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Phil Baran (Scripps)
Science, 2015 (348), 886: Synthesis of hindered amines

: : NO,

! . 1. cat. Fe(acac)s

' : PhSiH3, EtOH, 60 °C, 1h MeIMe
. ' +

: ' 2.Zn, HCl (aq.), 1h, 60 °C Me” “Me
: ! NHAc

. NHAc ! 2-3 equiv.

Mechanism suggestion: Transfer of an H-radical from H-FeL,, onto the olefin
generates a tertiary radical. Concurrently H-Fel,, reduces ArNO, to ArN=0
(nitrosoaren), which combines with the radical to form N- or O-alkylated products.
The N-O alkylated sideproduct is reduced to the product in the second reaction
step. Limitations: free alcohols/ thiols, 2-NO,-pyridines, substituted styrenes

v cl VY

; 0" N o : BuOCI NH

: )L )I\ JL ' DCM JJ\ 1. C|C02Me SMe

IMe0” N7 N OMe::(> HN N

' i . over3 Me02C CO,Me - 7173

1 Palau’Chlor 2

Semmmmmm- -26:12- ------- * steps X HZSO4
JACS, , 6908 0.14 $/gram

aka CBMG is a bench stable solid that closes the gap between rather weak (NCS)
and strong (Cly, SO,Cly) chlorinating reagents

OMe cl
%\ N/R Ac
[ j Y Cl N Cl
Z |
o N Cl Me
in CHCI; 3h, rt 80 % R = Piv or Boc 81%
quant. p:o = 32:1 NCS: 30% 73 -86% NCS =15%
NCS = 6%, 5:1 NCS =0%
tBuOCI = 88%, 1.7:1

Zinc or sodium sulfinates serve as precursors for radical CH functionalization

Nature, 2012 (492), 95

grTmmmmmmeees . Me !Vle
i 0 p Megy 'Bu00H  Me~y N
o) i T T e
: Znx-0 R ' solvent N
] 1
A b ‘ Me Me
zinc-sulfinates R= CF3 89 %
also see: JACS, 2012, 1494 CF5H : 73%
CH(CH3), 41%
etc.
ACIE, 2014, 9851
pmmmmmmmemes . BVIe 0 ;Vle
NaOZSVA . Me<\ >—|-| 'BUOOH Me\NJjINQ
: : / — /
' F,C )\ solvent 0)\N N CF3
l~ ___________ ’ I
sodium sulfinates Me Me
Carboxylic acids serve as precursors for radical cross-couplings
' cl :
1 Cl : DIC or DCC cl
' —OH | DMAP R
; N=OH: , r-COOH — N—O
o | : el
! a © :
: ; a O
SO R 0 R
/
Fe or 0 R_B\o R—@
Ni or /ct‘
Cu cat. R OH ACS Cat. 2018, 9537 JACS, 2016, 2174
> JACS, 2019, 774  Science, 2017 (356), 1045  ACIE, 2016, 9676
NH;
R— / R R—R R———R
COOEt R—/_ Science, 2016 ACIE, 2017, 1
ACIE, 2018, 14560  Nature, 2017 (545), 213 (352), 801
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Stephen Buchwald (MIT) Erick Carreira (ETH Zirich)

Spirocyclic compounds can act as bioisosters due to their unique 3-dimensional

Semmmmmmma—a ’ (5) Mitsunobu inversion
(6) Oxidation
(7) PG removal

also see: Org. Lett., 2011, 6134

JACS, 2015, 13433
Org. Lett. 2012, 66

5 ®' i Genersl structure of Buchwald Ligans: o g P10 53] and
; E = Prevents oxidation of P by O, and accelerates ; Sprrocy ' Org. Lett., 2013, 4766
E PR, E reductive eIim.ination 3 . 3 : HSCH,CO,Me o MeOOC
' R2\ /RZ + R = Electron rich groups facilitate oxidative addition ! COOEt NaH, DME
: . = Substitution promotes reductive elemination E 0°Ctort
! E R? = Increases stability by preventing cyclopalladation and : ] COOEt +
' i encourages formation o ‘N
! ||23 ' formation of Pd(0) . (1)
L + R%=is usually not a hydrogen, but only for ease of synthesis E Boc Boc Boc
Buchwald Precatalysts: air stable precursors, which eliminate active Pd(0)-ligand E OH
species under basic reaction conditions. Highly successful in Buchwald-Hartwig ' NacCl, aqg. DMSO NaBH,
and Suzuki cross couplings. Joc, 2014, 4161 | 120 °C MeOH d
3 vy v i K ; 62% over 2 steps 9%
¥ L L ¥ ) ) N mCPBA
; ¥ b b ' Boc DCM
' /r]lH X NHy: NHy: /NHZ:E 89%
: ,Pd‘ Me - ,Pd‘ - Pd‘ - Pd\ : ! (4)
. MsO L i MsO” Lo cr’ L P (o] M Y
: G4 ' : G3 ' : G2 : : Generation1 ' . mCPBA Y N
Y e e, PN, R coN . /' Phthalimid NPhth DCM NPhth | OH .
Problems solved over the generations: synthesis of precatalysts, scope of the ' PPh.I:."i_'?:IAD 38% over 0. ' O‘\S '
applications, quantitative generation of active Pd(0)-ligand, great stability in solution, | S 2 steps >s : o’ :
. . . ) , — —_— ' 1
large variety of ligands, health issues of byproduct, substrate consumption by . 5) 6 o’ . '
sideproduct . (6) : N :
' N N : :
' Boc Boc l Boc !
Other cross couplings are also supported by Buchwald ligands, e.g. highly : Semmmmeee--
challenging reductive eleminations from Ar-Pd-F species: . R .
. NH,NH, ! NH. ! (1) Woodward thiolane
' . MeOH : 2: cyclization (thia Michael
' . ' ' addition, Dieckmann
: Br F ! quant. ' Uy ' » DI
: (PdAIPhos),COD T : condensation _
' > ' (7) ' ' (2) Krapcho decarboxylation
1 CsF 3 equiv. : : N ; (3) Reduction
: 120 °C : : Boc ! (4) Oxidation




Lukas Nattmann

Sigma Aldrich’s
Professor Product Portal

Cornella Group Meeting
08.02.2019

Abigail Doyle (Princeton)

v N 5 1) 13% NaOCI (slow addition)

; | o H,SO, 0 °C, 4h AN

; NI > | _

v NTS=04 2) sat. KHF,:ACN N NsH
! F ' rt, 20 min.

:‘ PyFluor : (10 g scale synthesis)

.............

JACS, 2015, 9571

Conversion of 1° and 2° alcohols to fluorides. Air and moisture stable low melting solid.

Application in radiolabeling possible.

N F
o
| o F Me o
N7 §2° '
I s S =
o) \ T Me o_ 0
Y\R Me x
i R
via:
68%, 42:1 dr 91%
DBU x HF

:' fo) ‘: Electron deficient olefin ligand that
. 0 0_g i promotes reductive elemination and
: ] , therefore prevents B-hydride elemination in
' N = N E challenging cross couplings. In this case:
! | 1 construction of quaternary carbon centers.
' S=0 o :
: 8 v JACS, 2015, 5638
E‘ Fro-DO E ' Me. ,Me

T Ni(acac), 5% E L4

N Fro-Do 10% R? :

R7Q 2 > R%\/N“Ts 5 ’!(N’E:O
Ar R“ZnBr, DMA, rt Ar E 0

12-42 h

The on the right shown derivate L4 of Fro-DO was able to achieve a promising 27%
ee on this transformation. It was the first example of a stereodivergent cross coupling
with a tertiary electrophile.

Substrate coordination

.............

tridentate DG
for stabilization
of 6 membered
palladacycles

. . DG

' COOH . ‘NN
: | : Pd(OAc), H

NN :

L PN ;

NS

S

Nucleopalladation

|
N—Pd"—N
Protodepalladation 6

JACS, 2017, 15576

Nu
The ligand design supports 6 membered palladacycles in a rigid transition state,
which prevents pB-hydride elimination and directs the nucleophile.

i i Air stable
Timothy Jamison (MIT)

Rapid access

MgCl
Me T e Mono- & bidentate
' 1. ! phosphines
: R3P_N|_PR3 1
NiCl, —— E Me . Generates active
Rp-R : ! Ni(0)-Phosphine
[ ! : after treating with
R N K reductant
Organometallics, 2014, 2012
Example of a Carbonyl-Ene reaction:
Ni-cat.
(o] NEt; 6 equiv. OTES
Hox N+ -  pent
HJ\ph TESOTf 1.75 equiv. ent A Ph

Tol., rt
81%
with Ni(COD), and phosphine: 78%
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as handles for further functionalization. The angles at C2 and C3 are distored to
greater or smaller angles with support of the respecting substituents. Nucleophiles

(e.g. fluoro substituted) olefins;
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P Nat. Chem. 2013 (5), 5 . pTTTTTTTTTTT AT y

Neil Garg (UCLA) d'rec“”g group™ L iso see: JACS, 2010, 17933 ! Robert Grubbs (Caltech) : M\ :
. . Bh T ' Mes’N\rN\Mes
' ' oTTTTmT e o [\ " Cl ;
' Br Iy ot C Ph/ Me | RN '!‘~M ¥ Pc’@, tes=N Nepes / N_Ruo;\ I
. - e { " " - :
: O ®\(j » 3 Ru\ it Toc' po )= a”| Pno
: \Z : N ¥ a” | f RU=—\ 1 Br N i
N ; N\ 5" |R = Br: rr (3:4) = H PCys i o | Pn ' I !
. . | ) [R=H:r@4=1:190 g PCy; F X e

C3:129.1°; C4: 120.6 N H Generation 1 ¥ cons ! cons :

'+ Effective in ring opening ! en % _een '

__________________ . Me_ _Ph "1 metathesis polymerization i1 Abletoproduce 1 Very labile Py ligands result .
/ TMS h N " (ROMP), cross metathesis 11 trisubstituted olefins and };in fast initiation (even at 0 °C):
E ot ' CeF _N N EE(CM), ring’ closing metathesis:i has broader group :E Capable of metathesis with
: N E — (j\@ Ph “Me | '* (RCM) of terminal olefins ’:: tolerance " acrylonitrile ':

: ' ~ : e e e e e e e e e e e e e e . .- Y Ve e e mEEEmEE s e .= --——-- 4 N e e e mE e e e e e E . ———--—-
' — ' N R R - LR Ll R LR EE LR LR EEEEEEEEEEREEREE .,
' N OSOzNMez : / \ ' 1
L : - R=Brr(3:4)=1:15 ; [\ .
__________________ . N N\ /N N\ Gen 2 1
R=H:rr(3:4)=1:1.9 Mes . : Mes Mes -
/ ! Cl Grubbs-Hoveyda '
C3:120.3°; C4: 128.9° OSO,NMe, O=R : ~ Phosphine free version of G2.!
U= 1 Ru=— s . !
V2 1 7 Initiates at lower T and is !
o-N"*~=o0 | : Cl | effective for electron deficient !

The regioselectivity is controled by useful substituents on position 5 or 2 that serve ! lo)

will preferentially attack on the carbon which has the bigger angle. Steric effects do

not play a significa

nt role.

Ph tBu
Xph/%N+—tBu N/
/ \
(o)
Ko Br X
5 electronlcally P
disfavoured sterically N
Br \ duct
Ph—\ major produc
| _ N N+—tBu
N 4 Bu tBu
N* o—N
O/
\ :' :\ﬁ Br Ph
B ‘ X

. . Z
disfavoured electronically ~N
sterically
minor product

Z-selective
For cis selective ROMP
and Z-selective CM

......................

o

...........................................

0.5 mol% Z-selective

Grubbs cat.
0.5 M THF, 35 °C

JACS, 2012, 693

>

0.5 mol% Gen 2
Grubbs-Hoveyda

110 °C, Tol,
5h, 96%
80 kg scale

>

N-g
11
o o

\

-
-
-
rd

OPRD, 2008, 226
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John Hartwig (UC Berkeley) Air and moisture stable Nickel
ACIE. 2012, 12837 precatalyst especially for Heteroaryl
................... el Suzuki couplings

H
Lazlo Kiirti (Rice Univ.) BrMg—O0 ‘N_Q

: Ph, ,Ph : E O-NH ! MgBr tBu” 'Bu NH,
: P\ Cl , Generates Nidppf upon treatment with ' - >

o Ni . _Ph! reductant (e.g. RB(OH),) and base v Bu” Bu | Low T. THF

' Fe \/\/ f ' ' R ’

: i p/ i _ , RS S H,0 quench R

' \ 1 Readily prepared from Ni(COD), dppf

| PH Ph ' and cinnamyl chloride Nat. Chem. 2017 (9), 681

...............................................................................................

_________ 1) KaPO, Ph

; F

' Ph s-==-=--aeoaaon

. t,7.5h

: @E i = - NH
: NO, H,N 2) Zn, NH,CI

ACIE, 2011, 3793

|
R includes NO, "Trifluoromethylator"

NH,
CHO. Br. CI 1.2 - 1.5 equiv. R SNAr reaction in water with support of nonionic surfactants which build "microreactors”
CO(sR':;tc ’ DMF, 50 °C usually >80% (micells). Metal catalysed reactions have also been reported:  JOC, 2011, 4379

Catalytic version does not work smoothly, but the reagent can be generated in situ
prior to the addition of aryliodide. Costs in in situ generation are 1$/mmol. The
mechanism is not of radical nature.

©\/\/ o0 Grubbs 2 Gen 2,2 mol% w
+ :
OTBS \)J\ 2.5 wt% surfactant OTBS o

-Pd___,
platform for further modification. One example is the C- cr P'Bu(Cy),

C bond cleavage to yield difluoromethylated arenes.

_____________ rt, 4h 74%

' (o] ! cat. 1 (1-2 mol%) F F | e e e e e e m e e e e e e e e m e e e e m e mmm—mm—mm—————————-
' F : Cl/BI'\@ CSCO3’ Tol. Ph E
' L+ o '
: F ! “ 100-110 °C, 30h fo) A '
STmmTemmmmeet JACS, 2014, 4149 usually >80% E
KOH, H,0 F F .
100 °C, 2h ! cat. 1: :
—» H : :
. (=W
The cross coupled diflucroarene presents an excellent : HN-Pd E

air stable precatalyst
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Gary Molander (UPenn)

. TfO/l/BrICI
\ / !
o e )
/ \ 1
HO  OH:

-

JACS, 2012, 11667

The reactions change their

color upon finishing.

Reactions with arylchlorides

turn yellow and

arylbromides turn orange

Direct conversion into arylboronic acids instead of Bpin reagents. The pinacol makes

Pd 0.5 mol%
XPhos 1.5 mol% ("'O)ZB\@
KOAc 3 equiv.
R EtOH, 80 °C R
19h KHF,
in situ

up >90 wt% of the Bpin group which shows poor atom economy.
Standard methods for preperation of boronates include Miyaura borylation and
transmetalation after Hal/M exchange (both resulting in Bpin).

-

............

C-sp® hybridized boron reagents show a sluggish transmetallation and present a

challenge. This is due to the standard 2 electron mechanism. In the presented work
the problem was adressed by leveraging 1 electron transmetallations by support of
dual Ni-(redox)-Ir-(photoredox) catalysis.

R

R

P —

BF;K

SET
-e"

R,
R

H

generated in
photocatalyst cycle

\

X‘Nl"

"L

R1,,'8 H
R2

Science, 2015 (345), 433

—— e mm e mmmm - ———————————

Photocatalyst:

;Ar
F
N7 N\
ﬁN%bIQ
\
Ar

AG 21.8 kcal/mol

; iPr [—\ _iPr i

' @/NYN"\@: F

iPr ¢y iPr o ®/

i oCsF Cl R

: PhenoFluorMix ' Org. Lett. 2015, 544
Tol., 80-110 °C JACS, 2011, 11482

also see: Org. Lett. 2016, 6102

Although rich arenes are the scope of interest for this
method (and the following might seem counterintuitive),
the mechanism is believed to proceed through a
concerted nucleophilic substitution. Nucleophilic attack
and formation of PhenoFluor urea happen concurrently
and the amount of negative charge is believed to be
predominantly on the incoming Nuc and the urea LG.
Acc. Chem. Res. 2017 (50), 2822

0.02 mol% C*Ph;[B(C¢Fs)al”

+ .
0.06 mol% Al(iBu); Me  0.06 mol% Al(iBu)j
isopren

0.02 mol%

Me

Z
n

trans/cis >99:1
1,4/3,4 12:1

/ \ Ph
=N >N Ph
Stereoselective Fe
o /
polymerization catalyst cl Ci
for 1,3 dienes based on 0.02 mol%
Fe salts
Me'n
cis/trans >99:1
1,4/3,4 6:1

ACIE, 2012, 11805
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Antonio Togni (ETH Zirich)

| Fao—t—0 : 1 mol% TMSNTH,
: ! mol7/ 2
OTMS : MMe ! DCM, 78 °C to rt 0
+ 1 e 1 -
?r\g;R : : Org. Lett. 2015, 5898 ?%(CF:%
R'R2 | Electrophilic CF; +  ~ 9 St <01 R'R2 'R
1 transfer reagent |
O o 1. LiIHMDS o o o]
R\)l\ /U\ THF, 78 °C R\)J\ /IL R\)j\
N" Mo Y N "o —> v~ “OH
\_/ 2. Togni’s CF )\/ =
Ph reagent ?l':h CFs
Org. Lett. 2011, 5762 99% ee
Jérome Waser (Lausanne)
i TIPS——I—0 i NH
: i Me,N” “NMe S
R/SH . (o) : 2 2 R” \
' i THF, rt, 5 min TIPS
i Electrophilic alkynylation open flask
' reagent : 90-99%
el bbb ’ JACS, 2013, 9620
FIuorophor\
N—N
SH 1. standard cond.

2. TBAF, AcOH, THF
3. Fluorophor-N; CuSO,

COOEt N a-ascorbat, H,0/CHCI,

o)
CszN\)L
N
H

HN

» CbzHN

A\
Y
S
i L
N
H

COOEt

Jin-Quan Yu (Scripps)

Science, 2014 (343), 1216

Pd(TFA), (10 mol%)

TFA, Ar-l (1.5 equiv.) R
NPhth, ~ F Ag,CO; DCE NPhth F
Ho A__N F 100 °C : N E
Y'Y S -
H o . AN : H (o)
F CFs . | : F CF4

F : Z

i Me N : | | I:

alanin-derivate HE ! only monoarylation
i Ligand (20 mol%) | with this ligand

..........

no isolation, one pot
addition of Ar-l (3 equiv.)
and ligand; same

.

The resulting

conditions stereochemistry in the
methyl group can be
ST T Me T T L2 controlled by the
' : order aryliodides
' N : added.
: ~ ; . S
' N (o] Me, diarylation with this
T : ligand; dr >20:1
v L 2 19 ’
.. _I?a_"_‘fl_(_ f)-r-n-o- _/o_)_ L 60% over 2 steps
Pd(OAc), (10 mol%)
NPhth Ag,CO; L2 (20 mol%) NPhth
H = NHA Tol., 100 °C < o
"+ Z COOEt >
NAr,
H o F
EtOOC 93%
/\ NHBoc NHBoc
1) H,N NH, : o LiHMDS z o
DCM/EtOH, 40 °C -78 °C to -20 °C
%
r NAI’F NHAI"F
2) Boc,0, DCM, rt 2 74
(1]
COOEt COOEt 90%, 95%ee
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I'~~~~ R—I
K R Pd(OAc), AgOAc 3 equiv.
R o N DCE, 75 °C, 16h

7 E F . , . JACS, 2015, 11574
K ’ v 1.5 equiv. .
. K ' 7 ; O~ _NHArg
\~~~ II : : R
£ F : MeOOC :
0~, NH /! N . '
Seo S >
R Seav ; Me S H
Yu-Wasa :tBu :
Auxilary : X : R
W "Are” : _
' N (o) Me !
H +10% Ligand :
NHArg
o
O/Pd(II)L \
.NAr
d F

B-carbon
elimination
NHArg B-migratory
insertion

NHAr;

R Pdl\o A/

—_—
undesired

PI (0]
L
mr': &

NHArg

Barry Sharpless (Scripps)

SuFEXx "the next click reaction”

i OH
S q Vey
best Michael E + N’N
acceptor known ! H THF
' (o) within minutes
""""""" SOZF 99%
2 mol% Pd(OAc), ACIE, 2017, 4849
1.2 equiv. AgTFA
Ar—l  + A so.F _ > AN NsoF
acetone, air, 60 °C
)M\e ACIE, 2018, 2605
bench stable solid
N7 °NH OTf Me o
\—/ \ . .
SO,F, Me— +J\ /\S’F higher reactivity
gas 2. MeOTf N N \!
— faster reaction times
oty Me 2 2
S S . RN R iays
E~N*""N- _NH rt, 2h NJ secondary
R R SO,F
— no base
OMe OMe
. Me
OTf (0] OH (o)
Ve J\ \\S’ . ACN ~S0,F
\N+ N/ W\ rt, 2h ,
\—/ O no base i 94%
(o)
H
oTf j"\e 0 NH,  AcN Negor
- + —— 2
\—/ O HO no base HO 91%

double sulfonylation with 2.5 equiv. reagent and Et;N




