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Methods of a, [ Dehydrogenation of Carbonyls
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2. Methods of a, (3 Dehydrogenation of Carbonyls

2.2 Organosulfur Reagents
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2. Methods of a, (3 Dehydrogenation of Carbonyls

2.3 Organoselenium Reagents

e Enhanced Basicity/More Facile Elimination
* Higher Functional Group Tolerance

0 1. LDA, -78 °C Ph- sE’O‘H o

2. PhSeBr v
Ph)J\/\/F’h - Hi: === 1CH,Ph| —— Ph)k#\/"h
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3. H,0,, 25 °C PhOC 84%
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2. Methods of a, (3 Dehydrogenation of Carbonyls

2.4 Dichlorodicyanoquinone (DDQ)
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2. Methods of a, (3 Dehydrogenation of Carbonyls

2.5 2-Iodoxybenzoic Acid (IBX)
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3. Dehydrogenation of Amides

2008 Yu’ Group

0O 10 meol% Pd{OAC), O
\ Benzoguinone "
Q NH N Me . O NH N Me
Me DMSQC/HOAc Me
120 °C, 12h O ‘
1h 1i, 30% vield
O 10 mol% Pd(QAc), O
\ Benzoguinone \
O NH N Me O NH N Me
Me DMSO/HOAC Me
120 °C, 12h
1 1k, 75% yield

Giri,R.;Maugel,N.;Foxman,B.M.;Yu,J.-Q. Organometallics 2008, 27, 1667-1670. 9




3. Dehydrogenation of Amides

2008 Yu’ Group
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3. Dehydrogenation of Amides

2008 Yu’ Group

Table 1. Pd(OAc);-Mediated Dehydrogenation of
2,2-Dimethylbutyric Acid using Various Auxiliaries”

entry auxiliary yield (%)” entry auxiliary yield (%)”

1 1 66 - 4 62
2 2 35 5 5 40
3 3 90¢ 6 6 104

“ Conditions: substrate (0.1 mmol), Pd(OAc); (1 equiv), ethyl acetate
(I mL), 120 °C, 30 min. ? Isolated yields. € 100 °C. ¢ Determined by 'H

NMR.
NHz N Me NHz N 3 ﬁ\( NHy N=—Z 0 NH, N
1 2 3 4 5 6

Giri,R.;Maugel,N.;Foxman,B.M.;Yu,J.-Q. Organometallics 2008, 27, 1667-1670. 11




3. Dehydrogenation of Amides

2008 Yu’ Group

N
Me N Me
Pd, Me
Me =2 bac

1c,

Figure 1. Molecular structure of lec. Pertinent bond lengths (A)
and angles (deg): PAIA=NIA. 1.980(3): PdIA—N2A, 2.049(3):
Pd1A—CI5A, 2.155(4); PdIA—CI14A, 2.137(4); PdIA—OIA,
2.019(3): NIA—PdIA—N2A, 89.83(13): NIA—PdIA—CI4A,
82.07(16);: NIA—PdIA—CI5A, 86.91(17): C14A—PdIA—-OIA,
91.30(16); CISA—PdIA—OI1A, 90.03(17); N2A—PdIA—OIlA,
94.88(13).

Giri,R.;Maugel,N.;Foxman,B.M.;Yu,J.-Q. Organometallics 2008, 27, 1667-1670. 12




3. Dehydrogenation of Amides

2008 Yu’ Group
hydroquinone QYD
Pd(OAc), 0 NH N\K
benzoquinone
AcOH
Pd’ 5 AcOH

Giri,R.;Maugel,N.;Foxman,B.M.;Yu,J.-Q. Organometallics 2008, 27, 1667-1670. 13




3. Dehydrogenation of Amides

2016 Newhouse

Novel lithium anilide for amide dehydrogenation

O

|
i-Pr Li

(o] prepared from n-BulLi and CyanH (o]

(Aldrich = 809527)

[Pd(allyl)Cllz, ZnCl, X" .

Carbonyi-selective dehydrogenation
0 0

H H,
‘G/WLMRZ and M/\(‘MMRZ

l
R

unprotected nucleophiles remain intact
using novel lithium anilide and allyl-palladium catalysis

Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166. 14




3. Dehydrogenation of Amides

2016 Newhouse
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Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166. 15




3. Dehydrogenation of Amides

2016 Newhouse

Me . . Me
o CONBiy i} 1.5equivbase, THF,-40to0°C,05h . Me)“‘\m/CONEng
i) 2.0 equivZnCly, 0°C,0.5h
iii) 2.5 mol% [Pd(allyl)CI],
1a 1.2 equiv allyl acetate, 80°C, 1 h 2a

Commercial lithium amides:
H BN = . I

|30, LiTMP | 3b, LDA 3¢, LINCy,
I 2653 ! o4 (88) 66 (68)

Optimization of arene substituents:

r D _
H HPr O'Pr
e C
:1: :n* ' v : :n* '
H L ihe L OPr Li
3d, 54 (54) LiCyan, 3e, 89 (39) 31,62 (84)
k[ﬂ.25 mol% catalyst)
A

Optimization of nitrogen substituent:

i-Pr iPr i-Pr
Me Me
)\ 'J(Me
e e \
Li FPr o L HPro L

Pr

3g, 97 (99) 3h, 19 (99) 3i, 0(20)

Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166. 16




3. Dehydrogenation of Amides

2016 Newhouse

Scheme 1. Amide «,3-dehydrogenation scope® Q

o] o]
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o i) 1.2 equiv LiCyan, THF o D/\)LNBM (:(\)LNB"Z WNE&
0
g 40t00°C,0.5h -~ cl Br Me
2

2z ii} 2.0 equivZnCh, 0%C,0.5h

iii) [Pd{ally)CI], 2i (89%) 2j (87%) 2k (86%)
1.2 equiv allyl acetate 23°C,2h 23°C,4h 40°C, 4h
o} 0 [o]
" o o o o} @f = =
e
. /\A\)’l\ N_ N N<
) L conam, o /\‘)\N ,\A o /\)Lh{i(/o PR NMe;, PMB NP Me
(=3
l\/ Bn\"
21(95%) 2m (83%) 2n (71%) 20 (79%)
2a (99%) 2b (89%) 2c (54%) 23°C, 4h 23°C,5h 23°C,5h 23°C,4h
60°C, 1 ht 23°C 2h 609C, 10 h°

0 0
2e Ar = CgHs, (91%), 23°C, 1 h T Nz=0 =
0 o
phM‘N’\I /\\\)L 2f Ar = p OMeCgH,, (82%), 23°C, 2 h . 7N
k/NBoc Ar NBn, 2g Ar=p-MeCgHy, (75%), 23 °C, 2 h ~Bn MeO N o
3h Ar= p-GFyCaH,, (95%), 23 °C, 4 h ", Me

2d (90%) , . . .

0 2h 2p (89%) 2q (72%) 2r (50%) 2s (85%)

23°C, 4h 23°C, 2h 40°C, 14 h> 23°C,4h

2|solated yield, temperature, and time for the oxidation stage are indicated.
b 1.5 equivalents of LiCyan were used.

Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166. 17
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Dehydrogenation of Amides

2016 Newhouse

(a) Dehydrogenation in the presence of O-H functionality:

o}

(b) Dehydrogenation in the presence of N-H functionality:
0

/\/\)L BN J/
HO X r\O

0 (\o -
, s NBns %N\) EN:
e AY | s \__/ " NHTs
HO 2z (66%) 2aa (83%)
40°C, 2 h
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40°C 4 h 230C, 4hP 60°C, 1 e

0

2ab (73%)
40°C,2h 40°C, 6 h
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o] Me SN
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\ hooE HO N0
e OH
OH

[o]
o]
2
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I\/I'\.IH
I!‘Ie 2ac (88%) 2ad (43%) 2ae (52%)
40°C, 14 h 40°C,2h
2w (73%) 2x (83%) 2y (57%)
23°C,17h 23°C, 3 hb 40°C, 14h

40°C,3h

Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166.

18




3. Dehydrogenation of Amides

2016 Newhouse

Scheme 3. Protecting-group controlled «o,p-
dehydrogenation

o o i) LiCyan, THF, -40to0°C,05h o o

-
RzNJLt‘,n/\/“\NRz i) 2.0-5.0 equiv ZnCl, 0 5C,0.5h RZNW\NR?

iii) [Pd(allyl)CI},
1.2 equiv allyl acetate

3.5 equiv 0 (o]
LiCyan
/\)\ /\t')/\J\Nan h/\)LN/\(‘I{*\)LNBnQ
12 h, 40 °r" H
2af (87%)
m\ NB Gy I\/@\
0% >N oth Ny L|Cyan
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Chen, Y.; Turlik, A.; Newhouse, T. R. J. Am. Chem. Soc. 2016, 138, 1166. 19




3. Dehydrogenation of Amides

2019 Huang’s Group

. j\/\/\ (rCp*Cloly, Cu(OAC)y AgBFs j\?\/\
~ON n-Pr g ~TN ™ p.pr

H air, 60 or 90°C, filter H

Ir Aerobic dehydrogenation of amides and acids
Ph 1 Amide: 31 examples, acids: 8 example
~TON n-Pr ; ivi
Exclusive chemoselectivity among carbonyls
H Ir-allyl enhanced o-acidity

Activation of both o«— and B-C-H using Ir (this work)

o O

_Toﬂ A i *-hi —
)HHA _ ;_;jﬁ@y — YJY\'/\ \HEOQ@; N

H
Cu, air l Y = NHR, NR,, OH

/W\
Y

Directed p C-H activation followed by
accelerated a-deprotonation

Z.Wang, Z. He, L. Zhang, Y. Huang, J. Am. Chem. Soc. 2018, 140, 735-740. 20




3. Dehydrogenation of Amides
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Z.Wang, Z. He, L. Zhang, Y. Huang, J. Am. Chem. Soc. 2018, 140, 735-740. 21
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Dehydrogenation of Amides

2019 Huang’s Group

acu Iﬂading
ﬁ\/\/\ standard conditicns 2
thﬂ‘m = n-Pr Ph WNWN-PF
H 50 Cu (x mol%), 2.5 hr H o
x=| 0-1mol%, 2% 1 mol%, 18%
2 mol%, 18% 4 mol%, 18%
b IrlAg ratio
0 IrCp*Clals {2 mol%) (8]
AgBF, (x mol%) -
Ph wNW i 4 Pthwr}Pr
H CulQAc); Ha O (4 mal®s.) H
50 air, 1,4-dioxane, 60 "C, 12 hr 8 x=4,61%
x =8, 26%
¢ Air vs O
T tandard diti ’
standard conditions
pthJ\MmPr th&an_Pr
H 50 airor 04, 12 hr H

9. air: 61% yield: O4; 43% yield
d KIE experiment

Q IFCp*Clalz (2 mol%) 0
Phe AN o AGBF4 (5 mol%) Ph AP
H 50 Cu(OAc)y HO (4 mol%.) L
air, 1,4-dioxane, 50 °C
O D D =99%D

O O D D=99%0D
Fh J\N\

Ph_—~ NWH-Pr Ph MNWH'PI’ wf\l ) n-Pr
H H o pagwD H o0 DbsowD

50-3-D, KIE value: 1.04 50-ct-D, KIE value: 1.18 50-0.0-0. KIE value: 1.23

Z.Wang, Z. He, L. Zhang, Y. Huang, J. Am. Chem. Soc. 2018, 140, 735-740.
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0 estaeiar!isld'led 0 KQO'Bu ®)
_R2 methods _R2 0 /\)L 2
R1’\)L|~:,j R N —*4§M2 RT7 N I}J'R
R3 TEMPO  R® R®
base-promoted

radical o,p-desaturation

JLN S I N N
SRS NS

2p, 24 h, 62%° 2q, 24 h, 90%P 2r, 24 h, 46%°
0 0
WLN,O\ WLD
I
2s, 24 h, 72%" 2t, 48 h, 24%"

Wang, M. M.; Sui, G. H.; Cui, X. C.; Wang, H.; Qu, J. P.; Kang, Y. B. J. Org. Chem. 2019, 84, 8267-8274 23




3. Dehydrogenation of Amides

2019 Kang’s Group

Table 1. Reaction Conditions”

Ph O

O
\)LD base (x equiv), DMF Ph/\)LN
N'O 25-120°C ‘:>
1a 2a 100
90+
entry base = T (°C) t (h) 2a (%) 80+
1 120 24 92 9 ;g:
2 90 24 20 « 504
3 40 24 0 T 401
4 KO'Bu 1.0 90 S 70 g gg:
5 KO'Bu 1.0 60 5 72 N ol 74
6 KO'Bu 1.2 40 LS 90 0 =™ =~ =~ 00 V=
- N2O'Bu 12 40 S 19 00 02 04 06 08 10 12 14 16
8 KHMDS 1.2 40 24 5 BuOK (equiv)
9 KO'Bu 1.2 25 S 56 Figure 1. Base effect of the a,f-dehydrogenation of 1a to 2a.
10 KO'Bu L5 25 5 46
“Reaction conditions: 1a (0.25 mmol), base (1.2 equiv), DMF (1
mL), argon, 25—120 °C.
Wang, M. M.; Sui, G. H.; Cui, X. C.; Wang, H.; Qu, J. P.; Kang, Y. B. J. Org. Chem. 2019, 84, 8267-8274 24
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Scheme 3. Radical Trapping Experiments

Ph O . EPR for 1a to 2a
H/MN 0 I B OH B 2000 condition A
KO'Bu (3.2 equiv) , ‘Bu u ~———TEMPO
N - 1500
DMF, 40 °C '
: : 1000-
1a TTBP (2 equiv) 22 : By <20
100% recovered 0% ' TTBP 0
-500-
Scheme 4. EPR Experiments -1000 -
Ph O =1500-
condition A
H/U\N |:> : - /\)(J)\ -2000- | . ‘ . | .
0 KO'Bu (1.2 equiv) Ph D N 3175 3200 3225 3250 3275 3300
N DMF, 40 °C, 90 min G
1a

Wang, M. M.; Sui, G. H.; Cui, X. C.; Wang, H.; Qu, J. P.; Kang, Y. B. J. Org. Chem. 2019, 84, 8267-8274 25
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Scheme 5. Reaction Mechanism

H O
_R? . 'BuO
A, o wY
O R®  homolysis \_N_/ /J\/U\ R2

A,
i O
zZ
LY
0
[ %]
A
TN
A
®
wm IT—
O
-Z
LY
A
]

Wang, M. M.; Sui, G. H.; Cui, X. C.; Wang, H.; Qu, J. P.; Kang, Y. B. J. Org. Chem. 2019, 84, 8267-8274 26




3. Dehydrogenation of Amides

2019 Maulide’s Group

o O
R'I 1" 0
/\)j\ Tf,0, 2-l-pyr N PhSeOH .
R N . e > NR'
R —~ oxidant, base a
1
| = : - PhSeOH
B mild conditions Y :
W selective for amides in presence '.:,3' 1 3] shift O
of esters/nitriles/ketones Se. _ [1,3] shitt >
Ph"" O R NR',
2
Rf\z)\ NR'2 o S(-; Ph

Teskey, C. J.; Adler, P.; Gongalves, C. R.; Maulide, N. Angew. Chem., Int. Ed. 2019, 58, 447. 27




3. Dehydrogenation of Amides
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Table 1: Optimization of the reaction.

2-l-pyr (2.2 equiv.), THO (1.1 pp Ph
o equiv.), CH,Cl, or 1,2-DCE Q Q
2mL), 0°C, 15 min
Ph\/\)LD (2mL)

then PhSeOsH (1.1 equiv.},

1a base (x equiv), oxidant (y equiv.}, Ph N
SEp oee e S0
6

Entry [Se] Base Oxidant Yield [%]"

(equiv) (equiv) (equiv) 4a 5 6 la
1 PhSeO,H (1) Ag,CO, (1.1) - 48 20 - 41
2 PhSeO,H (1) Et;N (1.1) - - 24 50 14
3 PhSeO,H (1) Et;N (2.2) PIDA (2.2) 22 12 - 25
4 PhSeO,H (1) Et;N (2.2) IBX (2.2) 29 45 - 21
5 PhSeO,H (1) Et;N (2.2) DMP(22) 73 - - 10
6 - Et;N (2.2) DMP (2.2) 8 2 - 50

[a] Yields determined by 'H NMR analysis with bromoform as an internal
standard. 1,2-DCE =1,2-dichloroethane, PIDA =iodobenzene diacetate.

Teskey, C. J.; Adler, P.; Gongalves, C. R.; Maulide, N. Angew. Chem., Int. Ed. 2019, 58, 447. 28
N
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Dehydrogenation of Amides

2019 Maulide’s Group

o] 2-l-pyr (2.2 equiv.), Tf,0 (1.1 equiv.) 0
DCM (0.1 M), 0 °C, 15 min

then selenated species, 0°C tort.,2h

Selenated species: PhSeOzH (1.1 eq.), DMP (2.2 eq.),
EtsN (2.2 eq.), CH,Clp, ., 2 h

4d 4e
85% 69% 76%

0 0 0 o 0
WLU ///\/\/WLD END Et&)LNBnZ Me/%)]‘ ™~
F
4h 4j

62% 67%

N
o
4i " 4K 4
50% 58% 49%

40% 46%

e

0 0 @OMe 0 J// 0 0 0 o) 0 Q 0 0
Et/vl\ N’ B o e/..\\)L N Me/‘-\v)L N MeoJTv);*\/u* N MEOWNE{Q MeOWNI—BUQ Meow N
M e Bn
ar

40 4p 4q ds

67% 66% 40% 81%0 59% (80% brsm)® o
(0] o] o
.Bi \/\/\)L
Me)l(\d’\\\/lLrH n = X D
6 Me
4v 4w
63% 73%

67%

4f 4g9
63% 63%2

(o] o}
Me@)'LN Me” "N

4m an
48% 51%

4u

52%
O Me
N
az 4aa
69% (63%)¢ 40%

Scheme 2. Scope of amide dehydrogenation. [a] On 1 mmol scale. [b] Reaction carried out at —20°C. [c] Reaction carried out at —10°C. [d] On

4.2 mmol scale. DCM = dichloromethane.

Teskey, C. J.; Adler, P.; Gongalves, C. R.; Maulide, N. Angew. Chem., Int. Ed. 2019, 58, 447. 29




3. Dehydrogenation of Amides
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(a) Nucleophilicity of PhSeOH

i (c) Reaction of 6 with DMP
2-l-pyr (2.2 eq.) se : DMP (1.1 eq), NEt; (1.1 eq) Q
i - 8q. ~ : eq 3(1.1eq
Ph o 13
\/\)LD Tf,0 (1.1 eq.) Ph\/\)\ [1.3] Ph\/\l)'LQ Ph\/\I)LQ \/\l)LQ 5 PhMD
DCM, rt, 2 h
then "PhSeOH" O SePh SePh
a,
1a (3 eq.)(See Sl) 2 6, 64% 5,25% . 4a, 46%
E (d) Labelling studies with H,'%0
(b) Replacement of DMP with Ac,0 I 0 180
0 0 0 : \/\)L 2-l-pyr (2.2 eq.), TF,0 (1.1 eq.) \/\)L
; Ph » Ph_~y
F’h\/\)LD BhpyrPleg), 5O (L) PhNLN Ph\/\H-LrD 5 'D then PhSeO,H (1.1 eq.), D
then PhSeO,H (1.1 eq.), SePh : " NEt; (2.2 eq), DMP (2.2 eq.), 49% yield
1a NEtg (22 eq). N::;O {1.1 eq.} 4a, 40% 6, 38% E a Hg'“O (22 eq) 28% 180 incorporation
Plausible mechanistic pathways
Ph
[l 1
Ph 0% EtsNH %0 [1 3] \/\)L -PhSeOH 18
‘ Ph o~ D O ¢
0 2-1-pyr pathway (i) 0
Tf,0 2
Ph 2 D Pho_
\/\)J\D — th.$@ 5 o = D
1a 15 pathway (ii) JELl
Ph'Se‘O‘Se‘Ph

4a
OR 17 OR - PhSeOH 18 IR (hydrolysis) |
o Pha~AA

—_— —_—= ®
N Ph \/\l)§?¢ PhMD
or HzO Q O

186 Ph” 0

Teskey, C. J.; Adler, P.; Gongalves, C. R.; Maulide, N. Angew. Chem., Int. Ed. 2019, 58, 447. 30
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® Limited Substrate Scope (Often with Aryl
or Unsaturated B Substituents)

® Usage of Toxic Reagents
® Not Catalytic

® Catalytic, Aerobic, Mild Methodologies
Be Established

Teskey, C. J.; Adler, P.; Gongalves, C. R.; Maulide, N. Angew. Chem., Int. Ed. 2019, 58, 447. 31
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Thanlks tor Your Attention!
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