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“Brgnsted base-assisted boronic acid catalysis for the dehydrative intramolecular
condensation of dicarboxylic acids”

Akira Sakakura, Takuro Ohkubo, Risa Yamashita, Matsujiro Akakura, Kazuaki

Ishihara

Org. Lett. 2011, 13(5), 892—895.

“Intramolecular Dehydrative Condensation of Dicarboxylic Acids with Brgnsted Base-
Assisted Boronic Acid Catalysts”

Akira Sakakura, Risa Yamashita, Takuro Ohkubo, Matsujiro Akakura, Kazuaki

Ishihara

Aust. J. Chem. 2011, 64(11), 1458—1465.
“HILIRVEREKYIDRES EZ RO T)—ILAROVEREEY”

EAE AR—FE.REE

AERE B KRFEANBTEKRE

EfRHFEZES PCT/JP2010/053442, 20104 3H3H
ER 2 FZES :W02010/103976, 20104F9H 16H
‘a-ERAF ALK VBT IFMEE MO EERVHERLET ) —ILROVEESY”

%Eﬂ% EE $/~

An/

IR EE;

%5F82012-032400, 2012%FE2H17H
2,6-Bis|[(2,2,6,6-tetramethyl-1-piperidinyl)methyl]phenylboronic acid (contains varying

amounts of anhydride)(#Em&E5B3927)% R RIL AL T KV ER5ERAIA(201247R)
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Application of Carboxylic Anhydrides

0) 0)
(o) (o)
o) )

Pyromellitic Dianhydride

+

o

Polyamidocarboxylic Acid

o

e b @@

0]
Polylmlde [Kapton®]

B - B R 1EAR UM SR (DuPont)

Current Synthesis of Carboxylic Anhydride

HO,C CO,H ? 7
ID: + AccO —>» O O + AcOH
H02C COZH (exceSS)
o o]
5,/21
BERERERECONT  (1-3) BISARIE: kS A (B8 M) i
Catalytic Dehydrative Condensation of Di- or Tetracarboxylic Acids
B(OH),
N N
o]
B CO-H (1 mol%) X
Ry P R o
Z CO,H PrCN, azeotropic reflux, 12 h =
o]
Carboxylic anhydride, yield
” FsC CFs3
90% 98% 85%
92% 90% >99% 96% 100%

Sakakura, A.; Ohkubo, T.; Yamashita, R.; Akakura, M.; Ishihara, K. Org. Lett. 2011, 13, 892-895.
EERE 021032 6,21
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Catalytic Dehydrative Condensation Between
Phthalic Acid and Aniline for the Synthesis of Diimide

HO,C CO,H

B(OH)2
Aniline (2.5 equiv.)
PrCN (0.25 M)
azeotropic reflux, MS 3A, 12 h

(1 mol%)

/ Diimide is isolated by filtration.
o) 0

0 run |1st 2nd 3rd 4th 5th
PhN NPh vield(%) | 98 94 98 95 93

0] o
Sakakura, A.; Ohkubo, T.; Yamashita, R.; Akakura, M.; Ishihara, K. Org. Lett. 2011, 13, 892-895
BERE M21.03-2 7 21
ARBRREICONT (2-1) BISAME TRTL3HAE (FREYRH) N

+ ‘“Ligand-assisted rate acceleration in lanthanum(lIl) isopropoxide-catalyzed transesterification of
carboxylic esters”

Manabu Hatano, Yoshiro Furuya, Takumi Shimmura, Kastuhiko Moriyama, Sho Kamiya,
Toshikatsu Maki, Kazuaki Ishihara

Org. Lett. 2011, 13(3), 426—429.

+ “Lanthanum(lll) isopropoxide-catalyzed chemoselective transesterification of dimethyl
carbonate and methyl carbamates”

Manabu Hatano, Sho Kamiya, Katsuhiko Moriyama, Kazuaki Ishihara
Org. Lett. 2011, 13(3), 430—433.

* “In situ generated “lanthanum(lll) nitrate alkoxide” as a highly active and nearly neutral
transesterification catalyst”

Manabu Hatano, Sho Kamiya, Kazuaki Ishihara
Chem. Commun. 2012 Advance Article. DOI: 10.1039/C2CC34987F.
‘TRATIEERZE
RAEB AR, KEHFE EANE . BiIXFEANETEXRE
#%5EE2010-237228, 20105£10 22H
s “IRTIVELERE
¥RAE AR, RKEHFE EANE BiIXFEANETEXRE
#%5EE2011-196789, 20114E9H9H
. BTRIITZEHRE (2012488288 () 21M)
TEORHLIAK SUAVAMETIATILAER EEREE HEE~) 8,21




MZEAFEMRICONT

(2-2) BAFEAEE: TR T )L MK (55 —1H )

NES

La(Oi-Pr)s-Catalyzed Transesterification

Lewis 'acid R?
IMe,: .Rz Me
J(l)\ ,cat. La(l) o \9oJ{ O/\Q._ o lcl)\
+ R20H ( W e % —
R “OMe hexane La\46>La/ R!” NOR2
. = (-MeOH) N
(1 equiv) (1 equiv) o :
ol 9
.l' R2 Me
—  Lewis base -
(o) . (o)
JJ\ + RZOH —_— La(OI'Pr)3 — JJ\
R “OMe (1-3 mol%) R “OR?2
1 equiv 1 equiv —\
0 HO O OMe (o)
Jj\ + R20H — (2-6 mol%) —> Jj\
MeO~ “OMe MeO~ “OR?
solvent 1 equiv n-hexane or MeOCO,Me
0 , MS 5A o]
+ R°OH — azeotropic reflux —>
R3HN JLOMe P R3HN ll\ORZ
1 equiv 1 equiv (-MeOH/MS 5A) High yield
(R20H = 1°-, 2°-, and 3°-alcohols) High chemoselectivity
EERE M21.03-4 o 21
. . e . /\
ARAZERRIZONT (2-3) FAFKMIE: TXT)L A (F_HE) ol

La(Oi-Pr),
- Lewis and Bronsted basic

- Expensive
(98% purity, 48,600 JPY /3 g)

- Moisture-sensitive

f La(NO3)3'nH20

- Lewis acidic

=

- Inexpensive
(99.9% purity, 45,700 JPY /500 g)

- Moisture-tolerance

La(NO3)3-H20
(1-3 mol%)

[Me(n-octyl);P][OCO,Me] or (n-octyl);P

(2—6 mol%)

(o) (o)
J_+ R°OH o > J
MeO~ ~OMe MS 5A MeO~ “OR3
solvent 1 equiv azeotropic reflux Gram-scale synthesis
from 1°-, 2°-, and 3°-alcohols
La(N03)3’H20
(1-3 mol%)
[Me(n-octyl);P][OCO,Me]
o (2—-6 mol%) o
R‘\*HL + ROOH > RK’HL 3
5 OMe hexane, MS 5A 5 OR
R azeotropic reflux R
1 equiv 1 equiv Without epimerization

FERE 121.Q-14

10721




FERESERECONT  (2-3) BASAME: TR /L3S HANE (R EEMEE) 3]

Transesterification of Dimethyl Carbonate

La(N03)3‘H20 (3 mOI%)
o [Me(n-octyl);P][OCO,Me] (6 mol%) 0
J_ + ROH »> I

MeO "OMe MS 5A, azeotropic reflux MeO "OR
(solvent) (1 equiv) (bath temp. 110 °C)

Product and yield (time)

~ OCO,Me OCO,Me
Ph™ "OCO;Me O/ 0CO,Me Ph/\/i\

=>99% =>99% 82% 94%
(1 mol%, 1 h) (1 mol%, 1 h) (8 h) (5 h)
0CO,Me
0CO,Et
0CO,Me
0C02Me
98% 96% 96% 98%
(7 h) (17 h) (18 h) (1 mol%, 145 °C, 1 h)
FEEE M21.3-13 1121
FERESREICONT  (2-4) BASAME : TRT/L3THANE (R EEMEE) 1]

Transesterification of Methyl Carboxylates
La(NO3)3-H,0 (3 mol%)
o [Me(n-octyl);P][OCO,Me] (6 mol%) o
+ 2
R‘JLOMe Reon n-hexane (bp. 69 °C), MS 5A R1Jj\
(1 equiv) (1 equiv) azeotropic reflux (bath temp. 90 °C)
Product and yield (time)

o) (o) (0] 0
X o (o) (o)
OBn OBn Bn
| P \")LOBn )I\/U\OBn
NC MeO N

OR?

94% (1 h) 95% (10 h) 92% (1h) 80% (10h) 84% (12 h)
i QS S G
PhJLO/\/\TMS PhJ\o Ph” ~0”7 “CgH;; Ph™ O

97% (3 h) 97% (16 h) 93% (24 h) 90% (36 h)

0 o) o) J\ o) ' 0
)J\OEt :> )Locsﬂﬂ )Lo CeHys )Lo“ )Lo/@

>99% (1h)  >99% (1h) >99%(1h)  71% (18 h)

EEREE M21.3-13 1221
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Non-Epimerized Transesterification

o] o]
catalyst

Ph \_)LOMe + BnOH - —» Fh \_)J\osn

: n-hexane (bp. 69 °C), MS 5A -

OH azeotropic reflux (bath temp. 90 °C) OH

>99% ee
' La(NO3)53-H,0 / {[Me(n-octyl)sP][OCO,Me]}, (3 mol%) ' : 91% (3 h), >99% ee
La(Oi-Pr)3 / [H(OCH,CH,),0OMe], (3 mol%) : 87% (3 h), 0% ee

Product, yield, and ee (time)

o) 0 o)
)\./u\osn Ph/\.)LOBn \.)LOBn
NHAc NHBoc Cl

90% yield 84% yield 91% yield
>99% ee (24 h)  >99% ee (70°C, 3 mol%, 20 h)  97% ee (rt, 3 mol%, 12 h)

MeO o 0 0 O
Ph |
OO OB \.)J\chH17 O J\o
(0]

n

OH
99% vyield 88% yield 95% vyield
97% ee (3 mol%, 16 h) 99% ee (70°C, 3 mol%, 9 h) >99% ee (2 h)
EZEE W21 3-14 13721
HRBIRMEICONT  (3-1) BASAE . BEFMIYRME (REYRR) i

* “In situ generated (hypo)iodite catalysts for the direct a-oxyacylation of
carbonyl compounds with carboxylic acids”

Muhammet Uyanik, Daisuke Suzuki, Takeshi Yasui, Kazuaki Ishihara
Angew. Chem. Int. Ed. 2011, 50(23), 5331-5334.

« BYIIZEHE (20114F9H16H23Mm)
SREORELIRT—HIEGCEDRERH . BEIXTREICER., £ EMIE O
RGKBIERTE]

o “a-T7PAFXIAILKRIIVEEYDO R
A& AR —& . Muhammet Uyanik; #&#|& B KFEALHEKRE
4% RE2010-049003, 2010543 A5H

. ;ZI-T‘/D#973)brl‘(:)MI:érfl%O)%%Z’LU‘%HE?‘JG-T’/l:lﬂF’/jJ)lﬁI—l‘:)Mté
ERHFEES PCT/JP2011/055043(W0), 20114E3H48; t&31& :EiL KF
FEANETERE-ZZL—A0KAE
BEHFEES:100107298(TW), 2011E3 A48 ; 2% S : TW201139360,
201111 H16H

14721
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Biologically Active Compounds Including a-Acyloxycarbonyl Compounds

R1ﬂ\(o 0
i m/f
RS /n

Antifouling coating composition
Cortisone acetate Salvinorin A or Positive-type resist material

Previous Methods for a-Oxyacetylation of Carbonyl Compounds

Hypervalent lodine—Catalyzed o-Acetoxylation: Ochiai, et al. JACS 2005, 127, 12244,
Ph—I (10-30 mol%) 0

o] BF;°OEt; (3 equiv)
”\/ R2 + AcOH + m-CPBA > R1J]\/°A° + ﬁ"gBA
R1 (70 equiv) (1.4-2equiv)  H,0 (3-5 equiv) +Hy

rt, 2048 h R?
43-63% yield

Bromine-Catalyzed o-Acetoxylation: Hayashi et al. Chem. Lett. 2010, 39, 929.

o)
o] Bu,NBr (30 mol%)
1 ﬂ\/Rz +  70% aq. '‘BuOOH A40H 025 mD) > R1u\(0Ac I:—ilé)OH
R i c .25 m
(1.3 equiv) 110°C, 24 h R2
15-74% yield

FERE M.21.Q-5 1521
BRBARHECONT  (3-3) BISAE HETFMEIIRME (ES) 2B

Oxylactonization of Oxocarboxylic Acid

Arl / m-CPBA Oxidation System: I-/ H,0, Oxidation System:
. ' o] R,N*-0-1=0

: TsO—I—OH HO o i

5 T—ﬁBé‘\ Ph R R,N*-O-I H,O only!
P iodine(lll) oxocarboxylic iodine(l or )

' acid

' "selective oxidation

: under

: mild conditions"

: % 5

: Ph-I (pre-cat) >\\<jo R.N*-

'm- “ 30% H,0
:m CPBA TsOH (cat) R (pre-cat) 2-8
"""""""""""""""" oxolactone

Uyanik, Yasui, Ishihara, Yasui, Uyanik, Ishihara, Proc. 89th Ann.
Bioorg. Med. Chem. Lett. 2009, 19, 3848. Meet. of Jpn. Chem. Soc. 2009, 3G-13.

o~-Oxyacylation of Carbonyl Compounds (Intermolecular Oxidative Coupling)

(o] ﬁ\ o R4N* I~ (pre-cat) 0 . o
R2 + + 30% H2 2 > R1J]\/ + H2
R1ll\/ RS "OH mild conditions R2 \[(])/
carbonyl carboxylic a-acyloxycarbonyl
compound acid compound

EEFEE 121.0-6 1621
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Direct Oxidative Coupling of Ketones and Carboxylic Acids

o]
(o) BuyN* I~ (10 mol%)
I_ge *+ R°COM + 'BUOOH >~ Fﬂll\/ocon"* . ;BLE)OH
R EtOAc, 75 °C R2 2
(1 mmol) (1mmol) (2 mmol)
Time, yield

R = 4-F: 26 h, 90% o R
o 3,4-Cl,: 6 h, 80% o
O)H/OCOPh 4-Br: 16 h, 82% (19 h, 99%)3 ph)H/
o)

RE 2-Me: 36 h, 56%
= 4-Me: 24 h, 61% (24 h, 81%)? R = Me: 23 h, 91%?
4-Ph: 22 h, 92% NO,: 53 h, 85%7
0 | o} o}
J\(OCOMe Ph)H/O\n) Ph)H/O\Hk PhJ\rOCOPh
0 o Ph
h, 61% 24 h, 57% (72%)? 24 h, 61% (72%)? 18 h, 84% (BuyNI: 5 mol%)
o) o} o} 0O o
Ny OCOPh Eh\‘)j\(OCOPh s OCOPh )J\KU\
| Z Q\,IN W
OCOPh
40 h, 67% 12 h, 90%?2 43 h, 75% 24 h, 76%?
0O o o o 0O o o
Ph)l\(U\ )J\(U\ofau MeoJ\(lLOMe on J_ocopn
OCOPh OCOPh OCOPh
4 h, 78% (50 °C) 17 h, 83% (rt) 10 h, 66% 24 h, up to 30%
2: 2 mmol of ketone was used.
ELEE 121 315 17721
R . /\
BERERERRCONT  (3-5) BISAE  HE TRy R (L EE M) A
Oxidative Coupling of Aldehydes and Carboxylic Acids
BuyN* I~ (10 mol%)
Piperidine (5 mol%) CHO .
rI~\~CHO + R2co,H + 'BuOOH > R, 'BuOH
EtOAc, 50 °C OCOR?2 H,0
(1 mmol) (1 mmol) (1.1 mmol)
Time, yield

CHO CHO CHO
Ph Ph 3 Me

OCOPh

(0] o
4 h, 62% 5h, 70% 19 h, 70% 5h, 75%
(BuygNI: 20 mol%) (piperidine: 10 mol%)

Ph WCHO CIWCHO BnOWCHO TBSOWCHO

OCOPh OCOPh OCOPh OCOPh

4 h, 87% 4 h, 75% 5 h, 70% 4 h, 81%

CHO CHO CHO
OCOPh — OCOPh

OCOPh OCOPh

4 h, 77% 4 h, 77% 4 h, 78% 4 h, 73%

FERE N21.3-16

18721
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AL

cat. precursor

OH

A

R'" "H
OH

I

R'" "H
OH

A

R! "R2

OH

RT
Z

Oxone

|
R” C :SO3H

1~10 mol%
Aldrich

Junsei Chem.

TCI

Oxone

R

2 o
- L
R (')l 0
catalyst
o]
_>
R‘ll\ H
o
_>
R‘lLOH
o]
_>
R‘lL R2
_>

(o)
(0
_:/

Uyanik, M.; Ishihara, K. Aldrichim. Acta 2010, 43, 83-91.
Uyanik, M.; Mutsuga, T.; Ishihara, K. Molecules 2012, 17, 8604—8616.

Muhammet UyanikBiE N E 150 FKE
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