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Cu(lll)-Mediated C-N Formation R:EId<{geI’1sl¢

Catalytic Cycles of Cu-Catalyzed C—N Coupling Reactions

A — M—Ar
cul < BrTAr . cu'—x

O, RDS

oxidation trans- M— X
metallation
reductive oxidative RDS
elimination addition
Cu' Cu''—Ar
reductive 5
(‘3u”'—Ar C‘SU'"—Ar RNH-Ar st oxidation

RHN transmetallation Br [Ox]
cull— Ar

RNH,
Base and RNH,

From Cu (l) cat. From Cu (ll) cat.

Cu (1ll) intermediates are proposed in most reports of Cu-catalyzed C—N coupling




Cu(lll)-Mediated C-N Formation R:EId<{geI’1sl¢

Catalytic Cycles of Cu-Catalyzed C-N Coupling Reactions From Cu (1) cat.

X NR;
X
+ H-NR, —U%

A
CuX | OA RE

X

L base X

Y .
Cu H-NR Cu'l
X 2 - NR;
transmetallation

Ullmann coupling

2 Ullmann, F. et al. Ber. Dtsch. Chem. Ges. 1903, 36, 2382.




Cu(lll)-Mediated C-N Formation R:EId<{geI’1sl¢

Catalytic Cycles of Cu-Catalyzed C—N Coupling Reactions From Cu (ll) cat.

N
o) oL L
Cu(AcO),, TEA o :cU'\'
R o~ N OAc + EtzNHOAc
H
NH, COORDINATION R A
AND DEPROTONATION = \: :/
g:g _— 3—©—B(OH)2
TRANSMETALLATION Q
\
0 L\ /L||| 02 \0 L /L
ozg,N'C" 0337 cu” + AcOB(OH),
N
R H Q R H Q
D B
fast REDUCTIVE /Very slow
. ELIMINATION 0
-Cu -Cu

Chan-Evans-Lam coupling

3 Lam P. Y. S. et al. Tetrahedron Lett. 2003, 44, 1691.




V([N BN G TET G Ne YR 6T EYA e M Isolated Cu(lll) intermediate

Synthesis of [TBA][L-Cu(ll)-ArF°] (A)

A :
\— / 9 iPr ] Zn(ArF9),
N\ ||/N-© or TMS-ArF5
O Cu or Arf5.Bpin  ©
PrNT N L P
iPr

|Pr \_
~® [TBA]2[Ce(NO3)6] N .
/Cu" \ __Cu

|Pr N CHCl, 'P" N
Ar"5 ~40 °C, 1 hour

4 ZhangS. et al. J. Am. Chem. Soc. 2023, 145, 26810.




Cu(lll)-Mediated C-N Formation

Oxidation of [TBA][L-Cu(ll)-ArF3] (A)
1 atm O,, 12 hour

1
iPr -
! 0.75 F
C || O : 205 |
u —> no reaction -g: .
A,.FS 0.25 F
iPr 0 : _
300 500 700
A (nm)
1 equiv. Cu(ll)OTf,, 1 min
2
\ 1.5 F
cu'(oTf),
Cu" > LCuMArFS § 1 }
o ost \| ]
iPr
0

300 500 700
A (nm)

5 ZhangS. et al. J. Am. Chem. Soc. 2023, 145, 26810.




Cu(lll)-Mediated C-N Formation

Arylation of Anilines by L—-Cu(lll)-ArF> (B)

1 equiv. LCu'"-ArF®

RNH,

Benzene
25 °C, 48 hours

» RNH-Arf® + ArfFS_ArFS + ArFS_H

H
N\ArFS

o

40%?3
(35%, 5%)

H

Ph

61%
(11%, 5%)

H

F

45%
(26%.5%)

H

o™
F3C

16%" ©
(37%, 5%)

H

MeO

50%
(1%, 16%)

H

‘Bu

46%
(36%, 9%)

H

Jon

51%
(37%, 7%)

H

MeS

64%
(3%, 15%)

H

Cl

50%
(45%,5%)

2 Yields of ArF5-Ar™> and ArF5-H are shown in parantheses.
b A significant amount of LCu-ArF® remains unreacted.
€10 eq of aniline substrate for 7 days

ZhangS. et al. J. Am. Chem. Soc. 2023, 145, 26810.




Cu(lll)-Mediated C-N Formation REYISAERINIIRIeLY

Plausible pathways Eyring plot of LCu"-ArfS
with 4-MeO-aniline

A -6
NH2Ar unimolecular
NH,Ar RDS y =-14.824x + 41.13
LCul-ArF® «<—=— LCuM-ArF® —— = ArFS.NHAr T - 303K R? = 0.9905
AS*¥> 0 Ppositive value ‘
8 } “
..0/“ 298 K
= bimolecular c 9
RDS 293 K
LCu'-Arf>  + NHAr  ——— > AFSNHAr £ 0/
AS* <0 -10 ’--.%— 288 K
AH?* = 29.5 kcal mol1 ..
¢ NHAr" unimolecular T AS=otkaieal mot™ K- .
A, kil AL RDS : 12
LPd"-Ar _»base LPd"-Ar — Ar-NHAr 325 335 3 45 355
AS* = 2.9 cal/mol 1000/T (K"
Positive value
| k AH*1+1 kB+ASi
n——=————+1In
T R T h R

7 ZhangS. et al. J. Am. Chem. Soc. 2023, 145, 26810.




Cu(lll)-Mediated C-N Formation REYISAERINIIRIeLY

Side-reactions

1 equiv. LCu'"-ArF®

RNH, » RNH-Arf® + ArFS_ArFS + ArfFS_H

Benzene
25 °C, 48 hours

100 equiv. H,O
A [LCu'-Ar5] >

100 equiv. H,O

B LCu'_Arf5 oC
¢ odiafy ([CYMeCN))
D LCu"-Arf5 acetone _
E LCul-ArfS LCu'-Ar _

Homocoupling products
are majority (72% + 20%)

ArFo—H

0%
Not hydrolysis
ArFo_H

0%

ArFo_H
20%

Cu'-caused protonation

ArF5_ArFS coordinative solvent
caused decomposition

98%
AxF5 A rED Cu'-caused
799 decomposition
(

+ Ar-Ar + Ar"5-Ar
20% 5%

8 ZhangS. et al. J. Am. Chem. Soc. 2023, 145, 26810.




TN\ Lo TETE=Te Nosof o1 s ELA i Alkyne trifluoromethylation

& PPhy PY
CF, [PPh4JICI] PPhal =" ¢, [PPhy]  CF,
(0.95 equiv.) B AgF (4 equiv.)
FsC—cCu"'—py —  Fsc—cu''—cl —=  Fy¢—Gu"—F
E.C 3 CH3CN, r.t., 15 min. E C/ CH3CN, 0°C,1.5h . C/
-  (cn, 91% T ACh TRy 3 (2), 75%
B

A
[PPh)]  CFq aea PP cFs
FiC—Cu'—F + 7 T, R
) —40°C, 12 h . ”
F,C (@) (3a) —FSiMe, 3 (42)
(10 equiv.) 74% NMR, X-Ray
(3a)
(1 equiv.) | CH,Cl, 42"HC2 C:1I2h
45°C., 1 h ’ additive
FSiMe; CFs 5
= #  + [PPhICU(CFy)] e B
91% | Ph-c=C-Ph
9

Nebra N. et al. Angew. Chem. Int. Ed. 2023, e202319412.




TN\ Lo TETE=Te Nosof o1 s ELA i Alkyne trifluoromethylation

Most Feasible Pathway (by DFT)

Global transformation: most probable reaction path
(26.4) — TS24a e
40.6
(26.6) )
(TSaa)
(8.3)
. 74
(0) [AE] p (8.9)
0 [AG]
(0) [AH] (TS4a.50) :
Y (-14.4) :
2) — L 155
." (_1 37) .:.- -:.
FSiMe, I
; | (-31.4)
. i '-._ -46.9
4 (4,) (-30.9)
(32)
: (52) E 3 (6) E

10 Nebra N. et al. Angew. Chem. Int. Ed. 2023, e202319412.




Cu(lll)-Mediated C-C Formation R:YZlal=Kelei elM 1o}

Synthesis of organocopper(lll) spiro complexes

O 1) 0.5 equiv CuBr-SMe,
Li THE; RT;1.5h

O Li" 2) Recryst. in THF

quant. NMR yield. 1b
75% isolated yield.

i

(THF),Li "
3b
> 80% NMR yield.
54% isolated yield.

1a
1) 1.0 equiv o:@:o
THF, -78 °C, 0.5 h O
2) Recryst. in Et,O/THF e
@ === - gu (2) Li
Xcess L .
THF, RT, 3 h O O Sgrld

quant. (THF)4Li+ SiMej
3a 1c
> 85% NMR yield.
66% isolated yield.

11

T™S _|
by i
Cu ok
TMS

(THF)3(Et,O)Li

3c
15% isolated yield.

20% isolated yield.

XiZ.etal J. Am. Chem. Soc. 2017, 139, 13688.




Cu(lll)-Mediated C-C Formation R:YZlal=Kelei elM 1o}

Synthesis of organocopper(lll) spiro complexes

O 1) 0.5 equiv CuBr-SMe,
Li THE; RT;1.5h

O Li" 2) Recryst. in THF

1a

(1)

quant. NMR yield.

75% isolated yield.
1) 1.0 equiv o:@:o
THF, 78 °C, 0.5 h O
2) Recryst. in Et,O/THF
- - . cul )
Excess Li O
THF, RT, 3 h

quant. (THF),Li"

3a
> 85% NMR yield.
66% isolated yield.

12 Xi Z. et al. J. Am. Chem. Soc. 2017, 139, 13688.




Cu(lll)-Mediated C-C Formation R:YZlal=Kelei elM 1o}

Reductive elimination study of 3a

E O 2.0 equiv Me O O
5 3N HCI ‘ H O 5 . Mel or [Me3S][BF ]
| THF, RT, 0.5 h O y 5 THF, RT, 6 h O M
O 1.0 equiv O
; ~ [Me3S][BF,] 6. 90%
i 4 quant, : — THF, RT, 6 h
| 4 e
] A
| Q\)\ "\
. O : AL PMe;
4.0 equiv I, | O | N Cul —— Cul(PMe3)s
THF, -15°C to RT, 0.5 h O ! 8
Y

C
AN j -
I - _ 9, 70%

A ’ <
cu'l Me
‘ 1.2 equiv PhCOCI O
THF, RT, 3 h
+ J T
(THF)4Li

3a 10, 67%
13 Xi Z. et al. J. Am. Chem. Soc. 2017, 139, 13688.

A . .. o s — : Me g O 1.2 equiv I,
3a O THF,RT, 1 h O |




TN\ Lo BT Nos of e TH s E o3 Arene trifluoromethylation

Type I: from ArX

N
[N)>—CU—CF3

- AV
DMF, 25 °C

over 91 % for

aryl iodides
Viciv D. A. et al. Chem. Sci. 2008, 130, 8600.
Catalytic in copper
| Cul (10 mol%) o
- phen (10 mol%) - ”
R—l + CF3-SIEt3 = R s
Z KF, NMP, DMF =
=N N=
Amii H. et al. Chem. Commun. 2009, 1909.
OoTf CF3
I % TMS [CUCFg] _ : N CF3
R _ DDQ R i
1 DMF/DMSO, rt, 24 h o[l

14 Tsui G. C. et al. Chem. Sci. 2018, 9, 8871.




TN\ Lo BT Nos of e TH s E o3 Arene trifluoromethylation

Type II: from ArB(OH),

F.C—|—O S mol % Cul
s - CL I 10 mol % L1 vy CF
R—— + - R———
& KoCOj3 (2.0 equiv) N
Diglyme
1 equiv 1.2 equiv 35°C,14 h 50-95% vyield

Shen Q. et al. Org. Lett. 2011, 13, 2342.

20 mol % [Cu]
1 mol % Ru(bpy)3;Cl,*6H,0

B(OH), 1 equiv base CF;
26 W light bulb
+ CF3|
DMF
60°C, 12 h
Sanford M. et al. J. Am. Chem. Soc. 2012, 134, 9034.
CF, :
/ - (1.5 equiv
B(OH), g+ 0”08V cf,
AN RNBOH: / Y R
A CuOAc (20 mol %) RO
R 2,4 6-collidine (2.5 equiv) 24 examples
ethyl acetate, rt, 20 h up to 85%

15 Shibata N. et al. Org. Lett. 2015, 17, 1632.




[N E L TET G ool ol a VL3 Arene trifluoromethylation

Two types of Cu-mediated arene trifluoromethylation

CF® ” CF3?

ax + or U _ Ak, <LCY ABOH), + or .
CF,° CF1

CuX CuX
ArB(OH),
28eS
\ Type | [[ Ar-Cu"'-CF, J] Type Il
(CucF; ) [ cu-Ar )

ArX CF3® or CF3@

16 Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.




[N E L TET G ool ol a VL3 Arene trifluoromethylation

Synthesis of [(bpy)Cu(CF;);] precursor

CF3S|Me3, KF, DMF - [CU(CF3)4]-
| RT, air \=J|

(or CuCF; from CHF 1) quantitative

4_,\\\CF3
u
“NCF;

©  bpy, AcOH
90 °C

17 Grushin V. V. et al. Angew. Chem. Int. Ed. 2015, 54, 2745




[N E L TET G ool ol a VL3 Arene trifluoromethylation

Synthesis of [nBu,N][Cu'(Ar)(CF;);]

7 0N (l:F3
?U‘CF?» 1) DMSO FFcr, T Q°
CFs e -
1 — - R Cu-CF;
+ 2) nBusNBr |
R F Q = nBugN F F CFs
. B,O\L R = OMe, 3a, 45%: Me, 3b, 41%:
\O/T H, 3c, 20%; Br, 3d, 50%;
F, 3e, 41%; CF3, 3f, 35%
F F 2a-f

18 Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.




TN Lo [ETE=Te Nosof o1 L[ i B Arene trifluoromethylation

Study on reductive elimination

R Fcr 19Q®  additve E. F
| CIHCH,CH4CI .
R Cu-CF,4 - R CFz + [Cu(CF3),] ~Q
| 95 °C, 4-12 h
F F CF3 Q= nBu4N F F
3a-f 4a-f t1/2: half time
entry R complex 3 additive V("j';’ t,/5 (Min)
1 OMe 3a : 99% 25.3
2 OMe 3a TEMPO 79% -
3 OMe 3a 1,4-dinitrobenzene 81% -
4 Me 3b ] 97% 18.3
5 H 3c - 95% 31.5
6 Br 3d - 82% 46.7
7 F 3e . 90% 53.5
8 CF3 3f - 86% 61.6

Entries 2-3: radical inhibitor didn’t significantly decrease the yield

19 Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.




o0 (1) B\ [=Te TET =T Nos ol ol ay ELE i Computational study on reductive elimination

AG(M11-UDCE) kcal/mol
(AH kcal/mol)

- b
R Fcr 1" E F FaC:-Cu—CFy F F

| | .
Cu-CFy Cu-CF, Fﬂ': CF,
CF

F F ° F F F F F F

3c 6 6-ts 7
53.8
497  (681) S
€20 124 1
i I \
(54.2).-- \
‘6
/" 276 ‘
206 (27.8) s cdi T \

CFl- CuCF3 Cu(CFa);l  *CF3  Cu—CFal
5 8 9 10 13 L &
i e z) F & X R
R F - : * T e
CFy FaC:-Cu—CFy FaC:-Cu—CFy 33,
Cu S E. M F 4(-20.5)
I 9
FF 3 F F F
11 C 248 T 14ts 20

b

12-ts

14-ts
Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.




Cu(lll)-Mediated C-C Formation JXENSIEREMIENS

Study on reductive elimination

Pathway A
CI:F3 —l ) CF3'
Cu-CF i <;>~Cu—CF_| — Ph-CF3; + Cu-CF _
Q | * \ | * ’ : Ruled Out
CF3 CF3: CF3 }/CF:;- Higher barrier in DFT calculation
o radical inhibitor didn’t significantly decrease the yield
Pathway B CU(CF3)2
c|:|=3 17 cFy (|3F3 CFs #
Cu-CF; === Ph—Cu-CF PhZ--Cu-CF Ruled Out
Q- | C;F' ? > Higher barrier in DFT calculation
3

CF3 r CF3-

Ph—CF3; + Cu(CF;),®

Pathway C
= - -4 Ruled Out
CF3 | CF3 | CF3 ] No obvious change with various solvents.
@4': CF el Ph’é CF Ph"'c:: CF
i Cl1— e u-
| u 3 sol” | u 3 sol” | 3
CFs CF3 CF,
I\ solvent
©
" *
Pathway D Ph CF3 CU(CF3)2

CF3; | cFs 1 |*

@—Cu—CFg, — @---Cu—CFa —— Ph—CF3 + Cu(CF3),°
| | 14-ts

CF; CF; 21 Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.




ST LIN Y Lo Rt NoE oR 2o Td s E L[] i W Alkane trifluoromethylation

Synthesis of [(alkyl)Cu(CF;)]-

Well-identified
(XRD confirmed)

— CF; CF
alkyl-ZnBr (1 equw 3
§ N-Citcry \rdu'" CFy = —\*’CU]
CF3 CHsCN, rt, 5 mln Mt CF3 gt
1 yield?

©/\1Cu] l\Ej/\‘cu] R"ey O/\[Cu]

R
1c. R =CN, 97% (84%) 1g. R = OMe, 99% (84%)
1a.98% (87%)  Cl 1d. R = Me, 98% (86%) 1h_ R = F, 99% (75%)

. R=
R=

1b. 99% (91% 1e. R=0Ac, 97% (79%) Cl, 99% (84%)
( ) 1f. R = CH,CI 98% (85%) 1 l Me, 97% (91%)

X Ned &W/\/‘ W ©/ Sso~Aed

1k. 97% (84%)  11. 92% (76%) 1m. 99% (94%) 1n. 99% (87%)

Cu]
@"< “A"Mcul G\W e

o oo 1q. X = NMe 97% (85%)
10. 99% (92%) 1p. 98% (88%) 1r. X =S 98% (89%)
1s. X = 0 99% (91%)

Qe o O D

1v. 97% (88%) 1w. 91% 1x. 0%

1t. X = NMe 99% (87%)
1u. X = O 98% (79%)

22 Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.




ST LIN Y Lo Rt NoE oR 2o Td s E L[] i W Alkane trifluoromethylation

Reductive elimination of [(alkyl)Cu(CF;);]-

- rleductlve
\ elimination O
Cu CU'(CF3)ol +¢ \—CF
iCul 55°°C. 2h » [Cu'(CF3),] - 3
[aIkyI-Cu”'-(CF3)3] alkyl-CFg
CF3
RY e Sgh /@/\
N 2 R
2c. R=CN, 84:/0 2g. R = OMe, 62%
2a. 49% 2d. R = Me, 86% 2h.R=F 41%
o 2e. R = OAc, 89% 2i. R=Cl, 32%
2b. 54% 2f. R = CH,CI 90% 2j. R =Me, 53%
O CF3 CF3 S CF3
E o W ¥ CF, R/?)/\/ ©/\/\/ ©/ N g e
2k. 87% 21. 86% 2m. 91% 2n. 89%

/)

CF;
7/——/ i O CF
NN V3
0 0> "cF, X
Ph O
O

2q. X = NMe 86%

20. 88% 2p. 91% 2r. X =S 89%
2s. X = O 84%
CF
CFs3 3 CF;
m\(o\/\/ C W U
N
X S
o)
2v. 88% 2w. 80%

2t. X = NMe 83% .
2u. X = O 86% 23 Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.




ST LIN Y Lo Rt NoE oR 2o Td s E L[] i W Alkane trifluoromethylation

Plausible pathways suggested by DFT calculation
A.

S
F,C CF,
Segi —  »R-CF,4 R = n-Butyl
R” “CF, 21.4/-57.9
(19.7/-53.6)
B.
FaC_ /CF3@ FsC__ _CFs
Acah D cu' ——» R-CF,
&~ “cp. -—/216 R. “CF, 40.4/-79.5
3 (12.6/12.5) (41.1/-66.1)
C.
e 3 Cull. ——» R-CF
R/ U\CF "/31 3 R/ u\CF .
3 (--/27.4) v
D.
© F,C CF g
g N I L W e ar. > RCF
can — cgn —— u" coFf 3
S X ”»YF R -
3 (--/35.9) e

Numbers in bold style are H* values, whereas those in plain style are AH values.

24 Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.




Cu(lll)-Mediated C-H Activation

Proposed intermediates in Cu-mediated C-H activation

o) [Cu”] o]
N oxidant, NuH - N
" N~ l H N~ l
H Nu
1) (2)

CuXy 1 C-H activation

Nu reductive

elimination

E 0o QD E

' N ! . . pT TR T

5 éu" -N=~ . oxidation : 5

5 L : : O A
[] : ‘N\ :

neutral, (A) oxidant, NuH

z i "

: -or-

Feax e
i Néuu:N > ------------------------ '
@ © XorNu:

: anionic, (B)

25 Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.




TR\ Lo BT No s WAV {\E 1A (e 1) Applications on functionalization

C—H etherification =

— 3-Aminophenol 4 O
\ 7 O = N HN
N HN 11% (CuOH),CO;
Dl\‘/)":, K2CO3 ‘ (@) CF3
CF5 110 °C, under air )
N Daugulis O. et al Org. Lett. 2013, 15, 5842.
H,N 57%
C—H sulfenylation O H , O SCF;
Cu(OAc);, 0.5 equiv.
= IS T~ X
| ”)ﬁi/\_ R FsCS—SCF, | ﬁ | —R
NN N omso,90-110c, NN p g NF
4 -14 hrs

Daugulis O. et al J. Am. Chem. Soc. 2012, 134, 18237.

C—H selenylation 1 o : o
S @” |
complexation H Cliu(ll)—N\
X

SeAr J
[O]

é Cu(l) C-H activation
CEU\ reductive HX
SeAr ellimination
R O
disproportionation R O
N | or oxidation @iN |
_N | -
(I)u(lll) R ArSeSeAr Cu(i)~Nx

SeAr
]

26 Baidya M. et al. Org. Lett. 2016, 18, 3202




Cu(lll)-Mediated C-H Activation Applications on functionalization

3 . KHCO,
C—H sulfonylation Cu(OAC), chos +KO o CulOAS),
1a H CU"—N X Cu"—N | ;
o KHCO3 S
+KOAc

Tan Z. et al Chem. Commun. 2015, 51, 6418.

2Cu2’ e Cu’ + Cu3‘

. H==—Ph 2a
Cu /\ Cu=—=—Ph
"OAc  HOAc ¢
C—H Alkynylation ;
yny 1a OAc HOAc Cu® cCu? Cu(OAc), %
\/ \_/ |
- - @ﬁ:tCu*-N ©%Lc -N
Cu=—=—Ph
CuOAc
¢ Ph
Ph
HOAc
H.
3a =
u‘-N
(m)
Cu M4

Ph
27 You J. et al. Org. Lett. 2014, 16, 2884.




TN E Y L BT N s WAV d\E 14 (e 1) Oxidative coupling via C—H cleavage

Cu(ll)-mediated pathway

(0]
I <8
N
Cy-NMe H I
1 2
Cu(OR); — >~ N | =< - NS
—ROH Cu---N — Cy,NHMe*RO- 1a
OR 5 -
Me
2a
aa 0]
) N
0 N /
N o
Me
3aa c
Cu(lll)-mediated pathway

L

?
-«
-«

— Cy,;NHMe+RO-

o]
Cu(OR), N
—Cu(OR) § 5 N
Cu(OR) N"g X
28 Me

33\ 1iura M. et al. Org. Lett. 2015, 17, 4034.




Cu(lll)-Mediated C-H Activation JXIsilSlIglFEI{l R 11V

Synthesis of [TBA][L-Cu(ll)-ArF°] (A)

A.
F O 2 equiv Cu(OAc),*H,0
F 6 equiv K,CO3
N . iy
H i | 4 equiv pyridine
F H X MeCN, 60 °C, 24 h
F
(3) (56% isolated)
B.
6 equiv Cs,CO3
otherwise identical
conditions to A . .
intermediate
7 detected

c. Py
F F-Cs
F O 0.5 equiv Cu(OAc); > o'
E 6 equiv Cs,CO; H
) | = K '
N s MeCN, 25 °C, 24 h i
= o F Cu\
F 3) M
F F |
(7) \»

(51% isolated)

[TBA][L—Cu(ll)-ArF5] (A)

29 Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.




Cu(lll)-Mediated C-H Activation

(i)

Conversion of 7to 6

Oxidatively induced conversion

2 equiv oxidant

Assignment of intermediate | to be 8

F- Cs
-~ 0
‘é/ CU"

FcBF
—4[ intermediate (1) ]—> (6)

* Amax = 349 nm (UV-vis)
- diamagnetic ("°F, "H NMR)
« 7 resonances integrating to 8F ('9F NMR)
- C—H at 6.75 ppm ('"H NMR)
- assigned as Cu"' complex 8

. t=0 min

- t =30 min

oxidation

349 nm 373nm} '} 386 nm

UHEENC

7 6
conditions
entry oxidant conditions yield 6 (%)
1 FcBF, 25 °C, <5 min 920 10
2 AgBF, 25 °C, <5 min 97 '
3 Cu,(OAc),(py), 60 °C, 24 h 97
“Yields were determined by '"F NMR spectroscopy based on an 0.8
internal standard. —_
=
©
. =~ 0.6
Plausible pathway 9
S
(7) E 0.4
% F_l Cs* 8
<
i i) FcBF,
FcBF, F CsBF, F (iiiliv) 0.2+
||| — ¢
— HBF,
FN
' 9) 0.0
N 300
30

T T 1
400 450 500

Wavelength (nm)

T
350
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Cu(lll)-Mediated C-H Activation

KIE experiment for conversion of 8/8-D to 6
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Cu(lll)-Mediated C-H Activation

If introduce a nucleophile...

F. F
F F-Cs (A)
) i F O
-0 2 equiv AgNO,
i MeCN, 25 °C, 5 min F N
F N . N |
\Clﬁl‘ ) then N -
F 4 acid work up to F NO,
£ S A\ remove [Cu] F (5)
) , (46% crude, 33% isolated of 5)
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_ F F _
(B) F F

H 0
FCBF4 F N NBU4N02
MeCN  |g cull” (46% of 5)
~15°C g (<5% of 4)
FOoF Y
8 ¢ |

no nucleophile

C-H activation/C-C coupling
(via sequence in Scheme 3)
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Well-identified Cu(lll) intermediates in bond formations

Frequently proposed, but rarely identified

Chemistry of Cu(lll) in organic reactions is intriguing but rarely deeply investigated, mainly being proposed

in catalytic cycles.

To have crystallographically or spectroscopically confirmed Cu(lll) intermediate, and experimentally

confirmed reactivity, would further establish the role of Cu(lll) in organic synthesis.

For more info. ......

Recommend review article:

> Casitas A., Ribas X. The role of organometallic copper(lll) complexes in homogeneous catalysis.

Chem. Sci. 2013, 4, 2301.

> Liu H., Shen Q., Well-defined organometallic Copper(lll) complexes: Preparation, characterization and
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