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Introduction

Widely Utilized N-Sulfonylhydrazones as Diazo Precursors

®
NNTsNa

NNHSO,Ar NNHTs
>
Bench-stable Tosyl (Ts)
Operationally safe Bamford, Steven (1952)

Decomposed
at 30-40 °C
Aggarwal (2001)

Liu, Z.; Sivaguru, P.; Zanoni, G.; Bi, X. Acc. Chem. Res. 2022, 55, 1763




Introduction - Bamford-Stevens Reaction

Bamford-Stevens Reaction

NNHSO,Ar Base H R?
1J\/R2 > >_<
R R" H

Carbene and Carbocation Mechanism

'/~ :Base
LH o o /-Nz’ Carbene
\ (RO

le--\sozAr — INTTTSOAT —» N=K©

| _ —
2 /I\/Rz -
R1J\/R R’ AS02 ke SM R R__H
. e -N
Diazoalkane .ty H?C} =N: _2,, (IB

Carbocatio_n

Bamford, W. R.; Stevens, T. S. M. J. Chem. Soc. 1952, 4735

H
1\)\ [1,2]-H Shift 1
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Introduction - Shapiro Reaction

Shapiro Reaction

NNHSO,Ar RLi (2 eq.) Li R?
J\/RZ > >—<_
R R' H

Carbanion Mechanism

@
H o Li
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N RLi (2 eq.) N QN L
N7 SOAr —— N| ** “SOLAr ——— CN 2 .
- R? -2RH R“\ R? -ArSOzLiG) e . R? -No
..e @
Li

Shapiro, R. H. Org. React. 1976, 23, 405




Introduction

X Pd,(dba)z (1 mol%)
NNATs XPhos (2 mol%) on X =Br,70°C, 4 h, 98%
Ph)]\[\/]e LiO'Bu (2.2 eq.) X =Cl, 90 °C, 6 h, 96%
Me Me

1,4-dioxane

LiO'Bu Pd(0)
/ ArX
HPd'"X NNHTs
Ph” “Me
ArJ\Ph ArPd"X LiO'Bu
Ar><Pd”X Ji
Ph Me \ AI'\F:id”.X Ph Me
Ph/J\Me N,

Barluenga, J.; Moriel, P.; Valdés, C.; Aznar, F. Angew. Chem. Int. Ed. 2007, 46, 5587




Introduction

NNHTfs 0 QA &
Rhao(esp), (0.5 mol%), DIPEA or CsF S/
R F+ Ho - . H 3
R CHClI3 or DMAG R O
R? R? CFs
R = alkyl, (hetero)aryl; R', R*=F, H, C;Fs, alkyl 44 examples; 26-98% yield Triftosyl (Tfs)
TS Rhy(esp),, DIPEA, H,0 0
€Ssp)o, ,
Ph\)J\KF i ; ; > Ph\&"'
F F
F F
2H,0
Rhy(esp), Rha(esp)z
DIPEA
2H,0
[Rh] H.® H
F
Ph F H20 QT F -HF "o
_— —_— —
- O[Rn] F o ;
F Ph - [Rh]

Liu, Z.; Sivaguru, P.; Zanoni, G.; Bi, X. Acc. Chem. Res. 2022, 55, 1763




Introduction

NNHTfs

TpB3Ag (10 mol%), K,CO5 (2.0 eq.)
F + = : =
FIFG HO Toluene, 80 °C
F F FIFG
189 examples
L . up to 99% yield
. NS Ei Br B
/N N
Br3ga~ — Br | , [—
Tp=~Ag —N N:::‘\\\\\N\@r Br
/ o\
Br Ag® Br Br

*
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Liu, Z.; Sivaguru, P.; Zanoni, G.; Bi, X. Acc. Chem. Res. 2022, 55, 1763




Introduction

Base Ph \
Fo— F F F AngBr3 ;
Ph Ph
F F TpBr3Ag
F F [3,3] Rearrangement <, 2:’%

AngBr?:
AgTpB Iph
F
Ph&
F
F HF Elimination
Nucleophilic Attack
®H
OH CF; HF t
Br3 O, ‘.-'CFQ
N\ Ph AgTp
; N © N\ Ph>§ngBf3
N\ \T N\
Ts s Ts

Liu, Z.; Sivaguru, P.; Zanoni, G.; Bi, X. Acc. Chem. Res. 2022, 55, 1763
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Introduction

Relevant Natural Products

MeO MeO

MeO

N \ \
\ CO,Me COsMe
CO,Me
(-)-Lundurine A (-)-Lundurine B (-)-Lundurine C

He, C.; Song, W.; Wei, D.; Zhao, W.; Yu, Q.; Bi, X. Angew. Chem. Int. Ed. 2024, €202408220
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Introduction

° e
n )/( [Cu] or [Fe] (5-10 mol%) N ¢
Ar

\ 5 L (6-12 mol%), NaBArg (6-12 mol%) 1'. Ar
o ""l/,
N CHCI;, T N H
\

n=1,2
PG = Boc, Ts

Single diastereomer
Up to 94% vyield
Up to 99.9% ee

Xu, H.; Li, Y,; Cai, Y.; Wang, G.-P.; Zhu, S.-F.; Zhou, Q.-L. J. Am. Chem. Soc. 2017, 139, 7697
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Introduction

CuOTf, L*

2
\ /" N, DCE, RT
N R1 + J‘k 12 examples

CO,R*

Y

\ up to 72% yield R1
CO,Et dr>99:1, up to 98:2 er EtO,C Ar
[Cu(l)L]OTS
N>
L
CO,Et
[Cu(hL]OTf N,
a
LCu* "OTf
co.t H™ ~CO.Et
Me
N
\ N\
CO,Et CO,Et

Pirovano, V.; Brambilla, E.; Tseberlidis, G. Org. Lett. 2018, 20, 405
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Project Synopsis

® e
H COEt Uses Energetic Diazoesters
N g N, AT nR? ® Limited to Indole-N-carboxylates
+ J]\ CUOTf, L*
\ R?" “CO,Et - N R ® Poor FG Tolerance
R \
R ® Moderate Enantioselectivities
This Work:
H 9
+ >
N\ Q)J\CF3 solvent, T, t N H
R \

He, C.; Song, W.; Wei, D.; Zhao, W.; Yu, Q.; Bi, X. et al. Angew. Chem. Int. Ed. 2024, €202408220
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Optimization of the Reaction Conditions

TES

Br
— —4

Rhy(S-BTPCP),
38% yield, -- ee

Bu

rRh

rRh

Rhy(S-PTTL),

92% vield, 23% ee

NNHTfs

NaH, [Rh], NaBArF

CF;

Ar = 4-'BuCgH,4

-

A—2A
-

— —a

Rh,(S-3,5-di-BrTPCP),
96% vyield, 91% ee

Cl

-
v

PhCF3, 40 °C, 12 h

Cl

Cl

Rhy(S-TCPTTL),
69% vyield, 27% ee

CioHas _4

Rhy(S-DOSP),
94% vyield, 22% ee
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Optimization of the Reaction Conditions

Br NNHTFs H 4
m /©)L Base, [Rh], NaBArF Br\CﬁTC%
+ CF3 »
N\ Solvent, T, 12 h N H
TES By t \
1 ) Ar = 4-'BuCgH, 5 TES
— —a
Rh(S-3,5-di-BITPCP),
Entry T (°C) Base (4 eq.) Solvent (5 mL) Yield (%) Ee (%)
1 40 NaH PhCF; 96 91
2lal 40 NaH PhCF; 51 --
3 30 NaH PhCF; 95 93
4 30 K,CO,4 PhCF, n.d. -
5 30 DIPEA PhCF; 11 -
6 30 NaH DCM 47 --
7 30 NaH DCE 80 88
8 30 NaH THF 21 --
9 30 NaH CH;CN 0 --

[a] without NaBArF




Substrate Scope

Ar = 4-'BuCgH,4

! »

4, 94%, >20:1 dr, 90% ee 5, 97%, >20:1 dr, 87% ee
H oA

7, 88%, >20:1 dr, 93% ee

N ;¥~N

/ \ N\\)

9. 91%, >20:1 dr, 99% ee 10, 28%, >20:1 dr, 98% ee 11, 76%, >20:1 dr, 94% ee 12, 96%, >20:1 dr, 98% ee
H Ar H Ar H Ar H Ar

LT

M802C \ \ \ \
TES TES X TES TES

14, 97%, >20:1 dr, 93% ee 15, 95%, >20:1 dr, 93% ee 16, X =F, 97%, >20:1 dr, 96% ee 18, 98%, >20:1 dr, 96% ee
17, X = Cl, 98%, >20:1 dr, 99% ee

8, 97%, >20:1 dr, 94% ee

13, 95%, 2:1 dr, 94% ee
H Ar

\
TES
19, 55%, >20:1 dr, 93% ee
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Substrate Scope

20, R = 4-OMe, 96%, >20:1 dr, 90% ee
21, R = 4-Pr, 97%, >20:1 dr, 93% ee
22, R = 4-Me, 98%, >20:1 dr, 99% ee
23, R = 4-Ph, 70%, >20:1 dr, 90% ee
24, R = 4-Cl, 95%, >20:1 dr, 96% ee
25 R = 4-Br, 98%, >20:1 dr, 98% ee
26, R = 4-CF3, 96%, >20:1 dr, 96% ee
27, R = 4-OCF5, 97%, >20:1 dr, 90% ee

Me O\\

30, 96%, >20:1 dr, 93% ee 31, 96%, >20:1 dr, 97% ee

28, 60%, =>20:1 dr, 99% ee

32, 97%, >20:1 dr, 90% ee

29, 96%, >20:1 dr, 90% ee

33, 97%, >20:1 dr, 92% ee
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Substrate Scope

34, 96%, >20:1 dr, 99% ee

35, 97%, >20:1 dr, 89% ee

36, 84%, >20:1 dr, 99% ee

37, 82%, >20:1 dr, 90% ee
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Synthetic Applications

Cyclopropanation Involving Drug Molecules

38, 80%, >20:1 dr, 92% ee
(From Geraniol)

‘Bu

Me

39, 62%, >20:1 dr, 95% ee
(From Dihydrocuminyl Alcohol)

Bu

SOanPI'Z

I
"y

Br CF3

3t

\
TES

40, 85%, >20:1 dr, 95% ee
(From Probenecid Acid)
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Synthetic Applications

Gram Scale Synthesis

T
u)>

Br CF3

+

Br
m NNHTfs NaH, [Rh], NaBArF
N Ar)]\CFg PhCF3, 30 °C, 12 h
TES

(3 mmol scale) Ar = 4-'BuCgHy4

Further Transformation
H Ar

Br F<CF, TBAF, THF, RT, 30 min
r
N H
\

TES
(1.31 g, 92% ee)

\
Z
Iij

\
TES
1.31 g, 83%, 92% ee

Ar

Br N
=
N

94% yield, 92% ee
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Mechanism Studies

One-pot Competition KIE Experiment

H
Br D 2a H /_i\r D /?\r
N + > Y +
‘g N PhCF3, 30 °C N NooH
\
. TES
1 TES KylKp = 0.818 TES
Ar = 4-'BuCgH,4

KIE for Two Parallel Reactions

B H 2a B g g.r D 2 D Q\r
I r r CF a Br H
\T::::[:§> NaH, [Rh], NaBATF \T::::[:lSZ:. 3 B“\I:::]:j§> NaH, [Rh], NaBArF CFs
- H -
N 0 N H
\ PhCFg, 30 C \ N PhCF3, 30 OC N\
TES TES

Yes TES

KylKp = 0.882
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Proposed Mechanism

Ar

[Rh]

[Rh]

CF3
Int1

TS1-S
(11.8)

TS2-S
(21.3)

S
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Summary

H Q@
NNHTfs NaH, [Rh], NaBArF " CFs
+ r
N Q)kc;Fa PhCF3, 30 °C, 12 h N H
R \
R
R = [Si], alkyl, aryl 38 examples

>20:1 dr, up to 99% ee

® Uses Fluoroalkyl N-Triformylhydrazone ® Good FG Tolerance

® Excellent Enantio- and Diastereoselectivities @ Late-stage Diversifications

24



Strategy for Writing The First Paragraph

v" Indole-containing polycyclic scaffolds are one of the
iha e iy B[ VS g polycy
ﬁﬂﬁ%ﬁﬁ%ﬁf}fé@%n% most commonly encountered structural motifs in the
=) 7

scaffold of diverse biologically active species...

v Accessing these cyclopropane fused indolines is not
trivial...These protocols, however, generally exhibit
P A b X only moderate enantioselectivity and are limited to
S RIZRIC A YR EIEATHER using highly energetic diazo carbonyl compounds as
carbene precursors, and thus the methodology is

unsuitable for late-stage modifications...

v It is advantageous to develop new methodologies that

use operationally safe carbene precursors capable of

SIHAICTAE delivering cyclopropane fused indolines and with high
enantioselectivities.
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Strategy for Writing The Last Paragraph

v In conclusion, we have developed a chiral dirhodium-catalyzed
e asymmetric dearomative cyclopropanation of N-protected indoles
mEETHE using trifluoromethyl N-triftosylhydrazones as trifluoromethyl

carbene precursors.

v" This method allows for the practical synthesis of a diverse set of
R cyclopropane fused indolines bearing a chiral quaternary carbon
T stereocenter with high yields and good enantio- and diastereo-

selectivities...

v Given the overall mildness and general applicability of the here-

o - in-developed protocol, we anticipate this enantioselective dearo-

et fRE mative cyclopropanation process will find diverse applications in
synthetic and pharmaceutical sciences.
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Representative Examples

® Indole-containing polycyclic scaffolds are one of the most commonly encountered

structural motifs in the scaffold of diverse biologically active species. (encounter, v. &%,
BB, #ils; n. 3$RIEF))

® Accessing these cyclopropane fused indolines is not trivial. (trivial, adj. Iif%R), FEE
HY )

® At the outset of our investigation, we chose N-triethylsilyl protected 5-bromoindole and

N-triftosylhydrazone as the model substrates for optimizing the reaction conditions. (At

the outset of... ZE—FH1R...)
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