, rt.
2. LiSEt, THF, -5 ºC to 0 ºC
3. DIBAL-H, Toluene, - 78 ºC

66 %
Me Me
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Ph
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Me Me

9, BF3
.OEt2, toluene

-78 ºC

86 %
Me Me
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10

d.r.= >95:5

d.r.= >95:5

Chan’s diene utilized to synthesize 10, under Felkin control

9=

OMeTMSO

TMSO

HO N

O

Bn

O

Me Me

O

H

O

Ph

Cy2BCl, EtNMe2

-78 to -20 ºC
O

N

O

Ph

O

Me Me

O

Ph

OH

6
78 %

d.r.= 95:5



Ireland-Claisen Rearrangement
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1. TBSOTf, 2,6-lutidine
    CH2Cl2, -78 ºC

2. PPTS, MeOH, rt

67 %
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1. MeOTf, DTBMP, CH2Cl2, rt
2. O3, CH2Cl2, MeOH, -78 ºC, 
then Me2S, rt,

67 %
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BrMg

THF, -78 ºC
      79 %

O

OTBS

Me

Me

MeO

OMe
OMe

O

H

Me

OH

12

d.r.= >95:5

1. LiOH, MeOH, THF, H2O, rt
2. Cs2CO3, allyl bromide, DMF, rt
3. DMBOCH2COOH, DCC, CH2Cl2, 0 ºC

69 %
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LiHMDS, TMSCl.Et2N, 

THF -100 ºC to rt

      61 %
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Completion of Macrolactone
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d.r.= >95:5

1. EtSH, BOPCl, Et3N, CH2Cl2
    0 ºC to rt
2. DDQ, MeOH, rt
3. Pd(PPh3)4, HCO2H, Et3N
   THF, rt

30 %
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1. 2,4,6-Cl3C6H2COCl, iPr2NEt
   THF, rt then DMAP, toluene
2. PPTS, MeOH, rt.
                  59 %
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20 steps to obtain desired macrolactone

Abundance of functional group manipulations



Second Synthesis of Macrolactone

•First route required many functional group manipulations

•Revised route eliminates requirement of protecting group manipulations
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Second Synthesis of Macrolactone

21=

N

O
N

Cu N

O

H2O OH2Ph Ph

2

SbF6

•Initial reactions conditions provided low
yields and poor olefin selectivity (27 % yield,
80 % ee, 11:1 E/Z rapid addition)
•Optimal reaction conditions were achieved by
the slow addition of both reagents.

OEtTMSO
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H
OPMB

O
1. 21 (5 mol %)
  Ch2Cl2, -78 ºC

2. HCl (aq), THF, rt
EtO

OPMB

O Me OH

e.e.= 97 %

E:Z= >50:1
99 %

22

1. TBSCl, imid. DMF , rt

2. LiAlH4, Et2O, 0 ºC to rt

3. SO3
.Py, Et3N, DMSO, 

     Ch2Cl2, 0 ºC

            75 %

H
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O Me OTBS
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Stereochemical Complications in Aldol Reaction
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•Using the enantiomer of 24 leads to 10 fold improvement in diastereoselectivity.

•Different conditions tested determined effects of remote directing groups.
O-silyl group necessary, but PMB protecting group not required



Completion of Macrolactone
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1. Cy2BCl, EtNMe2, 0 ºC

2. Me4NB(OAc)3, MeCN, 
    AcOH, 0 ºC

3. HN(CH2CH2OH)2, EtOAc, rt

86 %
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Me 27

d.r.= 12:1

1. HNMe(OMe).HCl, AIMe3, 

    CH2Cl2, 0 ºC to rt

2. Me2C(OMe)2, PPTS, 
  acetone, rt
3. LAH, Et2O, rt

72 %
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Mitsunobu to the Rescue

•Modified Mitsunobu conditions afforded desired stereochemistry

•No isolation of product 35 when starting from alcohol derivative of 34

1. PPTS, MeOH, rt

2. MeOTf, DTBP,
   CH2Cl2, rt then
  PPTS, MeOH

57 %
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2. MsCl, Et3N, DMAP, CH2Cl2, 0 ºC

3. LiOH, H2O, THF, rt

70 %
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Cs2CO3, 18-crown-6
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Evans Total Synthesis
Retrosynthetic analysis for callipeltose sugar
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•Synthetic challenges: installation of stereocenters

•Enolate chemistry can be used to obtain high diastereoselectivity



Callipeltose from D-Threonine

HO Me
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O OH 1. NaOH, CbzCl,
   MeCN, H2O
2. MeI, K2CO3, DMF

3. TsOH, Me2C(OMe)2,
  acetone

93 %
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                 THF
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•Obtained poor d.r. due to formation of undesired enolate

•Unfortunately, the selectivity could not be improved upon by using alternative bases



Formation of Desired Diastereomer
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By utilizing a cyclic ester as the starting material the desired product was obtained in
good yield and high selectivity



Completion of the Sugar Ring

Synthesized two different sugar moieties to test in the glycosylation step
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  CH2Cl2, rt
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O
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.OEt2, PhSH, CH2Cl2

2. NaH, THF

79 %

NH
O

O

O

MeO

Me

Me

PhS

NH
O

O

TBSOTf, 2,6-lutidine
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Evans Total Synthesis
Retrosynthetic Analysis of Side Chain
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Needed to prepare both enantiomers to determine absolute stereochemistry of
cyclopropane moiety



Synthesis of Side Chain From D-Mannitol
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KIO4, KHCO3

THF/H2O, rt
O O

H

O

CrCl2, CHCl3

THF 70 ºC

< 40 %

O O

Cl

E:Z= 87:13

O O

H

53, K2CO3, MeOH

        94 %

1. Sia2BH, THF -15 ºC to 0 ºC
2. CuCl2, H2O, HMPT, 

             THF 0-70 ºC
                70 %  E:Z= > 20:1

Takai olefination provided low yields and moderate selectivity

Modifying conditions based on Masuda’s work the desired product was formed in high yield
and selectivity
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Synthesis of Side Chain Enantiomer
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53, K2CO3, MeOH, rt

              77 %
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H
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1. Sia2BH, THF -15 ºC to 0 ºC
2. CuCl2, H2O, HMPT  THF 0-70 
ºC

      70 %  E:Z= > 20:1
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Competion of Side Chain

O O

Cl

CH2I2, ZnEt2
CF3COOH

82 %

O O

Cl

d.r.= > 50:1

1. Dowex resin, MeOH, rt
2. Pb(OAc)4, K2CO3, CH2Cl2, rt

3. PPh3, CBr4, CH2Cl2

77 %

Br

Br

Cl

56, Pd2dba3, 
P(p-C6H4OMe)3
   iPr2NEt

57, Pd(PPh3)4, 
TlOEt, 
THF/H2O,rt
   93 %

Cl

HO

Cl
HO

DBU, toluene, 
 
    100 ºC
      80 %

Br

1. CBr4, PPh3, 
   CH2Cl2, -40 ºC

2. P(OMe)3, 100 ºC
            75 %

Cl
(MeO)2OP

56= HO SnBu3

57= HO B(OH)2

59

Shen’s modified Stille conditions could not be applied to the
dibromo-olelfin.
Instead the coupling reaction was carried out prior to
elimination to provide the enyne in good yield

or ent 54

Cl
(MeO)2OP

ent- 59



Fragment Assembly

•Thioether appendage on sugar able to react without decomposition of SM
•Both anomers can be utilized to provide the desired product
•Relative stereochemistry determined by NOESY
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Fragment Completion

•Accomplished in 25 linear steps and a 4 % overall yield.
•NMR data confirms cyclopropyl moiety too remote for determination
•Optical rotation confirms natural product to have relative configuration matching that of 1 a
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   MeOH, H2O
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1. 59 (ent 59)  LiHMDS, - 78 ºC to rt

2. I2, CH2Cl2, rt
        d.r.= 11:1
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Trost’s Total Synthesis
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asymmetric allylic 
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Me

MeO

Me OTROC

Ru catalyzed
 Alder-ene

OP

TBSO

Me

Me

MeO

OTROC
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Retrosynthetic Analysis from macrolactone 3



Preparation of Macrolactone

Reduction required 2.0 equivalents of 2-methyl (S)-CBS-oxazaborolidine for moderate
selectivity

MeO OH

O

Me

1. TBDMSCl, imid. 
     CH2Cl2, rt, 2 h

2. MeNHOMe.HCl, i-PrMgCl

 THF, - 20 º C, 15 min

98 %

N OTBS

O

Me
7

Me

MeO

9

1.
MgBr

THF, 0 ºC 2 h

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

BH3
.SMe2, THF, -30 ºC, 1 h

d.r.= 10:1, 99 %

OTBS

Me

OH

11

MeI, Ag2O

Et2O, rt, 4 h
     92 %

OTBS

Me

OMe

13



Synthesis of Macrolactone-Alder-Ene
Reaction

13

OR

CpRu(CH3CN)3PF6

acetone, rt

OTBS
Me

MeO

Me

OTBS
Me

MeO

Me OR

85 %0.5 h5TROCB

62 %2 h10HA

YieldTimeMol %
Ru

REntry

•Product obtained exclusively as linear chain

•One of few examples of ruthenium catalyzed Alder-ene reaction to give exclusively
linear products

•Selectivity attributed to coordination of propargylic methyl ether in ruthenacycle
and inductive effect of homoallylic oxygen



Proposed Mechanism of Alder-ene
Reaction

Trost, B. M., et. al. J. Am. Chem. Soc. 2002, 124, 10396



Asymmetric Allylic Alkylation (AAA)

OTBS
Me

MeO

Me OTROC

Pd2dba3
.CHCL3

p-Methoxy phenol

nBu4NCl, CH2Cl2

19, rt 12 h

> 99 %, 2º/1º= 3/1

OTBS
Me

MeO

Me

OPMP

24

•Opposite stereocenter observed from expected configuration

•Selectivity arises from Pd ability to switch from η1 to η3 which
allows syn to anti interconversion

•Chloride ion helps facilitate equilibrium by coordinating to Pd



Mechanism of AAA

Trost, B. M., et. al. J. Am. Chem. Soc. 2002, 124, 10396



Aplication of AAA to Macrolactone
OTBS

Me

MeO

Me OTROC

Pd2dba3
.CHCL3

p-Methoxy phenol

nBu4NCl, CH2Cl2

ent- 19, rt 12 h

> 99 %, d.r.=20:1

OTBS
Me

MeO

Me

OPMP

28

1. TBAF, THF, rt, 12 h

2. Dess-Martin periodinane
 NaHCO3, Ch2Cl2, 0 ºC, 5 h
            81 %

O
Me

MeO

Me

OPMP

30

1. tert-butylthiopropionate,
LDA, THF, -108 ºC

2. TBDMSOTf, 
2,6-lutidine, CH2Cl2
0 ºC, 2 h

Me

MeO

Me

OPMP

OTBS

O

H
Me

33
 3. DIBAL-H, toluene
 -78 ºC
       56 %

O O

OTMS

BF3
.OEt2, CH2Cl2

-78 ºC

           94 %

Me

MeO

Me

OPMP

OTBS

Me

OO

OTMS

OH

36

TBSOTf, 2,6-di-tert-butylpyridine

CH2Cl2, 0 ºC, 1 h 
      95 %

Me

MeO

Me

OPMP

OTBS

Me

OO

OTMS

OTBS

37

d.r.=5:1



Completion of Macrolactone Fragments

Me

MeO

Me

OPMP

OTBS

Me

OO

OTMS

OTBS

37

1. CAN, acetone/H2O
 0 ºC, 5 min

2. toluene, 100 ºC, 1 h
           67 %

OTBS

O

O

OMeO

Me

OTBS

Me

39

1. HF.pyridine, MeOH, 0 ºC

2. PPT, MeCN, H2O, rt

                91 %

O

O O

OHH

Me

OH

Me

MeO

Me

3

Same steps carried out starting from diasteromer 24 to provide 40
nOe studies confirmed stereochemistry of lactones 
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Appending Cyclopropyl Moiety
To determine absolute configuration need to synthesize and append both
enantiomers of cyclopropyl moiety

CO2(+)-menthyl

menthyl-(+)O2C
LiTMP, BrCH2Cl, 

THF, -78 ºC, 4h
d.r.= 99:1, 87 %

CO2(+)-menthyl

menthyl-(+)O2C
1. NaOH, IPrOH, 
  70 ºC, 12h

2. SOCl2, rt, 12 h
          89 %

COCl

menthyl-(+)O2C

N S

ONa

DMAP, CCl4, nBu4NI,
then AIBN

60 %

Cl

menthyl-(+)O2C
MeNHOMe.HCl, iPrMgCl

THF, -20 ºC, 1h 

       99 %

Cl

O

N OMe

Me
1. DIBAL-H, CH2Cl2
-78 ºC, 3 h

2. PPh3, CBr4, CH2Cl2
0 ºC, 4 h
          80 %

Cl
Br

Br

58

60
62

1.

HO Sn(C4H9)3

Pd2dba3
.CHCl3, tris(4-methoxyphenyl)phosphine,

DIPEA, DMF 80 ºC, 12 h

2. PPh3, CBr4, CH2Cl2
-40 ºC, 1h 
3. P(OEt)3, 100 ºC, 4 h
        55 % Cl

(EtO)2OP

65



Two Methods for Appending Dienyne
Model studies based on deschlorocallipeltoside

Synthesis via Olefination

OTBS

O

O

OMeO

Me

OTBS

Me

39

1. OsO4, NMO
THF/H2O,  0 ºC 4 h

2. NaIO4, THF/H2O
rt, 3h 
          80 %

OTBS

O

O

O

O

MeO

Me

OTBS

Me

46

65, LiHMDS, THF,
-78 ºC, 3 h E/Z= 4/1

52 %

OTBS

O

O

OMeO

Me

OTBS

Me

Cl
66

HF.pyridine, MeOH

0 ºC, 5 h 96 % O OMeO

Me

OH

Me

Cl

O
OHH

67

Cl

(EtO)2OP

65



Method 2: Metathasis

O

O O

OHH

Me

OH

Me

MeO

Me

3

crotonaldehyde, Grubbs II

CH2Cl2, 40 ºC 5 h; 

then, CrCl2, CHI3, dioxane/THF

0 ºC 3 h, 8:1 (E:Z)

             84 %

O

O O

OHH

Me

OH

Me

MeO

Me I

70

ent-62, nBuLi, Me2SnCl

Et2O, - 78 ºC to rt, 1h;
then 70, Cl2Pd(MeCN)2,
DMF, rt 45 min 70 %

O

O O

OHH

Me

OH

Me

MeO

Me

Cl
72

Grubbs II

NN
Mes

Mes

RuCl
Cl P

(Cy-Hex)3

Ph
Cl

Br

Br

ent-62



Synthesis of Sugar

O
MeO

O
O

Me Me

Me
O

Me

1. H2NOH.HCl,

pyridine/EtOH (1:1)
1. PtO2, H2, HCl
   EtOH

O
MeO

O
O

Me Me

Me
NOH

Me

2. benzyl chloroformate
DIPEA, CH2Cl2
      87 %

O
MeO

O
O

Me Me

Me

Me

H
N

OBn

O

1. 60 % HOAc

2. NaH, THF
3. TBSOTf,
2,6-lutidine,
CH2Cl2, rt
4. MeI, AgO2,
DMF, rt
    28  %

OMeO

MeO

Me

NTBS
O

Me

O

1. H2SO4, PPTS,
Ac2O, rt, 

2. K2CO3, MeOH, rt
3. Cl3CCN, NaH
CH2Cl2, rt 
     62 %

OO

MeO

Me

NTBS
O

Me

O

NHCl3C
5



End Game Strategy

OO

MeO

Me

NTBS

O
Me

O

NHCl3C
5

1. 67 (72) TMSOTf,

dichloroethane,

4 Å MS, - 30 ºC

2. TBAF, AcOH, THF, rt
           69 %

O

O O

OHH

Me

O O

NH

O

O

Me

Me

MeO

Me

MeO

Me

H

Cl
1

O

O O

OHH

Me

O O

NH

O

O

Me

Me

MeO

Me

MeO

Me

H

Cl

85

or

Completion of molecule in 46 total steps (22 linear) for 0.05 % overall yield

O OMeO

Me

OH

Me

Cl

O
OHH

67

O

O O

OHH

Me

OH

Me

MeO

Me

Cl
72



Paterson’s Synthesis of Macrolactone

TMSO

OMe

H I

O
(R)-BINOL, Ti(Oi-Pr)4,
THF, CaH2, -78 ºC
     96 % e.e.= 94 %

MeO I

O OH

1. TBSCl, imid. CH2Cl2
2. DIBAL-H, CH2Cl2, -78 ºC

3. MnO2, CH2Cl2, rt
         76 %

H I

O OTBS

5

10

O

OH

Me

HO

1. DMBO(CCl3)CNH, PPTS

CH2Cl2
2. MeONHMe.HCl, i-PrCl,

 THF, -20 ºC

3. EtMgCl, THF, 0 ºC

       60 %
O

ODMB

6



Completion of Macrolactone

O

ODMB

6

c-Hex2BCl, Et3N, Et2O
-20 ºC; then 5, - 78 ºC to
-30 ºC       
              99 % d.r= 95:5

O

Me

ODMB

Me

MeO

Me

OTBS

I

11

1. SmI2, EtCHO, THF, -20 ºC
2. TESOTf, 2,6-lutidine,
   CH2Cl2, -78 ºC

3. DIBAL-H, CH2Cl2, -78 ºC
4. Me3OBF4, proton sponge
   CH2Cl2, 0 ºC
        79 %

Me

ODMB

Me

MeO

Me

OTBS

I

OTES

1. DDQ, CH2Cl2
pH 7 buffer, reflux

2. Dess-Martin periodinane,
CH2Cl2
         81 %

Me

O

Me

MeO

Me

OTBS

I

OTES

H

7, BF3
.OEt2, 

  CH2Cl2, -100 ºC

   85 %, d.r. = 95:5

Me

Me

MeO

Me

OTBS

I

OTES

14

15

OMe

OOOH 1. PPTS, (MeO)3CH,

  MeOH.

2. TBSOTf, 2,6-lutidine,

CH2Cl2, -78 ºC

3. TBAF, THF

4. Ba(OH)2
.8H2O, MeOH

5. 2,4,6-Cl3(C6H2)COCl,

Et3N; DMAP, PhMe, 80 ºC

           57 %

O

O O

OMeH

Me

OTBS

Me

MeO

Me

3

I

2

7=

Me

OTMS

OTMS



Completion of Callipeltoside A

O

O O

OMeH

Me

OTBS

Me

MeO

Me I

2

Cl

PdCl2(PPh3)2, CuI, iPr2NH,
EtOAc, -20 to 0 ºC
          83 %

O

O O

OMeH

Me

OTBS

Me

MeO

Me

Cl

1. TFA, aq. THF

2. 4, TMSOTf, CH2Cl2,

4 Å MS, -30 ºC

3. TBAF, AcOH, THF
          74 % O

O O

OHH

Me

O O

NH
O

O

Me

Me

MeO

Me

MeO

Me

H

Cl1

4=

O O

NH
O

O

Me

Me

MeO

H

NHCl3C

Cl
ClBr

Br n-BuLi, E2O

   -78 ºCCO2(+)-menthyl

menthyl-(+)O2C

Synthesized in 4.8 % overall yield (23 steps- longest linear sequence)
Sugar and cyclopropyl appendages synthesized by previously reported methods



Panek’s Total Synthesis
O

BnO
H

CO2Me

SiMe2Ph

SnCl4, CH2Cl2

-78 ºC, 87 %
d.r.= > 30:1 O

CO2Me
BnO

Me

H

SiMe2Ph

H

1. SbCl5, CH2Cl2
2. Me3OBF4, CH2Cl2

3. O3, Me2S

    81 %

BnO
H

O

Me

OMe

11

12, TfOH

CH2Cl2, 87 %
d.r.= > 30:1

O CO2Me

OBn

Me

H H

13

1.mCPBA, CH2Cl2, rt

2. K2CO3, MeOH, rt

3. PDC, CH2Cl2, rt

         52 %

O CO2Me
Me

OBn

Me

H

MeO

O

14

12=
CO2Me

SiMe2Ph

OTMS

1. NaBH4, MeOH
-78 ºC

2. TBSOTf, 
2,6-lutidine, -78 ºC
        90 %

O CO2Me
Me

OBn

Me

H

MeO

OTBS

1. LiOH
2. (COCl)2, CH2Cl2

3. CH2N2
4. PhCO2Ag, pyridine, MeOH
                56 %

O
Me

OBn

Me

H

MeO

OTBS

CO2Me

1. CSA, MeOH
2. H2, Pd/C, EtOAc

3. PDC, CH2Cl2, rt
         85 %

O
Me

O

Me

H

MeO

OTBS

CO2MeOMe

4



Synthesis of Cyclopropyl Dienyne

HO Cl

Zn(CH2I).DME

(S,S)-dioxoborolane

CH2Cl2, 82 %, ee= 97 % Cl

HO

1. PDC, CH2Cl2
2. CBr4, PPh3

           61 %
ClBr

Br

HO SnBu3

Pd2(dba)3, (4-MeOPh)3P
DIPEA, THF,  68 %

Cl

HO
1. CBr4, PPh3, CH2Cl2

2. P(OEt)3
   97 %

Cl

(EtO)2P

O

LiHMDS, then 23

THF,  89 %

Cl

OTBDPS

OTr 1. TBAF, THF
2. PTSH, DIAD, Ph3P, THF

3. (NH4)6Mo7O24, H2O2
       60 %

Cl

OTr

SO2

N

H
N

HN

PhN

1. TsOH, MeOH,rt

2. EVE, PPTS, rt
         90 %

5

23=
O

TBDPSO OTr



Completion of Callipeltoside A
5

1. LiHMDS, then 4,
THF, -78 ºC to rt

2. PPTS, MeOH
            20 %

OHMeO

Me

OTBS

Me

Cl

O
OMeH

CO2Me 1. LiOH, MeOH/H2O/THF

2. 2,4,6-Cl3PhCOCl, Et3N

DMAP, toluene, 80 ºC

                90 %

O OMeO

Me

OTBS

Me

Cl

O

OMeH

28

O OMeO

Me

OTBS

Me

Cl

O

H

27

1. TBAF, THF, rt

2. PPTS, H2O/CH3CN rt

              76 %

1.TPHB, H2O/CH2Cl2
2. TBAF, THF, rt 

         82 %

O OMeO

Me

OH

Me

Cl

O

OHH

2



Glycosylation of Macrolactone

2

O

NTBS

O

O

Me
Me

H
Me

O

Cl3C

NH1.

TMSOTf, - 30 ºC

2. TBAF, AcOH/THF, rt
                73 %

O

O O

OHH

Me

O O

NH

O

O

Me

Me

MeO

Me

MeO

Me

H

Cl

Sugar fragment prepared as described by Trost

Formal synthesis accomplished with longest linear sequence of 25 steps



Conclusions
•Four Total Syntheses of Callipeltoside A have been reported to date

•Trost and Evans both synthesized a diastereomer; changing the configuration about the
cyclopropyl moiety

•The absolute and relative configurations have been assigned based on independent syntheses

O

O O

OHH

Me

O O

NH

O

O

Me

Me

MeO

Me

MeO

Me
Cl

H

X O

NH

O

O

Me

Me

MeO

H

O

O O

OHH

Me

OH

Me

MeO

Me
O

Cl

R
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