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Problems:
Imines are easily hydrolyzed
Can undergo nucleophilic addition
Possible side reactions with the metal
Imine/enamine tautomerization may alter the chelation abillity



Condition screening

Ent Catalyst (mol%o) y additive Solvent  Yie
Iy (mol%o) (mol%o) (%)
9  [Cp*Co(CO)L] (5) AgSbFs (10) = TFE (7)4
17 [Cp*Co(CO)L] (5) AgSbFs (10) CsOAc (10) TFE 33
18 [Cp*Co(CO)L1] (5) AgSbFs(10) CsOAc (l(g%.)Zn(OTﬂg TFE 37
19 [Cp*Co(CO)2] (5) AgSbFs(10) CsOAc ( l(())%.)Sc(OTt)z TFE 39
20 [Cp*Co(CO)2] (5) AgSbFs(10) CsOAc (l(Q))d)Cu(OAc): TFE <10
21 [Cp*Co(CO)L] (5) AgSbFs(10)  CsOAc ( %%.) BF:OEt, TFE 66
22 [Cp*Co(CO)L,] (5) AgSbFs(10) CsOAc (% g())) BF;OEt, TFE 80
23 Cp*Co(CO)I2] (5 AgSbFs (10) CsOAc (10). TFE 82
[Cp*Co(CO)I2] (5) g ( B(CeF 520
24 [Cp*Co(CO)L] (5) = CsOAc (10), TFE 80
B(C6F5)3(20)
26 [Cp*Co(CO)L] (5) - CsOAc (10). MeOH  (40)
B(CsFs)3:(10)
27 [Cp*Co(CO)L2] (5) — CsOAc (10). AcOH nr
B(CsF 5)3(13)
28 [Co(acac)s] — CsOAc (10). TFE (<5)d
B(CsFs)3:(20)
29  [Cp*Co(CsHe)][B(C(5)sF5)s)2 (5) = = TFE 46

30 [Cp*Co(CsHs)][B(C(5)sFs)s): (5) - CsOAc (10) TFE 69
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Reaction scope - imines and diazo
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i I_ﬁ)LF“ R0 or? 20momkBiCoFeh L L L
e , , O TFE. 120 °C, 12 h 3 CO.R?
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Ay R CHa, 80% (3b/3b" = 89:11) £ e
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1
5 mol% [Cp Co{CO)l;) R
NH N, 10 mot% CsOAC e MY
i I_ﬁ)LF“ R0 or? 20momkBiCoFeh L L L
e , , O TFE. 120 °C, 12 h 3 CO.R?
(3", R¥ = CH,CF;)
nBu R = H, 80% (3a/3a" = 89:11) nBu
- ANH R = EH.':I' B0 |f-3-h|'3h' T—-E-g"l 1:I = WH
R = OCHs, 79% (3c/3¢’ = 91:9) -
R X fJ%,:, R = NMez, 33% (3d/3d’ = 75:25) *[/k\l::
coMe R=CL77% (3ei3e' = 92:8) COMe
R = CFy. 70% (3f/3f = 86:14) 819 (3g/3g’ = 89:11)
F nBu nBu f“
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Regioselectivity when R is in ortho and meta positions



Reaction scope - imines and diazo

5 mol% [Cp Co{CO)ls) R
NH N, 10 mol% CsOAc e ,,ﬁL»HH
S . 2 20 mol% B(CsFs L .
T RR G'TA'YGH ’ RS Separable mix between product and the trans-
T 0,0 TFE. 120°C. 12 h 3 COR? esterified one
(3", R? = CH,CF3)
rBL R = H, 80% (3a/3a" = 89:11) 15U EDG and EWG are tolerated on the aryl moiety
YW oot e Y
= 3 {3e/3c' = §1: )
- “‘:.-fJC«*L-, R = NMeg, 83% (3d/3d’ = 75:25) S }““r 0
CoMe R =ClL77% (3eide’ = 92:8) COMe
R = CF3. 70% (3f/3f = 86:14) B1% (3g/3g" = 89:11) Regioselectivity when R is in ortho and meta positions
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o IRy (I
. m;l‘x e Y T . . . .
i b T o ST F o « Variation of R; and diazo compound had little effect
CO-Me CO-Me CO-Me . . .
R «
63% (3h/3h' = 70:30) B1% (3i/3i' = 88:11) 789% (3)/3)" = 85:5) on the reaction efficiency
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/l S iE-u
e N I S “
CCY opw CrY

0 R o

"".\_\;\\_.\_w_'__.-"":_h'\-\.\_ ..,

COMe 0
CO,Me CO:EL

57% (3ki3K' =75:25)  99% (3W3F = 937) 70% (3m/3m’ = 87:13)



Reaction scope - imines and diazo

5 mol% [Cp Co{CO)ls) R
NH N, 10 mol% CsOAc e ,,ﬁL»HH
S . 2 20 mol% B(CsFs L .
T RR G'TA'YGH ’ RS Separable mix between product and the trans-
T 0,0 TFE. 120°C. 12 h 3 COR? esterified one
(3", R? = CH,CF3)
rBL R = H, 80% (3a/3a" = 89:11) 15U EDG and EWG are tolerated on the aryl moiety
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Reaction scope - N-substituted imines and diazo

5 mol% [CpCo(CO)l.] R’ .
2
R 10 mal% CsOAc # L fﬂz EDG and EWG are tolerated on the aryl moiety
' Nz 20 mol% B{CgFs)
o TFE, 120°C, 12 h 4 R
1" . .
4, R¥= COCHCF )
R = H, 83% (d4a/da’ = 78:22) - P
=N~ R =CHa, 85% (4b/db’ = 71:29) =N
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Reaction scope - N-substituted imines and diazo
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20 mol% B{CgFs)s

TFE, 120 °C, 12 h

E1

R
A

4 R?
{-ll-, R¥= COCHCF )

R =H, 83% (4a/da’ = 78:22)
=N R =CHa, 85% (4b/4b' = 71:29)

hﬁ/g R = OCH,,
O R=clLBs5

CO:Me R=CN,&

L

T o

CO.Me
G0% (4gidg’ = 53:47)

9% (dc/de’ = T8:22)
U (ddidd" = 71:29)
1% (de/de’ = 77:23)

9¢4

mzm.e
58% (4h/dh’ = 60:40)

E\A\Nf
S s
O

.

A,
COMe

B7% (4F14F = 85-15)

.-"’ =
““1 o
COLCHLCF
4i, TEY%

TN T
e e a
a
T

4], 56 %

EDG and EWG are tolerated on the aryl moiety

X-ray structure
of 4c




Reaction scope - N-substituted imines and diazo
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Stability of the imine

Conditions A
2 mol% [Cp*Co(CO)lz]
10 mol% CsOAc
20 mol% AgShbFs

-

CF3CH,0H, 120 °C, time
time=0.5 12 3h

Conditions B

2 mol% [Cp*Co(CO)lz]
10 mol% CsOAc
20 mol% B(CsFs)3

CF3CH,0H, 120 °C, time
time=0.5,1 2 3h

Reaction study

Entry Time

Remaming 1 a

(hours) Conditions A Conditions B
1 05 50% 77%
2 1 38% 73%
3 2 <10% 67%
4 4 <5% 65%

NH

e ” e
PESS

Remaining amountof1a  pecomposition over time

Slower decomposition with B(C.F:); than AgSbF,

Study of the decomposition without diazo:
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Stability of the imine Conditions A

2 mol% [Cp*Co(CO)l2]
10 mol% CsOAc

20 mol% AgShbFs

-

CF3CH,0H, 120 °C, time

o time=0.5 12 3h NH
- JL . .-*"‘C:‘q_ .--JLH i
|"’ T Conditions B | |+
~ 5 mol% [Cp*Co(CO)lz] -
10 mol% CsOAcC Remaining amount of 1a
20 mol% B(CsFs)3
CF3CH50H, 120 °C, time
time=0.5,1 2 3h
Kinetic study
5 mol% [Cp*Co(CO)l,]
10 mol% CsOAC
20 mol®% addilive
1a + - 3a (1)
TFE, 120 °C, time
time |10 min 20 min 40 min 80 min
with B(CgFs)olyield® | 15% 32% 38% 43%
with AgSbFgyield!® 9 % 16 % 18 % 27 %

" TH NMR viald

Reaction study

Entry Time Remaming 1 a
(hours) Conditions A Conditions B
1 0.5 50% 77%
2 1 38% 73%
3 2 =<10% 67%
4 4 <5% 65%

Study of the decomposition without diazo:

Decomposition over time
Slower decomposition with B(C.F:); than AgSbF,

Conclusion: Increased reaction rate to achieve high yields

Significant Rate enhancement with B(C,F:),

High reactivity and role of B(CF:); of are still ambiguous



Reaction study

Deuterium incorporation

Me Me
H N 5 mol% [Cp*Co(CO)l;] HD N
)\ ) 10 mol% CsOAc ) L
i 2 il 20 mol% additive _ ﬂ" N
~ \“'::LH TFE/CD50D (8:1) \""'::;LH‘D
' 1 . 1 . '
1a e 1a-Dy/1'a-D;
with B(cst)g . ! 8'01: 31.8% with AngFG 1'a-Dy: 11.4%

1'a-Dy: 6.7% 1'a-Dy 1.1%

Better deuterium incorporation with B(C.F:), than AgSbF,

32% under optimized conditions

C-H activation is reversible



Reaction study

Deuterium incorporation

. Me
H N 5 mol% [Cp*Co(CO)i;] WD N
)* A 10 mol% CsOAc ’l }1
| \L T Amohaddive QL )

TFE/CD50D (9:1) i

Better deuterium incorporation with B(C.F:); than AgSbF,
32% under optimized conditions

\

f & 120 °C, 10 min 1:; B 1
a 1'aD.: 31.8% ) $ C-H activation is reversible
with B(CgFyg), : S with AgSbFg : 13Dy 11.4%

1'a-Dy: 6.7% 1'a-Dy 1.1%

Diazo decomposition

r:; without addilive | . zxe; consumption Decomposition of diazo compound / Formation of the carbene
Me0,C~ COMe _ N2 with B(CgFg)y >95% consumption
2a TFE Accelerated with B(C.F;);

120°C, 6 h wih . coe0 consumpti
(Cp*Co(CON] 55% consumption



Reaction study

Abstraction of iodide from the Co cat.

Borate anion is formed
[Cp*Co{CO)I,) lodide abstraction from the Co cat.
B(CgFs)s oo (1{CsFs)B)° Detected by 11B NMR

1.0 equiv
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Reaction study

Abstraction of iodide from the Co cat.

[Cp*Co(CO)Iy)

1.0 equiv

B(CsFs)s
1.0 equiv

Kinetic isotopic effects

Me Me
H N D N
H 1 U I
RN D N \\\‘// .
) of [ \
HEN - DN ND
H D
1a’ D5-1a

~ [I(CgFs)3B)°

N, HD
O HD E J
MeO,C~ ~CO,Me NP NP N7

- 2 | g
ANAAA
Standard condition HD T T =
3 - HD CO,Me

120 °C. 10 min

3a or 3a-D,
)50, Conversion for 1a’y

ko = 1.10

T\'. ) "w\]'rd[“,‘;/‘ reactions

Borate anion is formed

lodide abstraction from the Co cat.

Detected by 11B NMR

Conclusion: Generation of catalytically active cationic

Co'" species facilitated

Ky / ko = 1.1



Reaction study

Abstraction of iodide from the Co cat.

Borate anion is formed

[Cp*Co{CO)I,) lodide abstraction from the Co cat.
B(CgFs)s =L [(CgFs)3B)° Detected by 1B NMR

1.0 equiv

Conclusion: Generation of catalytically active cationic
Co'" species facilitated

Kinetic isotopic effects

Ho NMe o nNMe N HID | k, / ky=1.1
H 1 I p L U MeO,C~ ~CO,Me HD NN
Y Y O N RN 2a | i '
- of | I e ks . . -
SR o Standard condition WD~ Y SO Conclusion: CH bond cleavage is likely not the
H D T 120°C 10min HD COMe rate determining step
1a' D5-1a' Two parallel rea tion 3a or 38-0‘

250, COnversion for 1a'
Ky/kp = 1.10



1) Active cationic Co"' is generated

Mechanism

[Cp*Co(CO)Z]
CsOAC 'l' BiCgFz)s H‘l

3 ord, [
MeOH [Cp*Co 'EW:I [I{CsFalsElI

H
HOAG BlgFala
_ . H promaofed

1 ) C-H activation
] ieFsBr
~“MW CoCp*
o promoied
'w.H PRI p )
5 OMe matal-
VI E-u -0AC carbene
I L"..p formatiars
\ v
. H!JJ\“,GME
_I. MCeF=lBT  cationic co is AcOH O 2
,l'f “Ccp* stabilized by borate R’
H
WCeFs)sB] T NG Bl
H *.‘JME R [HCeF sl ! [CeF5)aB]
R? lr::'::l’E’:'T|

v RN =3 Hmm Sy
« N co. — REJ\( )

Q
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

[Cp*Co(CO)Z]
CsOAC 'I' BiCgFz)s =8

+ e
ord  [Cp'CoOACITNCFskBT  © | NH
MeOH - .

) b= H 1
HOAG . 7// x\ B{CsFs)3

_ . H promaofed
C-H activation

1 .
R _l [MCeFs1aB]

HI

/ B{CafFs)

s E:

> b PO <
R? | f melal-
Vi = ':p'*jﬁ'-ﬂ carbena

Cp formation

Il
l_ ! Nz
R (‘1‘ HEM\N’G”E
S ! 0
@L"J-:;E . “Cp* stabllized by borate RT ¢ hoor = 2
= 0 | A H
H CaOMe gt [NCeFs)Bl @[‘ M —| [HCeF5)aB]

{

- i .-Ep'i
AN & e |
&
L,:-_,-—F’! .':Iﬂ'.[: . _.-F"Jf H?
R? "

Q
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

3) Reaction with the diazo forming the Co-carbene IlI

[Cp*Co(CO)Z]
CsOAC 'I' BiCgFs)s =8

+ e
3 or 4, [Cp"Co"OAC THCEFs):BT (7 |7 NH
MeOH - .

) b= H 1
HOAG u/ = B(CsFsl3

_ . H promaofed
C-H activation

1 .
R _l [MCeFs1aB]

HI

/ B{CsFs)

s 3

> 5o oA
= | metal-
Vi e ':p'*jﬁ'-ﬂ carbena

Cp formation

] Il
| ! Nz
H1 }&‘— HEJ'I\I‘,-'DME
s Ca. /™ ACOH Q2
wﬁa Cp* stablized by borate jii /
b [ © | H
H G2 OMe qt [(CeFs)E] @[:N —" ICeF)s8l

{

- i ..Ep'i
v \\ = “*N”F| Ix.‘:EJ aM
e
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

3) Reaction with the diazo forming the Co-carbene IlI

4) Migratory insertion to give IV

[Cp*Co(CO)Z]
CsOAC 'I' BiCgFz)s =8

+ e,
:ﬂﬂéﬁ [Cp"Co"OAC THCEFs):BT (7 |7 NH

"I = “'“‘-h\_\\ H
HOAG . / B(CsF sl

_ . H promaofed
C-H activation

1 .
R _l [MCeFs1aB]
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H™, OMe E‘*IH promoted
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Vi = Cor OAC carbane
I Ep formation
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

3) Reaction with the diazo forming the Co-carbene IlI

4) Migratory insertion to give IV

5) Rearrangement to give V

[Cp*Co(CO}]
Esﬂﬂcr B(CsFsls Rl
3 or 4, [Cp*Co™OAC] THC:Fs):BT  [* h NH
MeOH : -~
‘ll ;:h“-\_k\ H 1
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_« H promaofed
1 ) C-H activation
R _l [HCeFs)aB]
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

3) Reaction with the diazo forming the Co-carbene IlI

4) Migratory insertion to give IV

5) Rearrangement to give V

6) Nucleophilic addition to the ester carbonyl to form VI

[Cp*Co(COYZ]
' e
3ord CpColOACITHCFlBl  [7 NH
MeCH \ B i N -
| - . ~ H 1
HUA':H\_\_ I o MH"'\- 1 N HII.EEF:L'IJ
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n | C-H activafion
[ CeFsiaB] \
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Mechanism

1) Active cationic Co"' is generated

2) A reversible C-H bond cleavage forms cobaltacycle Il

3) Reaction with the diazo forming the Co-carbene IlI

4) Migratory insertion to give IV

5) Rearrangement to give V

6) Nucleophilic addition to the ester carbonyl to form VI

7) Elimination of the methoxy and proton transfert

[Cp*Co(COYZ]
' e
:ﬂ::r]-ﬁ [Cp Co"OACT THCsFs )BT E§ I NH
\II = | ;::::-:"_\":-\. H“:\'\I-\."_.-"' H 1
\ _» H promated
C-H activafion
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> e S
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Vi El::- OAC carhena
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Conclusion

Development of a Co'! catalyzed C-H activation of imines with diazo compounds



Conclusion

Development of a Co'! catalyzed C-H activation of imines with diazo compounds

First example of an expedient method to access isoquinolin-3-ones

Broad substrate scope and good functional-group tolerance



Conclusion

Development of a Co'! catalyzed C-H activation of imines with diazo compounds

First example of an expedient method to access isoquinolin-3-ones

Broad substrate scope and good functional-group tolerance

Catalytic B(C¢F:); improved reaction efficiency

Instable imines could serve as directing groups



Conclusion

Development of a Co'! catalyzed C-H activation of imines with diazo compounds

First example of an expedient method to access isoquinolin-3-ones

Broad substrate scope and good functional-group tolerance

Catalytic B(C¢F:); improved reaction efficiency

Instable imines could serve as directing groups

This newly developed Co'"'/ B(CF:), cooperative catalytic system could allow new transformations



I_,qu. R . L -
' + - Tt
|:|:1L_L J B2 L — F'.1_'-f «:-[ R
- 78°%C"2h s
O ~N
“ 4 AMS |
e
R'T T OCRNR THosasn RU



R 5 MOI% [Cp CO(CO)ly] Ff 2
| q mntlgﬂl% CSOAC A N
Ri _::T, ~R1 N rﬂf 20 MO% B(CeFs)a ﬁ{é_f,jﬁ_ﬁfkbﬂ
o R3” R4 B =
N TFE 120 C'12h R?
1 2 a4

An oven dned screw-capped vial was evacuated and flushed with argon three times and
then evacuated and transferred to the glovebox. Tris(pentafluorophenyl)borane (0.04 mmol.
5.0 mol%) and cesium acetate (0.02 mmol. 10.0 mol%) were added. The vial was transferred
to the fume hood and connected to the argon atmosphere. [Cp*Co(CO)12] (0.01 mmol. 5.0
mol%). mmines 1 (0.2 mmol. 1.0 equiv). diazo compounds 2 (0.3 mmol. 1.5 eq.) and degassed
anhydrous TFE (1.0 mL) were added under an argon atmosphere. The resulting mixture was

sealed with a Teflon-lined cap and stirred at 120 °C for 12 h.
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