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1 Introduction

1.1 GH Activation

Carbonihydrogen bond functionali zation met hod

years(Figure 1) This bond, the most ubiquitous bomdnature, is widespread in several organic
molecules and the dewgiment of newstrategies for itsdirect modificationis still under

investigation.
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Figure 1: History of GH activation development.
All the approaches which provide the direct functionalization -off ®onds are called -GH
activationsi, 2,3
As an evolution of the organometallic crassupling theC-H bond functionalizationin last twenty

yearsrise up fastvith applications in the synthesis of complex natural progilgitsiogically active

1 WencetDelord, J.; Glorius, ANat. Chem2013 5, 369375
2 Godula, K.; Sames, Bcience2006 312, 6772
3 Ackermann, L.; Vicente, R.; Kapdi, Angew. Chem. Int. E@009 48, 9792 9826

4Gutekunst, W. R.,; Bar an, Plotal SyntheSis. Bhel. SoccRROIL1040, a | 1i9z7a6tTi109M 1L o gi ¢
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compounds but also idifferent other fields including pharmaceuticals, agriculturdpod and
energys.s

These reactions avoid the use of-prectionalized starting materialsy shorteninghe synthetic
pathways and conferring them an atenonany aspectLess chemical and labor waste are generated
as welland new GC/C-FG (Functional Group) bonds adirectly formed throughout catalytic
approacty

Most common cat al yisnalgatidnoeactiofd alferst-bseaordd antl-third cotv
transition metal§We will talk about hemlater in next chapters).

Theability to transforma G H bond in a selective mannepensnew routego virtually unlimited
use of this technique and allows the {stagediversification of different complex moleculdsor
these reasorns-H activation strateghas been inclugtl in both total synthesis antustrial

chemistry fields.

5 Yamaguchi, J,; Yamaguchi, A. D.; Itami, Kngew. Chem. Int. E@012 51, 89669009.
e6Mcmurray, L. ; O d.H-ChamaSoRdv.2011, 4G 48851898. M.

7a)NewhouseT ., BaranP. S. and HoffmanR. W.,Chem. SodRev, 2009 38, 3010 3021 b) Youngl. S. and Bara®. S.,Nat. Chem,
2009 1, 193 205.
8 Roanel, TranL.D., Acc. Chem. Re&015 48, 105311064.



1.2 GH Activation in Tot&ynthesis

In the context of target oriented synthesis, there are ngrabstrategic advantages in the use of

C-H activation approach. New-C and Gheteroatom borgicould be rapidly obtained withousing
pre-functionalized stamg materiat and by the use of geometricatlgfined intramoleculaneactiors

or target designed catalgst Sever al exampl e sH lorfid adivatpp strategyn t | y ¢
applied to the total synthesiare present in literaturén 1978, Trost an@oworkers reported the
synthesis of ibogamine through a tanderil @ctivation/reductive Heck sequenéagure 3. They
demonstrated that indole could be selectivid Galladated at the-2 with the use of Pd&MeCN)

in presence of silver tetraflumborates The G2 carbopalladate specie could undergo migratory
insertion with the pendant olefigenerating an intermediatecapable ob-hydrde elimination but

able to react with sodium borohydride leading to ibogamnolecule

| N PdCI,(MeCN),, I N
5 AgBF,
N
H H

Me
NaBH,

Iz

Me

Figure 2: Synthesis of ibogamine
In 2008 Bergman and Ellman proposed the synthesidnoéarvillateing a dimeric natural
monoterpenoid whose bicyclic consecutive piperidine ring system contain five sterecEgues (
3).10
Bergman and Ellman faced the challewgéh a thodium catalyzed €& activation,obtainingthe
substituted cyclopentana a good dastereomeric ratiolt is noteworthy that the insertion occurs to
the vinyl GH bond over the methyl-€El bond. An elegant feature of this synthetic pathway is the
direct incorporation of the Directing Group (DG), that promotes tite &tivation step inhte final

product.

9 Trost B. M., Godleski S. A., Genet J. B.Am. Chem. Sod 978 100, 3930 3931.
10 Tsai A. S., Bergman R. G., Ellman J. . Am. Chem. Sq&008 130, 6316 6317.
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Figure 3: Total synthesis dincarvillateine.
An innovative strategy in the preparation of coristatin A been published by Baréans gir ou p .
Cortistatin A Figure 4 is anabecandrostane steroidolated from a marine sponge that selectively
inhibits proliferation of HUVEC cells through a unique mode of actisiey step of the synthetic
pathway is th&C-H gemdibromination reactionLight and in situ generation of acetygobromite
affordedbromination of C19 (methyl group) that could submit a subsequent bromination at reduced

temperature. Cortistatin A was obtaingatoughout13 steg starting from readily available and

O,
H PhI(OAc)y, Bra; . i
:’) TMSCI, imidazole o N 0,
D o 57% O
H [gram-scale) H

Br, Me

1 O
TMSO Bre - o
3 steps
- v " o

o H
OHCN~[-0

inexpensive prednisone.

)
Me,N

cortistatinone |
> 1g prepared

Figure 4: Synthesis of Cortistatin A
Elegant synthesis oBioactive Zbenzazepines asproposed by anoniand ceworkers(Figure 5)12
Virelli et Al. devisedan atoniZand stegzconomicakynthesighrough a versatile palladiufratalyzed
Cidctivation str at e g yslowcatalestldading and a nyild llasej which wase q u

11 Shenvi R. A., Guerrero C. A., Shi J., Li-C., Baran P. SJ. Am.Chem. So¢2008 130, 7241 7243.

12 Virelli M., Moroni E., Colombo G., Fiengo L., Porta A., Ackermann L., ZanoniGaem. Eur.J.2018, 24, 16516 16520



reflected by a broad scope and high functidyralup tolerance. The benzotriazolodiazepinones were
identified as new heat shock protein 90 (Hsp90) inhibitiregd leompounds, with considerable

potential for ancancer applications.

GLY
95

184

GLY
97

138

Figure 5: Synthesis of Bioactive denzazepines



1.3 GH Activation irMedicinal chemistry

Many examplesn literature show the advantages oHCactivation strategy over classical reaction
such as crossoupling or multistep synthesi$o understandat better this phenomenon, a useful
example of €H activation step is exploited in the pharmaceutical resdesohMerck laboratories
for the synthesis oheGABA U2/ 3 anrintiparignt compound for the treatment of CNS
disordersis

Main difficulty found in the classical synthetic rowtasthe preparation of the boronate precursor
needed for theubsequerbuzukicoupling (Figure Hi4

M FsC _N

o 0 Pd(dppf),Cl, 7 =N
B KOAC

FsC /N _N =~ _N /
T / " CN - ; NG
x N 1,4-dioxane, 90 A C
Yield = 70 % O O
Br E
F O F F

Figure 6: Suzuki coupling in the synthesis of GABA2/3 antagonist
Accordingto the scheme3, more than five steps are required bbtaining the desired boronate
making company calls intoreew strategy thateducethe numbers ofyntheticsteps
Exploiting the G H activationmethodology, the intermolecular biaryl couplingsbeenperformed
starting from the &hloro-2',4-difluoro-[1,1-biphenyl}2-carbonitrile(Figure 7.

Cl X-Phos F3C N _N
Bu,NOAc 10 mol % T )
CN FoC /N\r/N Cs,CO; N
* N\/) - NG
X 1,4-dioxane
F
F

Yield = 80 % O
(-
F
Figure 7: Synthesis of GABAUJ2/3 inhibitor through intermolecular-8 activation
The intemolecular G H activation reaction affords the target compound #8eld andhe process
is suitable for kilograrmascak.
In this way, thenew synthetic pathway is made only by six stegtead of nine steps necessary with

the classic approach performed wiitle Suzuki crosscoupling(Figure8).

13 Cameron M.; Foster, B. S.; Lynch, J. E.; ShiJY,.Dolling, U-H. Org. Process Res. De2006 10, 398402

14 Macchia M.; Cervetto L.; Demontis G. C.; Longni B.; Minutolo F.; Orlandini E.; Ortore G.; Papi C.; Sbrana
A.; Macchia B. J. Med.Cham. 2003 46, 161168
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Figure 8: a) Synthesis of GABA antagonist with the Suzuki coupling as a key step b) Synthesis of
the coupling partner
Shibahara and coworkers described the advantage oflthadiivation approach in the synthesis of
Tie-2 Tyrosine Kinase Inhibitor. Theuthors proposed an intermoleculaHCactivationreaction for
the imidazole functionalization, starting from inexpeesstarting materialsF{gure §. Palladium
catalyst has been used in the key step affordintatigetcompound in 58% yields

15 Shibahara F., Yamaguchi E., Murai J.,0rg. Chem.2001, 76, 2680.



1.4 Crosscoupling reactions

CarbonCarbon bond construction have been wellelopediuring yearsln this scenarioyaditional
cross coupling reacti@took an enormous advantage in biaryl system synthesis during last century

(Figure9).16,17,18

M X
SO S
. )

M =8Sn, B, Zn, Si... X =1, Br, Cl, OT{...

Figure 9: Classical crossoupling reaction

The first example of these pioneristioupling was certaintlyhe Mizoroki-Heck reactionInspired
by this discovengtille, Negishi Suzukiand Hartwigand other chemists founded their metal catalytic
empire
Palladium isone ofthe most used metahvolving mainly two oxidation state: pallagm(0) and
palladium(ll). In a classical crosoupling reaction, Pd(0) is the catalytic active specie for the
process.
In reactions requiring K@), is more convenient to generatnitsitu from Pdll) complexesuch as
PdOAc)2 with specifically redumg agents. Any phosphinean be useds reductant avoidinthe
fide nova synthess and isolaibn of Pd(0)species. The reduon of palladium can be achievel$o
with the cooperative aid of amines, afles and some organometallguch as DIBAEH or BuLi
(Figure 10.

ligand p—Hydride reductive
exchange H elimination elimination
Et,N  + PdOL,X, )\N\,Pszx HPAL,X PdOL, + HX
EtEt
ligand ® PPhg rfdl.mt't\./e PhsPPd°
exchange PhsP O. __Pd elimination +
PPh; + Pd(OAc), Pd-OAc — = )
4 |
PhsP o _Jo—prr, 2
o OAc +
OAc PhsP=0
Ligand migratory B-hydride reductive o
exchange = insertion elimination X elimination Pd'L,
Alkene ; _— X X
Pd. X\( + +
X X UL H HPdL,X HX

Figure 10: Mechanisms for in situ generation of Pd(0) from Pd(Il)
Palladium catalyzed crossoupling reactionsstars, as the MizorokHeck reaction, with the

oxidative insertiorof Pd(0) inthe carborhalogen bond of the substrate order to formthe Pd(ll)

16 Engelin, C. J.; Fristrup, Rlolecules2011, 16, 951969
17 Chen, X.; Engle, K. M.; Wang, EH.; Yu, J-Q. Angew. Chem. Int. E@009 48, 50945115
18 Seregin, . V.; Gevorgyan, V. Chem. S&ev.2007, 36, 11731193



complex(square plananhat can be subsequently functionalized to form tiesv desired carbon
carbon bondFigure 1).

In the next stepthe tmansmetalation step, thaucleophile istransferred from the metalof the
organometallic specie to the palladium atahe new plladium(ll) complexformed, undergoes a
first isomeristion step and then a reductive eliminatiesding to the desired product.
Palladiung0) is regenerated in thedective elimination stepeady torestart thecatalytic cycle.

R1R2

L,PdO

R2X
Reductive elimination L .
Oxidative addition
L . . L
! Cross-coupling reactions i
L—Pd'-R2 L—Pd!-R2
| |
R? X
R1M
' cis—t(ans
isomerization Transmetalation
L
R‘—Fl>d”-R2
I
L

M-X

Figure 11. Catalytic cycle for crossoupling reactions

In all the crosscoupling reactions/e take advantage of this type of catalytic cycle and the distinction
of the various type is due only to the organometallic speciesfas#te transmetalation step
An overview of the most important catalytic cross coupling reaction such Sadle, Suzuki

Sonogashiraand Negishreactionds depicted in Figurd 2.
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Figure 122 Summary of common palladium catalyzed coupling reactions

Despitetheseorganometallic reactiorareone of the most important development in the research for

new approach for carberarbon bond formatigrthey have somkmitations.

In particulay these reactions requiran organometallic specie oan organic halide often not

commercially availableTherefore, usually are required additive steps for the preparation of the

intermediates, which blows down the process

Moreover protection and deprotection strategae required sinceome functional groupare not

compatible with lhe reaction conditionand thee are not in accordance with tl@ms of atom

economy.

1C



1.5 GH Activation

C- H activation means akingreactive the €H bond, whichs known to be a padularly stable and
inert bondthanks to the use of transition metals as catalysts.
C- H activation reaction represergs evolutionamong cross coupling reactiofihis methodology

allowsto act directly a the G H bond withoutpre-functionalize or modify it.

a) Conventional approach

R1O + RzO - o R1_R2

b) Cross-coupling approach

R1—X + R2—M _— > R1—R2

M = Sn, B, Zn, Si
c) C-H activation approach

R
Met 2
RT—H —>[ ! R1— [Met] —»O R1—R?2
Activation

Figure 13: Difference between the installation of functional group by a) conventional

interconversion b) classical cressupling reaction c) & activation strategy

It is well known that complexes based on transition reeta react andctivate GH bonds to
produce G M bonds, whiclcould befunctionalizdto afford the targetmaterials.
In particular,in orderto actvate G H bond is quite diffused the use &0 metalggroup through the

formation of square planar metal complexes.

Furthermoremetals of this grup have the ability to circumvent the kinetic barrier associated with

C- H bondbreak that is usuallythermodynamically unfavorable.

19 Engle, K. M.; Mei, T-S; Wasa, M.; Yu, JQ. Acc. Chem. Re2012 45, 788802
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In this type of methodology, in the key step of the proctss metalactivatesdirectly thedesired
carbonrhydrogen bondh what is cakd the metalation step.

This step significantly varies from substrate to substrate, and is also influenced by other factors such
as the solvent, additiveather tharthe presence of binders and the type of transitietal used.

Over the years five different mechanisms to describe thtdCtivation step have been proposed
(Figure 13.

Oxidative addition

R
H _H /
LnM + — Lnl\/l—'T| — > LnM\IIQ e |_n|\/|\
H
Electrophilic substitution
®X . H X ®
LnM BT — LM, . H
\@ R X
R-H
1,2-Addition
_ H X—
M=Xe 1 e T mexe B XN
\ R LnM
R \R

s-bond metathesis

R R
v . Ko vy, .
R - R R

Figure 14: Different mechanism for €1 activation
The first and most common mechanism isdkiglative addition which start with the coordination of
the G H bond on a metal vacant site and it ends with the formationbf@ bond and one MH
bond (it is to be noted that the metal is oxidized, and formally it is a metal oxidative addition in the
C- H bond).Shilov and Shul'pin defined this mechanism as a "true metal complex activation" because
this metal environment igbtained by a contabietween the metal ion and thelbond as close as

possiblezo

20Shi |l ov, A. EChem. Reulbog 97, 287929%2. B.
12



Forelectronrich transition metalsc@lled asolate transition metalsj)he oxidative addition is typical
becauseof the change of the oxidation state and the change of geometry is not energetically
disfavoured.The activation reaction proceedsrdugh the formation of a cycle ofhree atoms
followed by an increase in the oxidation number of the metal.

Th e-boimd metathesis mechanism is favonath electronpoor transition mels (called also early
transition metalsand is characterized by the concerted formation and breaking of the bonds in the
transition statef the reactioniIn this casgit passes through a transition state with four centers and
four electrons with no change of the metal oxidation state.

It is also possible that the metal acts as a Lewis acid and the hydrogen atom afe¢hiteéseeplaced

by the metal:his mechanism is classified as electrophilic substitution.

The G H bond can be activated with a 4g@dition mechanism in which the presence of a couple of
electrons on the heteroatom bond to the metal or thalHmeteroatom duble bond isdndamental.

In this case the new-®/1 bond is formed without breaking tlibond M-X.

At least, an important (H activation mechanism has taken place &kes the name of the base

assistednetalation (Concerted Metalati@eprotonation) Eigure 15.4,21

Base-assisted metalation
R' R R
LnMm O R M. o LnM O
RN R H
R/H

Figure 15: The base assisted metalation pro¢€3dD)
In this process, thieidenaite baseplaysan important roleMore diffused CMD systems involve the
carboxylate basé@.he partecipatiorof the carboxylate leade ametalation in a concerted manner
with the deprotoation; the base acts as a protbuatte helpingtie formation of the newC
bond. The base must balentate because, in coordipatto the metal, take part the concerted
transition state of metalation and dehydrogenation. This mechanism seems tmbeetipéausible

and diffusedo explainmost of the €H activationreactions.

21 Hubrich, J.; Himmler, T.; Rodefeld, L.; Ackermann,ACS Catal2015 5, 40894093
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In general, palladim (0, 1), rhodium (I1), nickel(ll), copper (I1),andruthenium (ll) are widely
used in the €H activation and in literatuns possible to findx lot of waks that exploit these

catalystdn the presence of suitable binders and additives.

14



1.6 Regioselectivity

Since many €H bonds are present in the same molecule one of the main problem ofHhe C
activation reactions is the regioselectivity control.

Chemists consider regioselectivibe ability of a reaction tdistinguishthebreaking or the formation

of a bond with respect to others

To solve the regioselectivity problem, three approaches carplated (Figure 1522 23 24

a) Synthesis of policyclic structures: intramolecular reaction

H
AN
R X Cat. [Metal] O
g - )
n
n

b) Functionalization of heterocycles: intermolecular reaction
H H
‘ '~ \
O PG o)

c) Assistance by directing group (usually heterocycles)

G G
Q M &D N Q
R H R M —>» R R
R,/

R'/ R./

Figure 16. Regioselectivity control

As depicted in Figure Egusing an imamolecular reactiors possible to force the desir€dH bond

to react preferentially due to entroféctor: the substrate should be built in a suitable fashion. In the
second caséhe reactivity of the heterocyder the substrate) itseléad to the functionalized product
mainly due to electronic factors; this approach sometimes is present also in the intramolecular

reaction and works together with the entropic fact@ssthe last onghisis an important pathwan

22 Althammer, A.Angew. Chem. Int. EQ007, 46, 16271629
23Althammer, A. Fenner, 3Angew. Chem. Int. EQ009 48, 201204

24 Ackermann, LTop OrganometChem.2007, 24, 3560



molecular functionatation and in particular for the late stage diversificationiandlves theuse of
directing group,usually heterocycledn principal, is possible to reach f&- H bonds only by
changing the spacer of the directing grasips

Is important taunderline thathe regioselectity in the G H activation strategy is firlst influenced
by the nature of the substrate which takes part in the reaction, but can be modulatexchtxygopn
different parametersSince this thesis is focused on the ws Directing Group chemistry & will

explainthemat the best of our knowledgetime next chapter.

25 Leow, D.; Li, G.; Mei, T-S.; Yu, JQ. Nature2012 486,518522
26 Lyons T. W.; Sanford M. SChem. Rev201Q 110, 11471169
16



1.7 Directing groups chemistry

Due to the ubiquity o€-H bonds inorganic moleculeselective functionalizatioaf a specific bond

is highly challenging. Through the years heteroatoms contaimedppended orarenes and
heteroarenes guide the regioselectivity toward their influendée electron densitf different G

H bonds27 The use of a DG@Directing Groups) consisiof a coordinating moiety pending on the
desired scaffold containing th@rgetC-H bond. DGs act as internal ligand binding and bringing the
metal in the proximity ofa specific GH bond, leading to its cleavage and subsequent
functionalizatiores This strategy allows to overrule innate reactivity (hetero)arenes. Some
examples of the DG concepter the classical approach atewn in figurel8.

In a classical way arenes need leaving groups or EWGS/EDGs for thefaingadnalizationoften
affected by the formation of undesired byproduBigth of DGs chemistry dates back to Fi®90s
after a landmark contribution by the group of Murai and Chdtgure 17)29

Efficient catalytic addition of aromatic
carbon-hydrogen bonds to olefins

Shinji Murai, Fumitoshi Kakiuchi, Shinya Sekine, Yasuo Tanaka,
Asayuki Kamatani, Motohiro Sonoda & Naoto Chatani

Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita, Osaka 565, Japan

The selective cleavage of carbon-hydrogen bonds in organic compounds Is a critical step in
many organic syntheses, and is particularly important in the conversion of hydrocarbons to
useful organic compounds. An organometallic ruthenium complex can cleave C-H bonds in a
variety of aromatic systems, leading to addition to alkenes by C-C bond formation. The catalyst
operates with a degree of efficiency, selectivity and generality that will make it extremely
valuable in organic synthesis.

27 a) Wilton D. A. A., CRC Press2015 267 304; b)Wu X.-F.,Chem. Eur. J, 2015 21, 12252 12265.

28a) Chen Z., Wang B., Zhang J., Yu W., Liu Z., ZhangOfg. Chem. Front.2015 2, 1107 1295. b) Zhu RY T,

Farmer M. E., Chen YQ., Yu J-Q., Angew. Chemint. Ed, 2016 55, 10578 10599; ¢) Chu J. C. K.; Rovis TAngew.
Chem., Int. EJ.2018 57, 62 101.

29 Murai S., Kakiuchi F., Sekine S., Tanaka Y., Kamatani A., Sonoda M., Chatasatdre 1993 366, 529 531.

17



0 catalyst (0]
RuH,(CO)(PPh3)3
B LY R Ay 2O e Y
X in toluene X
reflux

Ru(0) R, 2N

Figure 17: Murai ketone DG

They developed a ketone based DG able to coordinate the Ru(ll) catalyst that prepsai¢esive

ortho alkylationof arenes with alkenes. The intermediate of thid @inctionalizationis supposed

to be the fie membered metalacycle reported in Figure 17. DGs approach in catalysis gain

momentum since this discovery and chelate assistétl &Ctivation barreled into an enormous

expansion in last decadesWide range of functional group including amide, anilig®jne,

heterocyclic, amine, nitrile, carboxylic acid , ester, ketone and hydroxyl group have been employed

30 a) Colby D. A., Bergman R. G., Ellman J. Ehem. Rey201Q 110, 624; b) Rousseau G. , Breit Brngew. Chem., Int. Ed.

2011, 50, 2450; c) G. Rouquet and N. Chatafigew. Chem., Int. ER®013 52, 11726
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Arenes
1 Normal reactivity:
electrophilic aromatic substitution: nucleophilic aromatic substitution: DG = functional group

o,p directed or m directed o,p to EWG, requires leaving group,
or ipso substitution via diazotization DG DG DG
: EDG EWG H H
I H H Ewe LG LG NH;
| H H
: H " H
‘ LG
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Figure 18 Examples of classical reactivity over DGs chemistry
as DGs for the metal coordinatienArenes C(sp-H bond functionalization pis an important role
in the DG mediated € activation as a means to tailor regioselectivity in ternribio, metg para
positions functionalizationWhile ortho C-H activation have been well established during years,
reaching e distaimetaandpara C-H bondis still rare and challengingp.
While also an enormous amount of metal catalysts and functional groups as reaction partners have

been exploited our attempt is to describe only few examples published in recent years with major

31 Chen Z., Binjie W., Zhang J., Yu W., Liu,Zhang Y.,Org. Chem. Front.2015 2, 1107 1295.

32 Sambiagio C., Schénbauer D., Blieck R., My T., Pototsching G., Schaaf P., Wiesinger T., Zia M.F., Webadord J.,
Besset T., Maes B.U.W., Schniirch ®hem. Soc. Re2018 47, 66036743.
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focus on palladium mediated C¢sid bond functionalizationin this contextpalladium is one of the
most used catalyst thanks to his versataibd for this reason is also the catalgisbose for all the

strategies attempted this thesis. It is noteworthy that metals such as Rh, Ru, Fe and Co have been
used as atalyst for GH functionalization to.

2C



1.8 Ortho GH functionalization

Among others,ortho C(sp)-H functionalization is one of the most studied in literature. Myriad of
directing groups have been tested to datd further studyo achieve best selectivity arglep
economy process are nowadays ongoing. Threugitde selection, amide DGs haskown unique
reactivity in transition metatatalyz2d GH functionalization and haveerved as a pivotal platform
for the discovery andptimizationof new transformationsia C-H activaion.s1 During last years
several examples of Pd catalyzeeHGactivaton to fulfill different kind of functionalization have
been exploitedLeeuwen and cworkers in 2002 developed an ortbkefination of anilides with
acrylatesusinga Palladium mediated coupling reaction at room temperature.

NHAc
NHA Pd(OAc), (2 mol%) R
< ¢ . /\H/ORz BQ (1equiv) |
o) TsOH (0.05 equiv) > OR,
HOAc/Toluene = 1/2, rt
(0]

Figure 19: Selective ortho olefination of anilides at room temperature.
This was the first example of the use of anilidehasdirecting group for thei® functionalization,
and manyrelevant studies about orttodefination of anilideshave been publishad the following
yearss4Arylation of anilides habeen reported as well from Dauglis aneveorkers in 20055 They
found a suitable systemvolving a palladium catalyswith aloading range of 0.5 mol%, AgOAc
and TFA for the aryl iodide and anilides coupliiggure 20.

Pd(OAc), (0.2-5 mol%)
X NHR, + Arl AgOAc (1 equiv) - X NHR, or o X NHR,
RU TFA, 90-130 °C N, N .

Figure 20: Arylation of anilides with eyl iodide.

An elegantand less expensiwsay for the direct arylation of anilidesyhich includes arylboronic
acids was presented bghi and ceworkersze The aithors proposetivo different pathways for the
reactionpath A (Figure 21 pathA) in which arelectrophilic attack of a Pd(I§pecies at the aromatic

ring with the assisnce of the acetamino group mighitiate the catalytic cycle.Subsequent

33Boele M. D. K., van Strijdonck G. P. F., de Vries A. H. Klamer P. C. J., de Vries J. G, vanLeeuwen P. W. NJMAm. Chem.
Soc, 2002 124, 1586.

34 a) Amatore C., Cammoun C., Jutand Ady. Synth. Catal2007, 349, 292; b) Schmidt B., Elizarov NGhem. Commun2012
48, 4350.

35 Daugulis O., Zaitsev V. GAngew. Chem., Int. EQ2005 44, 4046.

36 Li B.-J., Yang SD., Shi Z:J.,Synlett 2008 949.
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transmetalatiorand reductive elimination redsel the arylated producPath B illustrates firstthe
formation of arylated Pd(Il) speady transmetalation of the boronic acid with Pd(ll) salts, followed
by an electrophilic attack of Pd(ll) at the aromatic ring to form a diaryl palladium species, which

underwent reductive elimination to give the arylation prodegjure 21 path B).

Figure 21: Arylation od anilides with boronic acids.

Figure 22: Pd-catalyzed C(sp2H arylation using simple arenes as énglating agents.
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