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a,B-Unsaturated Carbonyl Compounds

a) Multistep method
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1) Turlik, A.; Chen, Y.; Newhouse, T. R. Synlett 2016, 27, 331.
2) Diao, T.; Wadzinski, T. J.; Stahl, S. S. Chem. Sci. 2012, 3, 887.
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Desaturation of Ketones by Su’s Group

Cu(OAc), (cat.)

0 ligand (cat.), TEMPO| © Nu—H O Nu
JI\/\/ 1,2-dichlorobenzene )l\/\/ Cu-catalyzed Jl\/k/
R R . o R
120 °C, N, conjugate addition
Cu

- earth-abundant
- less sensitive to catalyst poisoning

no nucleophiles O
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1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.
2) Shang, Y.; Jie, X.; Jonnada, K.; Zafar, S. N.; Su, W. Nat. Commun. 2017, 8, 2273.



Sequential Desaturation-Conjugate Addition

O Cu(OAc), (10 mol%) O O
_ . Ts\N,Me bpy (10 mol%L N,Ts . /\N,Ts
| H TEMPO (1.0 eq.) I |
NS 1,2-dichlorobenzene (0.1 M) Me Me
120 °C, 24 h, N,
(3.0 eq.) (1.0 eq.) = standard conditions A B
entry conditions A B
1 standard conditions 95% <5%
2 ketone: 1.5 eq. 72% <5%
3 without Cu(OAc), 0% 0%
4 without TEMPO 0% 0%
5 without bpy 62% <5%
6 TEMPO (20 mol%), O, (1 atm) 0% 0%
7 (t-BuO), (2.0 eq.) instead of TEMPO 0% 0%
8 CuSO, instead of Cu(OAc), 0% 0%
9 1,10-phenanthroline instead of bpy 94% <5%
10 1,4-dioxane as solvent 49% 0%

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Substrate Scope (1)

O Cu(OAc), (10 mol%)
1 2 0
. R\N’R bpy (10 mol/o)> \N’R1
H TEMPO (1.0 eq.) |
1,2-dichlorobenzene (0.1 M) R?
(3.0 eq.) (1.0 eq.)  120°C, 24 h, N,
o) o) o) o)
Ts )j\/ Ts )]\/ Ts )j\/ Boc
Ph)l\/\ril/ Ph N7 Ph \Iil/ Ph \ril’
Me v H OBn
95% 83% 67% 57%
o) o) o) o)
Bn )l\/ H )l\/
Ph)l\/\N/\ Ph)l\/\']‘/ Ph N7 Ph SN
I\/O Bn —~
COzMe
73% 62% 70% 60%

Br

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Substrate Scope (2)

Cu(OAc), (20 mol%)
O bpy (20 mol%) O
Li,CO3 (1.0 eq.
+ Nu—H 220 00 0d) SNu
TEMPO (1.0 eq.)
1,2-dichlorobenzene (0.1 M)

(1.0 eq.) (10 eq.) 120 °C, 24 h, N,
for a) (3.0 eq.) (1.0 eq.)
o 0 o /O 0
Et )l\/ J\ )l\/ )l\/
Ph)l\/\o’ Ph ~o Ph ~o Ph ~o
37% 36% 32% 44%*
* PhOH: 5.0 eq., Cu(OAc),: 10 mol%, bpy: 10 mol%, Li,CO;: 0 eq., TEMPO: 1.0 eq.
o) o) o) o) o) o)
)]\/ )l\/ C02Et )]\/ C02M9
Ph Ph Ph t-Bu Ph Ph \r
C02M9
(o) Ph (o) t-Bu (o) Ph
91%23) 96%2) 70%3) 51%3)

a) without Li,CO;

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Substrate Scope (3)

o) Cu(OAc), (10 mol%) o) R?
J]\/\ . RL R _bpy(10 mol%) J]\)\ R3
R’ R2 N R N”
H TEMPO (1.0 eq.) |
1,2-dichlorobenzene (0.1 M) R4
(3.0 eq.) (1.0 eq.) 120 °C, 24 h, N,
fora) (1.0 eq.) (3.0 eq.)
o) X = Me: 89% o) o)
OMe: 90%
\N/TS F: 04% Z \N/TS N/Ts
| Cl: 93% | | |
X Me Br: 94% \N Me Me
CF3: 79%*
OH: 85% 81% (without bpy) 57%®)
o) Z | O R 0 O
N Jj\/ N
/\/\)l\/\,i] N NH Y \[i] N
Me Me
60%") R = Me: 30%2)° Y = OEt: 0%
* conducted at 100 °C R = Ph: 22%)°) Y = NMe;: 0%
b) Cu(OAc), (30 mol%), bpy (30 mol%) Cl

c) bpy (20 mol%), Na,CO3; (0.5 eq.)

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Desaturation-Relay

Cu(OAc), (10 mol%)

o
1,10-phenanthroline (10 mol% P
TEMPO (2.0 eq. )
1,2-dichlorobenzene (0.2 M)

120 °C, 48 h, N, 85%
o) o
NG L (o] NP
Me Me
\ |
60% 62%
81%32 68%° + 16%°

a) Cu(OAc), (20 mol%), 1,10-phenanthroline (20 mol%), TEMPO (3.0 eq.), 130 °C
b) TsOH (10 mol%), solvent = tert-amyl alcohol (0.4 M)

1) Shang, Y.; Jie, X.; Jonnada, K.; Zafar, S. N.; Su, W. Nat. Commun. 2017, 8, 227 3.



Mechanistic Study (1) - Kinetics

(o) (o)
standard conditions Z
N ~
90%
(o)
SM 1st order O O
D D
Cu(OAc),/bpy 1st order
TEMPO Oth order ku/kp = 5.32
O p oD
kH/kD =1.02

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Mechanistic Study (2) - Intermediate

(o)

O standard conditions
J_A =" N
Ph Ph

73%

' T

(0

Ph)l\/\Ph o

standard conditions
* P pp Ph

Q - 0 CBr4 Br
)l\y\/‘ (2.0 eq.) 71%
Ph Q Ph
(o) (o)
standard conditions Z
7 R y
| | 1h
NS CI) =
N 95%
detected during the
dehydrogenation
L L
Cu(l) species : also detected f/" ) |
Cu Cu

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.



Proposed Mechanism
@ /CUII(OAC)L CU"(OAC)L

° Jl\/\ J\/\
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1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623. 13

2) Qian, P.; Deng, Y.; Mei, H.; Han, J.; Pan, Y. Chem. Commun. 2017, 53, 2958.
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2)
3)

4)

Concept

_Li
0 LiTMP (1.5 eq.) o : ZnCl, O
J trong b )\/\ ; [Pd(allyl)CI > J\%\
t-BuO Ph strong base | 480 ph | s [Pd(@ICI; 1 gyo Ph
allyl-OPiv
H
high pKa _ _
Bu,BOTf (1.3 eq.) [B], Pt(COD)Cl,

o O i-Pr,NEt (1.3 eq.) o 0 AgTFA
C6F5)L H strong Lewis acid CeF )l\N AN diallyl carbonate CGF5)LN

Cu' +1/2 (t-Bu0), Cu'-0¢-Bu ﬂ
basic ligand N
. Li
I Cu\O
H y
J %ﬁ’

LiTMP
enable deprotonation?

Turlik, A.; Chen, Y.; Newhouse, T. R. Synlett 2016, 27, 331.

Chen, M.; Rago, A. J.; Dong, G. Angew. Chem. Int. Ed. 2018, 57, 16205.

Gephart, R. T., lll; McMullin, C. L.; Sapiezynski, N. G.; Jang, E. S.; Aguila, M. J. B.; Cundari, T. R.; Warren, T. H.
J. Am. Chem. Soc. 2012, 134, 1735.

Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 14889.



Desaturation of Lactones, Lactams, Ketones

9 CuTc (20 mol%) 0 Cu
o CyPPh, (20 moI°/>o) o S o
(t-BuO), (1.5 eq.) M
Crhis bseonfg?:z(%j NNZI) Crhs ©
= standard conditions CuTe
entry conditions yield entry yield
1 standard conditions 82% 1 none trace
2 CuOAc instead of CuTc 78% 2 pyridine 10%
3 CuCl instead of CuTc 20% 3 bpy 14%
4 Cu(MeCN),PF, instead of CuTc 0% 4 PPh, 64%
5 Cu(OAc), instead of CuTc trace 5 P(p-OMe-C.H,), 72%
6 (PhCMe,0), instead of (t-BuO), 58% 6 P(p-CF;-C¢H,), 48%
7 t-BuOOBz instead of (t-BuO), 0% 7 i-PrPPh, 82%
8 1,2-dichloroethane as solvent 20% 8 Cy,P 56%

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.



Substrate Scope (1)

CuTc (20 mol%)
CyPPh, (20 mol%)
2 »0

(@) (0]
—R (t-Bu0), (1.5 eq.) | =R
benzene (0.1 M) a/
80 °C, 12 h, N,
n=0or1 = standard conditions n=0or1
(0] (0] 0 0 (o)
I (0] (@) (@) (o) (0 \ (0
)\ Bn j\ Me
R - OEt Me
R= H:73% 41% 72%* o 51% 54%**
Me: 68% * j-PrPPh, was used. ** at 100 °C
Ph: 71%
t-Bu: 73%
0 (0]
Ph 0 + PAT 0 /@/é
25%+9% 62% X= H:60% 2-OPh: 61%

1) Chen, M.; Dong, G. J. Am. Chem.

4-Me: 57% 4-OMe: 52%
4-Br: 53% 4-OCF3: 58%
4-1: 49%* 4-TMS: 62%

Soc. 2019, 141, 14889.



Substrate Scope (2)

CuTc (20 mol%)
CyPPh, (20 mol%)
2 »0

Y
—R (t-Bu0O), (1.5 eq.)
benzene (0.1 M)
80°C,12 h, N,
n=0or1 n=0or1

= standard conditions

0 0 o
O‘ N~ Ts
: (.
Ph
52% 60% 57% 62%32)
o) o) o) o O o)

Jl\ T )\\ R

I )N CeFs N~ ® @ CeFs @’

48%?) 59%,32) 48%3):b) R =Ts: 42%3°)

R = H: SM remained
a) i-PrPPh, was used. b) at 100 °C

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.



Subst
(0]

Y
—R

Yy

n=0or1

CuTc (20 mol%)
CyPPh, (20 mol%)
2 >°

(t-Bu0O), (1.5 eq.)
benzene (0.1 M)
80°C,12 h, N,

= standard conditions

rate Scope (3)

(0

n=0or1

Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 14889.



Mechanistic Study (1) - Deprotonation

o 20%D O 40%D O
standard conditions H/D H/D
(o) r o % o)
t-BuOD (3 eq.)
4 h
58% 18%
O standard conditions O 0% D 0
t-BuOD (3 eq. H H
o : L o % (o
a) without (t-BuO),
b) without CuTc
4 h
0%
0] (0] (o)
standard conditions
(o) r (o) + (o)
12 h | )\ |
/s
C7H15 C7H15 C7H15
94%rcv. 0%

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.



Mechanistic Study (2) -
(o)

Kinetics

(o)
standard conditions
(0] r | (0]
C7H4s C7H¢s
1a 2a
E 12 :
: 110 2 . : (o)
: ] " P E D
e 4% i, . D 0
E ‘\‘ 0 10 20 30—.- ----- TR - E
: 70 \\\ ,”,a' !
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< 50 N : 0
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04 S :
: o ™ ' D
: / o % :
: 10 - o T D
: s e - ' kylkp = 1.0+0.1
: 10 O 200 400 600 800 !
: . ; SM Oth order
: t / (min) :
Bl om0 e et B2l i CuTc/CyPPh, 1st order
(t-BuO), 1st order

Cu(ll) species : detected during the reaction

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.
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Mechanistic Study (3) — Radical Character

o] o] 0] : o)
. ' Ph
O standard conditions O + o .
> | '
3h '
[ 0 | : [0 o |
21% 62% X J . __Ph Ph’, 60%
* o) ' 0) 0)
o) 0) (0)
standard conditions _0
o) ol (0] + N o)
a) TEMPO (0.5 eq.) |
b) TEMPO (1.0 eq.) )
12 h
a) 40% 44%
b) 0% 74%

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.



Mechanistic Study (4) - Intermediate

o j\ CuOAc (1 eq.) o 0 @ 0 Q JO
(+BuO); (1.5 eq) JU J . tswo L
N Ar <l N Ar + N Ar * N Ar
benzene, 80 °C |
) 12 h

20% 14% 27%

o o

(0 O
t-BuO Jl\ standard ¢onditions Jl\
>
\é\l Ar 7/ | N Ar

— a-oxygenated species is not the intermediate of the dehydrogenation.

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809.



Proposed Mechanism
1/2 (t-BuO), O

LCuX X X =Tc
induction chi Y Y =0, NR, CR,
period ¢tBuO® L Y L = phosphine
X .L
1/2 (t-BuO), ;C I
t-Bu@® S~
o) by
Y
Y
1
Cu" t-BuOH
L 0 I_" \O
) Syt
/Cu Y Ny
t-BuQ
H
TLS x 0 / 0
,CU"
g Y . ° Y N
1/2 (t-BuO), —~
-LCu'X

1) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 148809. 24



Summary

O (0

TEMPO
)H/\/ Su's group )l\/\/ e

0/
—
% N
N Cu'
\Xt-BuO)2
(0] (0]
v H v cu'

Dong's group

1) Jie, X.; Shang, Y.; Zhang, X.; Su, W. J. Am. Chem. Soc. 2016, 138, 5623.
2) Shang, Y.; Jie, X.; Jonnada, K.; Zafar, S. N.; Su, W. Nat. Commun. 2017, 8, 2273.
3) Chen, M.; Dong, G. J. Am. Chem. Soc. 2019, 141, 14889.



