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1. Introduction

Metal enolates of carbonyl compounds are highly versatile
nucleophilic reagents that can be used in reactions with various
electrophilic agents. They are regarded as essential synthetic
intermediates in organic chemistry.! Conventionally, two
main approaches have been directed to develop asymmetric
catalysis employing enolates as nucleophilic agents. One way
is to prepare Si or Sn enolates prior to the reaction followed by
activation of the electrophilic agent with a chiral Lewis acid
catalyst (B, Al, Ti, Cu, etc.) to promote the reaction. Another
approach utilizes chiral base catalysts to produce chiral enolates
(La, Zn, Ca, Ry;N¥) directly from ketones. The latter approach
features high atom efficiency, and as with organocatalysis,
dramatic advances have been made in this area in recent years.?

We have pursued another path, focusing on the use
of late transition metal enolates, especially palladium. The
electronegativity of late transition metals being significantly
greater than that of the alkali metals in conventional enolates;
the extent of enolate polarization in the former case is expected
to be smaller. Therefore, late transition metal enolates should
display moderate reactivity and hence might not require the low
temperatures and anhydrous conditions required for reactions
involving enolates of typical metals (Li, Mg, B, Al, etc.) and
early transition metals (Ti, Zr, etc.). As a consequence, the use
of these unconventional Pd-enolates triggered our research
interest.
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Scheme 1. Representative approaches to achieve enantioselective

reactions with enolates.

In the Ito-Saegusa reaction, the enone is synthesized by
B-hydride elimination from the Pd enolate generated from
silyl enolate.3 It is known that the Pd enolate species can also
induce coupling and insertion reactions to multiple bonds,
similar to the alkyl palladium species. The focus of our interest
therefore became the reactivity of the Pd enolate generated as
a chemical intermediate. By proper tuning of the ligands and
reaction conditions, we believed that the enolates should exhibit
sufficient nucleophilicity to promote the aldol reaction with
aldehydes under mild reaction conditions. At the time, little was
known regarding the reactivity of Pd enolates as nucleophiles,
the only information available being a report by Tsuji’s group
on the intramolecular aldol and Michael reactions of Pd enolates
generated from allyl B-ketoester by decarboxylation.* We were
greatly encouraged by this pioneering study and launched
our research endeavors on Pd enolates with an objective of
developing novel asymmetric reactions.
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Scheme 2. Our original hypothesis.

In this review, we will describe the characteristic reactivity
of several cationic transition metal complexes developed during
the course of our research and introduce the various types
of asymmetric reactions. Studies from other research groups
reporting excellent results in this area, both before and after



the issue of our own reports, are beyond this article. We would
however refer our readers to the respective articles for additional
useful information on these studies.

2. Preparation Methods of Chiral Complexes

The optically active, cationic group-10 metal complexes
used in the present work are illustrated in Figure 1 (1-6). As
shown in Scheme 3, the Pd-aqua complex 1 can be efficiently
synthesized by an anion-exchange reaction between the Pd
chloride complex having BINAP derivatives as ligands and
a silver salt in the presence of water. Furthermore, the Pd
p-hydroxo complex 2 can be synthesized by treating the acidic
aqua complex with an equivalent of a base. The resulting
complex is a stable solid ranging in color from yellow to orange
depending on the coordinating ligand and can be handled in air
without any special precautions.

Nickel and platinum complexes can also be synthesized
by following an almost identical procedure, and the complexes
obtained in such cases are also solid, with a blackish-
purple color for nickel (Ni) and pale yellow for platinum
(Pt). Complexes 3-6 on the other hand were prepared under
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anhydrous conditions and stored in an inert atmosphere.

3. Synthesis of Palladium Enolate via
Transmetalation and Asymmetric Catalysis

After considering the various conditions based on the
aforementioned hypothesis, we found that the asymmetric
aldol reaction indeed progressed smoothly between silyl
enolate 8 and aldehyde 9 when Pd-aqua complex 1 was used.”
The characteristic feature of this reaction is that it proceeds
smoothly in polar solvents such as DMF and tetramethylurea
(TMU), however the reaction was extremely slow under
anhydrous conditions. These observations are in sharp contrast
to the common Lewis acid—catalyzed asymmetric Mukaiyama
aldol reaction.2 A detailed investigation of the above reaction
mechanism revealed that water (or PAOH produced from
1) acted as a nucleophile on the silyl group, as shown in
Scheme 4, and chiral Pd enolates (I) were generated as the
key chemical intermediates through transmetallation. While
the final product is identical to the Lewis acid—catalyzed
Mukaiyama aldol reaction, the reaction mechanism is entirely
different. Furthermore, no enone synthesis occurred, even in

H
P2+ OH P+ O_+ P P. OTf P, Y
*(j 2w (pal Pdl )* *(jMi *<> i7
2X- 2%
1 2 3:M=Pd 5:Y = OTf
X = TfO or BF4 4:M=Pt 6:Y =Cl
OO <O O a: Ar = Ph: (R)-BINAP
b: Ar = 4-MeCgHy: (R)-Tol-BINAP
PA 6714
PAz o 2 ¢! Ar = 3,5-Me,CqHs: (R)-DM-BINAP
o PA d: Ar = Ph: (R)-SEGPHOS
OO PA ¢ O 2 e: Ar = 3,5-MeyCgHj: (R)-DM-SEGPHOS
0 f: Ar = 3,5-(+Bu),-4-MeOCgH,: (R)-DTBM-SEGPHOS
a-c d-f

Figure 1. Chiral group 10 metal complexes used in our work.
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Scheme 4. Catalytic asymmetric aldol reaction via chiral Pd enolates.
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a substrate possessing -hydrogen, and the aldol adducts were
obtained in fair yields. This has been attributed to the fact that
Pd enolates having bidentate chiral ligands such as BINAP
tend to exist mainly as O-enolates. Additionally, it should be
noted that an aldol reaction of Pd enolates was preferred over
protonation, even though water and a protic acid (HX) generated
via transmetallation were present in the reaction system. This
unique feature has not been observed in other metal enolates
exhibiting strongly basic properties and suggests the further
potential of chiral Pd enolates.

Given the above findings, we began our research
targeting the development of a noble unexplored catalytic
asymmetric Mannich-type reaction by using our chiral Pd
enolate chemistry.8 While the reaction with imine 11 in the
presence of aqua complex 1 proceeded smoothly, the product
was almost racemic. Based on control experiments, we found
that the protic acid generated from complex 1 activates the
imine, thereby accelerating a racemic uncatalyzed reaction.
Thus, we focused on developing such a catalyst that would
generate the Pd enolates without producing protic acid. The Pd-
p-hydroxo complex 2 was found to be a catalyst of choice. As
shown in Scheme 5, the mononuclear Pd-OH complex formed
by the dissociation of 2 promotes transmetallation to form the
chiral Pd enolates. As a result, we succeeded in developing the
asymmetric Mannich-type reaction to obtain target product with
high enantioselectivity.6-

4. Cationic Pd Complexes as Acid-Base Catalysts

At the active site of carbonate dehydratase, zinc ions are
known to change the acidity of water through coordination
and to produce a hydroxide ion. Various phenomena observed
during the process of our research suggested that the synthesized
cationic Pd complexes would follow the relationship represented
in Scheme 6. The cationic Pd complex not only functions as a
Lewis acid but as a Brensted acid as well due to the increased
acidity of the coordinated water. Subsequent deprotonation
would generate a Pd-OH mononuclear complex and its dimer
p-hydroxo complex. We believe these act not only as a
nucleophile promoting the aforementioned transmetallation, but
also, though weak, as Bronsted bases. Moreover since all of the
complexes are considered to exist in equilibrium, we anticipated
that complexes 1 and 2 would function as acid-base catalysts.

Following the above hypothesis, we found that the
complexes 1 and 2 do indeed act as acid-base catalysts. When
these are reacted with 1,3-dicarbonyl compounds such as
B-diketone or B-ketoester, chiral Pd enolates (IT) are produced
directly upon deprotonation, as shown in Scheme 7. Although
highly acidic compounds had been used in this case, we were
intrigued by the fact that these enolate syntheses occurred under
non-basic conditions and that a strong protic acid was generated
simultaneously. This metal enolate under acidic condition
indicates a novel reactivity distinct from enolates under
conventional basic conditions.5b

Me3SiO PMP- 2b (5 mol%) O NHPMP
AT § :
Ph COyi-Pr DMF, 25 °C Ph CO,i-Pr
8 11 12
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Scheme 5. Catalytic asymmetric Mannich-type reaction via chiral Pd enolates.
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Scheme 6. Chiral Pd complexes as acid-base catalysts.
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Scheme 7. Formation of chiral Pd enolates of 1,3-dicarbonyl compounds.




5. Catalytic Asymmetric Michael Addition

Pd enolates (II) have been shown to react with various
electrophilic reagents. First, we studied the Michael addition
with enones. While reactions in which chirality is induced on
the enone side have been extensively investigated, the number
of those in which chiral center is created on the side of the
nucleophile with broad generality is still limited.! Our reaction
catalyzed by the aqua complex 1 is one example among them.
Reactions of various B-ketoesters and methyl vinyl ketone
proceeded smoothly to give the Michael adducts having a chiral
quaternary center in a highly enantioselective manner (Scheme
8).11

Mechanistic studies of this Michael reaction revealed the
unique feature of the Pd enolate (Scheme 9). The reactivity of
the Pd enolate prepared from B-ketoester 13a and the complex
2 was not sufficient, and reaction with 2 equivalents of methyl
vinyl ketone at room temperature did not proceed at all.
However, when 1 equivalent of trifluoromethanesulfonic acid
(TfOH) was added, the reaction occurred smoothly, giving the
desired Michael adduct 15a in 89% yield with 99% ee. In this
reaction, the formation of the aqua complex 1b was confirmed
by NMR experiments. These results, together with those of
Scheme 8, imply that while the nucleophilicity of the bidentate
Pd enolates generated from the complex 2 is insufficient to react
with enones, the reaction can occur thanks to the activation of
enone by protic acid generated simultaneously from the aqua
complex. In other words, a unique cooperative action of Pd
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enolates and a protic acid is operative in our reaction.

Because of the low reactivity of B-substituted enones,
reported examples of catalytic asymmetric Michael addition
with B-ketoesters with such enones are limited. However, in
our cooperative activation system, B-substituted enones having
methyl or phenyl groups as -substituents could be used without
problem. As shown in Scheme 10, for example, the reaction
proceeded smoothly using 5 mol% of the aqua complex 1a,
affording a Michael adduct 17 with vicinal chiral quaternary and
tertiary carbon centers with an extremely high enantioselectivity
of 99% and satisfactory diastereoselectivity.

Furthermore, by taking advantage of the fact that the
Pd catalyst is functional even in alcohols, we could carry
out the reaction with the extremely unstable acrolein 18a in
high yield. When the reaction is performed in THF, large
amounts of byproducts were formed, and the yield of the
corresponding acetal was only 10%. However, in methanol, the
yield of the acetal 19a was significantly improved with similar
enantioselectivity. In the case of crotonaldehyde, the reaction
proceeded even in THF without difficulty. Following treatment
with methanol, acetal 19b was obtained in good yield with high
enantioselectivity.!2 To achieve high asymmetric induction, it
was important to use bulky ester groups of the substarte. This
can be explained by postulating the Pd enolate with square
planar geometry as depicted in Scheme 10. The electrophile
is considerd to react with the Pd enolate at the less sterically
hindered re face. This face selectivity of the enolate is also
applicable to the following reactions.

Pd cat. faor 1b

(X = TfO) o o
2 10 mol%) M
R "2 “OR3
M HLMe THF R
20~0°C ->:o
13a-f 15a-f Me
NOtBu é}kotsu thBu MeMOtBU Me)% /@
13c 13d 13e

93%, 93% ee 92%, 90% ee 88%, 89% ee 88%, 90% ee 82%, 94% ee

Scheme 8. Catalytic asymmetric Michael reaction of B-ketoesters.
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Scheme 9. Enantioselective Michael reaction of B-ketoesters.
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Scheme 10. Michael reactions using other acceptors.

6. Catalytic Asymmetric Mannich-type Reaction
with B-Ketoesters

As described in Scheme 5, we found that protonation
can significantly enhance the reactivity of imines. Therefore,
encouraged by the cooperative action presented in Scheme 9,
we also investigated a Mannich-type reaction employing imine,
which exhibits high affinity to protic acid, as the electrophilic
agent. We found that the aqua complex 1 was effective in
promoting Mannich-type reactions with various imines and
B-ketoesters.!3 In this article, results in the case of N-Boc imine
are disucussed in Table 1. Due to the imine activation by protic
acid, the reaction is dramatically accelerated compared to the
case of Michael addition. In many cases, the reactions were
completed within several hours. B-Aminocarbonyl compounds
having vicinal tertiary and quaternary chiral centers were
obtained efficiently.!4 Numerous reports have described the use
of aldehydes and ketones as a nucleophile in the Mannich-type
reactions. However, after our publication, a series of reports
have appeared on reactions of readily enolizable B-ketoesters
and malonic esters, since such reactions are promising as
a useful method for synthesizing highly functionalized
B-aminocarbonyl compounds.!5

7. Catalytic Asymmetric Aldol-Type Reaction
with Acetal

An aldol-type reaction with an acetal, which does not react
under basic conditions, was developed, taking advantage of the
enolate generation under acidic conditions. One well-known
aldol-type reaction involving a highly acidic compound is nitro-
aldol reaction. However, no examples exist for asymmetric
reactions with an aldehyde and a 1,3-dicarbonyl compound,
probably due to low nucleophilicity of the starting materials
and the tendency of the final products to undergo reverse
reactions.!® We assumed that if an acetal could be used in place
of an aldehyde, protonation would generate highly reactive
oxonium ions, which would react efficiently with the Pd
enolates. Furthermore, since the hydroxyl group of the product
is protected, we anticipated that the reverse reaction would be
suppressed (Scheme 11).

As predicted, the reaction between the cyclic B-ketoester
and acetal proceeded smoothly in the presence of 5 mol% Pd
catalyst 1a and was complete within three hours (Scheme 11).17
While simple aliphatic acetals were not usable, various acetals
derived from aldehydes conjugated with unsaturated bonds
participated in this reaction quite efficiently to give the aldol
product 22 with high diastereoselectivity and almost perfect
enantioselectivity. However, reactions of less acidic acyclic
B-ketoesters were slow, and the Pd complex was reduced by the

Table 1. Catalytic Enantioselective Mannich-type Reactions of B-Ketoesters.

Pd cat. 1a (X = TfO)
o N,Boc (2.5 mol%) O  NHBoc
RJK(CO&BU ' AL THF, 1M RV OXR?
R2 R" H ’ RZ “CO,t-Bu
13 20 21
entry ketoester imine temp. time yield dr ee?
(R3) (h) (%)

1 13a 20a (CgHs) 0°C 5 93 8812 99/97
2 13a 20b (p-MeCgHs) 0°C 2 93  90:10  95/99
3 13a 20c (0-MeCgHy) 0°C 5 74 937 94/-b
4 13a 20e (0-CICgH.) 0°C 1 52 9555  93/-P
5 13a 20f (2-furyl) 0°C 2 75 >955  86/-°
6° 13d 20a (CgHs) rt 4 84 86:14 98/95
7 13d 20b (p-MeCgHs) 1t 4 86 90:10 97/85
8 13d 20c (0-MeCgHy) it 9 87 96:4  9g/-P
9 13d 20e (0-CICgH4) rt 2 80 91:9 98/-b
10 13d 20f (2-furyl) rt 3 71 82:18  96/99

2 Major/Minor. © Not determined. © 1d was used.
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Scheme 11. Catalytic asymmetric aldol-type reaction with acetals.
ZnCly OH OBn
Pt cat. 4 NaBH, : P
cat. 4c 749
OBn (10 mol%) A g Me™ > Ph
13d + = Me® COt-Bu
= Me™ Ph
BnO Ph THF ¥ COMLB
-20°C,24h € 2t-Bu OH OBn
23 24 DIBAL-H P
'O,
71%, dr = 14:1 67% Me” 3 Ph
89% ee (major) Me COt-Bu

Scheme 12. Catalytic asymmetric aldol-type reaction with acetals using Pt complex.

alcohol derived from the acetal, thereby the target compounds
were not obtained in satisfactory yield.

To overcome this problem, we investigated the use of an
analogous Pt complex 4a expecting that it would be more stable
than the Pd complex. As expected, the reaction progressed
smoothly, although the diastereomeric ratio was approximately
1:1. Ultimately, we achieved significant improvement in the
diastereoselectivity by using another Pt complex 4¢, and the
target compound 24 was formed in high yield with excellent
stereoselectivity (Scheme 12). The compound 24 was converted
to two diastereomers having three consecutive chiral centers
with appropriate selection of reduction conditions, indicating the
synthetic utility of the reaction.

8. Reaction with NV,0-Acetal

Like acetals, N,O-acetal could be also used in reactions
with active methylene compounds. Since alkyl groups are
attached to nitrogen atoms in cyclic imines, cyclic imines
basically exhibit low reactivity, making it extremely difficult to
use them in a catalytic Mannich-type reaction. However, the use
of N,0-acetal in place of the cyclic imines should result in the
smooth generation of reactive iminium ions through protonation
(Scheme 13). Related reactions previously reported required a
low temperature (-78 °C) to attenuate the reactivity of the highly
reactive iminium ions. In our reaction scheme, cooperative
activation allows the formation of the Pd enolate being
associated with the generation of iminium ions, thus suppressing
spontaneous racemic reactions. Thus, high asymmetric
induction was achieved under mild reaction temperatures (0
°C ~ room temperature). In the present system, it was possible
to use malonic ester as a nucleophile, and optically active

tetrahydroisoquinolines, which is a fundamental structures of a
multitude of bioactive compounds, were produced in a highly
enantioselective manner.!8

The N,O-acetal 26 can be readily prepared by reacting
dihydroisoquinoline 25 with (Boc),O in methylene chloride for
30 minutes. Most reactions were completed within three hours,
and the target compound 27 was obtained in high yield (Scheme
13). Substrates with not only electron—donating methoxy and
methyl groups but also electron—withdrawing bromo group
were used without difficulty. Notably, Pd enolates under acidic
condition were also extremely effective in this Mannich-type
reaction. When p-hydroxo complex 2e that does not donate
protons was used instead of aqua complex 1e, the reaction failed
to proceed even after a prolonged reaction time of 48 hours at
room temperature.

We anticipated that the asymmetric Mannich-type reaction
would proceed similarly if the iminium ions can be generated by
the oxidation of tetrahydroisoquinolines instead of c-elimination
of N,O-acetals. To our delight, the oxidative Mannich-type
reaction did indeed proceed smoothly, when an oxidizing agent
like DDQ in CH,Cl, was added slowly (Scheme 14).19 The
present reaction must be performed at room temperature to
promote DDQ oxidation, thereby the water derived from the
catalyst induced side reactions at room temperature. But the use
of anhydrous complex 3e prevented such undesired reactions.
After the reaction of tetrahydroisoquinolines 28 with (Boc),0,
the oxidative Mannich reaction was carried out according to
Scheme 14, and the target compound 27¢ was directly formed
almost quantitatively with 86% ee. For an efficient oxidative
Mannich-type reaction, an electron donating substituent on
the aromatic ring was necessary. However, we believe that
this oxidative method is advantageous in that an asymmetric
Mannich-type reaction is achieved without tedious preparation
of dihydroisoquinolines.

7




TCIMAIL

No.140

*
P
©:'/\’ p+d' X NPG
Jd o
L - R'O,C CO5R'
R' O OR
2 mol% 1e (X = OTf) 1
002, Pr R
2
R (Boc)20 COZI-Pr
NBoc
B3 N CH,Cl, NBoc CH,Clp 0°C R X __CO.iPr
rt, 30 min. " R4 H 2
R0ty 97 COaiPr
MeO
MeO. MeO
©@V eom Meoj©:)\l _N
25a 25b 25¢c 25d
89%, 85% ee 98%, 81% ee 93%, 94% ee 92%, 97% ee
(1.5h) (1.5h) (1 mo% 1e, 3 h) 1 h)
: OO
<O =N Me N Br =N
MeO
25e 25f 259 25h
57%, 91% ee 94%, 82% ee 93%, 96% ee 97%, 90% ee
(5h) (5 mol% 1e, 6 h) (1.5 h) (3h)

Scheme 13. Catalytic asymmetric Mannich-type reaction of malonate to dihydroisoquinolines.

COZI'PF
) 5 mol%
CO2i-Pr  Pd cat. 3e (X = OTf) me0
Meom (1.1 equiv)
+ (Boc),O A
MeO NH (1.1 equiv) CH2CI2, 0°C MeQO
DDQ (1 equiv) COoF-Pr
28 slow addition over 10 h 27c
97%, 86% ee
10 mol%
3e (X = OTf)
MeO malonate MeQ
:@@ (1.1 equiv)
N._O MeO
MeO CHxCly, rt
= (i-Progc
29 DDQ (1 equiv)
slow ad(dition over 10 h 30 31
74%, 86% ee 99% ee

Scheme 14. Oxidative Mannich-type reaction starting from tetrahydroisoquinolines.

In addition, this oxidative reaction was applicable to
N-acryloyl-substituted 29. Under the optimized conditinos, the
target compound 30 was synthesized in 74% yield with 86% ee.
The acryloyl group in 30 was used for further conversion. After
the construction of a six-membered ring by an intramolecular
Michael addition, we were able to synthesize tricyclic compound
31 as a single isomer, which can be a basic structure found in
ipecac alkaloids.

9. Asymmetric Fluorination of Active Methine
Compounds

In the field of medicinal chemistry, it is widely recognized
that the substitution of hydrogen or the hydroxyl group of
the parent compound with fluorine atom often improves
pharmacological activity. Although the substitution of the

hydrogen atom bonded to the sp? carbon with a fluorine atom
is generally investigated, several drug candidates having a
fluorine atom at a stereogenic carbon center have appeared in
recent years. Consequently, development of efficient catalytic
asymmetric fluorination is attracting considerable attention.20
In the electrophilic fluorination of carbonyl compounds, acidic
compounds derived from the a-protons are co-produced during
the reaction. Thus it is in principle difficult to carry out the
reaction catalytically using basic catalysts (Table 2). This is
because the catalyst reacts with the acidic co-product leading
to the decomposition of the basic catalysts. In contrast, the Pd
enolate chemistry appears appropriate for realizing catalytic
fluorination, since it can occur under non-basic conditions.
When we began our research in this area, the reaction developed
by Togni et al. using Ti-TADDOL as a catalyst was the only
reported example, and the substrate was restricted to a specific
B-ketoester.21.22

As shown in table 2, we found that Pd-p-hydroxo



complex 2¢ or 2f with bulky bisphosphine ligands allows the
smooth progress of the reaction between B-ketoester 13 and
N-fluorobenzenesulfonimide (NFSI) 32. The reaction proved to
be highly general, and the fluorinated derivatives were obtained
from various B-ketoesters with excellent enantioselectivity.23
Unlike the aforementioned C-C bond forming reaction, this
reaction proceeded smoothly even when p-hydroxo complex 2
was used in place of aqua complex 1. This is probably because
the fluorinating reagent used in the reaction displays sufficient
reactivity. Furthermore, the fluorination reaction proceeds
smoothly in alcoholic solvents compared with usual organic
solvents such as THF or methylene chloride. It is noteworthy

Table 2. Catalytic asymmetric fluorination reactions of B-ketoesters.
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that this reaction can be performed in air using ethanol an
environmentally friendly solvent. We also found that the
fluorination reaction could be carried out even in ionic liquids
as solvents without affecting the stereoselectivity. Since the
cationic Pd complex is not extracted with diethyl ether from
[hmim][BF,], the catalyst can be recycled as shown in Table 3.24

The synthesized fluorinated products were further
converted into B-hydroxyesters 35 and 37 and B-amino esters
36 and 38 through a key stereoselective silane reduction of the
ketone group, which constitute the basic structure of bioactive
compounds (Scheme 15).

As our extension, we also investigated enantioselective

0 0
R R 1 Fx p R+ HX
acidic co-product
Q SO2Ph 2.5 mol% Pd cat. Q
R1)H/Cozt-Bu + F-N R1)g/cozr-su

'SO,Ph EtOH, 1 M

R2 2 18-72 h R®F
NFSI

13 32 (1.5 eq) 33

13d: R' = R2 = Me

o) o o o)
.l 2
COLt-Bu _ 1)\/0021.&, 13f: R' = Ph, R? = Me
OrBu R 13g: R' = Me, R = Et
) R2 1 2
n 13h: R' = Et, R = Me

13a:n=1 13c
13b:n=2
entry ketoester product catalyst temp. yield ee
X) (°C) (%) (%)
1a 13a 33a 2f (TfO) 20 90 92
2 13b 33b 2¢ (BF,) -10 91 94
3 13c 33c 2c (TfO) -20 85 83
4 13d 33d 2f (TfO) 20 49¢ 91
5 13f 33f 2c (BFy) 20 92 91
6P 13f 33f 1¢ (TfO) 20 9% 91
7 139 33¢g 2c (TfO) 20 88 87
8 13h 33h 2¢ (TfO) 20 47 69
4 -PrOH was used.
b1g scale. 5 mol% 1c.
¢ Lower yield due to the volatility of 33d.
Table 3. Recovery and reuse of Pd catalyst in ionic liquid.
13f and 32 Et,0 yield ee yield ee
2 } /™ _exiraction 33fand oydle ‘(%) (%) o¥Cle (%) (%)
in [hmim][BF,] — \_ nt (PhSO-)NH
60 h in Et,0 1 93 92 6 91 91
T 2 8 91 7 91 o
3 81 91 8 86 91
4 91 o 9 86 91
5 81 91 10 67 91
) //~\ BFs 112 82 91
hmim][BF.
[ I 4]/NC\QN\/\/\/ agah.
1. PhsP, DEAD, DPPA
(79%)
PhMe,SiH OH 2. Pd/C, Hy, (Boc).O NHBoc
O, -
TBAF (83%) e (80%) oA, COaMe
o) me” F me” F
)S/COZR 35 1. PhgP, DEAD, DPPA 36
PhM " (95%)
. e Et;SiH OH 2. Pd/C, Hp, (Boc),0 NHBoc
. 33 R=tBu | TFA (92%) (78%) ;
2. CHoN; -~ 34: R = Me pp > CO2Me Ph/yCOZMe
(75%) Me” F Me” F
37 38

Scheme 15. Conversion of the fluorinated B-ketoester.
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fluorination of zert-butoxycarbonyl lactone 39 and lactam 41
(Scheme 16).25 In the case of lactam 41, the acidity of the
substrate was slightly reduced, hence the reaction failed to
proceed with only the p-hydroxo complex 2f. However, the
addition of 2,6-Iutidine promoted the reaction smoothly to give
fluorinated derivative 42 in high yield with 98% ee. The high
optical yield observed suggests that the reaction would not
be promoted with only a base, but occurred via the chiral Pd
enolates as a result of the double activation of the Pd complex
and the base. It is possible to synthesize the fluorinated cyclic
amine 43 by borane reduction of 42.

Besides the 1,3-dicarbonyl compounds, the present
fluorination reaction is also applicable to -keto phosphonate
44.26.27 Monofluorinated phosphonates shows second pKa
value similar to physiological phosphate esters. Therefore
monofluorinated phosphonates are expected to be good mimetic
compounds. As shown in Table 4, although the reactivity
of the acyclic substrate was low, high asymmetric induction
was observed. In the case of cyclic substrates, excellent yield
and stereoselectivity were achieved without difficulty. The
sense of enantioselection of this reaction was the same as that
for B-ketoester, which can be explained by postulating the

bidentate Pd enolates. For further application, we confirmed that
treatment of 45 with TMSI allowed de-ethylation to give the
corresponding phosphonic acid.

10. Fluorination of Oxindoles

The BMS compound 46 shown in Scheme 17 is currently
a promising candidate drug for stroke. It was reported that
its pharmacological activity was improved by substituting
the tertiary hydroxyl group of oxindole with fluorine atom.28
Since oxindole is a basic structure found in various bioactive
compounds, the development of an asymmetric fluorination
reaction of oxindole should be useful in medicinal chemistry.
Based on the above results, an attempt was made to fluorinate
a simple oxindole. However, poor results were obtained in
terms of both yield and enantioselectivity. Taking the bidentate-
coordinated enolate structure motif , we attempted reaction of
N-Boc-protected substrate 47.

To our delight, when the reaction was carried out in
i-PrOH using p-hydroxo complex 2¢ as a catalyst, the reaction

e} 2.5 mol% 2f (X = TfO) (e} E Ot-Bu
o\, COztBu 82 (1.5 equiv) COptBu | | P2 O H
PIOH, 1t, 24 h “F : *( Pl base
Jo n=12 ) : o
39 40 Ll emo N
~98% ee ,
2.5 mol% 2f (X = TfO) '
o] . o) OH
32 (1.5 equiv) BH5-THF
BnN COgt-BU BnN Cng-BU BnN
n EtOH, rt, 48 h n "E n e
2 [ 26-utidine 05 equv)] 42 43
89%, 98% ee
Scheme 16. Reactions of other related compounds.
Table 4. Fluorination reactions of B-ketophosphonates.
Q
1
R P ———> Ry P
\O/ ]\O_ ~
o FHR/'O
1-10 mol% O O .
I 1 (X = TO i entr bstart catalxst yield ee
RI7 N POz & B2 x=T) R1)g/P(OEt)2 Y substarte (moloe) (%) (%)
R2 44 Eto;"‘; r“]" TURTE 45 1 30a 1cd) 8 9
2 39b 1c(5) 93 9
o O
o 0 Q@ 9 [F"(OEt) 3 39c 1c(5) 84 95
P(OE), P(OEY)2 e wa 2 4  39d 1c(5 97 94
) )n Me “7€ 5  39d 1c(5) 90 97
n o O 6  39d 1c(l) 83 95
44a:n=1 44c:in=1 P(OEt), 7 3% 1e(10) 57 94
44b:n=2 44d:n =2 Ph 8 30f le(10) 38 95
Me 44

low yield
BMS-204352 (MaxiPost™) (46) low ee
[Phase Il trial for stroke]

H R H g R
A\
o o o_ + P
@fNS: = O N pal )
o ="
+BuO tBuO X
47

Scheme 17. Catalytic asymmetric fluorination reactions of oxindoles.




proceeded efficiently for a wide range of oxindoles including
3-alkyl- and aryl-substituted substrates (Table 5).2° Unlike
the aforementioned Pd enolates, the reactive center is outside
the chelate ring. Nevertheless, high asymmetric induction was
achieved, which can be attributed to the effective shielding of
the re face of the enolate by the aryl group of the ligand.

Based on this observation, we next examined
catalytic asymmetric synthesis of the BMS compound 46
(Scheme 18).2° Due to the steric hindrance arising from the
methoxy group at the ortho position, selectivity was reduced
compared to 47a. However, the fluorination reaction of 49
proceeded with good yield. Following removal of the Boc
group from 50, optically pure BMS compound was successfully
obtained by recrystallization. Shibata and Toru et al. also
reported similar asymmetric fluorination reaction of N-Boc
oxindoles using a Ni catalyst.30

Taking advantage of the fact that cationic Pd complexes
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can function in alcoholic solvents, we have also succeeded in
the monofluorination of 3-unsubstituted oxindole 51 (Scheme
19). Since the acidity of the monofluorinated compound 52 is
expected to be higher than that of 51, high asymmetric induction
for 52 represents a major challenge. Indeed, the optical yield
of 52 was only 21% ee, when the reaction was carried out in
THF. Interestingly, however, excellent enantioselectivity was
achieved in using a mixture of MeOH-CH,Cl, as solvent. Thus
the enantioselective fluorination reaction, followed by solvolysis
with methanol before racemization occurred, giving methyl
ester 54 with 93% ee, albeit in moderate yield.2? Although
the substrate for this reaction is restricted to oxindoles, this
is the only reported example of catalytic synthesis of a chiral
monofluorinated ester, to our knowledge.

Table 5. Catalytic asymmetric fluorination reactions of N-Boc oxindoles.

R 2.5 mol%

H (8)-2¢ (X = TfO) “eF
o +* 32 — - wo
N (1.5 equiv) '-PVOZH_% ghC -t N NFSI , TIO" Me
Boc Boc P/\@
47 (racemate) 48 Me pg-R
- d Me
o »
[6)
R yield ee R yield ee meR—/ N{O
(%) (%) (%) (%) ~ :
B
Ph (47a) 96 90 Et (47e) 85 92 N
p-MeCgH,4 (47b) 92 88 CH,C(O)CH3 (47f) 85 86
p-FCgH4 (47c) 94 84 Bn (479) 72 80 Putative Pd enolate.
Me (47d) 85 96 iBu (47h) 85 75

Wy,

O (0] acetone
F3C N
BOC  90%, 71% ee
49 (racemate) 50

OMe 5 5 mole (S)-2¢ c;w@“o'Vle
H 32 (1.5 equiv) " _F
jont
0°C, 18h FsC N\
Boc

1) TFA, 75%

2) recrystallization
57% E

(S)-BMS-204352 (46)
>99% ee

Scheme 18. Application to asymmetric synthesis of the BMS compound.

@E\FO 32 (1.5 equiv)
N

Boc
51

THF, rt, 43 h

(1:1)
rt, 18 h

2.5 mol% (S)-2¢ (X = TfO) H R

F F
N N
Boc

52 53
29%, 21% ee 19%

MeOH

H
F
<Z | —
MeOH-DCE N

Boc

H F
©f§002Me
NHBoc
54
53%, 93% ee

Scheme 19. Catalytic asymmetric monofluorination-solvolysis of oxindole.
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11. Catalytic asymmetric fluorination of Aryl
Acetic Acid Derivatives Using Trinary Activation
System

Toward the development of a more general method of
catalytic asymmetric o.-monofluorination of carboxylic acid
derivatives, we planned to investigate catalytic asymmetric
monofluorination reaction of phenylacetic acid derivatives.
Initially, we presumed that the double activation by organic
base and Lewis acid as in Scheme 16 would be applicable.
However, the reaction failed to proceed in any combinations of
various reaction parameters including catalysts as well as bases.
We envisaged that if both of the reactants (55 and NFSI) were
activated simultaneously, as was observed in the cooperative
action between Pd enolates and protic acid, the reaction would
proceed in spite of the low concentration of chiral metal enolate.
Thus, as shown in Scheme 20, we examined the combination of
bidentate Lewis acid catalysts and supplementary monodentate
Lewis acids. Additionally, it was expected that the interaction
of the secondary Lewis acid with the substrate would also be
effective to promote the formation of the enolate.

After various attempts, we found that the fluorination

proceeded almost quantitatively, although with only 28% ee,
when a Ni complex Sa was used in combination with a silyl
triflate as a secondary Lewis acid and 2,6-lutidine as a organic
base (Scheme 20). It was essential to use the trinary system of
nickel/silyl triflate/2,6-lutidine. Interestingly, when Pd complex
3a was used in place of Ni complex Sa, the reaction failed to
proceed. Reduction of the temperature to -20 °C improved
the enantioselectivity to 68%. It should be noted that almost
identical results were obtained even when nickel chloride
complex 6a was used instead of the triflate complex 5a. This
suggests that the identical active species was generated in both
cases. Finally, the best results were obtained by using toluene
as solvent, and the target monofluorinated compound 56a was
obtained with 88% ee. We also discovered that the amount
of silyl triflate could be reduced to 0.25 equivalent without
significant deterioration of reaction efficiency.!

Under the optimal reaction conditions presented above,
various aryl acetic acid derivatives underwent the fluorination
reaction in high yield and with satisfactory enantioselectivities
of up to 88%, as shown in Table 6.31 While the reason remains
unclear at the present, it was confirmed that racemization of
56 does not occur under similar reaction conditions. This may

* *
N N
sz*‘,L L\ + ,L
/M\ /M\ o O
O } O--LA o P Pho. )J\
pn. AT A Ph. . N s
% N 'S N 'S B -/
H -/ /
( 55a 56a
LA SO,Ph
Base 32 —= FN M: Bidentate Lewis acid
,\SOPh LA: Monodentate Lewis acid
’
10 mol% Ni cat. Nicat. temp. vyield (%) ee (%)
MegSiOTf (1.5 equiv) .
55a 2,6-lutidine (1.5 equiv) 5a rt 99 28
i pn. L \
> N~ 'S 5a -20 °C 90 68
32 CH20|2, 24 h H \ /
(1.5 equiv) F 6a -20°C 95 68
' 56a
10 mol% 6a TESOTf  vyield (%) ee (%)
Et3SiOTf
2,6-lutidine (1.5 equiv) 1.5 equiv 98 88
56a f
Toluene, -20 °C, 24 h 0.25 equiv 77 86

Scheme 20. A novel trinary system for asymmetric fluorination of 55a.

Table 6. Catalytic asymmetric monofluorination of aryl acetic acid derivatives.

Ni cat. 6a
o o NFSI(1.5equiv) 26-lutidine 0O o
RJJ\N/U\X Et3SiOTf (1.5equiv) g : N)J\X
\__/ toluene,-20°C, -20°C,24h E /
55 10 min. 56
entry substrate X R ?::;IXZ; y('f/l? (%Z)
1 55a S Ph 5 99 88
2 55b S p-FCgH4 5 90 83
3 55¢ S p-MeOCgHs 5 92 81
4 55d S m-MeOCgH, 10 95 82
5 55e S 0-MeOCgH, 10 87 78
6 55f S 2-naphthyl 10 99 83
7 55¢g S 1-naphthyl 5 94 87
8 55h o Ph 5 95 87




MeNH(OMe)*HCI (3 equiv)
MezAl (3 equiv)
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(o}

P I _ome

CHCly, 0°C, 3 h

88%

Ton

o o
Ph\)J\N)J\S
/ LiOH, H,0,

56a THF-H,O
(99% ee after enrichment)
0°C,2h
quant.

N
Me
57 (99% ee)

Ton

o) . o)
Me3SiCHN
¢ 2
Y OH Y OMe
H MeOH, rt H
F 83% F
58 59 (99% ee)

Scheme 21. Conversion of the fluorinated product.

be the key to success to allow the present monofluorination to
proceed in an enantioselective manner.

To confirm the utility of our fluorination reaction, further
transformation of the synthesized products were carried out
(Scheme 21).3! Fortunately, we were able to obtain optically
pure monofluorinated 56a after single recrystallization.
Substitution reaction of the auxiliary group in S6a with
N-methoxy-N-methylamine gave the Weireb amide 57 in high
yield without marked decrease in optical yield. In addition,
we performed hydrolysis under basic conditions, and the
corresponding monofluorinated acid was obtained without
racemization. In contrast, a previous report on diastercoselective
fluorination of enolates having chiral oxazoridinone described
that considerable racemization occurred during the removal of
the chiral auxiliary.32

12. Asymmetric Conjugate Addition Reaction of
Amine Using Acid-Base Effect of Pd Complexes

The conjugate addition reaction of nitrogen—containing
nucleophiles to o,B-unsaturated carbonyl compounds is as
important a reaction as the Mannich reaction for the efficient
synthesis of B-aminocarbonyl compounds.33 Several highly
enantioselective catalytic reactions have been reported, in which
the key to success is the use of less basic nitrogen nucleophiles.

Table 7. Catalytic asymmetric conjugate addition of amines.

Amines with high basicity/nucleophilicity are still difficult
to use for asymmetric catalysis due to problems involving
the deactivation of the catalyst and uncatalyzed spontaneous
reactions. We anticipated that the side-reaction caused by the
excess amine could be overcome if we use amine salt instead
of amine, because catalytically active Lewis acid catalyst 1’
and the equimolar amount of free amine would be formed by
neutralization of Pd-p-hydroxo complex and the amine salt
(Table 7).34

As we hoped, even in reactions involving aromatic amines
with high basicity/nucleophilicity such as anisidine, the target
compound 62a was produced in 92% yield with 98% ee using as
little as 1 mol% of the catalyst, when the corresponding amine
salt 61a was used (Table 7).34 In contrast, when anisidine itself
was used, the ee was only 2%. Furthermore, as shown in entry
6, the catalyst amount could be reduced to 0.2 mol% without
problem. Various nucleophiles could be used. Among them, it
is noteworthy that benzylamine could be used in aza-Michael
reaction in an enantioselective manner.

With respect to Michael acceptors, substrates with acyclic
auxiliary groups were available without difficulty (Scheme
22). In the presence of catalyst 2a, the reaction of 63 with
trifluoromethyl-substituted aniline 61¢ occurred smoothly,
and the target compound 64 was produced with 89% ee. This
compound is an important chemical intermediate that can
be converted to cholesteryl ester transfer protein inhibitor
according to known procedures.3’ Furthermore, it was possible

R'NHoeHOTf P2 L
2a ( Pdl  2TfO° + R'NH,
- e S
=] L
1
L, L'= Hy,O, THF
o O .
2a (X = OTf) RHN O O
/\)L o+ R'NHzsTfOH :
RTX""N" "0
) THF, 1M R N” "0
— (1.5 equiv) 20-40 °C \/
60 61 62
entry R R' cat. time yield ee
(mol %)  (h) (%) (%)
1 Me p-MeOCgH, (a) 1 12 92 98
2 Me CgHs (b) 1 36 83 96
34 Me p-CF3CgH4 (€) 2 24 77 97
4 Et P-MeOCgH, (a) 2 24 80 94
5 BnOCH,  p-MeOCgH, (a) 2 6 98 97
6 Me p-MeOCgH, (a) 0.2 16 98 96
7b Me Bn (d) 2 60 75 86
8b BnOCH,  Bn (d) 2 60 74 80

2 THF/toluene = 1/2. ® The product was isolated as the corrsponding methyl ester.
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to use substrates having substituents at the o position such as
65. In such cases, the protonation of the putative Pd enolate
intermediates generated after conjugate addition of amine
proceeded enantioselectively, and 66 having a chiral center at
the o position was produced with as high as 94% ee.34

13. Conjugate Reduction using Pd Hydride
Species

In the absence of bidentate ligands such as 1,3-dicarbonyl
compounds, p-hydroxo complex 2 acts as a base and reacts
with alcohol. When ethanol is used as solvent, chiral Pd

hydride species is expected to generate via the formation of
a Pd ethoxide, followed by B-hydride elimination (Scheme
23).36 In fact, this hydride species acted as a reducing agent,
being applicable to conjugate reduction of enones.3” When J3,p3-
disubstituted enone 67 was reacted with catalyst 2a in ethanol,
the conjugate reduction proceeded smoothly to afford 68 with
92% ee. Since chemoselectivity of Pd hydride species was
high, ketones and halogens on aromatic ring did not react at all.
Furthermore, when partially deuterated ethanol (CH,CD,OH)
was used as solvent, deuterated compound 69 was obtained
selectively.

For catalytic asymmetric conjugate reduction reaction,
copper and rhodium catalysts have been extensively studied.3$
However, such reactions require silanes as reducing agents such

O
2 3 X
FsC CF
10 mol% 2a '3 MeO~ >N 3
Et/\)LN/U\OMe (X = TIO) \©\ known _
H NH O o —."7°
63 Toluene, 40 °C, 24 h H CF
. p-CF3CeHaNH, (0.5 equiv)  Et N OMe j\ Et 3
p'CF3C6H4NH2’ TfOH 64 [e) OEt
61c 98%, 89% ee torcetrapib
(1.5 equiv) (CETP inhibitor)
5mol%2a  MeO
i j)\ MeOCgH,NHye TIOH x=T0) \©\ i )CJ)\
+ e . ’
VLN Opn * PHEERERLTHe N7 N7 0Bn
H THF, rt, 8 h H H
Me 61 Me
65 a
(1.5 equiv) 66

80%, 94% ee

Scheme 22. Catalytic asymmetric reactions using carbamate-type substrates.

EtOH P_+ O B-H elimination P + H
2a *< Spac_rMe *< Pd”
/ e e
P H P X
X [ CHaCHO |
R O 25mol%2a(X=0T) R O R time (h) yield (%) ee (%)
PR " Me EtOH, rt Ph Me Et(67a) 3 o7 &4
67 68 i-Pr (67b) 1 99 92
c-Hex (67c) 0.5 97 86
CF3(67d) 1 85 84
iPr O 2.5 mol% 2a (X = OTf) ipr D O
Ph)\)LMe CH4CD,0H, 11, 6 h Ph Me
67b 69
99%, 86% ee
Scheme 23. Catalytic asymmetric conjugate reduction of enones.
o. .0 o. .0 2a yield ee
COMe  (S)-2a (X = TfO) COMe (%) (%)
AN %
EtOH, rt R 25mol% 99 96
MeO Ph
71 Meo 0.25mol% 96 96
1. BBr3 (o) (0]
2. recryst. 0._0 COMe
A~ Ph
79%, >99% ee =
HO
HO H Ph
Me~ OH

Warfarin (anti-coagulant) (70)

Scheme 24. Catalytic asymmetric synthesis of (S)-warfarin.




as polymethylhydrosiloxane (PMSH), which cause lots of waste
material. In contrast, our reaction uses ethanol as both solvent
and a hydride source. We expect that future improvement will
lead to the development of a practical environmentally-friendly
reaction.

Finally, as an application of our conjugate reduction, we
will introduce the asymmetric synthesis of warfarin 70 clinically
used as an anticoagulant (Scheme 24).3% Even though there is
difference in efficacy between each enantiomer of warfarin, it
is still prescribed as racemate. When 4-methyl-dehydrowarfarin
71 was reacted with p-hydroxo complex 2a in ethanol at room
temperature, the reduced compound 72 was obtained almost
quantitatively with 96% ee. Even when the catalyst amount was
reduced to 0.25 mol%, comparable results were obtained. After
the removal of the methyl group, single recrystallization gave
optically pure (S)-warfarin in good yield. 37

14. Conclusion

Since initiating our research project in the mid-1990s with
an interest in the mild reactivity of late transition metal enolates,
we have developed various asymmetric catalytic reactions based
on two methods for the formation of chiral metal enolates.
During the course of our initial investigations on Pd enolates
generated by transmetallation, we have succeeded in developing
two cationic Pd complexes with distinct property, the aqua
complex and the p-hydroxo complex. We next focused on the
acid/base character of these complexes, which led us to the
discovery that the active methylene and methine compounds
react readily with the Pd complexes to form the enolates. This
direct enolate formation was found to be applicable to various
asymmetric reactions. In addition, we demonstrated that some
nickel and platinum complexes are good catalysts as well. Our
studies also showed that acid-base catalysis were not restricted
to enolate chemistry, but were also effective in conjugate
addition of amines and conjugate reduction with ethanol as the
hydride source.

Finally, we hope that the essence of our results will
stimulate future research in the development of more beneficial
organic reactions and catalytic reactions.
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Useful lonic Liquids

T2564 Tributyl(2-methoxyethyl)phosphonium Bis(trifluoromethanesulfonyl)imide (1) 5¢

(GH2)aCHs
+
CHyOCHZCHz—R—(CHz)sCHa
(CH2)3CH3
(CF3S0,5)oN™
1
OH 1)
H
CHO RMgBr (1.2 eq.) R R=Ph Y. 95%
—> R=Vinyl Y.93%
1,0°C, 5~15 min R =n-CgHi7Y. 81%

Tributyl(2-methoxyethyl)phosphonium Bis(trifluoromethanesulfonyl)imide (1) is an ionic liquid developed
by Itoh et al. It is extremely useful as an organic reaction solvent. For example, it permits the use of strongly
basic aliphatic Grignard reagents, which are poorly suited for use with general ionic liquids, and gives the
corresponding products in high yields.! In this reaction, 1 is recoverable and recyclable and has attracted
attention as a useful ionic liquid.

References
1) lonic liquids as a medium for the Grignard reaction
T. Itoh, K. Kude, S. Hayase, M. Kawatsura, Tetrahedron Lett. 2007, 48, 7774.

Related Compounds

lonic Liquids
+_Me +_Me +_Me
N N N
LJ LJ LJ
’Tj Cl~ l}l Br~ l}l |~
Alk Alk Alk
Alk = Methyl [D3341] Alk = Ethyl  [E0543] Alk = Ethyl  [E0556]
Ethyl  [E0490] Butyl  [B2193] Propyl  [M1440]
Butyl  [B2194] Hexyl [H1227] Butyl  [B2708]
Hexyl [H1097] Octyl ~ [M1904]
Octyl  [M2062]
+_Me +_Me +_Me
N N N
W ] ]
l}l BF,~ l}l PFg™ l}l CF3S0O3-
Alk Alk Alk
Alk = Ethyl  [E0496] Alk = Ethyl  [E0493] Ak = Ethyl  [E0494]
Butyl  [B2195] Butyl  [B2320] Butyl  [B2337]
Hexyl  [H1099] Hexyl [H1098]
Octyl  [M2063]

Various other ionic liquids are also available. For more information, please refer to our website.
http://www.tciamerica.com/product/synthetic-chem/S019.shtml
http://www.tcieurope.eu/en/product/synthetic-chem/S019.shtml

http://www.tci-asiapacific.com/product/synthetic-chem/S019.shtml
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Tetracarboxylic Dianhydride
C2262 1,2,3,4-Cyclobutanetetracarboxylic Dianhydride (1) 19,59
NH,
Q O HoN NH,
1 4 5
1.5eq. 1eq. 1 eq.

N-Methyl-2-pyrrolidone
Hydroquinone 5x10** eq.
0-10°C,24 h

Due to their thermal, chemical, physical, and electrical properties, polyimides are used as protective films
for electronic materials and insulating bases. Among polyimides, alicyclic polyimides have been used in liquid
crystal display (LCD) due to their high transparency and low electrical conductivity. The photoresponsive
alicyclic polyimides have also contributed to widespread use in thin-film transistors (TFT) and integrated circuits
(IC) due to their high workability.

Choi et al. have succeeded in obtaining photoresponsive polymer 2 by reacting 1 with a methacrylic acid
derivative.? This polymer exhibits high transmittance of 85% at 400 nm and a high degree of planarization
of 70%. Polyimide can be obtained from this polymer after pattern formation by photoirradiation followed by
heating to promote a dehydration reaction. The resulting polyimide is reported to be a suitable material for thin-
film transistors

Referenses

1) Synthesis and characterization of negative-type photosensitive polyimides based on cyclobutane-1,2,3,4-tetracarboxylic
dianhydride
S. M. Choi, K. J. Kim, K.-Y. Choi, M. H. Yi, J. Appl. Polym. Sci. 2005, 96, 2300.

Related Compounds
C0857 1,2,3,4-Cyclopentanetetracarboxylic Dianhydride 59 25¢g
B1317 Bicyclo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic Dianhydride 25g 5009

r

_/
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Oxidizing Reagent
A2065 4-Acetamido-2,2,6,6-tetramethyl-1-oxopiperidinium Tetrafluoroborate (1) 5¢
NHAc - NaOCl 1)
0
+ BF,~ NHAc
N OH 'I\Il 4 NS H
0 +
1 P - + BF4_
CH,Cl,, SiO, | H,N\OH
2 3 Y.93% 4
OBn OBn 2)
BnO Q 1 » BnO Q
BnO OH Py / CH,Cl BnO
BnO BnO ~O
5 6 Y.97%
0 9
1
2 RO\/\OH > RO\)kO/\/OR
Py, MS, CH20|2
7 s R=n-Bu Y.95%

1 is a convenient, stable, and recyclable oxidizing agent, particularly useful in oxidizing allylic alcohols, as
in the synthesis of geranial 3 from geraniol 2, and the oxidation of hemiacetal 5, such as an aldose sugar, into
aldonolactone 6.2) Byproduct 4 can be oxidized using sodium hypochlorite and recycled back into 1 for reuse. It
can also be used to transform bifunctional alcohol 7 into ester 8 by oxidative dimerization3 and in the synthesis
of allylic alkoxyamines.4

References
1) A stable and convenient reagent for the oxidation of alcohols
J. M. Bobbitt, J. Org. Chem. 1998, 63, 9367; J. M. Bobbitt, N. Merbouh, Org. Synth. 2005, 82, 80.
2) Oxidation of O-1 unprotected monosaccharides to lactones
N. Merbouh, J. M. Bobbitt, C. Brlickner, Tetrahedron Lett. 2001, 42, 8793.
3) Oxidative dimerization of polyfunctional primary alcohols to esters
N. Merbouh, J. M. Bobbitt, C. Brickner, J. Org. Chem. 2004, 69, 5116.
4) Ene-like addition of an oxoammonium cation to alkenes
P. P. Pradhan, J. M. Bobbitt, W. F. Bailey, Org. Lett. 2006, 8, 5485.

Related Compounds

M0981 N-Methylmorpholine N-Oxide (50% in Water, ca. 4.8 mol/L) 25ml 500ml
T1560 2,2,6,6-Tetramethylpiperidine 1-Oxyl Free Radical 59 25¢g
A1348 4-Acetamido-2,2,6,6-tetramethylpiperidine 1-Oxyl Free Radical 59 25¢g
HO0878 4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-Oxyl Benzoate Free Radical 19 5¢g
M1197 4-Methoxy-2,2,6,6-tetramethylpiperidine 1-Oxyl Free Radical 19 59
T1362 Trimethylamine N-Oxide Anhydrous 19 59
T0466 Trimethylamine N-Oxide Dihydrate 259 5009

r
\_
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Palladium(0) Catalyst
B3161 Bis(tri-tert-butylphosphine)palladium(0) (1) 250mg
(t-BU)SP:Pd
(t—BU)3P
1
CN Me CNMe 1)
2% 1
o - 0
THF / 1-Methyl-2-pyrrolidinone,
MeO oM M 1007¢ MeO MeO M
© © © (1.5eq.) e e e Y. 76%
2)
R | 2% 1
X | NHR'R2, DBU, CO (1 atm)
N THF, rt o

R', R?=-(CHp)s- R=4-NO, Y.77%
R', R2=-(CH)s- R =4-COOEt Y.99%

1 is a palladium complex having tri-tert-butylphosphine as the ligand. It is used in various C-C bond forming
reactions. Dai and Fu have been reported to use 1 in Negishi coupling with good results.!) According to their
report, they succeeded in achieving high yields for tetra-ortho-substituted biphenyls. In addition, lizuka and
Kondo have succeeded in obtaining o-ketoamide 2 in high yields from carbon monoxide, an iodobenzene
derivative, and a secondary amine at room temperature in the presence of DBU and 1. a-ketoamide is a
convenient intermediate that can be used in the synthesis of a-amino acids and a-hydroxycarboxylic acids.

References
1) The Pd-catalyzed coupling reactions

C. Dai, G. C. Fu, J. Am. Chem. Soc. 2001, 123, 2719.
2) Pd-catalyzed double carbonylation of aryl iodides

M. lizuka, Y. Kondo, Chem. Commun. 2006, 1739.
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Vinylation of Aryl and Alkenyl Halide

T2523 2,4,6,8-Tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane (1)

t'BLIzP

PdBr, (5 mol%), TBAF (2.0 eq.)

Ligand
(10 mol%)

59,259

Y

TBAF = Tetrabutylammonium Fluoride

Br (I:H:CH2
O o—si-CHs
— CH,=CH—Si o
+ . _
% O\Si_O/S{—CH—CHZ
R CHy CHs
CH=CH,
1(0.5eq.)

THF, 50 °C

R =2-NOy, Y. 85%
R =4-MeO, Y. 86%

Vinylpolysiloxane 1 rapidly undergoes cross-coupling reactions with aryl bromides in the presence of
tetrabutylammonium fluoride and Pd catalysts under mild conditions to give coupling vinylation products in high

yield."

Stem-type dendrimers are synthesized by the reaction of 1 as the core with an excess of trichlorosilane in

the presence of a Pt/C catalyst.2)

References

1)

Vinylation of aryl and alkenyl halides using the vinylpolysiloxane

a) S. E. Denmark, C. R. Butler, Org. Lett. 2006, 8, 63. b) S. E. Denmark, S.-M. Yang, Tetrahedron 2004, 60, 9695. c) S. E.

Denmark, Z. Wang, J. Organomet. Chem. 2001, 624, 372.
Synthesis of carbosilane dendrimers
C. Kim, H. Kim, Synthesis 2005, 381.

2)

Related Compound
D3387 2-(Di-tert-butylphosphino)biphenyl

1g
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Horner-Wadsworth-Emmons Reagents for E and Z-Selective Synthesis

D3708 Diethyl (N-Methoxy-N-methylcarbamoylmethyl)phosphonate (1) 19,59
D3709 Diphenyl (N-Methoxy-N-methylcarbamoylmethyl)phosphonate (2) 19,59
Base Yield (%) Z:E 1b)
i) Base gIaPHEA 94 5:95
|| Et,0 or CH5CN 87 5:95
CHaw J\/ Og:zg:z ii)Hegptaz;l ] DBU 81 5:9
OCH3 ] AW
(0] R (0]
CHs -
3 ’T‘M + CH3 ITJJJ\/\R
OCH; (2 OCHz (g
) Base, THF %
Tl || ) 2-Et-hexanal
CHa J\/ < @ Base Yield (%) Z:E 3)
NaH 99  79:21
OCH3 t—guOK 94 69:31
LDA 84  70:30

Horner-Wadsworth-Emmons reagent 1 react with aldehydes and ketones to give corresponding E-o.,(3-
unsaturated N-methoxy-N-methylamides.?) The presence of the Weinreb-Nahm amide, which can be
transformed to aldehydes and ketones, makes 1 a useful reagent as a bifunctional building block.2 In contrast,

Ando reported an useful Z selective olefination using Horner-Wadsworth-Emmons reagent (
2.3) Synthetic applications of 2 are being studying.4)

References
1) Horner-Wadsworth-Emmons reagent for E-selective synthesis

a) J.-M. Nuzillard, A. Boumendijel, G. Massiot, Tetrahedron Lett. 1989, 30, 3779. b) D. F. Netz, J. L. Seidel, Tetrahedron

Lett. 1992, 33, 1957.
2) E-selective synthetic applications

a) L. C. Dias, V. G. Correia, F. G. Finelli, Tetrahedron Lett. 2007, 48, 7683. b) C.-D. Lu, A. Zakarian, Org. Lett. 2007, 9,
3161. c) P. Etayo, R. Badorrey, M. D. Diaz-de-Villegas, J. A. Galvez, J. Org. Chem. 2007, 72, 1005.

3) Horner-Wadsworth-Emmons (Ando-type) reagent for Z-selective synthesis
K. Ando, Synlett 2001, 1272.
4) Z-selective synthetic applications

a) S. Kojima, T. Hidaka, A. Yamakawa, Chem. Lett. 2005, 34, 470. b) T. Momose, N. Hama, C. Higashino, H. Sato, N.

Chida, Tetrahedron Lett. 2008, 49, 1376.

Ando-type reagent)
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Derivatization Reagent for Electrochemical Detection

S0599 Succinimidyl (2R)-6-(tetrahydro-2H-pyran-2-yloxy)-
2,5,7,8-tetramethylchroman-2-carboxylate (NPCA) (1) 50mg

The precise quantification of monoamine neurotransmitters such as dopamine (DA) and
5-hydroxytryptamine (5-HT) is an important theme in neurochemical research particularly in the investigation of
the mechanism of pathogenesis of neurological diseases. Accordingly, the area has been the focus of much
research effort in recent years.

Amongst the methods developed for this purpose is that introduced by the research group of University
of Shizuoka which employs derivatization reagent NPCA (1) for electrochemical detection. 1 has an activated
ester group which can undergo reaction with various primary amines, and a 6-hydroxychroman skeleton in
which hydroxyl group is protected with a THP group. Interaction of 1 with various primary amines under mild
conditions, followed by removal of the THP group affords the corresponding o-CA derivatives which have
6-hydroxychroman skeleton. These o-CA derivatives exhibit intense EC activity based on 6-hydroxychroman
skeleton and can be separated efficiently by HPLC on an ODS column.

CH3 o CHs

0] 0] (0] HO (0]

Il RNH, H* I H
O/ WC—O—N | T «C—N-R
N pH 8.0 rt, 10 min N
CHg 0" "CHs CHg 0~ YCH;z

CHs 0 CHs

1 o-CA derivative

According to reports of the reactions between 1 and a variety of monoamine neurotransmitters published
by this research group, the derivatization reaction can be carried out by the addition of 0.1 mM monoamine
in phosphate buffer solution 10 pul and 50 mM NPCA in acetonitrile solution 10 pl to a mixture of 100 mM
phosphate buffer (pH 8.0) and acetonitrile (1:1, v/v) at 40 °C. The o-CA derivatives can be obtained by
subsequent acidification of this reaction mixture with H3PO,.

Following this, they investigated the separation of o-CA derivatives of various monoamine neurotransmitters
by reverse-phase HPLC using EC detection. These studies revealed that the o-CA derivatives can be
separated excellently on an ODS column by using a gradient elution with buffer solution (pH 5.0) and methanol.
Furthermore, the o-CA derivatives can be detected with an applied voltage of less than +600 mV, and the
basal noise level in the chromatogram can be decreased permitting high sensitivity analysis to fmol level. They
have applied this method to rat urine analysis and achieved simultaneous determination of DA and 5-HT along
with their monoamine oxidase (MAO) metabolites 5-hydroxyindole-3-acetic acid (5-HIAA) and homovanilic acid
(HVA). Additionally, in view of the intense EC responses exhibited by the o-CA derivatives, the possibility of
application of the technique to a semi-micro HPLC system and the capillary electrophoresis-EC detection is
also indicated.

The simultaneous determination of neuroactive monoamines, their MAO metabolites, and catechol-O-
methyl transferase (COMT) metabolites is possible in this HPLC-EC method. Therefore, this method is useful
for investigating the alterations in monoamines and their metabolites in urine from patients with several
diseases such as neuroblastoma and migraine. Additionally, racemic compounds such as bL-norphenylephrine
hydrochloride (DL-NPE) reacts with 1 to give diastereometric derivatives. These diastereometric derivatives can
be separated on an achiral ODS column and the optical purities of DL-NPE etc. can be determined.

References
1) T. Sasaki, T. Fukushima, M. Ohishi, T. Toyo'oka, Biomed. Chromatogr. 2008, 22, 888.
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