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Chlorophenols in organic synthesis

This article reviews the alternatives for modifications of p-chlorophenols, p-chloroanisoles
with the formation of C-C, C-N, C-S and C-B bonds. It is worth noting the high fundamental as
well as practical importance of these reactions due to the availability and cheapness of initial
chlorine substituted derivatives of phenol.
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Introduction

Derivatives of p-chlorophenol have a
lot of possibilities for further modifica- -— —_—
tions of the chlorine atom with the forma-
OR OR OR
tion of bonds C-C, C-N, C-S and C-B. / \
Also these compounds are the most Ry R
advantageous for use in the industrial
synthesis, as they are inexpensive and
readily available in large quantities.
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Reactions with the formation of C-C honds

The formation of biaryls

Biaryl fragment is the common struc-
tural component of many biologically ac-
tive compounds [1-2]. Therefore the syn-
thesis of asymmetric biaryl compounds is
an important issue.

Palladium-catalyzed reactions of or-
ganic boron compounds with arylclorides
are one of common synthetic methods for
forming new carbon-carbon bonds [3].
Organic boron reagents are readily avail-
able, stable to air and non-reactive to vari-
ous active fragments for which usually the
protective groups introduction requires.

The palladium-catalyzed reactions
were studied by a group of chinese re-
searchers [4]. MIL-101 was used as ligand.

Wos

1b 2 3b

Pd/MIL-101,
NaOMe

© : B(OH),
80°C

T TBABHO

The reaction of 0.5 mmol of 4-chloro-
anisole 1a and 0.75 mmol of phenylbo-
ronic acid 2 was carried out in nitrogen
atmosphere for 20 h. Water solution of
1.5 mmol of base, 0.3 mmol of tetrabu-
tylammoniumbromide (TBAB) was also
used. The product 3 was obtaineded with
96 % yield.

Also this research group studied the
arylclorides’ reaction on the Ullmann
mechanism. The same conditions were
used, but phenylboronic acid was exclud-
ed. It should be noted that in the reaction
with 4-chlorophenol 1b the normal air

Cl
Pd/MIL-101, O\R
NaOMe O
TBAB, H,0 O
o R
0 80°C ~0
R

-

1a R=H
1b R=CH,

42 R=11
4b R =CH,

was used instead of nitrogen atmosphere.
As a result the products 4a (96 %) and 4b
(97 %) were formed from compounds 1la
and 1b respectively [4].

Independently of the previous group
the interaction of p-chlorophenol deriv-
atives and phenylboronic acid has been
studied under the leadership of P. L. Di-
aconescu [6]. The palladium nanoparti-
cles were used as the catalyst, the inter-
est to it increases because of the benefits
offered by these “half-geterogenous cat-
alysts” These advantages combine the
characteristics of heterogeneous catalysis
(recovery and recirculation) and homo-
geneous catalysis (relatively low catalyst
loading and good selectivity). In addition,
because of their large surface area, metal
nanoparticles usually have high reactivity
under mild conditions [5].

Palladium nanoparticles are prepared
by adding palladium (II) salts to the aque-
ous dispersion of polyaniline (PANI).
High surface area and porosity of PANI-
nanofibers are the ideal environment to
make nanocomposites metal/polyani-
line. In order to take advantage of these
characteristics, PANI-nanofibers were
employed as the carriers of palladium na-
noparticles. The products 3a (88 %) and
3b (92 %) were formed as a result of this
catalyst using [6].

a Ph
B(OH
©OHk ba/pani (0,05 mol %)
* © 4 eq. NaOH, H,0
3 80-100°C, 2-6 h P
R R
1a R=H 2 3a R=H
1b R=CH, 3b R=CH;

Another method of p-phenylphenol
synthesis was proposed by N. A. Bumagin
and V. V. Bykov [7]. They described the
large number of biaryl compounds which
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were obtained, in particular from chloro-
phenol 1a with 92 % yield.

cl 1. PACI,, NaOH, Ph
H,0, 100°C
+ Ph,BNa
2. HCl
OH OH
1a 5 3a

3 Mol % of palladium catalyst, 4 mmol
of the base and 1 mmol of borate 4 were
used. The reaction was carried out during
three hours. This method is not inferior
to the efficiency of both the preceding and
the following methods.

The synthesis, including the use of
simple and easily available catalytic sys-
tem of cobalt and titanium, looks attrac-
tive because it takes place under mild
conditions and has high selectivity and
regioselectivity. The cobalt/titanium com-
plex, which catalyzes the cross-coupling
reactions between aryl derivatives of mag-
nesium and arylchlorides, was presented
by X. E Duan and his team [8]. This re-
action easily proceeds in the presence
of 40 mol % Ti(OEt), and 7.5 mol % of
CoCl,, 15 mol % PBu,.

cl
Mgcl  CoCh (7:5 mol%)

‘ X PBu; (15 mol%) O
N —
= THF, r.t.
R\
. o

R
la R=H 6 3a R=H
1b R=CH; 3b R=CH;

The compounds 3a and 3b are formed
with the yield 56 % and 86 %, respectively.
The reactions involving organometallic
reagents are very effective and practical
way for the formation of the C-C bonds.
And another group of researchers worked
with Grignard reagent [9]. The products
3a and 3b are formed with the yeild 95 %
and 97 % when same starting materials 1a
and 1b and reagents Pd (dba), (1 mol %),
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IPrHCI (4 mol %) and phenyl magnesium
bromide 6 (2.5 and 1 equivalent respec-
tively) in tetrahydrofuran at temperature
of 80 °C [9].

M.-]. Jin and colleagues [10] also
worked on getting of biaryl derivatives.
They used complex of palladium and
diketoiminophosphine as the catalyst.
The results show that this catalytic system
allows the use of less reactive substrates
such as deactivated or sterically hindered
arylchlorides. The 0.5 mol % catalyst was
enough to achieve high efficiency under
relatively mild reaction conditions.

Cl

SnBU3  cat. (0,5 mol%)
© * © THF, CsF, 50°C N
R/0 ~o
R ’ R

The products 3a and 3b are formed
with a 89 % yield in carrying out these re-
actions for 4 and 5 hours respectively.

The group of researchers under the
supervision of A. Albini [11] proposed to
substitute the chlorine to durene 8 with
60 % yield of reaction product 9.

The photoarylation was performed us-
ing 0.2 mol of durene 8 and 0.02 mol of
4-chlorophenol 1a in 30 ml of solvent for
7 hours.

1a 8 9

Thus, the synthesis of biaryl com-
pounds is quite popular reactions of
cross-coupling of chlorophenols with the
participation of the various catalitic sys-
tems. The most profitable for the getting
of biaryls is the using of reactions involv-



ing boronic acid and palladium nanopar-
ticles and tin organic reactions.

Introduction of other functional
groups

Arylnitriles, which are included in
the structure of dyes, herbicides, natural
products and pharmaceuticals, are the
following direction of the modifications.
They are also useful intermediate prod-
ucts for the synthesis [12-13]. The reac-
tions for obtaining aromatic nitriles were
conducted by N. E. Leadbeater with a col-
league [14]. The process was carried out
in the microwave reactor with installed
power of 120 w and the threshold pressure

of 200 pounds per square inch.
CN
AT

a
/©/ NaCN, NiBr;, NMP
o

| 200°C |
R R

10a R=H
10b R = CH,

la R=H
1b R = CH;

In the experiments there were used
1 mmole of arylchloride, 2 mmol of sodi-
um cyanide, 1 mmol of nickel bromide in
1 ml of N-methyl-2-pyrrolidone (NMP).
As aresult after 20 and 10 minutes respec-
tively the products 10a (99 %) and 10b
(61 %) were formed [14].

Thus, this reaction is very useful to
make p-cyanophenols, because using of
4-chlorophenol leads to the selective and
high yield synthesis.

The reactions of p-chlorophenol de-
rivatives with aldehydes make it easy to
obtain alkylarylketones with good yields.
They are widely used in pharmaceutical
and perfume industry, dye and agricul-
tural chemistry. These compounds are
synthesized usually under using reactions
on the Friedel-Crafts mechanism. The re-
actions include dangerous reagents and
does not work with the use of arenes con-

taining electron-withdrawing substitu-
ents [15-17].

The group of researchers under the su-
pervision of J. Xiao [18] was offered more
convenient method of synthesis. They
carried out the reactions in the presence
of palladium catalysts using different li-
gands, which showed high activity in rela-
tion to chlorophenols and chloroanisoles.
It has been shown that the use of ligand
L1 gives the highest yields.

{ D rem,

N

L1

The use of dimethylamine as a solvent,
the presence of molecular sieves 4A and
pyrrolidine in the reaction mixture when
heated to 140 °C also has a positive effect
on selectivity and yield of the reaction.

Cl o
o 2 mol% Pd(dba), R'
¥ JK/R' 6 mole% L1
H

1,6 mole pirrolidine, o

0 4 ml of solvent, |
140°C, 4 hours
1b 11 12

In the result they received the large
number of compounds 12 with different
substituents R’ (40-78 % yields), the nature
of which does not affect to the product.

a-Arylcarbonyl derivatives are the im-
portant structural compounds in many
natural products and pharmaceutically
active substances. Although arylation of
simple monocarbonyl compounds is the
well-known technique, the metal-cata-
lyzed arylation of B-dicarbonyl deriva-
tives is the more difficult task. Sterically
demanding ligand - di-tret-butylneo-
pentylphosphin (DtBP) - in combina-
tion with Pd(dba), is an effective cata-
lyst for the combination of arylchlorides
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with diethylmalonate 13. As a result of
experiments the compounds 14a (85 %)
and 14b (83 %) were obtained [19].

(o)

EtO.
Pd(dba), (2 mol % ) o
DIBP (4 mol%) _
M OEt

K;PO,, toluene

100°C, 24 h
R-o

14a R=H

1a R=H
B 14b R=CH,

1bR =CH,

The cross-coupling reaction on the
Sonogashira mechanism between arylhal-
ides and terminal alkyne has become one
of the most widely applicable reactions
which used for the formation of carbon-
carbon bonds in organic chemistry. The
reaction has been proposed as effective
method for the synthesis of dendrimers,
conjugated oligomers and polymers, sub-
stituted alkynes. They are also intermedi-
ates in the synthesis of natural products,
pharmaceuticals, optical materials and
other [20-24].

The group of researchers under the
supervision of S. Pal [25] was investigated
the cross-coupling reactions of phenyla-
cetylene and various arylhalogenides us-
ing the synthesized palladium - ligand
complex L2 as a catalyst.

L2

The reactions were carried out in DMF
in the presence of triethylamine at room
temperature for 24 hours. The results were
compounds 15a (50 %) and 15b (54 %) [25].

a L2 (1 mol%), O
ietivg-— P
0 DMF (5 ml),

| rt, 244
R

152 R=H
15h R =CH,

1a R=H 14
1bR =CH,
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The arylhalogenides were also used
for the formation of indazoles. Inda-
zoles are rare in nature, but they are
the important class of heterocycles for
pharmaceutical and agrochemical in-
dustries. In addition, the synthesis of
3-aryl-1H-indazoles by cross-combina-
tion of 1H-indazoles, having a methyl
substituent in position 3, and arylhalo-
genides is attractive, because it allows to
use the resulting compound in further
modifications.

B. A. Egan and M. P. Burton [26]
synthesized these compounds. The start-
ing substances were derivatives of arylh-
alogenides (1 equiv.) and borated indazole
(1,3 eqiv.) obtained by the same research-
ers. The complex with palladium L3 was

used as the catalyst.
O l Pcyz
i-Pr i-Pr
g

O _NH,
Pd
/ "OMs
i-Pr
L3

These reactions took place at 55 °C for
16 h (conditions A) and under the micro-
wave radiation (100 °C for 20 min (condi-
tions B)). The mixture of tert-butylmethyl
ether (TBME) and water in a ratio of 10:1
was used as a solvent.

c L3 (1,5 mol %),

BPin K4PO, (2 eq),
N TBME/M,0 (10:1)
+ N —_—
N A) 55°C, 16 h., or
\ B) 100°C, 20 min., pW
o
R
1a R=H 15 16a R=H
1hR = CH, 16b R =CH,

The results were synthesized com-
pounds 16a and 16b with a yield of 84 %
and 76 %, respectively [26].

In addition the reactions with other
derivatives of indazole were investigated



under the same conditions and the cor-
responding products were obtained. The
results are presented in Table 1.

A fragment of the y-lactone is pre-
sented in many biologically active natu-
ral compounds. In particular some of the
benzyl - and arylsubstituted y-lactones
exhibit anticancer activity or are used as
intermediates for the synthesis of antitu-
mor antibiotic agents [27-29].

The group of researchers under the
suoervision of A. Albini [30] studied pho-
tochemical reactions of arylchloride de-
rivatives and acids K1, K2 and K3.

Since the use of polar (proton) sol-
vents favors the photolysis, irradiation
(310 nm, 254 nm for p-butoxybenzene)
was carried out in the system acetonitrile-

water in the ratio 5:1.

R

R o
(o] K1, or
K2, or
K3 or
CH,CNH,0
Cl
o
o
la R=H 23a R=H
1b R=CH, 23b R=CH,
1c R=C,H, 23¢ R=C/H,

0
=0
n
24a R=H,n=2
24b R =CH,, n=2
24¢ R=CH,y, n=2
25 R=C/Hy,n=3

The results of the reactions are pre-

sented in the Table 2.

(0)
/\(\%)J\ The reactions of chlorophenol with
~ S OH other unsaturated acids were also exam-
E’ :‘:‘ ined. The results of the reactions are pre-
K3, n=3 sented in the Table 3 [30].
Table 1
Arylation of indazole derivatives
Starting compound The reaction product Yield, %
1 2 3
o—
i £
o 0
N
| N 65
~ s
\ N
17 \
18
o—
PR ()
/
\ 70
‘o O »
\ N
19 \\o
\
20
0._0 |
N 0. 0
/\\/N O \/N 89
N N
\ DA
21 ™o
»
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The cross-coupling with formation of
C-C bond is large area of the chlorophe-

Table 2
Photoinduced synthesis of lactones

nols use. The products of synthesis are Substituent R | Time, h | Product | Yield, %
used in many areas, in particular as bio- H 14 23a-c 52
logically active substances. H 14 24a 95
CH, 14 24b 72
CH, 8 24c 57
CH, 14 25 57
Table 3
Photoinduced synthesis of lactones from chlorophenol
Acid Time, h Product Yield, %
1 2 3 4
o Et
s, 9 HO@, ,,,,, tl o
K4 o
o Et
o
= oH 24 HO 67
Et o
K5 2
61,
Q/\fo HO\© H, phenol
HO 36 s (6 %)
K6 as by-
27 product
Reactions with formation of C-N bond
The cross-coupling reactions of
. a Cu®)@ALO,/SIO, N-azola
chlorophenols include not only the 005 mmm)
C-C bond formation, but C-N bond + HN-azole — .

. R K,CO,, DMF, N,, 150°C
formation as well. Moreover nitrogen- o o
containing organic compounds possess

. . - . Ia R=H 2830 3032
diverse biological activity, but also they  wr=-ca,

could be a building blocks for various
macromolecules and new materials
[31-34].

The group of indian researchers have
studied reactions with participation of the
copper based catalyst. The reaction was
carried out using 1 mmol of arene, 1.1
mmol of amine, 1.5 mmol of base in 2 ml
of solvent under nitrogen atmosphere.
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The results of the reactions are shown
in the Table 4 [35].

American researchers also studied the
substitution of chlorine in arylchlorides
to nitrogen-containing compounds, how-
ever instead of the copper catalyst they
used the palladium complex with ligand
L4.



Table 4

N-arylation of heterocyclic amines by arylhalides

Amine Time, h Product Yield, %
1 2 3 4
N =\

LY N
N
N 8 /©/ 70
28 HO

30a

N -
LY %
H

O

28 |
30b
FN

1) 0

H 0
29 |

31
o
(\ o N\)
HNJ 4 92
(0]
30 |
32
Table 5
O N-arylation by chlorophenol
P(tBu), - éu = .
iPr iPr Ne N § ;&:; eEa“ ;
O & S |&2] & £
ipr 1 |LIN(TMS),| TGF r.t. 46 94
L4 2 | LIN(TMS),| TGF 40 24 | 94
Cl [Pd2(dba)3] (1 mol %), NHHexyl 3 | LIN(TMS), | Toluene | 50 2 94
Q/ + NrpHexyl  —-4t4me) Q 4 | NaOfBu |Toluene| 100 | 24 | 89

Base,
solvent

HO HO

1a 32 33

They investigated the influence of sol-
vent, base and temperature and obtained
following results (Table. 5) [36].

It was noted that conditions 3 using
LiN(TMS), in toluene at 50 °C for 2 hours
are the best to produce compound 33. The
yield of the target product was 94 %.

The reactions with participation of
aminoheterocycle 34 were also carried
out. One from obtained compounds was
the product 35 in 92 % yield.

Cl NH;  [Pd2(dba)3] (2-2.5 mol %),

Q L4 (8-10 mol % )
+ ] SN
=

34

H
N

N,
IR
NaOtBu (1525e0) o 7
toluene, 80-100°C,
3

18-24h

HO

1a S
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These reactions are the important part
of cross-coupling series with the forma-
tion of C-N bond.

The group of american research-
ers also used the palladium catalyst. The
compound L5 was used as ligand.

Fe z PtBu,

P
LS
Cl
0,1-1 mol % Pd(OAc), NHR'
- 0,
+ NH2R' 0,1-1 mol % L5
NaOtBu/DME o
0 100°C [
36a R'=Oct 37a R'=Oct
1b 36b R'=iPr 37b R'=iPr
36¢c R'=Bn 37¢ R'=Bn

The reaction results are given in the
Table 6.

The reactions were carried out with
1:1 ratio of palladium acetate to ligand
L5. 1.0 Mmol of chloranisole 1b and 1.2
equiv. of amine, 1.4 equiv of NaOfBu in
1 ml of DME were used. In the case oc-
tylamine 36a 3.0 equiv. of this substance
was required. All the reactions proceed
with good yields.

Reactions with chlorophenol 1a were
also studied and corresponding pheny-
lamines 39a-b were obtained.

cl
2 mol % Pd(OAc),

2mol% L5 NHR
+ NH2R'
LiHMDS/DME HO
OH 100°C
a3 R=0ct 39a R'=Oct
* 38b R'=sBu 39b R'=sBu

The results of the studies listed in the
Table 7.
The reaction was performed under
same conditions [37].
Thus, the reaction using chloroani-
sole has better yields in comparison with
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aniliration of chlorophenol and requires
smaller amount of reagents.

In addition to amination of chlo-
rophenols and anisoles there are also
the reactions of amidation. The group
of researchers under the supervision of
S. L. Buchwald [36] studied these reac-
tions. First, the effect of different condi-
tions to the amidation of chloroanisoles
1b with benzamide 40 was studied. Pal-
ladium catalyst and ligand L4 were used.

The reaction was carried out with the
use of 1.2 equiv of amide 40, 0.5 mol %
catalyst, 2.5 mol % ligand in 0.5 moles of
solvent.

The results are shown in the Table 8.

It was noted that the highest yields are
produced in conditions 1 and 5.

a o
Pd,dba,, L4 u
+ NH, dba;, R
(“' Base, /©/
o
1 4 4

solvent o

Then, the series of compounds were
obtained (Table 9).

1.0-1.5 Equiv. of amide, 1.2-1.5 equiv
of base, 0.5 mol of solvent and the ratio
kat/ligand = 1/2,5 were used.

x Cl

|// . j)l\ Pd,dba, L4
07 R ONH, K,PO,,

H
AN R
Y
< P
| BuOH o

1b 42a-d 43a-d

The high yields were observed with
low amounts of reagents, except the reac-
tion with carboxamide [38].

Thus, the substitution of chlorine with
the formation of C-N bond plays as im-
portant role in modifying of chloroarenes
as the cross-coupling with the formation
of C-C bond.



Table 6

N-arylation by chloroanisole

Ne | Reagent | Catalyst, mol% | Temperature, °C| Time, h Product Yield, %
1 36a 0,1 100 48 37a 92

2 36b 1,0 100 18-24 37b 94

3 36¢ 0,1 100 48 37c 90

Reactions with formation of C-S bond

Arylsulphides are valuable intermedi-
ate products in the synthesis of biologi-
cally and pharmaceutically active mol-
ecules, organic materials or intermediates
in the production of these molecules. The
number of arylsulphides showed poten-
tial clinical application, for example, for
the treatment of Alzheimer’s disease and
Parkinson’s disease, for the treatment of
asthma and obstructive lung diseases, for
the treatment of human immunodeficien-
cy virus (HIV) [39-44].

The group of american researchers
under the leadership of J. E Hartwig
[37] studied the interaction of chloro-
arenes and thiol derivatives.

Cl S/Oct

0,1 mol % Pd(OAc),

0,1 mol % CyPF-/Bu
+ HS-Oct +

Base,
0 solvent

The results of researches are shown in
the Table 10.

All experiments were performed with
al:1 ratio of metal to ligand, with 1 mmol
of both 4-chloroanisole 1b and 1-octa-
nethiol 44 and 1.1 equiv. of base in 1.5 ml
solvent. The compound L5 was selected
as a ligand. In conditions 7 0,05 mol % of
catalyst was used. In terms of 8 [Pd(dba),]
was used as precursor of palladium ac-
etate.

It was noted that conditions under
number 4 are the best.

Also, the number of reactions with
4-chloroanisole and thiophenol were car-

ried out.
@ C; &

In these conditions the reaction was
not selective with the formation of by-
products 47b and 47c. As a result of the

1

+ HS-Ph+
Base, whent

110°¢
_o

0,1 mol % Pd(OAc),
0,1 mol % CyPF -1Bu

1 46

Table 7
Amination of chlorophenol
Ne | Reagent | Time, h | Product | Yield, %
1 38a 18 39a 72
2 38b 20 39b 66
Table 8
Amidation by benzamide
Ne Base Solvent Yield, %
1 |K,PO, t-BuOH 94
2 |K,PO, Toluene 89
3 |K,PO, 1,4- dioxane 79
4 |K,CO, t-BuOH 45
5 |Cs,CO, t-BuOH 97
6 |t-BuONa t-BuOH 28
7 |LHMDS Toluene 1
Table 9
Amidation of chloroanisoles
= S| © X
| & 2=
S . < g 8 °
=7 ~ [~"N=2 A >~
1 42a Me 1 43a 99
2 42b Cy 1 43b 96
3 42c H 4 43¢ 82
4| 42d | o-phenyl | 2 43d | 92
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optimizations, conditions for selective
synthesis were found (Table. 11).

All experiments were performed with
a 1:1 ratio of catalyst to ligand, 1 mmol of
both starting compounds 1b and 46 and
1.1 equiv of base at 110 °C in 1.5 ml of sol-
vent. It was noted that it is cheaper to use
conditions under the number 11.

The following reactions were held in
these conditions and the corresponding
products were obtained (Table 12).

Cl
0,1-0,25 mol % [Pd(dba),],
0,1-0,25 mol % CyPF-Bu
+ HS-R' _—
KOtBu,
o
/O toluene, 110°C /O
1 48a-c 49a-

All experiments were performed with
a 1:1 ratio of catalyst to ligand, 1 mmol of

both starting compounds 1b and 48a-c in
toluene (1.5 ml) for 2-24 h at 110 °C.

The reactions were also carried out
with 4-chlorophenol and the correspond-
ing products are obtained (Table 13).

ca R
1-2mol % Pd(OAc),
1-2 mol % CyPF-Bu
+ HSR + -~ .
NaOfBu,
On DME, 110°C oH
1 48c-d 50a-

All experiments were performed with
a 1:1 ratio of catalyst to ligand, 1 mmol
of both starting compounds in DME
(1.5 ml) for 2-5 h under the heating at
110 °C [45-46].

Thus, the cross-coupling with the for-
mation of C-S bonds are the important re-
actions of the chlorine atom substitution.

Table 10

The interaction of chloroanisole and 1-octanethiol

Ne Base Solvent Temperature, °C Time, h Yield, %
1 NaOtBu DME 100 18 84
2 KOtBu DME 100 18 80
3 NaHMDS DME 100 18 57
4 NaOtBu DME 110 <4 98
5 KOtBu DME 110 18 87
6 NaOtBu 1,4-dioxane 110 5 94
7 NaOtBu DME 110 48 85
8 NaOtBu DME 110 7 96
Table 11
The interaction of chloroanisole and 1-thiophenol
Ne Base Solvent Catalyst Loading, % | Time, h 47:47b:47¢, %
1 NaO¢Bu DME Pd(OAc), 0,5 12 91:4:5
2 KOtBu DME Pd(OAc), 0,5 12 98:1:1
3 NaHMDS DME Pd(OAc), 0,5 12 71:15:14
4 | LiHMDS DME Pd(OAc), 0,5 12 56:24:20
5 NaOtBu | 1,4- dioxane Pd(OAc), 0,5 12 96:2:2
6 KOtBu 1,4- dioxane | Pd(OAc), 0,5 12 97:2:1
7 NaOtBu Toluene Pd(OAc), 0,5 12 98:1:1
8 KOBu Toluene Pd(OAc), 0,5 12 >98:1:<1
9 KOtBu Toluene Pd(OAc), 1,0 6 >98:<1:<1
10 KOtBu Toluene [Pd(dba),] 0,5 12 >99,5:0,5:—
11 KOtBu Toluene [Pd(dba),] 1,0 <4 >99,5:0,5:-

174




Thioarylation of 4-chloroanisole

Table 12

Catalyst, mol% Reagent R Product Yield, %
*
0,1 48a \© 49a 98
®
0,25 48b \©\ 49b 99
0,25 48¢ *\5 49¢ 94
Table 13
Thioarylation of 4-chlorophenol
Catalyst, mol% Reagent R Product Yield, %
2,0 48¢ *\5 50a 91
1,0 48d *Y 50b 91

Reactions with formation of C-B hond

Arylboronic acids are the universal
reagents for organic synthesis which used
in the formation of C-O, C-N and C-C
bonds [47]. In addition, the use of organ-
oboranes is particularly attractive because
of their high stability and low toxicity.

S. L. Buchwald and his team [48] have
conducted researches in this area. They
carried out the cross-coupling of 4-chlo-
rophenol 1a or 4-chloroanisole 1b and
bis(pinacolato)diboron 51.

The ratio of catalyst and ligand was 1:2.
Using 2 mol % of palladium acetate the re-
action was performed for 10 minutes with

Cl
o catalyst, N B/O
\ ,O L3, KOAc
. B—B
/o
0 o 1,4-dioxane, 100°C
_0
R

1a R=H 522 R=H
bR =CH, st 52bR = CH,

the formation of 97 % of the product 52b.
In the case of 0.05 mol% Pd,dba, using the
product 52b with 94 % yield was formed
within 24 h and while increasing the
amount of catalyst to 1 mol % the prod-
uct 52b was formed in 10 min. with 97 %
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yield and 52a was formed in 30 minutes
with 82 % yield.

The reaction with chloroanisole also
was carried out in the presence of 2.0
mol% of palladium acetate, ligand L5 (in
relation to the catalyst 3:1), potassium

Conclusion

Thus, in this review the high synthetic
potential of the p-chlorophenols, p-chlo-
roanisole was described. It is shown that
due to the formation of new bonds C-C,
C-N, C-S and C-B instead of C-Cl the de-
rivatives of chlorophenol found wide ap-
plication in the synthesis of complex or-

Beepenne

ITpousBopHbIe N-XTOPQEHONa UMEIOT
MHO>XE€CTBO BO3MOXKHOCTEN [y [ajb-
HeMIMX Momudukauuii aroma Xuopa
¢ obpasosanuem cesseit C-C, C-N, C-S
n C-B.

Taxoke 9T coegVHEHUA ABIAITCA
Hanbojee BBITORHBIMM [JIS1 IIPMMEHe-
HIA B IPOMBIILTIEHHOM CUMHTE3€, TaK KaK
OHM CTOAT HEJOPOTO U JIETKOJJOCTYIIHBI B
O0/bILINX KOTNIECTBAX.

phosphate (3 equixv.) in 2 ml of solvent at
room temperature. The result is the prod-
uct with a 97 % yield [48].

Thus, the cross-couplings with the for-
mation of C-B bonds are no less impor-
tant than the previous reactions.

ganic compounds. It is worth noting that
there is the high not only fundamental
but also practical importance of these re-
actions, due to the availability and cheap-
ness of initial chlorine substituted deriva-
tives of phenol.

In Russian

C-cBsi3b Cl1 B-cBsi3h

TG

S-ces3B

PrE—

OR / OR

N-cBsi3b

OR OR

Peakuyuu c o6pasoBanuem C-C cBsizun

O6pa3oBaHne GMapunoB

DuapunpHblll  QparMeHT ABIAETCA
O0IUMM CTPYKTYPHBIM KOMIIOHEHTOM
MHOIMX OMONIOTMYECKN aKTVBHBIX COe-
nuHeHuit [1-2]. CregoBaTe/bHO, CUHTE3
HeCMMETPUYHBIX V/IN 3aMelleHHbIX He-
CKOJIDKUMM aJIKVW/IBHBIMU (parMeHTaMMu
OMapuUIbHBIX COENMHEHMIT SBTISIETCS aK-
TYaJIbHOII IIPOO/IEMOTL.

Karanusupyemble NaafeM peak-
nuy 6OpOpPraHMYecKNX COeNVHEeHMI ¢
apUIXIOpUJiaMI  ABJIAIOTCA ONHUM U3
YHUBEPCA/IbHbIX CUHTETUYECKUX MeTO-
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foB (GOpMMPOBaHUA HOBOW YITEpPOJ-
yrnepopHoii cBasn [3]. bopoprannyeckie
peareHTbl JIeTKO JOCTYIHBI, CTAaOVIbHBI
Ha BO3JlyX€ ¥ MHEPTHBI 110 OTHOIIEHUIO
K Pas/IMYHBIM (QYHKIMOHA/IbHBIM IPYII-
maMm, Jyid KOTOPbIX TpeOyeTcs BBefieHue
3alMTHOJ IPYIIIbI M 3aT€M €€ JaIbHel-
1ree CHsTHeE.

Tak, peakIuy ¢ MCIIOTIb30BaHMeEM Iasl-
TafieBOro KaTanuaaTopa OblIN M3Y4eHb
IPYNION KUTAMCKUX MCCIIEfOBaTENIEN.
B kavectBe nuraHmoB MCIONTB30BANIOCH



coepuuenne MIL-101, cTpykTypa KoTo-
poro He PacKpbIBafach.

B(OH), Pd/l\;l(l)LMIe(n
©/ T IBARHO H,0 O
80°C o

1b 2 3b

Peakumio 0,5 MMonp 4-X710paHmU30-
nma la u 0,75 mmonb ¢peHnnbopoHoBoOI
KIUCZIOTBI 2 TpPOBOAMIM B arMocdepe
asora B TedeHue 20 4. Vicronbsosanoch
1,5 MMonb ocHOBaHuA, 0,3 MMOJb TeTpa-
6ytumammonmiibpomuna (TBAB) B 4 mn
Boubl. B pesynbrare obpasoBajcsa mpo-
IYKT 3 ¢ BbIXOzoM 96 %.

Taxxe aTOi Tpymmoit Mcciaemosare-
7eft ObUIM M3YYeHbl peakiyu apuUixyio-
PUIOB [IPYT C APYTOM IIO ME€XaHU3MY
VYnbpmana. Vlcnonb3oBanuch Te JKe yco-
BUSI, OFHAKO MCK/IIOUeHa (PeHMnmO60poHo-
BasA Kucnora. Kpome Toro, B peakuun c
4-xmopdenonom 1b Bmecto atmocdepsr
a30Ta MCIIONIb30BAJICA OOBIYHBIN BO3AYX.
B pesymbrate u3 coegvnenmit la u 1b
06pa3oBbIBaNUCh IPOAYKTHI 4a (96 %) n
4b (97 %), cOOTBETCTBEHHO [4].

™

Pd/MIL-101,
NaOMe

S—
TBAB, H,0 O
o R
0 80°C o
la R=H 4a R=H
1b R=CH, 4b R=CH,

HesaBucumo 0T mpembIayLieil IpyI-
Ibl, B3aMMOJEICTBME IPOM3BORHBIX
n-xnopdeHona n GeHMTOO0POHOBOIM Kii-
CTIOTBI OBUIO M3YUYEHO IIOf, PYKOBOACTBOM
P. L. Diaconescu [5]. B xauecTBe KaTanm-
3aTopa JCIONIb30BAINCh HAHOYACTHUIIBI
[aJUIafust, MHTepecC K KOTOPBIM BO3pacTa-
eT 13-3a IPeVMYILEeCTB, MpeJIaraeMbIX
9TVMIU «IIOTYTeTEePOreHHBIMY KaTa/lnsa-
TOpaMm». ITU IPEUMYILECTBA COYETAIOT
B cebe XapaKTepUCTUKU TeTePOTeHHOTO
KaTanusa (BOCCTAHOB/IEHUE VM PEeLUpPKY-

JIMPYeMOCTb) ¥ TOMOT€HHOTO KaTaju3sa
(oTHOCUTE/IPHO HM3KasA KaTaJIUTUIECKasd
Harpyska J XOpoIlas CeJIeKTUBHOCTD).
Kpowme Toro, n3-3a nx 60/bII0I IUTOIIAAN
MIOBEPXHOCTM, MeTa/UIM4ecKue HaHO4Ya-
CTUIIBI OOBIYHO MIMEIOT BBICOKYIO PeaKIin-
OHHYIO CHOCOOHOCTD B MSTKUX YC/IOBUSIX.

Ph

BOW, papant PAPANI (005 woin%)

4 sks NaOIl, H,0
80-100°C, 2-6 4

-

R

la R=H 2 3a R=T
1b R=CH, 3b R=CH,
HaHO‘IaCTI/IL[bI najuragusa  Iojay4da-

I0T IyTeM ROOaBIeHMs COMYU ITa/Iajus
(II) x BomHOM AuCIIepCUY TONMMAHVINHA
(ITAHMN). Bricokas momanb MOBEPXHO-
ctu u nopuctoctb ITAHVI-HaHOBOMTOKOH
CIy>KaT UJealbHOM Cpefoil, 4ToObl cfe-
JIaTh HAHOKOMITO3UTBI MeTaJll/TIOJIMaHM-
nvH. st Toro 4To6b BOCHO/MB30BATHCS
STUMU XapaKTePUCTUKAMNU, OBUIN 3afIeli-
crBoBaHbl [TAHVI-HaHOBO/IOKHA B Kaue-
CTBe HOCUTEIS HAHOYACTUI ITajUIajiys.
B pesynbrare uUCIIONB30BaHMSA TAaKOTO
KaTajusaropa 00pasyloTcs IpOAYKTHL 3a
(88 %) m 3b (92 %) [6].

CBoit crioco6 cnHTe3a n-hernadpeno-
7noB 6511 peioked H. A. BymMaruusiM u
B. B. boikoBbiM [7]. ViMu 6b110 OmmMcaso
HO/Ty4eHMe OOJIBLIOrO YMCIa Ouapyuib-
HBIX COIVHEeHMII, IIOTy4aeMBbIX B TOM
gicre, u 13 xnopdenonos 1la ¢ 92 % BbI-
XOJ[OM.

cl 1. PdCl,, NaOH, Ph
H,0, 100°C
+ PhBNa
2.HCl
OH OH
1a 5 3a

Vicnonp3oBanock 3 MOJb MajUrague-
BOTO KaTajamsaropa, 4 MMonb% OCHOBa-
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Hust u 1 MMornb 60opata 4. Peakiuio npo-
BOJM/IACH B TeUeHMe TPeX JacoB.

JJaHHBIT MeTOJ, He YCTymaeT IO 3-
(eKTMBHOCTM KaK IIpefjIIecTBYIOLINM,
TaK ¥ HIDKEM3TI0KEHHBIM METOaM.

[TpuBnexaTeTbHBIM BBITTIIIUT CUHTES,
BKJIIOYAIOIMII B ce0s MCIO/Ib30BaHNUe
IPOCTON M JIeTKO JIOCTYIHOM KaTalu-
TUYECKOI CHCTeMbl KOOanbTa U TUTAHa,
KOTOPbIII IMPOXOAUT B MATKMUX YCIOBU-
X, @ TaKXKe 00/majjaeT BBICOKOI 136Mpa-
TeIbHOCTBI0O ¥ PEruoCceneKTUBHOCTBIO.
X. E Duan u ero coTpymHUKamyu ObLT
IpencTaBleH KOMIUIEKC KOOaibT/TUTaH,
KOTOPBII KaTaaUsupyeT peakuum Kpocc-
COYeTaHNUsA MEXJY apUIIpOU3BOJHBIMU
MarHus u apuwixinopugamu [8]. Ota pe-
aKIMA JIeTKO MpOTeKaeT B MPUCYTCTBUU
40 momp % Ti(OEt), n 7,5 monb% CoCl,,
15 momb % PBu,.

(o]
o
MeCl CoCl, (7,5 Mo %)
l PBu, (15 Mosb%)

+ X
| Tr®, KT
= R.
(o)

Coepunenns 3a un 3b obpasyrorcs ¢
BBIXOJIOM 56 1 86 % COOTBETCTBEHHO.

Peakuum c¢ yuyacTmeM MeTasIoopra-
HUYECKNX peareHTOB SABJIAITCSA BecbMa
9 PeKTUBHBIM U MPAKTUYHBIM CIOCO-
6om msa obpasoBanms cesizeit C-C. C
MarHMilopraHmnkoil paborasa u ppyrad
rpymnmna uccnegosareneit [9]. [Tpu ncnonb-
30BaHUI TeX >Ke MCXOMHBIX BellecTB la
u 1b u pearenros Pd (dba), (1 monb %),
IPrHCI (4 monb %), a Takxe heHMIMAr-
Huitbpomua 6 (6bUIO MCIIONBb30BAHO 2,5
u 1 9KBMBaJ/IeHTa, COOTBETCTBEHHO) B Te-
tparuppodypane, npu remuneparype 80 °C
ob6pasyiotcst mpoxyKThl 3a u 3b ¢ cooTBeT-
CTBYIOLIMMM BbIxofamu B 95 n 97 %.

Hap nonydennem OmapuibHBIX HIpPO-
M3BOHBIX paboran Taxke M.-]. Jin ¢
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kommeramu [10]. ViMmu 6bI1 MCIONIB30-
BaH B KaueCTBe KaTaau3aTopa KOMILIEKC
mavafus U AuKeTouMmHodochmHa.
PesynbTaThl IMOKA3bIBAIOT, YTO 9Ta KaTa-
TUTUYECKAsl CHCTeMa MO3BOJIAET VCIIONb-
30BaTb MeHee PpeaKIMOHHOCIOCOOHBIE
cybcTparhl, Takye KaK HeaKTVMBHBIE VTN
CTepMYeCK) 3aTpPyfHEHHBIE apPUIXIIO-
puABL. 3arpysky KaTaau3aTopa, PaBHOI
0,5 Monb %, OBIIO OCTATOYHO 1A JOCTH-
KeHMS1 BBICOKOI 9 PpeKTUBHOCTH IIPH OT-
HOCHUTENBHO MATKUX YCIOBYSX PEAKLIMIA.

cl
SnBuy  ar (0,5 monn%) O
- .
N
TI'®, CsF, 50°C
R
o

3a R=H
3b R=CH,

_0
R

la R=H 7
1b R=CH,

ITpu npoBefieHMN JaHHBIX peakLuii B
TedeHue 4 u 5 4 06pa3oOBBIBATINCH COOT-
BETCTBEHHO NpOAYKTH 3a 1 3b ¢ BbIXO-
noMm 89 %.

Ipynmoii mccnegoBaresneit 1oy PyKo-
BoxctBoM A. Albini 6bu10 mpemnoXkeHo
3aMellaTh aToM XJI0pa Ha gypon 8 ¢ 60 %
BBIXOJJOM IpOAyKTa peakuuu 9 [11].

@oToapunMpoBaHNe IPOBOAMIN C
ucnonb3osanueMm 0,2 Monb gypona 8 u
0,02 monp 4-xmopdenona 1a B 30 My pac-
TBOPUTEJIA B TeUeHMe 7 4.

cl
+ AN
T®D |
=
OH

on
1a 8 9

OnHaKo IaHHBII CIIOCO6 yCTYIaeT pa-

Hee ONJICAHHBIM MeTOJaM MOTy4eHu.
TakuM o6pasom, cMHTe3 6MapyIbHbBIX
COEIMHEHNII — 3TO JOCTATOYHO HOMY/IAP-
HbIE PeaKIUM KpPOCC-COYeTaHUs XJIOp-
(beHOOB ¢ yJacTyeM pasIM4HBIX CHCTeM
KaransaTopos. Hambonee BrIrOfHO nC-
HONb30BaTh 1A HOTydYeHMs OMapuion
peakium ¢ yyactieM 60OpOHOBOII KIC/IO-



TBI I HAHOYACTHUL] Ia/I/Ia/iUsA, a TAKKe pe-
aKILIMM C 0/I0BOOPTaHUKOIA.

BBemenue papyrux (QyHKIMOHaIb-
HBIX IPyIII

CregyoluM HampaBieHUeM MOJIM-
(uKanuit ABIAIOTCA APVWIHUTPUIBL, KO-
TOpbIe BXOIAT B CTPYKTYPY Li€/IOTO pAfa
KpacuTerneil, repOUILIOB, HATYPaIbHBIX
IpPOJYKTOB M (papMalieBTUYeCKIX IIperia-
patoB. Taxkke OHM ABMAIOTCA MONE3HBIMA
IIPOMEXYTOYHBIMU IIPOJyKTaMy CMHTE3a
[12-13]. Peakmyy 1o OTy4eHNIO apoMa-
TUYECKMX HUTPUIOB ObUIM IIPOBENEHBI
N. E. Leadbeater ¢ xomneroii [14]. ITpo-
1I€CC OCYUIECTBIIAICSA B MUKPOBOJHOBOM
peaKkrTope, ¢ YCTaHOBJIEHHBIMM 3Ha4Y€HU-
aMn MomHoct 120 Bt M moporosoro
3HaueHus faBieHns 200 pyHTOB Ha KBa-

OpaTHBIN JIOVIM.
[0

NaCN, NiBr,, HMIT

(|, 200°C I
R R
1a R=H 10a R=H
1bR=CH, 10b R=CH,
B IKCIIEPMMEHTAX JICIIOZIb3OBa/IN

1 MMOIb apUIXIOpU/ia, 2 MMOJIb IIVIaHU-
fa HaTpus, 1 MMonb Gpomuia HuKens B 1
M1 N-metmn-2-nupponupona (HMIT). B
pesynbrate depes 20 u 10 MuH. 06pasy-
I0TCSl COOTBETCTBEHHO IPORYKTHI 10a (99
%) 1 10b (61 %).

TakuMm 00pasoM, peaKLMi0 BBITOLHO
UCIIONb30BaTh JUIA CO3[aHUA H-LIMAHO-
(heHOmOB, TaK Kak ¢ 4-x10phHeH0IOM CIH-
Te3 MPOTEKAeT CENeKTUBHO U C BBICOKUM
BBIXOZIOM.

Peax1yu Ipou3BOIHBIX 4-X7I0pdeHo-
JIOB C a/IbAeTUAaMI IIO3BOJIIIOT JIETKO I10-
NTYy49UTh ATKIWIAPUIKETOHBI C XOPOILINMMU
BpixoziamMy. OHU MIMPOKO MCIOIb3YIOTCS
B (apmarieBTiyeckoit n maphroMepHOI
IPOMBIIIIEHHOCTY, IIPOMBIIIIEHHOCTI
Kpacuterneil u arpoxumunn. Takme coenn-
HEHVsI, KaK IIPaBIUIo, CUHTE3UPYIOT C I10-

MOIIBIO TPAJMLIMIOHHBIX peaKuii 1o Me-
xanusmy Opupensa — Kpadrca. Peakiyn
BK/IIOYAIOT B cebA paboTy ¢ OMacCHBIMIU
peareHTaMy ¥ He UAYT C MICHONb30BAHMU-
€M apeHOB, COJep)KallUX 3NeKTPOHOAK-
LleNITOpHBIe 3amMecTuTenu [15-17].

Ipynmoii mccnegoBareneit Iof, PyKo-
BoACTBOM J. Xiao ObUI IpEIOKeH CBOI
6oree [OCTYIHBII MeTOX CuHTe3a [18].
Vimu ObUIM TIpOBeeHBl peakiuy B IIpU-
CYTCTBUM TaJ/U/IaineBbIX KaTanu3aToOpoB
C UCIIO/Ib30BaHUEM Pa3lIMYHBbIX JNUTaH-
0B, KOTOPbIE ITOKa3a/IM BbICOKYIO aKTUB-
HOCTb IO OTHOLIEHWI0 K XIopdeHomam
U XJI0opaHu3onaM. bbIlo mokasaHo, 4TO
ucronb3oBanue nmuranga L1 maeT cambie
BBICOKVIE BBIXO/IBI.

U\P(t—]%u)z

N

L1

Taxoke IONOXUTENTBPHO BINAET Ha Ce-
JIEKTVBHOCTD U BBIXOJ, PEaKIVIM VCIIO/Ib-
30BaHMe AVMEeTHIaMIHa B KadyeCcTBe pac-
TBOPUTeLA, Ha/IM4Me MOTEKY/TAPHBIX CUT
4A v mupponuMHA B peaKIMOHHO CMe-
cu mpy HarpeBaHuu fo 140 °C.

cl o
o 2 Moan% Pd(dba), R'
+ HJ\/R, 6 Mon% L1
0
_0

1,5 Mos1b mEppoOHANHEA,
4 M pacrnopureas, [
140°C, 4 uaca

1b 11 12

B pesynbraTe 6bUI IOTyYeH OOIBIION
pAn coeguHeHmit 12, ¢ pasMMYHbIMU 3a-
MmectutensiMu R, mpuposia KOTOpPBIX He
BJIVISIET Ha POTEKaHNUe PeaKI[Uy, C BBIXO-
mamu B 40-78 %.

Takum o6pasom, [aHHBIE peaKIUn
NIpe[ICTAB/IAT 3HAYUTEIbHBIN MHTEpec
st MOMUKAINM XIOPKaIMKCAPEHOB.

a- ApuKkapOOHM/IbHBIE IIPOM3BO/HbIE
SIBJISTIOTCS] BKHBIMU CTPYKTYPHBIMM CO-
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eIVHeHMAMU BO MHOTUX HAaTypabHBIX
HpOAYKTaxX U (papMalleBTUYECKU aKTVB-
HBIX BellleCTBaX. XOTA apWIMpOBaHuUe
IPOCTBIX MOHOKAapOOHM/IBHBIX COefVHe-
HUJ TIpefCTaBjsieT co0oil XOpOLIO U3-
BECTHYIO METOJIVKY, MeTaJUI-KaTaIN3UpPy-
eMoe apuInupoBaHe B-a1KapOOHUTIbHBIX
IPOM3BOJHBIX SIB/ISIETCST O0TIee CIOXKHOI
3agaueir. Crepmdecky TpeOOBaTelIbHbIN
NUTaHf - JU-mpem-OyTUITHeONeHTII-
docoun (ITBHOII) - B koMOMHALIUY C
Pd(dba), asnserca spdexTnpHbIM Kara-
JIN3aTOPOM ISl COYETaHMs apVIX/IOPU-
IOB ¢ guaTmIManoHaroM 13. B pesynbrare
9KCIIePUMEHTOB OBV ITOMTYYeHBI COENI-
Henust 14a (85 %) u 14b (83 %) [19].

EtO
Pd(dba), (2 Moas %) o

ATBHuI @ woin%)
M OEt

K,PO,, Toyoa

100°C, 24w
R-o

14a R=H

1a R=H
B3 14b R=CH,

1bR=CH,

Peakumsi Kpocc-coueTanms Mo Mexa-
Hu3My COHOTaImpbl MEeXY apurauore-
HUJIOM ¥ TepMUHAJIbHBIM aJIKUHOM CTaa
OZHOJI 13 HaubosIee MIMPOKO MUCIIONb3Ye-
MBIX PeaKIiyii, KOTOpble IPUMEHSIOT /IS
00pa3oBaHMsA YIEpOJ-yITIePOJHON CBA-
31 B OpraHn4ecKoit xumun [20-24].

Peakius OblTa mpeIoXKeHa B Kade-
ctBe 93¢ dEeKTNBHON METORVKN ISl CUH-
Te3a JEHAPUMEPOB, KOHBIOTMPOBAHHBIX
OJIUTOMEPOB U MOJIMMEPOB, 3aMeIeHHBIX
aNKMHOB. Taxke OHU SIBNIAIOTCS MHTEp-
MefiMaTaMy IIpU CHHTe3e HaTypaTbHBIX
HIpPOAYKTOB, (apMalleBTUYeCKNX IIpera-
PaToB, ONTUYECKIX MaTePUAIOB 1 T. [i.

Ipymnmoit mccnenoBareneii mop  py-
koBogcTBOM S. Pal 6buIM uMccnemoBaHbl
peakumm Kpocc-coueTaHusi (eHmmaie-
TUIEHA Y PasNIMYHBIX apVIrajoreHN 0B
C CIIO/Tb30BAHMEM B KauyeCTBEe KaTajm3a-
TOpa CO3LaHHOTO MMM KOMITIEKCA C TTajl-
naguem L2 [25].
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Dz

—

~N

N

-
—a
/

PPh,

L2
Peaknun nposogumuce B IM®PA B
NPUCYTCTBUM TPUITUIAMUHA IIPU KOM-
HaTHOJ TeMIlepaType B TedeHue 24 4. Pe-
3y/IbTaTaMy MCCIENOBAHNII CTAIM COENM-
Henus 15a (50 %) u 15b (54 %).

=~ L2 (1 moan%),

/@/ cl Z Et}lsl 3 MM(uli) O

+ - //

° TIM®A (5 ), O

T KT, 244
[

R

|
R

15 R=H
15b R=CH,

Bach,

ApunrajioreHusibl  MCIO/Ib30BAJINCh
TaKKe Ui 0OpasoBaHUS MH/A30JIOB.
VIHpa30/1bl pefKo BCTPeYalnTcsa B IIPUPO-
7€, HO OHU SIBJISIOTCSA Ba>KHBIM KJIACCOM
TeTepPOLVIKIIOB B (papMaljeBTUYecKoil 1
arpoxmmudeckon orpacmax. Kpome toro,
cunres 3-apwi-1H-nHpasonos nyrem me-
pexpectHoro coveranusa 1H-mnpgasonos,
VIMEIOIIX METUIOBBIN 3aMeCTUTEND B 3-M
IIOJIOKEHUY, 1 ApUITAJIOTeHUTIOB SABJIAET-
cs IIpUBJIEKaTeNIbHBIM, TaK KaK OH I103BO-
75T UCIIONb30BaTh MONTyYeHHOE COelHe-
HII€ B JalbHENIINX MOAUDUKALMAX.

[TorrydyeHneM Takoro psjia CoeTHeHNIA
saHumamuch B. A. Egan n P. M. Burton
[26]. VcxomubiMu BelLecTBaMy OB
IIPOM3BOIHbIE apyranoreHuaoB (1 9kB)
U TONy4YeHHbI 9TUMM Ke UCCIefoBaTe-
nAMM 60pUpPOBaHHBI MHAA301 (1,3 9KB).
B xauecTBe KaTa/musaTopa MCIONb30BAIN
KOMIUIEKC ¢ mayuraguem L3.

I PCy,
i-Pr ] i-Pr

i-Pr

L3



OTM peakuuy MOTYT IPOXOIMUTDH Kak
upu 55 °C B TeyeHue 16 4 (ycmosus A),
TaK ¥ B YCJIOBYAX MMKPOBOJIHOBOIO W3-
nyuennus (100 °C B reuenne 20 muH. (yc-
noBus b)). B kadectBe pacTtBOpUTENS
UICIIO/IB30BANIM CMeCh TpeT-OyTHIMeTH-
nosoro adupa (TBMD) u Boms! B COOT-
Homenuu 10:1.

o—R

L3 (1,5 mo16%),
K,;PO, (2 okB),
TEMY/H,0 (10:1) O
_—
N A) 55°C, 16, wan O Q
\ B) 100°C, 20 sun, pW N
0 N
\

16a R=H
16b R =CH,

a BPin

la R=H 15
1b R=CH,
B pesynbrate ObUIM CHHTE3MPOBAHBI
coenuHennsa 16a u 16b ¢ BbixoqoM B 84 u
76 %, COOTBETCTBEHHO.

Kpome Toro, B TeX >ke yC/IOBUAX ObLIN
VICCTIENIOBAHbI PeAKIMU C JPYTUMU IIPO-
M3BOJHBIMM MHJA3071a 1M IONY4YeHBI CO-
OTBETCTBYIOIIME TPORYKThI. Pesynbrarhl
IIpefiCTaB/IeHbI B TAO. 1.

TakuM 06pa3oM, BBINIEV3TOKEHHBIE
CMHTE3bI UTPAIOT BAYKHYIO PO/b I TI03BO-
JIAIOT IpefNo/IaraTh Co3aHMe Iof06HO-
ro psAfa COENMHEHMUI C n-XIO0pKaaMKca-
peHaMn.

®parMeHT Y-7TaKTOHA IIPUCYTCTBY-
€T BO MHOTVX OMOJIOTMYeCK! aKTVBHBIX
IPUPOJHBIX COeAMHeHMAX. B gacTHOCTH,
HEKOTOpble OEH3WI- ¥ apuI3aMeleHHbIe
Y-MaKTOHBI IPOABIAIT HPOTUBOPAKO-
BYI0 aKTMBHOCTb MM JCIONb3YIOTCS B
KayeCcTBe IPOMEXYTOYHBIX HIPOJYKTOB

Tabmuma 1
bopuposaHne npou3BOAHBIX NHAA30/1A U NIOCTIEAyIOLIee apUINpOBaHe
VcxomHoe coequHeHIE IIpopyxT peakiumn Boixon, %
1 2 3
[o]
(|) N 65
N
\
17
A\
N
/
NL 70
R
19
(o] 0o
N 89
/
N
\
21
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ISl CMHTe3a aHTUOMOTUYECKUX IIPOTH-
BOOIIYXOJIEBBIX areHTOB [27-29].

Ipynma wmccnepoBarteneit 1o PykKo-
BopcTBoM A. Albini 3anmmanace ¢doto-
XMMMWYECKUM CHHTE30M IPOM3BOSHBIX
apunxnopuzos u kucnot K1, K2 n K3.

ITockonbky ¢orommusy 6maronpusar-
CTBYeT UCIIO/Ib30BaHMe MOJIAPHBIX (TIpo-

TOHHBIX) PpacTBOpUTeneil, o06mydeHue
R _R
_R - o
(] K1, wm ¢
K2, wm
K3 niam
CH,CN/H,0
a 0
o Y
o
24a R=H,n=2

1a R=H 23 R=H st
b R=CH, 23 R=CH, 24b R =CH,,n=2
1c R=CH, 23 R=C,H, 24e R=C,H,, n=2

25 R=C,H,,n=3

(310 HM, 254 HM, A n-0yTOKCUXIIOP-
6eH3071a) MTPOBOAMIN B CHUCTEME al[eTO-
HUTPUI-BOJA B COOTHOLIEHNM 5:1.

PesynbraThl peakijuil IpencTaBIeHbI
B TabmI. 2.

Taxoke OBUIM MCCTIEOBAHBI PEAKIUN
xnop¢eHona ¢ APyruMy HeHACBIIeHHBI-
MU KHUCTOTaMU. Pe3ynbTarsl peakuuii
[peficTaBIeHsl B Ta0I. 3 [30].

Bce aTo nmosBossAeT yka3arb Ha 3Ha4M-
MOCTD M3/IOXKEHHBIX PeaKIVIT U MCIOMb-
30BaTh MX Ui MOMQUKAUMM XIOpKa-
JIMKCAapEHOB.

Kpocc-coueranne ¢ obpasoBaHmeMm
C-C cBsi3u - obumpHas 06/1acTh mpumMe-
HEHUs1 XTIOpIpoun3BoiHbIX (eHonma. [Tpo-
IYKTBI CHHTe3a IPUMEHAIT BO MHOTVX
OTpacC/sAX, BIVIOTh 0 OMOIOTMYECKN aK-
TUBHBIX BelecTB. MoanduimpoBaHHbie
Ka/lMKCapeHbl MOIYT KOMOMHMpOBAaTb
CBOJICTBA COENVHEHUII, TeM CaMbIM yBe-
JINYMB CBOKO 0O/TACTh IPYMEHEHMSL.

Peakuyum c o6pasoBanuem C-N cBsizu

Peakijuu Kpocc-codeTaHus Xopape-
HOB BKJIIOYAIOT B Ce6s1 He TOMbKO 06paso-
Banue C-C cBA3M, HO U HE MeHee BaXKHOe
o6pasosanne C-N csi3u. [Ipnyemasorco-
IepyKallyie OpraHnIecKme COeHEHIS He
TOMBKO 00/aaoT pasHoobpasHoit 610-
JIOTVM9eCKOI aKTUBHOCTBIO, HO U CIY>Kar
B KauecTBe CTPOUTENBHOTO O0Ka [ist
PasIMIHBIX MAKPOMOJIEKYT U HOBBIX Ma-
Tepuanos [31-34].

{! Cu(0)@AL,0,/Si0, N-azole

(0,05 mmou1)

+ HN-azole ——————
K,CO;, DMF, N, 150°C
/0 /0

1a R=H
1bR=CH, 28-30 30-32

CTHEM KaTa/lM3aTopa Ha OCHOBE MeEJ.
Peaknum mpoBopuim ¢ MUCIONIb30BaHU-
eM 1 MMmonb apeHa, 1,1 MMoOnb aMuHa,
1,5 MMO/Ib OCHOBaHMA B 2 MJI PaCTBOPH-
Tenst mop; arMocdepoit asora [36].

Ipynma mHAMICKUX MccefoBaTenei PesynbraThl peaknuii yKasaHbl B
u3ydaza TaKOro pofa peakuuy c yda-  Tabm. 4 [35].
Ta6muua 2
QOTOMHAYIVIPOBAHHBII CUHTE3 TAKTOHOB
3amecturens R Bpems, 4 ITpopgyxT Brixopm, %
H 14 23a-c 52
H 14 24a 95
CH 14 24b 72
CH, 8 24c 57
CH, 14 25 57
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(DOTOMHI[yIIMPOBaHHbIﬁ CUHTE3 TAKTOHOB U3 xnop(beﬂona

Tabmmua 3

Kucmnora Bpewms, u IIpopykT Boixon, %
1 2 3 4
Et
0
(0]
K4 0
26
(0) Et
(o]
MOH 24 H()A@mm& 67
Et K5 (o)
26
61, peHon
Q/\/éo (6 %) B xa-
HO 36 ngTBe mno-
K6 OYHOTI'O
27 HpO}IyKTa
Tabnuua 4
N-apuipoBaHye reTeponKINYeCKIX aMIHOB apIIXIOpUAAMI
Amun Bpems, u ITpopyxT Brixon, %
1 2 3 4
N —N
) 2
H HO
28 30a
N
N ~
0N S
H o
28 | 30b
N = N
( N
ool O :
H
29 ‘|)
(9
HNJ 4 92
7
30 32
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SaMeH.[eHI/IeM XJI0pa B apuIxjiopugax
Ha a3oTcojepiKauiye COeAMHEHNA TaKXKe
3aHMMaMNCh aMEpUKaHCKNE MCCIenoBa-
TEnn, OJHAKO BMECTO MEOHOIO KaTaIun-
3aTopa OHM MCIIO/Ib30BaIN HaTaueBbli
KOMIIJIEKC C IMTaHOOM 14.

I P(tBu),
i-Pr l i-Pr

i-Pr
L4

Cl [Pd2(dba)3] (1 moab%),

L4 (4 moib%)
+ NH,Hexyl

_—
OcunoBauue,
HO Pacrsopurenn
1a 32 33

NHHexyl

HO

beino mccnemoBaHo BAMAHME pac-
TBOPUTENA, OCHOBAHMA M TEMIIEPATYPbI
U TIONy4Y€HBl CJEAYIOIJEe pe3yIbTaThl
(Tabm. 5).

beuto orMedeno, 4To MydymmMm A
IIONTy4EHNUA COENVMHEHMA 33 ABNATCA
yC/IOBUA IO, HOMEPOM 3 C MCIO/Nb30Ba-
uuem LiN(TMS), B Tonyone npu temie-
patype 50 °C B TeyeHue 2 4. Beixop, memne-
BOTO IIPOAYKTa cocTaBun 94 %.

Taxoke ObUIM MIPOBEIEHBI PEAKINN C
yyacTmeM amuHoretepouukna 34. Op-
HUM U3 PAfla IOTY4YEHHBIX COENVIHEHMIA
cTasl IpoAyKT 35 ¢ 92 % BBIXOJOM.

cl NH,  [Pd2(dba)3] (2-2.5 moan%),
4 L4 (8 -10 Mo %)
) O U
_
HO _ NaOtBu (1,5-2,5 okn)

Toayou, 80-100°C,
-24 4
1a 34 35

OTn peakiuu SIBIAOTCSI BOKHOM CO-
CTaB/SIOIIENl  psila  KPOCC-COYeTaHMIT
c obpasoBanrem C-N cBs3m.

Crepyiomasi rpynma aMepuMKaHCKMX
UCCenoBaTeneil Tak)Ke MCIOAb30Baja
[aJUTa/{MeBblil Katanus3atop. B kadecTBe
JUraHga 6bII0 MCIOAb30BAHO COENVHE-
uue L5 [37].
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Fe z PtBu,
Za Nt
LS
cl
0,1-1 mostb % Pd(OAc), \
0,1-1 Mob% L5 /@/ NHR
+ NHzR' —_—
NaOtBw/IM? o
o 100°C I
-
36a R'=Oct 37a R'=Oct
b 36b R =iPr 37b R'=iPr
36c R'=Bn 37¢ R'=Bn
Pe3y}1bTaTbI peaknun IIpUBENEHDI
B TaOIL. 6.

Peaxknym npoBoyiv Ipy COOTHOILIE-
Hum 1:1 aneraTa nannagua K urangy L5.
Wcnonp3oBamu 1,0 MMONb X/IOpaHU30-
na 1b, 1,2 5xB amuna u 1,4 3xB NaOtBu
B 1 M IM3. B cry4ae ¢ yyacTueM OK-
TUIaMiHa 36a Tpebyercs 3,0 9KB a30T-
cofiep>Kalllero BellecTBa. Bce peakuum
UAYT C XOPOIIVMM BbIXOJAMM.

Taxke OBIIM U3YYeHBl peakLyun
¢ xyopdeHonoM la 1 oTy4eHbl COOTBET-

cTBymoIre peHnnammnusr 39a-b.

Cl
2 moab% Pd(OAc),

2 moab% LS NHR'
+ NHR —M—— >
LiHMDS/IM3 HO
OH 100°C
. 38a R'=0Oct 39%9a R'=Oct
4 38h R'=sBu 39h R'=sBu

PesynbTaTel MccrenoBaHuil 3aHeCEHDI
B TabmI. 7.

Peaxiuu Taxoke MpoBOAWIN IIPU CO-
oTHomeHun 1:1 anerara naaragua K Jin-
ranpy L5. Vicnonbsosamuch 1,0 Mmonb
xnopdenona la, 1,2 9kB amuHa u 2,4 9KB
LiHMDS B 1 mn IMS.

TakuM 06pa3oM, peakiuy C UCIOb-
30BaHUEM X/JIOpaHM30/a UMEIT Oonee
XOpollye BBIXO/bI, TI0 CPABHEHMIO C AaHU-
nupoBaHueM xnop¢eHona, u TpebyioT
MEHbIIIETO pacxoja peareHToB.

Kpome amuumpoBanus xnmopdheHonos
U aHU30JIOB, CYIIECTBYIOT TaKXe peak-
UMM aMUAMPOBaHMA. VIsydeHumeM sTux



N-apunmuposaHue X10p¢eH0mToM

Tabmuia 5

Ne OcHoBaHne PactBopurens | Temmneparypa, °C | Bpems, u Brixog, %
1 LiN(TMS), TIro KT 46 94
2 LiN(TMS), TT® 40 24 94
3 LiN(TMS), Tonyon 50 2 94
4 NaOtBu Tomyon 100 24 89
Tabmuma 6
N-apunupoBaHue XJIOpaHNU30/I0M
Ne | Pearent KaT;Z:i:ZOP’ Temmneparypa, °C | Bpemsa, u| IIpopykr | Bwixop, %
36a 0,1 100 48 37a 92
2 36b 1,0 100 18-24 37b 94
3 36¢ 0,1 100 48 37c 90
peakumii 3aHMMasach IpyIIa MCCaefoBa- Tabmuua 7
Tertelt mox pykosogctsoM S. L. Buchwald AmunuposaHnue xnopdenona
[38]. Cuagana ObITIO M3YYEHO BIMsHUE o o = =
Ppas/IMYHBIX YC/IOBUII Ha aMUIMPOBaHMe g g § é‘ £
xmopanu3onoB 1b ¢ 6ensamumom 40 ¢ K % é‘ E
y4YacTIeM ITa/UIaJIeBOrO KaTalinusaropa u
nuranpga L4. 38a 18 39a 72
Peakuuio npoBoaunn ¢ UCIONb30BA- 2 38b 20 39b 66
HuewMm 1,2 sxB. amupa 40, 0,5 monb% Kara-
nm3aTopa, 2,5 Monb% nuragga B 0,5 Moib QCL j\ T JCT/
pacTBopurens: 0 RN, K.pO,,

| Pddhay L4

g o

Pesy/IbTaThl MCCTIETOBAHMIL IIPECTAB-
JIeHBI B TaO7I. 8.

Ocuopane,
pacTBopHTETh

br110 0TMEUEeHO, YTO camble BBICOKUE
BBIXOZIBI 00pa3yIoTcs B yemoBusix 1 u 5, a
BBITOJIHEE UCIIONB30BaTh ocdaTr Kaus
U mpem-Oy TUIOBBLI CITUPT.

3aTeM B BBIOpPAaHHBIX YCTOBMAX OBII
HOJTYYeH psifi coenyHenuit (Tab. 9).

VicmonbsoBanmu 1,0-1,5 skB. ammpa,
1,2-1,5 sxB. ocHoBaHus, 0,5 Monb pac-

I 1-BuOH
1b 42a-d 43a-d

TBOPUTE/NSA ¥ COOTHOLIEHME KaT//UTaHf
paBHO 1/2,5.

Hab6mropanmchb BBICOKME BBIXO/IBI ITPO-
IYKTa peaKkIMy ¢ Ma/IbIMM 3aTPATaMMI pe-
areHTOB, 33 MCK/IIOYEHNEM PeaKIMu C UC-
II0/Ib30BaHMeM KapOokcaMumya.

Takum o6pas3oM, 3aMelleHue XIopa
¢ obpasoBanmem cBasu C-N urpaer He
MeHee BOKHYIO pO/Ib B MOAUQNULIMPOBa-
HUM XJIOPapeHOB, KaK M KpOcC-coyeTa-
Hus1 ¢ obpasoBanueM C-C cBA3M.

Peakuumn c obpasoBaHuem C-S cBa3m

ApI/UICYTIbq)I/IJIbI ABNIAKTCA LEHHBIMU
IIpOMEXYTOYHBIMUM MNPOAYKTaMI B Op-
TraHMYECKOM CUHTe3€e OMOIOTUYECKU W

q)apMaL[eBTI/I‘IeCKI/I AKTUBHBIX MOJIEKYII,
OpraHM4YeCKNX MaTepyuajioB WIN IIpOMe-
JKYTOYHBIX IIPOAYKTOB B IIPOM3BOACT-
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Tabmmma 8

AMupgupoBanne 6eH3aMUIOM

Ne OcHoBaHme PactBopurenn Brixon, %

1 K,PO, t-BuOH 94

2 K,PO, Tomyon 89

3 K,PO, 1,4-mmokcan 79

4 K,CO, t-BuOH 45

5 Cs,CO, t-BuOH 97

6 t-BuONa t-BuOH 28

7 LHMDS Tomyon 1

Tabmuia 9
AMuaupoBaHue X10paHU30/Ia

Ne Pearent R Pd (monp%) IIpopykT Brixom, %
1 42a Me 1 43a 99

2 42b Cy 1 43b 96

3 42¢ H 4 43¢ 82

4 42d o-ernn 2 43d 92

Be 9TUX MOJeKylL Pam apuicynbdumos
NIOKa3aj MOTEHIMAaNbHOe KIMHUYECKoe
IOpUMeHeHNe, HapyuMep M JleYeHus
6onesHn AsnbrreiiMepa 1 3ab6oeBaHNA
[TapKMHCOHa, JUIA JIleYeHNsA acTMbI 1 00-
CTPYKTMBHBIX 3a00/IeBaHMII IETKUX, /I
NedeHNs BUpyca MMMyHofeduuuTa ye-
noseka (BVY) [39-44].

Ipynma aMepuMKaHCKUX UCCIENOBa-
Tenell nop, pykosopctsoM J. E Hartwig
3aHMMAaCh MU3ydEeHMEM B3aMMOJEICT-
BlUs XJIOPAPEHOB U TUOIPOM3BONHBIX
[45-46].

Cl S/OCt
0,1 mom» % Pd(OAc),
0,1 % CyPF-1B
+ HS-Oct + mom% CyPF-Bu
OcHoBanme,
PACTBOPHTENb
0 _0
1 44 4

PesynpraTel oTMedeHsl B Ta671. 10.

Bce oKcrmepMMeHTBI IPOBOAVINCDH
C coOOTHOLIEHMEM 1:1 MeTana K TUraHpy,
¢ 1 mmonp oboux 4-xmopannsona 1b n
1-okTanTnona 44 u 1,1 sxB OCHOBaHUA B
1,5 M1 pacTBopuTens. B xauecTse nuraH-
ma 6b10 BbIOpaHO coenuuenne L5. Tlpu
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IIPOBEfieHNM peaKUMM B YCIOBUAX IIOf
HoMepoM 7 ucnonb3osamu 0,05 %-Hyro
3arpysKy KaTanmsaTopa. B ycmosusax 8
[Pd(dba),] wmcmompsoBamu B KauecTBe
IpefIIecTBEHHNKA alleTara Ia/ulajys.

B0 oTMe4YeHO, YTO YC/IOBMS IOJ
HOMepOM 4 SIBIIAIOTCS Hanbosee BBITOT-
HBIMIU.

Taxoke ObUI MPOBeTEH Psi PeaKuii
¢ 4-X7I0paHM30/I0M U THOQEHOTIOM.

fe]
0,1 MoaB% PA(OAC),

s o
P
0,1 Moa% CyPF-Bu § _Ph
4+ HSPh+ . oS
Octopanne, o
pactsopureis, 110°C
(0]
~
4T 47 47

B BbpIOpaHHBIX paHee YCIOBMAX pe-
aKIVsA LTa HeCeNeKTUBHO, ¢ 00pa3oBa-
HIteM HOOOYHBIX IPOAYKTOB 47b u 47c.
B pesynprate onTMMM3anuil yHAnoCh
nopo6parth Takue yCrmoBus, 4Tob6sI 06pa-
30BBIBAJICSI TOMBKO II€/IeBOil TIPOAYKT
(Tabm. 11).

Bce oKcIepMMeHTBI IPOBOAVIINCD
¢ cooTHoIIeHMeM 1:1 KaTanusaropa K 1m-
raigy, ¢ 1 MMonb 060MX MCXORHBIX Be-
mectB 1b u 46, 1,1 9kB OCHOBaHUA IpU
110 °C B 1,5 mn pactBoputens. bouio



Tabmuma 10

BSaI/IMOJIeﬁCTBI/Ie XJIOpaHU30/Ia N 1-okTaHTHOMA

Ne OcHoBaHue PactBopureny | Temmneparypa, °C | Bpems, u Brixog, %

1 NaO1Bu IM3 100 18 84

2 KO1Bu IM3 100 18 80

3 NaHMDS IM3 100 18 57

4 NaOtBu IM3 110 <4 98

5 KOtBu IM3 110 18 87

6 NaOtBu 1,4-nmokcan 110 5 94

7 NaOtBu IMD 110 48 85

8 NaOtBu IMS 110 7 96

Tabmmma 11
BsaumMopeiicTBIe XTOpaHU30/a U THO(dEHOIa

Ne | OcnoBanue | PacrBopurens | Karanusarop | 3arpyska, % | Bpems, u 47:4702:47C’
1 NaOfBu IM3 Pd(OAc), 0,5 12 91:4:5

2 KOtBu JIM3 Pd(OAc), 0,5 12 98:1:1

3 NaHMDS IMD Pd(OAc), 0,5 12 71:15:14
4 LiHMDS JIMD Pd(OAc), 0,5 12 56:24:20
5 NaOtBu 1,4-mMoKcan Pd(OAc), 0,5 12 96:2:2

6 KOtBu 1,4-nuokcan Pd(OAc), 0,5 12 97:2:1

7 NaOtBu Tonyon Pd(OAc), 0,5 12 98:1:1

8 KOtBu Tonyon Pd(OAc), 0,5 12 >98:1:<1
9 KOtBu Tonyon Pd(OAc), 1,0 6 >98:<1:<1
10 KOtBu Tonyon [Pd(dba),] 0,5 12 >99,5:0,5:—
11 KOtBu Tomyon [Pd(dba),] 1,0 <4 >99,5:0,5:-

OTMEYEHO, YTO BBITOJIHEE JICIIONb30BATDH
ycnoBus mog, Homepom 11.

Ilanee B 9TMX yCIOBUAX OBUIM ITPOBe-
JeHbl CTefyIOII/e PeaKUUU U MOTy4I€Hbl
COOTBETCTBYIOIIVe IIPOYKTHI (Tab. 12).

al R
0,1-0,25 moas% [Pd(dba),],
0,1-0,25 mosb% CyPF-Bu
+ HS-R' _—
KO7Bu,
T , 110°C
/0 TroJ1yoJt P
1b 48a-c 49a-c
Bce IKCIIEPVIMEHTDL IIpOBOAMINICH

¢ coorHolreHneM 1:1 karanmmsaropa K
NWTAHAY, ¢ 1 MMOMb OOOMX VCXOFHBIX
Bewjects 1b u 48a-c B Tonyorne (1,5 mi) B
TeyeHue 2-24 4 npu 110 °C.

C 4-xnopdenonom Taxxe 6pUIM Ipo-
BelleHbl peaKLMi ¥ MOMYYeHbl COOTBET-
CTBYIOIIYE IPOAYKTHI (Tabm. 13).

'
a R
l 1-2 moan% Pd(OAc),
X 1-2 moan% CyPF-rBu
| + HS-R' +
_
NaO7Bu,
on JIM?3, 110°C oH
1a 48c-d 50a-b

Bce aKcliepyMeHTHI NPOBOAWINCDH C
cooTHomeHneM 1:1 xaranmsaropa K -
raHgy, ¢ 1 MMonb 060UX MICXOHBIX Be-
miects B DME (1,5 M) B TedeHue 2-5 4
HarpeBanus npu 110 °C [45-46].

TakuM o06pasoMm, Kpocc-codeTaHms
¢ obpasoBanueM C-S CBsSI3U SBIAIOTCA
B)KHBIMU peaKLMAMY 3aMellleHNd aToMa
XJI0pa.
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TuoapunupoBaHue 4-X10paHN3071a

Tabmuua 12

Karanmusarop, , .
MOTB% Pearenr R IIpopyxr Brixon, %
0,1 48a \© 49 o8
0,25 48b \Ej\ 49b 99
0,25 48c *\5 49¢ 94
Tabmuua 13
Tuoapunuposanue 4-xmopdeHona
Karanusarop, , .
MOb% Pearent R ITpopyxr Brixog, %
2,0 48c¢ *6 50a 91
1.0 48d *Y 50b 91

Peakuyum c obpasosannem C-B cBaA3n

Apun6opoHOBbIe KIMCIOThI IIPECTAB-
JAI0T co00Jl YHMBEpCa/lbHble peareHThI
IJI1 OPraHMYeCKOro CMHTe3a, KOTOpbIe
ucronb3ywrca B oopasosanuu C-O, C-N
u C-C cBsseit [47]. Kpome Toro, ncnomns-
30BaHIe OpPraHOOOPAHOB OCOOEHHO IpH-
BJIEKaTe/IbHO 113-3 X BBICOKOII CTaOWIb-
HOCTM ¥ HU3KOJI TOKCMYHOCT.

S. L. Buchwald u ero rpymmoit 6ei1n
IPOBefeHbl UCCIIENOBaHMsI B 9TON 06/1a-
ctu [48]. OHM IpoBOMIN KPOCC-COYeTa-
Hus 4-xmopdeHona la u 4-xmopaHnsona
1b u 6uc(nmuakonato)gubopona 51.

CooTHoLIeHNe KaTajausaropa M M-
ragza cocrasnano 1:2. Ilpm mcnomnbso-
BaHUM 2 MOb% allerara Ha/ulafiud pe-
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Cl
+ ,B_If _—
0 0 1,4-nmokcan, 100°C

_0 i
R

1a R=H 52a R=H
1bR=CH, st 52b R=CH,
aKyuio mposojguau B TedeHue 10 MuH.
¢ obpasosaumeM 97 % mpopykra 52b.
B cmyuae xe ¢ ygactmem 0,05 momp %
Pd,dba, B Teuenme 24 4 obpasosajcs
nponykT 52b ¢ 94 % BbIXOTOM, a IIpU YBe-
MMYEHUM KOJIMYEeCTBA KaTajlms3aTropa Jio
1 Monb % — npopykT 52b yepes 10 MuH.
c 97 % BbIXozioM, a 52a depe3 30 MuH.
¢ 82 %-HBIM BBIXOIOM.



TakoKe ¢ XTTOPaHM30/IOM Obl/a IIPOBe-
lileHa peakuys B npucyTcTsun 2,0 Monb%
aleTara mamtagys, mragga L5 (B coot-
HOIIeHNN K KaTtanmusaropy 3:1), pocdara
Kanust (3 9KB) B 2 MJI paCTBOPUTEL U IIPU
KOMHATHOJI TeMIleparype. B pesynbrare

3axknioyueHue

Takum o6pasom, B fmaHHOM 0630pe
IIOKa3aH BBICOKMII CUHTETUYECKUI IIO-
TEHLMa N-XI0PPEHONOB U #-XJIOPAHMU-
3o1oB. [TokasaHo, 4TO 3a cyeT 0b6pasoBa-
Hua HoBbIX cBaseil C-C, C-N, C-S u C-B
BMecto C-Cl, mpousBonubie xmopdeHomna
HALUM IIMPOKOe IpPUMEHEHVe B CHHTe-

6p1710 IOy 4YeHO coennuene VIV ¢ Bbxo-
noMm 97 %.

Takum 06pasom, KpOCC-COYeTaHUsSI C
obpasoBannem C-B cBsi3M nMerT He Me-
Hee Ba)KHYI0 POJIb, 4YeM BbIIIEONCAHHbIE
peakunmn.

3€ C/IOJKHDBIX OpraHMNM4€CKNX COeNIMHEHUIA.
CTOUT OTMETUTH BBICOKYIO HE€ TOIbKO
q)YH,lIaMeHTaTIbHYIO, HO 1 ITPAKTUYECKYIO
SHAYMMOCTDb [JAaHHDbIX peaKHI/IﬁI BBUAY
AOCTYITHOCTM U [EHEBM3HbI MCXOOHBIX
XJI0Op3aMel€HHbIX ITPON3BOJHBIX (beHona.

10.
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