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Guanacastepenes - Structure

Structures of the Guanacastepenes were
reported by Clardy in 2000-2001

Isolated from an endophytic fungus from a
branch of Daphnopsis americana collected
in Guatemala

15 compounds belonging to this family of
natural products were isolated from the
same fungus (guanacastepenes A-O)

Structure: Diterpenes with a previously
undescribed molecular architecture
consisting of an 5-7-6 tricyclic carbon
skeleton with a highly functionalized upper
half

Clardy, J. Am. Chem. Soc. 2000, 122, 2116
Clardy, J. Am. Chem. Soc. 2001, 123, 9900
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Guanacastepenes

Biological activity: Guanacastepenes A and | show antibacterial
activity against methicillin-resistant Staphylococcus aureus and
vancomycin-resistant Enterococcus faecalis. Further studies
showed damage to human red blood cells, diminishing the
therapeutic feasibility.

guanacastepene A

More than 10 distinct approaches towards the synthesis of these
molecules have been reported since 2001 and 4 total syntheses
were completed.

Proposed biosynthesis:

PPKP / / H*
| | —_— | L > Guanacastepenes
Y A
dolastane Clardy, J. Am. Chem. Soc. 2000, 122, 2116
geranygeranyl -
pyrophosphate Clardy, J. Antibiot. 2000, 53, 256

Clardy, J. Am. Chem. Soc. 2001, 123, 9900
Rodriguez, Tetrahedron 1998, 54, 11683



First Racemic Synthesis of Guanacastepene A (Danishefsky)

1) i-PrMgBr, CuBr*SMe,

O TMSCI, THF, HMPA, 94%
<:|i 2) MeLi, 0°C

then /:\_/—L -78°C
|

76%

1) vinylMgBr, Cul
HMPA, TMSCI, THF, -78°C
2) MeLi, THF, 0°C
o) then Mel, HMPA,
-78°Ctort, 77%

3) ethylene glycol, TsOH,
benzene, reflux, 89%

oTEs O OF!

1) MCPBA, CH,Cl,, 89%
2) NaOEt, EtOH, 50°C, 74%

3) TESOTY, py, CH,Cly, 85%

O- <
1) TESOTT, Et;N, CH,Cl,
0 2) DMDO, 90%

i:f))

1) LHMDS, THF, -78°C

1) BuLi, THF, 0°C, 65% then CHyNMesl

2) MCPBA, NaHCO
CH,Cl,, H,O
86% (2 steps)

2) PCC, 65%

bos
1) 9-BBN, THF

then NaOH aq., H,O,, 98%
2) DMP, CH,Cl,, 83%

3) ethyl diazoacetate, SnCl,
4) TsOH, acetone/H,0,
70°C, 80% (2steps)

1) DIBAL-H, CH,Cl,, -78°C to 0°C
d.r.=4:1

2) PPhs, benzoic acid, DIAD
THF, -78°Ctort

5y

OTES

1) TBAF, THF, 98%

3) Ac,0, py, DMAP, 96%

OL 2001, 3, 2399
Angew. Int. Ed. 2002, 41, 2185
Angew. Int. Ed. 2002, 41, 2188

2) DMP, py, 90%

3) DIBAL-H, CH,Cl,, -78°Cto rt
4) 2,2-dimethoxypropane, PPTS,

67% (4 steps)
O~ < O

O 1)PPTS,MeOH, 70°C  AcO

AcO

2) TEMPO, PhI(OAc),
65% (2steps)

(x)-Guanacastepene A



Formal Enantioselective Total Synthesis (Danishefsky)

Synthesis of chiral intermediate

O
CuSCN, isopropenyllithium o) 0
(S)-2-methoxymethylpyrrolidine 1) TBSOTf, NEt3, 90%
MS 4A, -100°C, 96% 2) methylvinyl ketone, AcOH O

BF3*OEty, -20°C, 90%
90% ee

1) i-ProNH, n-BuLi
1) Hy, PdIC, 92% O RN ThiF reec OTMS 1) Fecly, 0°C
2) NaOMe, 98% 2) Et,Zn, CH,l,, Et,0 2) NaOAc, 40% (4steps)
(0]

Wilkinson's cat., H,

83%

J. Org. Chem. 2005, 70, 10620



(+)-Guanacastepene E

Sorensen: 2+2-Cycloaddition and Reductive Fragmentation

0 o)
O T
OAc

11 steps, 13% overall

O
1) PtO,, Hy, quant. |
2) LDA, -78°C, then Mel OH
96%, d.r.: 5.5:1

1) NaCN, p-TsOH, 99%
2) EDCI, 79%

OH 1) NfF, Et3N, 94%

0] (0]
3) O3, EtOAc, - 78°C,
then H,, Pd/C, 54%

(S)-Carvone

(0] A
LiCl, CuCl, Pd(PPhg),

SnMej
DMSO, rt to 60°C, 78%

PMP

1) Et;N, Et;SiOTf
2) mCPBA, CH,Cl,

O\(
1) Sml,, HMPA, THF (0]
then PhSeBr, 50%

3) 3 eq. LHMDS, 58%

3) Ac,O, DMAP, py
45% (3 steps)

2) mCPBA, -78°C, 86%

Org. Lett. 2002, 4, 2063
J. Am. Chem. Soc. 2006, 128, 7025

2) Pd(dppf)Clz, Me3SnSnMes,
NMP, 63%

hv, i-PrNEt,

Et,0, 82%

PMP

1) PPTS, MeOH
88%

o

AcO

2) Si0,, CH,Cly,
36h, 78%

(+)-guanacastepene E



Core Synthesis of Guanacastepene A

Hanna : Tandem Ring Closing Metathesis

1)

o Q
)H(P(OMe»

W\ K,CO,- MeOH, rt

2) nBuLi, CICO,Me
THF, -78°C to rt
81%

\ 1
0 CN )
- . oA LHMDS, THF, rt, 92%
2) DIBAL-H, Et,0
-70°C, 91%

CO,Me
| | MeO,C

Grubbs 2 E——
=
CH,Cly, reflux
82%

Intermediate in Danishefsky's Synthesis
(racemic)

Org. Lett. 2004, 6, 1817



Overman - Total Synthesis of (+)-Guanacastepene N

Retrosynthesis

(+)-guanacastepene N
7-endo-Heck

COan
TfO

H Cuprate addition

J. Am. Chem. Soc 2006, ASAP



Total Synthesis of (+)-Guanacastepene N

9 1) Menthol, p-TsOH : O
b benzene, 80°C, 76% /b_< MelLi, THF, -78°C to 0°C
HO 2) LDA, THF, -78°C "'o then aq. NaHSO,
79% (26 % overall), 88%ee

then Et,Zn, 2-iodopropane
DMPU, -78°C to rt, 71%
dr=15:1

o)

tBuLi, CuCN, TMSBr

]

OAC 1) LDA, THF, -78°C
/@ then DMPU, TBSCI, -78°C to rt I, PhP, im
HO :

2) toluene, 80°C, 10 h CH,Cl,, 0°C tort
3) DIBAL-H, toluene, -78°C to rt 69% (4 steps), 80%ee

TMSO o) 1) MCPBA, CH,Cl,, 0°C TBSO

_ 2) NaBHy,, CeCls,
J@ 1) Me,N*=CH, J@ MeOH, -78°C_
sz — 3) TBSCI, im, CH,Cl,

2) K,CO3, 58% :

S
S

Q

S
”%yo

TBSO 1) LiN(SiMej3),, THF TBSO CO,Bn
-78°C to -30°C TfO
then DMPU

1) LiEt3BH, THF, 0°C
benzylcyanoformate

’,
0
s,
(2

2) NMO, TPAP, CH,Cl,

83% (5 st.) 2) KN(SiMe);, THF, -78°C,

then Tf,0, -78°C

J. Am. Chem. Soc 2006, ASAP



Total Synthesis of (+)-Guanacastepene N

7-Endo-Heck Cyclization

COBN by (dba)s (12 mol%)

TBSO CO,Bn 1) HF
TfO dppb, KOAc

TiO CH3CN/MeOH/H,0

2) NMO, TPAP, 53% DMA, 80°C, 12h, 75%

Mechanism

The 6-exo-cyclization is usually favored over the 7-endo, unless the 6-exo cyclization leads to an
intermediate lacking B-hydrogen or a sterically disfavored eclipsed conformation in the transition state.

OTf Pd(OAc P(o-tol)3
é ;/\/\ tol, reflux é i:

Snider, OL 2001, 4, 2063

J. Am. Chem. Soc 2006, ASAP



Total Synthesis of (+)-Guanacastepene N

1) TESOTT, Et3N, CH,Cl,, -78°C

2) DMDO, CH,Cl,/acetone, -78°C Et3SiH, Pd(OAc),, EtsN

3) ACZO, Et3N, DMAP, rt CH2C|2, rt, 77%

67% (3 steps)

NBS, benzoyl peroxide

CCly, reflux, 64%

Bu3SnH, air, tol, rt, 16h,
then PPhs, CHCI;, rt
47%

(+)-guanacastepene N

J. Am. Chem. Soc 2006, ASAP



Conclusion

An enantioselective total synthesis of guanacastepene N
was accomplished in 25 steps (22 longest linear)

Key steps in the synthesis included:

(1) Sterically challenging conjugate addition
(2) 7-endo Heck cyclization

This synthetic strategy allows access to other members of
the guanacastepene family as well as analogues of the
natural product
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