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1. Introduction

Isolation:
Guanacastepene A was isolated from an endophytic fungus growing on the tree Daphnosis americana in the

Guanacaste Conservation Area in Costa Rica by Clardy et al. in 2000. Guanacastepene B-O were later
isolated.

Bioactivity:
against methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus faecium

(VREF).

Reported total syntheses:

(£)-guanacastepene A :
Danishefsky, S. J. et al. Angew. Chem., Int. Ed. 2002, 41, 2185. Angew. Chem., Int. Ed. 2002, 41, 2188.

Enantioselective synthesis: J. Org. Chem. 2005, 70, 10619.
Formal total synthesis: (a) Sorensen, E. J. et al. J. Am. Chem. Soc. 2006, 128, 7025. (enantioaselective)

(b) Snider, B. B. et al. J. Org. Chem. 2003, 68, 1030.
(c) Hanna, |. et al. Org. Lett. 2004, 6, 1817.

(¥)-guanacastepene C :
Mehta, G. et al. Chemn. Commun. 2005, 4456.

guanacastepene E -
(+) and (-)-: Sorensen, E. J. et al. J. Am. Chem. Soc. 2006, 128, 7025.

(-)-: Trauner, D. et al. J. Am. Chem. Soc. 2006, 128, 17057.

(+)-guanacastepene N :

Overman, L. E. et al. J. Am. Chem. Soc. 2006, 128, 13095.

C-8-epi-quanacastepene O :
Yang, Z. et al. J. Org. Chem. 2006, 71, 6892.

Other groups have reported the syntheses of precursor of guanacastepenes. 116




2. Overview of Synthetic Strategies

Danishefsky et al.
reductive cyclization

Knoevenagel cyclization

goe
\

alkylation of
enolate

Construction: Ato Bto C.

.

\ Diels-Alder reaction
photocycloaddition, reductive fragmentation

Overman ef al.

Heck reaction

[

\ Ireland-Claisen
1.4-addition rearrangement

Construction: A & C to B.

Trauner et al.

anodic oxidation Heck reaction

1.4-addition
Construction: A & C to B.
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Snider et al.

metathesis
\ )\Robinson annulation
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Construction: Ato Bto C. .
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Hanna et al.

metathesis (tandem cyclization)
1

alkylation of nitrile
alkylation of 4
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Construction: AtoB & C. |
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Danishefsky's retrosynthesis
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3. Total Synthesis e |

__________________________________________________

. i ing. : HWE rxn did not construct B ring. ™

1) Dan'ShefSky efal.  \OWTUEnaIRINg) 1 oo membered ring was QQHSUUQIQG'
'SCHEME 4. Preparation of Vinyl Iodide 178 e e ___
: P oH ; 5 Synthesis of 15. (Tetrahedron 1998, 54, 2509) ___________ “,
:’ g/\/\/ a : : R n 3 R = H:
! 15 " P W= 2 o s 18 )
Ly T o ol 13a-d 14a-d E
o \ : o P n=1,R=TBDMS; b-d,n=234,R=H !
L " i zsz_h:»yps-_bseze_n_c_ 4) KOOCN=NCOOK, AcOH. MeOH, pyridine!
IS 17 {\3 to 14: Mechanism. (J. Org Chem. 1962. 27, 3305.)

| =Koy (a) PPhy, imid, Iy, CH,Cl,, 1 b, 2%; (b) MeLi, THF, 0! | " :
1°G, 11, then 25 eauiv of 16, HIPR, 78 Ctarh, tedon. | | {_o=0-1 + uN_ D= (f;’}i;‘o:‘; :
iiyiybiiplvivivkuiyintyiosivivvivtolveiyiviviiviviiniivivivivivtoicivl ____, ; or i
;SCHEMF 8. Reductive Cyclization of 179 ' oI !

! ol i1 O.c crt ¢ Nchc |

1 HO I 1 i !

5 05 Y Y A
‘ ; P H op [ SR

| 24 1/ Nc=c-H a \/"0 :

' E E Y, i

' ! ! I ®~€TEG~I- . I}'l\/ E

| S S Vo !

; e i " Synthesis of 7. (Synthesns 1998,590) % K
: | : 1) #PrgBr, Cu <7
! " Key: (922 ofuiv ofn Buli, THF, 0°C, 30 min, 161 18:1 ' Meg SO, T, “WA »-<i
1 (b) PCC, powdéred sicves, Qﬂs_c_h_ 0% 2) EtgN: pentane: H,0 MeySIO :

- 19 generated when enolization of 17 by the vinyllithium
' species of 17 or E2 elimination of butyl iodide
' derived from BuLi occurred.

OSiMe,

! ? ) a.b % )=4 ¢ g S’V/ o réé-HED!E-_-“-l_():“ﬁt-x_s;x&;e-e—s_f;ni_ﬁ;a-lky"-i;;!;; of 200 !
5 20 7 » E @ S\ﬁfM e |
| i —E prockis E

* Key: (a) 1.5 equiv of LiIHMDS, THF, —78 °C, 1 h, then 3.0/
equiv of Eschenmoser’s salt, THF, —?8'Ctort.,20mm,(b)|
1m-CPBA, CH;CL/NaHCO, (aq) (2:1), 60—70% over two steps; (c):
.30eqmv of vinyl-MgBr, 1.5 aquiv-of Cul, 45eqmv of HMPA, 4.5,

“Key: (a) LiHMDS, allyl jodide; (b) LIHMDS (Mel or TMSC).

a-enolate of 26 was not generated '

requiv_of TMSCL THE, —78 °C, 20 min, 77%.____ . _________. e ottt A A et al L th ke A .
SCHEME 12. Preparation of Acid 81« N7 T A ]
. Turner- ) )

o { Fujimoto i

| protocal '

]

@WW*

= Key: {(a) 1.5 equiv of MeLi, THF, 0 °C, 10 min, then 6.0 equiv of HMPA, 5.0 equiv of Mel, —78 °C to rt, 15 min, 96%; (b) (CH,OH),,
'pTBOH,PhH reﬂnx, i1 h, 88% (c)Q-BBN THP, rt, lh,then3MNaOH,30%Ha()g,rt,3h 1%, (&}Jom reagent, acetone, 2 h, 77%.



smmommmoosm-oSSoooTmTEETITY \ rm-z-o—."Synthesis of Oxidatively
C1-C14 olefin was needed t0! __ |Funectionalized Gunacastane Skeleton 55°

E be oxidized before the !
! cyclization.

40 X = )
41 X=0
1
o Keg: (a) m-CPBA, CHyCly, 0 °C, 2 b, 89%; (b) NaOEt, EAOH,
|sthyl diasoncetate (N;CHCOOES), SuCly CHLCly, rt, 35 b; () 'rt, 30 ain, 82%; (c) NaOE¢, EtOH, 50 °C, 6 b, 74%: (@) NaOE,|
ATsOH, HeQ in acetone (5%), 70 °C, 90 min, 80% over two steps, OB, 50 °C.6 bo80%._

/’ SCHEME 21.  Preparation of the Diastereom
fo S~ o o /t‘ }..
4% 7 2l

| e il

= -

f

o™ 55 R=H
56 R =SiEL,

« Key: (a) EtsSiOTY, pyridine, CHeCls, 0 °C, 80—85%; (b} DIBAL-H, CH:Clg, —78 to 0 °C (58/57 80:20); (c) 2,2-dimethoxypropane,
PPTS, CH,Cl,, 0 °C, 87% (fram 56); (d} TBAF, THF, 0 °C, 91—98%, then Dess—Martin periodinane, pyrnidine, CH.Cl,, 90%; (e} 2,2-
dimethoxypropane, PPTS, CH Cl,, 0 °C, 86% (from 58); () HF-pyridine, pyridine, THF, then Dess—Martin periodinane, CHCly, 77—
85%; (g) PPhs, benzoic acid, DIAD, THF, —78 °C to rt; (h) DIBAL-H, CH,Cl,, —78 t0 0 °C.

guanacastepene A

= Key: (a) EtsSi0TY, BN, CHaCly; (b} DMDOVacetone, CHyCle, —78 °C, then MesS, 82— 90% over two steps: (¢} Acz0, pyridine, DMAP,
CHyCly, 96%; (d) PPTS, MeOH, 70 °C; CHxCl2, 59—65% over two steps.
62 to 73: Rubottom Oxidation. \&Next Page’

- -
———

than a-epoxidation, B-epoxidation is favored. (dr : 94/6) 5/16



( Another Synthetic.Route. for the Intermediate of Total Synthesis of ‘éuqﬁacgstepenerA. -}

OoTMS
Fo) 0 OTMS
) b
S o 2 . ¢ d .
-——-_7 ----- 93 ™ 95
il b ol P Y
' O !
: oTMS ! o 0
' e it g
: —— Ir———b ——
! c
N \ t
1 96 97 | 98 20

: {a) MVK, AcOH, BFs-Eta0, 20 °C, 97%; (b) NaOMe, 98%; (c) (;-Pr -Buli —78 o ‘
@ FeCly, 0 °C; () NaOAr, reffu, 40% yield for four stepa; (g) Wilkinasn’s catalyot. iy g, T~ O @ BtaZn, CHals, B,

/ 0 o)
d\ a g T ﬁ)( : m H ﬁ
tmb—— —_— O ——» 0 e—
4 99 100 93 20

\ MH’—. il 44.8 (¢ 0.1, CHCly)

_ g
* Key: (a) CuSCN, isopropenyilithium, (S)-2-metho idine, 4 A M8, —100 °C, 96%, 90% ee; (b) TBSOTY, TEA, 90%; (c)
MVK, KeOH, BF;s-Et;0, —20 °C, 90%; (d) Hy, Pd/C, 92%; () NaOMe, 98%; (f) (i-Pr)i;NH, n-BuLi, TMSCI, THF, - 78 °C; (g) Et,Zn, CH,I‘;,
Etz0, 0 °C; (h) FeCl, 0 °C; (i) NaOAc, reflux, 40% yield over four steps; (j) Wilkinson's catalyst, H,, 83%

----------- o A A A A ol 8 ol ol o o o o ol ol S8 o8, e o P P P i = % > = e e e m e —mmm e ... o

:'96 to 97: Mechanism. (J. Org. Chem. 1976, 41, 2073)) '

! Fom, v <
D @ )=
i o 1 E

6 0 . ;

Primary alcohols are oxidized to aldehydes

Homogenc_epus catalys;,
95 to 20: Wilkinson catalyst, €S substituted olefin is
§

i R i R e et gt S,

‘: OSiMe,
- - -"--I-'-————1-'-11-1-51»1.\tttt=sts=t=1—1-t\lti=*ﬂ-t‘<-]" R e - -1
: PhsP,,  \PPhj3 ; i 74 10 1: (J. Org. Chem. 1997, 62, 6974.) i
E cl /R ~oph E iScheme 2. Proposed Reaction Pathway for the E
: 3 ! i Oxidation of Alcohols with BAIBITEMPO !
; - PPhg E | PRKOAC) + N ROH st PMOACK(OR)n + 1 ACOM == |
! solvent (S) ! | :
i : ! wmt PR(ORYn + 2 ACOH !
: H PhaPy, S : ' [ ] :
| HN 3 (.Rh.‘\ Ho | i e RPN e i :
: r'edyct%ye “ PPhs oxidative : E R?/(H R "Ry ' Py
:e imination KA i & : S E
e, | R L — %
! PhaPy,, | H Ph3P,, | \H ! | |
R ~ RN ; : gu ;
i cI” | YPPhg cl” | YPPhy g :
' S S H ' H
: ' i W BAD :
: ! i 2%:3\— :
i migratory Ph3Ps, th‘\\H > ! | 0 :
5 insertion Cl’( _L‘F’)Pha i E BAIB: Phl(OAc); ([bis(acetoxy)iodo]benzene) '
! L~ E E TEMPO: 2,2,6,6-tetramethyl-1-piperidinyloxy! E
) i ! '
] : i !
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3) Overman et al.

_______________________

_____________________________

| *(2) LDA, THF, —78 °C, 30 min, then DMPU, TBSCE, —78 °C — 1
30 min; (b) toluese, 80 °C, 10 k; (c) DIBAL-H, toluene, —78 °C — 1t,
b; (d) I, PhgP, imidazole. CHxCh, 0 °C ~ 1t, 5 h, 69% (ovenall), .
LDA = fithivm dii ide; DMPU = 1,3-dimethyl-3 4,5,6-tetrahy-
wdro-2(1H) pyrimidinone; TBSCI = fert.butyldimedrylsityl chiode;

= diisobutylalumirmm kydride; 1t = room temperatare.
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A
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________________
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1°C, 20 min, then

| Scheme 4.” Stereoselective Conjugate Addition of Alkyl lodide 6 to|
msmnm&mmw !

(Coupling of A & C riné. )
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* Optimized conditians: (i) 6, +-BuLi (1 equiv), EyO—pentane, —78 °C;!
130 min; (i) CoCN (1 equiv), —78 — —30 °C: (jii) Me;SiBr (1 equiv),
{THF. ~78 °C, then add 5 (07 equiv), —78 °C, 6 k. (iv} 16, 2,6-utidine.,
1DMF, 0 °C, 1 b (v) Mel, EtyO, t, 12 k (vi) Ko00;, CHHCH/MeOH/HO!
(413D 30 B Weovenli foms, " '

“(a) Mmmi,p—tsog, beazene, 80 °C. 91, 76‘?;’(}6) m}gﬁ-igz N2 to 13: :
—mdowopam MWE:J‘J © “*l. THF, —78 | 1Attempted isopropylation of the corresponding :'
N THF = tetrshydrofuran;

lipase

o [}
’ /]]\ {2;
3‘m'(——~a‘)koﬂ f cHy

R, R, ROH: :
ta  CHy CH,  isopropenyl acetate |
1b  CHy(CH,),» CH,  isopropenyl valseate |

. t

16 CHy H vinyt sostate  Ry: CH3:
id CH,CH. H vinyl propionate :
CHyCHIy W . R irnsieio S,

________________________________________________

. tlithium enolate failed to provide the desired alkyiation!
1 tproducts. ]

TScheme 5. Elaboration of intermedial e 18 to Heck Cyclization |
:Plecmsor 23 R
! 0 mso g itGs gy

5 () = SOE =

' 17 21 i

(isomer mixture ,

1

]

T8SO cogn |

‘ o 0 0 i

. 4 g r j :

! g : — :

; z . § 1

‘ i

'

z 2 i
1 “(@)m-CPBA, CH)Ch, 0 °C, 3 b; (b) NaBHy, CeCls-TH;0, MeOH, —78,
1°C, 1 b, (c) TBSCL, imidazole, CEhCh, 1t, 30 min; (d) LiEGRH, THE, 0'
i°C, 2 I, (¢) NMO, TPAP, CHiCl, 1t, 1 b, 83% overall (five steps); (£)
[LiN(SiMes), THF, —78 — —30 °C, 10 min, then DMPU, !
cyanaformate, —78~~ —45 °C, 10 min; (g) KN(SiMe3)a, THF, —78 °C, 20/
'min, then THO, ~78 °C, 10 min; (b) HF, CH. O (8:2:1), 0!
°C, 3 b, () NMO. TPAP, CHyChy, 11, 4 b, 47—53% overall (four sieps).
\DMF = N N_fimetrylformamide; TBSCI = tar+-butyidimethylsilyl chioride;:
{NMO = N.methylmorpholineN_oxide; TPAP = tetra-#-propylammoninm!
ermubenste; DMPU = 1.3-dimethyl-3 4.5 6-tetraliydro- X 1 H). pyrimidinoge !




Cycle
Synthesis )—GuammﬂepeneN 1) and
(+)-5—Ep|—gua(n£|wdepene N {2y M

Table1 Diastereoselection in the Conversion of Bromide 27 to
{+)}-Guanacastepene N (1) and Epimer 2

1 R'=0H R'=H
2 R'sH R?= OH

t
]
1
1
t
[}
I
1
'
]
]
]
1
'
1
1
1
1
[}
[}
L}
]
t
t
|
[}
i
[}
1
!
1
1
t
1
)
'
'
]

/ yed(%) 12

) b i:5
44 1:1.8
, 24 1:LS
? |_f¢}gusnecaspena N (1) | 4  BuSoH, air, toluene, room temperature, 160, 47 101
|
i

then Ph;P, CHCY3, room temperature, 2 h
@ () Pdy(dba);-CHCL; (12 mol %), dppb (24 mol %), KOAc, DMA, 80 s o

'gﬁ&m @,pc 10 h; gﬁﬂf(ﬂ)” A‘;jg ;C{;ﬁ‘ 1&,([29:“,' 34| Ihe nature of the Ag(i) counterion appears to play a role in
'67% (tbree steps); () Et 2L TP%: this transformation, with a decrease in its coordinating

/NBS 1); (g) See ability leading to greater amounts of guanacastepene N
'})ﬁ? wabmyhdm dopb wa&mmwm being produced. .
, N el PEMNG producea.
:-» dimethyldioxirane; DMAP = 4-NN-{dimethylamioo)pyridine; NBS =|
NYromosaccimimide. . ________________________________!
25 to 26: Removal of Benzyl Ester. (Tetrahedron Lett. 1986, 27, 3753.) )
5 NH NHCO,R' NH, :
. R'H : :
i la R=CH,Ph - 2a R'=SiBt, work-ug '
i 2 CO,Me |
i \/\oozm 1b R=CH,CH-CH,  PA(OAc), Y\COZMc 2b R'=81(t-Bu)Me, 2 |
PATOANIDD/ DO IO 0 OB MDA T T TS OV TS T AN T TN v
i 23 to 24: 7-endo Heck Cyclization. ! Scheme 1 Mechanism of Heck Reaction.
: \i Pd s Pei(0) or Pd(l)
! e s COsR ! pmcmalyst
| . ;
! !
! l Pc(o
! 6-ex0 E /—J Siion
| Figure 2 me&mdkaﬂy “;‘
| enylpailadioy intermediate derived from triflste 7. ! Ko Pdm Sy e P
________________________ i
Heck Reaction (Mizoroki ef al. Bull> Chem,iSoc.: 1971,44,5 Pd_H
Heck et al. J"Org Chem. 1972;37,:2320. S 7
Heck reaction is a powerful C- C forming reaction and can a (
construct quaternary stereocenters. —Bg _ﬁ/
recuctive ~N R i
a) Preactivation Slmination o Tmigraicry
+ Preactivation includes reduction of Pd(ll) to active species Pd(0). | insertion|

+ |t accomplished by phosphine in the phosphine-assisted catalytic cycle. i i
+ In phosphine-free systems, the reduction-effected-by amines (base) or olefin. E__ qm‘ — _.;:d‘“' . mg% —s OPRy

b) Oxidative addition ! Preactivation: Nu is hard nuclephiles!
+ Oxidative addition is effected by nucleofuge and the strength of C-X and M-X | _(hydroxide ionandsoon). ________. !

bonds. - 8/16
+ The order of reactlvnty l 1>AO Tf> Br >> Cl.



c) Migratory insertion

There are three routes, cationic pathway, neutral pathway, anionic pathway.
QCationic pathway (Scheme 2): Heck reactions of unsaturated triflates, or halides in the presense of Ag(l) or TI(I)

additives.
> In this pathway, oxidative addition is followed by either trifrate dissociation or halide abstraction by Ag(l) or Ti(l) saits.

Migratory inserdi without dissociati
> In assymmetric Heck reaction, Ag(l) or Ti(l) salts enhance the enantioselectivity. It consists this pathway.

@Neutral pathway (Scheme 3): Heck reactions of unsaturated halides in the absense of Ag(l) or TI(l) additives.
> One ligand is dlssomated in the path 10 to 11. The modest enantioselectivity in the absense of Ag(l) or TI(I} additives

is attributad-toit——
> High enantioselective Heck reactions in the absense of Ag(l) or TI(I) additives have reported. The proposed pathway

is10to 14 to 12.
@Anionic pathway {Scheme 4): Heck reactions in the presense of AcO".

+ The regioselectivity depends on the reaction condition. In reactions with electron-rich olefins, both neutral and cationic
arylpalladium intermmediates attack the double bond electronically (Scheme 5). But this preferances are easily

overridden by steric factors.
+ Intramolecular reactions are governed by the size of rings , and in the majority of studied cases, proceed in the exo-

trig mode (Scheme 6, next page).

P o o e e e e e o = e e e e e e " " . = 4 s - - - - -

1 P !

1 fd A '

‘ ( . P+ A D= : '

| AGTt P ( o W Scheme 2: Cationic Pathway. :

! : P soly H

1 1

I P A ]

= G = Gy |

\ 4 1

! Py Yo P ot

! P . 7 8 X

E =N e (F\ :A',/‘\_, E

[} X :

O X=4B_ . w____ AGOTY  AGX ] :

‘pa’ 7 PO{OAC); + nPPhy
Scheme 3: Neutral Pathway. X l
/ " \ PAHOACK(PPha)z)
(p / 19
. ,
Pd P+ A ,'
P’ P A = (P Po, (O)PPh o
== AX (P,Pd::' — Ny ( 9“ ’
-
9X=1, Br 10 12 (Pd”(PPha}z{OAc)}“
t ,' base %/ ArX
n it m
\ Pl A
(oordy A PUOAPPh)
[APAX(OAC)PPhg)g)

14 K 2
S A
_______ o ‘”\ x

F’d(OAc)l.g

A X Ar g-X A X 3 H o n (AFPA(OACKPPhs]
e

=
2 R (APHPPRgLI + ACOr
24 b“”ﬂ
9/16 Scheme 4: Anionic Pathway.
AcOH




d) Hydride elimination

+ Hydride eliminaion is a concerted syn elimination.

+ Stereoselectivity: £ isomers are favored (Scheme 7).
+ The generated PdH can isomerize the starting alkene
and Heck product (Scheme 8).

e) Additive effect
@Phosphine ligand.
i ) Stabilize the labile Pd(0).

ii ) Excess amount of phosphine may llgate Pd(0) fully and

reduce the reactivity.

iii ) Highly basic phosphine accelerates the oxidative
addition.

iv ) Too bulky ligands hinder the coodination of olefin.

QAg(l) or TI(l) salts (halide scavenger):
i) Increase the reaction rates.

ii ) Minimise aikene isomerization.

iii) Enhance enantioselectivity.

Q@Base:
i ) Neutralize the produced acid (HX).
i) Deprotonate PdH.

f) Asymmetric Heck reaction
In 1989, Shibasaki and Overman independently reported

the first examples of asymmetric Heck reactions.

Overman et al. J. Am. Chem. Soc. 2002, 124, 9008.

s S

s

6. R=Boc

T:R=H

rt (9 NMeTs

1

Stille couplmg QX‘ NMeTs
H Mo
N R
nuar
/:‘J Pa,u;),cncl,. Pmmm, :-J
H H ae ”‘

' } e :
E ?d' Ar] e 14 R, EG%H !
i i X¥d  Ar W )
LR HSg :
o |
[] ]
1 1
: N :
i i
: |
] ]
1 1

1

‘Scheme 7: E isomers is predominant because the !
ienergies of the transition states of £ isomers are lower,
ithan Z isomers. .

' Pd 1

LA Ph, PdH :

! WWLPhﬂ*‘ Phet V\(@ Pa:
- ..: H Hw‘

2 <.

g NS

e e e e e e e e . e e . — = = -y

: ~ H Ma
' OG PRy MO @ PPhy @( o
: P2 MeO PPy Fo Peme
- <4 why e

. (R)-(+) -BINAP R = Ph 34 (A-MeO-BIPHEP 85 ()R, $)-BPPFOM
A-Tol-BINAP R = p-tolyl

193

2

i PPR, ]/\ppnz 0
1 |

: KMg >( thp N\',)
: 3
i

]

Heck reaction
PA{OAC), (R ToLBINAP,

PMP, MOCN, 80 °C somers (1% *
O
WA N

10/16



Shibasaki et al. J. Am. Chem. Soc. 1996, 118, 7108.
[PA(aliClly, (S)-BINAP

TBDPSO-., CO,Et &1
‘ | OTBDPS
ot \/I H
83 E10” "ONa 1 steps
. R e a3
NaBr, DMSO, nt
Me

Me
5 84

g) Phosphine-free condition, Jeffe condition

+ In phosphine-free condition, Pd can proceed catalytic cycle without steric hindrance of ligands, but the deactivation of
Pd catalyst tends to occur.

+ This deactivation is due to the clustering of Pd(0). (Pd black)

+ When the concentration of Pd is low, this deactivation of Pd is decreased.

+ Without the deactivation, reactions would proceed with highly reactivity.

+ Heck reaction in the presense of Quaternary ammonium salts has been referred to Jeffery condition (Tetrahedron
1996, 52, 10113.). T

+ The roles of quaternary ammonium salts are below.

i ) Phase-transfer agent.

if) Halide and other anions can serve as promoters. For instance, in oxidative addition, anions increase the electron
density on Pd (anionic pathway) and accelerate this step.

iii) Stabilize Pd(0). ,This enable to perform phosphine-free Heck reactions.

iv) lon exchanger. See Scheme 9.

+ In Jefférycondition, Heck reactions can be performed under milder condition.

h) Other examples of endo Heck cyclization. ' Scheme 9 :
E 4?' Cr/ i ) o e fast cationic)
Jeffery condition. (J. Am. Chem. Soc. 1995, 117, 7834. ) ! “"f**‘v—-\» *'}“‘C“v—-- "';’d T path |
ates s : )‘@g o ;
T850,, 850, | i !
R NHR' : ;
RO t RO, 1 Slow nedtral '
H N ey PO
RO (CHn oond, ey (CH,
48, B= -CHy-, n=1 s 84% @)
B, ReMe, rw2 sb 58%
n'-c,n., TBS
188 "Standard condition": Pd(OAc), (10 moi %), P(o-tol)3, (20 mol
“standand MR 9%), EtsN (2 equiv), MeCN/H,0 (10:1), 80 -C
B e MO o 'effery condition": Pd(OAc), (10 mol %), n-BusNCI (2 equiv).
2% MeO KOAc (5.5 equiv), DMF (0.2 M), 100 -C
__________________________________ 39________
An eclipsed insertion topography is disfavored in a 6-exo cyclization by virtue of the ring system.
(Tetrahedron Lett. 2001, 42, 1635.)
{3
_ Pd(OAc),, P(o-tol)s, NMeBoc
| BugNCl, Et3N, MeCN, A
16 NMaBoc > Ts”
13 14
The 6-exo cyclization leads to an intermediate that lacks ﬁ-hydrogens.
(Tetrahedron Lett. 2003, 44, 8207.)
o}
PI(OAG), P
@H.\N KoCOy, LiCI 0 N
x 120/, DMF # Q
Ta: X=|, n=0 (85%) 8a: n=0 (40%)
7b: X=8r, ne1 (85%) 8b: n=1 (81%) 11/16
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i) Recent report for Heck reaction.
Curran ef al. J. Am. Chem. Soc. ASAP + Anilide like 1 is axially chiral.
TB8S :
+In eq 1, the stereocontrolling step is oxidative addition or
C= C complexatnon

______________________________________________
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Heck Cyclizations of Axially Chiral o-lodoacrytanifides
O

Table 1. Yields and Enartiomer Ratios (er) in Room-Temperature E
' « R-{+)-(BINAPYY d @
s Lo

Q
Mo Me

MB/*HL“ Pdg{dba)y 10 mol%e, N

Me | 6 (1BupPH-BFy4Dmoi%e 7 Me . PMP and so on. '

EtpN, PhiMe. RT, 24 h
R
a R=Me
(M)-4a,b hR=8Br (A)-5ab

+ N-Ar rotation barrier of 4a is 26.0 kcal/mol. When
99.0% ee 4a was dissolved in hexanes (5 pg/mL) and
stirred at room temperature (296 K), the ee decreased
to about 90% ee.

yield % chisaily
ey R precusar  erd product a5 % iraosier
1T Me (M)(-)da 9505 (R{+)5a 855145 95 86
2
3
4

Me (P)(+)4a 985/15 (H{—)Sa 865135 92  £8
Br (Qd(-)4b 99505 (R(+)52 811 TT 8
Br (P{H-4b 97525 (-(-)5b 811 6 91

)
IS WA
ﬁm w—— P, e m“‘: PO ™

A
{M4ab 6, {W-face exponei 6, (rey-tnge axposed
bond 3 rotates freely alkene romote from Pd alkene adjacent fo Pd
bond b does not ({aspacialy C-§)

7, complaxation 8. .insertion complates A
on {re}-tace chiraiity transter hom 4 :
Figure 1. Model for transfer of axial chirality in room-temperature Heck :
reactions of 4. o R e msertion 7
N rapid /‘\rlw* ® withda sy onMe
) e o L i

o %
b relative 1o ! dictates ofa
Heck product
contiguration

ent-9 ] 10,4' 158
chiral ligand
complexation, insertion. eliminafion relay sxial chiralily of 1010 13

+ The results in Table 1 suggest that in asymmetnc Heck -
reaction like eq 1, the streocontrolling step is oxidative
addition, if insertion is faster than N-Ar rotation.

1 12 13
Figure 2. Dynamic kinetic resotation (dkr) model for Heck reactions of
Pdcompbmwrlhdnmlhgnds *L* 12/16



Construétion of C ring.
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------------------------------------------------- 1120 to (+)-19: Enantioselective Reduction using (+)-DIP-CI.
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__________________________________________________________________________________________________________

.(+) -19 to 21: Heck reaction.

|+ A 5.1:1 mixture of the desired diastereomer 21.

'+ The free secondary hydroxyl group proved to be necessary to achieve high diastereoselectivity, as cyclizations of the

{corresponding methyl or silyl ethers resulted in low diastereomeric ratios.

Construction of A ring.
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i Scheme 7. Conversion of Acetal 36 to (~)}-Heptemerone B (5)
E.: and (—)}Guanacastepene E (3}
" Me

Construction of B ring.
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“(a) DIBAL. PhMe, —78 °C — soom temperature, 61%: (b) MOMCL,
, 4 +PoNES Nal, THF, reflx, 95%; (c) TBAF, THF. 100%; (d) Na, NH(),
N » . » THF, ~78 °C, 94%; (¢) Ac20, DMAP, p-xylene, reflux, 93%; (f) BF;-OEt;.

a (8) KHMDS, 18-crown-6. TBSOTY, THF, — 78 °C, 94%; (b) RVC anode ! DMS, CHiCh, —20 °C; (g) Dess—Martin periodinane, CHiCh, 69% (2!
(05 mA), 2.6 lutidine, 0.1 M LiCIOy, 20% MeOH in CHyCh, room ! gieps): (h) KyCOs, MeOH. 26% (39% BORSM). MOMCI = chiorometh-!
temperatare, 165 b, 2.61 F/mol, 81% KHMDS = potassium bis- ! yimethyl ether, TBAF = ftetra-n-butylammonium flucride, DMS = dim.!

tmettylalylamide, TBSOTE = fort utyldimethykityl tiflste, RVC = ! ethylifide, BORSM = based ou recovered sartiog matesal. !
reticnlated vitreons carbon. :

’

i At first the authors envisioned rhodium-
1based ring closure. But the conversion;
1 shown right was not successful for the ! T8DPSO
1 steric cogestion. They turned their
1 attention toward anodic oxidation.
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31 to 32: Anodic Oxidation. (Reviews:

Tetrahedron 2000, 56, 9527, Chem.
Soc. Rev. 2006, 35, 605)
Advantages: 1) Oxidizing functional

- '
I
Constant Current ~ potential varies
Controlled Potential ~ current varies

B A

groups selectively. 2) Generating highly ' A 3 R Anoce materials: Carbon o Plstinum
reactive intermediates and reversing the > net ¢ Solvents: MeOH, ACOH, %CN, CHL08,
polarity of nucleophiles. 3) Neutral. A - THF, Hy0
Anod Cathode BusNPFe 5
_______ {0 fdation) __Bedwtiony
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:Electrolytes provide counterions for E: oxméfm €0, 2
1 the reactive intermediates generated ;! T m

| at electrode surfaces. ! ' -
{ PV U v 89 \




Y + S - o T o
wose o S
R“ﬁi‘f oxidation B3\ o H R%JL\} MeOH R*“)Ly
Sidation | ks { .

wore ¥ 5wty

I
1

i

1

I

I

:

]

: 101
0

i

|

'

]

'

a8 99 100

'oxidationof theamide. | ___________________________________!
[ e o o e e e
OMe Anodic hie OMe _ Me :
oxidation é}/i H { &, -H ,
" ° n » MeOH o E
1
1
|
1
]
|
|

]

]

|

E

| -

: n=1,2 122 123 124
!

|

]

1

S S S e e ettt R R R e e td

] 95-modified electrode 0

E controlled potential E

: 08V va. AAgCH :

E 9% CHy 97.504% |

: NH; !

! oM

! = '

| 2 '

i ss L] g\ 1

1 ) i

| 0. :

! 98. 49.3% :‘\

1 “’953‘ t ,"_,_""'"_' """" AT \
; i | TEMPO'is a mediator for
| Schesme 30, | ielectro chemical oxidation of |
"""""""""""""""""""""""""""" :alcohols. 95 mediates the !

et . 1 selective oxidation of !

i oditied electrode " N Lo :

| dividad ced ;| (facomic®6. = ___. '

! /\ﬁ)/\ Nshannd ! (l E

i HO OH  ontrolied potential oo ,/

! (+0.06 V vs. Ag/AGCH) ;

| 100. 96%

' b @6 = 99% !

| Schemed, oo |

16/16




