Limonene: cheap chiral starting material found in the oil of citrus peels
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suggest disconnections
and strategy

a few steps

1) DDQ, DCM/H,0, rt
2) CICO,Me

pyridine, DCM, rt

3) 5 mol% Pd(OAc),
25 mol% PPh3, MeOH,
10 atm CO, 40 °C

4) DIBAL-H

toluene, -78 °C

5) TBSCI, DMAP, Et;N, DCM

0°Ctort

6) 5 mol% [RhCI(CO)dpppl,
toluene, 1 atm CO, reflux
then 10% HCI aqg., MeOH, rt

—

what type of cyclisation is it?

( )

Me

Me

1) O3/0,,

CH,Cl,—MeOH (5:1), -70 °C;
Me,S, rt, 5 h;

2) piperidine, AcOH,

CgHe, reflux, 1 h;

3) Li, Br/\/\

4) IBX, DMSO

5) Ti(OiPr)y,

Grubbs’ catalyst (ll)

—

5 steps

1) O3, MeOH

then (H,N),CS/ MeOH
2) HC(OCHj3)3,

CeCl3 6H,0/MeOH

3) LDA, THF

—

4) sBulLi

(HCHO),

THF, -78 °C to rt

5) NaH, PMBCI, DMF
0°Ctort

then 35% HCI ag. acetone
6) Ohira-Bestmann
reagent, K,CO3

MeOH, rt

7) LHMDS, Mel, -78 °C
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()

DMAP

2) MeMgBr
-78 to 23 °C
then TFA,
HC(OEt)3

1) SOCI,, pyr, DCM, 0 °C
2) mCPBA, EtOAc, - 40 °C
3) (CF5C0),0

2,6-lutidine, DCM, -35 °C

[ Pummerer rearrangement J

4) morpholine, MeOH, -10to 0 °C OH Ehsg,
then diastereomer separation Vv, U2
Me CH,CN
O, p—

5) PtOZ, H2 PhS O
6) TiCly Me then PPhj
then pyr.
7) R-CBS cat.
BH5.THF, THF, -55 °C
8) HF 1) CDI, Et3N

then aq. NaHCO;

(0] 2) HF.pyr
Me o< 3) TPAP, NMO
4)
Ph,
P. OTBDPS
Me W \/ﬁ/
5) MsOH, AcOH, 18 °C
Me
Me

(S)-(-)-limonene

Me

(S)-(-)-limonene

2 steps
1) AcCl,
toluene, 80 °C
2) Pd(OH),/C Me OBn
H,, EtOH X -
Z "OPiv
Me
OTBDPS
1) ~OBn, SnCly
DCM, -78 °C
2) KOH, EtOH, -10 °C 5 steps
3) SOCly, pyr
4) NH,OH.HCI
5) PivCl, pyr
Me
A_OTMS
1) thexylborane
then H,O,, NaOH
2) NaOCl HY
3) OAc Amano o OTBDPS
; 5
PS lipase
Me
4) TBDPSCI
imidazole, DMF

5) LDA then TMSCI



