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1. Introduction

1-1. Basic Information About Esters.

-What are the esters used for?

\
RS :
Industry supplies: PET, pait /}
P ,.;> S ~ 9 i
‘br"tigs?pirin... C. Food: wine...
R™“OR’ e
N Ester
K 1% | ==y & ,
M o=
Q‘l’l;/‘c ! LEE O\J;L,\
C—OA\L: |
Daily neéﬁssities: perfume...

Food additives

-Where are the esters come from?

OCO(CH,),CHs
OCO(CH,),CHs

OCO(CH,),,CH;

triglycerides

(1) From nature:
Fats and oil are formed known as triglycerides

—

(2) From artficial:
|:> Esterification of carboxylic acids with alcohols

OH =——= RCOOR' + H,0

Naturally occuring in plants...

RCOOH + R!

|:> Esterification of carboxylic acids with epoxides

RCOOH + R'CHCH,0 ——— RCOOCH,CH(OH)R?

|:> Alcoholysis of acyl chlorides and acid anhydrides

RCOCI + R20OH ——> RCOOR?2 + HCI
I:> Transesterification
RCOOR'+ R20OH ——> RCOOR? + R'OH

I:> And so on...



1. Introduction

1-2. Basic Information About Transesterification

-What is transesterification?
Transesterification is the process of exchanging the organic group R’ of an ester with the organic
group R2 of an alcohol.

o cat. o

PR + R20H >

R” “OR! -R'OH R” “OR2

General transesterification

-What is the difference between direct dehydrative condensation and transesterification?

o -H,0 o -ROH o
JL + R2QH —|/—> — l]\ + R20H
OH R'" "OR? R' "OR
- Direct dehydrative condensation - Transesterification
- Byproduct is H,O only. - If methyl ester is used, byproduct is MeOH only.
- Carboxylic acid is low solubility. - Carboxylic ester is high solubility.
- Carboxylic acid can play as catalyst. - Base catalyst can be used.

- Industrial use of carboxylate ester, which are produced by transesterification

- PET (textile fibers, films, bottle, resins, plastics...... )

H o/\/OH
(excess) /\/OH
cat. o
+ > o]
OH HO Y~

OH(Me)

(Me)O
Supercritical methanol

(0] -
(cat.: Pb(ll)(OAc),, Pb(IV)(OAc),, Zn(OAc),, Mg(OAc),, Ca(OAc),, Co(OAc),, Cd(OAc),, Sb,05, Ge,05, Ti(OR), )

- Polycarbonate

L0, QL0 —— (o)

- Biodiesel, Oils, Fats, Soaps

OCOR acid or base (KOH) OH o)
Eocon + MeOH > EO"' + 3 I
OCOR (excess) OH R™ "OMe

= long alkyl chain



2. Mechanism and Characteristics

2-1. Mechanism
-Acid-Catalyzed Transesterification Mechanism

(+.H
:0: /\H+ Caf Rz_O‘H OH+{)H /R\zaH OH H |c;':2 C;;IORZ

RJJ\OR1 RJJ\OR1 R OR! R? R OR! QSHR1
R“OH
—_— | —_—
-\1‘ RJ\OF{2 FIJLOF{2
R'OH New Ester

-Base-Catalyzed Transesterification Mechanism

< oH

R20-H ———— R20

O/F_RZ\O_ Ke) 0]
» 2 .
RJJ\OR1 —~ R 0{1:? ~ RJ\ORZ

R1 (o) New Ester
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2-2. Characteristics

-Transesterification can be catalyzed by both acid and base catalysts.

-The transesterification reaction is an equilibrium reaction, which requires the addition of

molecular sieves or reflux to remove the produced alcohol in order to shift the
equilibrium.

-Transesterification can be cinducted under anhydrous conditions, to allow employment

of moisture-sensitive materials.

-Transesterification is applicable not only to the pure organic synthesis but also to
polymerization.



3. Catalysts

3-1. Base Catalysts
3-1-1. Homogeneous Catalysts

[SVGCIOS A I

OR! R (;ln TN R™ OR?

R'0 New Ester

General Base-Catalyzed Transesterification Mechanism

1)
BuOK
COOMe tBUOK COOMe
100 mol%
COOMe + 'BuOH M» COOBu
MS4A
- Full conversion with MS4A
- Only 80% conversion without MS4A
. 2)
lig.NH;
lig.NH3
ArCOOPh + ROK ——— ArCOOR
Ar = Ph, R = #-Bu,
o-MeCgHs, t-amyl, ® 10 exa:mp.les
m-CICgH, ... iso-Bu ® 76~92% Yield
3)
4-DMAP
O O 4-DMAP O o
5 ( 30 mol%) n
P + R,0OH P
OR;” ﬁ1\O)LOMe 2 reflux, 48-120 h OR;” ﬁ\O)LORZ
1

Substrate, Time, Yield
(o) (0]
O O O o o O n

1 u P-A;
\/U\ P 0\)I\/P‘0Me 0\)1\/' ~OFPr
MeO" ome ©9BM  ipro 0:)J\OBn o\k OMe OVQ OFPr

O,
48 h, 48% 48 h, 86% 72 h, 74% 120 h, 91%
o o O O O O
o o - n 11
1 P\)]\ ’P\)L j 'P\)L
e _ MeO~ 1 t i-Pr-0” 1> O'Bu
MeO o\)]\o 5 i-Pro OLPr 0 H €Y oMe O'Bu Oi-Pr
" A z

72 h, 84% 72 h, 96% 120 h, N.R 120 h, N.R 6



3. Catalysts

3-1. Base Catalysts

3-1-1. Homogeneous Catalysts

- MeyN* with small

FG L
steric hindrance

®
© / \

C

2 (o) - No f-H to avoid
¥ Z Active species self-decomposition
[Me,N][OCO,Me] . ) (Relatively stable)
[Me4N]J[OCO,Me] (6 mol%)
0] > (0]
o
R’)LOMe + ROH solvent (0.5 M) , MS5A R’)LOR
1°alcohol azeotropic reflux
R =Ph,allyl, o°alcohol 1h-24h @ 31 examples
ffj-ran,heterocycllc s°alcohol ® 74~100% Yield
polyol
Me R.e.R s
X } 28 or 38 BnOH (5a) . o@....-;'@_n o R.O.R 5 '/NYR
2a: [Me(n-octyl);P][OCO,Me] KAC%QH : AN or Bn0" NG H, H Sgn
-Me o}
+ - Weak nucleophlicity ~ Strong nucleophlicity ‘/
. Fast
3a: [Me(n-octyl);N][OCO,Me] (within 5 min) (Table 1, entry2)  (Table 1, entry 3) iAr)I\OMe

Table 2 Screening of ammonium salt catalysts 37

Fig. 2 Active species in situ from 2a or 3a.

+ S —
Ph)LOMe HO toluene (0.5 M), MS 5A pn)J\o 4b + Eto/\/ \/\OH
4b (1 equiv) 7(1equiv)  azeotropicrefiux, 1 h 8 (6 mmol each) 4 times o EIO/\
n-hexane (1 M) 0
[Me,NJ*[OCO,Me]" (3d) 0
Entry Catalyst Yield (%) (1 mol%) I MS 5A, azeotropic reflux, 3 h I 6b
1 [Me(n-octyl);N]'[OCO,Me]™ (3a) 26 catalyst recycling ;?1:1:: 3343
2 [Me,(n-octyl),N]' [OCO,Me]~ (3b) 57 A W 3rd : 96%
3 [Me;(n-octyl)N]'[OCO,Me]™ (3¢) 64 4th: 95%
4 EM&, ]][ [0CO, M]e] (3d) 85 S (by 'H NMR)
5 Et,N]'[OCO,Me] (3e) 0
3 Total: 96%, 5.48
6 [Me.N]'[0C0,H]” (31) 6 (solatec)
7 [Me.N] [oH]” (3g) 17
8 [Me,NJ'[CI]~ (3h) 0

“The reaction was carried out with 4b (2 mmol),

1 h. The same reactor system was used as in Table 1.

7 (2 mmol), and cata-
lyst (6 mol%) in toluene (bp. 110 °C) at 140 °C (bath temperature) for

Scheme 1 Recovery and reuse of the catalyst in the gram scale syn-
thesis of 6b.

5)
[TAIm] OH .
OH\ / R
o) [TAIm] OH ionic liq. o 79 =\ o
(200 mol%) &/NYNYN\)
OR, + RoOH > OR N
1 reflux, 4-14 h 2 ~
9
\ /
R, = Me, Et, n-Bu, R,= Me, Et, n-Pr o 38 example.s. e
n-Pr ® 75~98% Yield Sn

Proposed Mechnism

. OH‘OH \RQ/

0

2
-R;0H

€] © ©) ©

PoN YR
o” (b) OH

( \
R;%;g!/ : )|
R,0 VK’ OH

Scheme 3. A mechanistic view for Hofmann elimination during the prepara-
tion of [TAIm]OH ionic liquid.

Catalyst
A Col T :
i / ) /N/ © /, o i
Aol \ w 1) T o o |



3. Catalysts

3-1. Base Catalysts
3-1-2. Heterogeneous Catalysts

6)
K,CO;4

R1 = Me, Ph, O'M906H5,
p-NO,CgHs, N-hetero...

R, = C¢F5, N-hetero...

Screening of different reaction parameters

Table 1 Screening of different reaction parameters®

OH

K,CO; (20 mol%) o) ~ |
’
+ R, N 1,4-dioxane (2 mL), TN (o] \\Rz
27T 120°C, 48 h RT

R,= CI, NO,, OMe, Ph

@ 15 examples.
@ 37~84% Yield

Proposed Mechnism

0.0
cor

1a

Catalyst (10 mol%)
Base (150 mol%)

60°C, 48 h
Solvent

e

2a

Entry Catalyst Base Solvent Yield” (%) =
1 Pd/y-AL0; K,CO, 1,4-Dioxane 99 v
2 K,CO, - 1,4-Dioxane Quant
3 K;PO, - 1,4-Dioxane 81
4 KO'Bu — 1,4-Dioxane 79 10.
5 KOH — 1,4-Dioxane 70 R O
6 Cs,CO; — 1,4-Dioxane 93
7 NaOH — 1,4-Dioxane R
8 Li,CO; — 1,4-Dioxane
9 Ca(OH), - 1,4-Dioxane
10 NEt; - 1,4-Dioxane
11 NaOH — DMSO o

O

R

7

FS supported KOH

OCOR;

FS supported KOH

(30 wt %)

?—ocoa2 + MeOH

OCOR,

Proposed Mechnism

60°C,4 h

= R,COOMe + R,COOMe + R;COOMe II<OH
Fumed silica

Catalyst

Ra Ro Reuse of the catalyst
O:(|Z é=0 Rz Rs
o4 o=¢ d=o
bl .
] CHz—CH—CH2
d=o b
CH30 -H | [
7 ,\ CH:O" Ry HiC—Q—C—O
[ = - KI* HI‘ - K Ry HI'
/7S 7L /S S LS /s S/
R: Rs
o:c]I cl[:o R; Rs rl%z rlta
77 °=T 570 °=1 °
(I‘,Hz—CH—CHz c‘> c|> (|3 C|>
9 Ha—CH—CH, Ha—CH—CH,
HSC_?_U? <5 CH;O—(]R:=O i_} EH
K+ Ry HY K+ e
/ / / »/—l—l; - CH;O—E=0

®©




3. Catalysts

3-2. N-Heterocyclic Carbene Catalysts
3-2-1. Homogeneous Catalysts

N-Heterocyclic
Carbene Catalyst

R4

NHC

ooy + R20H >
=Y, ; =
R, R R” "OR R'OH R” “OR?

Various N-Heterocyclic Carbenes

Mechanism 2 N
0
Path A
R)J\O X\R w Path B R. /Q -R ‘f@f ‘§'(
B YN\% RN IMes I'Bu
J\o)@- H 0 R )
J R"OH |
R'OH l
RZ R4 H.\
R2- YN@\H]\ )\0)@ He= O—éOR

\/(

NHC

Catalyst, Yield

>LNé/NJ< %\N\i}qi \[;(N %Nj;j/ 5y

IAd ICy
R’:
R“N&N'R
/

RCH SIMes SIPr
37
(0] R” ° ° (0]
8) IMes (0.5 mol%~5 mol%)
IMes R’)LO& + ROH - )LOR
THF, rt, 15 min~180 min
R’ =Me, Ph, CH, 2°alcohol : 8 exam;;les-
R” = H, Me 83~100% Yield
0 o)
ICy (2.5 mol%~5 mol%)
8) A + ROH - > PS
ICy R'™ “OMe THF, rt, 4AMS R'” "OR
15 min~180 min
=H,OMe,  RoH = y°alcohol
thiophene... 2°a conho ® 12 examples
3°alcohol ® 39-~99% Yield
° 0 Catalyst (2.5 mol% 0
others nucleophilic catalysts )]\ atalyst (2. o) .
OMe + BnOH . OBn
rt, MS4A, 1h

Ly
I Bl: ICy IMes SIMes
100% 100% 93% 21%
\ = N
N—@N (,1\, (\/k:j NaH O'Bu
/ N/ N

DMAP
15%

DABCO
45%

DBU

24% 95%



3. Catalysts

3-2. N-Heterocyclic Carbene Catalysts
3-2-2. Heterogeneous Catalysts

IMes-HCI (15 mol%)

9) o) KOt-Bu (10 mol%) 0
IMes-HCI R J]\
r JL + ROH 0
~N0” R benzene, 80 °C, 10 h OR
21 examples
= CHy, CH,CHs,  {1°alcohol o Pl
allyl ® 17~95% Yield
R” = H, CH3, CH,Br
[\ KOtBu //\
NVI;J —HCI N\”/N
cr
IMes'HCI IMes
Proposed Mechanism Fig. 1 A: 0.2 mmol IMes-HCI and 0.2 mmol KOsBu in 2.5 mL
Mes & R benzene. B: after being stirred for 1 h. C: after addition of 0.2 mmol
0 HCI (1 M in E,0).
R\ )‘I\ [ > \ko
H--O \
Mes No: R' Reuse of the catalyst
[ Y:--H-0—R >" Mes : IMlesHCI (15 mol%) o :
:)L Jk + CH3(CH2)150H KO#Bu (10 mol%) - :
Mes : benzene, 80 °C, 10 h O(CH2)15CH3E
Mes -g)R" ! :
~— H—O0—R R e "0Q : :
R'—OH [()QHQ . Run Isolated Yield (%) :
yles N+ ' H
N ;Vles E 1 75 E
[N> TR / i 2 80 :
Mes . : 3 98 :
N ‘\L R H 4 80 :
i [ g © : 5 84 :
R\ )J\ " N &* é' H H
o R \ : 6 85 :
Mes H '
: 7 77 :
Scheme 2 Proposed reaction mechanism. H .
£ ) e o T )
NHC-Py-COF )]\
0 . OH NHC-Py-COF (5 mol%) o~ ~q
r. JU_.R Ho L _ oH >
o o 70°C,8 h
R = Me, Et OH
@® 2 examples
Synthesis of NHC-Py-COF @® 96% Yield
0 < 5 @ & .
%° sor? B Proposed Mechanism
e g
,‘J b‘% =
i O)OLO AN g on
6:0 IM4F-Py-COF \:i Na,COg QOQO NHC-Py-COF OO \.—«—OH /0( - HO\)\/OH
E % L“x o ¥
e O O Step 1
stmolte Somath 6:0 6:0
CAaS SAA® /E\
~NEgN —
Entry Catalyst Substrate (R=)  Conversion ™! (%) Yield ¥l (%) wo L \S/\/ NG
1 Blank CH, — — \(;0 0) Step s \0,\\(0
2 NHC-Py-COF CH;, 99 9% N —o~
3 NHC-Py-COF CH,CH. 9% 9% iy oH
4 NHC-[BMIM]Br CHs 99 99 step2 6K _on
5 [BMIM]Br CHj — _ MeOH
6 IM4F-Py-COF CH;, — _
7 4F-Py-COF CH; — — Stepa
gld NHC-Py-COF CH;3 99 95 = VeOH
gl NHC-Py-COF CHs 98 95 NN A~ steps Lo\
10 NHC-Py-COF CH, 98 94 sow L A
1110 NHC-Py-COF CH, 97 94 \(\0 0 ‘\/\ij\;_\o
128l NHC-Py-COF CH; 95 93 ot - (
lal Reaction condition: catalyst 5 mol%, glycerol (2.5 mmol), dialkyl carbonate (7.5 mmol), 70 °C, 8h. [Pl Determined Q_ eo\)O\H/oH 1 0

by GC and confirmed by THNMR analysis. le-gl Cycle from one to five times, respectively.



3. Catalysts

3-3. Bronsted Acid

3-3-1. Homogeneous Catalysts

i OH
i —_ : e Slor |
: J]\ E= JJ\ 1 R % ) OR? | —|/—~ RZ)\: .
: R~ TOR! R™ "OR 1 OR' OHR' |
+_H .
: . (0] R20H o :
: -\1‘ R™ “OR? R™ "OR? :
; R'OH New Ester :
General Acid-Catalyzed Transesterification Mechanism
11)
H,SO,
H SO R n-Pr n-butyl isobutyl s-butyl n-amyl isoamyl
HC(OEt); + 3ROH i HC(OR)3
79°C, 24 h Yield (%) 95.3 86.3 86.0 87.5 74.0 88.2
12)
[NMPH][HSO,]
NMPH][HSO,](5 mol% AL
+ >
OR' 80°C, 3-4 h )l\/u\oRZ \
R, =Me, Et 1°alcohol ® 19 examples Catalyst
® 70~91% Yield
@ resue for four times
13)
BBAIL
OH

OCO(CH2)-,CHCHCH2(I:H(CH2)SCH3

HO3S/\/\/N® N\/

(5 mol%) HSO4
OCO(CH2)7CHCHCHZCH(CH2)5CH3 + MeOH — 5 MeOCO(CH,);CHCHCH,CH(CH,)sCH;

70°C, 24h OH
OCO(CH,);CHCHCH,CH(CH,)sCH
. OH @ 96% Yield
HSO o " T \CH S R1Yo CH, f h H
4 ) © HE-GCOR? HSO, O _OH HE GCOR? @ resue for three times
SN ng o, CH,0COR? NN 0 CH,OCOR?
© Table 4
Comparison of transesterification of nonedible oil using BBAIL with various
:O‘FI: reported catalysts.
Entry  Catalyst for the castor oil Catalyst Yield (%) Ref.
1\%O\CH transesterification loading
R{H H5°4 O _OH HC-OCOR?
®© 2 NAN/\/\/(S) o CH,0COR® 1 Bio-FeNPs catalyst 1wt% 85.2 (39]
HSC o R1\L° ~CH, @ 2 Si-Mica-Ph-SO,H 5wtd% 90 [40]
§ ,OH HC OCOR23 3 Cesium doped heteropolyacid 2.94 w/w 90.5 [41]
N N/\/\/o o CH,0COR catalyst
o 4 Sulfonic acid functionalized 3wt% 94.9 [20]
\_7/ J?\ benzimidazolium-based supported
R R'JOR OH ionic liquid catalyst
O.H ROH AL + OH 5 Ni doped ZnO nanocatalyst 11% w/w 96.5 [42]
° Ry O\CH e RQOR 6 BBAIL 2.038wt% 96 Present
HSO, O &) HE-OcoR? ror work
/\N/\N/\/\/(S)\o “ H  CH,-OCOR3?

BBAIL

11



3. Catalysts

3-3. Bronsted Acid OH OH
3-3-2. Heterogeneous Catalysts
14)
PAFR 4
SO3H n
PAFR (0.7 mol%
EtOAc + ROH ot O7MOM)  ponc PAFR
80°C,24 h @ 17 examples
1°alcohol @ 78~97% Yield
(0} o @ application of batch and
)J\ +  MeOH PAFR (0.7 mol%) continuous-flow production
; I“:) Transesterification 0 1a (0.7 mol%) 0
E /\/W\)I\ » /\/\/\/\)L (Eq. 3)
g OEt MeOH (10 mol equiv) OMe
£ 7b 80 °C 5b
Transesterification 1a (0.7 mol%)
5b - 7b (Eq. 4)
EtOH (10 mol equiv)
80°C

é The equilibrium is not an important factor when
using PAFR , and thus the high catalytic activity

is important for full conversion.

(
i
Flow Production W cO
2
FAME 5g 3d with ic aci 7 1a
il

with MeOH  EtOAc (0.7 mol%)
), (hco—| + MeoH ———"» K, {7COMe
7 o —
- (30 mol equiv) 80°C, 24 h
PAFR1a WCOZ FAME 5g
7
T 68%
triglyceride 8
oleic acid (4g) 2d it : C_ont_inuous-FIow synthesisi of
Wi MSOH — EiGhe biodiesel fuel (FAME).
Yield of 5g (continuous flow time): 92% (24 h), 92% (72 h), 92% (96 h)
Yield of 3d (continuous flow time): 94% (12 h), 94% (57 h), 94% (111 h), 94% (152 h)
15)
15SA-SBA-15-p o
Nea:
0—Si"~"s0zH
OCOR,; o0~ ®
OCOR 3MeOH (15 mol%)
+ e >
1 MeCO,R
200°C,1h 2
OCOR1 E-""‘a";!’oév”;
Physicochemical properties of 155A-SBA-15-p, SAC-13 and Amberlyst-15 catalysts and their catalytic activities in Jatropha BDF synthesis."
Catalysts Sger (m?g 1) Vol (cm> g™ 1) ®, (nm) Acid capacity” (mmol H* g-catal ') FAME® (Wt%)
None - - - - 15.1
15SA-SBA-15-p 589 0.96 7.5 2.44 82.6
Amberlyst-15 21 0.32 72 4.50 70.0
SAC-13 215 0.57 57 1.35 454

[JFresh 2250 wi% of LA 5Wt% of HO ZZARegenerated

Y

Jatropha FAME Content (wt%)

__TlO]O]O]O I ODDSS

7.

Amberlyst-1

ZANMMMMLIIas,

@




3. Catalysts

3-4. Lewis Acid

16)
B(OH); Proposed Mechanism
0O O (HO)aBC:) ® g
'3 OR' N ;
O O (10mol%) O O OR
M+ row ———— ;
OEt toluene, OR
reflux, 5 h HO. _OH
1°alcohol o’gjo ® o o
@® 12 examples PNk R™OH_ MOR +  B(OH)s
. O 2
® 89~99% Yield 4 5
Scheme 3. Possible mechanism for the boric acid catalyzed
17) transesterification.
B203/Zr02
(o) (o] B,05/ZrO, (10 mol%) (o) (o]
L, + wor - L
OR 110°C, 3-5 h OR’
R’ = Me. Et 1°alcohol
- H
2°alcohol @® 12 examples.
3°alcohol ® 70~95% Yield
@ reuse for three times.
18)
ZnCI-HAP
m100~ ® ) -
= [ 2
Z go ? o
ZnCI-HAP e -
(10 mol%) 2 60 ' i
OMe + ROH — 5 OR 3 -
toluene, reflux g 404 ¢ /
6-24 h ©
1°alcohol o f‘
° = HAP (0.1 )
2°alcohol @® 12 examples. > 0{ o ZnCL/HAP (0.05 g)
® 89~99% Yield 0 2 4 e 8 10
@ reuse at least three times. Time (hours)
19) Table 1. Transesterification for methyl acetoacetate with n-butanol under
BF3'OEt2 different conditions”
Entry Catalysts Time (h) Yield (%)h
1 — 15 0
. 2 Fe(S04); (10mol%) 45 80
0 0 + R20H BF;-OEt, 0 0 3 ZnCl, (10 mol%) 6.0 67
R JJ\/U\ ] _— R , 4 NiCl, (10 mol%) 5.0 43
OR toluene, reflux OR 5 CuCl (10mol%) 4.0 57
624 h o, -
1 3)5 mol/o .
R = Me, Ph, 1°alcohol @ 12examples. s (NH,):Ce(NOs)s (10 mol%) 5.5 55
allyl... o . 9 CeCls- TH,0 (15mol%) 40 63
R1y_ Me. Et 2°alcohol ® 89~99% Yield 1o (NH,)6M070,4 (20 mol%) 5.5 61
- ’ 11 CoCl, (10 mol%) 55 51
12 BF; - OEt, (10mol%) 6.5 64
13 BF; - OEt, (15mol%) 5.0 92
14 BF;- OEt, (20 mol%) 55 91




3. Catalysts

3-4. Lewis Acid

Zinc Cluster

- Leucyl aminopeptidase

Enzymes catalyzed the hydrolysis of leucine residues at the N-terminus of peptides and

proteins.

- Tetranuclear Zinc Cluster 20)

Glu429

Gly430 NH==o_

[+)
JOL . R2OH Zn,4(OCOCF3)g0 (1.25 mol AL o) Zn,(OCOCF;)0 CF,
R! OMe i-PI'ZO, reflux, 18-40 h R1 ORZ
Ad : /0
vantage Disadvantage O | o
- approximately equal amounts - long reaction time (18-40 h) F.C 0., i - AN
- low amounts of catalyst - explosiveness solvent 8 = -z \Oy

Substrate scope

- 1°, 2°alcohols

- N-protected a-amino esters?")
p-keto esters??), acrylate®3

- acetylation??), methanolysis2®

- Electronic effect of tetranuclear zinc cluster 26

(R?)
1
o._ .O._ .0
Szn. znl >R
0" o

R—X _.2Zn
Yy

RN
o :

Substrate limitation

- 3°-alcohols o™ i ™0
- acidic alcohols o_ 0
(phenol pK,9.95, HFIP pK,9.3)
CF;3
Catalyst
R = CHy,iCF;, CF,CF4,iCF,CF,CF4
Lewis acidity of Zn ion | : : Increase
Electrophilicity of ester | E Increase
Nucleophilicity of alkoxide : : Decrease

Best balance
for transesterification

14



3. Catalysts

3-4. Lewis Acid
- Additive effect of DMAP 27)

~
o

OH Zn,(OCOCF5)s0 (1.25 mol%)

o o ° o
)L . additive (0 or 20 mol%) - )L /O
j Ph™ "O

OMe i-Pr50, reflux, 1-24 h

Ph

yield of product (%)

- DMAP makes the neutral reaction conditons

reaction time (h)

Zn,(OCOCF3)60 (1.25 mol%)

0] o
)L . "o DMAP (0 or 20 mol%) )]\ ®
Ph OMe i~Pr;0, reflux, 18 h

88% yield (with DMAP)
5% yield (without DMAP)

- ESI-MS Zn4(OCOCF3)sO
dissolved in MeCN
(uzn1 7 “ann “Zn33 << “Zn43 > uznsn uznsa _1H NMR
Zn ions are coordinated by DMAP
DMAP in preference to ester or alcohol
“Zn4-(dmap),” “Zn2-(dmap)m”“Zn3-(dmap)m3 >>
- kinetic studies Zn,(OCOCF3)s0 (C)
o
)j\ + n-Hex-OH DMAP (0 or 20 moI‘V)L )j\ -the exact structure of the active
Ph” "OPh i-Pr,0, reflux O-n-Hex species remains unclear...
A B D _but, “an-(d_map)m” or “Zn:;-(drpap)m”
is more active than other species.
without DMAP with DMAP Reaction does not proceed via acyl
d[D] pyridinium salit.

i = k[A]°-98[B]°-66[C]°-52 [c]0.52 - [C]0.41

- Bis(imidazole) Ligand 28

Zn(OCOCF3)2'XH20 ( . [&
+ & S —

7N Ny — Q
N N o
\;’ \Q/ THF 2 -.“;-_. £ ”.\‘ . fw

reflux

O
N’\

N

(0]

/b_ N\J
t-Bu

(2 equiv) 91% X-ray crystallographic structure
- heterogeneous catalyst - recovery and reuse - resistance to water

FUF
f
0™
“Zn’
ST
o
F

)OL catalyst (5 mol% zinc) Zn4(OCOCF3)sO 71%
OMe water (0 or 5 equiv) o) Zn4(OCOCF;3)60 + water 31%

+ >
BnOH toluene, reflux,5h ph OBn Zn complex 100%

Zn complex + water 80% (100%, 21 h) 15




3. Catalysts

3-4. Lewis Acid

29)
Fe(acac);
fo) Fe(acac); (5 mot!%) o (o)
J]\ + R20H Na,COj; (5 mol%)
R' "OMe heptane, azeotropic reflux R' "OR? Ph

96% (13 h)

- Mechanistic studies

X,

(o)

)Lk"“ PN

Ph Ph™ "OPh

0% (24 h)  12% (24 h)

-2LH
2Fe(L); 2[Fe(L),(ROH),]* 2(L) ——>
©
o~ O ,
acac: R’ = Me
L = . ’
R,JVLR dbm: R’ = Ph
Ph Ph
P O 7 O Ph )]\ (1 equiv) R = Bu, R’ = dbm (X-ray)
0., 1.0 .0 Ph” ~OMe _ j\
o”: > 10 heptane, Ph” “OBu
Ph A IO Bu 2 O Ph azeotropic reflux,
— 8-9h 97% yield
Ph Ph
30)
Fe(lll)-salen complex
o Fe(lll)-salen conmplex o
l]\ R20H (5 mol% Fe) l]\
R!" TOCH,CF; OR?
/O\
\NH NH
AT AT
Ph)LO Ph)LO Ph)LN
99% 80% H 820
(xylene, 140 °C, 24 h)

(toluene, 120 °C, 2 h) (xylene, 140 °C, 24 h)

Fe(lll)-salen conmplex

(o)

10 mol% Fe

A+ R2OH ( AL N

R! "OMe xylene, 140 °C, 24 h R' OR

3°-alcohol
H (o)
N
Q Boc” \)LOt-Bu O Me Me

Ph/\)LOt-Bu o Ph/\)w

Ph

84%, >99% ee 88%

97%

Fe(lll)-salen Cl: 0%
Fe(lll)-salen CI /— \

Fe(lll)-salen CI.
+Ag,0 : 87% —N". ,.~‘N_
/Fe\
AR

Cl

p-oxo-dinuclear iron(lll) salen complex 6a

e

N O O 0 N
. /]

hS

e\O/Fe

holisg

/ salen)

0

(Q @ S—

Fe—JO‘Fe

bd

LFe \o/ R? OR3

R2 Hor / \\
H' (
LTGN ) F\EL LFe"""O' “Fel
o 1 |
b B,
R OR? R27FOR3

o e



3.

Catalysts

3-4. Lewis Acid

31)
Mg(OAr),&NaOAr
Mg
ONa o)’
-Bu t-Bu 2
t-Bu t-Bu
Ishihara, K. Hatano, M.
9 Catalyst 10
0 NaOAr (9) (2.5 mol%) 0
or Mg(OAr), (10)( 5 mol%)
R + ROH -
OMe OR’
MS5A, RT, 0.5-48 h
ReH M @® 52 examples
= e .
’ ® 40~99% Yield
Screening of the catalysts : E
i  BnOO OMeO :
(0] catalyst ( 5 mol%) (o) : f OBn OBn ;
\)L + BnOH > VL + a 5a i
OMe RT,0.5h OBn :  BnOO OMeO :
7 equiv 2 mmol 3a : :
. : OMe OMe :
(desired product) : 6a 7a :
yield (%)” : '
: Byproducts produced by :
I 3 4 s 6 7 : ) -€ :
e e : : : : : : Michael(1,4-) addition :
1 LiOAr S50 8 8 25 13 L -
2 NaOAr (9) 49 8 0 38 5SS 25.0 TS2% (3343 cm)
3 KOAr 40 8 2 47 45 233
4 Mg(OAY), (10) 0 0o 0o o 1 Baz*=11.6/" 1s2e rdem)
8 2 20.0 TS1™ (341.9i cm') 18.9
S 10 70 0 0 1 4 Ea,™= 16.9(20.7)
6 Ca(OAr), 6 0 0 1 1 _ 150 ant'= 15.3(18.1) 13.5 1
7 NaOMe 43 8 1 41 40 E Ea°= 14.9(16.9) /4.9 \ 132 11©
8 KOt-Bu 20 10 17 30 30 § 10.0
9 Mg(Ot-Bu), 60 1 0 8 15 T
10°  Ca(Oi-Pr), 40 1 0 8 15 B 5o
11°  Ti(On-Bu), 0 0 0 0 o =
12°  Fe(OEt); 0 0 0 0 0 5 0 -
13¢ Zn(OMe), 0 0 0 0 0 Qg’ - X Sed path:' transesterlflca!lpn (s-!r@ns»1a)
o Rt lue path: transesterification (s-cis-1a)
14 La(Oi-Pr)s; 62 S 10 18 32 % 50 Green path: Michael addition
15 [Me-‘NT[OCOZMe]_ (8) 2 0 0 1 0 © - tt = Transesterification with s-trans conformation (Red path)
16 [Me_,N]J'[OAr]_ 34 10 0 54 42 tc= Tr_ansesteriﬁ_c_ation with s-cis conformation (Blue path)
-10.0 m = Michael addition
TS1t = TS-20 (ROH = BnOH)
R1" = [s-trans-1as++10+++2a]; R1* = [s-Cis-1a+++10+++2a] -14.7 P2¢
P1% = [s-trans-3a+++10++*MeOH]; P1'¢ = [s-cis-3a+++10++*MeOH] -14.8 P2
-15.0 P1™ = [6as+10)
(a () :3“ = ss-lran1s‘;3a +10 + MeOH; P2t = s-cis-3a + 10 + MeOH -16.0 P2
m = Ga +
200
= =z
H transesterification
MeO™ ~O /\ BnO™ ~O
t+Bu 1 Bn \ +Bu t+Bu j 'Yle\ tBu
/O\ xo\
O-Mg /Mg—O O-Mg Mg-0
AN o N\ O/
t-Bu én t-Bu t-Bu én t-Bu
3a, MeOH 1a, 2a
Figure 6. Possible reaction mechanism including dimeric Mg(II)
complexes.
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