Directed Cleavage of Unstrained

Carbon-Carbon Bond
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Time-line of Directing Moieties
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8-Acylquinolines
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8-Acylquinolines

4 @
100 mol % Rh(PPhg)sCl

NS
N L
DCM, 40°C, 10min CI-—Rh\
4 @) L O
R I
I R
L 100 mol % anhydrous HCI Z -
e Rh ! T FZ R = tBu
\L o DCM, 35°C, 20min R = Ph
R
z
SN 100 mol % Rh(PPhg)sCl N R
DCM, 40°C, 10min
Ph™ X" "0

J. Williams Suggs, Sherman D. Cox, J. Organomet. Chem.1981,122, 199



8-Acylquinolines

d d R=b I
S 100mol % [RhCIE),L, o | | - Eetnzy S
N benzene, R.T. | s a
CI_Rb Me >
R O (@) -Czph =
HIPH [ 'CDZPh
wilkinson's gave N. R. insoluble polymer
=z a
PMe3/PPh3/CO \N
»>
R™ ~O
. Bra
insoluble polymer —— RBr

J. William Suggs, Chul-Ho Jun, J. Am. Chem. Soc. 1984, 106, 3054



8-Acylquinolines

1) 100 mol % [RhCI(=),]»
benzene, 80°C

R = nBu, -CH(Me)Ph, -C(Me),Ph, Cy

9 mol % [RhCI(=)s],
6 atm ethylene

| X
100°C or ; N/
excess PPhj
Et @]

in CgDg, corresponding alkene can be seen

| N 61%. brsm 100%
Z (678% based on Rh)

7

P

10 mol % TM
6 atm ethylene
100°C, 12h

100 mol % [RhCI(=),]»
benzene, 80°C

9 mol % [RhCI(=),],
6 atm ethylene
benzene, 100°C, 48h

>
N First catalytic reaction!
Et 0 Only ethylene works

for [Rh(COD)CI],, [Ir(COD)CI], and wilkinson's
N. R. when using Pd(PPh3),, Pt(PPh3),, Pd(OAc),
RuCl,(PPh3)s, and CpRh(=),

A I\
N/ I N

CI-Rh
Et” YO Ds AO
I =

J. William Suggs, Chul-Ho Jun J. Chem. Soc., Chem. Commun. 1985, 107, 5546



8-Acylquinolines

/
/

X
| chloro » |
N 100 mol% [RhCI=)lo | bridged Py N P(OMe) N
MeO,, 25°C, 1h polymer CI-Rh — 5 MeO
o P o "o
0,
Ph 98.6% H OMe Ph
N o with several Me-derived molecule,
| _90°C, 1h including ethane.
p
N .
B _90°C, 1h ith CHsClI
cl th Ph CCI4 ©/ >80% W 3
PY Nome heatin Rh-C BDE was estimated to be
H _neaung . No heterolysis of C-OCH3 31 kcal/mol
CD,0D

—Z

'U_

B B B B
1 459G N/ N/ N/ N/
CI-Rh Ph 2) P(OMe); MeO o EtO o MeO o FEO o
OMe H OEt Ph Ph Ph Ph

J. Williams Suggs, Chul-Ho Jun, J. Am. Chem. Soc. 1986, 108, 4679



Rh{1CI
0 C'h-{.
0/\? activation

1 Me

()2

8-Acylquinolines

N catalyst, ligand
o PhMe, 130 °C
o
1 Ma a
entry catalyst mol % L, yield 2 (%)
| {RhCI(C,H.), 1, 5 none 95
2 Rh(OTf)(COD); 5 none 62
3 RhCI(PPh; )3 10 none 96
4 RhCI(PPhs)s 2 none 90~
5 {RhCI(C;Hy), }» 5 PCy; 62
6 {RhCI(C,H.), 1 5 PMe; 53
7 Rh(OTf)(COD), 5 PMe, 72
8 Rh(OTf)(COD), 5 BINAP <5b
9 Pd.dbas 5 none 0
10 Ni(COD); 5 none 0
i Pd,dbas 5 PPh, 0
12 Ni(COD), 5 PPh, 0

% As determined using '"H NMR spectroscopy after 48 h. * The major

product resulted from alkene isomerization to an enol ether. “ Cleavage
of the allyl ether to the corresponding phenol was the major product.

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8-Acylquinolines

entry substrate cond. % vield”
L]
1 A 94
2 A A N 82
p . ‘
N
Me
3 A = 80"
ﬂA\f ¢ g 10 mol % hydroquinone added
T
Q
N Me
4 O/u A M, 81
a 10

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8-Acylquinolines
§

“Isolated yield after chromatography with SiO,.  Reaction stopped

after 24 h. © Condition A: 5 mol% {RhCI(C;H;):}>, PhMe, 130 °C, 48 h.
Condition B: 5 mol% Rh(OTH){(COD),, PhMe, 130 °C, 24 h. Condition

C: 10 mol% RhCI(PPh;);, PhMe, 130 °C, 24 h.

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8-Acylquinolines

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8-Acylquinolines

5 9. C-C activation 10: C—H activation
Entry Catalyst®! Solvent T Yield, 9/10%
1 [Rh(PPh;),]Cl PhCH, 130°C >10%, -
2 [{RhCI(C;H,):}4) PhCH, 130°C 79%, 0:1
3 [{RhCI(C,H,),} ] CH,CN 100°C 359, ~1:20
4 [Rh(cod),]BF, PhCH, 130°C 38%, 1:6
5 [Rh(cod),)OTf PhCH, 130°C 569, 4:5
6 [Rh(cod),)OTf PhCF, 130°C 449, 1:5
7 [Rh(cod),]OTf (CH,CI), 130°C 629%, 1:7
8 [Rh(cod),]OTf CH,CN 100°C 419, 5:3
9 [Rh(cod),]OTf THF 100°C 50%, 1:0
10 [Rh(cod),]OTf THF! 100°C 20%, 1:0
1 [Rh(cod),)OTf THFH 100°C 12%, 1:0

[a] Yields and ratios by 'H NMR spectroscopy with an intemal standard.
[b] Catalyst loading 10 mol% unless otherwise noted. [c] 5 mol%
catalyst used. [d] With 20 mol% PPh;. [e] With 20 mol% P(tBu),. The
values in bold show the most selective reactions. cod=1,5-cycloocta-
diene, THF = tetrahydrofuran, OTf= trifluoromethane sulfonate.
Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121



8-Acylquinolines

Quinoline

Alkene Cond" Producs Yield™

HiC

39%
(60%)

44%
(65%)

41%
(60%)

4%
(64%6)

Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121



8-Acylquinolines

-~
30%,
i 17 @ 5 (66%),
0 18/19;
HyC 1:1
& FyC N
20 9 B o 21 24%
0 L
F,C
24%
FiC

[a] Conditions A: [{RhCI(C;H.).}:] (5 mol%), PhCH,, 130°C, 24 h. Con-
ditions B: [Rh(cod)JOTF (10 mol%), THF, 100°C, 24 h. [b] Yields after
chromatography, (%) yields based on recovered starting material.

Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121



8-Acylquinolines

/
N 5 mol % [RhCI(=)5]»
PhMe, 130°C, 24h
Ph, =0 N
-y
=
R =Ph R =Ph
S
Ph s
R™ "0
R =Ph (5)
- : = R =CH, (11)
1R=Me
Favored if X = QTf = B
P

Sy
| &
ﬁlc—"ﬁth o| —
Ph L
H
- m 12

Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121




8-Acylquinolines

| =
@ 4 ©/B(OH}2 cat._, N Me@
xylene, air
0™ "Me 130°C Not Isolated
1a 2a
E:‘r: M), ArB(OH, c:i _nason, ?i} Entry  Catalyst Additive Base Yield (%)®)
(T pana i paing ([T O (PhsP);RhCI — — 13
C—C coupling reactions exchange of alkyl to aryl 2 (Ph3P)3RNCI - K2CO4 23
through C-H activation group through C~C activation 3 (PhsP)sRhCI — Cs,CO4 18
previous work this work

4 (PhsP);RhCI — Et;N <10
5 (PhsP)sRhCI —_ CsHsN <10
6 (PhaP);RhCI — K3PO, 20
7 (Ph4P);RhCI Cul K,CO; 93
8 (PhsP)3RhCI Cul Cs,CO4 55
9 (PhsP);RhClI Cul KsPO, 71
10 [Cp*RNCl,], Cul K,CO4 51
11 RhCl3.3H,0 Cul K,CO4 a7
12 [Rh(COD)CI], Cul K,CO,4 53
13 [RhCI(C5H,),)o Cul K,CO,4 32
14 Rh(CsHs)(CgH12) Cul K,CO,4 26
15 Rh(CsH5)(PPhs), Cul K,COq 38
16 Pd(OAc), Cul K,CO4 no reaction
17 Pd(PPhs), Cul K,CO4 no reaction
18 Ru(PPh;);Cl; Cul KoCO3 <5%
19 [Ru(COD)Cl], Cul K,CO3 <5%

[a] Reaction conditions: 1a (0.10 mmol), 2a (0.25 mmol), catalyst (10.0 mol %).
Cul (0.20 mmol), base (0.20 mmol), xylene (0.50 mL), 130 °C, 18 h, in the air;
[b] Isolated yields.

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



8-Acquuinolines

B
(e ™ 2 -
T KCOs Cul Y ?\Rz
xylene, air, 130°C

not isolated
X=C,orN
4ORNd4®
N7 N7
Me o o Me
‘ {Bu ‘
Me
3a (93%); (59%)° 3b (85%)14 3c (76%) 3d (83%) 3e (90%) 3f (87%) 39 (85%) 3h (74%)

o @ OMe
OMe

COOE!
OMe
3i (51%) 3j (94%)le] 3k (83%)l¢l 31 (57%) 3m (47%) 3n (57%) 30 (35%)
( “OC MO O
N7 N”
S
v T O
3p (0%) 3q (0%) 3r (69%)° 3s (65%) 3t (75%) 3u (81%) 3v (57%) 3w (89%)9

[a] Reaction conditions: 1-(quinelin-8-yl)ethanone (0.10 mmol), substituted phenylboronic acid (0.25 mmol), Cul (0.20 mmol), K,CO; (0.20 mmol),
[Rh(PPh,),Cl] (0.01 mmol, 10.0 mol %), xylene (0.5 mL), 130°C, under air, 48 h; yields of isolated products are given based on 1a. [b] Sodium
tetraphenylborate was used as the substrate. [c] 18 h. [d] 36 h. [e] 24 h.

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



8-Acylquinolines

| D | X
[Rh(PPh3)sCl]
NT . 2 ArP—B(OH), . s AM—AR
K,CO3, Cul .
& xylene air,130°C not isola
e |
-
N
e O o
3j (55%) OMe

s 3b (50%) 3f (70%)

S

| ~
N

31 (0%)

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



8-Acylquinolines

= =
-~ -
N N
3a 1a
O Ph (LsRhX] O~ /' Me

2L
Ph A Me
B(OH), PhB(OH),
+ X~ + OH™
PhB(OH), B(OH),
+ OH~ + X~
o Ph
L L Me

2 CuO :
2 Cul + O, 0 R:h—L

PhMe

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



8-Acylquinolines

250 mol % PhB(OH),

200 mol % Cul
C 200 mol % I0< ol0) under N, for 48h, 0%
\N 0 2-=3 3 ynder air for 48h, 93%
10'mol % RhCI(PPhy)s under 1 atm O, for 12h, 72%
Me”~ SO xylene, 130°C

B(OH).
[Rh(PPh3);CI]
- + +
K,COs, Cul O
xylene, 130°C O
under air
3b 2a 3a 3ba 2aa

molar ratioof 3a:3ba=1:0.9

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



2-Amino-3-picoline
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2-Amino-3-picoline

o 5 mol % RhCI(PPhs)s

)
100 mol % 2-amino-3-picoline
Me + x-CaHo toluene, 150°C, 48h C4Hg/\)LMe + Zpn
4a, 84% trace

la 990 mol %

with no 2-amino-3-picoline, no 4a formed, and 1a completely recovered

L

CI

< H,0 LsRNCI | L=PPhg SN
L

N NHZ C|‘ I |
2 Rh—L
3 L7 CHs
2 H
7
L
4a = C4Hg
=/
7 | \Nl N
X 1
BE CRh—IL
/\)\ Ly \—\ CHs
CaHg CHs
9 8 C4Hg
=z I =
S |

5 mol % RhCI(PPhs); SN+ A

AN > N
+ H >
| " CaHo toluene, 130°C, 6h /\)I\
e
990 mol % C4Hg Me
50% 36%

Chul-Ho Jun, Hyuk Lee, J. Am. Chem. Soc. 1999, 121, 880



2-Amino-3-picoline

Entry  Ketone Alkene mol % of 3 Product Yield (%)°
o
1 ,ﬁ\_,\Ph ta) O 20 ..J'\\,—'\,Hm_,9 4a)  ggt
0
2 __tCae 20 )I\/\rc‘Ha @) gl
o
3 _ /G a0 ’J\/\mcau,, (4c)  (73)
4 100 t4c)  (90)
Q
5 /\O 20 )‘\/\O @) @2
6 100 o (4d)  (55)
7 O 20 )I\O (4e) 58
8 100 (de) a2
o
9 @ 20 {af} 13
10 100 4h 30
0
0
1 /JL\/_\M.E:" B P B
o
0
2 N oam e 20 A o w6
o
o]
NG
13 (e} _ /48 20 4g)  (85)
e et p")L\/\’*G'lHG
0

0
b th\)L\/f‘p‘:: e Fhf\)*k‘f\ﬂ'c‘ua - “f)
o]
nC A~ e e

L]

@ Reaction of ketone (1) and alkene (1/alkene = 1/10) was carried
out at 150 °C for 48 h under 10 mol % of (PPh3):RhCI (2} and 2-amino-
3-picoline (3) except entry 2. ” The yields of products were determined
by gas chromatography detector (GCD). and isolated yields are shown
in parentheses. © The ratio of 1a and 1-hexene is 1/15. ¢ Reaction of
1a and 3.3-dimethyl-1-butene (1a/3.3-dimethyl-1-butene = 1/15) was
carried out at 150 °C for 48 h under 5 mol % of 2 and 20 mol % of 3.

(0]
40 mol % RhCI(PPh3);
200 mol % 2-amino-3-picoline -
toluene, 150°C, 22h
21%

Chul-Ho Jun, Hyuk Lee, J. Am. Chem. Soc. 1999, 121, 880



2-Amino-3-picoline

O
S nJc4Hg/\)L<CH2)§\f’\
P 6
N" N HzlPdlCT
@: Hy) ) [(CgH14)2RhCI]; o
2/n o,
(3, 3 mol%)
Cy3P (6 mal%) "“34|'|9/\)L(C|'|2)/n\\’:fb‘\‘H
! N toluene, 150°C, 6h B 4 ratio of 4:5 overall
n-CHg 2) H/H,0 /\)l\/\ enfry  reactant1(»)  product(s) (ter:int of 4)7 yield,? %
- >
. n-CqHg s n-CaHg 1 la(n=0) 5 0:100 9
1000% 2 ib(n=1) 5 0:100 5
q = | = | 3 lc(n=2) 4c +5 23:77 (52:48) 76
3 N L SN 2 x 4 1d (n = 3) 4d + 5 39:61 (13:87) 89
1T — Cl\\h_lk — Cl. 5 le(n=15) 4e +5 38:62 (15:85) 83
1-—Rh; 6 1f(n=7) Af+5 39:61 (22:78) 86
(o t ' (CHy) L/ i (GHaln
;e N 2hn — \ 7 1g (n = 10) 4g + 5 37:63 (16:84) 79
\\‘/ v n- C4H9 - - - -
8 |- 9 P @ The ratio of terminal olefin and internal olefin of 4 was determined
= = - by GCD. ? Yields are determined by GCD.
S T O ff
N~ "N N I al
/\)L - h_LL.
n'C4H 'C4H CHz)n |.2 \\\ CH2
12 1 I\/'\ 10

n‘C4H9 n-C4Hg

Chul-Ho Jun, Hyuk Lee, Sung-Gon Lim, J. Am. Chem. Soc. 2001, 123, 751



2-Amino-3-picoline

P 1) 3 (10 mol%)
N~ N Cy3P (20 mol%)

(GHp), _ toluene, 150°C, 1h-
2) H'/H,0

CHj. %
CHa)n + GHSCHré(CHz)n

overall

ratio of
entry reactant 1 (1) products 13:14 vield.” %
1 la (n = 0) 0
2 1b(n=1) 13b 100:0 21
3 le(n=2) 13c +14c¢ 76:24 82
4 1d (n = 3) 13d + 14d 33:67 12
5 1h (n=4) 0

2 Yields and the ratio of 13 and 14 were determined by GCD.

Chul-Ho Jun, Hyuk Lee, Sung-Gon Lim, J. Am. Chem. Soc. 2001, 123, 751
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2-Amino-3-picoline

S
2HN" R (PPh3)3RhCI (3,5 mol%) o~
1 2-amino-3-picoline (4, 50 mol% N R
+ ° ( 0) » )l\/\
R2 toluene, 24 h R R?
— 5
2 500 mol %
H*/H,O o
2
R1/U\/\R2 + H3+NAR1
6
RE
2 _f

;"\

U 1

HENAR'I HN R
3

1

..:r e
v\

N° N

/\/”\

v
N H

1/‘\‘?1\

R

r
-

\;/

Chul-Ho Jun, Kwan-Yong Chung, Jun-Bae Hong, Org. Lett. 2001, 3, 785



2-Amino-3-picoline

0
3 (5 mol%), 4 (50 mol%) Ph\)\/\,_gu
AICK: (5 mol%) 6a: 78%
Ho0 (100 mol%) PR
1a + 2a > *
toluene, 170°C, 24 h 0
LBy~ ey
15a; 8%
3 (10mol%),
R 4 (100 mol%),
Ph™ ™""NHy 4 —/ >  AlICl3(5 mol%), Hp0
1c 2 toluene, 170°C, 48h
s O
/\_)K,/\ * »/\_)j\/\
Ph Rz Rz R2
6 15
Rp (2) ratioof 6 /15  total yield (%)
t-C4Hg (2a) 50 (6i) / 50 (15a) 97
n-CsH; (2b) 59 (6]) / 41 (15b) 88
n-CgHqs (2¢) 40 (6k) /80 {15¢) 81
n-CgHiz (2d) 36 (61)/ 64 (15d) v
Cy (2e) 48 (6m) / 52 (15e) 73

Chul-Ho Jun, Kwan-Yong Chung, Jun-Bae Hong, Org. Lett. 2001, 3, 785



2-Amino-3-picoline

(PPh3)3RhCI (3, 10 mol%)
2-amino-3-picoline (4, 30 mol%)

OH t-Bu K2003 (05 mol%)
/I\/\Ph + =/ =
toluene, 170°C, 24h
1a 2a
1000 mol %
9] @]
+
)J\/\Ph )I\/\t_Bu
5a (3 %) 6a (97 %)
-Bu
2a - \‘ -
4
PN T
3 -H20 N N
_Ph/\)\ |
7
3 l\,:fph
| = 2a | =
H,O P P
PPN RA—IL_
i t-Bu | i L, H |

9a 8
Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2-Amino-3-picoline

100 a
80
g
- 60
wn
5
D 40 |
@
;
20 -
0 i
0 6 12 18 24

Time (h)

Figure 1. Effect of K;COj3 in the oxidation of la to 5a.
The reactions of la were carried out at 170 °C in the
presence of 2a (la:2a = 1:10) and 3 (10 mol %) with 0 mol
% (@), 0.5 mol % (M), 2 mol % (a), and 5 mol % (O) of Kz-
COa.

3 (10 mol%). 4 (30 mol%:)
Ba + 2a - Ba
toluene, 170°C, 24h

among K,CO3, Nay,COg,
without K,COg 97 %  C52¢0s NaHCO;, KOH, NaOH,

K,CO3 was most effective
0.5 mol% K,CO, 95 %
2.0 mol% K;CO3 80 %

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2-Amino-3-picoline

Entry Alkenes (2) Product(s) (6) Yield (%)°

—/ a6 8"

O
Ph :/n-Bu (2b) o + 79 )‘\(Ph

1a z {6b/6c =95/5)*
n-Pr (6¢)
64 en alkene 2 ield of 5a (%)%
37 2.Hexene (2c) (6b) + (6c) try y (%)
(Bb/Bc =94/6)° 1 2a 85
0 2 2b 57
Pl (6d) 3 2¢ 52
-'?'CEH-;g, 4 2d H6
¢ 1-Cethz (2q) + (72) 5 2e 53
(6d/6e =95/5)°
)J\‘Fn-csH” (6e) 4 The reaction of 1la and 2 (la:2 = 1:10) was carried out at 170
o “C for 12 h under 3 (10 mol %) and KzCO3 (0.5 mol %) in toluene.
b GC yields.
5 {2e) /‘k@ (6f) (73)
O
{exolendo=73127) N )]\/\Ph 5a
@ |
R)\
2 The reaction of 1a and 2 (1a:2 = 1:10) was carried out at 170 R= Fg;'_zt'

*C for 24 h under 3 (10 mol %), 4 (30 mol %), and K:CO3 (0.5 mol
%) in toluene. © The yield of product was determined by GC, and
isolated yields are shown in parentheses. 1a was fully converted
into ketones, except for entry 6. ¢ The reaction time was 18 h. ¢ A
small amount (~2%) of 10 was detected by GC. ¢ Determined by
GC. Determined by "H NMR. & 3% of 1a was left. 13% of 11a and
5% of 11b were detected.

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2-Amino-3-picoline

o O

OH
t-Bu____ *
Rf)\/\ R2 ﬁ Rj)k/\ Rz R-I)J\‘/\f—BLI
1 5 12
Alcohal (1) Products {lsolated Yield, %}
Entry
R, R, 5 12
1 Ph- H- (1b} 5b(53) 12a(43)
z Ph- Ph- {1c) 5c(30) 12a(68)

3 F;¢4®~ Ph-  (1d) 5d (21]  12b(73)
4t Mao@— Ph- (1e) 5e(42)  12c (46)

@ The reaction of 1 and 2a (1:2a = 1:10) was carried out at 170
°C for 24 h under 3 (10 mol %), 4 (30 mol %), and KzCO (0.5 mol
%) in toluene. ® Dehydration of le occurred to give a mixture of
3-phenyl-1-(4-methoxyphenyl) propene and 3-(4-methoxyphenyl)-
1-phenylpropene in 7% yield (detected by GC).

3 (1Um0|%)
OH 4 {30mol%)
+ 2a
1 toluene, 170°C, 24h
o] 0]
+ +
\)]\\/\ Ph \)I\/\ -Bu
5f 12d
4% 35 %
8] 9]
W * W
i-Bu Ph tBu t-Bu
13 14a
T % 54 %

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2-Amino-3-picoline

OH

@CHQ}H + 2a

15

3 (10 mol%)
4 {30 mol%}
KzCO; (0.5 mol%)

toluene, 170°C, 24h

O
nl-lau/\)L (CHyl 22
16
+
O

A~

14b

(4)

n-Bu n-Bu

overall ratio of 16/14b

yield
15a(n=1): <1 %
15b (n=2): 29 %
15¢c (n=3) . 68 %
15d (n=7): 75 %

{ter. / int. of 16}

16a(n=1)/14b= 0/ 100

16b(n=2)/14b=14 [ 86 (56:44)
16c(n=3)/14b=38 | 62 (34 66}
16d(n=4)/14b=47 | 53 (47:53)

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2-Amino-3-picoline

X .
| 3 mol % wilkinson's
NZ>nH la 200 mol % CyNH,
_ 5 mol % benzoic acid Cy~ NS

N
+ Ph toluene, 130°C, 12h I + I
) ) Me
Me)\H \)\/\Ph
/ 2a, 120 mol % ., 2

guantitative by GC _|

H+/H20 Cy\N \)?\/\
| T Me
Me)\H Ph
3a, 98%
2 Table 1. The C—C triple bond cleavage of alkynes
- entry  allylanune (1) alkyne (2) isolated yield| (%)
n2_~ta m2 . N [NH : T . S — AP
R® C=:C-R 1 la(R!=Ph)  2a(RI=CH;) 98 (3a)
=
) . A 2 1a(R'=Ph)  2b(R2=n-Csty) 84 (3b)
3 la (Rl = Ph) 2¢ (R? = n-C,Hs) 93 (3c)
ﬂ 4 la (R!=Ph) 2d (R? = n-CsHyy) 91 (3d)
5 la (R!=Ph) 2e (R =Ph) 087 (3e)
6 1b (R!=CH;) 2b (R?=n-C3Hy) 80° (31)
RZ.CHO + R®CH, 7 1b (R!=CH;) 2e(R!=Ph) 947 (3g)
3 8 le (Rl =H) le (R2=Ph) 924 (3h)
@ The reaction was carried out with 6. * GC yield. terminal alkyne
N. R.

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2-Amino-3-picoline

(j\/ W|Ik|nsons ,h Rr:i N ""‘N N

NH
K/\R1 [Rh]_ll\/\ [R ]_k/\ﬁj REWR1

9 RZ 10 11
l CyNH,
& ll
NN m NTTNH =
2
R\)I\/\R| s R1 N o
14 E qu, .-H
. R 13 N‘.j LN
| e N ——— REJ\?LK/\R“
- RZ
N™ "NH; Cy-
C'l"nM 15 Jil 12
2 2
R\,J\/\FH R
7 8

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2-Amino-3-picoline

= Me | h
~
= + / 3 mol % wilkinson's =~ "N N H,O with Rh! (@)
o Me toluene, 130°C, 1h | > /\)K/\
= 120 mol % Me™ X Ph Me Ph
Ph e
Me
quantitative by GC 66%, E/Z = 94/6
| A
x mol % CyNH, o)
~ " B
N N 10 mol % benzoic acid . 1 /H20 X_50’47%:,
| toluene, 130°C, 6h Ph 100, 93%
Me™ ™S Ph ! ! 200, 94%

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2-Amino-3-picoline

10 mol % wilkinson's
800 mol % CyNH,(5)
10 mol % benzoic acid

A

* toluene, 130°C, 12h

CsH1
=
CsHyy
2d, 800 mol %

HJ\C5H11
*/H,0 0
CSHll\)K/\Ph 1
@)
CsHiq Cothua | 12

GC determined
8d

CE’

- CEH1 1 n- cﬁH11

N,

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2-Amino-3-picoline

1) 5 mol % wilkinson's(3a)
330 mol % CyNH,(4)
CgHq; 60 mol % 2-amino-3-picoline(5)

_ O
_cHo i 10mol % AICk®) e, so%

1a CsHus a toluene, 130°C, 12h
31 2) H'/H,0
= h i 4 - B GF-.. ]
Fic., - -H  _PFic M
1a NT TN _\-... - N - '
H,0 M R coH, Sy Me CeHyg Me .
Hg M CsHhry CoHiy
9a - 10 pic_*
FIF-'--.N '-HH
he + Hy O )
Pic = 7a ‘)LME s Me
" -8 CsHqq
CgHy+ 133 i L

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2-Amino-3-picoline

R*%Ho (1) 1) 3a (3 mol%) 4 (200 mol%) 0
R——= R? (2) 5 (50 mol%) oe (10 mol%) R’J\/Rz
toluene, 130°C, 12h 7
(1/2=1/1) 2) H,0"
isolated yield of
entry R'(1) R? R*(2) product (7, 7')
1 PhCH,CH; (1b) R?= R*= Me (2b) 90% (7b)
2 R?=R3= Et (2¢) 91% (7¢) 5
4a R2= Me, R3= 1-Bu (2¢) 33% (7b) P M: tBu
5 CsHii (1¢) (2d) 91% (7e) 14a
6 PhCH (1d) (2b) 82% (7f) A7%
7% p-MeOCgH; (le)  (2b) 54% (7g)
0
@ A parent o..-unsaturated ketone 14a remained unreacted (47% yield). Pn’\)'\f’\m
b The unreacted starting material was detected in 35% GC yield. 100 mol tBU  44p (not cbserved)

% of 5 was used.

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2-Amino-3-picoline

1) 5 mol % wilkinson's(3a)

330 mol % CyNH,(4) P
CsHy; 60 mol % 2-amino-3-picoline(5) CsHis
_CHO ., Z 10 mol % AICI5(6) .
sH11 0
toluene, 130°C, 12h 4%, GC
la 2a CsH
1:20 2) H*/H,0 )J\/ >t

B C'_u'-.h

oy -H
Cy v ,.IL
o CsHyy™ H
H [Rh] cﬁHﬂ/\T)Lue C;.Hu"\)\hla 1
8

CsHyq E&EH'H .
Me + H:‘D‘
Fic= Ta Me — | Me
N -5 CsHyy
CsHy4 13a i v
1] 1 .’C
2a N
!CSH1 1)1\ H)] 2.5
11 [Rh]
,plc: pic.
t6a =12 )J\/CSHH i )
Cshhs C5|'|11).‘\%";:\(;5"'11
4 CsHyq Sb

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2-Amino-3-picoline

1) 3b (5 mal%) 14 (20mol%)

_CHO
1a + CsH{y—=—CsH4¢ + Ph Ph 4 (150 mol%) 5 (100 mol%)
(2a) (2f) 6 (10 mol%),toluene, 130°C, 12h
(1a/2a/2f = 1/2/2) 2) H;O*
@) O 0]
Mek/cwﬁ 54 M _ceh o M _pn
7 > ""16a S q7a
(7% based on 2a) (19% based on 2a) (12% based on either 2a or 2f)
0O O 0O
Me)l\/Ph Ph)-l\/Ph Ph)k/CSH”
7h 16b 17b
(9% based on 2f) (14% based on 2f) (21% based on either 2a or 2f)
| I [ | | |
initaial hydroacylation- non-crossover crossover
C-C bond cleavage products prodcts products

1) 3a (2 mol%, based on 2g)

4 (100 mol%) 5 (20 mol%) 0 o)
EjA 15(4 mol%)  ph
d =+ toluene, 100°C, 72h

2) H;0*
(1d/2g = 1/5) 29 18a-e (n= 0-4, respectively)

Cy Cy
N N HyO*

19b-e (n=1-4)

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2-Amino-3-picoline

1} (PPh3)sRhCI (3)

O 2-aming-3-picoline (4) O O
Ra .
T + / cyclohexylamine (5a)
R1".\)J\F!2 benzoic acid (6) R1)J\’/\R3 * )LRE
(o]
1 2 toluene, 130 °C.,12h . 7 8 {1)

300 mol %  2) H'{H.O

O O
Ph/vl\ —/ F‘h)l\/\anEHﬁ
1a 2a

7a

0 , 0O
SiMe,
Ph/VK =/ FHJJ\ASFME 3 =

1a 2d 7d
9 nCeHiz  Q
—/ 08
A*/”\ ’s )I\/\H-CEHH
1b 7f
D _n"‘n-CEHia )DI\/\
/.H\h")\ Ph ﬂ-CaH 13 01
1d 2a 7f

Sung-Gon Lim, Chul-Ho Jun, Bull. Korean Chem. Soc. 2004, 25, 1623



2-Amino-3-picoline

1) 3 (5 mol %)

N’Cy 2 nCyHo 4 (20 mol %)
5a (100 mol %) o :
0,
F‘h/i")\ 4+ 300 mol % 2b 6 (5 mol %) 7b (72 Y% |solated Yield)
toluene, 130°C, 8h
9a - Ph)J\/\nC4H9
2) H'IH-0 (2)
1) 3 (5 mol %)
4 (20 mol %) n-CsHg n-C4Hg
amine 5 (200 mol %)
1a 6 (6 mol %) * S 19+
toluene, 130°C, 12h =
= Ph Ph
2b 2} H'/H,0 15 16
butylamine (5b) 0% 0% 84%
aniline (5¢) 10% 24% (E/Z = 59/41) 48%

Sung-Gon Lim, Chul-Ho Jun, Bull. Korean Chem. Soc. 2004, 25, 1623



2-Amino-3-picoline

Sung-Gon Lim, Chul-Ho Jun, Bull. Korean Chem. Soc. 2004, 25, 1623



2-Amino-3-picoline

0 0]
Ph/\-)-K Ab/u\
1a (PPh3)3RhCI (3, 5 mol %)
+ 2-amino-3-picoline (4, 20 mol %) 6a
Cy-NH> (5a, 20 mol %) +
/ 7 200 °C, 5 min PR X

2a 7a
Entry Cy-NH, Activation mode Yield"®! of 6a (7a)
1 none A 9% (8%)
2 none MW 44% (40%)
3 20 mol % A 16% (14%)
4 20 mol % MW 85% (84% )

[*] ¥ield was determined by GC and the ratio of exo/endo-6a was ca. 7'?

rooosty & 9t

4
_N Cy—N--C=0 Cy"N=C
N - "o Cy-NH; + 1a — H; — * H0
1a + 4 =—= 4 + H,0 2
5a Ph

t::H3 GH;, 11 Ph 12
GS TS 1
GS TS 4 a- ai — 1
L& c::f—|~1—§::--—|\||42\F\l Pt oy, + 8
Chul-Ho Jun et. al. Adv. Synth. Catal. 2006, 348, 55 Ph 13



2-Amino-3-picoline

3 (5 mol %) 8]

+ 4 (20 mal %) +
n"\)l‘gﬂ ZR 50 mol%) HE"\)\RE #"R!
1 2 MW, 200 °C, 30 min 6 ;
Entry 1 (Ketone) 2 (Olefin) 6 (Product) Yield (%)

A A m
1 Fh/\)'l\ [b-'"“\ (exolendo
1a 2a Ga = 72/28)"
O
2 g H/\/lk 2a 6a 98%
4G
1b
o]
3 .:E..hM Za 6a 98%
1c
fs] (o]
4 Ph/\)J\ ,-/f‘\O 93% (76%)
1a
2b 6b
o]
sl 1a PG ol 3/\)1\ 71% (52%)
2c Bc
o]
glcl 1a Z CHyr s ?/\)1\ 80% (79%)
2d
O
7t 1a Z ™ CHay A~ A e w70
2e CioHz1

Bl GC yield based on 1 and values in parenthesis are isolated yields.
[ The ratio was determined by '"H NMR.

4l 7 equivs of olefin were used under 100 mol % 4, 15mol % 5, and
10 mol% benzoic acid.

Chul-Ho Jun et. al. Adv. Synth. Catal. 2006, 348, 55



2-Amino-3-picoline

0 c Cy—NHz (2)
! N +
P \(;:]‘*r-c,,Hg 1 > 5
- A s VAN #:
separate f H.0 Ph 7 t-C4Hg Ph” \/\f-C4H9
hydrolysis step; "2 \ (9a)
y \/\ i) Facile regeneration of 2
1-CaHo i) Separation of H,O and
/c\ / organic solution phase
r -CaHg retro-Mannich
(3a) fragmentation
(H\:P)aﬁhc' (4) ,c\

2-amino-3-picaline (5)

o]

1l
R,/\\‘-”C‘R2 (Ph;P)3RNCI (4, 3 moI%)
(1, 0.2 mmol) 2-amino-3-picoline (5, 30 mol%)

e cyclohexylamine (2, 50 mol%) o
Rs benzoic acid (6,15 mol%) 3
=/ toluene, 130 °C Ri” \"/\Rs
(3, 1.0 mmol) (9)
+ n-CqgHaz
HQO (0.2 mmol) (11a, 100 mg)

Entry o, p-Unsaturated ketone (1) (R;, Rz) Olefin (3) (Rz) Rxn time Yield of 9° (%) Yield of 9 without using 11a® (%)
1 Ph, Me (1a) n-C4Hq (3b) 4h 89(98) (9b) 41(51)
2 n-CgHqa (3¢) 85(98) (9c) 47(56)
3 c-CgHqz (3d) 77(80) (9d) 25(33)
4 CgHs (3e) 83(95) (9e) 54(58)
5 SiMe; (30) 89(99) (91 30(45)
[ SiEts (3g) 88(97) (9g) 17(33)
i Me, Me (1b) 3a 45 min (82) (9h) (44)
8 Ph, Ph (1c) 3a 14h 85(89) (9a) 51(61)

# Isolated yield. The yields in parentheses are determined by GC.

Dong Hun Lee, Eun-Ae Jo, Jung-Woo Park, Chul-Ho Jun Tetrahedron Lett. 2010, 51, 160



Pyridine

MH\\\HH\\\W\\\\M\\\HMHHHHHW“M
h




Pyridine

cat. PA{OCOCF,),
cat. P(cCgHyq)4

OH ,\1 = @\ Cs.CO,4 = | NT
+ g I
iPr = 7 xylene, reflux /5 Z
iPr X
1a R 2

R 3
Entry R X 2 3 Yield® [%]
1 H Cl 2a 3a 38
2 4-CF, cl 2b 3b 89
3 4-COOEt cl 2c 3c 80
4 4-CN cl 2d 3d 70
5 4-OMe cl 2e e 50
6 2-Me cl 2f 3f 79
7 4-CH,=CH cl 2g 3g 81
8 2-chloropyridine 2h 3h 50 (63)
9 H cl 2a Ja g5l
10 H Br 2a-Br 3a 80!
11 H | 2a-l 3a 88l
12 H | 2a-l 3a gl

[a] A mixture of 1a (0.8 mmol), 2 (1.2 equiv), Pd(OCOCF;), (5 mol%),
P(cCgH,1)s (10 mol %), and Cs,CO; (1.2 equiv) was heated at reflux in
xylene (0.5m) for 1.5-10h. [b] Yield of isolated product. The yield
determined by '"H NMR spectroscopy is given in parentheses. [c] Per-
formed in refluxing toluene. [d] PPh, was used instead of P(cCiH,,),.

Takashi Niwa, Hideki Yorimitsu, Koichiro Oshima,
Angew. Chem. Int. Ed. 2007, 46, 2643

5 mol% Pd(OCOCF,),
10 mol% P(cCqHy1)s

| 1.2 equiv Cs,CO4 N
1la + | |

Cl xylene, reflux, 12 h =
2i (1.2 equiv) 3i 57%

15 mol% Pd{QCOCF;),
Cl 30 mol% P(_CCEHH)S
3.1 equiv 1a
@\ 3.6 equiv Cs.CO,
Cl Cl xylene, reflux, 10 h




Pyridine

5 mol% Pd(OCOCF.,).
o X 10 mol% P(cCzHy,)a
H N 1.2 equiv 2a, 1.2 equiv Cs,CO
I/}] eq equiv Cs,CO; N

ph. LN

Pr Pr xylene, reflux, 1 h
1b 3k B4%
5 mol% Pd{OCOCF;),
10 mol% P(cCqH,4 )5
OH h: "3 1.2 equiv 2a, 1.2 equiv Cs,CO; N7
= |
Pro = xylene, reflux, 10 h Ph =
1c 3l 93%
Cl 5 mol% Pd(CCOCF;), Cl
10 mol% P{cCgH, )4
OH NI T3 3.0 equiv 2a-l, 1.2 equiv Cs,CO, \/T\)*j
= |
Pr Pr Z xylene, reflux, 24 h Ph =
1d 3m 62%

OH

Pr Pr

OH |““N

Pr
F
"t

f.r
Pd -~
A
I
o) o
Ly, /-"

AT Pr iPr 5
Pd.__ N
N P ‘/Q 0
6 rFrJ\rPr

cat. Pd(OCOCF,),
cat. phosphine ligand

2a, Cs,CO, p \/@
xylene, reflux 7 Ph
3an
cat. Pd(OCOCF;).
cat. phosphine ligand
2a, Cs,CO, =N
/. |
xylene, reflux Ph =
30

Takashi Niwa, Hideki Yorimitsu, Koichiro Oshima, Angew. Chem. Int. Ed. 2007, 46, 2643



Pyridine

% 5 mol% PA(OCOCF,),
T 20 mol% P(cCqH 1)
1.2 equiv 1a, 1.2 equiv Cs,CO,
xylene, reflux, 19 h
\H) . yl \“) «
9

Pd @jL\
x j/ Pd
|""“‘N - \“JI Cl
x‘) /0 11

Takashi Niwa, Hideki Yorimitsu, Koichiro Oshima, Angew. Chem. Int. Ed. 2007, 46, 2643




Pyridine

Ph Ph
N . o N
Sy e s (80N o
o EtOH, 70°C, 1 h o
1a 2a (12 equiv) 3a, 92% 95%
SN SN N
| N _N Me _N Me Me

® AT T

Me Me
3a, 92%, 94%° 3e, 75% 3, 0%°
S F | \N o
ZN F\(,l\rF 2 ZN
SN F Z AN Me
M o, a7 ] M e, owe M aa e

“ Reactions conducted with 0.25 mmol of alcohol substrate 1a, 2.5 mol %
of [Cp*RhCl, ] as catalyst, 1.2 equiv of alkene, 1.2 equiv of AgCO;, and
1.0 mL of EtOH as solvent unless otherwise noted; isolated yields
are given. ” Reaction performed on 1.0 mmol scale. “ Reaction ran for 3 h.
“Reaction ran for 12 h, “E/Z = 6.7:1.

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine

. [Cp*RhCl], (2.5 mol%)
Y7 oH . 1.2 Y 0
1t PN EtOH, 70°C, 1 h ~Ph t
R (] R1 Rs
R3?
R2
1 2a R 3ord
[ [ l_n o | _n
N
N o N " OH N Ph xPh
S _Ph 1a,R'=Ph x-Ph
Ph R' 4, R'=cy 3292 pn 1 Ph 4e,72
1 , 66 1-
g 4g 1k, R'=nhexyl &0 L OH
Pr pr
|
N N
I,N Z" OH 7
~_Ph
0 A Ph
Ph x_Ph ¢\ Z N
ws N,N oH N Ph 1f Ph 4f, 85
: Bh . Ph Me L o
Pr 1i 41, 40°
| | ! N | |
N OH N N’ N =N
Ph Ph
on “_Ph / X oH x_Ph
1d ad 33 41, 3¢ m 4h,0
F F '

a Reactions conducted with 0.25mmol of alcohol substrate 1, 2.5 mol % of
[Cp*RNCI2]2 as catalyst, 1.2 equiv of styrene, 1.2 equiv of Ag2CO3, and 1.0mL of
EtOH as solvent unless otherwise noted. Isolated yields are given. b 3.0 equiv
each of styrene and Ag2CO3 were used. ¢ Reaction ran for 5 h. d Reaction ran
for 4 h.

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine

\
Rh(l)L O
Ph
Me
5
3, HL path A
PhCHO
| N
2N-RhL, N N
R | |
ZN_ ~N
‘RhL, ==
Me \‘V/ H
7
ZR  Me Me
6 8
path B
(86%) %
e e N
5 D | [CP"RhClal, (25 mol%) (100%) D _ || (oo%) Z |
N o —P:C0s (1:2equiv) N b SN
* Ph™ ™ EtOH, 70°C,5h + (2
D o D | D "
D OH (100%) p (100%) ¢,
(100%) Ph (100%)
1h-d, 2a (1.2 equiv) dh-d,, 78% 4h'd,, 6%

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine

| > | = AN X N
_N OH _N 2.5 mol % [Cp RhCly], | ! | ! |
+ + A ph 100 mol % AgCOs " OH 2 2N
EtOH, 70°C, 1h
Ph Ph Ph~ ~.Ph

R2 19% 85% <5
%
(o]
o D
| = Z N Z N Z N
ZN [Cp*RhCl,], (2.5 mol%) 2b (1.2 equiv)
oH AgCOa (1.2 equiv) _  Ag,CO4 (1.2 equiv) (a) X~ Ph x-Ph
Ph 2a (1.2 aquiv) 70°C,1.5h
EtOH, 70°C, 1 h Me 65%
h 0 15% 10%

R'=H, R2 = Me, 4h™; 72%
R'=R2=H, 4h" 8%
R'=R2 = Ma: <5%

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine

[(CO)zRh(acac)] o
(5 mol%) . é’_ N/
g1 PhCI, 140°C pe = =g
12-24 h 3
2b: R'=Me; 91% T - %
T () zineever -
% R'_F: 879 2N 2u: R=nHex; 81% g
LT 2v: R=cHex; 85%
2f: R'=Cl; 91% R 2w: R=Bu; 93%
2g: R'=Br; 72% 2x: R=2-PE; 86% @
2h: R'=0Ac; 92% RN I3
2i: R'=CN; 88%  Me Me €
2j: R'=CF3; 98% 2r: 93% 2a: 93%(92% in dark)
B N AV
N oo = | ‘]
i Ph g 2
Ph
Ph @ G Ph
Me” oH G
3d: 92%(A) 3m: 91%(A) 3n: 52%(A)  30: 44%[(A) 3k: 89%(A) 31: 87%[(A)

Zhang-Jie Shi et. al., Angew. Chem. Int. Ed. 2012, 51, 2690



Pyridine

PhOH (0.2 mmaol)
ucﬂgggma{f}] _N o
anisole (2 mL)
140 °C, 24 h

11%

Zhang-Jie Shi et. al.,, Angew. Chem. Int. Ed. 2012, 51, 2690



Pyridine

[Cp*"Rh(CH4CN)3][SbFg, (5.0 mol%)
ArSi(OR); - / "
AgF (4.0 eq), t-BuOH:THF = 1:1,

90 °C, 16 h

A o‘o

Me
34, 92% 3ak, 76%
I I/N !
Me Me
3aa R=Me, 2a,84% 3al, 86% 3ac, 82%, (7.7:1)°

R=Et, 2a' 77%

Zhang-Jie Shi, Chem. Sci. 2012, 3, 1645



Pyridine

HO Ph
Cp*Rh(CHZCN )3][SbF g], (5.0 mol%
7\ + PhsiOMe) P "{CHsCN)sISbFelz (5.0 mol) NC M
—\ AgF (4.0 eq), t-BUuOH:THF = 1:1, \
. R 2s 90 °C, 16 h 5
® ® )
=N =N ~
N g P
OH @ Ph
Me' Me
ih 3aa, 26% 1i 3ba, 88%, (7.7:1)¢
| - | . B B
N OH ~N ‘ N h _N O
ol e . ¢
F F Me Me
im 3da, 57%, (5:1)° 19 3aa, 83%
~
7\ 7 |
N 4\
N’ OH N,N =N
SANERTS o -
1q 3ha,46%, (8.3:1)° 1j

Zhang-Jie Shi, Chem. Sci. 2012, 3, 1645



Pyridine

AgF, PhSi(OMe);

Protonation Transmetalation
=X o X
P R LN
Ag(o) . R R path a
H N
path b Ln-1
R
5 Ag(l) 6

Rh(I)

+
S
Rh(lll)-catalyzed | _N
C-H activation O
R @ Rh(lll)-catalyzed
3

Reductive Elimination

C-H activation

Zhang-Jie Shi, Chem. Sci. 2012, 3, 1645



Pyridine

® ® S
=N H N =N
o [Cp"Rh(CHZCN)][SbFgl
D oh _ (5.0 mol%) H/D Ph Ph Ph
+ PhSiOMe)s ™\ oF (4.0 eq) *
D D 2a t-BUOH:THF =1:1 D D D D
b 90°C, 16h D D
7
0.1 mmol scale 3ba-dy 3ba'dy
9 ' 1
49% 5%
97% H/D crossover
in 3ba -d,
[ @
N N
Y [Cp*Rh(CH:CN)5[SbFsl O
+ PhSi(OMe)s (GOomol%) g
AgF (4.0 eq) R
R t-BUOH: THF =1:1
5 2a 90°C, 16 h 3
R=Me.5 62%
R=H, 5 44%

monoaryl:diaryl (6.6 : 1)

l x
Ph _N
HO
N
72
= Me 3
aa
1a Me [CP*RN(CH3CN);][SbFsl
+ PhSI(OMe) (5.0 mol%) . 64
® AgF (4.0 eq) 55%
H t-BUOH:THF =1:1 S
N 2a 90 °C, 2h |
7N _N
Et
8
Me
5
1
15%

Zhang-Jie Shi, Chem. Sci. 2012, 3, 1645

Ph

Et

Et

3.7
56%



Pyridine

| 3
Ts - I'-LIM,,TE
I" [Cp*Rh{CH;CN)3)[SbFg): (5.0 mol%) e,
.-J g P NF
tBUOH (A) or toluene (BY1 mL), R— |
90 °C = d

1 7a
S S | = | =
| N | N =N ~MN
- =M OH OH OH
Ph MeQ
OH Ph Fh Ph
im n 19 A :; h, 79%
A, 8%l1 A 3h, 67% A, 3 h, 249 ’ ‘
N B B Ay ) x
Y B N )
“" OH ~ OH = NHTs “ " NHTs
and
Ph Ph Ph = | Ph = | Ph
HO HDA/ Hﬂ>|/x Ya
OH Ph Ph Ph Ph
1o 1p 1q - 3qa 3ga’ _|
60% 28%

A.5h T7% A, 43%

Zhang-Jie Shi, Chem. Eur. J. 2012, 18, 16214



Pyridine

3bh
N
B. 26 h. 67% B, 24 h, 70% A 3h, 10%

CHO
"--._ Cp*Rh(CHLCM)L]ISbF )z (5 mol% OH
. [Cp*RA{CH5CN);]SbFgl; ( )__ + PhCHO
F = (BuOH(1 mL, A}anchlzﬂ mL, B), 1R
90 °C, time
N o
N o {12:1
{12a1 NO,
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Figure 1. Reductive cleavage of 1k (m) and the formation of 2¢ (A)
and 3c (®) as monitored by '"H NMR spectroscopy. Reaction condi-
tions: 1k (0.1 mmol), [Cp*Rh(CH,CN),][SbF¢, (0.005 mmol), EtOH
(1.0 mL), H; balloon, 80°C.
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*Milstein’s work not included

eStable Intermediate

e Compatible with various reactions

 Competition with C-H activation can be controlled
e 6-H elimination usually very fast

e Removable directing groups and more target C-C
bonds undeveloped
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