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1. Alkylation, Silylation

m O-Methylation of Pyridinol

Torisawa, Fine Chemical 2006, 35, 53
% i additive (selvent) Yield
¥  MsOMe or TsOMe :
N i N, X cl ! DMF 80
. l I -, H
OH  CsyC0y, OMe Br ! DMF 70
CPME, additives :

Oher Solvents: THF, DME, Toluene COCMe : DMF or DMI &0

EE N-Alkylation under PTC

ibid
ex. Ry-Br 0,M
cat. BuyN® CI m
5-Nitroindole - T
CPME | H;0 \L
KOH, 80-90° C %
faraming additive)

R4

Resgioselective Ethynylation

Yamaguchi, The 126th Annual Meeting of the
Pharmaceutical Society of Japan (2005)

. 1) cyclopentylimethylether =
—\a n-Buli SPh . H SPh
WrSPh 784G 2h H il | 3CH="SiEts (3ea)_
2) GaCly m3h SiEty
rt, 1h

59%

m Asymmetric alkylation Ooi, Angew Chem. int. Ed., 2008, 47, 1

Ph - Ph Ar—, Ar
(JEI [ Br o [ Pha .S N Ph
BocHN. . A N, Ph 1c (1 mol% }_BocHN.__,»-.N. ~ =N g I B
H & /7 CPME . H 4 N P N N gy
Ph \-'-I sat. aq K;PO; FPh k! ", A T
I O -15°C.6h ; s h 1aAs = Ph

84%, 5 5.RI5.5.597:3 1be Ar = 3 5-{Me,5i),-CH,

1e: Ar = 3 5-(BuMe,Si),-C.H,

[B Asymmetric conjugate addition Maruoka, Org. Lett. 2009, 11, 2023

S -COMe TBAB (20 mol %) COMe
M CeCl (10 mol %) .
- L] X (Y]
,l\ K004 (5 aquiv) iy
T ! = ]
Ar N° “COsBu CPME. 0 °C. 6 h Ar N® "COzBu
(Ar = 4-CLCH,) 10% (withaut CSC1)
&%
EEED Asymmetric conjugate addition J.A.Ellman, JACS 2009, 131, 8754
- o o P TI =1 i. [ ™
( S S.NAN x\T.e 0 Sl (10 sl ) L] = rc;co..-‘: i
i, H H M = I O [ 10 wgun ) = | N
WO r T g gt Sac Al ENO, raflum, 15 HE a5 T HCL HyOMeOH
R N0z | L no WOy — G e, 120
- R™ T 3 &, DN FUs s Sheps)
« B = aryl, bk AcSH, CPME, -T8 °C. 48 h* | T'
T tyomal, FC{OH, MHOAC _. . ...!
i = - [ ™ w
g BAGOH, refiu, 18 h E .
P Ll -y o T o Sulconazole
DA -



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

o O |
N ™ Ao "
00 .23 menl %) ':" H_T N0y ,L,m
R, ", A

. o o sL98% Lyrics
Rﬁ;'ﬂﬁ-: et i vt
; CPUE, 118 TO-REN yield

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

Scheme 5. Synthesis of (+)-Monomorne

Me: 1} (S)-4b (1 mol %)
m %:'MEKSC"G 12n E;I’%O‘R

. 2) Hantzsch esler
PhiC=N"""COR EE:'EEU?I:;%:'I 1
R= EH;Bu'}:} mau yiold, 93% oo
H
DB | Na(Shes | PHC, H; (:.Q
DME DME/THF MeoH  HL {é]-l.ihCHﬁ

[ *}=Monormorine
58% (2 steps), 93% ee

m Selective O-Silylation Kamimura, J. Org. Chem. 2010, 75, 3579
1) TBSCI, t-BuOK, CPME, 83%
2) (COCI),, DMSO, o
on CH,Cl,, -50°C S\NANNAOTES
HO " then EtN, -50°Clort
. 3) (-}-sulfinamide, THOEL),,
CH,Cl, 64% (2steps)
EEI) Enantioselective allylation M.Kotora, Chem. J. 2010, 16, 9442
CHO
i pe T Solv__ Y(%)  ee(®
‘“T Py ; . _~_-SiCls THF 92 g7
PO 1;,:;,“_':*;,3}‘;? MeTHF 52 96
CPME 84 96
Tq\ll‘n (Tnh{ E‘Tf}

o .
R 1
(R o [5.Ry

ol O



m Phase-Transfer-Catalyzed Olefin Isomerization/-Alkylation Maruoka, Adv. Synth Catal. 2010, 352,165

BnBr (1.2 equiv.) R!

R!
%CD:-T-BLI (8)-3 (2 mol%) R CO,-t-Bu
| base ”' Bn

-

Me
Tol or CPME

Ar
CO :
+Bu - F
N B A /C[
I M ¥

S
Ar (53

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

RBr (1.2 equiv) 0

Ph;Si o (Si1e (1 mol%) PhaSi
wﬂ COHHO 25equ) N\, /A

0 TEME:CPME (1:1)
=40°C. 11~16h

Methylation

M. COsBu’ PTC (1moi'%)
OT7
a— ) CsOHH;0

toluene or CPME
m Allylation Ooi, Synlett 2009, 4, 658
Br
o P P 0
1 (1 mol%) gt
P"/YKG Ph/\l/‘(o
— N —
CPME or -

MTBE



2. Reactions under Lewis acid Conditions

m Beckmann Rearrangement of Indanones Torisawa, Bioorganic & Medical Chem. Lett. 2007, 17, 453
+additive (BF:/MeOH etc)
r
MeO : %\ MsCI TiCls el ; :
OMs Me o
é (CPME)

— o
CPME-MsCI-TiCl,y Me N
(without additive)
m [3+4] Annulation Reaction Takeda., Org.Lett., 2004, 6, 2277
CPME l-!l‘ deg.
73~83%
Na JI/?'\T BOMS
~\ R TEDMEO
° 98" c to rt
R
Selective glycosylation Fukase, Tetrahedron: Asymmetry. 2005, 16, 441

?

PhIO, TMEOTH
_ msaA
TCPME 20 ¢ EC
B

a:f=100:0 L

m Selective glycosylation ltoh, Tetrahedron, 2008, 64, 92
"D_
L AN
OBn-d; a{1-+3) a (1-=3) 1-=2)
B> o s \ - ”:Lég o
OMP da Pm de PME dupmtmm HO “‘j OH
: OH
Q Gicdonor | B2 R,
- Thraa -
A0 - g BP:]E BJ,'CE’ under msﬁmmmmm
RO oR, 5 Bnd: Bn-d; [in CHCI=E0, or CHCI—~CPME]
m Selective glycosylation Ikeda, TetrahedronLett., 2007, 48, 7431

Ay lu:O
\_ SH .
\ ROH '~—{
e - HG 7 ‘R/L -
At N Acx}cu,-::{{:-] N OCHCH P NO,

R' AcO MIS, THOH H AnCl )
A'= H. Az, Boc ¥ T A =h,Ac Boc

RAOH = p-H0LCaH CHLOH
1.2:3 4 di-O-mopropyidens -o
D pli SOy TN

_6_

A = Ph, Gy



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

X
| - Zr{OPr),-PrOH (20 mol%) O\K
(R)-3,3 5.51,BINOL (24 moi%) &
* Noﬁ

Toluana, 0°C, 181

lﬂ'.l 3.3 .88~ lqu!'DL

T X=H 2a: R=Ma
1b: X=CF, 2b: R="By
Entry Solvent el |'Hpi I -¢-¢ f"!r:‘.'a o
| Tolusne 3s o3
2 Toluene/CH Ol (241 ) 1O BS5
3 Toluene Bulhie (2/1) 3n 92
- "BuwChMe 37 o2
5 CPME" 56 a3
] PraCy 16 B
r Eez O 28 8E
B Rl PA N AT (201) TG 88
= "Bul M THEF (2/1) 81 1]
10 "BuDhMa/TOME (271) 73 92
11 "Bul MO IDME (451) 78 ol
127 ’I]uC:lMc.FDMI: [ B ] T ‘?I
“The reactions wers o rt."l wimed 2t O™ For 1B h in the prml.u:m ul"' the

FArCOoOmi e Cu talyst (20 o lia).
" Cyclopentyl methyl ether,

Using Zr cotalyst ( 10 mal%G) ar —10%C For 48 .

Sulfinyl ketimine J.A.Ellman, J.Org.Chem, 2010, 75, 6283
1
R! Ti(OEt}
R Solvent, reflux
77-99% yield by 'H NMR

m Selective glycosylation Komba, J.Appl. Glycosci, 2011, 58, 1

: ig““ g1 1) Conditien A-D

HO—R + R 2125
1823 R mm EESH
R' R? R o

5 H. X Bz

4 SPh H Bn ““\x""%ﬁu

Emiry Acceptor Doner Condition™ Product mono:di;mi" Yicld?

1 19 4 A 27 (a only) 17:14:60 18% (12 steps)
2 0 4 A I8

3 20 5 B 29 (o onlyv) 24:33:43 2395 (17 steps)
4 20 5 C 29 20.46:25

5 20 5 D i 33:55:12

] 21 4 A 30

7 21 5 B 31 (e only) 3746817 9% (20 steps)
¥ s 4 A a2

9 22 ] B 33 (i only) 45:11:44 18% (15 steps)
10 3 4 A M

it 0 5 B 35 ( only) 46:40:14 7% (18 steps)

""Coupling conditions; A: 6.0 equiv. 4, 18.0 equiv. NIS, 18.0 equiv. TAOH, DCM, —30°C, 1 day; B: 6.0 equiv. 5, 18.0 equiv.
TMSOTE, CPME, — 15°C, | day; C: 6.0 cquiv. 5, 42.0 equiv. TMSOTS, CPME, — 15°C, L day; D: 6.0 equiv. 5, 42.0 equiv. TM-
SOTF, CPME, - 30°C, | day. "The ratio of monosaccharide: disaccharide:trisaccharide was calculated from the area under the
peake in the HPLC detected at 254 nr. *solated overall yvield of trisaccharides.



m Fucosylation Horito, Carbohydrate Research, 2011, 346, 2098

E
HD[CHz}aCDDE; I?:IEE:]&& : BI‘I%%‘ZE £ {CHzjeCOOEL
1 2 "

Entry Solvent Temp (C) Yield® (%) % def
3 3
1 PhCH; —40 41 50 10
2 Et-0 —60 50 44 6
3 Etz0 —40 66 29 39
4 Et,0 -10 78 15 [
5 Et,0 0 72 20 57
6 Et;0 rt 73 19 59
7 PME 0 80 19 62
8 PME -10 82 13 73
9 THF 0 53 44 9
10 CH,Cl, —60 18 63 -56
1 CHaCla —40 23 66 —48
12 CHzClz 0 50 50 0
13 CH4CN —40 34 61 -28

* All reactions were continued for 1-2 h.
 lsolated yield based on the donor.
© Diastereomeric excess (% de) = [ratio of o anomer (%)] — [ratio of f anomer (%))

m Glycosylation Itoh, Tetrahedron Lett, 2005, 46, 3521
HAO) High-throughput
A
-a screening  ~IAO ' (OR),
mlRO) . . | ———] o
X R = Br-dy a{A-D) 4 BHA-D)
D
"H NMR MALDI-TOF Mass
slereoselectivity yreld
H = Bl'hd',- I
R = Bn-dy A-D
e, B I
« B (standards) s
B
60l  H.1 5.0 amwsTn  Tm Tims+n



3. Reactions under Bronsted acid Conditions

m Pinner reaction Torisawa, Synth.Commun., 2009, 39, 2008
AM-HE! solutien, CHzOH TR B T=]
R=0CkF —
solvent, 0%C, 1 h, then 05 °C, 48 h R CHy
R solution solvent Wield (4]
1.4 Disxans Et.o gE
Hacc""“‘---k\ *
CPME CPME a0

ajuU. 5. Fat.MNo.: US 6806380 B2
b) Work-up of CPME process is only filtration and washing.

m Deprotedtion of Boc-group ibid

OH OH
COOEt 4M HCI - CPME - COOEt
NH CPME, 1t, 6 h HH} HCl
éuc
97 %,
Amination J.A.Ellman, J.Org.Chem., 2009, 74, 2646
H M LTI
[f"‘:T 87 MCH(2.06 squiv) l::- '1] *
C.!
e T‘gartgavga, Synt .Commun.,"2009, 39, 2008
then 23 °C, 1 mmal scale: DB
Filiration\ B mimesl acale: DESS
)
) ‘:‘ MHLOH (5 egquiv) _ ‘:‘
LR X TP S
1 mmol scale: DB%
BO sl scale: BT
m Asymmetric Cyclization G.C.Fu, Angew Chem. int. Ed., 2009, 48, 2225.

Table 3: Catalytic snantioselective synthesis uf'dlh'rd obenzopyrans.

R_m 10% (S)1
e i = L ] H*E'EF' S0% 2-DirCgH g "--.:: e -._d:\.'lf COoLE
GO |::_>— CMe, B0 O
Ertry Substrats — T rield (674

ﬁ‘:f-“-‘l BB 86

2 EI‘I:L L3 ] 82
3 [:‘;(GH -"l'h._‘_\_ B4 RD

4 0 t="%1 Ba Fa
- g=t= 1

All data are the average of two axperimants. I_;i Yi—lillal al pu-':l.'md product.

EB Conjugate addition Roberto Balliani, Green Chem., 2011, 13, 2026

R1/\)LR " R‘MR

_9_

CPME, r..



4. Reaction with Base or Organometals

m Claisen-Schmidt Condensation

Torisawa, Summer Symposium of the Japanese

Society for Process Chemistry (2005)

N COOMe
| .
Claisen OMea COOR Claisen
- e
(BuONa,CPME * LiHMDS,CPME
{extracis) OMe
Other Bases: Mall, KHMDS
Other Solvents; THF. DME, Toluens, EWH

OMe

(extracis)

m Chirality Transfer Methylation

Kawabata, Chem. Commun. 2003, 162

MeQ H 1) LTPH (1.1 eq),
% NRR, _ CPME 7T8°C
2) Medl

o

l.hq: Me
/"Q“/mmz
Phi
o

Chirality Transfer cyclization

Krause, SYNLETT. 2007, 1970

Me
_-"_OTBS precatalyst
Ph., H -
I/ " solvent,
A additve
rt
dr> 973

Prr.l" """" .!""

m Selective KSA Formation

Tanabe, J.Org.Chem., 2007, 72, 8142

LDA (1.1 eq.), TMSCI (1.2 eq.)

0
rL L -
T O'Bu /{CPME,0-5°

2
R [R? & R']

OTMS
1
R'“rﬂf’l‘“o'Bu
RJ

(EH1

EB Symmetric aza-Morita-Baylis-Hillman Reaction

Sasai, Tetrahedron: Asymmetry 2006, 17, 578

idem. JACS., 2005, 127, 3680

9@ EP

)J\" JL 99

tolusne-CPME (1:8).
16 C

exeellent ¥
up to 895% ee

m Grignard Addition Reactions

Torisawa, Summer Symposium of the Japanese

Society for Process Chemistry (2005)

N MeMgCl N._-CN BuMgCl
< .- f——————————— 1 .
-,
OMe CPME OMe CPME
£5%
{extracts) Other Solvents: THF, DME, Toluene

]

OMe

quant
(extracts)



Torisawa, Summer Symposium of the Japanese
Society for Process Chemistry (2005)

New Grignard Addition reactions

OMe - OMe
I ‘
HOOC OMe fyMgLi MeD0C

quant Mg ate complex
{from acid) l in CPME l
OMe
@‘n’\/@ almost no reaction
OoMe 0

XD Vinylic addition via carbenoids

Sato, Tetrahedron, 2005, 61, 4409

m Asymmetric Michael Addition

Matsuyama, The 87th Spring Meeting of
Chemical Society of Japan (2007)

i P4 Tt — SO - <.

Rl Jpp— 5 menal ©
nmBull L THF, -TH'C EEE  B0% (34% e.e.)
n=Buli 3 mmol THF, OC T9% (S7% ala)
r=Bull 3 mmiol toluene, 0T 0% (69% a.0.)
n-Buli 3 mmaol haxana, 0T T5% (59% e.e.)
m-Buli 5 ol D-ocﬂ, R ) = B5% (T4% a.a.)

m Three Componet Coupling

Sato, Tetrahedron Lett., 2008, 49, 5073.

Table 1
Optimization of the reatiion conditions using phenyibannic aod (3] Table 2

1a

Three-companent @upling of variow subsirates in the presence of ArB(OH), (31"

Nacod),, PPhy R i R?
Ri.CHO  AB(OH); (3) m
2 Ca:00, CPVE, S0 °C H

syn-d

CiglCL
,O/:O solvent, 50 °C 1) Os0y. NMO Run Alebyde (2) (R°=) Ar-BIOH): (3)(Ar=)  yield of syn-4" | maction time)
o ]gmg- 1 2a: 4 MeDCahy 3h: 4 MeDCH, daab: quant (8 h)
@NHN TMes: B = 24,5 trimedrylphenyl I IPh 3 daba: 8% (10 h)
R-"%-"R 1P R = L6-dimopropylphcayl -uCgH-4-0Ma ¥ e MeCHL 3 daca: T2E (12 h)
G % R sopropyl (3 stops, B0 4 2d: 4-LF ey 3a dada: TX(120)
5 d b dadb: STX (17 h)
Rum  Ligand Solvent  Cil0 (molX) Time(h)  Vield (X syramt) [ 2u: 2-Maphihyl 3 Aaex B2X(13h)
7 2t 2-Furyl 32 aala: X (16 h)
1 IMes O THF a0 &0 A3(8:1)
2 IMesHO CRE a0 &0 40 (>58:1) 8 g MeHOH, 3a daga 631 (1 1)
3 IMesHO CPME 300 6 B2 (*58:1) ¥ Ih:MeiH 3 by BEX(2h)
: ::rﬁi e ﬁ ?: 25;;,” " Reaction condithons: diene | 1equiv) aldebyde (2 equivl, Nijcod}: {(10mol X)L
& Pt CPAME 300 15 75(>50:1) PPhy (10 mal T), ArBOH ] (S equiv) Ca00, (3 equiv), CPME, 50 %C
™ Pk, CPAME 300 15 B0 (»5@:1) ® In all cases, the ratio of syn-isomer 1o outi-Bomer was >50 1o 1.

* Catalyil loading: Mifcod]s (10 mol TL PPhs (10 mal T)

© Catalyst bading: Ni cod}: ( 20 mol XL, PPh, (20 mlX)



m Three Componet Coupling Sato, Chem. Lett., 2009, 38, 594.

MOMO ™™

AT 10 e (N
10MEM 8- PR . ‘E\ Ki{cod),. Plp-tokf), | ;
p 5 equiv PRS(OHN, (3) PR . * g PRBIOH), @) "
N ww ;%m' o0 o " gﬁ’.wt ons  ParH
[+] 3) PDC CH, Ketone 7 Yield of
Fun Tima™h D"“

P ™ swmpeizn N 4 n, } L0 LiC

CHy L] MOESY 1 To  4-MeOCH, Me 15 e 2
. - ] Te  d-MeDOCH, Me 13 B 92
Run Ligand Time/h Yield of syn-8a/% 3 ™ F Me 14 B 15
] 7 I 4 Te CF Me 1 Be 59
2 mmm 17 2 3 T h o " ot
& e AP Me 13 g
3 PCyy 10 40 1 Th B Me 1% e 24
4 P{p-tolylh 20 7 # ] 0 aal 12 B3
5 P(p-MeOCgHa)y 9 7 ] 7 @ n=2 13 W 66
(1] Tk A A= 12 8%k 19

“Reaction conditions: 6 (1 equiv), 7a (2 equiv), Ni{cod), (10 mol %), ligand .

. 2 "Reaction conditions: diene & {1 equiv), ketone 7 (2 equiv), Nifood)y (10 mal &),
(10 mol %), PRB{OH) (5 equiv). Cs:0O04 (3 equiv), CPME. 50°C. *The
ratio of syn isomer to anti m:n* was :-50(:- 1 " P{p-telyll (10 mel %), PRBIOH]; (3 equiv), CsyCOy (3 equiv), CPME. 50°C.
' *The ratio of tva isomer 1o ant] isomer was 50 to 1.

Grignard Coupling Ohshima, Synthesis, 2008, 2659.
H
e B =5
AF—SCHey +  RMgHr = Nl P PEn,
1(050mmol) (1.5 equiv) e 2 3a
Entry Ar 1 R Solvenl Time (h) X Yineld (50
1 2-Mel H, b s-Bu EL0 s I a5
2z 3-CFC.H, Ic n-Bu Et, 5 2c TO
E] 2-pryridyl 1d n-Bu 0 5 2d T0
4 4-MeOC H, le n-Bu i-Pry0 5 2 93
5 2-MeOC H, ir n-Bu i-Pr0 5 k| o0
& A-(MeNICH, Iz a-Bu O HOMe 12 2 a2
T Ph In PhiCH.}, Ei,() 5 2h a5
B Ph 1a e-CH,, O HOMe 5 2l 97
9 2 -MeC,H, b e-CH,, £-C,HOMe 5 2 &5
10 3-CFC.H, Ic c-C.H,, o=C HyOMe 3 2k B6
1" 2-pyridyl 1d O, £-C HOMe 5 2 95
12 4-MeOCH, Ie e-CH,, £ CHOMe 12 Im 87 (939
13 2-MeclM " H, r e H,, = HOMe 1z In 9
14 A-(Me, N H, g O H,, - HOMe 5 Zo &0
15 A-(i-PriC H, 1h i-Pr c-CHOMe 13 2p L
16 4-Me(OMC H, 1e i-Pr c-C,HOMe 12 2q B0F
17 A-(Me,NMC H, ™ i-Pr - HyOMe 13 2r e
1] Ph la r=HBu Ly 5 s 1]

* Performed on a 5 mmol scale.

® An E8:12 mixwure of isopropylated 2p and 1-propyl-4-isopropylbenzene { 2p”) was obiained.
A TT:23 mixiure of Bopropylated 2q and d-propylanisele {2q° ) was obtained.

4 A T3 mixure of isopropylaled 2r and N A-dimethyl-4-propylaniline (207 was oblained.

= rignar ITIoN ovartis Pharmaceuticals Corp., J. Org. Chem., , /3,
. 5k) Grignard Additi Novartis Ph icals Corp., J. Org. Chem., 2008,73, 9016
- ?' oH
) - F CH,MgB HN"‘F_“;—-('EE Y
?* CH F ) Che” TR - * & Cbz"




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

g
uas’J%"P‘}T Ph

Ph S
ol 1] + 1
(BZ=98rz) 15m0I% NiCL(dppp) 11&&;}: N p{;;‘h

+ CPME,D*C,45h - 6 75% T 14%
EtaZn (ZIE = 9812) (ZE = 96/4)
(3 eq) L 1

2.0eq(TMS)
20 mol% Al
berzene, relw, 4 h
B8% (J'E = 9872)

Intramolecular Robinson annulation Yamamoto, Chem. Commun.,2009,5412

Table 1 Amino sckl sali csislyesed imi 1 jar Rob
mvrvisl ani o

D:<=\ 20 moi%, catalyst M.,
----- O

o

L6 diys
Enlry Caalysi Yiekd™ (%) o™ (%)
Lelulell]
CJ L.
L M=-H ] —
2 = Li i | 21
= Li 5 o
3 = MNa A 21
4 - K 14 70
L] - Kb 17 92
& - Cs 50 w4
- s 29 Ll
7 - MTBu, 31 7
- MN=Hu, ey L
- M "Hay T L
- N Hus s ont

OO
- O 5w
DL
TR e
Bl

L |
- S »

HHy
COOLe
n- 16 &4
-y
2 >J\I,|:nm.. NR? _
[

Coou
> I e, R —
i

= luolated yield. * Determined by HPLC on O0—H column. © OH AL,
i wmed 2 sobvent, ¥ MR = no resction. * Fifbis wed s sobent. /1o
run, 5 ol % alica gel absorsx] catalyil w owesd, ® Dol ren, eong
S rrwnl %o peas vered aBes gel o beos bed cata byl foom Ia men. * 3ol rus,
wang 30 Mmool recovered sbos gel abaorbed catsbyst from 2nd e




m Asymmetric Catalytic Cycloetherification Matsubara, JACS,2011,

0 catalyst (3 moi%) Ph-.g
- h o]
o NN et 75, 20 ey
Aty A=y
el & v - #
jt{ﬁ_? s"”“ji“/\j o T A 7
entry catalyst solvent yield (3%)"* «(® N O 7 i "'“”:':J N

N
"i > H "'H H -\I = J‘M’i \;‘_' a .-“;1
ta CH, O, % 92 \[ | - I j |
S e " w5
o ETS

1
2 la benzene 97 94 il L
3 3a THF 73 90 * Arm 3 H:Cdl-'ﬂg.l:gﬂ
4 3a Et,0 @ 94 ' '
5 3a CPME’ % 95
& 3a CPME 95 96
7 b CPME 20 89
8 3¢ CPME' e 96
4 3d CPME % 94
* Reactions were run using la [bﬂ.lﬁ mmol) and the atayst (00075
mmol) in the solvent (0.5 mL). " Isolated yields. * CPME = cyclopentyl
Cross-coupling with Grignard reagent Asami, Chem. Lett. 2011, 40, 983
PhMgBr 4 N2\ Br —! PhPhPh |
5a 6a ) ”{;l _S'_IE::'CI
Catalyst PhMgBr Addition Time Temp Yield/%® {_ |

Eniry Solvent /mol% Jequiv mte/min /min /°C Sa 6a

1 EnD 1.0 1.2 fast 60 4 88 11
2 CPME 1.0 1.2 fast 60 4 81 12
3 THF 1.0 1.2 fast 60 4 34 5
4 DME 1.0 1.2 fast 60 4 20 26

m Functionalisation of heteroarmatic N-oxides Kondo, Org. Biomol. Chem., 2011, 9, 78

N
@E \>_SII'I|E']
| == ]
= A F- N
’:'@ P4-Bu base (20 mol%) N -
3—2 :"

0 t, 17 h
e
solvent DMF 35%
dioxane 68%
c-pentyimethyl ether 77%
m Phosphinylation Fujita, Tetrahedron: Asymmetry, 2010, 21, 711
WA & 4N
N 1) n-Bui, TMEDA N’ PPh;
Me = Me
‘@ 2) CIPPhy, Ar \©
(£)-3 24%



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

HP(O)OAr); (3.0 equiv)

[ on \
? NasCOy (15 aqui) iﬁu}{mb | _J-POyoAN), |
Ph” “COEt woere @1 T CO:Et | Ph7-COE ;
- ' 2aa: Ar = Ph | 3aa: Ar = Ph
2ba: Ar = 0-MeOCgH, ' 3ba: Ar = o-MeOCgH,/
Entry  Catalyst (mol%)  Ar Yield of 2[%] ez [%]"
1™ quinine (10) Ph 174 58 (5)
2 quinine (10) Ph 99 46 (5)
3 quinidine (10) Ph 9 63 (R)
4 cinchonine (10} Ph 93 22 (R)
5 cinchonidine (10) Ph a8 19 (5)
6 Ac-quinidine (10)  Ph 97 39 (5)
74 quinidine (10) Ph 93 (R)
ged quinidine (10) Ph 94 (R)
gd quinidine (10) 0-MeOC,H, 79 ) Toluene-CPME
1047 quinidine (10) 0-MeOCH, 98 92|(R)
N#=1  guinidine (2) 0-MeOCH, 94 (R)
1241 guinine (10) o-MeOCH, 97 91 (5)
134+ auinidine (10) o-MeOCH, 98 90 (R)

[a] The absolute configuration of 2 is given in parentheses. [b] Reaction
carfied out without using NaCO,. [c]3aa (46%) was obtained.
[d] Phosphite (1.3 equiv) and Na,CO, (0.2 equiv) was used. [e] Cyclo-

nentvl methvl ether was used as a soalvent. Ifl The reaction was carried

Grignard coupling Shimada, The 2nd International Symosium on Process Chemistry(2011)

D-25 Grignard coupling
1) i-PrMgCl (0. 35eq)

n-BuLi (0. Teq) 2)Allyl-br
o B > ——» fr =
~5°C # 2hr rt. CPME i:} ~

CPME
100% (2steps)
Rearrangement Nagase, Tetrahebron, 2011, 67, 6682
0
—_ L?_ .“‘"K =
w7
THF, refux 9’\1
CH 5 B9% S, “OMeo
(o<l SNPN
o ¥ 1)
= e C
Q. Ly
i '_“'.r"
v 57 N A o /j
CPME, raflux < . _H
74%



Protonation

Kobayashi, JACS,2010, 132, 7890

o O
J'L Chiral Ca Complex O o o
N~ O

L W (5-10 mol%) M
. BnO "N o

o o CPME B0~ 0 B —/
EnDJj\/u\DBn 10 Examples, up to 96% ee

m Grignard Zeon Corporation, Internal data
OH

1) Mg, rt, 3 h, CPME

AKX »
- CHO f\)\@
2)
80% yield from (X = Cl)
161;?;*:- 80% yield from (X = Br)

¥ Addition of Grignard reagent to CN-group

Zeon Corporation, Internal data

C

Br
M j (ArCMN) NH4CI aq.
g + - - >
CPME CPME 0°C,2h
(CyBr) step A srep B

o d

sae

Y.74%



5. Oxidation/Reduction

m LiBH. Reduction Zeon Corporation, Cyclopentyl Methyl Ether (CPME) technical data
?H
Me -
LiBH,, CPME nhbe
-
60°C, good ¥ o
oTr
m LiAlH. Reduction Maruoka, Angew Chem. int. Ed., 2003, 42, 5868
1) hydrolysis
|
H R1-X, CsOH, solvert, 2) LAH, CPME, 100° C Ry H
PTC
LiAlH. Reduction Shimada, J. Org Chem.,2005, 70, 10178.
TMS TMS
Il Il

@G POPh;  Me-OTFf, LAH, CPME @ﬂ PPh;
a@ POPhy r.t., 82% 0@ PPhy
Il Il

TMS TMS

m i-Bu:AIH(DIBAL-H) Reduction Boehringer-Ingelheim Pharma., J. Org Chem. 2008, 73, 1524

ﬂﬁkﬁhp - |”/
@/ \@ deqg. DIEAL-H P
solvent, 24h, 23°C ©/ \©

Solvents hoony

DME 12
ETBE 17
2-MeTHF o
THP .
|FE 65
MTBE 12
CPME 12

m MnO: Oxidation Zeon Corporation, Cyclopentyl Methyl Ether (CPME) technical data
oMom MOMO OMOM
ex. MnQ,, CPME
HO -

heating, ca 90% conversion



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

Wy NHBZ | 1ran, El,N “NH
THF, rt, 2h
COR —2 el [“’W'} ,k/co?n 1.2 )\/co?n-
Cy CPME/HFIP  Cy n Sml
\ rt,Bn THE
) 0°C, 30min .
R'=CH{Pr), | R'=CH(Pr), SR=GHiPY),
06% a.0. B6%. 02% oo, 5%, 02% a.0.

Kobayashi, The 2nd International

m One p0t process via radical reaction Symposium on Process Chemistry (2011)

;1 I (0.7 equiv)
O

AIBN (0.2 equiv) (Ph4P),PdCL (7 mol%
2 OTBS > | BusSn._~ OTBS iy 4]
G CPME, 90 °C, 40 min \ i e CPME, 60 °C, 4 h

radical reaction coupling reaction
R

R,CuLi (2.1 equiv)
L oTBS : - o
Q\/\N CF‘“E-RZG, -?E u.c’ 10 II."IilI q/}\/\/ OTBS

O
O R=Me:52%

Bu;SnH (1.3 equiv)

ionic reaction



6. Reactions with Transition Metal Catalyst

m Ir-catalyzed Multi Component Coupling  Ishii, Chem. Commun.,2004, 6, 4587

_~cHo ™S

n-Pr
* cat. [IrCIl{COD)]; CPME | J
e
H:N n-Pr > nePr N “n-Pr
+ heating, 83% )\
H
n-Pr “..Q_:..
I | ™S
T™MS

[ Pd-catalyzed Transformation Mase, Org.Lett, 2004, 6, 458 G.AMolander. J. Org. Chem, 2006, 77, 9198

R R
Xantphos \
\<\'_x HS-Alkyl  Pesidbal, CPME k) h:-s-m kyl  (Banyu, 2004)
1 [
o [ or HS-Aryl) heating, geod ¥ { or S-Aryl)

s XKF,B PACI{dpplLCHCly = ==

R)(. | N | - » L | | [Molander, 2008)
e Cs i -

! \n, THI;;’:i?rI: CPME, R Ry

X=Br, Cl reflux, 12-24h 67-01%

G.A.Molander. Org. Lett.2007, 9, 1597
3% Pd(DAck,

A 8% XPhos Rt -
i N | A — ) ]
N BFK o i 3 Cs,C04 oM~

=
N solvent, heat R

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

2 mad % Po{DAs)

e e & mal % XPhos s N
“:@r g 3.0 squiv C2:C0; A
sobsoril. hoat

Xm CL 1, OTI

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

3 mad % Pd(0Ac),

- ) c"“?' '-;-_\_ & mol % XPhos D
=B gk '!'--\..'-'-'-" H 3_0 oquiv KGO, L.- _-J n
solvent, heat -
Asymmetric Allyl Coupling Fuijita, J. Org. Chem. 2004, 69, 6679
chiral | ' (%) (%) |
ral ligand Solvents Yit eel’
Ohe O O [PdifCobeCll o THF 98 91
PI'IMPTI Ma0 Ma E&!ﬂ S, Ph CPME 99 80
V.




m Buchwald-Hartwig Amination

Sajiki, Gifu Yakkadaigaku Kiyou, 2006, 55, 45.

Table 7 PAC-Catalyred Aromalic Armenation in the Presence of dppl and 'BuChNa

"y 10% PR (4 Mo, Sppd (8 mei) Ry
HM

Ar—IB - |
' Ry CPME, 'BuliNa (2 eq), refux - H'n__
Entry Product Yield (%0 | Entry produact Tield (%)=
- N, _ -
1 m—{\ N P 7o 1 4 ;b a5%%
N () ' N, ..
s mooc— o B e s § o th apte
I
3 _< TE a _,--N--KN_-\' a7
e : OO

alsslated yueld b CasC0s was used ad a base.

Table 8 Reuss of PA/C

weo—{ -
-

l'll"ﬂli

0% AT (2 mal W), dppt {3 mol %)

Heave

B (lciaied yedd)

CPAE, 'BuOMa (1.5 ag), 160 °C

mo’(::r IZ:I\ % P (2 ol %), oo (3 mal %)

S
4 +¢,'—4i

{15 8g)

%:6;
Mestyiere, BuChE (1.5 e, 180 °C {:J_{L?_Q

Ol
S (oo yeeid)

%,

W

Scheame 9

X f”‘wi 10% PA/C (2 mal %), dppf (3 mol %) —\
Q_B' “‘H'“ CPME (2 mL), 'BuONa (2 eq), 120°C Q_NUD
(2mmol) (3 mmal)
Recyele 10% PA'C img) Yield (%
1st 426 B2
“nd 486 89
Ird 480 86
ith 435 g5
a leolared yiald

m Pd-catalyzed direct C-H arylation

H.Doucet, Chem Sus Chem, 2011, 4,1

R
[ 3\ Pd, Base
&‘f H + Ar-Br :

CPME

- éﬁihr

Y
Y. B0-guant.

m Pd-catalyzed Cross-Coupling

G.A.Molander, J.ACS, 2010, 132,17108

e CL, s

Salv=CPME/H,0

X=Cl, Br

R',R2 = alkyl, aryl,

R?
H

O
Fauel
R

Pd-catalyzed Cross-Coupling

G.A.Molander, Org. Lett.,2010, 12, 4876

o

1*"™EBFin

S =

H‘JL'N"’“
H

BF 3K

41 lo 78% piaid
13 examples

A
Iﬂ‘lﬂmﬁﬂﬂ
\ [w]
» R'JL‘N""“'\
. N
Solv=CPME/H,0  74[085% yeid



XD Pd-catalyzed oxidative functionalization o eeeme ine o A et

Al PACI(PMes)s (10 mol%e)  Ar
\T/\H 5 e 2(PMes): a) -‘\Tﬁx“F‘z

CN - C55C0, (4.0 equiv.) CH
FhBr (4.0 aquiv.)

1 2 CPME, 100°C, 20-72 h 3
ecatrty  Ar(l) HNE., (2) E] yield®
1 p-CIC,H, (1b) 2a b 83%
2 p-MeO.CCH,(le) 2a e T6%
3 pCECH, (1d) 2a d 80%
4 p-MeOC H, (1e) 2a e 41%
5 la piperidine (2h) 3 92%
6 la pyvmolidine (2¢) 3g 0%
7 la 2d* 3h  60%

* All reactions were conducted in CPME (20 mL). The ratio of
1 (0.4 mmol):2:[PACL(FMe,).1:Cs.C0, PhBr was 10:20:1:40:40.
* The isolated yvield of 3.° 2d = N-Boc-piperazine.

[P Ru-catalyzed Suzuki-Miyaura Coupling Itoh, Chem. Lett., 2010, 35,1050
10 mole
N\ - o, Pucod-methyialy, =\,
A + ArB(OH) - & Ar
R4 ®  NaOL-Bu or CsOH A</
X=1,Br CPME/H;0 (101) up to 95% yleld
60°C, 12h

m Asymmetric Hosomi-Sakurai Reactions Kobayashi, Angew. Chem. Int. Ed., 2011, 50, 11121

HN..FG Nu—Bipin) N Hh_ulfPG
R “OMe cal In'Cl R Nu
rac cat. chiral Ag salt
15 examples
high yhelds
Toluene-CPME er.= up lo 98.5:1.5
m Pd-catalyzed Negishi Coupling Tamao, Chem. Asian J.,2011, 6, 350
_{Euina . EMind | 4 <rEMun:I
F
J —— i _— W 5 oy
3 oa | = A
4 B (¥ = Br). 26%
+ TJEMind)zin® 28%
‘|
EMind
i e
{Sﬁ - B (% = ZnX)
’ l
L
I TJEMind}in-out 65%

Ebing Te(EMind]y: 21%

5 7 T (EMind)y 62%
7 72%  EMind

Scheme 3. Synthesis of 5-7 and EMind-oligothiophenes. 1) a) [Pd{PPh,).)
(25 mol%), toluene, reflux, 12h; b) 1) sBulihexane (1.0-1.1 equiv),
THE, 80 to —20°C, 0.5 h, 2) CuCl; (1.0-1.2 equiv), THF, —80°C to RT,
0.5-1.0h; ¢) 1) nBuLihexane (1.1 equv), THF or CPME, —-80°C, 0.5 h,
2) ZnCVTHEF (1.2 equiv). THF or CPME, —80°C to RT, 0.5 h; d) 5.5 -di-
bromo-2.2 -bithiophene (0.5 equiv), [Pd(PPh,).] (2.5 mol% ), THF, reflux,
48h; €) 2 (1.1-1.5 equiv), [Pd(PPh,),] (5 mol% ), CPME, reflux, 6-12 h.



7. Reaction With Lipase

Selective Acylation Fukunaga, Biotechnology Letters, 2005, 27, 383
i Hy 1 Lipase OO, Hy th
T fea = O e
— e Isopropenyl acetate (IPA)  Vinyl butyrate (VER)
PR apa,vAC, VB, veR) R;=CHy, Ry=CH, R, =H, R;=(CH3);CH,
- o im Vinyl acetate (VAC) Vinyl propionate (VFPP)
PN T‘ Lipase P 'f‘ Ry=H. H:-(‘H_]. Ry=H. Ry=CHyCH;
o o o=y ——— 0 + =
L L~cwon | My Org. Sulv, ) :,_.::tu,at.ﬂx* 'l"
M
1 kholkeial Enal waber
A%0L) {IPA, VAC, VER, VIFF)
Racemic alcohol Enol ester Solvent Enzyme activity [mmol (h - g lipase)™"] E value®
SUL VAL IPE 2R 27
s VALC CPME 1% i1
SUL VP IPE X 6
SUL VPP CPME 26 45
SUL VEBR IPFE » Ml
SUIL VER CPME 15 =
SO0 A IFE i 4
S0OL IFA CPME B 3
S0OL VAC IFE 40 3
SO VAL CPME 197 3
SO Al i IFE [ L]
S0 VirP CPME [* 7 ]
S0L VER IFE 173 [} ]
S0l VRR CPME 456 13

*Reaction conditions: racerme aloohal (2 mmol); enaod cster (2 mmol); Mey w0y 1 (43 mghkPOL {10 mg) co-lyophbizate ornganac
solvent (4 ml)
e enanbo-prelerred products were [ Ril-acy ooy sulcato] and (S-acylony solkdal For SUL and SOL., respoctively.

Selective Acylation Akai, Heterocycles, 2008, 76, 1537

1 i
W BT acsHy o ‘-ru“nc_-.l-h

e e— \ = N ‘ I
S 1m2 : (54t _ ; —
Entry Solvent® Temp., Timse, Conv., Evalue (R)-2, % ce” (5)-db, %6 eo®
——— e day 5 - -
1" IrE a5 1 52 28 R9 Ei
2 IPE 23 1 6 i3 32 o2
3 IFE 5 E b T2 10 o7
e TBME as 1 A o] &7 BT
5 TBME 3 1 23 65 29 O
& CFME 335 1 3l 31 40 o1
T CPME 23 1 12 31 13 93
8 CPME 5 3 23 131 9 08
9 THEF s 7 g . _
1] tolucne A5 1 26 54 34 L

a) IPE: iPry0, TBME: rBuChe, CPME: Cyclopentyl methyl ether, b) The optical purity was determined by
HPLC analysis vging Daicel CHIRALCEL OD-H. ) Cited from Entry 2 in Table 1.



8. Polymerisation

m Cross Coupling Yamamoto, Polymer Journal, 2003, 35, 7, 603

m Hr—@—&‘ + N Q

Br Br
1) Mg
- ran-copoly(p-CsHa/m-CgHy)

2) Ni complex
278 m—Conjugated polymers Tomita, ACS National Meeting, 2011
8-2 jugated poly

%
[J_-Tl[OPr'}Irl [ PrO_OPr ] @ Sa X

= I — [ zT'.\;
={Af—= rerere— 4—@—_ |l =——
-78°C ~-50"C, 12h g /n
<} ?;
= = f . .
{L‘} ¢ 4 Solvent:
- : : THF (no polymer)
@@= ()t HIIH e
- - ELO (M, ~2000)
CPME (M, ~5000)




9. Extraction/Crystallization

m Crystallization Shibasaki, Angew. Chem. Int. Ed., 2009, 48, 1070
TMS o
o
© e | A
- e Sl '
NHBo NHBo:

rs::r'_.rstalllzud from CH;Cl,-CPME 95%ee=5%%se

Crystallization Oshiki, Syokubai, 2008, 50, 133

Y . e [r(acac)(PPhzpy)z

Formula CagHaslrNO,P 5= CgH 40

Crystal System monoclinic
Space Group Ce (#9)
a, A 24.269 (2)
b, A 9.2060 (4)
c, A 20.344 (2)
v, A® 4067.0 (5)
d, glem? 1.499
z 4
HNo. of Reflactions 4598
Mo. Variables 416
R; Rw 0.066; 0.084
R1 0.032

Removal of unreacted raw meterials Hotta, Organic Electronics, 2011, 12, 8

F":Bn ~:Ho:-=a—< >—u’ —n—:::::ﬂ‘ F;c-—. ! .. 1L:s! .‘ o,

AC5-1CF3-120Me




10. Others

[m Gold-nanoparticle Mori, Chem. Commun., 2008, 3882

HAuCly - 4H;0 + HS — nCj2Has

£ gold nanoparticl
.. il ano Wi
THEF g pﬂ

Walsbe 1 Formation of AulNP with a silane reagent™

Entry =oallgn wpas Solventi ekl Srg Hie T

1 Ei;SiH THF 15.1 E.6 4 065
2 I-II:_-..‘-illl“' 15.7 B4 == .63
L} H5 1M e({CYEL )z THF .o -

=4 H Bl s SO S0 Rl 1 =50y

5 {HMeSi o0 =

6 (HMeSiO),, a

7 Eu,SiH TBuyC» 13.2 2.3 4+ 09l
=1 CPRE” 146 BE.8 4 O.58
o "BuwCC B o Q.5 4= O.BS
10 EraOy —r

11 1 <3 I s X samnee —F e —

| ) IR o —

13 Ph{M -

= Unless noted . the reaction was performed with dodecanethiol (001
mrma . HAWwCL-4H O (001 mmod) and Ed,SiH (001 romo )y with 1O smL
of the solvent at 25 “C. © 10,0 mmol of EtzSiH was employved. © MNon-
spherical nanoparticles ranging in size ffom 660 nm formed. ¥ In-
soluble precipitate formed. * Cyclopentyl meth vyl ether. ¥ Precipitation
occurred during the reaction of HAwCL, with thiol.

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

&H,CHa ABIH"(Bond Dissociation Energy) O.\G SHs . He
(o)

3933 Klimol by CBS-Q calculation

ABH 205(C—H:ether) = AN mglether radical) — AN og(parent ether) + AN xg(H*)

MM 3 Force Field Evaluation

AH(Heat of Formation), Structure




Toxicological Data Merck, & Co., INC, Org. Process Res. Dev., 2011, 15, 939

m g/ day ppm
S olvents P DE Lim it C oaneg |
M eC N 4 1 ~ 410 |
DM Ac 10.8 1090
DM F g8 .8 880
dioxane 3.8 3 80
1.,2-DM E 1 100
| Ethyleneglycol 6 .2 6 20
Toluene 8.9 g 90
THF 7.2 720
!_nﬂ eTHF 6.2
CPME 7.4
m Solvent selection guide Glaxo Smith Kline plc., Green. Chem. 2011, 13, 854
::::.t:d Flammabi
Cas Meilting | Boiling ety E m!; &|
effects on xplosio 0
Sovent number | point °C | Point °C human pn
heaith and | 1000 ang
SXPOSUI® | handling
t=Amyl methyl ether] 994-05-8 =80 86 5 [ ] 5
t-Butylmethy| ¢ther| 1634-04-4 -108 55 4 5 5
CPME 5614-37-9] -140 | 106 6 4 4 5 4
t-Butyl ethyl ether | B37-92-3 -74 70 5 5 4 4
2-MeTHF 96-47-9 -137 78 4 5 4 -] 4
Diethyl ether 60-28-7 =116 4 4 5 4 [
Bis(2-methoxyethyl)] 111-96-6 -G8 4 5 4 6
Dimethyl ether 115-10-5 -141 5 T 4 7
1.4-Dioxane 123-91-1 12 102 4 4 4 5 [+
Tetrahydrofuran 109-99-9 -108 65 5 2] 4 4
1.2-Dimethoxyethan] 110-71-4 -58 85 4 5 4 4 7
|Diisopropy! ether 108-20-3 -86 68 4




The information contained herein is believed to be reliable, but no representations, guarantees or warranties of any kind
are made as to its accuracy, suitability for particular applications or results to be obtained.

Please read the Safety Data Sheet (SDS) carefully prior to handling.

This product was developed for the application in this brochure. In case of other applications, please handle under your
confirmation of safety for the applications, or please talk to Zeon Corporation beforehand.
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