School of Chemical Biology & Bio‘re‘ _

Reporter: Dr. Hao Jiang
Supervisor: Prof. DE Yong Huano

—

Date: Aug. 261, 2013

I




Contents lists available at SciVerse ScienceDirect

Tetrahedron

journal homepage: www.elsevier.com/locate/tet

Tetrahedron report number 1010

The Claisen rearrangement in the syntheses of bioactive natural G’)c,ossmm
products™

K.C. Majumdar~, Raj Kumar Nandi

Department of Chemistry, University of Kalyani, Kalyani 741235, West Bengal, India




(T

Content - - Review Report

= Background of Claisen Rearrangement
Aromatic Claisen Rearrangement
Aliphatic Claisen Rearrangement
Stereochemistry
The Factors

= Applications of Claisen Rearrangement
Aromatic Claisen Rearrangement
Aliphatic Claisen Rearrangement
Tandem Reaction
Aza-Claisen Rearrangement
Thio-Claisen Rearrangement
Retro-Claisen Rearrangement

= Conclusion




i

Content 4 Review Report

= Background of Claisen Rearrangement
= Aromatic Claisen Rearrangement
= Aliphatic Claisen Rearrangement
= Stereochemistry
= The Factors

= Applications of Claisen Rearrangement
= Aromatic Claisen Rearrangement
= Aliphatic Claisen Rearrangement
= Tandem Reaction
= Aza-Claisen Rearrangement
= Thio-Claisen Rearrangement
= Retro-Claisen Rearrangement

= Conclusion




|

Background = . Review Report

O/\/*

OH
OH
© 200°C @/\/ 200°C
= e
A A

(L. Claisen Chem. Ber. 1912, 45, 3157-3166.)

O/m 0./ ™3 - 0N o)
heat ' ' [3,3] c-immigrate o
H _> Pig ,
H &
l l[3,3] c-immigrate
OH OH
(0]
/
H [1,5] c-immigrate
S |
/ H

[




Review Report

i
' ' —
N\\V"' \

1 2 3 1 2 3

{:’; g::i

1" 2 3 1 22 3

(Dewar & Houk)

4

00!

i
|



AHAAR0]

»

Stereochemistry & Revievkv Repc;rt
4 Backgroun

SHR P QN b

(90%) (10%)

OO = OO0

(98%) (2%)

111111

At LTV



Review Report

Background

(major)
heat

(minor)

:‘=_. (minor)
heat

(major)




Review Report

Background

(minor)

A

(major)




Review Report

|

Background
CH, CH;,
heat H——CHO H CHO
K/O\/\/ H,C=CH——H * H—|—CH=CH,
(Z, E) CH; CH;
(3%) (97%)
CH;, CH;,

AP N, _heat H——CHO H CHO
\/W H,C=CH——H * H——CH=CH,

(E, 2) CH, CH,
= (3%) (97%)
E CH, CH,
% K/o\/ﬁ _— ) H——CHO ) H CH-O
— H,C=CH——H H——CH=CH,
== (Z, 2) CHs CH,
(97.8%) (2.2%)
CHs CH,
— H——CHO  H——CHO
NN H,C=CH——H * H——CH=CH,
(E, E) CH, CH,

(97.8%) (2.2%)

10

4 HIE L



i

Stereochemistr’g’? - .» |

| \O
]

k/ — n CH; heat
(Z, E) . H
k/o\/\/ — HH/~CH3 =
(2, E) Hy 2

| \?

- H heat
~
(E, Z) H

H o
X0 ||
e X H,;C -y _heat
= H,6_H — >
E,Z H
(4] H

4

Review Report

Background
o CH,
H—cH, OHC
— = —— (major)
H—§ H,C=CH
CH, CHy
b /0 CH3
H
|_CH OHC——H
> == (minor)
—  H——CH=CH,
CH, CH,
CH
— 3
o
HC X2 H——CHO
— — (major)
H3c—§ H——CH=CH,
= CH,
t —=0 CH;3
H,C
*N|-4 H——CHO
—>» H.C — (minor)
3 H2C=CH——
H CH,

11

..“muwmmhnmx:h..‘;..



Background

StereochemiStry Review Report

H/SE X0 : <o
N ___ H7ICH; heat HX.—CHs HX—CHs OHC——H
e — H;C 2 i’ S . \ = (minor)
= HyC—\ H3C—\ H,C=CH——H
H
k/ H—0 -==0 4% —0 CH,
Hil H
X° — H]l/ heat HsC \J-/:-CH -CH OHC——H
\ prmm— *CH e 3 S ! 3 — L R—
\/w H3C7¢( 3 —"_l H3C — H—_CH=CH2
H
— = H H H CH;
—— CH
—] H/E X0 <o 3
— H,;C
— | /\/o\/\/ _H3ﬁ ' H heat 2 CX v z x—H H——CHO _—
H‘@‘ "'—& H——CH=CH,
— | (E, E) S
3
H o -==0 4% —0 CH,
H,C ! 7 H.C
/\/o\/\/ — H5C | ~ heat |.|3 \ :-H 3 |-H H——CHO .
(E, E) H < 2 -

..“muwmmhnmx:h..‘;..



Background X .4 - Review Report

" The Factors

= Pressure: high pressure can accelerate the reaction =
= Solvent =
« Aromatic ether: EtOH/H,O > carbitol > tetradecane
« Aliphatic ether: H,O > TFA > MeOH > EtOH > 'PrOH > MeCN >
acetone = benzene > cyclohexane
~ = Substitute P F =
% improve the rate decrease the rate .
—:-_ electronic electrophilic electronic electrophilic
1 O, NH,, F, Me - -- CN, CO,CF,
2 OTMS, Me, F CN, CO, , CO,Me, CF,
4 Me, OMe CN, CF;
5 -- CN Me, OMe
6 Me, OMe -- -- CN
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" The Factors

= Lewis acid
. BCl,
IC— o A
| &
heat 96%
BB, 42% 49%

* Aluminum reagent
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Application

- -

" |n the Synthesis of Coumarin

o
A DEA MeO_| OH
OMe  reflux NS : X
4h —>’
MeO o (81%) P
| MeO MeO o o
3 (+)-terachyplueranin-A

1 2

Stermitz, F.R.; et al. Tetrahedron Lett. 2001, 42, 6491-6494.

" |n the Synthesis of Chromanone

0 0]
PhNEt POCI
o
6

Krol, W.; et al. Int. J. Oncol. 2011, 38, 941-953.
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Y Application

" |n the Synthesis of Mix-sourced Lignans

1. PhNEt,, reflux .0
O 2 Mel, K2CO3 OMe
(56% for 2 steps) OH
H OH
(0]
7 HO

9 (+)-fromdosin A

Trost, B. M.; et al. J. Am. Chem. Soc. 2007, 129, 11781-11790.

toluene
I \| \/Y\OH 125°C
_>

= 12
10 1 racemic hyperolactoneC

e,
:’I‘ﬁ“““

Kraus, G. A.; et al. J. Nat. Prod. 2004, 67, 1039-1040.
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MWI
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14

Ovaska, T. V.; et al. Org. Lett. 2007, 9, 3837-3840.

_ 200°C
N T g0

Metha, G.; et al. Tetrahedron Lett. 1987, 28, 5945-5948.

Application

(+)-dolasta-1(15),7,9-trien-14-ol

18

..“muwmmhnmx:h..‘;..



[

|

Ireland-Claisen S Review Report

Rearrangement e Application

Ireland, R. E.; et al. J. Am. Chem. Soc. 1972, 94, 5897-5898.

1. LDEA, THF, -78°C~50°C Pﬂ

2. LDA, 0°C~50°C
3. Mel, -78°C~rt

TMS (61%)

W

26

28 (+)-artemisinin

Avery, M. A.; et al. J. Am. Chem. Soc. 1992, 114, 974-979.
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Rearrangement st Application
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Hall, D. G.; et al. J. Am. Chem. Soc. 2009, 137, 14216-14217.
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Pettit, G. R.; et al. J. Nat. Prod. 2011, 74, 1003-1008.
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Rearrangement &0 .

Ry . R R
acid 1 1
Me0><OMe = j heat _ [ meo j EOH_ |
OMe <  CO,Me
MeO (0] R, R

HO R, OMe

Johnson, W. S.; et al. J. Am. Chem. Soc. 1970, 92, 741-743.
CH3C(0Et)3 EtO,C— "
—> —_—
—_—
sealed tube y
180°C, 5days NS "',,’
(80%) H

37 (R)-limonene 39
Srikrishna, A.; et al. Org. Lett. 2003, 5, 2295-2298.

Application

2

OH
40 (-)-cucumin H

CH,C(OEt),
cat. EtCOzH
— 180°C 36h CCO,Et

AcO AcO (52%)
i ADcéﬁl ?ty wal|,
_>
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44 HV-4 45 HM-3

Srikrishna, A.; et al. Tetrahedron 2006, 62, 9393-9402.
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Rearrangement &0 Application

R4 R, R,
MeO OMe heat EtOH
>< + — MeO |
NMe, R B

NMez MezN " R Me,N~ SO0 TR,

Eschenmoser, A.; et al. Helv. Chim. Acta 1964, 47, 2425-2429.

CHO
H

MeO OMe

>

Et NMe,
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150°C, (99%)

A

48 49 (+)-acetoxytubipofuran

Kundig, E. P.; et al. J. Am. Chem. Soc. 2003, 125, 5642-5643.
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50
tricyclic core

Application
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Theodorakis, E. A.; et al. Org. Lett. 2002, 4, 909-912.
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Rearrangement &0 Application

TFA
—> heat MnO,
MWI —_—
(90%)
NS
62

63 65

Iz

Pirrung, M. C.; et al. J. Org. Chem. 2007, 72, 5832-5834.

o
J\ 1. LiIHMDS, toluene

N Ph -78°C, 30min

-
-
-
-
-
-
c

Q\\\‘“

60 (-)-isoiridomyrmecin
o 2.120°C, 8h, (77%)
Z H

58

//" ;
X

61 (+)-a-skytanthine

Tsunoda, T.; et al. Pure Appl. Chem. 1994, 66, 2071-2074.
Tsunoda, T.; et al. Tetrahedron Lett. 1996, 37, 2463-2466.
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Rearrangement

H

NHCHO
(X : O\{ Ji*
= o
N™ “SPh Rh,(OAc),, DCM, (83%)

62

CO,Et B OHCHN

CO,Et

Iz
u
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Rainier, J. D.; et al. Arkivoc 2010, 8, 116-125.
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Application
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Rearrangement e Application

|

retro-Claisen
— =

1. DIBALH
ﬁ
2. aq. HOAc

[

71 ((+)-salvileucalin B

Reisman, S. E.; et al. J. Am. Chem. Soc. 2011, 133, 774-776.
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