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Catalytic C-H bond Cleavage
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Chelation-Assisted Hydroacylation
of 1-Alkene and Aldehyde

o (Ph3P);RhCI (5 mol%) Q
H+ =/n-C4H9 toluene, 150 °C, 24 h > 1-C4Hq
2-amino-3-picoline (20 mol%)
93 %
isolated yield

Jun, C. -H,; Lee, H.; Hong, J. -B. J. Org. Chem. 1997, 62, 1200
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Hydroimination through transimination

n'C4H9
@ =/ (5eq) @
N (Ph3P);RhCI (0.5 mol%) N

JL 2-amino-3-picoline (10 mol%)
Ph H
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Jun, C. -H.; Hong, J. -B. Org. Lett. 1999, 1, 887.
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Highly Efficient Hydroacylation
of 1-Alkene and Aldehyde

0 (Ph3P);RhCI (2 mol%) Q
©)(H + =/n-C4H9 toluene, 130 °C, 1 h > ©)‘\/\n-c4Hg

94 %
isolated yield

Jun, C. -H.; Lee, D. -Y.; Lee, H.; Hong, J. -B. Angew. Chem. Int. Ed. 2000, 39, 3070
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Direct Condensation
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Regioselective Chelation-Assisted
Hydroacylation of Terminal Alkyne

(PPhs);RhCI (5 mol%) 0
H 2-amino-3-picoline (40 mol%) n-C.H
benzoic acid (20 mol%) o 4
+ toluene, 80 °C, 12 h
n-C,Hy———H 92% (100%)

Jun, C.-H.; Lee, H.; Hong, J. B.; Kwon, B.-Il.,
Angew. Chem. Int. Ed., 2002, 41, 2146-2147




Combination of Hydroacylation of 1-Alkyne
& N-Annulation
for the Synthesis of Tetrasubstituted Pyridine

(Ph3P);RhCI (5 mol%)
2-amino-3-picoline (40 mol%) o]

)\/g . ||| benzoic acid (20mol%) i
~ -C,H. toluene, 110 °C, 4 h \(
H Ll n-C4Hg

77% isolated yield, meso- only

n-C3H7
NH,O0Ac (2 eq) n-C3H
n-C3H;—=—=—n-C3H7 (2eq) NS o
(5mol% [Rh]) o7
Cu(OAc);Hz0 (2 eq) n-C4Hg

MeOH, 130 °C, 6 h
92% isolated yield

Sim, Y.-K.; Lee, H.; Park, J.-W.; Kim, D.-S.; Jun, C.-H ;
submitted for publication
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Combination of Hydroacylation of Internal Alkyne
& N-Annulation
for the Synthesis of Peralkylated Pyridine

Ph (Ph3P)sRhCI (5 mol%) o
o 2-amino-3-picoline (100 mol%) N
n o, | | benzoic acid (20 mol%)  Ph__C Ph
thC\ o
H Bh toluene, 150 °C, 4 h Ph
84% isolated yield
n-C3H7
NH40AC (2 eq) !!-63!'!7
n-CH;—=—n-C3H; (2eq) NS
(10mol% (=) T ~rCNF e
Cu(OAc),H20 (2 eq) Ph
MeOH, 150 °C, 6 h 77% isolated yield

C-C Triple Bond Cleavage of Alkyne
through C-H Bond Activation

(Ph5P)3RhCI (5 mol%)
2-amino-3-picoline (100 mol%)
benzoic acid (20 mol%)

toluene, 130 °C, 12 h

o)
HJI\/\Ph i) (PhsP);RhCI (3 mol%)
+

2-amino-3-picoline (50 mol%)

benzmc acid (5 mol%)
n-C3H7%n-C3H7 """""""""" ~.
l BIy-INHZ (200 mol%) .

toluene, 130 °C, 12 h
ii) H*/H,0

>

> n-QH{ﬁJJ\/\Ph

n-CsH,
93 % isolated yield

Cy-NH,
Ph-CO,H
(0]

Ph
n-CgH,

94% isolated yield
+

o}

n-CgH;” "H

Lee, D. -Y.; Hong, B. -S.; Cho, E. -G.; Lee, H.; Jun, C. -H.

J. Am. Chem. Soc. 2003, 125, 6372-6373
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- Mechanism

Hydroacylation of 1-Alkene with
Aliphatic Aldehyde

(0] - .
Jj\/\ | Hydroacylation | Pic.
H Ph Rh(l) /Dl D\ DALY 10/ \
+ > C3H7 N\ Ph o \r-||3r ,3.}::\"-\ imiGi/oj (o)
2-amino-3-picoline /\)L 2-amino-3-picoline (30 mol%)
C3H;———C3H; (= Pic) C3H; Ph H  p-CF3-C¢H,CO,H (10 mol%) /\)J\/\ H
-H,0 + PhNH, (40 mol%) t-C4H9 H oh
t-C4Hg toluene, 110 °C, 1h
CyNH, = 61% 39%
Pic PhCO,H +
|)]\/\ Ph 4_ Hl\/\ H CvTic Hydroacylation with Aldol Intermediate
~ N S A N L
CsH; C;H; g NS (Ph3P);RhCI (2 mol%)
—~ 2-amino-3-picoline (30 mol%)
—— C3H; Ph o p-CFy-CoH,COAH 210 mol A; o
C.H cyclo| exylamlne 40 mol% Ph/\)J\/\ C.H
0o nyN 3t7 Ph H ., t-C4Ho H,0 (100 mol%) t-C4H,
Py H,0 =/ ol 0e o 2h:36%
CH~ “H € c3H7)LH - H Ph oluene, 6h:98%
Jo, E. -A.; Jun, C. -H. Tetrahedron Lett. 2009, 50, 3338. (50th Anniversary)
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o (PhyP);RNCI (2 mol%) Ph/\)l\/\( Mechanism of Hydroacylation

/\)j\ 2-amino-3-picoline (30 mol%) + “CaHo
Ph H  P-CF3-CeHaCOoH (10 mol%)

. cyclohexylamine (40 mol%) _ o
. t-C4Hg toluene, 110 °C Ph/ﬁ
Ph

GC yield (%)
o)
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R @ Ph' “H o
XN
: AN n
Entry Time PN -CaHo o c
: Ph| GC (%) P N "N"NC H
1 10 min 0 100 100 -
2 30 min 15 85 80 |
3 1h 61 39
60 -
4 2h 83 17
5 3h % 4 40 ¢
6 4h 94 6 20
7 s5h 93 7 oL ‘
8 6h 95 5 0,16505 1 2 3 4 5 6 7 8 1
9 7h 98 2 Reaction Time (h)
10 8h 99 1
11 11 h 100 0 -
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Double Hydroacylation of 1-Alkene
with 1-Cyclododecenecarboxaldehyde

CHO
_ o (o]
- H/”\/\/\/\/\/\)LH
(Ph3P)sRhCI (5 mol%) 0 0
2-amino-3-picoline (50 mol%)
CHO n-hexylamine (10 mol%) t-CaHy t-CaHy
+ __ f-CaHg  p-CF3-CgH,CO,H (20 mol%)
toluene, 150 °C, 24 h
(100 % conversion)
H,0
Hydroacylation Hydroacylation __ t-CaHg
n- Hex, H ,n-Hex -Hex ~n-Hex

HN
t‘C‘Hg t-C4H9 H t-C4Hy
-Hex-NH2
p-CF3-C¢H4COH

Cha, K.-M.; Lee, H.; Park, J.-W.; Lee, Y.; Jo, E.-A.; Jun, C.-H. Chem. Asian J. 2011, 6, 1926.
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Application of C-C Double Bond Activation:
Synthesis of Homopinic Acid Analogue

2
[0} 2, (o}
t-C4Hg t-C4H,

Homopinic acid analogue

—

”"— meso-
o] H,, WH (o}
(Ph3P);RhCI (5 mol%) t-C4Hg t-C4Hqg

2-amino-3-picoline (100 mol%) |”
n-CgH43NH, (100 mol%)
CHO p-CF3-C¢H4COLH (10 mol%)

N H,0 (100 mol%) _ "C4H9\/\n/§

t-C4Ho toluene, 130 °C, 48 h - o
= t-C4Ho

[Rh] T
2-amino

-3+ plcolme
i tC4H9
'C6H13'NHZ N
AL 'C6H13
alft t-CiHy TR N £.C4Ho
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Synthesis of Chiral Homopinic Acid Analogue
with Different Optical Rotation

__CaHs __ My
Catalytic Catalync "
Condition A Condition B N-CsH7 t-C4Ho
-C4Hg

0,
91 % isolated yield 60 % isolated yield

\“\

() 20,6 (+) 2.7°
(e}
Y\ ) 150
CHO
n C H; t -C4H, "f—
I, \\
Catalytlc n-C3H, Catalytlc t-C4Hg n-C3Hyz
Condition A 86 % isolated weldCondmon B 51 % isolated yield
() 2280 ()27

Catalytic Condition B
for retro-Mannich fragmentation
and subsequent hydroacylation

(Ph3P);RhCI (5 mol%)
2-amino-3-picoline (100 mol%)
n-CgHq3NH, (100 mol%)
p-CF3-C¢H4CO,H (10 mol%)
H,0 (100 mol%)
toluene, 150 °C, 24 h

Catalytic Condition A
for the hydroacylation of Myrtenal

(Ph3P)3RhCI (5 mol%)
2-amino-3-picoline (100 mol%)
p-CF3-CgH,CO,H (10 mol%)
toluene, 150 °C, 15 min~1h

C-C Single Bond Activation
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Catalytic C-C Bond Activation ’
' %
o \I_IL
S BEAN b« o,
(Ph3P);RhCI

(5 _mol%) CHELATION-ASSISTED . R CH,
PN [ ) UNREACTIVE C-C BOND CLEAVAGE 2 H
2 “n-C4Hg P PN
H,N7 N ~ “Ph &
+ (20 mot%y N ~ LsRhCI -m /=
0 tol \/Ej Ij * N™ "NH; Hz0 = C4Ho -L
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Hy,C” ~"Ph G N
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Ph 98% L 7
~
~ ~ ca N INI
o o L/Rih\H CH,
N”°N a NN /c y =
Jun, C.-H.; Lee, H. J. Am. Chem. Soc. 1999, 121, 880. C4Hg/\)LCH3 L —I-L CH, 4119
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- Application: C-C Bond Activation Promoted Ring Cleavage - Application: C-C Bond Activation Triggered Ring Formation
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O-Silylation with Vinylsilanes
through C-Si Bond Cleavage
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Development of Rh(l)-Catalyzed O-Silylation

9 (5 mol%) ( = T)
+

/©/c\H 2-amino-2-picoline (40 mol%)
2-amino-3-picoline (40 mo!%)
. o
HO benzoic acid (10 mol%)

+ (1/5) aniline (60 mol%) o /©/ ~"sikt,
SiEt; THF/toleune=2/1, 160 °C, 12h Et;Si—O
=/

<

0=0

ph~OH (0.5 mol%)
, HCl in 1,4-dioxane (3 mol A,)> Ph/\/o_s'Me3 (+ +)
SiMe; chloroform, rt, 2 h
= 100%
[(COE)IrCl], (0.5 mol%) 6

HCl in 1,4-dioxane (3 mol%)

Park, J. -W.; Jun, C. -H. Org. Lett. 2007, 9, 4073.
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[(COE) RN CI],

SiMe
=/ &

COE
MesSi
/. .Cl
N #
Me;3Si

H-C!

in 1,4-dioxane CDCl, rt

Cl—SiMe;,

- Mechanistic evidence
by 1H NMR
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Efficiency of Catalytic Systems for O-Silylation of Alcohol

Py 0.02 1%
+0H HCl in 1,4-diox(ane (!.T!.?‘é mlio'%])) /\O—SiMezph ? /(I)
__fSiMe;Ph CHCI3, RT (+ = *) R-OH - _Si-OH
7

|
S (0)
Completion within 18 h

[11: ~7SOH =1:5000 (1GN: 5000, TOF= 277 h¥)

SiMe3

conversion
(%)

o1
R-0-SiMe; mmmp _Si

|
/O

12 14 16 18 20 22 24 rxntime (h)
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(i')Et
EtO-Si-OEt
A e &
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& - R PO
o1 G Bt on ‘ > 2
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s

< e Y. M\*
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OEt .2/

Toluene, reflux

A
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'méﬁ.', Feature Article: Park, J.-W.; Park, Y. J.; Jun, C.-H. Chem. Commun. 2011, 47, 4860. @':&f&ﬁ!




- First Grafting Study Using Allylsilane
Purified by Column Chromatography!!

Me A
| AN
o \V\?i’\/\CI o .
1 Me 1 Me
_Si~OH > _si-0-$i "
_o toluene c') e
(110°C), 15 h - §
amorphous 0.3 mmol g

silica
Shimada, T.; Aoki, K.; Shinoda, Y.; Nakamura, T.; Tokunaga, N.; Inagaki, S.; Hayashi, T.
J. Am. Chem. Soc. 2003, 125, 4688.

- Preparation of Periodic Mesoporous Silica Using Allylsilane

/

R
S e
z R NaOH / H,0 " condensation

R = OEt, allyl

benzene-silica
mesoporous hybrid

Kapoor, M. P.; Inagaki, S.; lkeda, S.; Kakiuchi, K.; Suda, M.; Shimada, T. J. Am. Chem. Soc. 2005, 127, 8174.

Catalytic Cleavage of C-Si Bond

: Efficient tools for Grafting of Organic Functional Group

Catalyst Accelerated C-Si cleavag(#o

-9 e talyst A2 X
. catalys . .
_Si-oH 4;‘3”/\/\(” y | /SII—O-SII/\/\C|
O silica Me RT O Me
STABLE —
loading rate
catalyst? (mmol g?)
none 0
[(COE),RhCI], 0.16
0.91

[(COE),RhCI], / DMAHCI
[ [(COE).IrCil, / DMAHCI 0.97

23 mol% of metal catalyst and 6 mol%
of DMA.HCI were used. 4 h reaction

QO 13C CP-MAS NMR
8

o Me 1.
:§'i—o—§'i’\/\u 27145,
w
S

A i T
200 ' 180 @ 160 = 140 120 100 80 = 60 = 40 = 20 = 0
8/ppm VONSE)
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Modification of Silica Gel with Pyrene Deriv.

Me i) NaNz / DMF Me
é\éi/‘(\/);\,Bf room temp., 6 h péi/\M;\,NHz ;
i) PPh, H,O / THF <\ Me R
EDCI (13eq) N,
) = i\l/‘(\/);\/ \ro]/\/\

Q\ room temp., 4 h
+ DMAP (0.1 eq., cat.
PN~ MC, tt, 12 h
o
78 %

N 4
el

"

¥ uv
b = Irradiation
(355 nm)

0.4 mmol/g

[(CgH1,),IrCl] 5
(5 mol% based on [Ir]) yp
HCl'in 1,4-dioxane (15 mol%) e

Silica

chloroform, 40°C, 4 h

RN D
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Catalytic Immobilization of Organic Molecule
through Vinylsilane Coupling Reactions

O o)
/ SN
R=G HO-Si__
H M@ mesoporous
cat. (Ph3P);RhClI a7 RN silica
/ 2-amino-3-picoline N cat. [(COE),IrCl], / HCI
Hydroacylation Me O-Silylation
: Immobilization onto

: Introduction of Functional
Solid Support

Organic Molecule

Park, J. -W.; Jun, C. —H. J. Am. Chem. Soc. 2010, 132, 7268.
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Ph—CHO
. (PhsP)sRhCI (5 mol%)
M 2-amino-3-picoline (50 mol%) ,q Me
PN i P-CF3CeHsCORH (10 mol%‘ PSP 92 % isolated yield
= 8 1,4-dioxane, 150 °C, 2 h T
Me o ivie
HO-Sin
N 10um
< sili
silica ball 9 Me O\
[(COENICI, Bmol% [Ir)  py o ~dio-d;
DMA.HCI (10 mol%) l\lll (I)\
chloroform, rt, 4 h ¢ N
0.95 mmol g
PN ] e
~ fll:e\ RSN
(PhsP)sRhCI (5 mol%) Me
(1.5e9)  2-amino-3-picoline (50 mol%) MeO,C
- 0,
MeOZC—©—CHO P-CF3CeHsCO,H (10 mol /OL 100 % conversion
dioxane, 150 °C, 2 h

"
/\s|’\/c Ph

9 o
1
OO i
Me Me0,C Me

(1.5eq)

0.73 mmol g*!

0.58 mmol g™ o " ?
2 Me ¢ AR .
/é\/\ 1 ?.\ O‘ Sl'_o_s'\
3:0—?!*: Me 6\
0.77 mmol g / \
1 Me O. Retile:
~dio-di || :
0.62 mmol gt $i=0-8i :.:9’
o HO( Me

0L e -

0=0

" (l)\ N 3 [ 7 [1
e
R ~ K CHIRAL SEPARATION /
=0 R=n-C4H,
n-CgHy3
n-CoHio R _ Contact
Me-Si~Me C=0 angle
/) R=n-C;H, 710
n-CgH,;; 81°
+ [(COE),IrCl]; (5 mol% [ir]) _si. 618
0 DMA.HCI (10 mol%) Me~>\*Me n-CoHyy 94° .
z OH > o} 94

] CH,Cl,, 1t,12h - i
E 0-8i-0._ 2Cle 0-Si-0._

Highly Robust Immobilization Method
Using Oligomer

Mefé-u.e _ 7\ t\ i\

+ [(COE),IrCl]; (5 mol% [Ir])
DMA.HCI (10 mol%)

Me0 MeMeo Me Meo "“Me

M @il @0y CHCly 1t 120 S 9
3 3 3
R R R
$ $
_si.
)Me Me«\ Me Me< Me >
. [(COEIrCI], (5 mol% [Ir]) { i )
DMA.HCI (10 mol%) B _Si.
gH gH - o%H o CHClyrt,12h s Me glln Mag SOH Meg Me

Highly robust immobilization

J
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Immobilization of Vinylsilane Oligomer

% X g
P J 85% 1,2-polybutadiene

=e“\/\/"z

i
H—Sli—CI (15 %)
. Me
D HpiclgxH,0 | ) F MgCl
(0.3 mol% [Pt]) THF, RT
THF, 60 °C, 6 h
120 % 102 °
% X

Si.

Si Si o -
Glass surface Me”~\Me Me7 "Me Me”"\Me Y
after treatment of /) <\ /) o X 2
piranha solution >
[(COE),IrCl], (5 mol% [Ir])
OH OH OH DMA.HCI (10 mol%) .

8 gh-q (gh %,H CH,CI,, RT, 12 h ; Meé'sL;Me Me(;)'Si’gMe Mec;,fs"Me
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- Application

% % 35 % vinylsilane group
/ r conversion

O-B O-B

Hydroacylation
‘0 C=0

OH OH
_O_C‘ (e el Me e~s.-Me m
COE),IrCl]; (5 mol% [ir])
(Ph;P),RACI (5 mol%) %A /&/;/\ WA RCr 0 mor)

Me~S|—Me Me~SI—Me

Me’s"Me Me’s"Me 2-amino-3-picoline (50 mol%)
CF3-CgHsCO,H (10 mol%) CH;Cl, RT, 12h

1,4-dioxane

x= fw 110°C, 12h Me,s..,\,,e ,\,,e,s..,\,,e

X% X%
OQO
Q Q Suzukl Coupllng

Br
Me~SI—Me Me~s -Me ‘O Me‘Sl’Me Me~S -Me

Pd(OAc), (3 mol“/o)
KoCO; (1.5 eq) in CH,Cl,
DGME:H,0=3:1
50°C, 4h

Me’s“Me Me’s'“Me Me’S'“Me Me’S"Me

m@RGANGMEmLUc REACZ}‘ONm\

 ON SCLID SURFACE

Catalytic Grafting Using Methallylsilanes
through C-Si Bond Cleavage

-3 R R A K

_Si-OH + dR g _sio-sir" (+_L_A)
0 R 0 Rv

rd 7

YOMNSE)
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Ph—OH Sc(OT),
+ > Ph—0-SiMe,Ph +

)\/SiMezPh CH3CN, room temp.

Oriyama, T. et al., Tetrahedron Lett. 2000, 41, 8903.

Mechanism: Increase acidity by Sc***

R\?’H\ SiR R0
& A s, ) A

R-0-SiR,

I I

I I

I I

| l\'lle:,,_n |
Si I

I n

| — |

[ * CH.CN Meoy! [

room temp. 1

1 OH OH o] P o~ o OH :

1 | | | | |

L I

Immobilization of Organomethallylsilane
by Sc(OTf),

C‘
g +
< Sc(OTh); (3mol%) g

+ MeCN, rt

Bare silica Grafted smca
in H,0 in H,0




+ loading rate
i~Me o entry time temp.  (mmolg)
é 1 10 min rt 0.85
Sc(OTf)s (3 mol*) 2 30 min rt 1.31
+ MeCN, rt /
on OH MeShg 3 1h rt 1.92
NS, N 4 12h rt 1.89
silica surface
Solid State 13C NMR S §E %
c. T
® 0] ®
®
® @

> e

Yeon, Y. -R,; Park, Y. J.; Lee, J. -S.; Park, J. -W,; Kang, S. -G.; Jun, C. -H.
Angew. Chem. Int. Ed. 2008, 47, 109-112. @msa
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Syntheses of Functionalized methallylsilanes

m e
" z L Me=si M NH,

NaOAc PPhg, H,0
Q DMF, reflux THI;,SrE}4 h
75 % o
Me—SiAH’m\oJ\ ’
g NaN,
Me—si el Me=si N,
m DMF
KOCN
DMF, reflux Gogfb/“ h
Me-si M N=c=0 o

=§ . DMstreme MZSE'AM\ /_?)L ;:j Me—s.’\e’)'\ w
% A -

CuS0,:5H,0 (10 mol%)

N, 0 OH di bat 0
/ H ok “ sodium ascorbate (20 mol%)
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Immobilization of DABSYL Dye onto Silica Gel
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Immobilization of Ferrocenyl Group onto ITO Glass
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Sc(OTf); or triflc acid
3L (10 mol%)

Me? >
5: toluene/acetonitrile=1:1
+

rn,8h
Ry

glass slide after treatment with
piranha solution

Collaborated with
Prof. Injae Shin (Yonsei Univ.)
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Park, S.; Pai, J.; Han, E. =H.; Jun, C. -H.; Shin, I. Bioconjugate Chem. 2010, 21, 1246.
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- One step Approach vs Multistep Approach
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Functional Mesoporous Materials
: Direct Cocondensation with
Trimethallylsilane for SBA-15




- Clickable Mesoporous Silica: N;-Functionalized SBA-15

for click chemistry
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Nakazawa, J.; Stack, T. D. P. J. Am. Chem. Soc. 2008, 130, 14360.
Malvi, B.; Sarkar,B. R.; Pati, D.; Mathew, R.; Ajithkumar, T. G.; Gupta, S. S. J. Mater. Chem. 2009, 19, 1409.
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- New Approach: Trimethallylsilane with Long Linker
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- Without click rxn on surface
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- Dabsyl-dye Functionalized SBA-15
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- Preparation of Pyrene-SBA from PYRENE-METHALLYLSILANE

CuS0,5H,0 (10 mol%)
sodium ascorbate (20 mol%) _

+
>
:g THF:H,0=1:1,80°C,24 h
§: ?Et

EtO-%i-OEt
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TEM IMAGES
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Summary

1. Chelation-assisted C-H and C-C bond cleavage can
be applied for various organic transformations.

2. Catalytic C-Si bond cleavage of alkenylsilane is
utilized for immobilization of functional organic
molecules onto solid surface.

@'vmsm
TORE

Acknowledgement

Mid-career Researcher Program by NRF (National Research Foundation)
WCU (World Class University)
BK 21 program




