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A useful reference
Enantioselective Synthesis: Natural Products From Chiral Terpenes by Tse-Lok Ho

(R)-(-)-carvone (S)-(+)-carvone

Spearmint oil Caraway seeds
$0.29/g : $2.58/g
$43.56/mol $386.82/mol

Industrial preparation of (-)-Carvone:
See "Fragrances and Flavors", Ullman's Encyclopedia of Industrial Chemistry.

+)-limonene
) (-)-carvone
Fleming's Total Synthesis of (+)-Carvone
Fleming, Synthesis, 1979, 736.
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Some Basic (Obvious) Transformations of Carvone

H,0,, NaOH
MeOH

70 - 100%

LAH, Et,0

70 - 100%

H,, Wilkinson's cat. o
or H,, PtO,
82 - 100%
|
o
w
(o}

Zn, EtOH
o] 50%

t-BuOCl

86%

AcCl, MeOH

96%

™S cl

= 0

Ticl,

> ™S
82%
H

KMnO, HO OJ{




Creativity From the Chiral Pool

Baran Group Meeting

Part 1: Carvone

Brandon Rosen

An Overwhelming Sample of Carvone-Derived Syntheses

HO 0
Cyperolone
Kirsch, 2012
Hapalindole Q Picrotoxinin ~ HO
Baran 2004 Trost, 1999
’/Z < COH AcO OH
HO — C! ‘
s OH Q\CO H 7-deacetoxyalcyonin acetate
H 2 Overman, 1995 :
Kainic Acid

CHO Fukuyama, 2011

H O'\Me Cyrneine A
“\ "0 Gademann, 2012

Guanacastepene E
Sorensen, 2006

Valerianonoid A o) -, OAc o
Srikrishna, 2004 /i
4 [o} E

{7 oH J
Peribysin E
Danishefsk, 2008

Cubitene 9 «OH
Lindel, 2012 I o]
OEt o
HO Salsolene Oxide Trilobolide
CP-263,114 core Paquette, 1997 Ley, 2003

Yoshimitsu, 2000

Ryanodol
Deslongchamps, 1979

Briarellin F
Overman, 2003

Samaderine Y OH
H
Shing, 2005’ 'I H couH
(o]

=

Platensimycin
Lee, 2009

Chinensiolide B o

Omphad|ol
Hall, 2010

Romo, 2011

Hapalindole Q
Baran, JACS 2004, 126, 7450.

@ LHMDS, then [Cu] >/
3%

(N)-Methylwelwitindolinone C Isothiocyanate
Garg, JACS 2011, 133, 15797.

4 steps

1. LAH
0  2.PivCl OPiv
@/ 3.Cr0,4 ‘L.~  3steps
- 5 -/
4. NaOMe \m
\H 5. vinyl-MgBr, z
CuBr-DMS

13 steps

(N)-Methylwelwitindolinone C
Isothiocyanate

Cyperolone
Kirsch, Org Lett 2012, 14, 1250.

(o]

OTES
6 steps PtCl,, cod d
_— . R

80% -

m]
OTIPS
8 steps
HO 0 [0}

Cyperolone
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Kainic Acid
Fukuyama, Org Lett 2011, 73, 2068.

7-Deacetoxyalcyonin Acetate

Overman, JACS 1995, 777, 10391.

O  1.H,0,NaOH /! 1. NaCIO,,
2. H,S0, 0_o NaH,PO, SN
R — B ———
\” 3. NalO, 2. MeOH, A
4. 1y, Kl CHO oho g \ NHCO,Me
-B-N,
Hectogram Scale SPh
3 steps
"In view of the ease of the entire CO,t-Bu
operation and the use of the /. /-
readily available and inexpensive 2 4 steps
reagents, we are convinced that O\ &
our synthetic route alone would N CO,H N O
satisfy the global demand for (-)- H éone
Kainic Acid." Kainic Acid
Picrotoxinin and Corianin
Trost, JACS 1996, 118, 233.
Trost, JACS 1999, 721, 6131 and 6183.
o 1. LDA, CH,0 ) CN
2.78DMSCI RS0 : 3 steps
3. LICH,CN B
4. C5HsNHBr, “H
CO,H
PPh, ~P_J_Pd(OAc);
2r C ) Ligands
& o
7 steps o)
- =
OSiR;3
OSIR,

Name rxn?

(o)

O e

2 LDA PhN(Tf),
3. MeGSnz, [Pd]

9 steps

1. NiCl,-CrCl,
2.AC20
- >
3. TBAF

1. Me,NCH(OMe),
ACZO

2. LHMDS, TBHP

5 steps

OH \<
(o]
Corianin Picrotoxinin
OHC._~_
! O “TMS
1. +BulLi, OMe
2. PPTS

J\/\OTu:*s

BFs‘oEtz

AcO OH
7-deacetoxyalcyonin acetate
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Briarellin F i Guanacastepene E
Overman, JACS 2003, 725, 6650. Sorensen, JACS 2006, 128, 7025.
o] 1. 9-BBN, then 1. LDA, TMSCI, then i o 1. Hy, PtO, OH
f ~ NaOH, H,0, j/ AcOH 3 f _ 2.LDA, Mel 1. NaCN
\"‘.‘» 2, TEMPO NCS O/ 2. LAH (>20:1 d.r)) \” 3. 03, then H,, Pd/C 2. EDCI
H OH 1
,,,,,, "
- - ; SME LHMDS
- - HO i SnMe3 OH (o]
C/H5CO5™ T OH | 2. [Pd], (Me3Sn)2 58% o
Briarellin F 0..PMP
Cyrneine A i [Pd] | aco 0
Gademann, ACIE 2012, 57, 4071 § 87% £
0 oTBS y
4 steps 3steps B0 o/ PMP
— r — Y 1. Sml,
0
2. PhSeBr
3. mCPBA

5 steps
1. PhNTH, < eps
2. Cr03
<«——— 1BSO :
3) [Pd] Guanacastepene E

Cladantholide

1. CHoBry, LITMP Lee, JACS 1997, 119, 8391.

2. Buli
(o] 1. H202, NaOH :
2. LiCl, TFA NaOMe MeO,C ~OTHP
- = —_ >
3 steps 3) DHP, PPTS otp  95%
—

Name rxn?

Cyrneine A
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Upial
Taschner, JACS 1985, 107, 5570.

3 i
MeO,C~\..OTHP 3steps THPO- BuzSnH ; 4 steps
—_— N : —_—
0 99% :
g | Femenn?)
EtO :
: HCI
70%
1. TsOH, MeOH
4 steps 2.PCC THPO"- 1. MeMgBr
g H : 2. 0304, Na|04
2 If,?n%g mscl 3steps 3 KOCI, MeOH e
OMe 3 F
Name rxn? i OHC-/ ™, 4. Swern : OH
; P ° Meozc 5. SOCl, N
; o} A\

Omphadiol
Romo, ACIE 2011, 50, 7537.

Cladantholide o [Mn(dpm);]

: PhS|H3, 0, OH 1, H5I06
Thapsigargins § ) %Lppw
Ley, ACIE 2003, 42, 5996 § Cen 2,751, 4PPY

See "Steven Ley" group meeting

MeO,C... OTHP 12 steps Grubbs : o
— > TBDPSO 3 ., PH

%0
92% Grubbs / 2steps i 0 3 steps #o
Br /§

95%

P o
/= -
1. tBuLi, DIBAL
o ——> -+OH

2. Etzzn, CH2|2

Omphadlol

Thapsivillosin F
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Salsolene Oxide
Paquette, JACS 1997, 119, 2767.
See "Leo A. Paquette" group meeting

(o] 1. H,, Pt Br
2.0, 5 steps (cocl),
— >
3. NaBH, CO,Et EtsN, A

57%

4. HBr, EtOH /\

Salsolene Oxide

Samaderine Y
Shing, ACIE 2005, 44, 7981.
See "Traditional Chinese Medicine" group meeting

O  1.LDA, CH,0 \ 0_ 0 1. TBSOTf
2. (OMe),CiMe, S jij/ 2. TBHP, NaOH
RS ~
\[ 3. Cro, ﬁ[ : 3 NaBH,, CeCls
[ 4. NaBH,, CeCl, oH
TBSO
9 e MgBr 1. TFA TBSO__ <2
1. 2. TBSOTf
-« -~
O 2. NaH, crown ether 3. NMO, TPAP OH
OAc 3. ACZO (o) 0

PhMe, 180 °C
62%

1. MnOAc3;,
TBHP
—  » O

2. MnOAc;, A

== Y

Peribysin E
Danishefsky, JACS 2008, 130, 13765

Samaderine Y

Platensimycin
Lee, JACS 2009, 137, 8413.

1 LAH 1. SeO, BuzSnH
(o) E— (o)
2. NBS 2.PCC bBr CHO 81%

Br

3 steps TMSC(LI)N2 /@/\'( 3 steps )
65% CH
e

PlatenS|mycm

o
@/ joms 1. EtAICI, 7steps C@
1. EtAICI, o

Adduct not available through
o Robinson Annulation!

@/ j/OTES 2.Si0,
3.PAOAG)
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1. 0504, Na|04

C C TMSN,
AcO” :Hj ~0 I

2, mCPBA

OTBS  Suzuki : 1
-
89% Aco" "0

Ticl,
50%

0TBS
HO \\~/ HCI MeOH
CHO 0%
OH

Me

O

ent-Peribysin E

Carvone-Derived Diene Ligands

Carreira, JACS 2004, 126, 1628.
Carreira, Org Lett 2004, 6, 3873.

~1 1d.r.
OMe
1. LDA, PhNsz

(o}
1 NBS, MeOH
4
l 2. KOtBu 2. AanCI [Pd]
Ar

~1:1d.r
1. iBuLi 1. NBS, MeOH Ome
2.PCC 2.K0Bu /
0 0
1. LDA, allylBr

2. LiNEt,, PhNTT,
3. [Pd], HCO,H

OMe
i’
Ecklonialactones A and B I
Furstner, JACS 2010, 132, 11042. Ligand A
o 0
0
0 ph B0 4 steps @—//
o B o ————> {
[Rh(C3Hy),Cl]> P =0
Ligand A Ph” S MeO(Me)N
80% ee
0o o
oo b A
MeO
2
8 steps _
)=
MeO(Me)N/\o

Ecklonialactone A (A87)
Ecklonialactone B
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Some Basic (Less Obvious) Transformations of Carvone

4 steps
4 steps o __o
CHO
1
3 steps

2 steps
OHC
3 steps (o]
W OH

4 steps Meozi?,..-OTHP

Br

4 steps (/\
> CO,Et

/\

[0}
3 steps

Do it at home!
Derive retrosyntheses of the following molecules using carvone as a starting material!

O H HO ?H

{3
HO” ,@ l; ;l""ou
H CO,H

Gibberellic Acid

Dictyoxetane HO""
HO.,.

4.,H i

. HO
Solanoeclepin A W
N

Nominine

Mandapamate
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