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2013 - Metal-Free a-Arylation of Ketones

THIS WORK: t-BuONa (1.2 equiv) NO
(o) DMSO, r.t, open-flask (o) | A 2
NO, NO TM CATALYST N:
S + Ix > (I, R2
I, A\ TM-FREE /2
R R? DIRECT o-ARYLATION R

J. Am. Chem. Soc. 2013, 135, 14048-14051



Communication

A CS

pubs.acs.org/JACS
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY
o _
~N_- 0
+ 0 _
=N_
(o — ONa o} +>0
N\ H />
-OtBu
— () =— 7T *
—~ B — &
AG?T = 14.8 kcal/mole 0, AGT = 22.0 kcal/mole
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2013 - Metal-Free a-Arylation of Ketones
R NO,
o . l\\ NO, tBuONa (1.2 equiv) 0 = |
> N
R1ﬂ\| % DMSO, rt, open flask R \R
R2 R2
NO NO NO
Yo SO i
MeO
Ly O &
MeO
54% 65% 62%
NO NO
o) 2 o) 2
Me
Me
45% 47% 46%

J. Am. Chem. Soc. 2013, 135, 14048-14051
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JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

2012: Metal-Free Primary Amination of Arylboronic Acids

J. Am. Chem. Soc. 2012, 134, 18253-18256

B
Ar-BR, NH; (aq) I
awl boronic Cu catal}"stﬁ NH3 {gaS} Ar—X
acids/ c high T aryl halides
derivatives high pressure X=8Br|
LG "NH 2 A

NH, surrogates
Cu and Pd catalysts

(electrophilic aminating agent
LG = leaving group)

THIS WORK: NO metal catalyst

Amination of Arylboronic Acids with Electrophilic Aminating Agents

OH OH
é A A Ho\ / ® _LG N LeG N NH.
Ny “oH HN=LG — D g\N/\J — |l N
I N ; [P Hz hydrolysis R
LG = leaving group N '
R = aryl, alkyl, halogen R primary
anilines

pubs.acs.org/JACS
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Metal-Free Primary Amination of Arylboronic Acids

NO,
o
/©/ \NHZ
B(OH),
|_\ O,N 1.1 equiv TN
R | |
/

toluene, 50 °C, 4-96 h

J. Am. Chem. Soc. 2012, 134, 18253-18256

Communication

Br
/©/NH2 /©\
| Br

60% 60%

NC

88%

NH,

/©/NH2 ©iiPr
MeO NH,

72% 67%

Br NH,

54%

pubs.acs.org/JACS
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Metal-Free Primary Amination of Arylboronic Acids

pubs.acs.org/JACS

Complex-8 TS-1
(3.7 kcal/mol) (28.0 kcal/mol)

Soc. 2012, 134, 18253-18256
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Science

with John Falck,
UT Southwestern
Medical Center

Science. 2014, 343, 61-65

NO,

o
o
O,N 1.2 equiv
RN, Rhy(esp), (1.5%) R? 3

R > NHR

R4 CF3CH,OH, rt,3 h R4

2014 - Stereospecific N-H Aziridination of Olefins

- stereospecific
- very mild conditions
- highly chemoselective



Science

Science. 2014, 343, 61-65

2014 - Stereospecific N-H Aziridination of Olefins

Initial findings:

D/\
MeO

o
MeO

(0)

OMe

DPH (1.5 equiv)

Rh;(esp), (1%)
—»
MeCN, rt,2 h

DPH (1.5 equiv)

Rhy(esp); (5%)
—eeeee
MeOH, rt, 2 h

DPH (1.2 equiv)

Rhy(esp), (5%)
—>
TFE, rt,2 h

OAr

MeO

OMe

=

Me

)

7

(

7

NH,

NH,

(o}

OMe

75%

56%

83%, all cis!
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clence

R= Ac, 72% (14:1)

NO,
(0]
“NH,
R2 O,N 1.2 equiv R2
1 [\ 1
R%Rs Rusfosply (15%) R\’(i\HRs
R4 CF3CH,0H, rt, 3 h R4
H : Me Me '
HT)\/\/\ " : /IY\)\/\ :
NH 1 :
OH Me\/Q\/\OBZ : M“elIeN OAc :
59% 69% 71% E 83% (30:1) NO .
: from 2 :
E “NHMe |
Me Me : Me :
' O,N :
Me : 1
NH ' N, ;
' Me '
R=H, 71% (5:1) 64% , 81% E

Science. 2014, 343, 61-65
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AG = 0 kcal/mol

Science. 2014, 343, 61-65

fast spin
):NH interconversion,
-
then barrierless

recombination

Ar

AG = 4.9 kcal/mol
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Science

with John Falck,
UT Southwestern
Medical Center

Science. 2016, 353, 6304

2016 - Direct C-H Amination of Arenes

DPH (2) TsONHMe (4a)
@C’L (1.5 equiv) @C’;"\ (1.5 equiv) /@C’:"\
L e e —— P
Rh,(esp), X Rhylesp); HMeN S
3 (5 mol%) (2 mol%)
1 5
CF3CH,OH CF3CH,0OH
Ess, Kurti, Falck (33) This Work
Me Me
0 R
02 I
S RhZ
Me Me

Du Bons catalyst 6, Rhy(esp);

17



Science

Science. 2016, 353, 6304

favors protonated species

A o A A A
S
e /
( fo) \0)4/HNM9 ( o \0 ; ( fo) \0)4 /"—OTS ( fo) \0)
| < = | |~ — | = | |
Rh—Rh Rh—Rh-NHMe Rh—Rh=NHMe Rh—Rh=NMe
(ots
OMe OMe
/©i/\ ©i/<fme
HMeN X
Dg 0.5 equiv NHMeOTs Dg E
Rhy(esp), '
+ > + kwkp~1 '
NHMe NHMe :
1:1 '
O'Me DPH :
OMe Rhy(esp), OMe !
@(/\ /@E/\ no aziridine observed :
+ 1.5 equiv TsOH '
X a MeHN X :
addition of bases like K,CO3; or pyridine deactivates amination '

18



clence

Science. 2016, 353, 6304

Me

70%

TsONHR

o : Rhs(esp); (2 mol%) & NHR
] |
o > .

3 TFE, 2 h, 0 °C Sy-

" O, 0L

NHMe

69% (16:1 p:o) 63% (3:1 p:o) 72%

MeO N N
N H H

68% 81% 56%

EtO ! NHMe
’ NMe
Aco™

52%

K\
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JIAIC'S

pubs.acs.org/JACS
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY
2019: The Aza-Rubottom Amination
R i R3] 0
R:Si'uﬁ//fj\nz DMDO or mCPBA R o 0 P R1J\’<R3 Rubottom
R 1 R R’ET' R OH Oxidation
R R R! R2
R3 B Ra T 8]
R. "Dj"jj\ Aminating Reagent R. JOHN — AJ*RJ Aza-Rubottom
R“"SII Rz rrm R"sli Rz R NH2 Osiidation
R R R R R?
20
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JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

65%

J. Am. Chem. Soc. 2019, 141, 2242-2246

NO,
o
“NH,
O,N (1.2 equiv)
3 o
R iPryEt (1.5 equiv) 5
TBSO _ ~ R2 > R1J]\'<R
NH,
R! HFIP, rt, 16 h R2
o (0] o
Me NH,
NH, (o] Me Me
[ NH,
Me Me
82% 69% 53%

some substrates required a TM catalyst

OTBS OTBS OTBS
CO,Et Me
X CO,Et A 2 Xr
Me Me Z Me
Br N
HOSA, 5% CuTC HOSA, 1% Rhy(esp), HOSA, 1% Rhy(esp),
49% 82% 55%

Me
NH,

54%

pubs.acs.org/JACS
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J. Am. Chem. Soc. 2019, 141, 2242-2246

Communication

pubs.acs.org/JACS
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JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

2013: Transition Metal-Free Arylation of Nitroarenes

|. The Bartoli indole synthasiS' a nne—put process to 7-substituted indoles

i. [3,3]-sigmatropic A

‘ﬁ Z M gBr
N, 5 rearrangement
3 equ IV} T g " " P
R ii. re-aromatization R
iil. cyclization; w/u B

I=Z

1

Il. One-pot direct arylation approach to biaryls, inspired by Bartoli's method:

o) Ar—MgX ©\ G @
e\ o (3equiv) uf? 1331 w7, ° ::
@ © Low temp N. N, ’ @ 2
MgX MgX
R THE ® i
x=cl,Br L7 R s = o

1

J. Am. Chem. Soc. 2013, 135, 7086-7089

pubs.acs.org/JACS

THIS WORK:
NO TM catalyst
Low Temp
NO oxidant

23
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JIAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Br ? /_\ Br ((I) : Br 4)
+

| MgBr
©/ O-arylation

taut., Br I\|IIgBr Br
NH, O H;0"* o 551 | X
Br ~— - ( L'E“*Mgsr
’-\ /" o/
OH
- AH¥=13.6

kinetic product O
NH,

J. Am. Chem. Soc. 2013, 135, 7086-7089
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J. Am. Chem. Soc. 2013, 135, 7086-7089

Communication

Transition Metal-Free Arylation of Nitroarenes

R X
X /\/ |
NO, PN MgBr
R— N zil THF X NH,
L R*— >

Sy- 0 °C, 15 mins 20 OH
2
R —

68% 49% 68%

67%

pubs.acs.org/JACS
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2014: Transition Metal-Free Carbazole Synthesis

THIS WORK: PhMgBr (3 equiv), THF, 0 °C, 15min =X

> RZ |
X NO TM CATALYST X\ /)
» |R1— )
Q_<\__/) > LOW TEMPERATURE Z N \—j
INTRAM?LECULAR Fused N-Heterocycles
ARENE C(sp“)-H AMINATION

B. Surprising reactivity of 2-nitrobiphenyl:

NO:  oh—mgBr
Oy B,

3 15 mn

H

6, 68%

+'?:°~.

Z" MgBr (3 equiv)
THF, 0 °C, 15 mn

L.

i)

®

7. 21% 8 (Not observed)
7 NH

- @ O 9, 37%

Angew. Chem. Int. Ed. 2014, 53, 2701 -2705

Angewandte

International Edition Ch EmI'E
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Angew. Chem. Int. Ed. 2014, 53, 2701 -2705

Pathway |. Eu—EIectmcyclizationﬂmtumenzatlun

O=N: Br-electro-
cyclization H@ N
AH=0.0

Pathway Il. Nitrene fonnatlunfcyclizatian*

- Mg(OPh)Br
@ LOPh nitrene
M=

nitrene
f ormation . cycllzatmn
@ MgBr &H— ﬁHi =
2 49.8/28.4 51.0/52.9
AH=00 Singletitriplet singletfitriplet

Pathway lll. Aromatic addition!tautomemaimn

ili:ll’h
N-O bond @ _Mg_ aromatic
cleavage N Br __addition
TS51 @ 2 T52
t = =
AH* =157 AH = 6.4 AHF =171

mlg
—Mg ration

H-ﬁ
tautomeri-
Zatlﬂl"l |
IS
ratmn N=H
W |
Q 6
25 AH = -45.1

Er ﬁ.,'F -
-13.3

Scheme 4. Possible mechanistic pathways (energies in kcalmol™).

Angewandte

International Edition Ch EmI'E
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@ 2 AT TATA L Hot Paper

i
PhMgBr (3 equiv)

>

NO, .
R1 THF, 0 °C, 15 mins

>
€

NH

Me SMe - OMe COZMe

63%

Angew. Chem. Int. Ed. 2014, 53, 2701 -2705

60%

63%

68%

Clausine V

Feate

59%

46%

47%

s
N
H

68%
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2013 - Metal-Free Atroposelective Synthesis of BINAM Derivatives

B. This work: Organocatalytic Atroposelective Biaryl Synthesis

n"nz Axially chiral phosphoric acid R’ g@ R?
g

NH catalyst NH,
NH Atroposelective NH,
R Rz [3,3]-rearrangement R! g@ R?

J. Am. Chem. Soc. 2013, 135, 7414-7417

29
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AAG* = 1.4 kcal/mol

*CPA" , \y e
—h--..-"*-.. - ( S’ ot an® o
- & )
NH2+ 245 .., 2.39 I a\
| 214
“/g C NH NH |

5 ‘-‘;,""" 156

@ £ NI
W,
TS38 /1 &

*CPA"

NH, taut. O‘

NH,*
P

( H™ | WH
SN 908
J. Am. Chem. Soc. 2013, 135, 7414-7417
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Metal-Free Atroposelective Synthesis of BINAM Derivatives

R1

NH
NH

*CPA cat., toluene

4AMS,-20°C,24h

!! NH, MeO !! NH,
l I NH, MeO l I NH,

89%, 93:7 er

J. Am. Chem. Soc. 2013, 135, 7414-7417

70%, 87.5:12.5 er

I I iPr
NH,
l I NH,
iPr

69%, 85.5:14.5 er

pubs.acs.org/JACS
! E NH,
l I NH,
Me
! E NH,
I
Me
85%, 85:15 er
31
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Y

2016 - Organocatalytic Synthesis of Biaryls

G
.
‘.

Z

Angew. Chem. Int. Ed. 2016, 55, 566-571

“ OH
1f_.~~ ~N
R1E ’.]:\f

THIS WORK:
Organocatalyst
No oxidant

TM-free
direct
arylation

R2

non-Co-symmetrical
functionalized
biaryls

X =0, NMs, NTs; R = alkyl

THIS WORK:
Organocatalyst
No oxidant

TM-free
direct

RO

194
R3 N

LS

ey ~
arylation g1f"*
0:: ’\

-~
23RN

RO ..

-

EWG

OH

R2

Angewandte

International Edition Ch em EE
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(PhO),PO,H

OH
Meojg\ll\ >
R o) TFE, 16 h, rt

(Or TFA, toluene, 100°)

Me

L 0,
)

O O OH MeO OH

54%, all anti diasteromer 72%

OMe 65%

Angew. Chem. Int. Ed. 2016, 55, 566-571

[3,3]
and rearomatization

Angewandte

International Edition Ch em ”j

MeO I
R OH

OH
Me
l OMe
Me
69%

OH
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PUBLISHED ONLINE: 28 NOVEMBER 2016 | DOI: 10.1038/NCHEM.2672

2017 - Hydroxylation and Amination of Arylmetals

Me Me
Me Me

R
. OH Me o7 Ny M e HN LT
| - | -
tol/THF, -78 °C, 2 h tol/THF, -78 °C, 2 h

34
Nat. Chem. 2017, 9, 681-687
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ARTICLES

N-O bond = 44 kcal/mol
N-H pKa = 34

AG, PT = -13 kcal/mol

e ’
N . N
“H - Mild workup NMgBr
H-O or

23a NH4CI (aq)

Arylamine product Magnesium amide of

arylamine

35
Nat. Chem. 2017, 9, 681-687



Me Me
Me Me
md | NBn R md 1°

R\\ OH 0 o M HN R\\ NH,
Y < ® - O
tol/THF, -78 °C, 2 h tol/THF, 78 °C, 2 h
o Cl
FD/OH <o\)\©/OH OH NS NH, ﬁ NH,
MeO Gq’ : Me O/©/
46% 73% 54% 75% 51%

Ph S
o ot o
(o) MeS

63% 39% 63% 55%

Nat. Chem. 2017, 9, 681-687

ARTICLES

PUBLISHED ONLINE: 28 NOVEMBER 2016 | DOI: 10.1038/NCHEM.2672

79%

Br NH,

Q

76%
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2020: The Aza-Shi Aziridination

A Oxygen transfer (Shi epoxidation)

Conjugated
and isolated
0—-0
[0] Q

R' "R
Dioxirane
Conce

d Nitrogen transfer (this work)

Q_p
d o [

Isolated

O—NH o

[NHI]
naxn“ N J\ 4

Oxaziridine

37
Nat. Cat. 2020, 3, 386-392
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CataIYSIS https://doi.org/10.1038/541929-020-0430-4

ARTICLES

87%, > 20:1, 82:18 er
enantiocontrol with chiral catalyst!

(0]
OEt
Fs;C
o 20 mol%
R o 0 OH R
RN, H,N” \g’ CsCO; (3 equiv) R! 3
R* HFIP, rt,3 h R4
1.5 equiv
Me
HN HN
HN Me 4
Me\w\/OAc MeWOH Me\|>\/Ph ><:(\(NH
Me *
Me Me Me Me
Me
92%, > 20:1 rr 88%, > 20:1 rr 72% 89%, > 20:1 dr
3.93 g scale!
HN
HN
Me OAc O\AA\
Me
\P\/\’(\ \'W\/\(\/ @ =z i
Me Me Me Me Me HO
75%, > 20:1 rr 70%, 4:1 rr 91%, > 20:1 dr 68%, > 20:1 dr
: : Me
1 using: : Me Me\/\<l\/\
' " M
: : NH NH ¢
: : 80%, > 20:1 76%, > 20:1

38
Nat. Cat. 2020, 3, 386-392
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CﬂtﬂlYSlS https://doi.org/10.1038/541929-020-0430-4

0

/&/\ CF3 /l\/\
Ph Ph
12 \ / O (+)-6 12

Mitrogen transfer [NH] Nitrogen transfer

/J<Iil;\ + "\r%lH
Ph - Ph

(R)-13 (5)-13
5:95

' Ph Ph

(5)-13 (A)-13
75:25

39
Nat. Cat. 2020, 3, 386-392
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