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Applications

J. Extraction/Crystallization 

B. Lewis acid

D. Basic or Organometals

A. Alkylation,Silylation

E. Oxidation/Reduction
F. Transition metal



Ａ) Alkylation,Silylation
A-1 O-Methylation of Pyridinol Torisawa,Fain Kemikaru. 2006,35 ,53

A-2 N-Alkylation under PTC ibid.
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  (or amine additive)

A-3 Regioselective Ethynylation Yamaguchi,The 126th Annual Meeting of the Pharmaceutical Society of Japan(2005)
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
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3)

A-4 Asymmetric alkylation Ooi,Angew Chem.int.Ed .,2008,47 ,1



A-5 Asymmetric conjugate addition Maruoka,Org.Lett .2009,11 ,2023

A-6 Asymmetric conjugate addition J.A.Ellman, JACS . 2009,131 ,8754

A-7 Asymmetric conjugate addition J.A.Ellman,Chem. Sci ., 2012, 3 , 121

A-8 Enantioselective one-pot synthesis Maruoka,Org.Lett .2009,11 ,2023



A-9 Selective O-Silylation Kamimura,J. Org. Chem . 2010,75 ,3579

A-10 Enantioselective allylation M.Kotora,Chem. Eur. J . 2010, 16 , 9442

Solv Y（％） ee(%)
THF 92 97

MeTHF 52 96
CPME 84 96

Y.83％

A-11 Phase-Transfer-Catalyzed Olefin Isomerization/-Alkylation Maruoka,Adv. Synth. Catal . 2010, 352 , 1653

A-12 5-silylethynyl-1,3-dioxolan-4-one as a new prochiral template Maruoka,Chem. Commun ., 2010, 46 , 7593

Tol or CPME



A-13 Methylation Maruoka,Tetrahedron Lett ,2008,49 ,5461

A-14 Allylation Ooi,Synlett  2009,4 , 658

CPME or
MTBE



B) Reactions under Lewis acid Conditions
B-1 Beckmann Rearrangement of Indanones Torisawa,Bioorganic & Medical Chem.Lett .2007,17, 453

B-2 Intramolecular Carbonyl-ene reaction Onaka,unpublished

B-3 [3 + 4] Annulation Reaction Takeda., Org. Lett ., 2004,6 ,2277.
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B-4 Selective glycosylation Fukase,Tetrahedron: Asymmetry . 2005,16 , ４４１.



B-5 Selective glycosylation Itoh,Tetrahedron ,2008,64 ,92.

B-6 Selective glycosylation Ikeda,Tetrahedron Lett .,2007,48 ,7431.

B-7 Hetero Diels-Alder Reaction Kobayashi,Tetrahedron Lett .,2005,46 ,1803.



B-8 Chlorination Company-1

Y.80%

B-9 Sulfinyl ketimine J.A.Ellman,J.Org.Chem ,2010,75 ,6283

B-10  Selective glycosylation Komba, J.Appl.Glycosci .,2011,58 ,1



B-11 Fucosylation Horito,Carbohydrate Research ,2011,346 ,2098

B-12 Glycosylation Itoh,Tetrahedron Lett ,2005,46 ,3521
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C) Reactions under Bronsted acid Conditions
C-1 Pinner reaction Torisawa,Synth.Commun .,2009,39 ,2008

C-2 Deprotedtion of Boc-group ibid

C-3 Amination J.A.Ellman, J. Org. Chem .,2009,74,2646



C-4 Asymmetric Cyclization G.C.Fu,Angew Chem.int.Ed .,2009,48 ,2225.

C-5 Conjugate addition Roberto Balliani,Green Chem ., 2011, 13 , 2026



D) Reaction with Basic or Organometals
D-1 Claisen-Schmidt Condensation Torisawa,Summer Symposium of the Japanese Society for Process Chemistry(2005)
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O

OMe
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+

Claisen Claisen

tBuONa,CPME LiHMDS,CPME

85%

(extracts)

80%

(extracts)

Other Bases: NaH, KHMDS

Other Solvents: THF, DME, Toluene, EtOH

D-2 Chirality Transfer Methylation Kawabata, Chem.Commun . 2003, 162
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NR1R2

O
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Ph

MeO

NR1R2

O

Me1) LTPH (1.1 eq),

CPME, -78 ° C

2) Me-I

D-3 Chirality Transfer cyclyzation Krause,SYNLETT .2007,1970

D-4 Selective KSA Formation Tanabe,J.Org.Chem .,2007,72 ,8142.



D-5 Symmetric aza-Morita-Baylis-Hillman Reaction
 Sasai,Tetrahedron: Asymmetry . 2006,17 , 578
   idem.JACS ., 2005, 127 , 3680.

D-6 Grignard Addition Reactions Torisawa,Summer Symposium of the Japanese Society for Process Chemistry(2005)

D-7 New Grignard Addition reactions Torisawa,Summer Symposium of the Japanese Society for Process Chemistry(2005)

D-8 Vinylic addition via carbenoids Sato, Tetrahedron , 2005, 61 , 4409.
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D-9 Asymmetric Michael Addition Hayashi,unpublished

D-10 Asymmetric Michael Addition Matsuyama,The 87th Spring Meeting of Chemical Society of Japan (2007)



D-11 Three Componet Coupling Sato,Tetrahedron Lett .,2008,49 ,5073.

D-12 Three Componet Coupling Sato,Chem Lett .,2009,38 ,594.



D-13 Grignard Couplimg Ohshima,Synthesis ,2008,2659.

D-14 Ｇｒｉｇｎａｒｄ Reaction Company-2

MgCl

Solvent

Solvent

THF

CPME

Yield (%)

64

82

(2 eq)

R N

O

O

R

O



D-15 Chichibabian　Reaction Company-3

D-16 Grignard Addition Novartis Pharmaceuticals Corp., J. Org. Chem .,2008,73 ,9016

D-17 Cross-coupling with diethylzinc Ohshima,Tetrahedron ,2009,65 ,1553.

岡山大・押木,触媒,50,133(2008). その他

N N NH2

+ NaNH2

Y.>90%(CPME)



D-18 Intramolecular Robinson annulation Yamamoto,Chem.Commun .,2009,5412



D-19 Aldol condensation Torisawa,,unpublished

D-20 Asymmetric Catalytic Cycloetherification Matsubara,JACS ,2011,



D-21 Cross-coupling with Grignard reagent Asami,Chem.Lett . 2011, 40 , 983

D-22 Functionalisation of heteroaromatic N-oxides Kondo,Org. Biomol. Chem ., 2011, 9 , 78

D-23 Phosphinylation Fujita,Tetrahedron:Asymmetry ,2010,21 ,711



D-24 Enantioselective Protonation Shibata,Angew.Chem.Int.Ed ,2011,50 ,2249

Toluene-CPME

D-25 Grignard coupling Shimada,The 2nd International Symposium on Process Chemistry(2011)

Br Br Br

1) i-PrMgCl(0.35eq)
　 n-BuLi(0.7eq)

-5℃＊2hr
CPME

2)Allyl-Br

rt,CPME

100%(2steps)



D-26 Rearrangement Nagase,Tetrahedron ,2011,67 ,6682

D-27 Protonation Kobayashi,JACS ,2010, 132,  7890

    CPME



D-28 Grignard Zeon,unpublished

D-29 Addition of Grignard reagent to CN-group Zeon,unpublished

Y.74% 



E) Oxidation and Reduction 
E-1 LiBH4 Reduction Zeon Corporation,Cyclopentyl Methyl Ether(CPME)technical data

 

O

O

Me Me

TrO

OTr

OH

OH

Me
Me

60° C ,  good Y

LiBH4, CPME

E-2 LiAlH4 Reduction Maruoka, Angew Chem.int.Ed .,2003,42 ,5868

 

2) LAH, CPME, 100 ° C R1
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H

O
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E-3 LiAlH4 Reduction Shimada,J. Org. Chem ., 2005, 70  , 10178.

 

POPh2

POPh2

TMS

TMS

PPh2

PPh2

TMS

TMS

r.t.,  82%

Me-OTf, LAH, CPME



E-4 i-Bu2AlH(DIBAL-H) Reduction Boehringer-Ingelheim Pharma.,J.Org..Chem .2008,73 ,1524

P
O

P4eq.DIBAL-H

solvent,24h,23℃

Solvents　　　　 %conv
 DME               12
 ETBE              17
 2-MeTHF           35
 THP               51
 IPE               65
 MTBE              72
 CPME              72

E-5 Reductive Amination Torisawa, 2006 unpublished

NMgSO4, solvent*

evaporation

R

Cl

NH2

Cl
OHC-R+

H
N R

Cl

1 2 3

4

NaBH4

CPME-NMP

90% (by extraction)

*solvents

CPME

DME

toluene

CH2Cl2 R=Ph, CH2CH2Ph

~95 %

~90%

~90%

~85%

E-6 MnO2 Oxidation Zeon Corporation,Cyclopentyl Methyl Ether(CPME)technical data.

 
OMOMMOMO

HO

OMOMMOMO

O

ex. MnO2, CPME

heating, ca 90% conversion



E-7 Swern & TEMPO oxidation Torisawa,unpublished

E-8 Decomposition of azo-group Maruoka,Nature Chemistry ,2011,3 , 642

E-9 One pot process via radical reaction Kobayashi,The 2nd International Symposium on Process Chemistry(2011)



F) Reactions with Transition Metal Catalyst
F-1 Ir-catalyzed　Multi Component Coupling Ishii, Chem. Commun ., 2004, 6 , 4587.

CHO

n-Pr

H2N n-Pr

H

TMS

n-Pr

TMS

Nn-Pr n-Pr

TMS

cat. [IrCl(COD)]2, CPME

heating, 83%

+

+

F-2 Pd-catalyzed Coupling of Ti-reagents Hayashi,unpublished



F-3 Pd-catalyzed Transformation Mase,Org. Lett ., 2004, 6 , 4587.G.A.Molander.J. Org. Chem . 2006, 71 , 9198.

heating ,  good Y

Pd2(dba)3, CPME S-Alkyl

( or S-Aryl)

R

X
( or HS-Aryl)

R

HS-Alkyl

Xantphos

R1 R2

X

R1

R2

KF3B

+

PdCl2(dppf).CH2Cl2

Cs2CO3, 
THF or CPME,
reflux, 12-24h 67-91%X=Br, Cl

(Banyu, 2004)

(Molander, 2006)

G.A.Molander.Org. Lett . 2007,9 ,1597.

G.A.Molander.J. Org. Chem .,2008,73 ,2052.

G.A.Molander.J. Org. Chem .,2008,73 ,7481



F-4 Asymmetric Allyl coupling Fujita,J. Org. Chem . 2004, 69 , 6679.

Solvents Y(%) ee(%)
THF 98 91

CPME 99 90

F-5 Buchwald-Hartwig Amination Sajiki,Gifu Yakkadaigaku Kiyou ,2006,55 ,45.



F-6 Pd-catalyzed direct C-H arylation H.Doucet,ChemSusChem  2011, 4 , 1

Y

X

H
Y

X

Ar

R
R

+ Ar-Br
Pd,Base

CPME

Y.50-quant.

F-7 Pd-catalyzed Cross-Coupling G.A.Molander,J.ACS , 2010, 132 , 17108

F-8 Pd-catalyzed Cross-Coupling G.A.Molander,Org. Lett ., 2010, 12  4876

Solv=CPME/H2O

Solv=CPME/H2O



F-9 Pd-catalyzed oxidative functionalization Kuwano,The 57th Annual Meeting of organometallic chemistry of Japan,2010  

F-10 Pd-catalyzed Stille Coupling Nakamura,unpublished

F-11 Ru-catalyzed Suzuki-Miyaura Coupling Itoh,Chem.Lett .,2010,39 ,1050



F-12 Asymmetric Hosomi–Sakurai Reactions Kobayashi,Angew.Chem.Int.Ed .,2011,50 ,11121

  Toluene-CPME 

F-13 Pd-catalyzed Negishi Coupling Tamao,Chem.Asian J .,2011,6 ,350



G) Reaction with Lipase
G-1 Selective Acylation Fukunaga,Biotechnology Letters ,2005,27 ,383.

G-2 Selective Acylation Akai,Heterocycles ,2008,76 ,1537



H) Microreactor
H-1 Horner-Wadsworth-Emmons reaction Kitazume,unpublished

I) Polymerisation
I-1 Cross Coupling Yamamoto,Polymer Journal ,.2003,35 ,7,603

I-2 π -Conjugated polymers Tomita,ACS National Meeting, 2011



J) Extraction/Crystallization
J-1 Crystallization Shibasaki,Angew.Chem.Int.Ed .,2009,48 ,1070

recrystallized from CH2Cl2-CPME  95%ee⇒99%ee

J-2 Crystallization Oshiki,Syokubai ,2008,50 ,133

J-3 removal of unreacted raw meteriaks Hotta,Organic Electronics ,2011,12 ,8



K) Others
K-1 Gold-nanoparticle Mori,Chem.Commun .,2008,3882

K-2 Hard formation of Peroxide Sakakibara,Chem.Lett.,37,774(2008).



K-3 Toxicological Data Merck, & Co.,Inc.,Org.Process Res.Dev .,2011,15 ,939

mg/day ppm
Solvents PDE Limit Conc
MeCN 4.1 410
DMAc 10.8 1090
DMF 8.8 880

dioxane 3.8 380
1,2-DME 1 100

Ethyleneglycol 6.2 620
Toluene 8.9 890

THF 7.2 720
MeTHF 6.2
CPME 7.4

K-4 Solvent selection guide GlaxoSmithKline plc.,Green Chem .2011,13 ,854

Solvent
Cas

number

Melting

point °C

Boiling

Point °C

Waste
 recycling,

incineration,

VOC, and

biotreatment

issues

Environm

ental

Impact
fate and

effects on

the

environment

Health
acute and

chronic

effects on

human

health and

exposure

potential

Flammabi

lity &

Explosio

n
storage and

handling

Reactivit

y/

Stability
factors

affecting the

stability of

the solvent

Life

Cycle

Score
Environment

al Impacts to

produce the

solvent

t-Amyl methyl ether 994-05-8 -80 86 5 5 5 5 9 8

t-Butylmethyl ether 1634-04-4 -109 55 4 5 5 3 9 8

CPME 5614-37-9 -140 106 6 4 4 5 8 4
t-Butyl ethyl ether 637-92-3 -74 70 5 5 4 4 9 8

2-MeTHF 96-47-9 -137 78 4 5 4 3 6 4

Diethyl ether 60-29-7 -116 35 4 4 5 2 4 6

Bis(2-methoxyethyl) ether111-96-6 -68 162 4 5 2 8 4 6

Dimethyl ether 115-10-6 -141 -25 3 5 7 1 4 7

1,4-Dioxane 123-91-1 12 102 3 4 4 4 5 6

Tetrahydrofuran 109-99-9 -108 65 3 5 6 3 4 4

1,2-Dimethoxyethane 110-71-4 -58 85 4 5 2 4 4 7

Diisopropyl ether 108-20-3 -86 68 4 3 8 1 1 9

Major issues Few　issues


