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Cross-coupling reactions

cat
R-M + Ar(Het), vinyl, alkynyl - X — = R-Ar(Het), vinyl, alkynyl

Kumada, Corriu (1972)

4 M = MgX (Tamao - Kumada)

= SnR; (Migita - Kosugi - Stille
= ZnX (Negishi)

= B(OH), (Suzuki - Miyaura)

= SiR; (Hiyama)

Sonogashira - Hagihara

R—HaI(OTf) + R—= [Pd]’ CU= R————R"
base

R=Ar, Vinyl; R'=Ar, Alk



Cross-coupling reactions

Mizoroki - Heck reaction

RHal(OTf) + =— [Pd] RE\
7 base

R = Ar, vinyl
Z = Ar, COOH, COOR, CN

Carbonylation

pd] R R
R-Hal + CO + R—M [—]> \ﬂ/
O

P R Nu
R—-Hal + CO + HNu [—d]> \ﬂ/
base O

R=Ar, Vinyl;
HNu = H,0, ROH, RNH; R,NH, RSH



The Nobel Prize in Chemistry 2010

Richard F. Heck Ei-ichi Negishi Akira Suzuki

for palladium-catalyzed cross couplings in organic synthesis



+ Pd(0)

Pd-catalyzed reactions

Ar

Miyaura-Suzuki
Sonogashira coupling
coupling R

ArB(OH),
PdX
>
R
NR3 HNR,
CO, Nu™
R CONu

Buchwald - Hartwig
amination =

R (Nu=OH, ORNR))

Mizoroki-Heck
reaction

CN

H-E
(H-P,H-S, H-Se)



Catalytic cycle of Pd-catalyzed reactions

Pd(0) or Pd(ll) precatalyst

catalyst
pre-activation L
Y
PdL, deactivation
RR'

R'X

reductive
elimination oxidative
addition
i i T i)
L—F|>d—L S L—Pld—R L—I|3d-—L = L—Pld—X
R L X L

transmetalation
RM



Suzuki Reaction

- — Pd(OAc),orPdCl, — / T
Y@B(OH)2 ¥ Z@x base, H,0, 1t~ v/ \\’/Z

X: Br, I; Y: H, p-F, p-(4-n-amylcyclohexyl); Z: m-, p-OH; o-, m-, p-COOH

YOB(OH)Z + BrQOH - YOH

COOH COOH

T Pd(OAC)z, NazCO3

PhB(OH), + B z - P Z
(OH), TN DMF-H,0, 90-130°C \_\/
Z: NOz, NH2, OEt
| Ph
Pd black, NaOH
+ PhB(OH), o
COOH COOH

Izv. Akad. Nauk SSSR, Ser. Khim., 1989, 2394



Reaction in microemulsion

Reactions which can be readily run
in microemulsion media at preparative scale

TEM view of
Pd nanoparticles

CO (1 atm), PdCl,, K,CO3

Pd(OAc),, Ph,BNa, KOH

|
/ = Pd(OAC),, ArB(OH),, KOH

Pd(OAC),, CH,=CHX, K,CO3

Z: Alk, NO,, OR, COOR, CN, Hal, etc.; X = COOR, Ar, 4-Py
Microemulsion media: surfactant (anionic, cationic, or
non-ionic) — co-surfactant (alkanol C,-Cs, or alkyl ethers of mono
or diethyleneglycol) — water (molar ratio 1:5-6:200)

Heck reaction Surfactant C,;H,,CO,K
PdCl, (0.01 mol%), Yield 90%



ArX

Pd(0) -

/X\
Ar—Pd—X === Ar—Pd Pd—Ar
X
Ar—Ar’ Ar=pPd-Ar Ar'B(OH),
or or or
Ar\/\ 7 Ar PdX Py
Z

Cheprakov A.V. Adv. Synth. Catal., 2015, 357, 417



Suzuki reaction

[Pd] 1 mol% CO,H
' KOH '
ArHal + Ar'B(OH >  Ar—Ar . o
(O H,0, 20°C Ar: p-CgH,OH, m-CgH,CO,H, O -
or Ar: Ph, [ )\ O
0, S 5‘ I
MeOH, 50°C up to 98%
CO,H CO,H
[Pd] 0.3 mol%

+ CgHsB(OH), >
| rt, KOH/H,0, 10 h

or 50 °C, MeOH, 7 h CeHs
Run 1 2 3 4 5
H,O (10 h) 94 90 91 90 94
Yield, %
MeOH (7 h) 82 85 83 84 84
Heck reaction
CO,H CO2H
OBU [Pd] 1 mol%
+ = >
| /ﬁof BuzN/H,0, 50°C, 3 d A OBU
o)
98%

A. Kashin, A. Khokhlov, Synlett, 2008, 1547 10



OH

100

Yield, %

Carbonylation

OH

0
Pd] 1 mol%
| + CO +H,0 [Pd] . . O
KOH/H,0, rt,24 h

OH

Catalyst recycling (ultrafiltration)

1 2 3 4 5 6 7 8 9

]

10
cycle number

O. Ganina, Reac. Kinet. Mech. Cat., 2010, 99, 1547

11



Heck reaction

1 mol % [Pd] Are
Arl + Z>COoon- - AN
T 7 OB T e0,, DMF CO2n-Bu [Pd]: PdCL, / PVI-PVC
120°C, 2 h up to 99% poly(N-vinylimidazole-co-N-vinylcaprolactam)
Ar =Ph Run 1 2 3 4 5
Yield, % 9 99 91 94 98
p-X OMe Me MeCO MeO,C CN
Yield, % 86 93 91 95 94
ArBr: Ph (84%, 24h), p-MeCO (95%, 2h)

E. Tarasenko, J. Organomet. Chem., 2007, 692, 4402 12



Reactions of n-butyl acrylate with p-acetylphenyl bromide

 papvieve

5 0
1 mol% "Pd"
o. 2 eq K,COg4
+ /\H/ C4Hg B
o Za RN
o i DMF, 120°C, 2h C4Hg
o)
"Pd" = PdCl,/PVI-PVC=1:5
Run 1 2 3 4 53

[Pd]: PdClL, / PVI-PVC |
Yield, % 99 99 93 92 98

TEM images of the palladium nanoparticles

E. Tarasenko, J.Organomet.Chem. 2007, 692, 4402 13



New recyclable catalyst for the cyanation of arylbromides

e

X - 0 X
R:— +  K,[Fe(CN)g] 0.1-1 mol % [Pd] - R :
= Br Na3PO4, DMF = CN
120°C, 6-18 h
80-97%

Q 0
>—@& + K,[Fe(CN)g] [Z:] - >—@CN

Run 1 2 3 4 5 6 7 8 9 10
Yield,% 93 93 90 99 90 99 97 93 95 89

A. Selivanova, Russ. J. Org. Chem., 2010, 46, 157 14



Alkoxycarbonylation of aryl iodides catalyzed by polymer-supported palladium

| 1 mol % "Pd" O
/©/ 5 mol %PVC-PVI o
CO, base

MeOH

PVI-PVC = poly(N-vinylimidazole-co-N-vinylcaprolactam)

Pressure of

Entry Catalyst Base Temp, °C €O, atm Yield, %
Influence of base and catalyst

1 H,PdCl, KOH 50 1 11

2 H,PdCl, K,CO, 50 1 18

3 H,PdCl, Et;N 50 1 32

4 K,PdCl,  KOH 50 1 45

5 K,PdCl, K,CO, 50 1 53

6 K,pdCl,  Et,N 50 1 85
Influence of CO pressure

7 K,PdCl,  Et;N 50 1 70

8 K,PdCl, Et;N 50 5 48

9 K,PdCl, Et;N 50 30 41
Influence of temperature

10  K,PdCl,  Et;N 25 1 8

11 K,PdCl, Et;N 40 1 63 %

12 K,PdCl,  Et;N 55 1 92

0. Ganina, Reac. Kinet. Mech. Cat., 2010, 99, 1547 15



Suzuki reaction

Io " "
ArBr + PhB(OH), 1mol%"Pd”  _ Ar—ph
PACL,/PVI-PVC=1:5

solvent, base

DMF, K,CO,, 120°C ~90%

EtOH:H,0, K,CO,, 80°C  >99%

Ph (95%), p-Tol (80%), p-MeOPh (89%), m-CF;Ph (83%),p-FPh (91%),
p-CIPh (90%)), @ > (73%), Brﬁi;(& (62%+14% diarylation + 6% mono)
N

Br

Run 1 2 3 4 5 6 7 8
Yield,% >99 92 99 199 >99 >99 >99 98

16



Br
/©/ + PhB(OH), PUPVI-PVC _
K,COs
MeO

MeO

EtOH:H,0

45

100
® cycle 1
A cycle2
o 80 -
Sy
2
2 60 -
g
<
o
=
S 40 A
i
]
20 -
0 T T T T T T T 1
0 1 3 5 10 15 20 30
min

35
30
25
20
%
15

10

1st cycle

0.85

1.28

35
30
25
20
%
15

10

0.85

1.28

1.7

2.12

nm

2.54

2.97

3.39 3.8

Selivanova A.V., ChemPlusChem, 2014, 79, 1278

17




Br Ac

s

>  no product

I
Pd 0

ChemCatChem., 2015, 7, 2113-2121 18



1 eq.
PhB(OH), +
1.2 eq. ,
Y 1eq. /
BrOAC !

\
1
1
1

1

[Pd]

120°C, 3h

Pd
120°C, 3h

/
O ~20%
+

ChemCatChem., 2015, 7, 2113-2121

19
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Scope of cross-coupling reactions

R. : \ : \ |
QEQR' RQE_/\\’R' RQEER'
R. : \ |

@\j R@i\m

Rl
R / — ==
= A =i )
i 2 e KR
R
R' —
R——:——R' 5/':IR__\A
R— i r

Transition metal catalysis made nucleophilic substitution
at sp? and sp carbon atoms a routine procedure



52 CENTENARIO DE N. COPERNICO

% REPUBLICA DE GUINEA ECUATORIAL 3
: ?

IMPRESO SCBRE COBRE

Copper

Chemical copper means:

. Electrical engineering, telecommunications

. Automotive

Plumbing: tube, pipe and fittings

Jewelry, coins

Chemistry: catalysts and reagents

. Copper alloys for marine applications and more ...

Ok, WNR

The Cyprian "cyprium" meaning "bronze"




Copper catalyzed arylation of polyamines and oxadiamines

10% Cul, 20% L

H
H N/\/\N/\/N\/\/NH2 + X@ >
2 H Cs,CO3, 80 or 110°C

1eq

2,5 okB
X=1, Br

Y

H H
H H

X=1: 59% (L I); 30% (L ), 43% (L HI)
X=Br: 65% (L 1); 43% (L Il); 36% (L Ill)

mOH
N e} I
H
OH
X _OH
e
O (@]
o 10% Cul, 20% L CHy
HZN/\/\O/\/ \/\O/\/\NHZ + X >
(0] (@)
ij)K(CH3
v
CH;

1e Cs,CO3, 80 or 110°C
g 2,5eq

X=l, Br

@\H/\/\O/\/O\/\O/\/\H/Q

X=l: 0% (LI); 26% (L 11); 76% (L IIl)
X=Br: 0% (L 1); 37% (L I1); 0% (LIII)

Eur. J. Org. Chem., 2011, 31, 6240



Catalytic approach to steroids bearing heterocyclic moieties

10% Cul, 20% DPM

K,CO3, DMSO, 100 °C

1.2eq. H—R
10% Cul, 20% PhsP, 10% TMEDA

hy

2 eq. K,CO3, DMSO, 100 °C, 1-24 h

R: Ph, CH,OH, n-Bu R 95-100 %

10% Cul, 20% PhsP
10% TMEDA

_ 20% Cul HN
K,CO3, DMSO, 100 °C

DMF, 100 °C

Y

Kotovshchikov Yu.N., Latyshev G.V.,, Eur. J. Org. Chem., 2013, 7823; Org. Bio. Chem., 2015, 13, 5542



Ni- and Cu-catalyzed C-P bond formation

R— + R',PCI
[Ni] or [Cu]
R— + PhPCl, Et;N, PhMe g
R— + PCl,
Cat. = Ni(acac),, Ni(PPh3),Br,, Ni(COD),, Cul R = Pr, Am, 4-MeOCgHj,, 4-Me;NCgH,, 3-CF3CgHy,
MeOCH,, Me,NCH,, 2-Py, @ s | >

o)
R.PCl,:  PhyPCl, i-PryPCl, t-Bu,PCl, (i-PrO),PCI, (Et,N),PCl, PhPCl,, PCls, [ el
o

Cul (5-10 mol%) PPh,

I
N t-BuONa or Cs,CO4 N
|/©/ + HPPh; PRMe, T10° | Ve

Y Y

Cul (5 mol%), 4L, Cs,CO
RX + HP(O)(OBu), ( PhMoe), 110° 223 RP(O)(OBu),

Synthesis, 2003, 2835,

Org. Lett, 2003, 5, 4309, 25



Immobilization of heteroleptic copper(l) complexes on TiO,
4 )

TiO,

— 3 P(O)(OEt); 1. Me,SiBr <—</ ? P(O)OSiMes)2 55er=620 m?/g

\ / >
W 2. Cu(PPh3)sBr \_y; N—) CH,Cl, o

TiO,
N N o O\\P/ SgeT=380m?/g
Br’ PPhj j HO
3O
N N’C’u' -
gl PPhs ’\1

\ catalyst \ / \N
o1+ = : -O—=C0
K Cs,COg, toluene, 110 °C —

72h U

Sonogashira-type reaction

Testing of supported complexes Recyclization experiments with the best catalyst

100 - 100 -
i 80 -

7o &0
el -

a0 -
40 -
271 g 20 -
I:I - L | 1 I:I 1 1 T T 1
2-Pphen FPphen  4-Pphen 1 cwcle 2 owele 3 ovcle 4 ovcle 5 cycle

Inorganica Chimica Acta, 2015, 431, 297-301 26



* Sonogashira-type reaction
TiO,(Cu(3-Pphen))

AN o
O =0 mmm v O=C
16 h, Cs,CO3, PPh,

toluene, 110 °C

99%, 5 cycles, without
loss of activity

* borylcupration reaction

Lo o/ TiO,(Cu(3-Pphen)) o
— ‘B—R’ 3mol% S é
- —7~g o\ t-BuOK (6mol%) O]
MeOH 2 eqy, r.t.

95-98%, 5 cycles, without
loss of activity

TiO,(Cu(3-Pphen))

0
_ —/O\B_B/O\— 3mol% é&
— —~5 o t-BUOK (6mol%) Xx-P~0

Mel 4 eqv, 50 °C

* phosphorylation reaction

TiO,(Cu(3-Pphen))

N
\le +  HP(O)OBu), omolfe O@P(O)(OB%
16 h, Cs,COs, PPh,

toluene, 110 °C
58% 27




Supported copper nanoparticles in cross-coupling

* Sonogashira reaction

{ Y=+ = )ome

Conversion (%)

1

N

Cu(0)
Cu,0
CuO
Cucl
CuCl,
CuBr
Cul
CuOAc
Cu(OAc),
CuOTf
Cu(OTf),
CuBr-SMe,

CuNPs/zZY

67°¢

(o)
5 mol% CuNPs/Support O — O OMe

DMF, K,CO3, 120 °C

E4h m8h
Yield, % 99

100 83

79
80 56
60 45
» I &

0
Zeolite  TiO, MK-10 C

95

Yield, %

99 99 99 99

100

80

60

40

20
0
1 cycle 2cycle 3cycle 4 cycle

TEM micrograph of CuNPs/ZY
d(CuNPs = 2.0+0,9 nm)

28



Supported copper nanoparticles in cross-coupling

* Thiol arylation

:
5

Entry Conversion (%)

Cu(0)
Cu,0
CuO
Cudl
CudCl,
CuBr
Cul
CuOAc
Cu(OAc),
10 CuOTf
11 Cu(OTf),
12 77

CuNps/2Y |98

~N

=

(@)
c
o~
=
n
<
@
N

1 mol% CuNPs/Support /©/S\©
(o]
DMF, base, 100 °C NC

m4h m8h
Yield, %
100

91 = 9 = 77
80 66 69 61
60
40
20
Zeolite TiO, MEK-10 C
Yield,% g9 99 99 99
100

80

60

40

20
0

1 cycle 2 cycle 3 cycle 4 cycle

29



Supported copper nanoparticles in cross-coupling

3l Ullmann reaction with azoles

o
. S BN o
| \y
: Ly cuo
" | X 5 mol% CuNPs/Support >~ N n
Ly : BN oo .
2" N DMF, base, 16 h, 120 °C
: r 5 ECTORN
X =N, CH; Y =N, CH EN | 6 Cubr
T
Arylation of different azoles with supported CuNPs “ C?OAC) “
B cuor, [
cuort
20
: 2 T culor
. N 2
. cuBrsre,
- CulPs/Ti0, |59 |
50
40
* Yle|d % 99
20
o 100
’ 80
Imidazole
60
Pyrazole 40
Benzimidazole 20
MK-10 O
Zeolite lcycle 2cycle 3cycle 4cycle

Indole

TiO, 3 O



Katanntnueckmm uukn

31



Cu(0) NPs /Al O, B KaTanuse peakuumn KapboKcMAMpPoBaHUA
TePMUHaIbHbIX a/IKWHOB

@
0,
Cunps/support, 5 mol% / OBU
R—— + CO, > Z
5 atm Cs,CO3 (2 eq.), BuBr (1.2 eq.) R
DMF, 60°C, 16 h
100 70
60
20 | 60 4+ 55 51 54
50 -
60 - 2 40
:
2 S 0+
= 40 >
20 -
0
0 N 1 2 3 4
‘b"\ L Q"-‘ \(;o (\ Q‘?\v_ ,\\Q"\ No of cycles Cu NPs/Al,O, used
0 (\ o 'b
™ @O o o o o °Q5\©
o4
CO,Bu CO,Bu CO,Bu CO,Bu CO,Bu CO,Bu
~o NC F
2a 87% 2b 92% 2c 78% 2d 90% 2h 23% 2i 96% 16 h
70% 16 h
J©/ |
2e 24% 2f 51% 2g 30% 2j 43% 2k 17%
97% 16 h 67% 16 h 80% 16 h 65% 16 h* 61% 16 h*

* 80°C, 4 atm CO,

Catalysis Today, 2016 (submitted) 32



Click cholaphanes

/ \ = N
O +
/ D Cu —>

% _

3 = N—N

1]
© />N N/ _
0 I CuOTf-0.5PhH, PhMe:DMSO, 80°C N

or N—N o <
o

2-CHs, H

R: 4.CH;, 4-Cl

Synthesis, 2009, 2605 33



Linear conjuncted Porphyrin Triad Synthesis via “click” reaction

Polevaya Y.P., J. Porphyrins Phthalocyanines, 2014, 18, 20-34 34



Star-shaped Porphyrin Triad

MITLT

Macronsisrocycles @

AuBapb - mapT 2013 Tom6 Ne1 http://macroheterocycles.isuct.ru/

Macroheterocycles, 2012, 5, 302

35



KaTtanuns kmcnoramm

QN . bpeHcTepa u Jlblouca Q

OO o. .0 / NN
S

Pr ’IPI’
TfO OTf

\ :
Ph |

0 ¥ o)
N Ph I X \J
H OTMS N—Cu—N

R X [




Peakumnu Muxasna c reteporeHHbIM KaTasimu3aTopom

R R )
N COOR?

R%
R3 = H, OMe, Me, Br, | R'=H, Br, NO,
R4 =H, Me R? = Me, Et
O
R’ X
\@\/\> COOMe
+
N
|‘;{2

R'=H, OMe, Me, Br, I, CN
R2=H, Me

Ps-iPr-Box*Cu(OTf),

EtOH:THF=1:1, -30°C

>

Ps-iPr-BOX*Cu(OTf),
>

THF/MeOH = 1:1

up to 99%
ee up to 97%

COOMe

Q)
ROS

R2
up to 94%
ee up to 49%



Peakuuna uHaona n 6eHsanmnageHmazioHaTa

Ph COOEt

@ . COOEt catalyst COOEL
” PH _ COOEt solvent, t A\
N
H

| Ne | Kerammaop | Pacraopurens | Temneparypa (‘) | _Boixon (%)

DT PeG-iPr-Box*cu(OTH), EtOH-THF (1:1) 0°C _
— PEG-iPr-Box*Cu(OTf), EtOH-THF (1:1) 20°C 0 _
_ PEG-iPr-Box*Cu(OTf), H,0 20°C 0 _
n PEG-Latex-iPr-Box*Cu(OTf), EtOH -30°C 86 “
— Ps-iPr-Box-Cu(OTf), EtOH 0°C 74
— Ps-iPr-Box-Cu(OTf), -30°C
R B S 5753 B = 22T

Peumnknmsauma katanmsatopa Ps-iPr-Box*Cu(OTf), B peakumm nHgona c
AN3TUNOEH3aNMAEHMANOHATOM

Uunkn 1 2 3 4 5
Bbixoga (%) 83 71 72 74 73
ee (%) 92 91 90 94 94




AcummeTpuueckoe c.-aMUHUPOBaAHUE aNbAaernaoB

HO, HO

O‘ ArMgBr 7 Ar /// _DCC, DMAP
'E‘;' CO,Me THF. 78°C N Ar + / DCM 4°C
oc Boc 72h
12h
N @)
/\ ? / Q @
azidipolystyrene
TMSOTf, TEA Cul (10%),TTTA (10%)
= 0
(0] (_) o Q (0] =
= DCM, 4°C o = THE-DME =
24h 50°C,24h
HN
BocN A BocN Ar Ar
W A vsa AT ™SO A
Catll  Ar=3,5-(CF3),CgH3
0] 1. Cat.ll (20 mol %) R,O0C
+ > ,'l{
N 2. NaBH,, EtOH
¥ “COOR, 4 HO &,
mYield (%) = ee (%)
96
100 1 87 85 32 Entry R, R, Isolated yield (%) ee (HPLC) (%)
80 - 71
1 Et Et 66 20
60 - 2 Bn Et 84 2
40 - 25 3 Et Bn 43 >99
20 - 4 iPr Bn 55 >99
0

Uukn 1 I Lnkn 2 l Lukn 3 'U,VIKH4*‘ *48h
Mendeleev Commun., 2015, 25, 410-411



Katanus ummo6buamnsosaHHbIM NPO/IMHOM peaKkLunu
AWANIKWIIMAJIOHATOB C 0, 3-HeHaCbIWEeHHbIMU aNbAaerngamm

R
Q R Entry Catalyst Additive (mol%) Solvent Yield (%) ee (BIXKX) (%)
N OTMS 1 Catalyst | - EtOH 85 95
Q R 2 Catalyst II - EtOH - -
R 3 Catalyst Il - CH,Cl, - -
R=H,CF; 4 Catalyst Il LiOAc (20) CH,Cl, - -
Jorgensen-Hayashi organocatalyst | 5 Catalyst Il Ca(OTf)2 (20) CH2C|2 56 85
N 0 6 Catalyst Il Ca(OTf), (100) CH,Cl, 62 86
N
3 S 0 0
CF,
° OTMS l |
H COsR, cat I, 20 mol%
O | <CO R Ca(OTf) >~ .
ik o 100 mol% K
F3C CH2C|2, 72h C02R2
Heterogenous Jorgensen-Hayashi organocatalyst Il R R, = Me, Et, Bn R,
R4 = H, p-OMe, p-Cl, p-NO,, 0-NO, 28 - 99%

Mendeleev Comm., 2016, 26, 469

40




Katanus conamu HenepexogHbiX MeTannos

MX,, TT®

Ca(OTf), 52% (1d)
Mg(OTf), 65% (1d)

MX,
o

Gy
L

COOMe

@)

o /\rCOOMe

COOMe
AM
CO| ™
N MX,, TF®
H

Ca(OTf), 0% (2 months)
Mg(OTf), 68% (-//-)

@(ICOOMe
@) @)

Ca(OTf), 0% (2 months)
Mg(OTf), 20% (-//-)

Mgl, CHCl3 90% (2d)

pn,  COOMe
COOMe
N
N
H

Ca(NTf), 32% (2 months)
Mg(NTf), 92% (1d)

Mgl, THF 100% (6h)



Direct C(sp?)-H phosphonation of porphyrins in meso-position

0o I & g
3 eq. H—F|>—OEt
OEt
Pd(OAc),/bipy
K»S5,0
dioxani fr I\jIeCN ~ + (EtO),(O)HP + (EtO),(O)P P(O)(OEt),
100 °C, air, 24 h

30% 31% 26%
3 eq. HP(O)Ph, ,
2 eq. HP(O)(O_Et)z Pd(OAc),/bipy
‘ Pd(OAd)z /blpy KzSzOg
KZS24C;§/24h dioxane, 100 °C,
% 24 h, air

P(O)Ph,
99%

2 eq. HP(O)(OEt), |
Pd(OAC),/bipy
K,S,04
- + P(O)(OEt) ichali A (i
dioxane, 100 °C 2 Michalitzyna E.A. (in press)
air, 24 h

80% P(O)(OEt), P(O)(OEt); 14% 42




N\
Am @X> Am

X=0, S,NMe

SN
<z

Br Pd(OAc),
Cu(OAc), Am
PPh;
K,CO,
toluene X=0, p-:67%, m-: 50%
110°C X=S§, p-:60%, m-:61%
X =NMe, p-:79%, m-: 90%

Am

X=0, S,NMe

Pd(OAc),
Cu(OAc),
PPh,
K,CO3
toluene
110°C

X=8§, 64%

X=0, 65% X = NMe, 22%
X = NMe, 78%
43

Kiselev A.N., (submitted)



"

N
N
X

Pd(OAc),
Cu(OAc)
PPh3
K,COg3
toluene
110°C

2

X =0, 80%
X=S§,67%

PPh;
K,CO;

O toluene
110°C

o
\
X N
selies 0
Br Br + .
Pd(OAc), X X
Cu(OAc),

24% 32% 44



Acknowledgements

Averin A.
Anokhin M.

Bessmertnykh A.

Bondarenko G.
Cheprakov A.
Kashin A.
Lukashev N.
Latyshev G.

Kiselev A.
Kotovshchikov Yu.
Michalitzyna E.
Mitrofanov A.
Murashkina A.
Selivanova A.
Tyurin V.

Yatshuk Yu.

Financial support: RSF, RFBR, President grant for Leading School



