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Abstract

Within presented dissertation thesis Pd-catalyzed direct C-H arylation of 1,3-dimethyluracil to
position 5 or 6 was developed. An interesting dichotomy in the regioselectivity and mechanism of
reactions were observed. A reaction of 1,3-dimethyluracil with diverse aryl halides performed in
the absence of Cul led preferentially to 5-aryl-1,3-dimethyluracils, while with the addition of Cul
6-aryl-1,3-dimethyluracils were formed as the major products. Reactions mediated only in the
presence of copper(]) iodide (in the absence of a Pd-catalyst) proceeded with lower yields but led
exclusively to 6-arylated derivatives. In order to prepare free 5- and 6 arylated uracils for
biological activity screening, the developed methodologies for the direct C-H arylations were
applied to various 1,3-protected uracils. Benzyl-protected uracil was selected as the best candidate
both in terms of stability during the arylations, as well as facile cleavage of the benzyl groups
during deprotection of arylated wuracils. Synthesis of various substituted 5- and
6-aryl-1,3-dibenzyluracils proceeded with the same regioselectivity as with the model compound
1,3-dimethyluracil. For deprotection of synthesized derivatives either transfer hydrogenolysis over
Pd/C or treatment with BBr; in case of uracils bearing bulky aromatic substituents was used.
Furthermore, novel and efficient synthesis of 2,4-diarylpyrimidines was developed based on the
use of phosphonium-mediated Suzuki coupling of 2-(methylsulfanyl)uracil at position 4 followed
by the Liebeskind—Srogl cross-coupling at position 2 under microwave irradiation. The
synthesized 2,4-diarylpyrimidines were tested in vitro for their cytostatic activity against human
cancer cell lines. The possibility of subsequent direct arylation of 2,4-diarylpyrimidines was also
investigated. Finally, diverse electrophilic, nucleophilic and radical direct trifluoromethylations of
1,3-dimethyluracil were systematically studied in order to prepare either 5- or
6-(trifluoromethyl)uracil derivatives and consequently explore possibilities of direct arylation to
free 5 or 6 position. The radical trifluoromethylation by CF;SO,Na in presence of -BuOOH gave
1,3-dimethyl-5-(trifluoromethyl)uracil in good yield. The 6-(trifluoromethyl)uracil derivative was
only prepared in a mixture with 1,3-dimethyl-5-(trifluoromethyl)uracil by Ir-catalyzed borylation
followed by treatment with the Togni's reagent. This isomer was isolated from the mixture only in
a very low yield, therefore, the attempts of subsequent C-H arylation were performed only on
1,3-dimethyl-5-(trifluoromethyl)uracil. Its Pd-catalyzed arylation with various aryl halides
proceeded successfully only with 4-iodotoluene, wherein in the presence of CsF as a base and

copper iodide the desired 6-tolyl-5-trifluoromethyluracil derivative was successfully prepared.



Abstrakt

V ramci predlozené dizertacni prace byly navrzeny metody piimé Pd-katalyzované C-H arylace
1,3-dimethyluracili do pozice 5 nebo 6, pfiCemZz byla pozorovana zajimava dichotomie
v regioselektivit¢ a v mechanismu reakci. Reakcemi 1,3-dimethyluracilu provadénymi bez
ptitomnosti Cul sriznymi aryl halogenidy vznikaly ptednostné 5-aryl-1,3-dimethyluracily,
pricemz  reakce provadéné  spridavkem Cul poskytly jako  hlavni  produkt
6-aryl-1,3-dimethyluracily. Reakce pouze v pfitomnosti jodidu médného (bez ptfitomnosti
Pd-katalyzatoru) probihaly sice sniz§im vytézkem, ale vedly vyhradné k 6-arylovanym
derivatim. Vyvinuté metody pro piimé C-H arylace byly nasledn¢ aplikovany na rizné
1,3-chranéné uracily, scilem ziskat volné 5- a 6-arylované uracily k prozkoumani jejich
biologické aktivity. Uracil ochranény benzylovou chranici skupinou byl vybran jako nejlepsi
kandidat a to z hlediska jak stability v pribéhu arylaci, tak i nasledného snadného odchranéni
benzylovych skupin pii deprotekci arylovanych uracili. Syntéza rtizn€ substituovanych 5- a
6-aryl-1,3-dibenzyluracili probihala se stejnou regioselektivitou jako u modelové latky
1,3-dimethyluracilu. K odchranéni syntetizovanych derivati byla zvolena transfer hydrogenolyza
v pritomnosti Pd/C piipadné reakce s BBr;, ktera se osvédcila ptfi odchranéni derivati uracila
nesoucich objemnéjsi arylové substituenty. Dale byla navrzena nova efektivni syntéza
2,4-diarylpyrimidint, zalozenda na pouziti fosfoniové varianty Suzukiho reakce
2-(methylsulfanyl)uracilu do pozice 4 a naslednou Liebeskind-Sroglovou cross-couplingovou
reakci do pozice 2 plsobenim mikrovinného zéfeni. Syntetizované 2,4-diarylpyrimidiny byly
testovany in vitro na cytostatickou aktivitu proti vybranym nadorovym bunécnym liniim.
Prozkoumana byla také moznost nasledné piimé arylace 2,4-diarylpyrimidini. Nakonec byly
studovany také razné elektrofilni, nukleofilni a radikdlové piimé trifluormethylace
1,3-dimethyluracilu s cilem pfipravit bud’ 5- nebo 6-(trifluormethyl)uracilové derivaty a nasledné
prozkoumat moznosti jejich ptimé arylace do volné pozice 5 nebo 6. Radikéalova trifluormethylace
pouzitim CF3;SO,Na v pfitomnosti ~-BuOOH poskytla 1,3-dimethyl-5-(trifluormethyl)uracil v
dobrém vytézku. 6-(Trifluormethyl)uracilovy derivat byl piipraven jediné ve smési s
1,3-dimethyl-5-(trifluormethyl)uracilem, a to pouzitim Ir-katalyzované borylace a ndsledné reakce
s Togniho ¢inidlem. Separaci ze smési byl tento isomer ziskdn jen ve velmi nizkém vytéZzku, proto
byly pokusy o naslednou C-H arylaci provedeny jen na 1,3-dimethyl-5-(trifluormethyl)uracilu.
Jeho palladiem katalyzovand arylace sftadou arylhalogenidii probéhla uspésné pouze
s 4-jodtoluenem, kde v ptitomnosti fluoridu cesné¢ho jako baze a jodidu méd’ného byl ziskan

poZadovany 6-tolyl-5-trifluormethyluracilovy derivat.
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1. Introduction

Pyrimidine is a nitrogen heterocyclic aromatic compound which oxo derivatives
known as pyrimidine nucleobases are beside purine bases one of the key structural parts found
in nucleotides, building blocks of nucleic acids. At the moment, many artificial modified
nucleobases and nucleosides are known and have been applied in DNA or RNA research as
labels, photosensitive or fluorescent probes. They also found their application in medicinal
chemistry as biologically active compounds.

A variety of synthetic methods has been reported for preparation of arylated
pyrimidine derivatives mostly based on heterocyclic condensation reactions.' Another
important approach for the synthesis of this class of compounds is cross-coupling reaction.
Direct C-H arylations® have recently emerged as an alternative to traditional cross-couplings,
and our group” and also others® have repeatedly shown that they are complementary and could
be used for multiple substitutions of diverse (hetero)arenes. Direct arylations could eliminate
the use of organometallic substrates and require only one or no activated substrate (Figure 1).

A: Traditional cross-coupling
TM Catalyst
C M + X-C) Ar

B: Direct C-H Arylation

with aryl (pseudo)halides
TM Catalyst

C: Oxidative direct arylation

a) with organometallic reagents

TM Catalyst
‘: H + M— oxidant

b) with arenes (dehydrogenative arylation)

Ar = Aryl, Heteroaryl

TM Catalyst M =B, Sn, Si, Mg, Zn
‘: H + H— oxidant X =1, Br, Cl, OTf
TM = Transition Metal

Figure 1 Traditional cross-coupling vs direct C-H arylation




2. Specific aims of the thesis

1. Development of a practical synthesis of 5- and 6-aryluracil nucleobases using
regioselective direct C-H arylations.

2. Exploration of scope of direct C-H arylations of uridine or protected uridines.

3. Development of a regioselective synthesis of 2,4-diarylpyrimidines using cross-coupling
reactions.

4. Regioselective synthesis of 1,3-dimethyl-5- and 6-(trifluoromethyl)uracil using direct

trifluoromethylation and its optional combination with direct C-H arylations.



3. Results and discussion

3.1. Regioselective direct C-H arylation of uracils

3.1.1. Direct C-H arylation of 1,3-dimethyluracil: Reaction development

and scope

Pd-catalyzed C-H arylations of purine bases and nucleosides to position 8 in the
presence of Cul and Cs,CO;" and Ir-catalyzed C-H borylations of 7-deazapurines have been
developed in our group.® In order to extend the use of C-H arylations to pyrimidine bases, I
have tried to apply the Pd-catalyzed C-H arylations®on unprotected uracil. However, this
chemistry did not work and I observed formation of N-arylated products, but no products of
C-H arylation were formed. Therefore, I have tried to develop the C-H arylation of
1,3-dimethyluracil (1) as a model compound for pyrimidine nucleobases and nucleosides.
1,3-Dimethyluracil (1) contains two C-H bonds capable with arylation in positions 5 and 6.

First I tried to apply the ligand-free conditions at 160 °C (in analogy to the arylation of
purines®) for reaction with 1,3-dimethyluracil (1) and I observed 53 % of mixture of 5-p-tolyl
(3a) and 6-p-tolyl (4a) derivatives in a 1:4 ratio (20 % : 80 %). In order to achieve better
regioselectivity and conversion of the reaction, I tried to optimize the conditions for
regioselective C-H arylation of 1,3-dimethyluracil (1) in the reaction with p-tolyl iodide (2a)
using Pd(OAc), in combination with diverse ligands and with varying amounts of Cul in the

presence of Cs,CO3 (Scheme 1).

o) p-Tol-l (2a, 2 equiv), o CHj, o
Pd(OAc), (0.05 equiv),
H3C\N)j Ligand (0.1 equiv), Cul, HaC | HsCoy |
O)\N Cs,CO5 (2.5 equiv), DMF A * A

. N o
CH CH CH
3 3 3 CH3
1 3a 4a

Scheme 1 C-H arylation of 1,3-dimethyluracil (1) with p-Tol-I (2a)

From optimization experiments, three different sets of conditions were developed for
regioselective C-H arylation of 1,3-dimethyluracil (1) to the position 5 or 6: (Method A)
Pd(OAc),; in combination with P(C¢Fs); in the presence of Cs,CO;, (Method B) the same
catalyst in combination with 3 equiv of Cul, and (Method C) Cul and Cs,CO3 in the absence
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of Pd(OAc), and ligand. The reaction in the absence of Cul (Method A) gave the
1,3-dimethyl-5-(p-tolyl)uracil (3a) as major product, whereas the reactions in the presence of

3 equiv Cul (Methods B or C) gave mainly or exclusively 1,3-dimethyl-6-(p-tolyl)uracil (4a).

3.1.1.1. Synthesis of 5- and 6-aryl-1,3-dimethyluracils

Three previously mentioned procedures were further utilized in preparative

experiments with diverse aryl halides (Scheme 2, Table 1).

O O O
HsC\N)K/'(AF Method A HsC\N)j Method B HSC\NJE\
_— >
041\ 'T‘ O)\ '?l Method C oél\ ’Tj Ar
CHs3 CHs; CHj3
3a-f 1 4a-f
major product major or the only product

Method A: Ar-X (2a-f, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 160
°C, 50 h; Method B: Ar-X (2a-f, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 50 h; Method C: Ar-X (2a-f, 2 equiv), Cul (3 equiv), Cs,COs3 (2.5 equiv), DMF, 160
°C, 50 h.

Scheme 2 Preparative C—H arylations of 1,3-dimethyluracil (1)

The reactions with p-tolyl iodide (2a), 2-iodotoluene (2b), 4-iodoanisole (2¢) and
iodobenzene (2d) under conditions A gave S-aryluracils 3a-d as the major products in
54 - 80 % isolated yields (Table 1, entries 1, 4, 7, and 10). Under conditions B, the selectivity
was reversed to afford 6-aryl derivatives 4a-d as the major products in 54 - 72 % isolated
yields (Table 1, entries 2, 5, 8, and 11). In all cases, minor amounts of the other regioisomers
were isolated. Conditions C generally gave lower conversions but a high regioselectivity to
give 6-substituted uracils 4a-d as the only products (35 - 59 % yields) (Table 1, entries 3, 6, 9,
and 12). Two aryl bromides (2e, f) were also successfully used for the C-H arylation of 1
under the same conditions (Table 1, entries 13-18) to show similar conversions and

selectivity.
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Table 1 C—H arylations of 1,3-dimethyluracil (1) with diverse aryl halides.

Yield® Ratio® 3:4 Yield (%)

Entry Ar-X Method (%) (%) 3 ]
1 | A 62 86:14 54 7
2 /©/ 22 B 78 6:94 5 7
3 HaC C 35 0:100 0 35
4 | A 96 82:18 80 15
5 @[ b B 60 7:93 5 54
6 CHs C 48 0:100 0 48
7 i A 68 81:19 56 12
8 2 B 68 9:91 6 62
9 HsCO C 59 0:100 0 59
10 | A 76 88:12 68 8
11 ©/ 2d B 68 12:88 8 60
12 C 37 0:100 0 37
13 OO A 88 77:23 68 20
14 Br  2¢ B 68 0:100 0 68
15 ‘O C 36 0:100 0 36
16 Br A 53 79:21 210
17 OO a€f B 89 10:90 9 80
18 C 24 0:100 0 24

* The isolated yield of a mixture of 3 and 4; ° The ratio of 3 and 4 from "H NMR spectra of a isolated mixture

Electron-poor aryl iodides (1-iodo-4-nitrobenzene, 4-iodobenzonitrile, 3-iodopyridine, 5-
iodouracil, 5-iodo-1,3-dimethyluracil) were also tried in these reactions under conditions A-C,
but in all cases, no reactions (or very low conversions < 10 %) were observed. Apparently this
methodology is only applicable to electron-rich and neutral aryl halides. No product of 5,6-
diarylation was observed in any of those reactions, and also additional experiments of further
arylation of 5-aryluracil 3a under conditions B and arylation of 6-aryluracil 4a under
conditions A with another aryl iodide (2¢) did not proceed. The second C-H arylation
probably does not proceed because of steric reasons.

The dichotomy of the reaction regioselectivity clearly indicates different reaction
mechanisms in each case. While the reactions in the absence of Cul presumably proceed

7 and thus follow the

through the concerted metalation-deprotonation (CMD) mechanism
regioselectivity of electrophilic substitution (position 5), the reactions in the presence of Cul
most likely proceed through cupration® > of the heterocycle in the position of the more acidic
hydrogen (position 6). The reaction in the absence of a Pd catalyst proceeds through an

Ullmann coupling (position 6).
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3.1.2. Direct C-H arylation of protected uracils and consecutive

deprotection: Reaction development and scope

Above mentioned three methods did not work on unprotected uracil. In order to access
free aryluracil bases, there was a need for development of a suitable protection at N1 and N3
that should be compatible with the harsh conditions of the C-H arylations but should be
cleavable at the end without decomposition of the aryluracils. As a result, I focused on the
C-H arylations of diverse protected uracils and development of a practical synthesis of free
arylated uracil bases.

Firstly, I have tried to apply previously developed conditions for regioselective C-H
arylation in the experiments with commercially available 2,4-dimethoxypyrimidine (5) as a
representant of an O-protected uracil. The reaction was performed either in the absence
(Method A) or in the presence of Cul (Method B) using Cs,CO; as a base at 160 °C.
(Scheme 3). After 48 hours under condition A formation of a mixture of 1,3-dimethyl-5-
(p-tolyl)uracil (3a) and 1,3-dimethyl-6-(p-tolyl)uracil (4a) in 40 % yield in the ratio of 82:18
was observed, 58 % of 1,3-dimethyluracil (1) was isolated from the reaction mixture. The
condition B gave 45 % of the mixture of 5-(p-tolyl) (3a) and 6-(p-tolyl) (4a) derivatives in the
13:87 ratio and 55 % of 1,3-dimethyluracil (1) (Scheme 3). This result was obtained most
probably because the substituted pyrimidines represented by the 2,4-dialkoxypyrimidines
casily undergo rearrangement upon heating to form the 1,3-dialkyluracils.” The

1,3-dialkyluracil (1) is the most stable isomer compared to 2,4-dimethoxypyrimidine (5).”

O
H3C\ Tol H3C\

o OCHj3 o) o
N | N | Method A N)E Method B HSC\N | Tol H3C\Nﬁ
+ -~ —_— +
O)\N O)\N T )\\N O)\N O)\

h A ol H3CO \ 'Tj Tol
CHs; CHs CHs CHs
3a 4a 5 3a 4a
Yield | Ratio 3a:4a Yield | Ratio 3a:4a
40%| 8218 45%| 13:87

Method A: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 160
°C, 48 h; Method B: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 48 h.

Scheme 3 C—H arylation of 2,4-dimethoxypyrimidine (5) with p-Tol-I (2a)
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Therefore, I decided to prepare (according to the published literature procedures) a set
of N-protected uracils 6-12 bearing diverse protecting groups: silyl (TMS,'® TBDMS'®),
benzyloxymethyl (BOM),'™  benzoyl (Bz),'” methoxyethoxymethyl (MEM),'*
p-methoxybenzyl (PMB),'” and benzyl (Bn).'” All of them were tested in C-H arylation
reactions (Method A, B or C) with p-tolyl iodide (2a) in order to test the stability of the
protecting groups (Scheme 4, Table 2).

CH,
o) o) o)
R | ~ Method A R%N)j Method B RiN |
41\ O&I\N Method C O)\N
R1

O N 1
1 R1
R CHj3
3a, 13a, 15a, 17a 1,6-12 4a, 14a, 16a, 18a
major product major or the only product

Method A: p-Tol-1 (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 160
°C, 48 h; Method B: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C4Fs); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 48 h; Method C: p-Tol-I (2a, 2 equiv), Cul (3 equiv), Cs,COs (2.5 equiv), DMF, 160
°C, 48 h.

Scheme 4 C—H arylation of diverse protected uracils with p-Tol-I (2a)

Table 2 C-H Arylation of diverse protected uracils with p-Tol-I (2a)

Protecting group Products
Entry  Comp. R! R: Method 5- Yield 6- Yield Ratio”
isomer (%) isomer (%)

1° A 54 7 86:14
2° 1 -CHj3 -CH3 B 3a 5 4a 72 6:94
3* C 0 35 0:100
4 6 TMS TMS unstable
5 7 TBDMS TBDMS unstable
6 8 BOM BOM A complex m@xture
7 B complex mixture
8 9 u Bz A complex m@xture
9 B complex mixture
10 A 24 0 100:0
1 10 MEM MEM B 13a i 14a ) 25:75¢
12 A 47 6 88:12
13 11 PMB PMB B 15a 8 16a 46 14:86
14 C 4 34 10:90
15 A 45 7 86:14
16 12 Bn Bn B 17a 10 18a 66 14:86
17 C 4 42 9:91

* Taken from the previous chapter for comparison; ° The ratio of 5- and 6-isomer from 'H NMR spectra of a

isolated mixture; ° The isolated yield of mixture 13a and 14a was 25 %
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The most stable and efficient protective groups were the benzyl-type substituents: PMB or
Bn. The corresponding benzylated uracils 11 and 12 reacted in almost the same manner and
efficiency as the parent 1,3-dimethyluracil (1).

The next task was efficient deprotection of the benzylated aryluracils. The various

conditions were tested on PMB- and Bn-protected 5-tolyluracils 15a and 17a (Scheme 5).

CH CH CH
o) ® 0 ® o 3
R. various R. H.
N I conditions N | + N |
X contiere. 1. X

o7y ) o7y
R H H
15a, 17a 19a, 20a 21a

Scheme 5 Deprotection of 15a, 17a

Catalytic transfer hydrogenolysis'' with ammonium formate over 10 % Pd/C (1.1 equiv) gave
only selective cleavage of one PMB group at N1 to afford monoprotected 3-PMB-derivative
19a in 82 % yield. Only the treatment of 15a with BBr3'* in the pressure tube at 140 °C led to
complete cleavage of both PMB groups to give the desired 5-tolyluracil (21a) in moderate
yield of 62 %. Deprotection of benzyl protected uracil 17a was performed using catalytic
transfer hydrogenation with ammonium formate over 10 % Pd/C."" The use of 1.1 equiv of
Pd/C provided a complete and efficient deprotection to give uracil 21a in almost quantitative

yield.
3.1.3. Synthesis of 5- and 6-arylated free uracils

3.1.3.1. Synthesis of 5- and 6-aryl-1,3-dibenzyluracils

On the basis of the above mentioned results, 1,3-dibenzyluracil (12) was used as a
starting compound in a series of direct C-H arylations with diverse aryl halides 2a-2g under
the above mentioned methods A and B (Scheme 6, Table 3). The reactions in the absence of
Cul (Method A) gave 5-aryl-1,3-dibenzyluracils 17a-g as major products (selectivities from
4:1t09:1) in 19 - 70 % yields (entries 1, 3, 5, 7, 9, 11, 13). In all cases minor amounts of the
other regioisomer (6-aryluracils 18a-g) were also isolated. The reactions in the presence of
Cul (Method B) gave predominantly (selectivities from 3:1 to 7:1) or even exclusively

(for 2b) 6-aryl-1,3-dibenzyluracils 18a-g in 24 - 66 % yields (entries 2, 4, 6, 8, 10, 12, 14).
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(0]

(0] O
Bn. /[ﬁ/Ar . Bn. .. Bn.
N ) N (i) N
oo Yy e ey
oA O)\,}j o
én Bn

’Tj Ar
Bn
17a-g 12 18a-g
major product major or the only product

(i) Method A: Ar-X (2a-g, 2 equiv), Pd(OAc), (0.05 equiv), P(C4¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF,
160 °C, 48 h; (ii) Method B: Ar-X (2a-g, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv),
Cs,CO; (2.5 equiv), DMF, 160 °C, 48 h.

Scheme 6 Preparative C-H arylations of 1,3-dibenzyluracil (12)

Table 3 C-H arylations of 1,3-dibenzyluracil (12) with diverse aryl halides

Entry Ar-X Method  Yield of 17a-g  Yield of 18a-g ]13671%1108

I | A 45 % 7% 87:13
o =

2 HyC B 10 % 66 % 13:87

3 | A 70 % 18 % 80:20
.

4 CHs B 0% 28 % 0:100

5 | A 45 % 9% 83:17
o

6  HyCO B 12 % 38 % 24:76

7 | A 47 % 8 % 85:15
o

8 B 7% 42 % 14:86

13 O‘ A 25 % 3% 89:11
Br 26

14 ‘O B 8 % 50 % 14:86

1 Br A 19 % 4% 83:17
Sealr

12 B 8 % 33 % 20:80

9 Br A 49 % 7% 88:12
L s

10 F B 8 % 24 % 2575

® The ratio of a isolated compounds 17 and 18

16



Both electron-rich (2-bromothiophene, 2-bromofuran) and electron-poor (3-iodopyridine,
9-benzyl-6-iodopurine) hetaryl halides were also examined in these reactions, but in all cases
the reactions did not proceed. Apparently this methodology is only applicable to carbocyclic
aryl halides.

3.1.3.2. Deprotection of 5- and 6-aryl-1,3-dibenzyluracils

Two different cleavage procedures D (10 % Pd/C, ammonium formate, CH;OH, refux,
17 h) and E (BBr3;, m-xylene, 140 °C, pressure tube, Sh) were further used in deprotection of
5- and 6-aryl-1,3-dibenzyluracils 17, 18.

The 5-aryl isomers 17a-d and 6-aryl isomers 18a-d bearing small electron-rich aryl
groups were readily deprotected by transfer hydrogenolysis by ammonium formate over Pd/C
(Method D) to give the desired free 5-aryl-uracil bases 21a-d (Scheme 7, Table 4, entries 1-4)
and 6-aryluracil bases 23a-d (Scheme 8, Table 5, entries 1-4) in quantitative yields. In the
case of compounds bearing bulky aromatic substituents (pyrenyl or naphtyl) at position 5- and
6- (17e, 171, 18e, and 18f), I observed only partial deprotection under conditions D giving
3-benzyluracils 20e, 20f (Scheme 7, Table 4, entries 5, 6) and 22e, 22f (Scheme 8§, Table 5,
entries 5, 6) as major products and the rest was in all cases the starting material. The transfer
hydrogenation of the 4-fluorophenyl derivatives 17g and 18g gave inseparable mixtures
mainly with the products of dehalogenation. Therefore, I used the 5-hours treatment with
BBr; in overheated xylene in the pressure tube (Method E) which afforded quantitatively the
fully deprotected 6-aryluracil 23g (Scheme 8, Table 5, entry 7). The corresponding
5-(4-fluorophenyl)uracil 21g was unstable under these conditions and decomposed. Under
conditions E using BBr3, the deprotection of 17e, 17f and 18e, 18f proceeded readily to afford
the desired uracil bases 21e, 21f (Scheme 7, Table 4, entries 5, 6) and 23f (Scheme 8, Table
5, entry 6) in almost quantitative yields, apart from 23e, obtained in moderate 38 % yield
(Scheme 8, Table 5, entry 5). All the title compounds 17a-f and 18a-g were tested in vitro for
their cytostatic activity against human cancer cell lines (HL-60, HeLa S3, CCRF-CEM and
Hep(G2), but no significant effect was found.
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0}

(0] (0]
Bn\NJ]/Ar (i) or (i) Bn\NJE/Ar HN | Ar
— > +
O)\'Tl O)\N OZ\N
Bn H H
17a-g 20e-f 21a-g

(i) Method D: 10 % Pd/C, NH,HCO, , CH30H, refux, 17 h; (ii) Method E: BBr;, m-xylene, 140 °C, pressure
tube, 5 h.

Scheme 7 Deprotection of 5-regioisomers 17a-g

Table 4 Deprotection of 5-regioisomers 17a-g

Deprotection

method Yield of 21a-g

Entry Compounds

D 98 %

2 17b D 97 %

1 17a Q}{
HsC

Ar
CH;
3 17¢ @k D 95 %
H,CO

4 17d Ejkf D 97 %

O‘ D 0% (67 % 20¢)
5 17e
ool

D 0 % (42 % 20f)
S

E 63 %

D complex mixture
7 17g

F E decomposition
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) o] 0
Bn\N/li (i) or (i) Bn\NJE\ HN l
—_— +
Oél\'ﬂ Ar PN T
Bn H H

18a-g 22e-f 23a-g

(i) Method D: 10 % Pd/C, NH,HCO, , CH;0H, refux, 17 h; (ii) Method E: BBr;, m-xylene, 140 °C, pressure
tube, 5 h.

Scheme 8 Deprotection of 6-regioisomers 18a-g

Table 5 Deprotection of 6-regioisomers 18a-g

Entry Compounds Ar De;’; reottheocctlzon Yield of 23a-g
1 18a Q}{ D 97 %
HsC
2 18b @if D 94 %
CH,

3 18¢ /@X D 92 %
H,CO

4 18d ©}{ D 94 %

O‘ D 0 % (83% 22e)
5 18e¢
So

D 0% (98% 22f)
w0

E 70 %

D complex mixture
7 18g

F E 98 %
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3.1.4. Direct C-H arylation of nucleosides

In order to extend the use of C-H arylations to nucleosides, I have tried to apply the
above mentioned procedures A, B, C in reaction with unprotected uridine (24). Our
previously reported protocols for direct C—H arylation used rather harsh conditions (160 °C)
and long reaction times (48 h) to achieve efficient conversions. Such conditions are not
compatible with rather labile nucleosides and therefore, for such applications, the procedures
where adapted by lowering the reaction temperature to 130 °C and/or shortening the reaction
time to 17h. In a model reaction with p-tolyl iodide (2a), in the absence of Cul (condition A),
I observed only complex mixture of products, most probably due to the decomposition of
uridine (24). The Pd-catalyzed reaction in the presence of 3 equiv of Cul (conditions B) led
surprisingly to mixture of 2'-O- (25a) and 3'-O-(p-tolyl)-uridine (25b) (ratio ca 3:7), products
of O-arylation in 23 % yield. Under reaction condition in the absence of a Pd catalyst and a
ligand and in the presence of 3 equiv of Cul (condition C) again only formation of products of
O-arylation, in ratio 4:6 (25a:25b) was observed. In all cases no products of 5- or 6-arylation

were observed (Scheme 9).

o}
b
0” N
HO o o
o Method B HN)j HN)j
_— +
OH OH Method C A PN
HO HO
24 o o
25a CH, HiC 25b

Yield of
Method| mixture |Ratio of 25a:25b

Method A .
» decomposition

B 23 % 3:7

C 49 % 4:6

Method A: p-Tol-1 (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 130
°C; Method B: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(CsFs); (0.1 equiv), Cul (3 equiv), Cs,CO; (2.5
equiv), DMF, 130 °C; Method C: p-Tol-I (2a, 2 equiv), Cul (3 equiv), Cs,COs (2.5 equiv), DMF, 130 °C.
Scheme 9 Arylation of uridine (24) with p-tolyl iodide (2a)
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With these results in hand, I was considering using the suitable protected uridine for
direct arylation with p-tolyl iodide (2a). Therefore, I have prepared several protected uridines
26-28: 2°,3°,5’-Tri-O-benzoyluridine'? (26), 3-N-benzoyl-2’,3’,5’-tri-O-benzoyluridine'® (27),
and 2°,3’-O-isopropylidencuridine'* (28) which were subjected in C-H arylation reactions
with p-tolyl iodide (2a). The formation of desired 5- or 6-arylated products was not observed

using any of conditions A, B, C.

3.2. Synthesis of 2,4-diarylpyrimidines: Reaction development

and scope

Our synthesis starting from cheap 2-thiouracil (29) was envisaged based on two
different orthogonal (and thus inherently chemoselective) reactions. The first one was
phosphonium-mediated Suzuki coupling'” and the second reaction of choice was the
Liebeskind-Srogl cross-coupling'®. The combination of these two reactions should result in a
fully regioselective way for the synthesis of the title 2,4-disubstituted pyrimidines.

Thiouracil (29) itself underwent neither phosphonium-mediated Suzuki coupling nor
the Liebeskind-Srogl reaction under standard or microwave'’ conditions. Therefore, it was
converted by the known methylation procedure'® to 2-(methylsulfanyl)-4-oxo(3 H)pyrimidine
(30) which served as the starting compound for examination of further cross-couplings. Since
this compound 30 did not undergo the Liebeskind-Srogl reaction neither under microwave
irradiation nor conventional reflux conditions®™ 7 '’ Therefore, 1 decided to start with the
phosphonium-mediated pyridone coupling. After some optimization, I came up with an
efficient procedure for the Suzuki coupling of 30 based on the treatment with PyBroP in
presence of Et3N in dioxane, followed by addition of phenylboronic acid (31a), PdCl,(PPhs),
and Na,CO; in water and heating at 100 °C for 4 h. The desired 2-(methylsulfanyl)-
4-phenylpyrimidine (32a) was isolated in quantitative yield. No arylation at the position 2 was
observed. Then, the Liebeskind-Srogl reaction of 32a with p-tolylboronic acid (31b) in
presence of Pd-catalyst and CuTC was attempted and the optimal conditions involved MW
heating in THF at 100°C for 1 h. This procedure gave the desired 4-phenyl-
2-(p-tolyl)pyrimidine (33ab) quantitatively (Scheme 10).
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O

o)
HN)j 0] HNJE (i) N7 | (iii) N7 |
S)\ H3C\S)\\N H3C\SJ\\N NS

N N
H
29 30, 82% 32a, 99% HsC 33ab, 99%

(i) Mel, NaOH, H,0O-EtOH, 60 °C, 20 min; (ii) PyBroP (1.2 equiv), Et;N (3 equiv), 1,4-dioxane, r.t., 2 h; then
PhB(OH), (31a, 2 equiv), PdCI,(PPh;), (5§ mol %), Na,CO; (5 equiv), H,0O, 100 °C, 4 h; (iii) p-TolB(OH), (31b,
1.5 equiv), Pd(PPh;), (10 mol %), CuTC (3 equiv), THF, 100 °C, MW, 1 h.

Scheme 10 The synthesis of 2,4-disubstituted pyrimidine 33ab from 2-thiouracil (29)

This two-step sequence starting from compound 30 apparently has the potential for the
synthesis of a series of pyrimidines bearing two different aryl groups at positions 2 and 4. To
verify this claim and to prepare some derivatives relevant for biological activity screening, I
designed 2,4-disubstituted pyrimidines bearing different combinations of methoxy- or

methylenedioxyphenyl groups.

3.2.1. Synthesis of 4-aryl-2-(methylsulfanyl)pyrimidines

To access the target series of 2,4-diarylpyrimidine derivatives, the starting
2-(methylsulfanyl)-4-oxo(3H)pyrimidine (30) was first subjected to the PyBroP-mediated
cross couplings with a series of four substituted (4-methoxy-, 3-fluoro-4-methoxy-,
3,4-methylenedioxy- and 3,4,5-trimethoxy-) phenylboronic acids 31e-f (Scheme 11). All
these reactions proceeded smoothly under the previously optimized conditions to give
chemoselectively the series of 4-aryl-2-(methylsulfanyl)pyrimidines 32¢-f in good to
excellent yields (70 - 96 %) (Table 6, entries 1-4). 4-Cyanophenylboronic acid (31g) was also
tried, in order to verify electron-poor arylboronic acid in this reaction and this boronic acid
reacted in the same manner as the electron-rich and neutral arylboronic acids (Scheme 11,

Table 6, entry 5).
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o} Ar'
PyBroP (1.2 equiv), Et3N (3 equiv),

HN | 1,4-dioxane, r.t., 2 h; o N7 |
H3C\s/k\N then Ar'B(OH), (31¢c-g, 2 equiv), HSC\s/k\N
30 PdCI,(PPh3), (5 mol%), Na,CO3 (5 equiv), 32c-g

H,0, 100 °C, 4 h

Scheme 11 Preparation of 4-aryl-2-(methylsulfanyl)pyrimidines 32¢-g

Table 6 Preparation of 4-aryl-2-(methylsulfanyl)pyrimidines 32¢-g

Entry Product Ar Yield of 32

1 32¢ /@ 75 %
HyCO

F ke
2 32d i@ 70 %
H,CO

O e
3 32¢ { D 77 %
O
HsCO %
4 326 H.CO 96 %
OCHs

5 32g /@ 80 %
NC

3.2.2. Synthesis of 2,4-diarylpyrimidines

Subsequently, I continued with the synthesis of 2,4-diarylpyrimidines and each of the
thioethers 32c¢c-f underwent the Liebeskind-Srogl reactions with the same series of four
arylboronic acids 31c¢-f under the same conditions as for the synthesis of 33ab (Scheme 12).
Most of the reactions proceeded uneventfully to give the series of sixteen desired
2,4-diarylpyrimidines 33cc-ff in good to quantitative yields (Table 7, entries 1-16). Only the
reactions of the most electron-rich 2-(methylsulfanyl)-4-(3,4,5-trimethoxyphenyl)pyrimidine
32f did not proceed with quantitative conversions giving the final products 33fc-ff in good
yields (51 - 80 %) along with part of the starting compound (Table 7, entries 13-16). Electron-
poor 4-cyanophenylboronic acid (31g) was also examined in this reaction with
4-(2-(methylsulfanyl)pyrimidin-4-yl)benzonitrile (32g) and the reaction proceeded
quantitatively (Scheme 12, Table 7, entry 17).
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Ar’ . Ar’
Ar?B(OH), (31¢c—g, 1.5 equiv),

N~ Pd(PPhj), (10 mol%), CuTC (3 equiv), N=
e A . -
5 SN THF, 100 °C, MW, 1 h AN
32c-g 33cc-ff, 33gg

Scheme 12 Preparation of 2,4-diarylpyrimidines 33cc-33ff, 33gg

Table 7 Preparation of 2,4-diarylpyrimidines 33cc-33ff, 33gg

Entry Product Ar! Ar Yield of 33
1 33cc 4-(MeO)CeHa 75 %
2 33cd QE’ 3-F-4-(MeO)CH; 89 %
3 33ce H,CO 3,4-(OCH,0)CeH; 72 %
4 33cf 3,4,5-(Me0);CsH, 66 %
5 33de 4-(MeO)CoHa 99 %
6 33dd F % 3-F-4-(MeO)CsHs 99 %
7 33de HCO 3,4-(OCH,0)CeH; 98 %
8 33df 3,4,5-(Me0);CsH, 86 %
9 33ec 4-(MeO)CeHa 98 %
10 33ed o © 3-F-4-(MeO)CeHs 98 %
1 33ee <oj© 3,4-(OCH,0)CsHs 96 %
12 33ef 3,4,5-(Me0);CsHa 96 %
13 33fc HyCO . 4-(MeO)CeHa 54 %
14 33fd 3-F-4-(MeO)CsHs 80 %
15 33fe H3CO 3,4-(OCH,0)CsHs 52 %
16 33f OCHs 3 4.5.(McO),CeH, 51 %

—_
-

s
33gg Q 4-CNCgH, 99 %
NC

Thus, this facile two-step sequence gave the target 2,4-diarylpyrimidines in good
overall yields of 49 - 79 % with exclusive chemoselectivity. The title compounds 33cc-ff
were tested in vitro for their cytostatic activity against human cancer cell lines (HL-60, HeLa

S3, CCRF-CEM and HepG2), but no significant effect was found.
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3.3. Direct trifluoromethylation of 1,3-dimethyluracil and

consecutive C-H arylation

3.3.1. Direct trifluoromethylation of 1,3-dimethyluracil: Reaction

development and scope

I started my study by systematic screening of diverse trifluoromethylating agents and
conditions in analogy to literature (usually C-H trifluoromethylations of other heterocycles)*’
in order to see whether the trifluoromethylation of 1,3-dimethyluracil (1) proceeds and what is
the regioselectivity of formation of either 1,3-dimethyl-5- (34) or 6-(trifluoromethyl)uracil
(35) (Scheme 13).

o o o
"CF"-agent catalyst
HiCo J] s-agent HiCoy, )j/ca HiC. )j\
+
O)\N ? OéJ\N O)\N

| | |
CH, CHj CH,
1 34 35

CFs

Scheme 13 Screening of diverse trifluoromethylating reagents on 1,3-dimethyluracil (1)

The Umemoto's reagent (S-(trifluoromethyl)dibenzothiophenium trifluoroborate)*”

20¢ were tried

and the Togni's reagent (3,3-dimethyl-1-(trifluoromethyl)-1,2-benziodoxole)
from a series of electrophilic trifluoromethylating reagents. No trifluoromethylation reaction
was observed under any of these conditions. It is interesting that in the reaction with the
Umemoto's reagnent under conditions with Pd(OAc), in the presence of Cu(OAc), and
TFA,*™ formation of 5,5- (36) and 5,6-dimers (37) of 1,3-dimethyluracil (1) was observed
(Scheme 14). This confirms that the C-H activation at positions 5 and 6 is indeed possible but

the oxidative dimerization of the heterocycle is preferred over trifluoromethylation.
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byproducts (when Umemoto's reagent was used):

o Umemoto's or C|:H3
H3C. Togni's reagent no N. _O
j\)j trifluoromethylation o | \‘|7
5 +
0~ °N H5C. N.
i Yy e
3 o
1 O ’Tj
/CFS CH3
BDa® {
S o}
$ B,
CF3
Umemoto's reagent Togni's reagent
Scheme 14

Next, I tested selected nucleophilic trifluoromethylating agents themselves or after
generation of radicals. Rupert's reagent (CF3SiMe;)**"¢ was used in a series of various
experiments with 1. Only the reaction in the presence of Cu(OAc),, phenanthroline, Ag,CO3
and KF in DCE™® at 80 °C after 12hours gave the desired 1,3-dimethyl-5-
(trifluoromethyl)uracil (34) in moderate yield of 27 %. However, CF;SO;Na reagent under
radical conditions in the presence of /BuOOH at r.t. (analogy to ref.?") after 5 hours gave the
5-trifluoromethylated uracil 34 in good yield of 67 % (Scheme 15). No formation of

6-(trifluoromethyl)uracil (35) was observed in any of the direct C-H activations.

o 0
H3C\N)j NaSO,CF3, t-BuOOH HsC\N)j/CF?,
o)\r}l DCM:H,0 (2.5:1), r.t., 5 h O)\'T‘
CHs CH,
1 34,67 %

Scheme 15 Preparation of 5-trifluoromethylated uracil 34

Another possible way to trifluoromethylated heterocycles is based on Ir-catalyzed C-H
borylation followed by electrophilic trifluoromethylation.** Therefore, I have tried to perform
the C-H borylation of 1 with bis(pinacolato)diboron under [{Ir(cod)OMe},] + di-tert-
butylbipyridine (dtbpy) catalysis in THF. This reaction led to an unseparable mixture of
starting compound 1, 5-pinacolatoboryl- 38 and 5,6-bis(pinacolatoboryl)uracil 39 in ca. 2:5:3
ratio. Therefore, the whole reaction mixture was only evaporated and directly used in the
second step in the reaction with the Togni's reagent, in the presence of CuTC, phenanthroline
and LiOH-H,O in air. The two-step sequence then gave 1,3-dimethyl-5-
(trifluoromethyl)uracil (34) in 21 % and 1,3-dimethyl-6-(trifluoromethyl)uracil (35) in 8 %
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(Scheme 16). Any attempted optimization did not improve the yields of the final
trifluoromethylated uracils. Since no 6-(pinacolatoboryl)uracil was observed in the reaction
mixture after the borylation, the formation of 35 apparently must have resulted from
trifluoromethylation (at position 6) and proto-deborylation (at position 5) of diborylated uracil
39. The borylation/trifluoromethylation sequence gave for the first time a trifluoromethylation

at position 6 (though in low yield).

B,pin, (0.8 equiv),

(e}

[{ir(cod)OMe},] (0.5 mol%) J§< J{<
)ﬁ dtbpy (1.0 mol%) R H3C H3C
1 38 unseparable 39

THF, 80 °C, 24 h, argon

Togni's reagent (1.1 equiv)

CuTC (10 mol%), phen (20 mol%)
LiOH.H,0 (2 equiv)

CH,Cly, 50 °C, 22 h, reflux, air

0 o)
H3C\N)5/CF3 HaC ),
| + |
O)\ITJ oél\ry CF4
Hs

34,21% 35, 8%
Scheme 16 Ir-catalyzed C-H borylation of 1 followed by trifluoromethylation

3.3.2. Direct C-H arylation of 1,3-dimethyl-5-(trifluoromethyl)uracil

With the 1,3-dimethyl-5-(trifluoromethyl)uracil (34) in hand, I set up a series of Pd-
catalyzed reactions with p-tolyl 1odide (2a) to explore the possibility of further C-H arylation
at position 6 (Scheme 17).

p-Tol-l (2a, 2 equiv)
(@) catalyst (5 mol%) (0] 0]

HsC. CF, ligand (10 mol%)  H,c_ CF3  HsC.
N N)j/ *  additive (3 equiv) N | 8 . N | .
él\ base (2.5 equiv), él\ %I\

© NCH DMF, 160 °C, 48 h © ’CTIEH © EI‘,H
3 3 CH 3
34 40 4a

Scheme 17 C-H arylations of 1,3-dimethyl-5-(trifluoromethyl)uracil (35)

At first, the conditions from my previously reported C-H arylations of 1> ** were

attempted. The reaction in the presence of PA(OAc),, P(CgFs);, Cul and Cs,COs3 did not give
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even a trace amounts of the desired product 40. Surprisingly, it gave only a mixture of 1,3-
dimethyl-6-(p-tolyl)uracil (4a, 43 %) and 1,3-dimethyluracil (1, 57 %) where both products
lost the trifluoromethyl group at position 5. The same reaction in the absence of Cul gave the
same products in lower yields (4a, 25 % and 1, 30 %) accompanied by unexpected
phenanthrene-fused uracil 41 (11 %), as a result of double arylation at positions 5 and 6
followed by oxidative C-H coupling. Therefore, Pd-catalysts were used in combination with
various ligands, additivies and bases, in order to obtained product 40. The best conversion
was achieved in the reaction in the presence of Cul and CsF in the absence of any ligand.
Under these conditions, desired product 40 was isolated in 25 % yield. Prolongation of
reaction time, use of microwave irradiation, various temperatures, increasing the amount of
catalysts or change of solvent (DMA) did not lead to any improvement of the reactivity.

Since the C-H arylation reactions in presence of Cs,COs led to loss of the CF3 group,
it was interesting to look into possible mechanism of this C-C bond cleavage. Therefore a
model reaction in the absence of aryl halide and catalyst was performed. Thus, 1,3-dimethyl-
5-(trifluoromethyl)uracil (34) was treated with Cs,CO3 in DMF at 160 °C. When the reaction
was stopped after 3 h using acidic work up, formation of 1,3-dimethyluracil-5-carboxylic acid
42 was observed, whereas, after prolonged reaction time, dimethyluracil 1 was observed as

the major product (by NMR of the crude mixture) (Scheme 18).

0 0
HaC. )ﬁ/CF?) Cs;C0; H3C\N)j/COQCS " HSC\N)j/COQH
— >
)\ T60°C.3h | oPn AN
|

|
CH3 CHj3 CHs
34 | 42

Scheme 18 1,3-Dimethyl-5-(trifluoromethyl)uracil (34) subjected to reaction with base

To verify whether the transformation of CF3 to CO,H is a substitution (due to cleavage of C-C
bond) or a "hydrolysis", the same reaction was performed with K,'>CO3 which showed no "*C
enrichment of product confirming the CF3; "hydrolysis" hypothesis. It was found that it is

important to use non-nucleophilic bases (Hiinig's base, DBU) or bases with low
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nucleophilicity  (piperidine, KF, CsF) for C-H arylation of 1,3-dimethyl-
5-(trifluoromethyl)uracil(34).

Verification of the best conditions of direct C-H arylation to the analogous reactions of
34 with other arylhalides (iodobenzene, 4-iodoanisole, 5-iodo-1,2,3-trimethoxybenzene,
5-iodo-1,3-benzodioxole or bromobenzene) did not lead to any of 6-arylated products.

Therefore, the conditions cannot be generally used for the arylation with other aryl halides.
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4. Conclusion

A general and regioselective methodology of Pd-catalyzed and/or Cu-mediated direct
C-H arylations to position 5 or 6 of 1,3-dimethyluracil was developed and also regiospecific
direct C-H arylation to position 6 of 1,3-dimethyluracil was successfully achieved.
Pd-catalyzed reactions in the absence of Cul provide 5-aryluracils as the major products,
while Pd-catalyzed reactions in the presence of 3 equiv of Cul give preferentially
6-aryluracils. Regiospecific substitution in position 6 could be achieved using copper
mediated arylation in the absence of Pd-catalyst. The scope of developed conditions was
examined in reactions with different aryl halides. A diverse electron-rich and neutral aryl
iodides and bromides afforded the desired arylated products in high to moderate yields.
Electron-poor aryl iodides failed, no reaction or very low conversions (< 10 %) were
observed.

Synthesis of free 5-aryluracil and 6-aryluracil bases was succesfully accomplished by
applying direct arylation methodologies. Since the direct arylation of unprotected uracil did
not meet with the success and formation of N-arylated products was observed, there was a
need for the development of a suitable protection at N1 and N3 of uracile that should be
compatible with the harsh conditions of the C-H arylations but on the other hand to be easily
cleavable at the end of synthesis without decomposition of the aryluracils. Several protecting
groups were examinated and benzyl group was found as a best candidate. Above mentioned
methodologies for regioselective arylation were efficiently applied in direct C-H arylation of
1,3-dibenzyluracil resulting in the desired 5-arylbenzyluracils and 6-arylbenzyluracils in the
same regioselectivity fashion. For the final deprotection two diferent protocols needs to be
applied. For the debenzylation of arylbenzyluracils bearing bulky aromatic substituents BBr;3
was used, while deprotection of uracils bearing simple arenes was achieved smoothly by
transfer hydrogenolysis with ammonium formate over Pd/C.

The attempt to apply the above mentioned methods of direct arylation on uridine and
protected uridines (performed at lower temperature and/or shorter reaction time due to
thermal instability of N-glycosidic bond) was not successful.

Next a general, facile, and efficient two-step synthesis of 2,4-diarylpyrimidines
bearing two different aryl groups was developed. The synthesis was based on combination of
two different reactions, the first one was phosphonium-mediated Suzuki coupling and the

second reaction of choice was the Liebeskind-Srogl cross-coupling. Since tiouracil itself
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underwent neither phosphonium-mediated Suzuki coupling nor the Liebeskind-Srogl reaction
under standard or microwave conditions, 2-(methylsulfanyl)-4-oxo(3H)pyrimidine was
proved as suitable starting compound. The proper order of these two reactions resulted in a
fully regioselective way for the synthesis of the title 2,4-disubstituted pyrimidines. The
orthogonality of the phosphonium-mediated Suzuki coupling and Liebeskind-Srogl reaction
makes their combination a powerful alternative to cross-couplings of dihaloheterocycles with
problematic regioselectivities.

The idea of subsequent C-H arylation of 2,4-diarylpyrimidines which would lead to
multisubstituted pyrimidines was not favourable. Various published conditions of C-H
arylation were performed on 4-phenyl-2-(p-tolyl)pyrimidine in a reaction with p-tolyl iodide
or with p-tolylboronic acid as a coupling partner, but desired product of arylation was never
observed.

Direct C-H trifluoromethylations of  1,3-dimethyluracil ~ with  diverse
trifluoromethylating agents were systematically studied. While attempted electrophilic
trifluoromethylations led to uracil dimers and nucleophilic trifluoromethylations did not work
or gave low conversions, radical trifluoromethylation with CF3SO,Na in the presence of
BuOOH gave 1,3-dimethyl-5-(trifluoromethyl)uracil in good vyield. Ir-catalyzed C-H
borylation of 1,3-dimethyluracil gave an unseparable mixture of mono- and diborylated
products which upon reaction with the Togni's reagent gave separable mixture of
1,3-dimethyl-5-(trifluoromethyl)uracil and  1,3-dimethyl-6-(trifluoromethyl)uracil. = The
borylation/trifluoromethylation sequence gave for the first time a trifluoromethylation at
position 6  (though in low  yield). Attempted C-H  arylations of
1,3-dimethyl-5-(trifluoromethyl)uracil were accompanied by cleavage of the CF; group due to
"hydrolysis" hypothesis. C-H arylations of 1,3-dimethyl-5-(trifluoromethyl)uracil with p-tolyl
iodide in the presence of a Cu(l) salt and CsF gave the desired 1,3-dimethyl-6-(p-tolyl)-5-
(trifluoromethyl)uracil in moderate yield only and the reaction did not work for other aryl

halides.
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1. Uvod

Pyrimidin je dusikatd heterocyklickd aromaticka zluCenina, ktorej kyslikaté derivaty
zname ako pyrimidinové nukleobazy si vedla purinovych baz jednou z klucovych
komponentov nukleotidov, stavebnych jednotiek nukleovych kyselin. V sucasnej dobe je
znamych mnoho synteticky modifikovanych nukleobaz a nukleozidov, ktoré boli pouzité ako
znaCky a fotosenzitivne alebo fluorescenéné sondy v DNA alebo RNA vyskume. Nasli tiez
svoje uplatnenie v medicinalnej chémii ako biologicky aktivne latky.

Roézne syntetické metddy boli publikované pre pripravu arylovanych pyrimidinovych
derivatov, vi¢sina z nich je zaloZena na heterocyklickych kondenzaénych reakciach.' Dalgim
dolezitym spdsobom pre syntézu tychto zlidenin je cross-coupling reakcia.” Priame C-H
arylacie’ sa v su¢asnej dobe ukézali ako alternativa k tradiénym cross-couplingom, a v nasej’
a tiez v inych skupinach’ sa opakovane ukazalo, Ze su navzajom komplementarne a mozu byt
pouzité pre viacnasobné substitucie roznych (hetero)arénov. Vyhodou priamych arylacii je, ze
si vyzaduju aktivaciu iba jedného alebo dokonca ziadneho substratu a mézu teda eliminovat

pouzitie organokovovych substratov (Obrazok 1).

A: Cross-coupling

TM Katalyzator
—M + X—C% Ar)

B: Priama C-H Arylacia

s aryl (pseudo)halogenidmi
TM Katalyzator
C—H + X-C) Ar

C: Oxidativna priama arylacia

Y

a) s organokovovymi cinidlami

TM Katalyzator
—H + M—C; Ar> oxidant

b) s arénmi (dehydrogenativna arylacia)

Ar = Aryl, Heteroaryl
M =B, Sn, Si, Mg, Zn

TM Katalyzator
—H + H-C Ar’ oxidant X =1, Br, Cl, OTf
TM = Prechodny kov

Obrazok 1 Tradi¢na cross-coupling reakcia vs. priama C-H arylacia
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2. Ciele prace

1. Vyvoj praktickej syntézy 5- a 6-aryluracilovych nukleobaz pouzitim regioselektivnych
priamych C-H arylacii.

2. Preskumanie moznosti priamych C-H arylécii na uridine pripadne chranenych uridinoch.

3. Vyvoj regioselektivnej syntézy 2.4-diarylpyrimidinov pouZzitim cross-couplingovych
reakcii.

4. Regioselektivna syntéza 1,3-dimetyl-5- a 6-(trifluormetyl)uracilu pouzitim priamej

trifluorometylacie a jej volite'nej kombinacie s priamymi C-H arylaciami.
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3. Vysledky a diskusia

3.1. Regioselektivna priama C-H arylacia uracilov

3.1.1. Priama C-H arylacia 1,3-dimetyluracilu: Vyvoj metodiky a jej

pouZzitie

V naSej skupine bola vyvinuta Pd-katalyzovana C-H arylacia purinovych baz a
nukleozidov do pozicie 8 v pritomnosti Cul a Cs,COs* a Ir-katalyzovana C-H borylacia
7-deazapurinov.” Mojim ciefom bolo rozsirit pouzitie C-H arylacii na pyrimidinové bazy
a vyuzit' priame arylacie v syntéze 5- alebo 6-aryluracilov. Preto som sa pokusila previest
Pd-katalyzované C-H arylacie’ nechraneneného uracilu. Tieto reakcie dopadli netispesne,
pozorovany bol len vznik N-arylovanych produktov ale Ziadne produkty C-H arylécie. Preto
som sa rozhodla preskimat’ C-H arylacie na 1,3-dimetyluracile (1), ako modelovej zlucenine
pyrimidinovych bdz a nukleozidov. 1,3-Dimetyluracil (1) obsahuje dve C-H vizby, ktoré
mozu podliehat’ arylacii, pozicii 5 a 6.

Ako prvé som skusila pouzit’ podmienky bez pritomnosti ligandu pri teplote 160 °C
(analogicky k arylacii purinov?), pri¢om som ziskala 53 % zmesi 5-p-tolyl (3a) and 6-p-tolyl
(4a) derivatu v pomere 1:4 (20 %:80 %). S cielom dosiahnut’ lepSiu regioselektivitu a
konverziu reakcie, pokusila som sa optimalizovat’ podmienky C-H arylécie 1,3-dimetyluracilu
(1) v reakcii s p-tolyl jodidom (2a), pouzitim Pd(OAc), v kombinacii s r6znymi ligandmi a s

roznym mnozstvom Cul v pritomnosti Cs,COs (Schéma 1).

o) p-Tol-l (2a, 2 equiv), o CHj, o
Pd(OAc), (0.05 equiv),
H3C\N/ﬂtﬂ Ligand (0.1 equiv), Cul, HaC | HsCoy
O)\N Cs,CO5 (2.5 equiv), DMF A * A

. o7 N 07N
CH CH CH
3 3 3 CH,
1 3a 4a

Schéma 1 C—H arylacia 1,3-dimetyluracilu (1) s p-tol-I (2a)

Z optimaliza¢nych experimentov boli vyvinuté tri rtdzne podmienky pre regioselektivhu C-H
arylaciu 1,3-dimetyluracilu (1) do pozicie 5 alebo 6: (Metdéda A) Pd(OAc), v kombinacii s
P(C¢Fs); v pritomnosti Cs,COs3;, (Metéda B) podmienky metddy A v kombinacii
s 3 ekvivalentmi Cul, a (Methdéda C) Cul a Cs,CO; bez pritomnosti Pd(OAc), a ligandu.
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Reakciou bez pritomnosti Cul (Metéda A) bol ziskany 1,3-dimetyl-5-(p-tolyl)uracil (3a) ako
hlavny produkt, zatial' ¢o reakcie v pritomnosti 3 ekvivalentov Cul (Metéda B alebo C)
poskytli regioselektivne alebo regiospecificky 1,3-dimetyl-6-(p-tolyl)uracil (4a).

3.1.1.1. Syntéza 5- a 6-aryl-1,3-dimetyluracilov

Tri vys$Sie zmienené vyvinuté postupy boli nasledne pouzité v preparativnych

pokusoch s r6znymi arylhalogenidmi.

0 0 0
HsC\N)K/IrAF Metoda A HscxN)j Metoda B HSC\N)j\
—_————
041\ N O)\ N Metéda C 041\ N SAr

| | |
CH,4 CHy CHs
3a-f 1 4a-f
hlavny produkt hlavny alebo jediny produkt

Metéda A: Ar-X (2a-f, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,COs (2.5 equiv), DMF, 160
°C, 50 h; Metoda B: Ar-X (2a-f, 2 equiv), Pd(OAc), (0.05 equiv), P(C4Fs); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 50 h; Metéda C: Ar-X (2a-f, 2 equiv), Cul (3 equiv), Cs,COj3 (2.5 equiv), DMF, 160
°C, 50 h.

Schéma 2 Preparativna C-H arylécia 1,3-dimetyluracilu (1)

Reakcie s p-tolyl jodidom (2a), 2-jodtoluénom (2b), 4-jodanizolom (2¢) a jodbenzénom (2d)
poskytli za podmienok A 5-aryluracily 3a-d ako hlavné produkty v izolovanych vytazkoch 54
- 80 % (Tabulka 1, pokusy 1, 4, 7, a 10). Za podmienok B bola selektivita obratena, ¢im sa
ziskali 6-aryl derivaty 4a-d ako hlavné produkty v izolovanych vytaZzkoch 54 — 72 %
(Tabulka 1, pokusy 2, 5, 8, a 11). Vo vsetkych pripadoch bolo izolované aj menSie mnozstvo
druhého regioizoméru. Podmienky C poskytli vSeobecne nizSie konverzie, ale vysoku
regioselektivitu, ¢im sa ziskali 6-substituované uracily 4a-d ako jediné produkty (vytazky
35-59 %) (Tabulka 1, pokusy 3, 6, 9, a 12). Dva arylbromidy (2e, f) boli tiezZ UspeSne
pouzité pre C-H arylaciu zliceniny 1 za rovnakych podmienok (Tabulka 1, pokusy 13-18) a

preukazali podobnu konverziu a selektivitu.
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Tabul’ka 1 C—H arylacie 1,3-dimetyluracilu (1) s rdznymi arylhalogenidmi

Vytazok®  Pomer® 3.4  VytaZok (%)

Pokus Ar-X Metoda (%) (%) 3 7
1 | A 62 86:14 54 7
2 /©/ 22 B 78 6:94 5 7
3 HC C 35 0:100 0 35
4 | A 96 82:18 80 15
5 @[ b B 60 7:93 5 54
6 CHs C 48 0:100 0 48
7 i A 68 81:19 56 12
8 2 B 68 9:91 6 62
9 HyCO C 59 0:100 0 59
10 | A 76 88:12 68 8
11 ©/ 2d B 68 12:88 8§ 60
12 C 37 0:100 0 37
13 OO A 88 77:23 68 20
14 Br  2¢ B 68 0:100 0 68
15 ‘O C 36 0:100 0 36
16 Br A 53 79:21 210
17 OO i€ B 89 10:90 9 80
18 C 24 0:100 0 24

*Izolovany vytazok zmesi 3 a 4; ° Pomer 3 a 4 z 'H NMR spektra izolovanej zmesi

Elektronovo chudobné aryl jodidy (1-j6d-4-nitrobenzén, 4-joédbenzonitril, 3-jodpyridin,
5-joduracil, 5-j6d-1,3-dimetyluracil) boli tieZ otestované za podmienok metdod A-C, ale vo
vSetkych pripadoch reakcie neprebiehali (pripadne boli pozorované vel'mi nizke konverzie
<10%). D4 sa teda predpokladat’, Ze tato metodika je pouZitel'na len pre elektronovo bohaté a
neutrdlne arylhalogenidy. V Ziadnej z tychto reakcii nebol pozorovany vznik
5,6-diarylovanych produktov, a tiezZ obdobné experimenty naslednej arylacie 5-aryluracilu 3a
za podmienok B a arylacie 6-aryluracilu 4a za podmienok A s dal§im aryljodidom (2¢)
neprebiehali. Druhd C-H aryldcia s najviacSou pravdepodobnost'ou neprebieha z ddvodu
stérického branenia.

Dvojakost’ v reak¢nej regioselektivite jasne poukazuje na rozny reakény mechanizmus
v jednotlivych pripadoch. Zatial’ Co reakcie v nepritomnosti Cul pravdepodobne prebiehaju
mechanizmom su¢asnej metalacie-deprotonacie (CMD)’ a tak preukazuju regioselektivitu
podobnu elektrofilnej substitucii (pozicia 5), reakcie v pritomnosti Cul pravdepodobne
prebichaju cez metalaciu heterocyklu s medou™ > do pozicie, ktora ma viac kyslejsi vodik
(pozicia 6). Reakcie v nepritomnosti Pd-katalyzatora prebiehaju mechanizmom Ullmannovho

couplingu (pozicia 6).
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3.1.2. Priama C-H arylacia chranenych uracilov a nasledné odchranenie:

Vyvoj metodiky a jej pouZitie

Vyssie uvedené tri metddy neboli pouziteI'né na nechranenom uracile. Za ucelom
ziskat’ vol'né aryluracilové bazy, bolo potrebné zistit’ vhodné chranenie pre N1 a N3, ktoré by
bolo kompatibilné s energickymi podmienkami C-H arylacii a zarovenn by bolo mozné
jednoducho odchranit’ na konci syntézy, bez rozkladu pripravenych aryluracilov. V dosledku
toho som sa zamerala na C-H arylacie rozne chranenych uracilov a vypracovanie syntézy
vol'nych arylovych uracilovych baz.

Ako prvé som skusila aplikovat’ vyssie uvedené podmienky pre regioselektivnu C-H
arylaciu v experimentoch s komer¢ne dostupnym 2,4-dimetoxypyrimidinom (5), ako
predstavitelom O-chranenych uracilov. Reakcia bola uskuto¢nend bud’ v nepritomnosti
(Metoda A), alebo v pritomnosti Cul (Metdda B) za pouzitia Cs,CO; ako bazy pri 160 ° C
(Schéma 3). Pouzitim podmienok A vznikala po 48 hodinach zmes 1,3-dimetyl-5-
(p-tolyl)uracilu (3a) a 1,3-dimetyl-6-(p-tolyl)uracilu (4a) vo vytazku 40 % a v pomere 82:18
a taktiez bolo z reakénej zmesi izolovanych 58 % 1,3-dimetyluracilu (1). Pouzitim podmienok
B bolo ziskanych 45 % zmesi 5-p-tolyl (3a) a 6-p-tolyl (4a) derivatov v pomere 13:87 a 55 %
1,3-dimetyluracilu (1) (Schéma 3). Tento vysledok je s najvdc¢Sou pravdepodobnostou
dosledok toho, Zze substituované pyrimidiny reprezentované 2,4-dialkoxypyrimidinmi I'ahko
podliehaju pri zahrievani presmyku, za vzniku 1,3-dialkyluracilov.” 1,3-Dialkyluracil (1) je v

porovnani s 2,4-dimetoxypyrimidinom (5) stabilnejsi izomér.”

O
H3C\ Tol H3C\

o OCHj3 o) o
N | N | Metoda A N)E Metéda B HSC\N | Tol H3C\Nﬁ
+ -~ —_— +
O)\N O)\N T )\\N O)\N O)\

\ \ ol H;CO \ 'Tj Tol

CHs CHs CHs CHs

3a 4a 5 3a 4a
Vytazok ‘ Pomer 3a: 4a Vytazok ’ Pomer 3a: 4a

40 % 82:18 45 % 13:87

Metéda A: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C4¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 160
°C, 48 h; Metoda B: p-Tol-1 (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 48 h.

Schéma 3 C-H arylacia 2,4-dimetoxypyrimidinu (5) s p-Tol-I (2a)
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Preto som sa rozhodla pripravit’ (podl’a publikovanych postupov) sériu N-chranenych
uracilov 6-12 nesticich rézne chraniace skupiny: silyl (TMS,'® TBDMS'%®), benzyloxymetyl
(BOM),'® benzoyl (Bz),'®® metoxyetoxymetyl (MEM),'* p-metoxybenzyl (PMB),'” a benzyl
(Bn).'” Vsetky chranené uracily boli otestované v C-H arylaciach s p-tolyl jodidom (2a)
(Metoda A, B alebo C), za ucelom testovania kompatibility chraniacich skupin (Schéma 4,

Tabulka 2).

CHs
o o 0
R | Metoda A R%N)j MetédaB RiN |
41\ &I\ N Metéda C O&J\ N
R1

(@) N (@) \
1 R1
R CH;
3a, 13a, 15a, 17a 1,6-12 4a, 14a, 16a, 18a
hlavny produkt hlavny alebo jediny produkt

Metéda A: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF, 160
°C, 48 h; Metoda B: p-Tol-1 (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢F5); (0.1 equiv), Cul (3 equiv), Cs,CO;
(2.5 equiv), DMF, 160 °C, 48 h; Metoda C: p-Tol-I (2a, 2 equiv), Cul (3 equiv), Cs,COs (2.5 equiv), DMF, 160
°C, 48 h.

Schéma 4 C-H Arylacia r6zne chranenych uracilov s p-Tol-I (2a)

Tabulka 2 C-H Arylacia r6zne chranenych uracilov s p-Tol-1 (2a)

Chraniaca skupina Produkty
R! R: Metoda 5- Vyt. 6- Vyt.  Pomer
izomér (%) izomér (%)

Pokus  Zluc. b

1° A 54 7 86:14
2° 1 -CHj3 -CH3 B 3a 5 4a 72 6:94
3* C 0 35 0:100
4 6 TMS TMS nestabilny

5 7 TBDMS TBDMS nestabilny

6 8 BOM BOM A komplexné} zmes

7 B komplexna zmes

8 A komplexna zmes

9 o H Bz B komplexna zmes

10 A 24 0 100:0
1 10 MEM MEM B 13a i 14a ) 2575
12 A 47 6 88:12
13 11 PMB PMB B 15a 8 16a 46 14:86
14 C 4 34 10:90
15 A 45 7 86:14
16 12 Bn Bn B 17a 10 18a 66 14:86
17 C 4 42 9:91

* Taken from the previous chapter for comparison; ” Pomer 5- a 6-izoméru z 'H NMR spektra izolovanej zmesi; ©

Izolovany vytazok zmesi 13a a 14a bol 25 %
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NajstabilnejSie a najefektivnejSie chraniace skupiny boli substituenty benzylového typu: PMB
alebo Bn. Prislusné benzylované uracily 11 a 12 reagovali takmer rovnakym sposobom a s
rovnakou efektivitou ako pdvodny 1,3-dimetyluracil (1).

Dalsou tlohou bolo odchranenie benzylovanych aryluracilov. Preto boli rozne

podmienky testované na PMB- a Bn-chrdnenom 5-tolyluracile 15a a 17a (Schéma 5).

CH CH CH
o) ® 0 ® o 3
R‘N rézne R‘N H
dmienky N
I POTTETY, | * |
X By b

o7y ) o7y
R H H
15a, 17a 19a, 20a 21a

Schéma 5 Odchranenie zlucenin 15a, 17a

Katalytické transfer hydrogenolyza'' s mravéanom amoénnym pouzitim 10 % Pd/C (1.1 equiv)
poskytla selektivne Stiepenie iba jednej PMB skupiny na N1, ¢im sa ziskal monoochraneny
3-PMB-derivat 19a v 82 % vytazku. Jedine reakcia 15a s BBr3 ' pri 140 °C viedla k uplnému
odstiepeniu obidvoch PMB skupin za vzniku pozadovaného 5-tolyluracil (21a) vo vytazku
62 %. Odchranenie benzylom chranené¢ho uracilu 17a bolo uskuto¢nené pouzitim katalytickej
transfer hydrogenacie s mravéanom aménnym pouzitim 10 % Pd/C."' Pouzitie 1.1 equiv Pd/C
poskytlo uplné a efektivne odchranenie za vzniku uracilu 21a v takmer kvantitativnom

vytazku.
3.1.2. Syntéza 5- a 6-arylovanych vol’nych uracilov

3.1.3.1. Syntéza 5- a 6-aryl-1,3-dibenzyluracilov

Na zéklade vysSie uvedenych vysledkov bol 1,3-dibenzyluracil (12) pouzity ako
vychodiskova latka v sérii priamych C-H arylacii s roznymi arylhalogenidmi 2a-2g za vysSie
spominanych podmienok A a B (Schéma 6, Tabul’ka 3). Reakcie v nepritomnosti Cul (Metdda
A) poskytli 5-aryl-1,3-dibenzyluracily 17a-g ako hlavné produkty (selektivita od 4:1 do 9:1)
vo vytazku 19 - 70 % (pokusy 1, 3, 5, 7, 9, 11, 13). Vo vSetkych pripadoch boli tiez izolované
malé mnoZzstva opacnych regioizomérov (6-aryluracily 18a-g). Reakcie v pritomnosti Cul
(Metoda B) poskytli prevazne (selektivita od 3:1 do 7:1) alebo dokonca vylu¢ne (pre 2b)
6-aryl-1,3-dibenzyluracily 18a-g vo vytazku 24 - 66 % (pokusy 2, 4, 6, 8, 10, 12, 14).
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(i) Metoda A: Ar-X (2a-g, 2 equiv), Pd(OAc), (0.05 equiv), P(C4Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF,
160 °C, 48 h; (ii) Metoda B: Ar-X (2a-g, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv),

Cs,CO; (2.5 equiv), DMF, 160 °C, 48 h.
Schéma 6 Preparativna C-H arylacia 1,3-dibenzyluracilu (12)

Tabul’ka 3 C-H arylacie 1,3-dibenzyluracilu (12) s rdznymi arylhalogenidmi

. Vytazok Vytazok Pomer®

Pokus Ar-X Metdda 17a-g 18a-g 1718

1 /©/| A 45 % 7% 87:13
2a

2 H;C B 10 % 66 % 13:87

3 @' A 70 % 18 % 80:20
2b

4 CH,3 B 0% 28 % 0:100

5 /@/' A 45 % 9% 83:17
2¢c

6 H;CO B 12 % 38 % 24:76

7 I A 47 % 8 % 85:15
2d

8 ©/ B 7% 42 % 14:86

13 O‘ ) A 25 % 3% 89:11
r 2e

14 ‘O B 8 % 50 % 14:86

11 Br A 19 % 4% 83:17
2f

12 OO B 8 % 33 % 20:80

9 /©/Br A 49 % 7% 88:12
2g

10 F B 8 % 24 % 25:75

* Pomer izolovanych zlucenin 17 a 18
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Elektronovo bohaté (2-bromtiofén, 2-brémfuran) aj elektronovo chudobné (3-j6dpyridin, 9-
benzyl-6-jodpurin) heteroarylové halogenidy boli taktiez vyskusané, ale vo vSetkych
pripadoch reakcie neprebiehali. Z toho usudzujem, ze je tdto metdda aplikovatel'na iba pre

karbocyklické arylhalogenidy.

3.1.3.2. Odchranenie 5- a 6-aryl-1,3-dibenzyluracilov

Dve rozne procedury D (10 % Pd/C, mravéan aménny, CH3;0H, refux, 17 h) a E
(BBr;, m-xylén, 140 °C, 5h) boli nasledne pouzité pre odchranenie 5- a 6-aryl-1,3-
dibenzyluracilov 17, 18.

S-aryl izoméry 17a-d a 6-aryl izoméry 18a-d nesuce malé elektronovo bohaté arylové
skupiny boli Tl'ahko odchranené transfer hydrogenolyzou prostrednictvom mravcéanu
amonneho v pritomnosti Pd/C (Metéda D) =za vzniku pozadovanych volnych
S-aryl-uracilovych baz 21a-d (Schéma 7, Tabulka 4, pokusy 1-4) a 6-aryluracilovych baz
23a-d (Schéma 8, Tabul'ka 5, pokusy 1-4) v kvantitativnych vytazkoch. V pripade zlucenin
nestcich objemnejSie aromatické substituenty (pyrenyl alebo naftyl) v pozicii 5- alebo 6-
(17e, 171, 18e, a 18f) som pozorovala za podmienok D iba ¢iastoéné odchranenie poskytujice
3-benzyluracily 20e, 20f (Schéma 7, Tabul'ka 4, pokusy 5, 6) a 22e, 22f (Schéma 8, Tabul'ka
5, pokusy 5, 6) ako hlavné produkty, priCom vo vsetkych pripadoch bol zvySok vychodzi
substrat. Transfer hydrogenolyza 4-fluorofenyl derivatov 17g a 18g poskytla nerozdelite'né
zmesi prevazne s produktmi dehalogenacie. Z toho dévodu som pouZila 5-hodinovu reakciu s
BBr; v xyléne (Metoda E), ¢im sa ziskal kvantitativne Gplne odchraneny 6-aryluracil 23g
(Schéma 8, Tabulka 5, pokus 7). Prislusny 5-(4-fluorofenyl)uracil 21g bol za tychto
podmienok nestabilny. Odchranenie 17e, 17f a 18e, 18f za podmienok E pouZitim BBr;3
prebiehalo ochotne, ¢im sa ziskali pozadované uracilové bazy 21e, 21f (Schéma, 7, Tabulka
4, pokusy 5, 6) a 23f (Schéma, 8, Tabul’ka 5, pokus 6) v takmer kvantitativnych vytazkoch,
na rozdiel od 23e, ktory sa ziskal v priemernom vytazku 38% (Schéma 8, Tabulka 5,
pokus 5). VSetky zluceniny 17a-f a 18a-g boli testované in vitro na cytostaticku aktivitu proti
rakovinovym bunkovym linidm (HL-60, HeLa S3, CCRF-CEM a HepG2), Ziadny vyznamny

ucinok vSak nebol pozorovany.
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17a-g 20e-f 21a-g
(i) Metoda D: 10 % Pd/C, NH4HCO, , CH;0H, refux, 17 h; (ii)) Metéoda E: BBr;, m-xylén, 140 °C, tlakova
vialka, 5 h.

Schéma 7 Odchranenie 5-regioizomérov 17a-g

Tabul’ka 4 Odchranenie 5-regioizomérov 17a-g

Metoda

Pokus Zlicenina , .
odchranenia

Vytazok 21a-g

D 98 %

2 17b D 97 %

1 17a Q}{
HsC

Ar
CH;
3 17¢ @k D 95 %
H,CO

4 17d Ejkf D 97 %

O‘ D 0% (67 % 20¢)
5 17e
ool

D 0 % (42 % 20f)
com O

E 63 %

D komplexna zmes
7 17g

F E rozklad
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18a-g 22e-f 23a-g

(i) Metéda D: 10 % Pd/C, NH4HCO, , CH;0H, refux, 17 h; (ii)) Metéda E: BBr;, m-xylén, 140 °C, tlakova
vialka, 5 h.

Schéma 8 Odchranenie 6- regioizomérov 18a-g

Tabul’ka 5 Odchranenie 6- regioizomérov 18a-g

S Metoda ro
Pokus Zlucenina Ar odchrdnenia Vytazok 23a-g
1 18a Q}{ D 97 %
HsC
2 18b @if D 94 %
CH;

3 18¢ /@X D 92 %
H,CO

4 18d ©}{ D 94 %

O‘ D 0 % (83% 22e)
5 18e
ool

D 0% (98% 22f)
oow o O

E 70 %

D komplexna zmes
7 18g

F E 98 %
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3.1.3. Priama C-H arylacia nukleozidov

S cielom rozsirit’ pouzitie C-H arylacii na nukleozidy, pokusila som sa uplatnit’ vyssie
uvedené podmienky A, B, C v reakcii s nechranenym uridinom (24). Spomenuté podmienky
priamej C-H arylacie pouzivali pre dosiahnutie dostato¢nej konverzie energické podmienky
(160 ° C) a dlhé reak¢éné casy (48 h). Tieto podmienky nie si ale kompatibilné s pomerne
nestabilnymi nukleozidmi, preto boli podmienky upravené znizenim reakcnej teploty na 130
°C a/alebo skratenim reak¢ného Casu na 17 hodin. V modelovej reakcii s p-tolyl jodidom (2a),
v nepritomnosti Cul (podmienky A) som ziskala len komplexnti zmes produktov, s najvicsou
pravdepodobnostou rozkladnych produktov uridinu (24). Pd-katalyzovana reakcia v
pritomnosti 3 ekvivalentov Cul (podmienky B) viedla prekvapivo k zmesi 2'-O- (25a) a
3'-O-(p-tolyl)-uridinu (25b) (pomer ca 3:7), produktov O-arylacie v 23 % vytazku. PouZzitim
reakénych podmienok bez Pd katalyzatora a ligandu a v pritomnosti 3 ekvivalentov Cul
(podmienky C) bola opédt pozorovana iba tvorba produktov O-arylacie v pomere 4:6
(25a:25b). Vo vsetkych pripadoch Ziadne produkty 5- alebo 6-arylacie neboli pozorované
(Schéma 9).

(0]
]
(0] N
HO Q Q
o Metéda B HN)J] HN)j
_—
Metoda C )\N ¥ )\N

Metoda A » rozklad

OH OH O O
HO HO

24 1) 1)

OH O (e OH
25a [ j\CHs H3C/[ j 25b
Vytazok

Metéda zmesi Pomer 25a:25b

B 23 % 3:7

C 49 % 4:6

Metéda A: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C4Fs); (0.1 equiv), Cs,CO; (2.5 equiv), DMF,
130 °C; Metéda B: p-Tol-I (2a, 2 equiv), Pd(OAc), (0.05 equiv), P(C¢Fs); (0.1 equiv), Cul (3 equiv), Cs,COs
(2.5 equiv), DMF, 130 °C; Metéda C: p-Tol-I (2a, 2 equiv), Cul (3 equiv), Cs,COs (2.5 equiv), DMF, 130 °C.
Schéma 9 Arylacia uridinu (24) s p-tolyl jodidom (2a)
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Na zéklade tychto vysledkov som zvazovala pouzitie vhodne chraneného uridinu pre
priamu arylaciu s p-tolyl jodidom (2a). Preto som pripravila niekol'’ko chranenych uridinov
26-28: 2°,3°,5’-Tri-O-benzoyluridin' (26), 3-N-benzoyl-2",3",5 -tri-O-benzoyluridin'® (27) a
2°,3’-O-isopropylidénuridin'* (28), ktoré boli podrobené C-H arylaciam s p-tolyl iodidom
(2a). Tvorba pozadovanych 5-alebo 6- arylovanych produktov nebola pozorovana za

ziadnych z pouzitych podmienok A, B, C.

3.2. Syntéza 24-diarylpyrimidinov: Vyvoj metodiky a jej

pouZzitie

Nasa syntetickd stratégia vychddzala z 2-tiouracilu (29) a bola zalozena na pouziti
dvoch ortogonalnych (a teda inherentne chemoselektivnych) reakcidch. Jednou znich je
fosfoniova varianta Suzuki couplingu'® a druhou vybranou reakciou bol Liebeskind-Srogl
cross-coupling.'® Kombinacia tychto dvoch reakcii by mohla poskytnat efektivnu
a regioselektivnu syntézu 2,4-disubstituovanych pyrimidinov.

Tiouracil (29) nepodliehal ani fosfoniovej variante Suzuki couplingu ani
Liebeskind-Srogl reakcii za $tandardnych podmienok alebo za pomoci mikrovinného
7iarenia.'” Z tohto doévodu bol prevedeny znamou metyladnou metddou'® na
2-(metylsulfanyl)-4-oxo(3H)pyrimidin (30), ktory sluzil ako vychodiskovd zlicenina pre
preskimanie néslednych cross-couplingov. Tato =zlic¢enina 30 vSak nepodliehala
Liebeskind-Srogl reakcii pouzitim mikrovinného Ziarenia ani za podmienok konvenéného
ohrevu.”™ ' ' Preto som skisila najprv fosfoniova variantu Suzukiho couplingu. Po
optimalizéacii podmienok som prisla s efektivnym postupom pre Suzuki coupling zliceniny
30, ktory bol zalozeny na reakcii s PyBroP v pritomnosti Et;N v diox4dne a naslednym
pridanim fenylboronovej kyseliny (31a), PdCl,(PPh;),, Na,CO3; vo vode a zahrievanim na
100 °C po dobu 4 hodin. PoZadovany 2-(metylsulfanyl)-4-fenylpyrimidin (32a) bol izolovany
v kvantitativnom vytazku. Ziadna arylacia do pozicie 2 nebola pozorovana. Nasledne bola
vyskusana Liebeskind-Srogl reakcia 32a s p-tolylboronovou kyselinou (31b) v pritomnosti
Pd-katalyzatora a CuTC a optimalne podmienky zahtiiali MW zahrievanie v THF pri 100 °C
po dobu 1 hodiny. Touto procedurou vznikol pozadovany 4-fenyl-2-(p-tolyl)pyrimidine
(33ab) kvantitativne (Schéma 10).
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HN)j 0] HNJE (i) N7 | (iii) N7 |
S)\ H3C\S)\\N H3C\SJ\\N NS

N
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29 30, 82% 32a, 99% HsC 33ab, 99%

(i) Mel, NaOH, H,0-EtOH, 60 °C, 20 min; (ii) PyBroP (1.2 equiv), Et;N (3 equiv), 1,4-dioxan, r.t., 2 h; potom
PhB(OH), (31a, 2 equiv), PdCI,(PPh;), (5§ mol %), Na,CO; (5 equiv), H,0O, 100 °C, 4 h; (iii) p-TolB(OH), (31b,
1.5 equiv), Pd(PPh;), (10 mol %), CuTC (3 equiv), THF, 100 °C, MW, 1 h.

Schéma 10 Syntéza 2,4-disubstituovaného pyrimidinu 33ab z 2-touracilu (29)

Tato dvojkrokova sekvencia vychadzajuca zo zluc¢eniny 30 by mohla mat’ potencial
v kombinatorialnej chémii, pre syntézu sérii pyrimidinov nestcich dve rozne arylové skupiny
v poziciach 2 a 4. Pre overenie tohto konceptu a tiez kvoli priprave niekolkych derivatov
potencidlnych pre preskiimanie biologickej aktivity som navrhla 2,4-disubstituované

pyrimidiny nesuce rozne kombindcie metoxy- alebo metylenedioxyfenylovych skupin.
3.2.1. Syntéza 4-aryl-2-(metylsulfanyl)pyrimidinov

Kvoli ziskaniu cielovej série 2,4-diarylpyrimidinovych derivatov bol najprv
vychodiskovy 2-(metylsulfanyl)-4-oxo(3 H)pyrimidin 30) podrobeny
PyBroP-sprostredkovanému cross-couplingu so sériou Styroch substituovanych (4-metoxy-,
3-fluér-4-metoxy-, 3,4-metyléndioxy- a 3,4,5-trimetoxy-) fenylboronovych keselin 31e-f
(Schéma 11). VSetky tieto reakcie prebiehali bez problémov pouzitim mnou
optimalizovanych podmienok, pricom vznikla chemoselektivne séria
4-aryl-2-(metylsulfanyl)pyrimidinov 32¢-f v dobrych aZz vynikajacich vytazkoch (70 - 96 %)
(Tabulka 6, pokusy 1-4). Ako reprezentant elektronovo chudobnych arylboronovych kyselin
bola otestovand 4-kyanofenylboronova kyselina (31g). Tato boronova kyselina reagovala
rovnakym spdsobom ako elektronovo bohaté a neutrdlne arylboronové kyseliny (Schéma 11,

Tabulka 6, pokus 5).
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o} Ar'
PyBroP (1.2 equiv), Et3N (3 equiv),

HN | 1,4-dioxan, r.t., 2 h; _ N~ |
Hscxs/k\N potom Ar'B(OH), (31¢c—g, 2 equiv), HSC\S/k\N
30 PdCl,(PPhs), (5 mol%), Na,COj3 (5 equiv), 32c-g

H,0, 100 °C, 4 h

Schéma 11 Priprava 4-aryl-2-(metylsulfanyl)pyrimidinov 32¢-g

Tabul’ka 6 Priprava 4-aryl-2-(metylsulfanyl)pyrimidinov 32¢-g

Pokus Produkt Ar Vytazok 32

1 32¢ /@ 75 %
HyCO

F ke
2 32d i@ 70 %
H,CO

O -
3 32 { D 77 %
O
HsCO %
0,
4 326 H.CO 96 %
OCHs

5 32g /@ 80 %
NC

3.2.2. Syntéza 2,4-diarylpyrimidinov

Nasledne som pokraovala v syntéze 2,4-diarylpyrimidinov, preto kazdy
z pripravenych tioéterov 32c¢-f bol pouzity v Liebeskind-Srogl reakcii s rovnakou sériou
Styroch arylboronovych kyselin 31c-f, za rovnakych podmienok ako pri syntéze 33ab
(Schéma 12). VicsSina reakcii prebiehala jednoznacne za vzniku série Sestnéstich
pozadovanych 2,4-diarylpyrimidinov 33cc-ff v dobrych az vybornych vytazkoch (Tabulka 7,
pokusy 1-16). Iba reakcia najviac elektronovo bohatého 2-(metylsulfanyl)-4-(3,4,5-
trimetoxyfenyl)pyrimidinu 32f neprebiehala s tak dobrou konverziou, poskytla ale finalne
produkty 33fe-ff v dobrych vytazkoch (51 - 80 %) spolu s €astou vychodiskovej zliceniny
(Tabul’ka 7, pokusy 13-16). Elektrénovo chudobna 4-kyanofenylboronova kyselina (31g) bola
taktiez vyskuSand v reakcii s 4-(2-(metylsulfanyl)pyrimidin-4-yl)benzonitrilom (32g) a
prebiehala kvantitativne (Schéma 12, Tabul'ka 7, pokus 17).
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Ar?B(OH), (31¢c—g, 1.5 equiv),

Ar’

Pd(PPh3), (10 mol%), CuTC (3 equiv), N~

THF, 100 °C, MW, 1 h

N

Ar2” N

33cc-ff, 33gg

Schéma 12 Priprava 2,4-diarylpyrimidinov 33cc-33ff, 33gg

Tabulka 7 Priprava 2,4-diarylpyrimidinov 33cc-33ff, 33gg

Pokus Produkt Ar! Ar Vytazok 33
1 33cc 4-(MeO)CeH, 75 %
2 33cd QE’ 3-F-4-(MeO)CH; 89 %
3 33ce H,CO 3,4-(OCH,0)C4H; 72 %
4 33cf 3,4,5-(MeO);CoHa 66 %
5 33dc 4-(MeO)CsHq 99 %
6 33dd F % 3-F-4-(MeO)CsHs 99 %
7 33de HyCO 3,4-(OCH,0)C4H; 98 %
8 33df 3,4,5-(MeO);CoH, 86 %
9 33ec 4-(MeO)CsHa 98 %
10 33ed 0 © 3-F-4-(MeO)CsHs 98 %
11 33ee <oj© 3,4-(OCH,0)CgH; 96 %
12 33ef 3,4,5-(MeO);CgHs 96 %
13 33fc HyCO o MOCH 54 9%
14 33fd 3-F-4-(MeO)CgH; 80 %
15 33fe HyCO 3,4-(OCH,0)CeH; 52 %
16 33f OCHs 3 4.5.(McO),CeH, 51 %
17 33gg Q‘% 4-CNCgHs 99 %

NC

Tato dvojkrokova sekvencia poskytla cielové 2,4-diarylpyrimidiny v celkovych

vytazkoch 49 - 79 % s exkluzivnou chemoselektivitou. Titulné zluceniny 33ce-ff boli

testované in vitro na cytostaticku aktivitu proti rakovinovym bunkovym liniam (HL-60, HeLa

S3, CCRF-CEM a HepG2), ziadny vyznamny ucinok vSak nebol pozorovany.
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3.3. Priama trifluorometylacia 1,3-dimetyluracilu a nasledna

C-H arylacia

3.3.1. Priama trifluorometylicia 1,3-dimetyluracilu: Vyvoj metodiky a jej

pouZitie

Stadiu som zacala systematickym prieskumom roznych trifluorometylaénych &inidiel
a podmienok, inSpirovanych literatirou (zvyCajne C-H trifluorometylacie inych
heterocyklov),” s cielom zistit, &i trifluorometylacia 1,3-dimetyluracilu (1) prebicha a aka je
regioselektivita tvorby bud 1,3-dimetyl-5- (34) alebo 6-(trifluoromethyl)uracilu (35)

(Schéma 13).
“CFy" Ginidlo

) katalyzator 0] 0
H-C. ridavné latk H.C. CF HsC.
3 N)J] p y 3 N)j/ 3 3C N)j\
+
O)\N ? oéj\lﬂ o)\ql CFs
CHs CHs CHs
1 34 35

Schéma 13 Prieskum roznych trifluorometylaénych €inidiel na 1,3-dimetyluracile (1)

Z rady elektrofilnych trifluorometyla¢nych cinidiel bolo vysktsané Umemotovo

Ginidlo  (S-(trifluorometyl)dibenzotiofénium  trifluoroborat)®® a  Togniho  ¢&inidlo

20¢ Ziadna trifluorometylacia vsak nebola

(3,3-dimetyl-1-(trifluorometyl)-1,2-benzjodoxol).
pozorovana za akychkol'vek z tychto podmienok. Zaujimavostou je, Ze za podmienok reakcie
s Pd(OAc), v pritomnosti Cu(OAc), a TFA*™ vznikali 5,5- (36) a 5.6-diméry (37)
1,3-dimetyluracilu (1) (Schéma 14). To potvrdzuje, ze C-H aktivacia v pozicii 5 a 6 je sice

mozn4, ale oxidativna dimerizécia heterocyklu je uprednostnena pred trifluorometylaciou.
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VedlajSie produkty (v pripade pouzitia Umemotovho Cinidla):

@) Umemotovo alebo CH,
ooV E @ :
H3C\N Togniho €inidlo siadna N o
)\ | trifluorometylacia % | \I&
H,C 5 N +
(0] N 3 \N \CH
CH Py | :
3 (0]
1 (0} l}l
CF3 CHs
O O I\ 36, 16%
® o)
S Ogr,
CF;
Umemotovo €inidlo Togniho €inidlo
Schéma 14

Dalej som testovala vybrané nukleofilné trifluorometylaéné ¢inidla. Rupertovo ¢inidlo
(CFgSiMeg)zof’g bolo pouzité v sérii roznych experimentov so zluceninou 1. Jedine reakcia v
pritomnosti Cu(OAc),, fenanthrolinu, Ag,CO; a KF v DCE™® pri 80 °C poskytla po
12 hodindch pozadovany 1,3-dimetyl-5-(trifluorometyl)uracil (34) vo vytazku 27 %. Avsak
CF3;SO;Na ¢inidlo za radikalovych podmienok v pritomnosti fBuOOH pri laboratérnej teplote
(analogicky ako ref.?') poskytla po 5 hodinach 5-trifluorometylovany uracil 34 v dobrom
vytazku 67 % (Schéma 15). Ziadna tvorba 6-(trifluorometyl)uracilu (35) nebola pozorovana v

akejkol'vek zo spominanych priamych C-H trifluorometylacii.

o
HaC. )ﬁ NaSO,CF t-BuOOH H3C\NJ]/CF3
71\ DCM:H,0 (2.5:1), r.t.,5h O)\N
|
CH
1 34,67 %

Schéma 15 Priprava 5-trifluorometylovaného uracilu 34

Dalsi mozny sposob trifluorometylacie heterocyklu je zalozeny na Ir-katalyzovanej
C-H borylacii a nasledovanej elektrofilnej trifluorometylacii.* Preto som sa snazila urobit’
C-H boryléaciu 1 s bis(pinacolato)diborom za [{Ir(cod)OMe},] + di-tert-butylbipyridinove;j
(dtbpy) katalyzy v THF. Tato reakcia viedla k nedeliteI'nej zmesi vychodiskovej zliceniny 1,
5-pinakolatoboryl- 38 a 5,6-bis(pinakolatoboryl)uracilu 39 v pomere cca 2:5:3. Preto bola
celd reakénd zmes iba odparend a priamo pouzitd v druhom kroku v reakcii s Togniho
¢inidlom, v pritomnosti CuTC, fenanthrolinu a LiOH-H,O. Tato dvojkrokovéa sekvencia
poskytla  1,3-dimetyl-5-(trifluorometyl)uracil (34) v 21 % a  1,3-dimetyl-
6-(trifluorometyl)uracil (35) v 8 % (Schéma 16). Akékol'vek pokusy o optimalizaciu neviedli
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k  zvySeniu  vytazku  konecnych trifluorometylovanych  wuracilov. Ked'Ze
6-(pinakolatoboryl)uracil nebol identifikovany v reakénej zmesi po borylacii, tvorba
zluceniny 35 je zrejme dosledkom trifluorometylacie (v pozicii 6) a proto-deborylacie
(v pozicii 5) diborylovaného uracilu 39. Sekvencia borylacia/trifluorometylacia poskytla prvy

krat trifluorometylaciu v pozicii 6 (hoci v nizkom vytazku).

Bopin, (0.8 equiv),

O
[{Ir(cod)OMe},] (0.5 mol%) J% J%
HCy dtbpy (1.0 mol%) HsCoy B. HsCoy, 5
|
)\ )\

041\,}] THF, 80 °C, 24 h, argén

1 38 Nedelitelna zmes 39 \/5

CH,

Togniho €inidlo (1.1 equiv)
CuTC (10 mol%), phen (20 mol%)
LiOH.H20 (2 equiv)
CH_Cl,, 50 °C, 22 h, reflux

0 o)
HoCuy CF3  HiCey, )ﬁ\
+ |
)\ O)\l}l CF,
CHs CHs
34, 21% 35, 8%

Schéma 16 Ir-katalyzovana C-H borylacia zluc¢eniny 1 a nasledna trifluorometylédcia
3.3.2. Priama C-H arylacia 1,3-dimetyl-5-(trifluorometyl)uracilu

S pripravenym 1,3-dimetyl-5-(trifluorometyl)uracilom (34) som urobila sériu
Pd-katalyzovanych reakcii s p-tolyl jodidom (2a) kvdli preskimaniu moZnosti naslednej C-H

arylacie do pozicie 6 (Schéma 17).

p-Tol-l (2a, 2 equiv)
katalyzator (5 mol%)

3C CF, ligand (10 mol%)  H,c
aditivum (3 equw)
él\ baza (2.5 equiv),

DMF, 160 °C, 48 h

34

Schéma 17 C-H arylacia 1,3-dimetyl-5-(trifluorometyl)uracilu (34)

Ako prvé boli vyskuSané podmienky mojich skor publikovanych C-H arylécii

zlageniny 1.2 ** Reakcie viak neposkytli pozadovany produktu 40. V pritomnosti Pd(OAc),,
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P(C¢Fs)3, Cul a Cs,COs5 vznikla prekvapivo zmes 1,3-dimetyl-6-(p-tolyl)uracilu (4a, 43 %) a
1,3-dimetyluracilu (1, 57 %), oba produkty bez trifluorometylovej skupiny v pozicii 5.
Prevedenie reakcie v nepritomnosti Cul poskytla tie isté produkty akurat v nizsich vytazkoch
(4a, 25 % a 1, 30 %) sprevadzané neo¢akavanym vznikom fenantrén-kondenzovaného uracilu
41 (11 %), ako vysledok dvojitej arylacie v poziciach 5 a 6 a nasledného oxidativneho C-H
couplingu. Preto boli Pd-katalyzatory nasledne preskisané v kombinacii s roznymi ligandami,
pridavnymi latkami a bazami, s cielom ziskat produkt 40. NajlepSia konverzia bola
dosiahnuta reakciou v pritomnosti Cul a CsF bez pouzitia ligandu. Za tychto podmienok bol
pozadovany produkt 40 izolovany v 25 % vytazku. PrediZenie reakéného &asu, pouzitie
mikrovinného Ziarenia, zvySenie teploty, zvySenie mnozstva katalyzatorov alebo zmena
rozpustadla (DMA) neviedli k zlepSeniu.

Vzhl'adom k tomu, Ze C-H arylacie v pritomnosti Cs;COs3 viedli k strate CF3 skupiny,
bolo zaujimavé nahliadnut’ do mozného mechanizmu tohto Stiepenia C-C vizby. Preto bola
urobend modelovd reakcia bez pritomnosti aryl halogenidu a katalyzatora.
1,3-Dimetyl-5-(trifluorometyl)uracil (34) reagoval s Cs,CO; v DMF pri 160 °C. Ked bola
reakcia zastavend po 3 hodindach a kysle spracovana, vznikala 1,3-dimetyluracil-
5-karboxylové kyselina 42, zatial’ o po predizeni rekéného ¢asu vznikal dimetyluracil 1 ako

hlavny produkt (NMR zo surovej zmesi) (Schéma 18).

0 0 o)
HsC. CFy; ©%2C03  H,C. CO,Cs . HsC. CO,H
N | DMF N | H N
160 °C, 3 h PN

(0] l}l (@) ITI (0] 'Tj
CHs3 CHj CH;
34 . 42

v
Cs,CO o
SpL03
DMF HSC\N |
160 °C, 24 h O)\N
) (NMR)
CHj;
1

Schéma 18 1,3-Dimetyl-5-(trifluorometyl)uracil (34) v reakcii s bazou

Kvoli overeniu, ¢i transformacia CF; na CO,H je spdsobend substituciou (v dosledku
Stiepenia C-C viézby) alebo "hydrolyzou" bola t4 istd reakcia urobena pouzitim znaceného
K,"”CO;, pricom ziadny "*C produkt nebol pozorovany. To potvrdzuje predpoklad CF;

"hydrolyzy". Bolo zistené, ze je dolezité pouzit’ nenukleofilné bazy (Hiinigovu bazu, DBU)
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alebo bazy s nizkou nukleofilicitou (piperidin, KF, CsF) v C-H arylacidch 1,3-dimetyl-
5-(trifluorometyl)uracilu (34).

PreskuSanie najlepSich podmienok C-H arylacie na obdobné reakcie 34 s d’alSimi
arylhalogenidmi (jodbenzénom, 4-j6danizolom, 5-j6d-1,2,3-trimetoxybenzénom,
5-jo6d-1,3-benzodioxolom alebo brombenzénom) neviedli k Zziadnemu 6-arylovanému
produktu. N3jdené podmienky teda nie je mozné vSeobecne pouzit’ pre arylaciu s inymi

arylhalogenidmi.
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4. Zaver

Bola vyvinutd vSeobecna a regioselektivna metodika Pd-katalyzovanych a/alebo
Cu-sprostredkovanych priamych C-H arylacii do pozicie 5 alebo 6 na 1,3-dimethyluracile a
taktiez bola uspeSne dosiahnutd regiospecifickd priama C-H arylacia do pozicie 6 na
1,3-dimethyluracile. Pd-katalyzované reakcie bez pritomnosti jodidu medného poskytuju
S-aryluracily ako hlavné produkty, zatial' ¢o Pd-katalyzovanymi reakciami v pritomnosti
3 ekvivalentov Cul vznikaju prednostne 6-aryluracily. RegioSpecificka substiticia v pozicii 6
moze byt dosiahnutd pouzitim Cu-sprostredkovanej arylacie bez pritomnosti Pd-katalyzatora.
Rozsah pouzitia vyvinutych podmienok bol nésledne preskimany v reakcidch s réznymi
arylhalogenidami. Roézne elektronovo bohaté a neutralne aryl jodidy a bromidy poskytli
pozadované arylované produkty v priemernych az vysokych vytazkoch. Ziadna reakcia alebo
vel'mi nizke konverzie (<10%) boli pozorované u elektréonovo chudobnych aryl jodidov.

Syntéza volnych 5- a 6-aryluracilovych baz bola taktiez uspesSne dosiahnuta
aplikaciou metodik priamej aryldcie. Vzhladom k tomu, Ze priama C-H arylacia
nechraneného uracilu neprebiehala a bol pozorovany vznik N-arylovanych produktov, bolo
potrebné ndjst vhodné chranenie pre N1 a N3 uracilu, ktoré by bolo kompatibilné s
energickymi podmienkami C-H arylacii a zérovenn by bolo mozné jednoducho odchranit’ na
konci syntézy, bez rozkladu pripravenych aryluracilov. Benzylova skupina sa ukézala ako
najlepsi kandidat. VysSie uvedené metodiky pre regioselektivnu arylaciu boli teda efektivne
pouzit¢ v priamej C-H arylacii 1,3-dibenzyluracilu aviedli k vzniku poZadovanych
S-arylbenzyluracilov a 6-arylbenzyluracilov s rovnakou regioselektivitou. Pre konecné
odchrannenie je potrebné pouzit’ dva rdzne protokoly. Pre debenzylaciu arylbenzyluracilov
nesucich objemné aromatické substituenty bol pouZity BBr3, zatial' ¢o odchranenie uracilov
nestcich jednoduché aryly bolo dosiahnuté bez problémov transfer hydrogenolyzou
s mrav€anom amonnym prostrednictvom Pd/C.

Pokusy aplikovat’ vysSie uvedené metddy priamej arylacie na uridine pripadne
chranenych uridinoch (prevedené pri niZSej teplote a/alebo kratSom reakénom case kvoli
termalnej nestabilite N-glykosidickej vdzby) neboli tispesné.

Dalej bola vyvinutd vseobecna, jednoducha a uc&inna dvojkrokova syntéza
2,4-diarylpyrimidinov nestcich dve rézne arylové skupiny. Syntéza bola zaloZena na
kombinécii dvoch réznych reakcii, prvou bola fosféniova varianta Suzukiho couplingu a

druhou zvolenou reakciou bol Liebeskind-Srogl cross-coupling. Prvotne zvoleny tiouracil
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nepodliehal ani fosfoniovej variante Suzukiho couplingu ani Liebeskind-Sroglovej reakcii za
Standardnych ~ alebo  mikrovinnych  podmienok. Néasledne bolo  zistené, Ze
2-(methylsulfanyl)-4-oxo(3H)pyrimidin je vhodna vychodiskova zluCenina pre pripravu
2,4-diarylpyrimidinov. Spravne poradie tychto dvoch reakcii mé vedie k plne regioselektivne;j
ceste pre syntézu 2.4-disubstituovanych pyrimidinov. Ortogonalita fosféniove] varianty
Suzukiho couplingu a Liebeskind-Sroglovej reakcie robi ich kombinaciu vybornou
alternativou ku cross-couplingom dihaloheterocyklov s problematickou regioselektivitou.

Nasledna C-H arylacia 2,4-diarylpyrimidinov, ktora by viedla k viacnasobne
substituovanym pyrimidinom, nebola prevedena tspesne. Ro6zne publikované podmienky C-H
arylacii boli vyskuSané na 4-fenyl-2-(p-tolyl)pyrimidine v reakcii s p-tolyl jodidom alebo s
p-tolylboronovou kyselinou, ale pozadovany produkt arylacie nebol nikdy ziskany.

Priame C-H trifluérmetylacie 1,3-dimetyluracilu boli systematicky Studované s
roznymi trifluérmetylacnymi cCinidlami. Zatial' co pokusy o elektrofilnu trifluérmetylaciu
viedli k uracilovym dimérom a nukleofilné trifluérmetylacie neprebiehali alebo poskytli nizke
konverzie, radikélova trifluormetylacia s CF3SO;Na v pritomnosti /BuOOH viedla k
1,3-dimetyl-5-(trifluérmetyl)uracilu v dobrom vytazku. Ir-katalyzovanou C-H borylaciou
1,3-dimetyluracilu bola ziskanad nedelitelnd zmes mono- a diborylovanych produktov, ktora
po reakcii s Togniho c¢inidlom poskytla separovatelni zmes 1,3-dimetyl-
5-(trifluérmetyl)uracilu a 1,3-dimetyl-6-(trifluormetyl)uracilu. Sekvencia
borylacia/trifludrmetylacia poskytla prvykrat trifluormetylaciu v pozicii 6 (i ked’ v nizkom
vytazku). Pokusy o C-H arylaciu 1,3-dimetyl-5-(trifluérmetyl)uracilu boli sprevadzané
odstiepenim CFs skupiny v dosledku hypotézy o ,,hydrolyze*“. C-H arylaciou 1,3-dimetyl-
5-(trifludrmetyl)uracilu s p-tolyl jodidom v pritomnosti Cu(I) soli a CsF bol ziskany
pozadovany 1,3-dimetyl-6-(p-tolyl)-5-(trifluormetyl)uracil iba v priemernom vytazku a

reakcia neprebiehala s inymi arylhalogenidmi.
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