Chiral spirodiamine ligands

— SPYMOX, SQUMOX -

Enantioselective halogenation reactions
of active methine compound

For the introduction of asymmetric fluorination
into the active methine group of B-ketoester compounds.

o TR

(R)-SPYMOX (S)- SPYMOX (R)-SQUMOX (S)-sQUMOX
e.g. Asymmetric Halogenation
EWG. EWG SPYMOXor SQUMOX EWG.  EWG
Cu(OT
Y + NFSI, NCS, NBS etc. OTf X
R - _ MS4A, solvent, rt R X
EWG= Electrophilic Halogenations reagent
Electron Withdrawing Group

Organohalogen compounds has been widely applied in organic synthesis.

Recently, organofluorine compounds are becoming increasingly important in pharmaceutical,
agricultural and functional material chemistry.

Shibatomi ‘s group (Toyohashi University of Technology) has developed chiral spirodiamine ligands,
SPYMOX" and SQUMOX?, and reported enantioselective halogenation reactions.

Using a copper complex with SPYMOX, and SQUMOX, a variety of S-ketoesters were halogenated
to a-halogen-B-ketoesters in good to excellent yields with overall good ee€'s.

Furthermore, SPYMOX and SQUMOX can complexation various metals and can be used as

chiral diamine ligand.

Characteristic

B Good substrate scope and limitation, excellent enantioselectivity for activated
methine compounds.

B Copper of Ubiquitous metal without using other rare metals.

m Active methine group can be asymmetric fluorinated 3) and asymmetric chlorinated 2) with
high enantioselectivity.

m Asymmetric gem-chlorofluorination can be carried out in a one-pot sequence by using
different halogenation reagent (e.g. chlorinating agent and other halogenating agent) in
sequence on the active methylene group 4
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Asymmetric fluorination ¥

| It provides optically active fluorinated compounds with high enantioselectivity for activated methine compounds.

(R)-SPYMOX or (R)-SQUMOX

EWG. _EWG PhO,S.. .SO,Ph (12 mol%)
Y + N Cu(OTf), (10 mol%) EWG\< EWG
R F MS4A, solvent, rt R E
EWG= . NFSI
Electron Withdrawing Group (1.5 equiv.)
Example of fluorination of an activated methine compound
0] (0]
2 CO,Bu 2 CO,1Bu
.COBu —~F &COZL'BU —F
F F
(R)-SPYMOX 95% yield, 95% ee 94% yield, 89% ee 77% yield, 75% ee 76% yield, 86% ee
(R)-SQUMOX 94% yield, 93% ee 93% yield, 87% ee 82% yield, 99% ee 86% yield, 99% ee
(0]
o o o 0 y )S/COZL'BU
CO,Bu CO,Bu CO,Bu CO,Bu € 7.
Ph)%( 2 w 2 Me)Sf 2 Me)Sf 2 F o
F Me N\ F Me F Me F “—Ph o:(
Ph
83% yield, 92% ee 83% yield, 88% ee 76% yield, 85% ee — —
81% yield, 90% ee — 81% yield, 99% ee 93% yield, 90% ee 90% yield, 90% ee

Asymmetric chlorination ?

B Cu-SPYMOX or Cu-SQUMOX complex catalyzed asymmetric chlorination reaction for activate methine compound

with high ee’s.
(R)-SQUMOX (12 mol%)
EWG\{ EWG . oéq\A\o Cu(OTf)2 (10 mol%) EWG\< EWG
R & MS4A, solvent, rt R Cl
EWG= NCS
Electron Withdrawing Group (1.5 equiv.)

Example of chlorination of an activated methine compound

0
0 CO,BuU 2
.CO»Bu ~Cl CO-R
) Cl N Cl
n
R
(n f 1) 902/0 y?eld, 952/0 ee (R f Cbz) 9OZA) y!eld, 9OZA) ee (R =1Bu) 94% yield, 96% ee
(n =) 529% vield. 96% oo (R IO LI EE (R = Me) 97% yield, 63% ce
n= 6 yield, b ee
0 o)
CO-R
b (;|2 Me)s/COZfBu o COtBu
c' R cl” Me
(R = Bu) 98% yield, 90% ee (R = Me) 99% yield, 95% ee (R = Et) 72% yield, 90% ee
(R = --mentyl) 99% yield, 84% ee (R =Bn) 94% yield, 92% ee (R = (CHa),Ph) 92% yield, 86% ee
(R = d-mentyl) 96% yield, 89% ee (R = allyl) 96% yield, 94% ee (R = Ph) 78% yield, 96% ee

(R=CH,CN)  84% yield, 95% ee
(R = CH,COPh) 90% yield, 91% ee
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Asymmetric gem-chlorofluorination 4

B Asymmetric chlorination and fluorination can be carried out in one pot by adding halogenation reagents
in sequence to the activated methylene compound to give the corresponding gem-chlorofluorine compound.

1) NCS (1.1 equiv.), rt
EWG 2) NFSI (3.0 equiv.), 40 °C EWG._ _EWG

(R)-SPYMOX (12 mol%) F Cl
Cu(OTf), (10 mol%)
MS4A, solvent, rt

EWG._

EWG=
Electron Withdrawing Group

Example of asymmetric gem-chlorofluorination

0 O O Np 0
t t
Me)S(COZ Bu )S)k )\ Ph/\)%o)\Np Ph)S(COZ Bu

F CI F Tl F CI F Tl
70% yield, 90% ee 67% yield, 87% ee 63% yield, 79% ee 67% yield, 92% ee
o 0 o 0 Qo 9
_ CO,tBu 0 CO,tBu Ph)S/P(OMe)Z _ P(OMe),
OO F Cl M F ol F T
71% yield, 92% ee 73% yield, 82% ee @ 73% vield, 92% ee @ 55% yield, 90% ee @
2 9
P(O'V'e)z P(OMe)z s P(OMe),
F )
52% yield, 92% ee @ 64% vyield, 90% ee @ 69% vyield, 86% ee @ a1) at-30 °C, 2) at 0 °C

274)

Sn2 reaction of optically active halogen compounds without decreasing of enantiopurity

m Chiral Halogen compounds obtained by asymmetric chlorination can be applied on S-amino acid
derivatives and Click reactions without loss of optical purity.

O O
R1JK<COZtBU NaN3 or R3SH, CsF R1lk<cozt5u

R2 Cl X R2
X =N3, SR3, F
Example of Sy2 reaction of optically active halogen compounds without decreasing of enantiopurity
o) o)
’ il COR'
R~ COR R™ Y7 2
F CI R'S F
1) DIBAL R" = Bn, CH2C02Et, CH2(2-furyI)
2) Tf,0 o
3) NaN3 o COR
4) Pd/BaSO, NaNs co.r _R"C=CH R)S,/,, 2
5) Boc,O . RN N F
- N/
NHBoc N3 F NJZ
: CO R, Rlll
Ry 1) LIAIH(O'Bu)s
F Cl 2NaH /<¥/C02R'
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Product List

Product Name

(R)-SPYMOX

(1 1bR)-3,5-Dihydro-2‘-(2-pyridinyI)spiro[4H-cycIohepta-
[2,1-a:3,4-a']dinaphthalene-4,4'(5'H)-oxazole]

CAS RN® : 1138157-05-7

.O
Q

(S)-SPYMOX

(11bS)-3,5-Dihydro-2'-(2-pyridinyl)spiro[4H-cyclohepta-
[2,1-a:3,4-a']dinaphthalene-4,4'(5'H)-oxazole]

CAS RN® : —

<
AT

OQ
(R)-SQUMOX

(11bR)-3,5-Dihydro-2'-(2-quinolinyl)spiro[4H- : .O

cyclohepta[2,1-a:3,4-a']dinaphthalene-4,4'(5'H)-oxazole]
(S)-SQUMOX

CAS RN® : 1381879-49-7
(11bS)-3,5-Dihydro-2'-(2-quinolinyl)spiro[4H- C§j>_<
cyclohepta[2,1-a:3,4-a']dinaphthalene-4,4'(5'H)-oxazole]

CAS RN® : —

o

37417-68 100 mg
37418-68 100 mg
37419-68 100 mg
37420-68 100 mg

Related reagents

Product Name

Copper(II) trifluoromethanesulfonate
FsC— #—O_

2
CAS RN® : 34946-82-2

N-Fluoro-N'-(chloromethyl)triethylenediamine ,F
bis(tetrafluoroborate)
[T 2

CH2CI

O-

CAS RN® : 140681-55-6

N-Fluorodibenzenesulfonimide

o
o

(/J
CfJ

—N—
no|
F

@)
@)

CAS RN® : 133745-75-2

Cu?t

)

Product Code

07704-35 25g
16185-35 25¢
16081-35 25¢g
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@ Please use the products listed in the catalog as reagents (chemicals used for testing or research purpose).
@ Product information is subject to change without notice. For the latest information, please have a look at our website
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