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1. Introduction

"The use of reversibly formed covalent
bonds to induce intramolecular reactions is o
a powerful way of controlling regio- and Scaffol

stereoselectivity, as well as accelerating
reactions. Although this mode of activation .
was demonstrated in catalytic systems Product Substrate — Starting
over 60 years ago, it is infrequently used in Release Binding Material
catalyst design. A key aspect of this type of

catalysis is that it is an entropically driven . = Product
process, so it has the potential to be
applied to a broad variety of reactions.
Furthermore, this design element can be
used in concert with more traditional forms
of catalyst activation."

Tan, K. L. ACS Catal. 2011, 1, 877.
2. Non-Metal Catalysis through Induced Intramolecularity

The application of reversible covalent bondings Cat+ TS
e—
to organic catalysis is often inspired by
enzymes. The incorporation of a substrate- Increase in AS?

binding step allows catalysts or enzymes to

prepay the entropic penalty for bringing multiple !
molecules together. By inducing intramolecular ‘-"
reactions, it gains rate accelerations of 104-108 | —
for 1 M reactants at room temperature. h
Furthermore, non-covalent bondings get more '
effective for stabilization of transition states cat+ A.f'
through induced intramolecularity. T

Associatit:&

Pascal, R. Eur. J. Org. Chem. 2003, 10, 1813.
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v

Chemical step




Hemiacetal or Hemiaminal Formation

)]\ + R'OH ‘—_‘
R H R

R H R

o HO NHR'

Inspired by this work

(0] HO OR’ R (0] co, R

e Y o T

~

opnp H20 OH

H \

Wieland, V. T. et. al. Liebigs Ann. 1955, 597, 181.
Wieland, V. T. et. al. Liebigs Ann. 1956, 599, 125.

Aldehyde-Catalyzed a-Hydroxyester Alcoholysis

<

NO catalyst 5 mol% o) A
0 /O/ CD3;0D 10 v R \)I\ |
3 equiv z H
R\)I\o CDCly oD N
(0]
catalyst
O :Nj R k(relative)
HO
OPNP N DMAP Catalyst
| / o Me 30 1
O OH J\ OMe 210) 5.3
x3 )x96
N o OPNP OH 690 510
N Intramolecular cyclization
| (Entropy Effect)
/ H
a-Hydroxyesters undergo transesterification at a
[ 5 rate 96 times greater than a-methoxyesters in the
N presence of aldehyde catalyst. The basic nitrogen
was found to be necessary for improvement of
catalyst and likely serves as a general base rather
o] X 2
| than a nucleophilic catalyst.
\)]\ CD3;0D / o
/ o
o
Observed by NMR

Sammakia, T.; Hurley, T. B. J. Am. Chem. Soc. 1996, 118, 8967.
Sammakia, T.; Hurley, T. B. J. Org. Chem. 1999, 64, 4652.
Sammakia, T.; Hurley, T. B. J. Org. Chem. 2000, 65, 974.

Ketone-Catalyzed a-Mercaptoamides Hydrolysis o
0O catalyst 30 equiv (o)
HS\)I\ NHR NaOD DS\)]\OD o
R=4CFyCely D20 D90 / catalyst (THP)
N\, N

O Hydrolysis or Electron push

Intramolecular
cyclization NHR o
S

o@—>

pKa is higher than
simple alcohol

Additive k(relative)
none 1
catalyst 14700

The reaction was third order (first order each in
substrate, catalyst and NaOD concentration), which
is consistent with a rate-determining cyclization of
hemithioacetal anion.

It is interesting to note that benzaldehyde,
acetophenone and trifluoromethyl ketone derivatives
are not effective catalysts for this hydrolysis reaction.

[NaOH] /M ——

2.0

Kops X 10* / sec™
1.0

[THP] /M ——

Hydrolysis of the substrate above catalyzed by
tetrahydropyranone (THP) in D ,O/CD30D =
4/1. » : reactions with 20 mM substrate, 300
mM THP and 50-500 mM NaOD. o : reactions
with 20 mM substrate, 200 mM NaOD and 60-
600 mM THP.

Ghosh, M.; Conroy, J. L.; Seto, C. T. Angew. Chem. Int. Ed. 1999, 38, 514.

Aldehyde or Ketone-Catalyzed Nitriles Hydration

(0]
HZNYCN Acetone H,
H
Me H,0, -OH Me

N

N
Me //

HN o

.
. Mel]N/(O
K

pKa is higher than
simple alcohol

Intramolecular cyclization

NH,

Hydrolysis or Electron push

The reaction was third order (first order each in
substrate, catalyst and OH" concentration), which

is consistent with a rate-determining cyclization of
hemiaminal anion.

AH% values of 12, 4 and -2 kJ/mol and AS* values of
-230, -185 and -140 J/K -mol was measured for

acetone, acetaldehyde and formaldehyde catalyst,
respectively.

Pascal, R.; Taillades, J.; Commeyras, A. Bull. Soc. Chim. Fr. 11 1978, 177.
Pascal, R.; Taillades, J.; Commeyras, A. Tetrahedron 1978, 34, 2275.
Pascal, R.; Taillades, J.; Commeyras, A. Tetrahedron 1980, 36, 2999.



Hemiacetal or Hemiaminal Formation

o] R'HN NHR'
J]\ + 2R'NH, s—>
R” “H R” ~H

Aldehyde-Catalyzed Intermolecular Hydroamination of Alkenes

H HO. _Bn catalyst20 mol% |"O\N,Bn
ANeoa ? N7 > H
Bn N H Benzene /N\)\
- rt, 24 h Bn
1.5 equiv \
catalyst yield (%) s .
none 0 Inspired by Knight's work
N
1 12 Me” N Ph_ _O_ _Me
A T
H @ + —_— \
o CHCl3, rt _
o G_SNAPh Me
BnO/Y 77 .
Me
H
h J

MacDonald, M. J.; Schipper, D. J.; Ng, P. J.; Moran, J.; Beauchemin, A. M.
J. Am. Chem. Soc. 2011, 133, 20100.

This is the first aldehyde catalysis which preassociates two substrates using covalent bonding.

Ve

vs the later reported uncatalyzed reaction

HO_ _Bn
H . HO .Bn . g
e \/\
Bn N H neat or t-BuOH Bn/N\)\
2 equiv 80°C, 6 h quant.

High temperature is needed.

Zhao, S.-B.; Bilodeau, E.; Lemieux, V.; Beauchemin, A. M. Org. Lett. 2012, 14, 5082.
.

Enantioselective Version

Ph
Phﬁ/o o]
Oﬂ,_,
HO_ _Bn
n HO\N,Bn 20 mol% . " SN
+
Bn® X H CeFs /N\/'\
15 eaui rt, 24 h Bn
2 equiv 91% yield
97% ee

MacDonald, M. J.; Hesp, C. R.; Schipper, D. J.; Pesant, M.; Beauchemin, A. M.;
Chem. Eur. J. 2013, 19, 2597.

Intramolecular

H 5 4 Retro-Cope Elimination
. n ~H
Proposed mechanism /
1 N \// Rate-determing step
Reversible Bn/ |
aminal formation
HO\N,Bn @ HO\N,Bn Bn_ ,OH o
o H 2 Bn F.00 _ H2 B
_‘ /
B )]\ D )\ SULNSTC
N 4

/
Bn

Reversible
nitrone formation

Given that the rate-determining step of the catalytic cycle is proposed to be hydroamination, the rate law
can be expressed as follows :

rate = kyaKg[11[3]/ (1 + Kg[1] + Ka[2])
This is consistent with the rate dependence on the concentration of the reaction.

Guimond, N.; MacDonald, M. J.; Lemieux, V.; Beauchemin, A. M. J. Am. Chem. Soc. 2012, 124, 16571.

Enantioselective Desymmetrization of Diols

o)
>‘-OMe
HO OH  1B5CI 2 equiv, PMP 1 equiv HQ OTBS

> %
Catalyst 20 mol% >—<

PMP+HCI 3 mol%, THF, rt, 4 h i-Pr

84% yield
97% ee Catalyst

i-Pr, i-Pr
Catalytic Enantioselecti Y\
Y\O ytic Enantioselective o
N
(o)

Desymmetrization i-Pr N OH
- \(

i-Pr
I " I 0
MeN” SN § 7 MeN” SN
\—/ \—/

y
B ¢

i-Pr
ﬁ/\o intramolecular general
i-Pr N : | base acceleration HO OTBS
0
. ’
MeN” SN-“H
~ —_ ' \O\\
TBSCI
| ] Sun, X.; Worthy, A. D.; Tan, K. L. Angew. Chem. Int. Ed. 2011, 50, 8167.



Equibilium between Boronic Acids and Carboxylic Acids

\IB + )I\ . )j\ /IB\ + H,0

OH R OH R' o

R_ __OH 0] (o] OH
boron chemistry

Inspired by stoichiometric]

Boronic Acid-Catalyzed Direct Amidation of Carboxylic Acids

ArB(OH), 5 mol%

HN >
Ph/\/\COZH + toluene N
azeotropic reflux Ph/\/\n/
(0]
entry Ar yield (%)
1 3,4,5-F3CgH, 74 Boronic acids which had electron-withdrawing group excellently
catalyzed direct amidation of carboxylic acids. o-Hydroxy
2 CsHs 23 carboxylic acids were also stable for this method.
3 no catalyst <2

Ishihara, K.; Ohara, S.; Yamamoto, H. J. Org. Chem. 1996, 61, 4196.
Activation of carbony group through induced intramolecularity?

oMo
)|\ I When they prepared the monoacyloxyboronic acid
H,0 R o~ B\Ar and to a solution of this substrate in toluene was
added 1 equiv of benzylamine at room temperature
without removal of the water, the amidation
proceeded even at room temperature, but with 50%
conversion. So Ishihara thought that the rate-
determining step was the generation of the
monoacyloxyboronic acid and electron-withdrawing

R';NH group was effective for this transformation.

ArB(OH),

>~ s this step really the rate-determining step?
Proposed catalytic cycle )]\ _R'

Acceleration Effect by ortho-Halophenylboronic Acids

Boronic acid 10 mol% (o]

o
S >
Ph\)J\ * HN" "Ph MS 4A, CH,Cl, Ph\)J\N/\Ph
OH N

25°C,2.5h

ortho-Halophenylboronic acids
catalyzed direct amidation of
carboxylic acid at room

HO_ B/OH HO_ B,OH HO_ B/OH HO_ B/OH
F B | temperature.
Y X
How is the effect of ortho-halogen
F F Z Z substituents?
F

42% 41% 64% 91%
Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876.

Lowest-energy Calculated Catalytic Cycle

H,N—Me i
2 HO low energy barrier

M )?\oH Ho:B_Me weon PENHe
e

fa+2a / TSer  ta 22
A1
o

cis-3a + H,O

H,0 o Me NHMe
0 HO, OH 3a
)l\ H B—Me Me O—-IB—Me
Me N/ / ]
HO (0]
| _ YN
Me HoN—Me H H
E1/cis This pathways involve neutral species. B1
o0 H
TSgi1.c1 |
TSp1-E1/cis Me o——?—-Me
"0 H,0 H—N—H--O_
Me OH OH OH I >~ “H
| / Me
O--B—Me Me Oo—B - -
Me—N ‘ “Me TSg1-c1
\ OH NHMe
H A ———
. C1
D/cis TSc1-prcis
B 1%
H_ .-H___H _ _
o’ LO /h/ghest potential energy TS
rate-determining step Me—‘—-O—‘B—'Me
/ N\ - ‘o\
Me H H | stabilized by intramolecular
L - hydrogen bonding

TSc1-piscis

Pathways involving ionized reactants were found to be more
energetically demanding than those involving neutral species.
In fact, while aliphatic amines and carboxylic acids readily
form salts in water and highly polar solvents, their pKa order
switches in aprotic organic solvents of lower polarity.[40]

Energy / kcal mol™'

— The calculated potential energy profile for the reaction of
w N "'-—-«--—i‘f*g\ compound 1a and 2a catalyzed by methylboronic acid
= = indicated that formation of the boron-bound amide from the

1a+2a ‘A1 TSpgr B1 TSggy C1 TSm_D”mD1c,,TSmAE”mE1m<:/‘\s—;+H20
oo Reaction Coordinate corresponding hemiaminal is the rate determining step, in
. _ contradiction with previous hypothesis!?2l that formation of
B an ¥ monoacyloxyboronic acid was the rate determining step.
n
H \oﬁ/ H Following this theory, the factor that stabilize TS¢1.p1/cis iS
: 0\ d' important for the acceleration of this reaction. ortho-Halogen
H\’*, B~ “H substituents are thought to be engage in an O-H---X hydrogen
H/o |\ bonding stabilizing the rate-determining transition state, which
h\ydrogen bonding 1S greater for iodine than for chlorine due to the geometrical
constraints determining the intramolecular hydrogen
| _ bonding.[*"]

TS Marcelli, T. Angew. Chem. Int. Ed. 2010, 49, 6840.



Acceleration Effect by ortho-Halophenylboronic Acids

0 - Boronic acid 10 mol% (0]
”~ ) []
A+ mN MS 4A RJ\N/R
R OH CH20|2, rt H

yield 4f > 4a in all cases

HO\B,OH HO\B/OH
Following Marcelli's theory, meta-methoxy substituent is
' ' thought to increase the electron density of ortho-iodide
substituent and reeinforce the hydrogen bonding network.
MeO
4a

Gernigon, N.; Al-Zoubi, R. M.; Hall, D. G. J. Org. Chem. 2012, 77, 8386.

Equibilium between Boronic Acids and Alcohols

R\B’OH OH oH
—_— e
| + R~ R'\..B< * H20

OH o

Chemoselective Esterification of a-Hydroxycarboxylic Acids

This reaction did not occur when 1

(o] (o]
oy B(OH)3 10 mol% OH €quiv of a-hydroxyacid, alcohol
HO W MeO and boric acid were mixed in
evn, aqueous solution, and not even in
OH O OH O 2:1 water/methanol solvent.

71%

OH OH

Proposed mechanism OH Intramolecular acid-
R)\'( R A ;0 / base intraction

o O—B~OR'
o H_ OR'
| [
0~ "OH B(OR');
OH \ o= B(OH); =
i \X\
\ OH DOR
' ~ '
Considering low reactivity OR
of simple carboxylic acid R )\"/OR' \2\ ‘/
OR' Intramolecular

Transesterification of Ethyl acetoacetate nucleophilic addition

RO OR
(o) (o) B(OH)3 10 mol% (o) (o) _ \
equiv
OEt toluene, reflux OR
69-95% (+)

Kondaiah, G. C. M.; Reddy, L. A;; Babu, K. S.; Gurav, V. M.; Huge, K. G.; Bandichhor, R.; Reddy, P. P;
Bhattacharya, A.; Anand, R. V. Tetrahedron Lett. 2008, 49, 106.

Aldol Reaction in Water

o) OH O In-Bu
o H]\ catalyst 20 mol% N
* »
Ph)l\ H H,0, rt Ph N/
OH OH
10 equiv 97% Na(HO);B
Proposed mechanism catalyst
(o]
oI
/ (0]
B OH \\:)]\ H

@[ Q

Boron enolate generat/on
through induced intramolecularity

\ H:,HHO:B\;DOH
CE@Q — L

B—OH
Boron enolate is water-tolerant reagent. \0/ \
Considering PhB(OH) 3Na is not effective on )
this reaction, the reactivity of this catalyst HO Aldol reaction through
results from the intramolecular interaction induced intramolecularity
between benzimidazole and boronate function. Ph

Aelvoet, K.; Batsanov, A. S.; Blatch, A. J.; Grosjean, C. Patrick, L. G. F;
Smethurst, C. A.; Whiting, A. Angew. Chem. Int. Ed. 2008, 47, 768.

Assymetric Petasis-Type Reaction

(0

R R2
X )]\ R! N R
_ PhO~ CI
N - N / R4
+

catalyst 10 mol%
NaHCO;, H,O, CH,CI
0,
R3 Activation of electrophile 82-97% ee
CF;
s e
|

F1C J\

HO N
N~ N -H
H H
M N =z
e
chiral tethering catalyst j N OPh Activation of nucleophile
HO Induced intramolecularity

Yamaoka, Y.; Miyabe, H.; Takemoto, Y. J. Am. Chem. Soc. 2007, 129, 6686.

R3

10
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3. Catalytic Directing Groups

Irremovable Directing Groups

Irremovable directing group cannot be used synthetically.

Removable Directing Groups

CO,Me
@ Pd(CH3CN),Cl, 10 mol% \_7
Cu(OACc)»*H,0 1-2 equiv
N + 2 >coMe N

\s N— > \S N
= DMA, 110°C, 8 h =
o Y 0 V
CO,Me
Requirement of installing and removing steps Zn, HN,4CI A\ / 2
(two additional nonproductive steps) THE. rt N
H

Garcia-Rubia, A.; Gbmez Arrayas, R.; Carretero, J. C. Angew. Chem. Int. Ed. 2009, 48, 6511.

Leaving Directing Groups

CuBr«SMe, 1 equiv Me
PPh, MeMgl 2 equiv : P
>
Et,O, rt Ph” 7 Et

K/'\ No requirement of removing steps
Et but limitation of scopes

Breit, B.; Demel, P. Adv. Synth. Catal. 2001, 343, 429.

Sequential Use of Removable Directing Groups

O'DPPB\O Me Rh(acac)(CO), 2 mol% O'DPPB\O

P(OPh); 8 mol% Me ? 4 steps
- : ) _— =
Me” X H,/CO 40 bar Me” X
SiMe,Ph toluene, 40°C SiMe,Ph

81%, 91:9 dr

CuBr-SMe,

Et,0, rt
78%

Me hydrogenation (R,R,R)-0-
’ J J
Tocopherol
Me

Minimization of installing and removing steps
Rein, C.; Demel, P.; Outten, R. A.; Netscher, T.; Breit, B. Angew. Chem. Int. Ed. 2007, 46, 8670.

Catalytic Directing Groups
No requirement of installing and removing steps

Transesterification of Phosphinite or Phosphite

Ph,P(OR) + ROH ~———> Ph,POR) + ROH

Ortho Deuteration of Phenol
OH OH P(OPh);
Catalyst1 . D D ). Iu“CI
P” | YP(OPh
Dy, rt, toluene 0/| P(OP‘\);; )3
(OPh),
Inspired by Parshall's stoichiometric reaction in 1969.142] Catalyst1
OH OH
(OPh), D (OPh),
P~ P
- R\uLrl o~ \R\uLn
D D
P \ / H
=< s o
transesterification Catalytic directing group

C-H activation

Proposed Catalytic Cycle
HD

0—P(OPh), 0—P(OPh),

RuL, RuL,
o’ 7—\\\\\ >=
D>

Lewis, L. N. Inorg. Chem. 1985, 24, 4433.

Application to ortho alkylation of phenol

OH OH
RhCI(PPh3)3 1 mol%
A i-Pr,POxy 20 mol%
>

toluene, 135°C

80%
Lewis, J. C.; Wu, J.; Bergman, R. G.; Ellman, J. A. Organometallics 2005, 24, 5737.

OH  RhCI(PPhs); 2.5 mol% OH
Ph,P(OPh) 8.3 mol%

>
ethylene 30 bar
toluene, 120°C

B IRhI
0—PPh, 0—PPh, O0—PPh, 0—PPh;,

\ \ \
Rh! RhM-H Rhl -

Carrion, M. C.; Cole-Hamilton, D. J. Chem. Commun. 2006, 4527.

12
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Application to ortho arylation of phenol B
-Bu

OH 15 mol% OMe
/©/0Me @OPI-PQ T
R
+
Br

RhCI(PPhs)3 5 mol%
CsCO3 1.7 equiv
toluene, reflux

OH OH R yield (%)
R R Ar
X .
i-Pr, i-Pr, tBu 7
O/F’\RhI F O/P\RhI i-Pr 68
R Ar \/4 - R Et 53
-
transesterification Me 21
ArBr H 0
Proposed Catalytic Cycle
reductive elimination oxidative addition
catalytic directing group
I-Pr2
P<Rp!!
O/Pl Pl’z 0/ th ‘Ar
f RhIII Br
HBreBase Base The reduction in catalytic activity with decreasing

steric bulk implies that the rate-determining step is
probably the orthometalation of the phosphinite

ligand.
Bedford, R. B.; Coles, S. J.; Hursthouse, M. B.; Limmert, M. E. Angew. Chem. Int. Ed. 2003, 42, 112.
Bedford, R. B.; Betham, M.; Caffyn, A. J. M.; Charmant, J. P. H.; Lewis-Alleyne, L. C.; Long, P. D.;
Polo-Ceron, D.; Prashar, S. Chem. Commun. 2008, 990.

Application to Regioselective Hydroformylation or Hydroacylation

o Ph, ¥
Rh(CO),acac 1 mol% 0 PN
Ph,POMe 10 mol%  PCC/ALO; 2 equiv v o Rho
v CO/H, 1:1 20bar NaOAc 0.5 equiv Ko/
HO” X0 > » +
THF, 4AMS CH,CI, rt, 12 h

40°C, 12 h 0. ~° 91% yield
v: = 99:1
d (PPhg; 27:73)

Grunanger, C. U.; Breit, B. Angew. Chem. Int. Ed. 2008, 47, 7346.

0 [Rh(COD)CI], 2.5 mol% thAr hs

/\/\ Ph,POMe 25 moI% , \Rh o
HO NaOAc 20 mol% ,H
THF, 70°C \ ‘

97% vyield (PPhgs; no reaction)

Murphy, S. K.; Petrone, D. A.; Coulter, M. M.; Dong, V. M. Org. Lett. 2011, 13, 6216.
Murphy, S. K.; Coulter, M. M.; Dong, V. M. Chem. Sci. 2012, 3, 355.

Imine Formation
R
o H* N
JI\ + RNH, ~———— )l\ + H0
R H R H
Hydroacylation of Olefin with Simple Aldehyde
Rh(PPhs)5Cl 2 mol% - Me
o 2-amino-3-picoline 20 mol% o) |
AN > z
)I\ + & C4Hg  benzoic acid 6 mol% )]\/\ N NH,
Ph H aniline 60 mol% Ph C4Hy . o
toluene, 130°C, 1 h 989 2-amino-3-picoline
(o]

(72% without benzoic
acid and aniline)

Aliphatic aldehydes underwent hydroacylation to give ketones in moderate
yield, accompanied with the byproducts, the aldol condensation products.

Inspired by Suggs's work

(PPhs)3RhCI

Suggs, J. W. J. Am. Chem. Soc. 1978, 100, 640.

Me
| X Rh(PPh3)3Cl 5 mol%
_ ethylene 10.3 bar \)l\
Ph

160°C, THF;
/U\ SiO,

Suggs, J. W. J. Am. Chem. Soc. 1979, 101, 489.

A significant challenge associated with C-H bond cleavage of an aldehyde has been the
suppression of decarbonylation. One solution to this problem was that the reaction was
conducted under a high pressure of carbon monoxide. However, this system are not
general and efficient due to the harshness of the reaction condition. An alternative solution

was incorporation of chelating functional groups onto the aldehyde to stabilize the acyl-
metal hydride species.

Jun, C.-H.; Lee, H.; Hong, J.-B. J. Org. Chem. 1997, 62, 1200.
Jun, C.-H.; Hong, J.-B. Org. Lett. 1999, 1, 887.
Jun, C.-H.; Lee, D.-Y,; Lee, H.; Hong, J.-B. Angew. Chem. Int. Ed. 2000, 39, 3070.
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Proposed Catalytic Cycle

(0] not generating acyl-
)]\/\ N Me metal hydride species
Ph C4Hg |
z
N~ “NH, Ph_
A i
H Ph
H,O

(0]

PhNH, J]\

H Ph

_ Rh(PPhs)sCl | _
N N <
C4H9/\/U\ i / H /U\ Ph \
t . o X I\%\
B Catalytically stabilizing acyl-metal | J\

| L— hydride species Z &
Aniline also accelerates imine formation via
H- . transimination and suppresses the pathway
[ Ph proceeding without 2-amino-3-picoline.

| C4Hg _ Park, Y. J.; Park, J.-W.; Jun, C.-H. Acc. Chem. Res. 2008, 41, 222.

Benzoic acid accelerates imine formation.

Me ]
S
/
v/
ll‘l N

Application to Hydroacylation of 1-Alkynes

Rh(PPh3)3Cl 5 mol% o

Ph H toluene, 80°C, 12 h

Most aromatic aldehydes underwent hydroacylation with 1- N Me
alkynes smoothly to produce branched a,p-enones exclusively |

in good vyield. With aliphatic aldehydes, good branched —
selectivity was observed. When the reaction was performed N N
with an alkyne substituted with a sterically demanding group, t- |
butylacetylene, E-a.,3-enone was produced exclusively. These L” " /! "Ph
selectivity suggests that other mechanistic scenarios, such as n /=\

a carbometalation pathway, may be involved in this reaction. H C4Hg ]

Jun, C.-H.; Lee, H.; Hong, J.-B.; Kwon, B.-I. Angew. Chem. Int. Ed. 2002, 41, 2146.
Park, Y. J.; Park, J.-W.; Jun, C.-H. Acc. Chem. Res. 2008, 41, 222.

Application to Isomerization of Allylic Alcohols Followed by Hydroacylation

Rh(PPh);Cl 3 mol% o

2-amino-3-picoline 40 mol%
Me/\/\OH + /\C4H9 —— > /\)]\/
benzoic acid 10 mol% Me \C4H9
toluene,130°C, 4 h 91%
(o]

No byproduct such as aldol condensation product was obtained, which was the side reaction when
aliphatic aldehydes were used as substrates.

Lee, D.-Y.; Moon, C. W.; Jun, C.-H. J. Org. Chem. 2002, 67, 3945.

Equilibrium between Hemiaminal Ethers and Alcohols

RO” >NR'R2 *+ ROH —= R0~ “NR'RzZ *+ ROH

o H C.H 2-amino-3-picoline 40 mol% C.H
+ H—=—=—C,H, > Hy + )]\/
)I\ benzoic acid 20 mol% Ph l/ Ph” NN,

Regio- and Diastereoselective Hydroformylation of Homoallylic Alcohols

Me
Rh(acac)(CO), 2 mol% 0 v: = 86:14 x—N
OH Ligand 20 mol% 89:11 dr | Y= 0ij-Pr
T COM,200psi 0\ e 94% yield Z P
X p-TsOH 0.2 mol% (with PPh3 Ligand; Ph

Ph benzene, 45°C;
PCC, NaOAc, CH20|2

v:d = 25:75
Ph 42:58 dr) Ligand

Me
N

Me
x—N Keq
Q )—~OMe . HOR = — ©: )~OR . HOMe
Z P P

p-TsOH 0.2 mol%
Ph benzene, 45°C Ph

R = n-Bu: Keq=1.3, i-Pr: Keq=0.13, t-Bu: Keq=0.0016

Lightburn, T. E.; Dombrowski, M. T.; Tan, K. L. J. Am. Chem. Soc. 2008, 130, 9210.

Application to Hydroformylation of Allylic Alcohols to Synthesize Quaternary Carbon Centers

Rh(acac)(CO), 4 mol% [ }
OH Ligand 20 mol% OH O MeN
CO/H5 400 psi
Vg X~ “OH A
p-TsOH 0.2 mol% B o P—ph
Ph benzene, 45°C; Me Ph \
N?\ggﬂsgmﬁthél/fézlgzne branch:linear = 97:3 Ph :'"?h'-n

24, T2 73% yield '

(with PPhg; bil = < 2:98) "H
Efficient generation of quaternary carbon center! (Strong Entropy Effect) | 6-membered cyclic TS ]
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Application to Enantioselective Hydroformylation

Rh(acac)(CO), 2 mol%
Chiral Ligand 15 mol%

Me CO/H, 50 psi PMPNH Et
>
PMPNH/\) p-TsOH 0.05 mol%
benzene, 35°C; OH
NaBH,4, MeOH 71% vyield
91% ee
i-Pr
Rlne 7\
X
. N syn-pentane
():P >=0i-Pr I > | X >---'Oi-Pr avoided
i’:\ o 7 R
epimerizable Ph
Ligand
Chiral Ligand

Worthy, A. D.; Joe, C. L.; Lightburn, T. E.; Tan, K. L. J. Am. Chem. Soc. 2010, 132, 14757.

16



4 Summary [39] Nguyan, T. B.; Sorres, J.; Tran, M. Q.; Ermolenko, L.; Al-Mourabit, A. Org. Lett. 2012, 14, 3202.
) General Imformation:
Advantages [40] Katt, A.; Leito, I; Kaljurand, I.; Soovali, L.; Vlasov, V. M.; Yagupolskii, L. M.; Koppel, I. A. J. Org. Chem.
2006, 71, 2829.
[41] Kovacs, A.; Varga, Z. Coord. Chem. Rev. 2006, 250, 710.
Phosphinite or Phosphite Catalyst:

Through induced intramolecularity using reversible covalent bondings, significant rate enhancements can be
obtained, such that challenging reactions can be performed under mild conditions.
Furthermore, the conformational restrictions required by covalent bondings generally allow for high regio- and

stereoselectivity Precedence:
' [42] Parshall, G. W.; Knoth, W. H.; Shunn, R. A. J. Am. Chem. Soc. 1969, 91, 4990.
Disadvantage ortho Deuteration of phenol:
It can require additional catalysts such as acids and bases. [43] Lewis, L. N. Inorg. Chem. 1985, 24, 4433.

ortho alkylation of phenol:
[44] Lewis, J. C.; Wu, J.; Bergman, R. G.; Eliman, J. A. Organometallics 2005, 24, 5737.

X. References [45] Carrion, M. C.; Cole-Hamilton, D. J. Chem. Commun. 2006, 4527.
Reviews: ortho arylation of phenol:
: [46] Bedford, R. B.; Coles, S. J.; Hursthouse, M. B.; Limmert, M. E. Angew. Chem. Int. Ed. 2003, 42, 112.
[1] Tan, K. L. ACS Catal. 2011, 1, 877. [47] Bedford, R. B.: Limmert, M. E. J. Org. Chem. 2003, 68, 8669.
[2] Pascal, R. Eur. J. Org. Chem. 2003, 10, 1813. [48] Oi, S.; Watanabe, S.; Fukita, S.; Inoue, Y. Tetrahedron Lett. 2003, 44, 8665.
[3] Rousseau, G.; Breit, B. Angew. Chem. Int. Ed. 2011, 50, 2450. [49] Bedford, R. B.: Betham, M.; Caffyn, A. J. M.: Charmant, J. P. H.; Lewis-Alleyne, L. C.; Long, P. D.; Polo-
[4] Tan, K. Nature Chem. 2012, 4 253. [50] Cerdn, D.; Prashar, S. Chem. Commun. 2008, 990.
[Cé%\‘/%?;'é’zngEztte;'l"ﬁ;‘;}'}gjm 1055 507 181 [51] Bedford, R. B.; Haddow, M. F.; Webster, R. L.; Mitchell, C. J. Org. Biomol. Chem. 2009, 7, 3119.
i , V. T. et. al. Liebi . ) ; . Hydroformylation:
ESILV\QGL"‘”% \t/ |T et(-j aE' tL’eﬁ"gg A|””-, 1956, 599, 125. [52] Griinanger, C. U.; Breit, B. Angew. Chem. Int. Ed. 2008, 47, 7346.
- ga-‘r/m?]a k?aa%/ﬁurl: erT é 50}57'73- Chem. Soc. 1996. 118. 8967 [53] Grinanger, C. U.; Breit, B. Angew. Chem. Int. Ed. 2010, 49, 967.
8] Sammakia. T Hurleg’ TB J Ord Chem. 1999. 64. 4652 ' |[_£|'>4(]1 Usw,ll.; Nomura, K.; Breit, B. Org. Lett. 2011, 13, 612.
o o 1B J MG : » 9%, . ydroacylation:
[9] Sammakia, T.; Hurley, T. B. J. Org. Chem. 2000, 65, 974. [55] Murphy, S. K.; Petrone, D. A.; Coulter, M. M.; Dong, V. M. Org. Lett. 2011, 13, 6216.

Aldehyde-Catalyzed Amide Hydrolysis: Muroh K- ter M. M.- D V. M. Ch . 2012
[10] Ghosh, M.; Conroy, J. L.; Seto, C. T. Angew. Chem. Int. Ed. 1999, 38, 514. Efnﬂ]eg;pta}’yj ; Coulter, M. M.; Dong, V. M. Chem. Sci. 2012, 3, 355.

[11] Pascal, R.; Lasperas, M.; Taillades, J.; Commeyras, A. New J. Chem. 1987, 11, 235. Precedence:

[12] Pascal, R.; Taillades, J.; Commeyras, A. Bull. Soc. Chim. Fr. 11 1978, 177. %58} Sﬂggz’ W L A Gher aoc 1979, 107 489,
[13] Pascal, R.; Taillades, J.; Commeyras, A. Tetrahedron 1978, 34, 2275. Hydroacylétidn of alkenes: ’ ’ ’ '
Eé]eisggaclz’;t{;yTza:ZangﬁoJ&;:ngmErﬂ;%;aasti’oﬁ'- Tetrahedron 1980, 36, 2999. [59] Jun, g.-H.; Lee, H.; Hong, J.-B. J. Org. Chem. 1997, 62, 1200.

' ) : : [60] Jun, C.-H.; Lee, D.-Y..; Hong, J.-B. Tetrahedron Lett. 1997, 38, 6673.
[21051]O|\gacDonald, M. J.; Schipper, D. J.; Ng, P. J.; Moran, J.; Beauchemin, A. M. J. Am. Chem. Soc. 2011, 133, [61] Jun, C.-H.; Hong, J.-B. Org. Lett. 1999, 1, 887.

. ) ) . ] . [62] Jun, C.-H.; Lee, D.-Y,; Lee, H.; Hong, J.-B. Angew. Chem. Int. Ed. 2000, 39, 3070.

S B o e e v Lot 3015 1 s0gg. 2 124 1657™ 3] Jun, C-H; Chung, J-H; Loe, DY Loupy A Chat, S. Tetrahedron Lot 2001, 42,4803,

e P PV o : : LT ' oupy, A.; Chatti, S.; Delamare, S.; Lee, D.-Y; ng, J.-H.; Jun, C.-H. J. Chem. Soc., Perkin Trans.
[18] MacDonald, M. J.; Hesp, C. R.; Schipper, D. J.; Pesant, M.; Beauchemin, A. M.; Chem. Eur. J. 2013, 19, [20(;2 ;szgo ! tng ! I
2597. ’ . 1 .

65] Jun, C.-H.; M , C.W.; Lim, S.-G.; Lee, H. Org. Lett. 2002, 4, 1595.
Acetal-Catalyzed Enantioselective Desymmetrization or Resolution: E—Iyéroincylation of(;cl)synes: 'm ee 9. e
{;g} \?\;Jon&r:;; )\’V%rfhg’uﬁ- 5’(-5 Eg ﬁ t :‘,\HXEW Cf”;;msfgé ’;_g-1§°1113;15‘;£1167- [66] Jun, C.-H.; Lee, H.; Hong, J.-B.; Kwon, B.-l. Angew. Chem. Int. Ed. 2002, 41, 2146.
y M. . y AN\, , N L. J. . . . y , . H d t d H t f Ik .

[21] Giustra, Z. X; Tan, K. L. Chem. Commun. 2013, 49, 4370. (67] Par. Y. J.: Kwon, B-L.; Ah, J.-A.; Lee, H.; Jun, C.-H. J. Am. Chem. Soc. 2004, 126, 13892
Boronic Acid-Catalyzed Direct Amidation of Carboxylic Acids: C-C bond activation of ketones: Y T ' ' ' ' ’
[22] Ishihara, K.; Ohara, S.; Yamamoto, H. J. Org. Chem. 1996, 61, 4196. [68] Jun, C.-H.; Lee, H. J. Am. Chem. Soc. 1999 121 880.
Ei} :\72‘29‘?_’ I’;E{:”&‘Vg’; rﬁg?ngét?i-ﬂ(gfg L ott. 2005. 7. 5043 [69] Jun, C.-H.; Lee, Df.-Y.; Kim, Y.-H.; Lee, H. Organometallics 2001, 20, 2928.

o P o ’ y D ; Dehydrogenation and following hydroacylation:
[25] Maki, T.; Ishihara, K.; Yamamoto, H. Tetrahedron 2007, 63, 8645. 701 Jun, Gt Huth. CoW.: Na, Sl Angew. Chem. Int. Ed. 1998, 37, 145
[26] Latta,R.; Springsteen,G.; Wang, B. Synthesis 2001, 11, 1611. [71] Jun: CH Chu’r19,.K.—.\’(.; H’on.g, JB Oré. Lett '200'1, 3; 785. Y '
[27] Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876. | izati d follwing hvd lation:
[28] Marcelli, T. Angew. Chem. Int. Ed. 2010, 49, 6840. (72 Loe. DY Moon. C. W dun. GoH. J. Org. Chem. 2002, 67, 3045
[29] Gernigon, N.; Al-Zoubi, R. M.; Hall, D. G. J. Org. Chem. 2012, 77, 8386. Account; T T T ’ ' T |
[30] ChaI’VI”e, H, Jackson, D, Hodges, G, Whltlng, A. Chem. Commun. 2010, 1813. [73] Park, Y. J, Park, J-W, Jun, C.-H. Acc. Chem. Res. 2008, 41, 222

Boronic Acid-Catalyzed Other Reactions:

Hemiaminal Ether Catalyst:
[31] Houston, T. A.; Wilkinson, B. L.; Blanchfield, J. T. Org. Lett. 2004, 6, 679. ernamina’ =her Latalys

; , Hydroformylation:
[32] Maki, T.; Ishihara, K.; Yamamoto, H. Org. Lett. 2005, 7, 5047. : . . .
o ninan € e LS o .G st . o . Wi .0 G W, oG 67 Ty, 1 G, s, .70
[34] Sakakura, A.; Ohkubo, T.; Yamashita, R.; Akakura, M.; Ishinara, K. Org. Lett. 2011, 13,892, L Wont A Do & L L b T E o Ton K A, Cherm, 906, 2010, 132, 14757,
E”%ﬁv‘i'vgﬁgnf-?lrgagsnggbg 5 Blatch, A. J; Grosjean, C. Patrick, L. G. F.; Smethurst, C. A.; Whiting, A [78] Lightburn, T. E.; De Paolis, O. A.; Cheng, K. A,; Tan, K. L. Org. Lett. 2011, 13, 2686.
[36] Lee, D.; Newman, S. G.; Taylor, M. S. Org. Lett. 2009, 11, 5486. o of Divasting Groums. o o 2011, 76, 7990.
[37] Zheng, H.; McDonald, R.; Hall, D. G. Chem. Eur. J. 2010, 16, 5454. [80] Garcia-Rubia, A.; Gémez Arrayas, R.; Carretero, J. C. Angew. Chem. Int. Ed. 2009, 48, 6511.
[38] Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876. [81] Breit, B.. Demel. P. Adv. Synth, Catal. 2001, 343, 429

[82] Rein, C.; Demel, P.; Outten, R. A.; Netscher, T.; Breit, B. Angew. Chem. Int. Ed. 2007, 46, 8670.



