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Conventional catalysts: Bu,SnO/Bu,Sn(NCS),, Sb,03, Ti(0i-Pr),, ZnCly-2THF
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For a review: Otera, J. Chem. Rev. 1993, 93, 1449.

For an account: Hatano, M.; Ishihara, K. Chem. Commun. 2013, 49, 1983.
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1. Preliminary results for chelatable substrates

PhCO,Me
+ catalyst (6 mol%)
Ho-~-OH 820”082 + o082
2:1) n-hexane (bp. 69 °C) di- mono-

MS 5A (-MeOH)
azeotropic reflux, 1 h
1/2 La(0i-Pr)3

172 La(NO )3 H,0 [Me(n-octyl);P]+{OCO,Me]-

HO/ \o/ \OMe [Me(n-octyl);P]*{OCO,Me]- di-: 76%, mono-: 15%
(1st. G) (2nd. G) [Me(n-octyl);N]*[OCO,Me]~

di-: 0%, mono-: 7% di-: 43%, mono-: 11% di-: 73%, mono-: 20%

2. Ammonium catalyst for chelatable substrates
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green catalysis
1st Generation: Basic
(o]
a W
I La(0i-Pr); (1-3 mol%) R'" “OR2
R'" “OMe —_— p to >99%
HO' O Owme (2-6mol%) 0
o +  R20H
> oA
. MeO OR2
eOJLOMe 1:’ 2°, and n-hexane or MeOCO,Me, MS 5A up to >99%
or o 3°-alcohols azeotropic reflux, 1-48 h o
(1:1)
R3HNJL0Me Fl:’HN)I\OR2
up to 98%

Hatano, M.; Furuya, Y.; Shimmura, T.; Moriyama,K.; Kamiya, S.; Maki, T.; Ishihara, K. Org. Lett. 2011, 13, 426.
Hatano, M.; Kamiya, S.; Moriyama, K.; Ishihara, K. Org. Lett., 2011, 13, 430.

2nd Generation: Nearly neutral

La(NOg)gH,0 (3 mol%) o c
H
] [Me(n-octyl);P1*[OCO,Me]~ sH17
CgH
Ph\)LOMe + BnOH (6 mol%) . Ph \_.)LOBn aH17\ Ve
: > 0 gHi7” ¢
OH (1) hexane, MS 5A H Nos~ |,
599% ee ' azeotropic reflux, 3 h 91%, >99% ee

Without epimerization

Hatano, M.; Kamiya, S.; Ishihara, K. Chem. Commun. 2012, 48, 9465.

4. Comparison of ammonium catalysts

o %, o
o [Me(n-octyl)sN]*{OCO,Me]- (6 mol%) o I+ row catalyst (6 mol%) L A: [Me N]*[OCO,Me]-
+ R20H Ph”” “OMe toluene (bp. 110 °C), MS 5A Ph”” “OR : - + -
a S ome whexane (bp. 69 °C) MS 5A (-MeOH) alore . ne {bp. 110 °C). B: [Me(n-octyl);NI*[OCOMe]
(1:1) azeotropic reflux )
H o ;
oH o L A:98%(1h) |
ph Ph” 0 "N Blogy(1h) | o = G2 o
o b ﬁ @A @J)L | Biriim | nlor
96% (1 h) 94% (3 h) 90% (2 h) 93% (3 h) o i Ph” 70O e i PR 0T Y
(La: 0%) (La: 0%) (La: 1%) (La: 57%) P J\/\/\/\ A:97%(2h) | ; :
Ph” 0 B.ag%@h) i | @ A:96%(2h) | A:91%(2h)
)\ J\/\/\n/ AcO, \")'\ | ph” 0 B:59% (2h) | B:20%(2h)
AcO /\Q o] ; ; :
o8 @h) o 00 \)\/ ste@h) J Ji/\/\/ A:94%@h) i @ Azote@h) i 2
(La: 2%) M FPrO 85% (14 h) 64% (16h) ;) poope (27 2%) in Ph™ "0 B:38%(3h) ! Ph)LO B:63%(2h) : P
Cosmetics (emollient effect) (La: 0%) (La: 0%) Industrial acrylate H ! Ph o™
[o] [o] o H H
(o] A:95%(2h) :
M Ph._ O~~~ il N /C\/\ : A: 98% (3 h)
Ph : 269 :
\n)]\o/\/omj\ MeO”™ 0™ % hig 0" "Ph o B:26%(2h) | )ol\ B:45%(3h) | A:82%(1h)
o N~ o 93% (1 h) {ph” YO B:27% (1 h)
87% (5 h) 95% (3h) | pmc (La: 0%) o ;
(La: 6%) (La: 33%) )L A:97%(3h) |
Contact lens La: 1/2 La(NO3)5'H,0 + [Me(n-octyl)sP]*[OCO,Me]~ Ph” "0 B:26%(3h) :
3. Ammonium catalyst vs. phosphonium catalyst
5. Substrate scope
o catalyst (6 mol%) o]
)l\ ¥ /Ci/ toluene (b.p. 110 °C), MS 5A (—MeOI-F )OL Ji/\i/ o 7( e &l >< o
Ph” “OMe HO - 110 C), Ph” 0 J\ ©
1:1) azeotropic reflux, 1 h o
1: MeO OMe
in i-PrOH (bp. 83 °C) in EtOAc (bp. 77°C)  in EtOAc in toluene in toluene [¢]
A: 90% (5 h) A: 87% (4 h) A:91%(1h)  A:95%(1h) A:81% (6 h)
o ° <) 1) B: 87% (12 h) B : 90% (16 h) B:66%(1h) B:61%(1h) B : 50% (6 h)
0CO,M
/\/\/\/\ 0CO,Me 0COMe ,Me  OCO,Me .
N@ Me
NP \o e CO -
~ Me—N~ Me—N~< N
Me/ Me Me/ Me Me/ Me CO,Cy ﬂ
% i CO,Me g
26% yield 57% yield 64% yield 86% yield OO 2 O\HJ\
BzO Ph (o]
R R in toluene (bp. 111 °C) in toluene  in THF (bp. 66 °C) in THF in MMA (bp. 101 °C)
\NQ: A: 74% (1h) A:74%(3h)  A:35%(5h) A:77% (6 h) A: 90% (70 °C, 6 h)
-
R7 4 Me B: 0% (1h) B:29%(3h)  B:93%(5h) B : 89% (6 h) B: 52% (70 °C, 6 h)
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RIS OMe 6. Summary of our catalysts
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Reaction instruments:

Molecular
Sieves 5A

Less coordinating alcohols
1° 2° 3°

Coordinating Chiral
substrates

Selective

Catalyst esters O-acylation

1st Generation
1/2 La(0i-Pr);

2nd Generation
1/2 La(NO3)5'H,0
+
[Me(n-octyl)sP]*[OCO,Me]~

3rd Generation
(This work)

[Me(n-octyl);N]*[OCO,Me]~

++
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[MeNI[OCOMel- 44+
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Uyanik, Sasakura, Kuwahata, Ejima, Ishihara, Chem. Lett. 2015, 44, 381.

OH Cl

(o]
N NaOCI-5H,0
pL —_— E j ]
N ki, —NaCl
HX” 0 X7 0| -H,0
X =0, NPG Na*
AR ZIVEEY O EEN o - 1B R LR D
o NaOCI-5H,0 R N+ O- cl*
R2 ~ .R2 —_—
R‘J:?<H cat. R,N* R‘J\" - 2NaOH
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_COH NaOCI-5H,0 (1 equiv)

Solvent, Conditions
Ph W = NaOCI-5H,0 (Wako)
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high yield > EFsHREER (EMICTEERTEE

NaOCI-5H,0

> BOVEMEREE~42% (EXDKBRDI~4E)

> pH ~11 (NaOH, NaCID&H 5D 710)
o > REREFR (SR

R1J|><Rz > NaOCI-5H,0% R\ \ =tk 2 1n B b RIS :
cl’cl

high yield

NaOCI-5H,0 (1.1 equiv)

PhI:I

EtOAc/H,0 (30:1 v#v)
0°C,3h

K = NaOCI-5H,0 (Kaneka)
A =10% NaOCIl aq
Entry NaOCl Solvent Conditions Yield (%) OH
1 w EtOAc -20°C,9h 98 NaOCI-5H,0 (2 equiv)
2 K EtOAc -20°C,4h 99 <— Method A OO
3 A EtOAc/H,0 (79:1v/)  0°C,2h 74 HN EtOAc/H,0 (70:1 v/v)
1 ° i
4 w EtOAc/H,0 (79:1v/)  0°C,2h 92 Ph M 0 °C, 30 min
5* WorK EtOAc/H,0 (20:1 v/) 0 °C, 5 min 96 <—= Method B
* NaOCI-5H,0 (1.1 equiv)
0 0 0 OH
o t-Bu o o NaOCI-5H,0 (2 equiv)
( 0 o OO o EtOAC/H,0 (6:1 v/V)
RT,3h
Br t-Bu Cl
A:12 h, 78% yield A: 1.5 h, 86% yield A: 6 h, 99% yield
(o) OH
(o] (o] o NaOCI-5H,0 (1.1 equiv)
(0)
=~ o o o (o} EtOAc/H,0 (20:1 v#)
a OBn OH 0 °C, 20 min

B: 5 min, 99% yield

0 NaOCI-5H,0 (2.2 equiv) (o] (0]
PTC (10 mol%,
Ph)l\/ ( ) > Ph)J}( + Ph) LOH
EtOAC/H,0 (5/1, v/V) a’ el
Room Temperature, 2 h
Entry PTC A, Yield (%) B, Yield (%)
1 - <1 0
2 [n-BuyN]* CI- 59 3
3 [(C1gH37).NMe,]* CI- 68 2
4 [(C1gH37).NMe,]* CI- 60 5
5t [(C1gH37).NMe,]* CI- 59 19

*10% NaOCl aq. T EtOAc

0
o

Cl+ [OH]- (o}

(o}
P“)S( over ph)l\

fast
Cl' Cl reaction
high acidity

Cl+ 0
v JY

slow Ph
Cl H

OH

B: 5 min, 99% yield

Haloform Reaction & Esterification

NaOCI (3.3 equiv)
PTC (10 mol%) o

o
Ph)l\

EtOAc/MeOH (5/3, viv)

Ph)LOMe ¥

Kirihara, Kimura et al. Synlett 2014, 596.
Kirihara, Kimura et al. Chem. Lett. 2015, 44, 185.
Kirihara, Kimura et al. Synlett 2015, 2547.
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78% yield

Ph
80% yield

o]

OH
91% yield

o]

o
90% yield

(o}
Ph)LOH

0°C, Time
o NaOCl Time (h) C, Yield (%) B, Yield (%)
J\KCI NaOCI-5H,0 1 91 8
Ph cl 10% NaOClaq 6 46 14
cl
& high leaving ability
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