technology 'ndex 2007

Koei Chemical Company Limited

<0El

2006/12/20



CONTENTS

CONTENTS

Koei’s Core Technologies
1. Vapor PRase TECANOIOZIES ............cooooeeeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e eses e s 1

(1) Syntheses of Pyridines and Pyrazines

(2) Syntheses of Cyanopyridines and Cyanopyrazines by Ammoxidation
2. Liquid Phase Technologies (Syntheses of AMINES) .............ccooevevieiiiiiiiiiiiiiieeeee e 2
3. Concept of Pyridine Derivative SYNtReSEs....................ooveeemimeieeieeeeceieeieee e 2

Koei’s Recent New Products

O 1121 1 0 T 3
2. 10NIC LIQUICS................eeeeeeeee ettt ettt ettt ettt ettt ettt et aaaaaaaaaaaaneaaaaaeaaaaaaaaaeas 4

1. 0r8an0MELAIlICS. ..o a e s 5
(1) Organoboron Compounds
1) Borylation of Lithium or Magnesium Intermediates
2) Aromatic C-H Borylation
(2) Metallocenes
2. CrosS-CoupliNg REACHIONS...............ccoeeeeeee ettt ettt ettt eaaanaaaaeees 6
(1) Pd/C-Catalyzed C-C Bond Formations
1) Suzuki-Miyaura Coupling
2) Sonogashira Coupling
(2) Hydroxyapatite-Supported Pd-Catalyzed Suzuki-Miyaura Coupling
(3) Pd-Catalyzed Amination

Koei’s New Facilities
OULIINE OF NEW PHIOL PIANT...............coooeeeeeeee e e e e ettt e e e e e enaa e 8

Koei’s Cryogenic SyntheSizing REACTON ...................ooooereeeeeeeieeee e 8




Koei's

Core Technologies

Koei’s Core Technologies

Koei produces a wide variety of fine chemical products containing nitrogen, such as pyridines,
pyrazines, piperidines piperazine and amine derivatives.

1. Vapor Phase Technologies
(1) Syntheses of Pyridines and Pyrazines

We produce pyridines in the vapor phase reactions from acetaldehyde, formaldehyde and ammonia.
These processes put our company in a very competitive position in pyridine production internationally.
Pyrazines are also produced in the vapor phase
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Scheme 1. Gas phase formation of nitrogen-containing
aromatic rings

(2) Syntheses of Cyanopyridines and Cyanopyrazines by Ammoxidation

Ammoxidation is one of the most important vapor phase technologies. A simple methyl group is

transferred into a nitrile group under oxygen and ammonia atmosphere at high temperature in the
presence of catalysts. Cyanopyridines and cyanopyrazines are produced by this reaction.
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Scheme 2. Ammooxidation of cyanopyridines and cyanopyrazines
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2. Liquid Phase Technologies
Syntheses of Amines

Hydrogenation of nitriles, reductive amination and hydrogenation of heteroaromatic rings are our
expertise. Various amines are manufactured by catalytic hydrogenation under high pressure.
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Scheme 3. Various reduction to amine production

3. Concept of Pyridine Derivative Syntheses

We produce pyridines by vapor phase reactions. As you can see in the picture below, in one case,

the pyridines produced are hydrogenated under high pressure to provide piperidines. In the other
case, the pyridines are transformed to other pyridine derivatives by liquid phase reactions. As a
result, we produce fine chemicals by combining vapor phase reactions and liquid phase reactions.
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Scheme 4. Routes to pyridine derivatives
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1. TEMPO

TEMPO is not only used as a stabilizer and as a polymerization controller, but also used as an

oxidant. TEMPO-mediated oxidation can be carried out under mild conditions. The reactions proceed
with high selectivity.

Three examples of selective oxidations are shown here. The first example is chemoselective oxidation.
The second example is stereoselective oxidiation. The third example is also stereo-controlled
oxidation. The optically pure aldehyde is obtained without racemization.
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Scheme 5. TEMPO-mediated oxidation process

Example 1 OH

NCS (1.5 equiv.) WO

OH TEMPO (10 mol%)

)\/\/\/\/ OH » 5%
TBAB, NaHCO3, K,CO;3; [o)
CH,CI,/H,0
OH

<0.1%

Example 2
HQ t-BuOCI (2.0 equiv.) HO
HO TEMPO (1 mol%)
oH » HO OH
PhO oH NaOH, H,0 PhO CO,H
78-96%
Example 3
CbzHN NaOCI (1.1 equiv.) CbzHN
OH TEMPO (1 mol%) NS
e - > H %/\°
’ =
Ph/ NaBr, NHCO; P h/
tol / EtOAc/H,0
0°c

96% yield, >99 %ee

Scheme 6. Examples of TEMPO-mediated oxidation of various alcohols
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2. lonic Liquids

We synthesize ionic liquid samples from our amines. lonic liquids

have thermostability, nonflammability, nonvolatility, high ionic
conductivity, large electrochemical potential window, low viscosity
and no corrosiveness.

Since these properties, ionic liquids are used for electronic devices

such as batteries, capacitors and solar cells.

Koeirs Recent NeW Technologies Figure 1. lonic liquid and ionic solid
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Figure 3. Examples of lonic Liquids’ application
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1. Organometallics

We manufacture organometallic compounds, which are highly sensitive to moisture and oxygen. In
2007, a new facility for filtering, drying and packing organometallic complounds under nitrogen
will be introduced.

(1) Organoboron Compounds

Aryl and heteroarylboron compounds are versatile synthons in the Suzuki-Miyaura coupling that is
a powerful procedure for the synthesis of biaryl compounds. We produce a variety of heteroarylboron
compounds by the borylation of aryllithium or arylmagnesium intermediates as well as the direct C-
H borylation of heteroaromatic compounds.

1) Borylation of Lithium or Magnesium Intermediates
We provide boronic acids as well as esters from lab scale to industrial scale at the customers’ request.
We have the cryogenic reactor which can control the reaction temperature from -70 °C to 150 °C2.
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Figure 3. Examples of heteroaromatic boronic acid derivatives and their preparation

2) Aromatic C-H Borylation o
The direct C-H borylation of aromatic compounds Q g:ozBH

o_.0
has high atom efficiency and productivity. An X | v~y 1/2IIrCI(COD)},-Ligand §
advantage to this reaction is that arylhalides are 8C°C, 16h | _
not required as a raw material. We have developed v X

- - . . o) X=H,Y=H; yield 79%
our original diimine ligand for this reaction?. ligand: @_/?23 X =CF, Y = CH; yield 73%

X=ClLY=N; yield 93%

Scheme 7. C-H Activation of pyridine derivatives

(2) Metallocenes

We manufacture a certain metallocene (Figure 6), which is a catalyst of olefin @\ WX

polymerization, in multiple kg scale. In 2007, as a new facility for filtering, drying M\
and packing organometallic compounds is introduced, 1T scale production will be @ X

started.
Figure 6
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2. Cross-Coupling Reactions

We use our organometallic compounds in the reactions of transitionmetal-catalyzed cross-
coupling reactions. For example, Grinard reagents are used in Kumada coupling and
organoboron compounds in Suzuki-Miyaura coupling. We also use Sonogashira coupling
and Pd-catalyzed amination for the syntheses of OLED.

(1) Pd/C-Catalyzed C-C Bond Formations

We found that Pd/C catalyzed the Suzuki-Miyaura

coupling and the Sonogashira coupling®. The main
advantages of these processes are as follows. The
palladium charcoal containing water is safe to handle
and easy to remove from the reaction mixture by

simple filtration. The recovered palladium charcoal ~ Figure 7. Crude products produced by Pd/C (left)
and by Pd(OAc), (right)

can be purified and reused as palladium metal. In

case we carry out Suzuki-Miyaura coupling utilizing Pd/C, we can obtain less-colored crude products
as shown in Figure 7. This difference is due to palladium contamination. When we measured the Pd
content in the recovered Pd/C, we found that 80% of the Pd in the original Pd/C was recovered.

1) Suzuki-Miyaura Coupling E(?» PhB(OH), M
There are two types of Pd/C, which differ with regard to the ' N X Tpajc peh @_@

N
degree of the reduction of palladium. One has a high degree of 2MNa,COy DME

X X NH2
palladium reduction [Pd(0)/C]. The other has a low degree of substrate MeOJL/N:LCI fN:(a
palladium reduction [Pd(II)/C]. In the reactions of halopyridines Pd (0)/C 25 19
and haloquinolines (Table 1), the product was obtained in a high [ Pamc % o7 |
yield in the presence of Pd(I1)/C with PPh?.

Table 1.
2) Sonogashira Coupling o OH
In the Sonogashira coupling of bromopyridine in the 'N\/ * :—<°" ﬁéﬂeﬂux’ B 7
presence of PdCI, (PPh,), in the air, the dimerization of N
. . . Run Pd cat. solvent Time (h) Yield (%)
the acetylenic compound took place to give the desired .
: . 1 PdCI(PPhy),  iPpNH 1 34
product in 34% yield. However, the Pd/C-catalyzed
2 PdiC+PPh, DME/H,0/K,CO, 2 87
reaction improved the yield remarkably even in the N— IPENH s o
aerobic conditions. Water-DME can be used as a solvent
system (Table 2)*. Table 2.
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(2) Hydroxyapatite-Supported Pd-Catalyzed ~ C(NO:): 4H0 oy
Br

+
Suzuki-Miyaura Coupling (NH,)HPO, ©/ m—
(Ca/P-1.5) °C, o
We have jointly applied for the patent for the ¢ o, e o= oo 2014, 6
\
hydroxyapatite-supported Pd-catalyzed Suzuki- l o

2PhCN
CI,(PhCN), +2HCI

Miyaura Coupling developed by Kaneda at
Osaka University (Figure 3). Hydroxyapatites,
the main component of bones and teeth, are Ca,(HPO,)(PO,)(OH)

synthesized from Ca(NOS)Z .4H20 and Cq-deﬂdemFl;'l;:reZ Mechanism of reaction
(NH,),HPO, in the lab. When the Ca/P ratio is

1.5, nonstoichiometric Ca-deficient

hydroxyapatite Ca,(HPO,)(PO,),(OH) is produced. Pd(ll) phosphate complex can be generated in a
Ca-deficiennt site by the treatment of Ca,(HPO,)(PO,),(OH) with PdCI,(PhCN),, which acts as an
efficient catalyst for the Suzuki-Miyaura coupling®.

(3) Pd-Catalyzed Amination

We synthesize samples of OLED materials. In particularly, bis(alkylcabazole-9-yl)biphenyl derivatives

are synthesized by Pd-catalyzed coupling of dibromobiphenyl with calbazole. This amination proceeds
at a lower temperature and gives a higher yield, compared to the Ullmann reaction of diiodobiphenyl
and carbazole. R1

R2 R2
Scheme 8. Example of palladium-catalyzed amination
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Outline of New Pilot Plant
In 2006 our new pilot plant began working. This five-story structure was designed for API production.
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Figure 8. Whole view of New Pilot Plant
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Koei’s Cryogenic Synthesizing Reactor
As a powerful equipment to realize manufacturing various functional
chemicals, we introduced a 20L cryogenic synthesizing reactor. This re-
actor has a remote controlling system to bring effective operation with
safety in wide range temperatures from -70 °C  m;
to 150 °C.

In case that using the air-sensitive reagents; i.e.
alkyllithiums, Grignard reagents, inert gas keeps

Figure 9. Glass reactor Figure 10. Front view




