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Catalytic Functionalization of sp3 C-H Bonds Adjacent to a Nitrogen Atom in Alkylamines
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Catalytic Carbonylation at sp2 C-H Bonds
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Catalytic Reactions Involving Cleavage of sp3 C-H Bonds
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Catalytic Reactions Involving Cleavage of sp3 C-H Bonds o to Heteroatoms
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Rhodium-Catalyzed Carbonylation
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Initial Attempts

[RhCI(CO),],

N
N + CO + 0.04 mmol
X toluene 3 mL
N 160 °C, 60 h
Z

1 mmol 15atm 10 atm
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O [RhCI(CO),],
N + CO + 0.04 mmol - N
solvent 3 mL

| XN 160 °C, 60 h \NO

Z | =
1 mmol 15atm 10 atm

solvent yield
toluene 4 %
THF 7%
CH;CN 23 %
'ProH 70 %
DMF no reaction

(in ‘PrOH)

ineffective : RhCl;-3H,0 RhCI(CO)(PPhs), RhH(CO)(PPhs),
[RhCI(C,H,)], Cp*RhCl(acac)
Ruz(CO)q2 [RuCly(CO);]; [IrCl(cod)];
[IrCI(CO)s], Mo(CO);s W(CO)g

effective : Rhy(CO);; Rhg(CO)sg RhCI(PPhs)s
[Rh(OAc),], [RhCl(cod)],



Standard Reaction Conditions
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[RhCl(cod)],

0.04 mmol N
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10 atm

[RhCl(cod)],

0.04 mmol N
+ — -
'PrOH 3 mL (o)
160 °C 3 | =N
4 Z 6
R 5
5 atm
R reaction time yield
H 40 h 68 %
3-Me 60 h 73 %
4 - Me 60 h 73 %
5-Me 40 h 84 %
6 - Me 60 h 12 %
5-CF; 60 h 15 %
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[RhCI(cod)],

- S

N 0.04 mmol
P [ Sy, o)
r m
NI ~N 160 °C, 60 h NI >N
[ L
1 mmol 10 atm 5 atm 23 %
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Correlation between pK, Values and Yields

( \ [RhCl(cod)],

S

N 0.04 mmol
+ CO + — -
'PrOH 3 mL (o)
>N 160 °C, 60 h ~N
1 mmol 10 atm 5 atm
directing group PK, yield

@ 5.23
=

; _

®

~N
N\/ 0.65

68 % (40 h)

23 %

no reaction

* The pK, values are those of the corresponding conjugate

acids of pyridine, pyrimidine, and pyrazine.
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[RhCl(cod)],

( \ ¥ CO + /\ 9.08 mmol -~ +
rlg ' 'PrOH 3 mL N
y

160 °C, 60 h PY' o

1 mmol 10 atm 5 atm 18 %
Py' = 2-(5-methylpyridyl)

Z > + CO + /\But But
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[RhCl(cod)],

s

(Nj 0.08 mmol
+ CO + — l_
PrOH 3 mL (@)
| =N 160 °C, 60 h | =N
P P
1 mmol 10 atm 5 atm 13%
(Nj o N
(o)
B B
7 =
54 %
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10 atm
Py' = 2-(5-methylpyridyl)

1 mmol

[RhCl(cod)],

0.04 mmol
~ JPrOH3mL Nepy
160 °C, 60 h d
o
5 atm 3%
- I
40 h N O
Py
17 %

;<qu /g 225

[RhCl(cod)],

0.04 mmol ©E\>_<‘
'PrOH 3 mL N O
160 °C, 40 h Py

80 %
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1 mmol 10 atm

[RhCIl(cod)],
0.08 mmol

5 atm

'ProH 3 mL
160 °C, 60 h

| = S
R R
R yield
H 11 % (>99/1)

Me 18 % (90/10)

16



Plausible Mechanism
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Possible Steps for the Cleavage of C-H Bonds
(1) via an iminium intermediate

— Rh—H —> Rh—H

e e o

= = =

(2) via a hydride elimination from 1,3-diaza-=-allyl Rh complex
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N Tm — N ‘. h — N(—-Rh — h Rh—-H
NNT | N i SN
| Pz Pz | _ 7

18



I Our Proposal I
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Lee, D.-H.; Chen, J.; Faller, J. W.; Crabtree, R. H. Chem. Commun. 2001, 213.
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Ruthenium-Catalyzed Alkylation

O\ cat.
N

H Ru3(CO)4,

AN N iPrOH
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Standard Reaction Conditions

{ 5 Ru3(CO)4,
0.08 mmol
N + — + CO - e
'PrOH 2 mL
| XN 140 °C, 20 h
=
1 mmol 10 atm 1 atm

\/Qw/

~N
=

92 % (54/46)
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RU3(CO)12 (}\/\ /\/(l“«,\/\
<N> A~ 0.08 mmol R + R N R

+ R - o N
'PrOH 2 mL
I N 140 °C | N | N
S = Z
1 mmol 10 mmol mono-alkylated di-alkylated
yields
olefin reaction time mono-alkylated di-alkylated
Z > Bu 60 h 29 % 53 % (52/48)
Z > Bu! 60 h 21 % 73 % (51/49)
ZPh 20 h — 58 % (50/50)

@ 60 h 33 % 39 % (60/40)
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Carbonylation of the C-H Bond

( \ [RhCl(cod)],
N ¢ CO + — 9.04 mmol o N
'PrOH 3 mL (o)
| ~N 160 °C, 40 h | ~N
= =
1 mmol 10 atm 5 atm 68 %
Alkylation of the C-H Bond
[ ) Rug@O)z [ )
N . — 4 co 9.08 mmol N
N 'PrOH 2 mL N
| N 140 °C, 20 h | N
P P

1 mmol 10 atm 1 atm 92 % (54/46)



XN 'ProH 1 mL

| 160 °C, 20 h
=

Rug@Ol;  ~ L W
N . . 0.008 mmol o~ N . N
0 co * = 0
) )
= =

0.05 mmol 1atm 10 atm 81 % 9 % (66/34)

O O
\34 cat \M

N Ru3(CO)42 . N

Chatani, N.; le, Y.; Kakiuchi, F.; Murai, S. J. Am. Chem. Soc. 1999, 7121, 8645.

24



Catalytic Functionalization of sp3 C-H Bonds Adjacent to a Nitrogen Atom in Alkylamines
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