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LIST OF ABBREVIATIONS

DEAD
DHFR
DMF
EGFR
HMPA
m-CPBA
PDGFR
THF
TPP

TS
VEGFR

diethyl azodicarboxylate;
dihydrofolate reductase;
dimethylformamide;

epidermal growth factor receptor;
hexamethylphosphoramide;
meta-chloroperoxybenzoic acid;
platelet-derived growth factor receptor;
tetrahydrofuran;

triphenylphosphine;

thymidylate synthase;

vascular endothelial growth factor receptor.



INTRODUCTION

The fused pyrimidines are a class of compounds with wide diversity of biological
activity on account of the relationship to natural substrates of enzymes and similarity to
purine bases of nucleic acids. Among these heterocycles are compounds containing
furo[2,3-d]pyrimidine moiety.

Derivatives of furo[2,3-d]pyrimidine as oxygen 7-deaza analogue of biogenic
purine are of particular interest as research object in organic chemistry and medicine. A.
Gangjee et al. synthesize and investigate various furo[2,3-d|pyrimidines as potential
inhibitors of folic acid cycle enzymes such as DHFR and TS. They also investigate
furo[2,3-d]pyrimidines as multireceptor tyrosine kinase (EGFR, VEGFR-2, PDGFR-f3)
inhibitors. Y. Maeda et al. synthesize compounds containing a moiety of furo[2,3-
d]pyrimidines as potent and selective glycogen synthase kinase-3 inhibitors, compounds
with anti-angiogenic activities. Belgian scientists (E. D. Clercq, J. Balzarini, C.
McGuigan et al.) synthesize and investigate bicyclic furopyrimidine nucleosides as
potent ant selective varicella-zoster virus inhibitors. FV-100 is a leading drug candidate
for the treatment of herpes zoster, already in phase II clinical trials. Furo[2,3-
d]pyrimidine derivatives also have shown serine/threonine protein kinase (Aktl), non-
receptor tyrosine kinase (ACKI1) or the lymphocyte-specific kinase (Lck) inhibition.
Some data indicate that this heterocycle can also be used to construct oligoarylenes with
potential application in optoelectronic devices. So, the study on new methodologies for
the construction and functionalization of fused heterocycles, including furopyrimidines,
is important field of research for the synthesis of new functional compounds as well as
development of heterocyclic chemistry itself.

The main goals of the present work were:

- Elaboration of the methods for the synthesis of 5-substituted and 5,6-disubstituted
furo[2,3-d]pyrimidines from pyrimidin-4(3H)-one and bifunctional electrophiles;

- Evaluation of the synthesis of secondary amines via Mitsunobu reaction.
Application of this reaction for the synthesis of (5-arylaminomethyl)furo[2,3-

d]pyrimidines.



The tasks of the research were the following:

- to investigate the reaction of pyrimidin-4(3H)-one with various bifunctional
electrophiles;

- to study synthetic routes of O-alkylation with bifunctional electrophiles and
optimization of intramolecular cyclization reaction of obtained compounds.

- to investigate and optimize the Mitsunobu reaction of various N-sulfonylanilines
with (4-amino-2-methylthiofuro[2,3-d]pyrimidin-5-yl)methanol.

- to evaluate biological activity of the synthesized S-arylaminomethylthiofuro[2,3-
d]pyrimidine derivatives.

Scientific novelty: it has been shown that reaction of 2-substituted ethyl-4-
aminofuro[2,3-d]pyrimidine-5-carboxylate with ethyl bromopyruvate gave furo[3,2-
elimidazo[1,2-c]pyrimidine-2,9-dicarboxylate derivatives. Study on the reaction of
pyrimidin-4(3H)-one with less reactive electrophiles than ethyl bromopyruvate was
performed. New method for the synthesis of furo[2,3-d]pyrimidin-4-one has been
proposed. The proposed reaction sequence for the synthesis of 5-
(arylaminomethyl)furo[2,3-d]pyrimidines expanded the limits of application of the
Mitsunobu reaction in the synthesis of secondary amines. It has been shown that reaction
of 2-methylthio-5-(phenylaminomethyl)furo[2,3-d]pyrimidin-4-amine with an excess of
m-chloroperoxybenzoic acid gave a mixture of furo[2,3-d]pyrimidine-5-carbaldehydes. It
has been found, that reaction of methylsulfonyl group of N-((4-amino-2-
(methylsulfonyl)furo[2,3-d]pyrimidin-5-yl)methyl)-4-nitro-N-phenylbenzensulfonamide
with sodium methoxide in HMPA at room temperature, gives substitution of a 4-nitro

group with methoxy instead of 2-methylsulfonyl group.



RESULTS AND DISCUSSION

1. Study on pyrimidin-4(3H)-one reaction with bifunctional electrophiles
1.1. Pyrimidin-4(3H)-one reaction with ethyl bromopyruvate

Derivatives of furo[2,3-d]pyrimidine can be synthesized using furan or pyrimidine
derivatives as starting materials. In this work on the synthesis of furo[2,3-d]pyrimidines
2,6-disubstituted pyrimidin-4(3H)-ones were chosen as starting materials. 2-Alkylthio-6-
aminopyrimidin-4(3H)-ones (1a,b) reacted with ethyl bromopyruvate in DMF to obtain
corresponding 2-alkylthio-4-aminofuro[2,3-d]pyrimidine-5-carboxylates (2a,b). There
are only a few examples of such an approach to furo[2,3-d]pyrimidine-5-carboxylates in
the literature and they show that such a cyclocondensation reaction can be performed
under basic conditions. However, attempts to apply the described procedures for the

synthesis of 2a,b, using triethylamine or K 2CO ,as basic reagents, failed. Nevertheless, it

was found that the cyclocondensation reaction of la,b with an equivalent amount of

ethyl bromopyruvate proceeds under neutral or acidic conditions to give furopyrimidines

2a.b in good yields.
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Scheme 1 Reagents and conditions: (i) BrCH,COCO,Et, DMF, r.t.; (ii)) BrCH,COCO,Et,
CH,Cly, r.t.; (iii) 2-propanol, A; (iv) BrCH,COCO,Et, toluene or o-xylene, A.

Formation of the corresponding pyrrolo[2,3-d]pyrimidines was not observed.
When an excess of ethyl bromopyruvate was used and the reaction was carried out at

room temperature together with furopyrimidines 2, formation of furo[3,2-e]imidazo[1,2-



c]pyrimidines 3 was also observed. For example, 3b was isolated as a side product
(0.4%) from the reaction of 1b with 2 eq. of ethyl bromopyruvate.

Compounds 3a,b in reasonable yields were obtained by heating 2a,b with ethyl
bromopyruvate in toluene or o-xylene. Performing reaction of 2b with ethyl
bromopyruvate at room temperature in dichloromethane allowed us to isolate a small
amount of intermediate 5 which during crystallization from 2-propanol quantitatively
underwent conversion to furo[3,2-e]imidazo[1,2-c]pyrimidine 3b. Reaction of 2a,b with
ethyl bromopyruvate can give either compounds 3a,b or their isomers 4a,b. Noticeable
difference in the NMR spectra between these compounds must be chemical shifts of
imidazole carbon atoms with attached proton (C-3 in compounds 3a,b and C-2 in
compounds 4a,b). The signal for this carbon in the ?C NMR spectra of the synthesized
compounds was clearly identified from C NMR DEPT (45°) spectra. To decide which
product of the possible ones was obtained in this reaction, calculations of the NMR
spectra were performed with Gausian 98 program using the DFT B3LYP method with 6-
31G(d,p) basis set. Chemical shift of the calculated BC NMR spectrum for C-3 of
compound 3a was found to be 117.7 ppm. This value is in good match with ¢, (C-3) =
115.2 ppm of the synthesized furo[3,2-e]imidazo[1,2-c]pyrimidine-2,9-dicarboxylate 3a,
whereas the calculated value of chemical shift for C-2 of compound 4a is 146.7 ppm.
Analogous results were also obtained for compound 3b: 6cy, (C-3) = 115.3 ppm, 8¢y (C-
3) = 118.4 ppm, while .y (C-2) for compound 4b is 145.9 ppm. Thus, it can be
unambiguously concluded that diethyl furo[3,2-e]imidazo[1,2-c]pyrimidine-2,9-
dicarboxylates 3a,b are formed in the reaction of 2-alkylthio-4-aminofuro[2,3-

d]pyrimidine-5-carboxylates 2a,b with ethyl bromopyruvate.

1.2 Study on the reaction of 2-methylthiopirimidin-4,6(1H,5H)-dione with less
reactive bifunctional electrophiles

In the previous chapter it was shown that some 2-disubstituted 6-amino
pyrimidin-4(3H)-ones react with ethylbromopyruvate to furnish furo[2,3-d]pyrimidine
derivatives 2a,b. Analogous reaction of pyrimidinone 6 with less reactive bifunctional

electrophiles did not give the target furo[2,3-d]pyrimidines outright.
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Scheme 2 Reagents and conditions: (i) KF or NaH, H,0O, 2-substituted or 1,2-disubstituted
2-oxoethyl methanesulfonate 7a-e, DMF, r.t.; (ii)) KF or NaH, H,O, 4-substituted 2-bromo-1-
phenylethanone 8a-e, DMF, r.t.

2-Methylthiopyrimidin-4,6(1H,5H)-dione reacts with 2-oxo-1,2-diphenylethyl or
2-oxo-2-phenylethyl methanesulfonates (7a-e) or 2-bromo-1-phenylethanones (8a-e) in
the presence of base (potassium tert-butoxide, EtzN, DBU, DIPEA) in DMF to form 2-
methyltio-6-(2-0x0-1,2-diphenylethoxy)-pyrimidin-4(3H)-one (9a) or 2-methyltio-6-(2-
oxo-2-diphenylethoxy)pyrimidin-4(3H)-ones (9b-e) in low yields. As the main problem
of this reaction — formation of di-O-alkylated products (10a-e) was identified while no
N-alkylation products (11a-e) were formed. Best results were obtained when potassium
fluoride or sodium hydride was used as a base then water was added for solubility of
pyrimidinone salt in DMF. The structure assignment of 9a-e and 10a-e were based on
spectral data. In the '"H NMR spectrum of 9a-e a singlet of 5-position of the pyrimidine
ring at 5.55-5.99 ppm and a broad singlet of NH group at 12.38-12.42 ppm were
observed. The signal of CH, group of compounds 9b-e was observed at 5.64-5.75 ppm.
Structure of compounds 10a-e was established on the basis of 'H NMR spectra — no
signal of NH proton is observed and integral of OCH, signal compared to C5H is four
times bigger.

The intramolecular cyclization of O-alkylated pyrimidines 9a-e to furo[2,3-
dlpyrimidines was investigated. Reactions were carried out in different solvents at

elevated temperatures (toluene at reflux with catalytic amounts of conc. sulfuric acid or

11



PTSA; acetonitrile at reflux with BF;-Et,O as a catalyst; at reflux nitrobenzene or N-

methyl-2-pyrrolidone) — only starting materials were detected.

R
—> HN AN
| Ry
N (0]
I 12a-e

a: R=R; = Ph; b: R = Ph, Ry = H; ¢: R = 4-BrPh, Ry = H; d: R = 4-PhPh, Ry = H;
e: R = 4-OMePh, R; = H.

Scheme 2 Reagents and conditions: (i) HMPA, 170 °C, Ar; (i1) Silica gel 210-240 °C.
Interesting result was obtained when HMPA was used as a solvent. After NMR
['"H NMR spectrum of 13 give two singlets of methyl group 2.61 ppm (SMe) and 3.57
ppm (NMe); the BC NMR spectrum of this compound has signal at 30.4 ppm, which can
be attributed to the carbon of NMe group] and HRMS data analysis the structure was
attributed to pyrrolo[2,3-d|pyrimidine 13. However, target compounds 12a-e were
obtained when reaction was carried out on silica gel at elevated temperature (210-240
°C). 'H NMR spectrum of 12b-e shows a singlet of furan ring proton downfield
compared to pyrimidine ring OCH, of O-alkylated compounds 9b-e. The yields of this

cyclization reaction are around 63% (Table 1).

Table 1. Yields of O-alkylated derivatives 9a-e and 5-substituted or 5,6-disubstituted 2-
methylthiofuro[2,3-d]pyrimidin-4(3H)-ones 12a-e.
Entry R, R, Yield (%) of 9 Yield (%) of 12

1 R=R;=Ph 9a (56) 12a (62)

2 R=Ph,R;=H 9b (52) 12b (61)

3 R =4-BrPh,R;=H 9¢c (46) 12¢ (51)

4 R =4-PhPh, R, =H 9d (48) 12d (54)

5 R =4-OMePh,R; =H 9e (52) 12e (48)

The proposed new two-step protocol for the synthesis of 5-substituted or 5,6-
disubstituted furo[2,3-d]pyrimidines from pyrimidin-4,6(1H,5H)-ones and bifunctional

electrophiles can be utilized as a tool in heterocyclic chemistry.

12



As one of the strategies to access per-arylfuro[2,3-d]pyrimidines could be Click-
chemistry. It was decided to functionalize 2- and 4-positions of furo[2,3-d]pyrimidines
with azido group. The reactions of furopyrimidines 12 and 15 with an excess of m-
chloroperoxybenzoic acid gave corresponding furopyrimidine derivatives 14 and 16.
Meanwhile the reaction of compound 12 with phosphoryl chloride gave 4-chloro-2-
methylthiofuro[2,3-d]pyrimidine (15). The reaction of compounds 14-16 with excess of
sodium azide furnished the corresponding furopyrimidine derivatives 17, 18, 19 bearing

azido group or tetrazole moiety.

Scheme 3 Reagents and conditions: (i) m-CPBA, CH,Cl,, 0 °C to r.t.; (ii) POCl;, A; (iii)
NaNj3, DMSO, r.t.

13



Based on NMR and IR spectra, compound 17 exists in solution and solid state
only in a tetrazolo form. According to the IR spectrum compound 18a contain only one
azido group (C absorption band at 2133 cm™") and we speculated that this compound is 5-
azido-6,7-diphenylfuro[3,2-e]tetrazolo[ 1,5-a]pyrimidine or its analogues 18a or 18b. 'H
NMR spectra of the compound 19 shows two signals of methylthio group and in
different solvent integrals of these signals changes significantly. So, it can be claimed
that compound 19 is in the dynamic equilibrium with tetrazolo form 19a. For example,
according to the 'H NMR spectrum of compound 19 in CDCl; (60%) and C¢Dg (53%)
solutions — dominates as azide form. In solution of DMSO-d¢ dominates as tetrazolo

form (88%).
2. Synthesis of 5-arylaminomethylfuro[2,3-d]pyrimidines

The Mitsunobu reaction allows the conversion of primary and secondary alcohols
into esters, phenyl ethers, thioethers and various other compounds. For a successful
course of the Mitsunobu reaction, the pK, value of an acidic component, when diethyl
azodicarboxylate (DEAD) is used, must be around 11 or lower. For this reason, anilines
are out of the application range of the Mitsunobu reaction. On the other hand, the pK, of
N-sulfonylanilines is around this critical value and, therefore, they are suitable acidic
components in the Mitsunobu reaction. We present herein the synthesis of 4-amino-5-
(arylaminomethyl)-2-methylthiofuro[2,3-d]pyrimidines via the Mitsunobu reaction of the
corresponding 5-(hydroxymethyl)furo[2,3-d]pyrimidine with various N-mesyl-and N-
nosylarylamines. In order to study the scope and limitation of the reaction, a series of N-
mesylarylamines 21a-j and N-nosylarylamines 22a-j bearing various substituents in
different positions of the arylamine were employed in the Mitsunobu reaction.

Initially, 4-amino-5-(hydroxymethyl)-2-methylthiofuro[2,3-d]pyrimidine (20) was
obtained in 72% yield by reduction of ethyl 4-amino-2-(methylthio)furo[2,3-
d]pyrimidine-5-carboxylate (2a) with lithium aluminum hydride in tetrahydrofuran
(Scheme 4). Problems with the isolation of 5-(hydroxymethyl)furo[2,3-d]pyrimidine 20
from the reaction mixture were solved by using saturated ammonium chloride solution
for neutralization of the reaction mixture. Compound 20 reacted with N-mesylarylamines

21a—j and N-nosylarylamines 22a—j under Mitsunobu reaction conditions to form the

14



corresponding furo[2,3-d]pyrimidines 21a—j and 22a—j (Scheme 1). The reaction was
found to be dependent on the reagent addition order and the concentrations of solutions
used. For example, when alcohol 20 (0.1 g) was added to the reaction mixture as a
solution in tetrahydrofuran (8 mL) instead of as a suspension in tetrahydrofuran (4 mL),

the reaction was 2—3 times slower, and full conversion of 20 was not achieved.

0

NH, OEt NH, OH
)N\\ N [ )\ ||or||| N/Sj\g O

o 23a4; 24a4
|v orv

| X
-—X D= Me
21a4: R = Ms;
HN = 22a+: R = Ns; N N \ O
| 23a4: R = Ms;

R 24a4: R = Ns.
25a1

Scheme 4 Reagents and conditions: (i) 1. LiAlH4, THF, 50 °C tor.t.; 2. NH4CI,; (i1) DEAD,
Ph;P, N-mesylarylamine 21a-j, THF, O °C to r.t.; (iii) DEAD, Phs;P, N-nosylarylamine 22a-j,
THEF, 0 °C to r.t.; (iv) HBr, AcOH, PhOH, r.t., 10 d (method A); (v) HSCH,COOH, LiOH-H,O,
DMEF, r.t., (method B). For X see Table 2.

Full conversion of alcohol 20 was reached only when the addition order of

reagents was as follows: to a cooled solution (0 °C) of triphenylphosphine in
tetrahydrofuran, DEAD was introduced and, after 10 minutes, the corresponding N-
sulfonylarylamine was added to the solution. Finally, a suspension of alcohol 20 in
tetrahydrofuran was added. These reactions require tetrahydrofuran that has been freshly
distilled from LiAIH,. The reactions of alcohol 20 with sulfonamides 21a—-i and 22a-i
furnished the corresponding products 23a—i and 24a-i in good yields (Table 1). The
reaction time was up to 1 hour. The N-nosyl derivatives 24a—j were generally obtained in
higher yields than the corresponding N-mesyl derivatives 23a—j. The results presented in
Table 1 for compounds 5 and 6 also show that the Mitsunobu reaction of alcohol 2 with
the N-mesyl- and N-nosylarylamines does not depend very much on the electronic nature
of the substituent in the arylamine moiety; however, steric hindrance of the reaction site
seems to be important. Lower yields of the 2,6-diisopropyl derivatives 23j and 24j were
obtained, presumably because of steric effects of the adjacent isopropyl groups in the
sulfonamide moiety (Table 1, entry 10). Slightly lower yields were also obtained when

15



other ortho-substituted sulfonamides were employed in the reaction with alcohol 20
(Table 2, entries 2, 5, 8; compounds 23b, 23e, 23h, respectively). 'H and °C NMR
spectra as well as elemental analysis data of the synthesized compounds are consistent
with the structures presented. In the "H NMR spectra of compounds 23e, 23h and 24e,
24g, 24h geminal-type spin—spin coupling of the methylene protons with J from 11.4 to
15.3 Hz is observed.

Table 2 Yields of mesyl derivatives, nosyl derivatives and 4-amino-5-(arylaminomethyl)-

2-methylthiofuro[2,3-d]pyrimidines

Entry X Yield (%) of 23 | Yield (%) of 24 | Yield* (%) of 25
1 H 23a: 73 24a: 82 25a: 75
2 2,5-(MeO), 23b: 60 24b: 83 25b: 77
3 4-Ac 23c: 78 24c: 78 25¢: 78
4 4-Cl 23d: 58 24d: 74 25d: 74
5 2,5-Cl, 23e: 44 24e: 73 25e: 58
6 3,4,5-(OMe); 23f: 79 24f: 84 25f: 70
7 2-NO, 23g: 72 24g: 61 25g: 63
8 2,3-(-CH=CH-), 23h: 46 24h: 79 25h: 63
9 4-Ph 23i: 62 24i: 77 25i: 61
10 | 2,6-(i-Pr), 23j: 29 24j: 53 25j: 34

* Yields are for the deprotection reaction of 24a-j with mercaptoacetic acid (method B).

Removal of the N-mesyl group in 23a to give compound 25a was achieved with
hydrogen bromide in acetic acid (Scheme 4). Phenol was used as a trap for the
methylsulfonyl group. In general, the use of hydrogen bromide in acetic acid is a good,
but time-consuming method. Full conversion of 23a and 23i was achieved only in 10
days; the yields of 25a and 25i were 76% and 68% (method A), respectively. Moreover,
this method cannot be applied for removing the N-mesyl group from acid-sensitive
substrates (e.g., 23b or 23f). Attempts to remove the mesyl group in compounds 5 with
Red-Al® as a deprotection reagent failed. Although the starting mesyl derivatives were
consumed in 10-20 minutes, the target compounds were not obtained due to the
formation of a complex mixture of products. In contrast, the nosyl derivatives 24a—j can
be deprotected under mild conditions via the Meisenheimer complex using sulfur
nucleophiles. Using mercaptoacetic acid and lithium hydroxide monohydrate as a base,

deprotected products 25a—i were obtained in good yields (58-78%) (Scheme 4, method

16



B; Table 2). It should be noted that sodium hydroxide as a base in this reaction did not
work well.

Although the 2,4-diaminopyrimidine moiety 1is considered obligatory for
dihydrofolate reductase inhibitors, other enzymes of the folic acid cycle are not strictly
bound to this fragment. We decided to remove the methylthio group of some furo[2,3-
d]pyrimidine derivatives and investigate these compounds for anticancer activity against
some solid tumor cell lines. The methylthio group was removed with Raney nickel in
boiling methanol. The structure assignment of 26a,fh,i and 27a,f,h,i was based on its

spectral data.

R R
NH, N NH, N
i
Nl% D o Q
— ’\’ — ’\
\S)\N 0 X N~ O X
23af,h,i; 25a,fh,i 26a,f,h,i; 27a,6h,i

Scheme 5 Reagents and conditions: (i) Raney nickel, MeOH, A.

Anticancer activity of synthesized compounds was studied in Spain, La Laguna
University, under the guidance of Dr. José Padron, thanks to Dr. Inga Cikotiené. 5-
Arylaminomethylthio[2,3-d]pyrimidine derivatives (23a,fh,i; 25a,fh,i; 26a,fh,;
27afh,i) were evaluated in vitro against a panel of six human solid tumor cell lines:
A2780 (ovarian), HBL-100 (breast), HeLa (cervix), SW (non-small cell lung), T47D
(breast) and WiDr (colon). Unfortunately, these compounds do not inhibit evaluated
solid tumor cell lines.

Thus, we also thought it would be useful to have a procedure for the introduction
of various groups into 2 position of furo[2,3-d]pyrimidines. This could be achieved by
oxidation of the methylthio group in compound 25a, and subsequent nucleophilic
substitution of the obtained 2-methylsulfonyl derivatives; however, the reaction of
compound 25a with an excess of m-chloroperoxybenzoic acid (m-CPBA, >3 equiv) gave

an inseparable mixture of aldehydes 28 and 29 (Scheme 6).
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Scheme 6 Reagents and conditions: (1) m-CPBA, CH2C112-,1r,j;.

Therefore, another synthetic pathway to 2-substituted furo[2,3-d]pyrimidines was
attempted. Oxidation of nosyl derivative 24a with m-CPBA proceeded unambiguously
and compound 30 was obtained in 89% yield (Scheme 7). However, the deprotection of
30 with mercaptoacetic acid gave a mixture, from which furo[2,3-d]pyrimidine 7a
instead of the desired deprotection product was isolated. The methylsulfonyl group
underwent reduction to the methylthio group, probably either by mercaptoacetic acid or
by the deprotection byproduct (p-nitrophenylthio)acetic acid. In this connection,
nucleophilic substitution of furo[2,3-d]pyrimidine 30 prior to its deprotection was
investigated. It was found that substitution reactions with various nucleophiles
(ammonia, n-butylamine, sodium phthalimide, urotropine and sodium methoxide) did not

take place in solvents like methanol or tetrahydrofuran.

H
NH, N
“H\I\g @
~
SsTON »s O N
2 2 0
Tii
o) o) 0
\\/S,o | Ng=0 " Nd=0
/ /
NH, N  —— NH, N NH, N
N A
N'ﬁf\g i hf\g O s O
SNg W O g 0 ~ 7~ 0
24a I 30 31

Scheme 7 Reagents and conditions: (1) m-CPBA, CH,Cl,, r.t.; (ii) HSCH,COOH,
LiOH-H,0, DMF, r.t.; (iii)) NaOMe, HMPA, r.t.
An unexpected result was obtained when performing the reaction of 10 with

sodium methoxide in HMPA at room temperature (Scheme 7). In the 'H NMR spectrum
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of the isolated compound 31 signals for a methoxy group at 3.90 ppm and a
methylsulfonyl group at 3.32 ppm were observed. Significant changes were also
observed in the region of the para-substituted aromatic system. Thus, in the '"H NMR
spectrum of nosyl derivative 30 two doublets at 7.98 and 8.50 ppm were observed, while
the '"H NMR spectrum of the obtained product 31 had two doublets at 7.20 and 7.63
ppm. The reason for such a change in the '"H NMR spectrum could be due to the
presence of an electron-donating methoxy substituent at the para position instead of a
nitro group. While NMR, IR spectra and elemental analysis data are consisted with
proposed structure 31, performed alternative synthesis (scheme 8) of compound 31
confirms this structure without doubts. Although displacement of a nitro group with
methoxy nucleophile is known in heterocyclic chemistry such a reaction has, to the best

of our knowledge, not been reported in carbocyclic aromatics.

NH, OH NH, N\ NH, N
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| 20 | 33 o 7] 31 0
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Scheme 8 Reagents and conditions: ) TPP, DEAD, 4-methoxy-N-
phenylbenzenesulfonamide 32, THF, 0 °C to r.t.; (ii) m-CPBA, CH,Cl,, r.t.

In summary, the proposed reaction sequence for the synthesis of 5-
(arylaminomethyl)furo[2,3-d]pyrimidine expands the limits of application of the
Mitsunobu reaction and this reaction can be applied not only in functionalization of
alcohol with arylamino moiety, but also and for the synthesis of secondary amines in

general.
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CONCLUSIONS AND RESULTS

1. The reaction of 2-substituted 6-aminopyrimidin-4(3H)-ones with ethyl
bromopyruvate gave not only alkylated products but also cyclization reaction to
pyrimidine-fused heterocycles. In this case formation of corresponding ethyl-4-amino-2-
methylthiofuro[2,3-d]pyrimidin-5-carboxylates instead of pyrrolo[2,3-d]pyrimidine
heterocycle took place.

2. It has been shown, that reaction of 2-substituted ethyl-4-aminofuro [2,3-
d]pyrimidin-5-carboxylates with ethyl bromopyruvate afforded furo[3,2-e]imidazo[1,2-
c]pyrimidine heterocycle.

3. Reaction of 4,6-dioxo-2-methylthiopyrimidine with less reactive bifunctional
electrophiles compared to ethyl bromopyruvate under basic conditions gave mono- and
di-O-alkylation products. N,O-dialkylated or N-alkylated products under investigated
reaction conditions are not formed.

4. Two step protocol for the synthesis of 5-substituted and 5,6-disubstituted 2-
methylthiofuro[2,3-d]pirimidin-4(3H)-ones from 4,6-pyrimidindiones and 1-phenyl-
and/or 1,2-diphenyl-2-oxyethyl methanesulfonates or 2-bromo-1-phenylethanones has
been proposed. The intramolecular cyclization of O-alkylated pyrimidines gives target
products on silica gel at 210-240 °C temperatures.

5. Reactions of 2-methylsulfonyl-5,6-diphenylfuro[2,3-d]pyrimidin-4(3H)-one, 4-
chloro-2-methylthio-5,6-diphenylfuro[2,3-d]pyrimidine and 4-chloro-2-methylsulfonyl-
5,6-diphenylfuro[2,3-d]pyrimidine with sodium azide afford the corresponding
derivatives of furo[2,3-d]pyrimidines bearing azido group or/and tetrazolo moiety. 6,7-
Diphenylfuro[3,2-e]tetrazolo[1,5-a]pyrimidin-5(4H)-one  or  other isomer 6,7-
diphenylfuro[2,3-d]tetrazolo[1,5-a]pyrimidin-8(4H)-one in solutions and in solid state
exists only in the tetrazolo form. Also, no dynamic equilibrium with other forms occurs
in the case of 5-azido-6,7-diphenylfuro[3,2-e]tetrazolo[1,5-a]pyrimidine. Meanwhile 4-
azido-2-methylthio-5,6-diphenylfuro[2,3-d]pyrimidine in solutions of DMSO, CHClj;,
CgHg 1s in the dynamic equilibrium with corresponding 5-methyl-8,9-diphenylfuro[3,2-

eltetrazolo[1,5-c]pyrimidine.
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6. Mitsunobu reaction can be applied for the synthesis of secondary amines, having
furo[2,3-d]pyrimidine moiety. This was demonstrated performing reactions between (4-
amino-2-methylthiofuro[2,3-d]pyrimidine-5-yl)methanol and various N-sulfonylanilines
(Ms, Ns).

7. 5-Arylaminomethylfuro[2,3-d]pyrimidine derivatives 23a,f,h,i; 25a.f h,i; 26a.f h,i
and 27a,f,h,i does not inhibit the growth of the following solid tumor cell line A2780
(ovarian), HBL-100 (breast), HeLa (cervix), SW1573 (non-small cell lung), T47D
(breast) and WiDr (colon).

8. It was found that oxidation of 4-amino-5-(phenylaminomethyl)-2-
methylthiofuro[2,3-d]pyrimidines with excess of m-chloroperoxybenzoic acid removes
aniline moiety and gives a mixture of 4-amino-2-(methylsulfinyl)- and 4-amino-2-
(methylsulfonyl)furo[2,3-d]pyrimidine-5-carbaldehyde.

9. It is shown for the first time that displacement of a nitro group with methoxy
nucleophile occurs not only in heterocycles, but also in carbocyclic aromatics bearing
electron-withdrawing group in para-positions. This was a result of the reaction of N-{(4-
amino-2-(methylsulfonyl)furo[2,3-d]pyrimidin-5-yl)methyl }-4-nitro-N-
phenylbenzenesulfonamide with sodium methoxide in HMPA - nitro group was

displaced instead of expected displacement of methylsulfonyl group.
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SUMMARY IN LITHUANIAN

5-PAKEISTU BEI 5,6-DIPAKEISTU FURO[2,3-d]PIRIMIDINU SINTEZE IS 4-
PIRIMIDINONU IR BIFUNKCINIU ELEKTROFILU. MITSUNOBU
REAKCIJOS TAIKYMAS 5-(ARILAMINOMETIL)FURO[2,3-d|PIRIMIDINU
SINTEZEJE

Kondensuoti pirimidino heterociklai, kaip fermenty gamtiniy substraty bei
nukleoriig§¢iy bazés — purino — analogai, pasiZymi jvairiu biologiniu aktyvumu:
antibakteriniu, antiparazitiniu, antivirusiniu, o taip pat ir prie§véziniu aktyvumu. Tarp
tokiy heterocikly sutinkami ir furo[2,3-d]pirimidino fragmentg turintys junginiai.

Furo[2,3-d]pirimidino  heterociklas, biogeninio  purino deguoninis  7-
deazaanalogas, yra svarbus tyrimo objektas organin¢je chemijoje bei medicinoje.
Furo[2,3-d]pirimidino dariniai sintetinami ir tyrin¢jami kaip potencialiis folio riigSties
ciklo fermenty dihidrofolatreduktazés (DHFR), timidinsintazés (TS), tirozinkinazés
receptoriy (EGFR, VEGFR-2, PDGFR-B), veiksniis ir/ar selektyviis glikogensintazés
kinazeés-3 (GKS-3), Varicella-zoster viruso inhibitoriai. Vienas perspektyviausiy VZV
inhibitoriy, kandidatas juostinés puslelinés gydymui, yra FV-100 — furo[2,3-d]pirimidino
fragmentg turintis nukleozidas - Siuo metu esantis II klinikiniy tyrimy stadijoje. Taip pat
furo[2,3-d]pirimidino dariniai sutinkami ir kaip serino/treonino baltymy kinaz¢ (Aktl),
nereceptoring tirozino kinaz¢ (ACKI1) ar limfocitams biidingg baltymy kinazg (Lck)
inhibuojantys junginiai. Be jau minéto furo[2,3-d|pirimidino dariniy biologinio
aktyvumo, Sie junginiai gali buiti panaudoti ir konstruojant oligoarilenines sistemas,
kurios pasizymi OLED technologijose pritatkomomis optoelektroninémis savybémis.
Taigi, naujy heterocikliniy junginiy, tame tarpe ir furo[2,3-d]pirimidiny sintezeés bei
funkcionalizavimo naujy metody paieSka ir esamy tobulinimas jneSa indé¢lj ne tik j
heterocikly chemijos plétojima, bet ir suteikia jrankius sintetinantiems heterociklinius
junginius praktiniam taikymui.

Sio darbo tikslai:

- 5-pakeisty bei 5,6-dipakeisty furo[2,3-d]pirimidiny sintezés metodo sukiirimas
pradiniais junginiais pasitelkiant pirimidin-4(3H)-onus ir bifunkcinius elektrofilus;
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- Antriniy aminy sintezés galimybés pasitelkiant Mitsunobu reakcijg jvertinimas.
Sios reakcijos pritaikymas (5-arilaminometil)furo[2,3-d]pirimidiny sintezéje.

Siame darbe parodyta, kad 2-pakeisti etil-4-aminofuro[2,3-d]pirimidin-5-
karboksilatai reaguodami su etilbrompiruvatu sudaro atitinkamus  furo[3,2-
elimidazo[1,2-c]pirimidino darinius. IStirta pirimidin-4(3H)-ony reakcija su maZiau
reaktingais nei etilbrompiruvatas bifunkciniais elektrofilais ir sukurtas naujas furo[2,3-
d]pirimidin-4(3H)-ony  sintezés metodas. Pasililyta  5-(arilaminometil)furo[2,3-
d]pirimidiny sintezés schema, iSple€ianti Mitsunobu reakcijos taikymg aminy sintezeje.
Parodyta, kad oksiduojant 4-amino-5-(fenilaminometil)-2-metiltiofuro[2,3-d]pirimiding
meta-chlorbenzenperoksikarboksiriigSties pertekliumi susidaré atitinkamy furo[2,3-
d]pirimidin-5-karbaldehidy = miSinys.  Nustatyta, kad veikiant N-{(4-amino-2-
(metilsulfonil)furo[2,3-d]pirimidin-5-il)metil } -N-fenil-4-nitrobenzensulfonamidg natrio
metoksidu HMPA, vyksta ne 2-metilsulfonil-, bet nitrogrupés, esancios nozilfragmente,

nukleofilinis pakeitimas metoksigrupe.
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