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Cyclooctane & Cyclooctanone

Chemical Formula: CgH,0
Molecular Weight: 126.20
Density: 0.958
mp: 32-41 °C
bp: 159-197 °C

Chemical Formula: CgHg
Molecular Weight: 112.21
Density: 0.834
mp: 9-14 °C
bp: 149 °C (1 atm)

259 — $25.00
100g — $70.40

100g — $33.80
500g — $83.70




Conformations of eight-membered rings
three major families

boat—chair N

boat—chair
chair—chair w
crown
boat-boat U
boat-boat

reviewed in:
Petasis. Tetrahedron 1992, 48, 5757 .
Anet. Top. Curr. Chem. 1974, 45 169.




Conformations of eight-membered rings
three major families

boat—chair N ﬁ % W

boat—chair twist boat—chair chair twist chair
chair—chair w w </
crown chair-chair twist chair—chair
boat-boat U N\ 7 H
boat-boat twist boat-boat boat
reviewed in:

Petasis. Tetrahedron 1992, 48, 5757.
Anet. Top. Curr. Chem. 1974, 45 169.




Conformations of eight-membered rings
three major families

boat—chair N ﬁ % W

boat—chair twist boat—chair chair twist chair
chair—chair w w </
crown chair—chair twist chair—chair
boat-boat U N\ 7 H
boat-boat twist boat—boat boat

] — X

room temperature
"boat—chair" "chair-chair"

94 : 6
reviewed in:

Petasis. Tetrahedron 1992, 48, 5757.
Anet. Top. Curr. Chem. 1974, 45 169.




"Chemical consequences of conformation"
Diastereoselection in eight-membered rings

Mel
0 DA THF,60°C ) )
then Mel, —60 °C ot via
l,,,

LiO
(>75% vyield)
>95% trans (15% vyield)
Mel
o LDA, THF, -60°C o
> + ,
then Mel, -60 °C via
(>57% yield) Lio
98% cis (33% yield)
. H;C CD; D;C CHs; i
OLi P ., :
CD,l, :
DME, 5 °C :
t-Bu +-Bu £Bu :
83 : 17 :

House. J. Org. Chem. 1973, 38, 1000.

Still. Tetrahedron. 1981, 37, 3981.




"Chemical consequences of conformation"
Diastereoselection in eight-membered rings

z
o

Me,CulLi ;
o) 2 » o ST )
Et,0, 0 °C i :
(72% yield) : o LDA, THF, 60 °C 0!
single isomer ' s :

then Mel, —60 °C

(>57% yield)

via
H H , oy Y
or ~ ; 98% cis
| / CHj | / CH) LIl
o) 0 ' ,
i MeLi, Cul
: —  »
: o Et,0 (o
HsC :

(61% yield)

CHj3 3 : I

' 9:1 trans:cis ;

@ , Barton. J. Chem. Soc. Perkin Trans. 11986, 947. :

MO CHs CHa = Trmmmmmrmrmmmmmmssseeeeennsnnsnss e
MO

Still. Tetrahedron. 1981, 37, 3981.




"Chemical consequences of conformation"
Diastereoselection in eight-membered rings

Me,CuLi o
o " ~ ° o LDA, THF, -60 c> o
Et,0, 0 °C then Mel, 60 °C
(72% yield)

single isomer (trans) (>57% yield)

98% cis
(o) H,, Rh/Al,04 / o
("almost quantitatively")
91% trans

/ o LDA / oLi PhSeBr o 0, o
THF, —-40 °C THF, -78 °C ~1SePh
HsC H lowest energy conformation
H 2 by MM2 force field calculation
CH

Still. Tetrahedron. 1981, 37, 3981.




Occurance in terpenoid ring systems

Sesquiterpenoid ring systems

S & &

precapnellane asteriscane neolemnane

Diterpenoid ring systems

oI VO s

taxane basmane crenulane

Sesterterpenoid ring systems

o

fusicoccane ophiobolane variecolin family

reviewed in:
Petasis. Tetrahedron 1992, 48, 5757.
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precapnellane
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Sesterterpenoid ring systems

o

fusicoccane ophiobolane variecolin family

reviewed in:
Petasis. Tetrahedron 1992, 48, 5757.




Precapnellane sesquiterpenoids

precapnellane precapnelladiene dactylol poitediol

Biosynthesis

s
I
N I N
2N |.|+4)

trans,trans-farnesyl humulene africane precapnelladiene A%12).capnellene




Strategies in cyclooctanoid synthesis
Fragmentation of [5,1,0] systems

1. Et;N, TMSCI O 1. ethylene glycol, H* ',

2. n-BulLi, CI,CHCH34 2. C,H5Znl, CH,l, 2. Ac,0, Et;N
- >
3. A, toluene 3. H;0* 3. DBU, PhH
(71% yield) (92% yield) (71% vyield)

Paquette. J. Am. Chem. Soc. 1987,109, 3025.




Strategies in cyclooctanoid synthesis
Fragmentation of [5,1,0] systems

i-Pr c-hex
\N/

o)
1. Et;N, TMSCI O 1. ethylene glycol, H* Hc, O 1. CH;CHO, Li
2. n-BuLi, CI,CHCH, 2. C,HsZnl, CH,l, 2. Ac,0, Et;N
> > >
3. A, toluene 3. H;0* 3. DBU, PhH
(71% yield) (92% yield) (71% yield)
H, [ >X__HO.C
NaBH,, CeClj 1. CH3C(OEt)3, EtCOOH, A 1. (COCI),
' r
(97% vyield) 2. KOH, MeOH 2. SnCl,, DCE, 0 °C
(70% yield)

Paquette. J. Am. Chem. Soc. 1987,109, 3025.




Strategies in cyclooctanoid synthesis
Fragmentation of [5,1,0] systems

s
,—Q/

i-Pr c-hex
\N/

o)
1. Et;N, TMSCI O 1. ethylene glycol, H* Hc, O 1. CH;CHO, Li
2. n-BulLi, CI,CHCH34 2. C,H5Znl, CH,l, 2. Ac,0, Et;N
>
3. A, toluene 3. H;0* 3. DBU, PhH
(71% yield) (92% vyield) (71% yield)

H HO,C
0 2
NaBH,, CeCl, 1. CH;C(OEt)3, ECOOH, A 1. (COCI),
- > -
(97% yield) 2. KOH, MeOH 2. SnCl,, DCE, 0 °C
(70% yield)
= 0 - 0
: 1.7 ~gh
TsOH
+
2. Ra-Ni, EtOH

(12% yield) (24% yield) (64% yield)
Paquette. J. Am. Chem. Soc. 1987,109, 3025.




Strategies in cyclooctanoid synthesis
Fragmentation of [5,1,0] systems

BF3°OEt2 (5 eqUiV) OH H2, Pt02
> oY ———3 (x)-dactylol
Et,0, O °C EtOH, 9H
(18% yield) (90% yield)

Matsumoto. Tetrahedron Lett. 1985, 873.
Paquette. J. Am. Chem. Soc. 1987,109, 3025.




Strategies in cyclooctanoid synthesis
Fragmentation of [5,1,0] systems

BF3°OEt2 (5 eqUiV) H2, Pt02
> ———3 (x)-dactylol
Et,0, O °C EtOH, 9H
(18% yield) (90% yield)
BF3'0Et2 T
—_——

Matsumoto. Tetrahedron Lett. 1985, 873.
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Strategies in cyclooctanoid synthesis
Fragmentation of [4,2,0] systems

H

epi-precapnelladiene

Pattenden. J. Chem. Soc. Chem. Comm. 1980, 1195.




Strategies in cyclooctanoid synthesis
Fragmentation of [4,2,0] systems

H

epi-precapnelladiene

OMe OMe ,J\/\/ OMe

. (o]
oBlnrcth t-BulLi P> 1. HCI, acetone
reduction > - __
( ) 2. PhCOCI, pyridine
oM 74% vyield
© OMe OMe 0C(0)Ph
(0]
H
1. KOH, EtOH . .
3 2. LHMDS, Mel 1. dioxolane formation
' -
\ 3. KOH, acetone . 2 LIgIH4 o !
= 3. P(O)Cl,, pyridine, 10 d
0C(0)Ph K (0)Cl, pyridi (o
1. THF, HOAc, H,0
2. H2CPPh3, THF RhC|3°3H20
- o
(86% yield) 1 (70% yield) )

Pattenden. J. Chem. Soc. Chem. Comm. 1980, 1195.




Strategies in cyclooctanoid synthesis
Fragmentation of [3,3,0] systems

Mehta. Tetrahedron 1981, 46, 3936.
Mehta. J. Chem. Soc. Chem. Comm. 1984, 1084.
Mehta. J. Org. Chem. 1987, 52, 2875.




Strategies in cyclooctanoid synthesis
Fragmentation of [3,3,0] systems

1. HSCH,CH,SH,

1. RhCl3*3H,0, EtOH 1. MePPh;l, NaOt-Bu, PhMe TsOH, PhH
>
2. H,, Pd/C, EtOACc 2. H,, Rh/C, EtOH 2. Na/NH;
0 o 0 0 . .
(70% yield) (80% vyield) (55% vyield)
1. LIHMDS, Mel
% RuO,, NalO, MePPh;l, NaOt-Bu T:-IF, “78°C
>
: CCl;, MeCN, H,0 PhMe 2. LDA, Mel
E . THF, -78 °C
O, H .
(80% vyield) (81% yield) (60% yield)
RhCI;*3H,0 LiAIH, P(O)Cl;, DBU
_— —_— ————»  (x)-precapnelladiene
EtOH Et,O pyridene
(80% yield) (80% vyield) v (70% yield)

Mehta. Tetrahedron 1981, 46, 3936.
Mehta. J. Chem. Soc. Chem. Comm. 1984, 1084.
Mehta. J. Org. Chem. 1987, 52, 2875.




Strategies in cyclooctanoid synthesis
Fragmentation of [4,2,1] systems

Feldman. J. Am. Chem. Soc. 1989, 111, 6457.
Feldman. J. Am. Chem. Soc. 1990, 112, 8490.




Strategies in cyclooctanoid synthesis
Fragmentation of [4,2,1] systems

/\)\/ I I W I
PhO,S \| Phos” \
+ ——
100 °C, THF 100 °C, THF
i (56% yield)

(56% yield)

1
Ph_ _O_
N 7< OLi 1. H,, Pd/C,

v PhMe, -10 °C

Ur-filter @ THF ~OH 2. AcCl, pyridine
°—> - = 3 » (x)-dactylol

—60 °C CHCl; ; 2. LiAlH, HO— 3. hv, HMPA/H,0

(41% yield) ) (73% yield) (39% yield)

dr.11 : 1

Feldman. J. Am. Chem. Soc. 1989, 111, 6457.
Feldman. J. Am. Chem. Soc. 1990, 112, 8490.




Occurance in terpenoid ring systems

Sesquiterpenoid ring systems

precapnellane

Diterpenoid ring systems

Sesterterpenoid ring systems

o

fusicoccane ophiobolane variecolin family

reviewed in:
Petasis. Tetrahedron 1992, 48, 5757.




T Sesterterpenoids
the ophiobolin family

- first isolated Ophiobolin A in 1957, 1961

- family members isolated from pathogenic fungi (Bipolaris oryzae, Aspergillus ustus, Cephalosporium
caerulens, etc)

+ Ophiobolin A was the first isolated sesterterpenoid (C25)

* >25 members

Image taken from: accessed 6/4/2009
http://www.knowledgebank.irri.org/IPM/diseaseDiagnosis/3.1.3._Brown_Spot_Bipolaris_oryzae.htm




Sesterterpenoids
the ophiobolin family

R, = BH, R, = OH, ophiobolin A . .

R, = BH, R, = H, 3-anhydroophiobolin A 9Phiobolin A lactone
R; = aH, R, = OH, 6-epiophiobolin A

R; = aH, R, = H, 3-anhydroophiobolin A

R; = BH, R, = OH, ophiobolin B
R; = aH, R, = H, 3-anhydroophiobolin B

“OH

R = BH, ophiobolin C ophiobolin D ophiobolin E
R = aH, 6-epiophiobolin C

Reviewed in:
Leung. Life Sciences 2000, 67, 733.




Sesterterpenoids
the ophiobolin family

“OH
ophiobolin F ophiobolin G ophiobolin H

R, = Me, R, = H, ophiobolin | ophiobolin J ophiobolin K
R; = CH,OH, R, = SH, 25-hydroxyophiobolin |
R; = Me, R, = aH, 6-epiophiobolin |

Reviewed in:
Leung. Life Sciences 2000, 67, 733.




Kishi's synthesis of (+)-ophiobolin C ]

HO THPO THPO Cr/u\T/A\V/A\OBn

1.0, TBS
2. DHP, PPTS, CH,Cl,
3. Saegusa-Ito oxidation NaBH,, CeCl; KHMDS
r r
(88% yield) MeOH, -30 °C THF, -78 °C
TBDPSO TBDPSO o) TBDPSO OH
3:18:a
1. CH,N,, Et,0, 0 °C
2. LiAlH,, Et,0, 0 °C
3. MsCl, Et;N, CHzclz, 0°C
1. xylene, 230 °C 4. LiAlH,, Et,0
'
O 2.1m HCI, MeOH, Et,0 (1:1:1) 5. H,, PtO,, EtOAc
. 6. H,, Pd(OH),, EtOH
(72% vyield) TBDPSO 7. PivCl, pyridine
TBS 8. TBAF, DMF, 50 °C
(57% yield)
OBn
THPO '
OPiv Swern
—» :
/|||-- E
HO




Kishi's synthesis of (+)-ophiobolin C

THPO
THPO N\—Tms s
TBDPSO then PivCl, Et;N _
OPiv Li > OPiv
Et,0, -78°C TBDPSO
0// 25equiv  QOTBS (85% yield) oH
OoTBS
o)
N
1. ICI (2 equiv) DCM, =78 — 0 °C I
2. TBAF/HF, THF, O °C, 1 min opriv large excess Cr(ll) w 0.5% w/w NiCl,
> >
3. p-TsOH, CH,Cl,, MeOH TBDPSO DMSO/DMS, 2 h
4. Swern —
(52% vyield) (73% yield, single isomer (B))
o)
HO
OPiv
TBDPSO

o

Kishi. J. Am. Chem. Soc. 1989, 111, 2735.




Kishi's synthesis of (+)-ophiobolin C

HO
OPiv HO OPiv
1. +-BuOOH, VO(acac),, PhH
TBDPSO 2. ptolOC(S)CI, pyridine, DMAP, CH,Cl, 1BDPSO
-

3. BusSnH, AIBN, PhH, reflux, 3 min
o (52% yield) o)
d.r. 4:1 at enone reduction

TBSO OH
1. TBSCI, imidazole, DMF TBDPSO
’
2. MeMgBr, Et,0, 0 °C — room temp. /
l',
(68% yield) OH
dr 13:1
1. Swern
2. Me,C=PPh; (30 equiv), THF, -78 — 0 °C OHC
>

3. TBAF, THF, 2h
4. Swern

“oy (+)-ophiobolin C
Kishi. J. Am. Chem. Soc. 1989, 111, 2735.




C—-C bond formation
Synthesis of (+)-epoxydictymene

Schreiber. J. Am. Chem. Soc. 1994, 116, 5505.




C—-C bond formation
Synthesis of (+)-epoxydictymene

N 1. n-BuLi, KO#-Bu, SSNoH 1. t-Bu, Tf,0
R =~ "OH hexane, Me;SiCl CH,CI,
—_— > oy >
| (o) — “ery 2. K,CO;, MeOH /I/ 2. Li
I/ . X .o
(50% yield) ™S 7(\
(R)-pulegone OEt
THF/HMPA, —45—0 °C
1. Co,(CO)q
o 2. Me;SiOTH,
D LI N Et,0, —78 °C CH.CN
o, 2 > —3>
“ OEt (82% yield) oL vi
/I/ 8.5:1 mixture with (85% yield)
TMS ethyl ether

Schreiber. J. Am. Chem. Soc. 1994, 116, 5505.




C-C bond formation
Synthesis of (+)-epoxydictymene

TMS
1. Li/NH3; NH,4CI
2. KHMDS, THF
O\
/LN Ph
Ph SO, DBU
r
3. NaHB(OAc); 3:1 mixture
4. Pb(OAc), favoring desired
(54% vyield) one recycle of minor
afford 57% yield
of desired
NC OMe

1. PhyP=CHOMe 1. HCI, THF/H,0

> 2. NaBH,, -78 °C K, 18-crown-6 ]
2. NaH, PhMe > » (+)-epoxydictymene
" (Et0),P(0)CH,CN 3. PPh;, imidazole, I, toluene
2 2 4. t-BuLi, Et,0 (62% yielc)
. yie
(71% yield) (54% yield) °

Schreiber. J. Am. Chem. Soc. 1994, 116, 5505.




C—-C bond formation

Synthesis of fusicoauritone

Williams. Angew. Chem. Int. Ed. 2007, 46, 915.




C—-C bond formation

Synthesis of fusicoauritone

o=/

—>» HO

(S)-limonene

1. (Et0);CCH,

EtCO,H (cat.), 145 °C

1. (Et0)3CCHs
EtCO,H (cat.), 145 °C

2. LiAlH,, Et,0
110
(74% yield)
wo—/

1. Na, HMPA, t-BuOH
2. TsCl, Et;N, DMAP, CH,Cl,

1. MEMCI, i-Pr,NEt
DMAP, CH,Cl,

2. BHg*THF, 0 °C
then H202, NaOH

3. (COCI),, DMSO, CH,Cl,

then Et3N, -78 — -50 °C

'

4. (2)-1-propenyllithium,
Et,0, -50 °C

2. LiBH,;, MeOH
(70% yield)

3. Nal, MeC(O)Et, reflux

Williams. Angew. Chem. Int. Ed. 2007, 46, 915.

then NaO,Sp-Tol, DMF, 70 °C




C—-C bond formation

Synthesis of fusicoauritone

1. HBF,4, MeOH (aq)

2. (COCl),, DMSO, -78 °C
then Et;N

3. Et0,C___PPhs

DCM, 22 °C o p-TOlOQS J“"' Nat-amylate p'TO|02$
4. DIBAI-H, DCM, —78 °C 0= a5 °(F;h5Hm'n .
5. PCC, DCM > HO'
(73% yield)

d.r. 5:1 (trans)

1. NaHMDS, PhSeCl
THF, -78 °C

1. t-BuOCl, acetone

then aq. H,0, TSOH | OR air oxidation/CDCl,
2. CH2CI2, NaHSO3
2. DIBAI-H, 78 °C DCE fusi .
’ > -fusi riton
3. Na/naphthalide, THF —78 °C _ pr—— (+)-fusicoauritone
4. MnO,, PhH (92% yield) by

o)

Williams. Angew. Chem. Int. Ed. 2007, 46, 915.




