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1. Introduction popular in drug discovery;they are represented by numerous

o . L examples of marketed drugs with a broad range of
Pyrimidine is one of the most important heterocgelehich is — pharmacological —activities,i.e.  anticancef;*®  antiviral** ™

an essential constituent of natural compounds sschmucleic anxiolytic® antioxidant*™® antifungal™® anticonvulsant® and
acids and vitamins (thiamine, riboflavin and faicid)? It is not  gniibacterial agenf! Within just 2017-2018, several

surprising therefore that pyrimidine derivatives axtremely pyrimidine-containing drugs were approved by FHA.

Pyrimidine derivatives approved by FDA in 2017-2018

CO,Et

HO,C

o ¢ /
N-N
"
/NH
MeOQC
Brigatinib Copanlisib Abemaciclib Letermovir Encorafenib Elagolix
(2017) (2017) (2017) (2017) (2018) (2018)
ALK-positive relapsed advanced or cytomegalovirus infections unresectable or metastatic endometriosis-associated pain,
non-small-cell follicular metastatic after hematopoietic stem BRAF V600E or V600K uterine fibroids
lung cancer lymphoma breast cancer cell transplantation mutation-positive melanoma in women

Figure 1 Examples of pyrimidine-containing drugs
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Scheme 1Synthesis of pyrimidine-4-carboxylates by
reactions of 1,3-dicarbonyl compounds &GN
binucleophiles

A general approach to pyrimidine derivatives relgs the
principal two-component condensation HCN binucleophiles

counterparts. This is an example of recent findiggChurcher
and co-authorg who outlined that in many publications, the
scope of the synthetic methods have been shown fonlthe
most “convenient” substrates. Further applicatibsurh results
by medicinal and industrial chemists often requisgklitional
optimization of the protocols.

In this work, we have aimed at thorough and comprsikien
studying of the lowest-molecular-weigptalkoxyvinyl carbonyl
compoundd—3 as bis-electrophiles in the reactions with clasgsica
NCN binucleophiles,i.e. amidines 4-10) Smethylthiuronium
salt (1), and guanidines 1¢-15) (Figure 2). These bis-
electrophiles were scarcely studied in the pyrimédsynthesis to
date; in fact, most of the resulting pyrimidine-drmoxylates
obtained in this work were not described in the ditere so far.

In addition to that, application of the resultingogucts for
preparation of multipurpose building blocks relavdéor drug

with CCC bis-electrophiles. 1,3-Dicarbonyl compounds arediscovery was envisaged. As a result of this, carimagids (8

commonly used for that; however, this variation loé imethod
have found limited application for the preparatafrpyrimidine-
4-carboxylates. Most reported examples referreteémtions of
oxaloacetic acid esters with amidines, thiuroniunitssar
guanidine (Scheme 1).°*?" In another work, benzoyl- or (2-
thienoyl)pyruvate were first transformed into mpds of the
corresponding3-chlorovinylketones, which then reacted with 1-
(B-d-ribofuranosyl)formamidine to give the correspimgd
pyrimidine derivatives in 32—36% overall yield®){®

B-Alkoxyvinyl carbonyl compounds are renown synthetic

equivalents of 1,3-dicarbonyl compounds which wereelyid
used for the synthesis of numerous heterocyclictesys,
including pyrimidines, and often led to better gieland purity of
the target products:®® Utility of these bis-electrophiles was
demonstrated mainly by the preparation of substtut
pyrimidines bearing alkyl, haloalkyl or aryl moiett the C-4

position® ™ It should be noted that the related methods were
reported in the patent literatu¥&®” Some published papers

described synthesis of pyrimidine-5-carboxyl&tes*®®In the
case of pyrimidine-4-carboxylates, only a few isethexamples
were published, in particular, reactions pfalkoxyvinyl o-
ketoesters with only two specific substrates: 2-metbthiourea
or 2-benzylisothiourea (Scheme @).%° In turn, the reaction of
amidines or guanidine D)"®"® led to the corresponding
pyrimidines in generally poor yields (up to 36%herfefore, no
optimized protocols were developed.
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RZ O
Na,CO:
E 2 3

MeO COEY  £iom, reflux SR C(ref. 69)

52-94%
R" = Me, Bn; R? = Me, Ph, p-FCgHs, p-BrCgHs, p-MeCgHg, p-MeOCgHy4, p-OoNCgH,
NH,*
I er N CO,Et
[e) 3
RN NN
EtO CO,qEt R3 D (ref. 70-73)

R3 = Me, EtONa, EtOH, N/A yield (ref. 62, 63)

R3 = o-tolyl, NaOAc, p-xylene, 36% (ref. 64)

R® = NH,, TEA, PrCN, 27%; (ref. 65)
Scheme 2Synthesis of pyrimidine-4-carboxylates by
reactions of-alkoxyvinyl carbonyl compounds aftMCN
binucleophiles

Furthermore, aryl-substituted binucleophiles wereedus
predominantly - they are generally more convenienhandle
and often have distinct reactivity as comparedhgirtaliphatic

examples), alcohols (7 examples), aldehydes (3 pbeshn
chlorides (4 examples) and amines (4 examples) whtained
on multigram scale; 43 out of 51 pyrimidines pregphmwere
novel compounds. Nearly all compounds are functieed!low-
molecular-weight building blocks highly compatible thwvi
stringent compound quality criteria which are dtitiportant to
drug discovery?
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Figure 2 Substrates studled in th|s Work

2. Results/Discussion

The compound4-3 were prepared according to the known
literature method® Typical procedure for the reaction &3
with binucleophiles 4-15 included heating of the starting
materials at 70 °C in the presence ofCK; in MeCN for 2 h
(methodA). The reaction proceeded smoothly only in the cdse
3, which appeared to be the most reactive bis-elgbii® in the
series studied, providing the target pyrimidirie$3,4-10} and
16{3,13-15} in 67-90% yield (Table 1, Entries 16—26). Reagtio
of 3 with trifluoroacetamidine @) did not require a base,
providing 2-(trifluoromethyl)pyrimidine 16{3,7}, which was
used in the next step without isolation and purifaa (Entry
19).

It should be noted that the reaction3ofnd guanidine$3-15
was accompanied with trans-esterification of the,EtGnoiety
with MeOH formed, so that the corresponding pyrimedin
bearing the dialkylamino moiet$6{3,13-15} contained up to
33% of the corresponding methyl esteév{3,13-15}. Since
formation of this side product was not a problem forther



transformations, the resulting mixtures @6{3,13-15} and = ammonia which was also released reacted \itto give the
17{3,13-15} were used in the next steps without additionalcorresponding enaminone, thus complicating isaatad the
purification (Table 1, Entries 24—26). target product. Therefore, the meth®& was used for less
reactive NCN binucleophiles in the reaction with (75-85%
yield, Entries 6-8), as well as for all experimenigh the
compound? (71-86% yield, Entries 9—15), which appeared to be
the least reactive among the 1,3-bis-electrophigsdied,
possibly due to the steric hindrance around therlemoiety.

In the case of guanidinE?, the reaction witl8 using method
A appeared to be too slow; therefore, alternativactien
conditions were developede. heating of the starting compounds
in the presence of g in 1,4-dioxane at 100 °C for 48 h (method
B), which gave the target produt®{ 3,12} in 82% yield (Table
1, Entry 23). Unfortunately, the methoB was unfruitful in all experiments
with formamidine acetated) (Entries 1, 9 and 16); meanwhile,
the method A was applied for the preparation of the
corresponding pyrimidined6{1,4} and 16{3,4} more or less
successfully (21% and 72% vyield, respectively).

It was found that the methdg8l was superior to the methed
in the case of the less reactive 1,3-bis-electtefdhéand amidines
5,8 or 10 (A: 39-57% yieldB: 65-80% vyield; Table 1, Entries
2, 4 and 5). Lower yields and purity of the targetducts in the
case of method could be related to partial hydrolysis of the
starting amidine with KO formed in the reaction; moreover,
Table 1. Synthesis of substituted ethyl pyrimidine-4-candates16{ 1-3,4—15}

method A: R R
R2 0O A K2COs, “g?fgdozo ‘C.2h RWCOQB RWCOZMe
Ro)\/u\ CO,Et * H2N\IéNHZ method B: NI _N * N| _N
R R3 EtaN, 1,4—dig§g§,ﬂ /1 00°C, 48 h \R(3 1/3
1-3 415
A = Cl, OAc, or free base (7) 16{1-3,4-15} 17{3,13-15;
# B-Alkoxyvinyl a-ketoester NCN binucleophile Product R Yield, % Method
1 4 16{1,4} H 21 A), 0 B A/B
2 5 16{1,5} Me 39 @), 65 B)° AB
3 6 16{1,6} CH,CI 69 A
4 Q 8 16{1,8} cyclopropyl 534), 73 B)° A/B
5 Eto/kaOZE‘ 1c 16(1,10} p-CICeHa 57 (A), 80 B)° A/B
6 ! 11 16{1,13} SMe 75
7 12 16{1,12} NH, 76
8 14 16{1,14} pyrrolidin-1-yl 85 B
9 4 16{2,4} H 0 A/B
10 5 16{2,5} Me 71 B
11 o} 8 16{2,8} cyclopropyl 76 B
12 Eto/kﬁj\cozgt 1C 16{2,10 p-CICeH, 83 B
13 2 11 16{2,11} SMe 75 B
14 12 16{2,12} NH, 77 B
15 14 16{2,14} pyrrolidin-1-yl 85 B
16 4 16{3,4} H 72 A
17 5 16{3,5} Me 78 A
18 6 1€{3,6} CH,CI 67 A
19 7 16{3,7} CR N/A? A°
20 OMe O 8 1€{3,8} cyclopropyl 74 A
21 N NCo,E 9 16{3,9} Ph 81 A
22 3 1C 16{3,10} p-CICeH, 83 A
23 12 16{3,12} NH; 82 B
24 13 16{3,13}+17{3,13} NMe, 90 (16:17 = 2.5:1} A
25 14 16{3,14}+17{3,14} pyrrolidin-1-yl 90 (L6:17 = 2:1f A
26 15 16({3,15}+17{3,15} piperidin-1-yl 89 (6:17 = 2:1f A

“Both method#\ andB were evaluated
P16:17 ratio by*H NMR — the product was obtained as a mixturé@énd17 at the given ratio and was used in the next stégout additional purification
°The reaction was performed withowGOs

“The compound was used in the next step withoustisol
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The least reactivp-alkoxyvinyl a-ketoeste? gave no target = chemical shifts are reported in ppihgcale) downfield from
product16{2,4} under either reaction conditions. In the case ofTMS as an internal standard and are referenced ussidual
chloromethyl-substituted amidiné (Entries 3 and 18), the NMR solvent peaks at 7.26 and 77.16 ppm*f$rand**C in
methodB could not be used due to alkylation ofNEtwith 6; CDCl;, 2.50 and 39.52 ppm foH and *°C in DMSO-.
nevertheless, the corresponding produdsgl,6} and 16{3,6}  Coupling constants)( are shown in Hz. Spectra are reported
could be obtained using the methad as follows: chemical shifts( ppm), multiplicity, integration,

It is important to outline that 20 of 24 synthesizgyrimidine ~ coupling constants (Hz). Elemental analyses wertopeed
ester derivatived6{ 1-3,4-15} are novel compounds which were at the Laboratory of Organic Analysis, Departmerft o
not described in the literature to date. Chemistry, National Taras Shevchenko UniversityKgiv.
Mass spectra were recorded on an Agilent 1100 LCNS&D
instrument (chemical ionization (Cl)) and Agiler@®® Series
Il 5972 GCMS instrument (electron impact ionizatigil)).
Elemental analysis was performed using ElementarioVa
MICRO Cube CHNS/O/CI analyzer. Instant JChem wv.

To demonstrate utility of the target esteds®, their
transformations into building blocks8-22 was performedvia
standard carboxylate group modifications. (Figure 3, see the
Supporting Information for more details).

R R R 17.2.27.0 was used for the calculation of physicersical
R%COZH RWOH R NS0 parameters, Chemaxon, Hungary, www.chemaxon.com
N.__N N.__N N.__N
\(3 \(3 \(3 4.1. General procedure for the preparation of esters 16 (Method
R R R
18, 8 examples 19, 7 examples 20, 3 examples A)'
80-96% yield (from 16) 70-89% yield (from 16) 62-94% yield (from 19) K2003 (276 g 0.180 m0|) was added to a Stirred SO|Lm'bn
R R the correspondin@-alkoxyvinyl a-ketoesterl-3 (0.100 mol) in
RW RW MeCN (300 mL) and the resulting mixture was heatedsC.
| Ci | NH; Then, the correspondindCN binucleophile4—15 (0.130 mol, or
NN NN 0.180 mol in the case @) was added in portions. The reaction
R3 R3 mixture was refluxed for 2 h, then cooled to rt @vdporated in
21, 4 examples 22, 3 examples vacuo. The residue was diluted with,® (200 mL) and extracted
_ 72-92 % yield (from 19) ~ 53-95% yield (2 steps form 19) with t-BuOMe (2¢<100 mL) (in the case df6{1,8}, 16{1,10} and
Figure 3. Pyrimidine-derived building blocks8-22 16{3,9-10}) or CH,Cl, (2x100 mL) (in other cases). The organic

3 Conclusion phase was separated, washed witf© H50 mL), dried over
N&aSQ,, filtered through silica gel and evaporatediasuo.

The reaction of-alkoxyvinyl a-keto esterd—3 with amidines
4-10, S'methylthiuronium saltl1l, and guanidined2-15 in the
presence of BCO; in MeCN (methodA, 21-90% yield) or upon
treatment with BN in 1,4-dioxane (methoB, 65-85% vyield) is
an efficient approach to the preparation of 4-Ethyl pyrimidine-4-carboxylate 16{1,4}.%°
carboxylalkylpyrimidinesl6. The methodA was fruitful for the Yielg 3.19 g (21 %); yellow crystals; mp = 39-41 °C
most reactive substratdse( 1,3-bis-electrophil@ and amidines), (hexanes) (|if‘_5 35-36 °C).1H NMR (500 MHz, CDC)) & 9.36
whereas in most other cases, the metBaglas more expedient. (d, J = 1.4 Hz, 1H), 8.94 (d) = 5.0 Hz, 1H), 7.97 (dd] = 5.0,
Utility of these key intermediates was confirmed byne typical 1.4 Hz, 1H), 4.45 (g) = 7.1 Hz, 2H), 1.40 (t) = 7.1 Hz, 3H).
functional group transformations; 43 out of 51 prad were  **C NMR (126 MHz, CDG)) § 163.5, 158.8, 158.7, 154.5, 120.5,
novel compounds. Most of these functionalized pidine 62.3, 13.7. LC/MS (Cl)m/z = 153 [M+H]". Anal. calcd. for
derivatives are low-molecular-weight and hydrophitteey were  C,HgN,O,: C, 55.26; H, 5.30; N, 18.41. Found: C, 55.37; 255.
prepared on multigram scale and are therefore miombuilding N, 18.78.
blocks for organic synthesis, drug discovery ancbelgemistry,
which are readily available to scientific communiéynd can

The products 16{3,13-15} contained the corresponding
methyl estersl7{3,13-15} formed by trans-esterification upon
the reaction with ethyl 4-methoxy-2-oxopent-3-endaje

Ethyl 2-(chloromethyl)pyrimidine-4-carboxylate

significantly expand the currently accessible léke-chemical 16{1,6}. B S )

space (Figure S1). The compound was purified by distillation imcuo. Yield
13.8 g (69%); brownish liquid; bp = 102-104 °C / inkig. 'H

4, Experimental section NMR (500 MHz, CDC}) 6 8.97 (d,J = 4.9 Hz, 1H), 7.87 (d] =

N _ 4.9 Hz, 1H), 4.80 (s, 2H), 4.45 (d,= 7.1 Hz, 2H), 1.39 (t) =
The solvents were purified according to the stasdar; 1 y, 3H)*C NMR (126 MHz, CDCJ) 5 166.1, 163.2, 159.5
procedured’ The compoundd-3,°4,° 5" 6, 7' 89 155371191, 624, 46.2, 13.7. GCIMS (Ei)fz = 156/158
and 10, 11, 13% 14 and 15" were prepared according to [M-OEt+H]", 173/175 [M-HC=CH(CHy)+H]" 201/203 [M+H].
the literature methods. All other reagents and tis@®r Anal. calcd. for GH,CIN,O,: C, 47.90: H, 4.52: N, 13.96: Cl,

materials were obtained from commercial sourcesltiMe  17.67. Found: C, 47.55; H, 4.75: N, 14.01; Cl, 17.71.

points were measured on MPA100 OptiMelt automated Lo

melting point system. Analytical TLC was performesing EthY' 6-methylpyrimidine-4-carboxylate 16{3,4}.
Polychrom SI F254 plates. Column chromatography was Yield 12.0 g (72%); colorless crystals, mp = 32-32 °
performed using silica gel (230-400 mesh) as thtostary ~(nexanes) (bp = 86-88 °C / 1 mmHgH NMR (500 MHz,
phase*H and*C NMR spectra were recorded on a BrukerCPCl) 8 9.22 (s, 1H), 7.85 (s, 1H), 4.46 (= 7.2 Hz, 2H), 2.62
170 Avance 500 spectrometer (at 500 MHzférNMR, 126 (s, 3H), 1.42 (1) = 7.2 Hz, 3H)."C NMR (126 MHz, CDC) 6,
MHz for 3C NMR and 470 MHz for’F NMR) and Varian 169.6, 164.3, 158.8, 154.6, 120.5, 62.6, 24.3,.14CIMS (ClI):

Unity Plus 400 spectrometer (at 400 MHz tet NMR, 101 EVZHZI\}?[%F%C;?;H(S%&BF;] ,N1616[I\élgH|I:*6§r?§l.((::algg.sffr H
MHz for ®C NMR and 376 MHz for®F NMR). NMR 8 ot o S0Os Th B T SEEE C o 20eS T

6.43; N, 16.86.



Ethyl 2,6-dimethylpyrimidine-4-carboxylate
16{3,5}.

Yield 14.1 g (78%); colorless crystals, mp = 44-42 °
(hexanes) (bp = 94-96 °C / 1 mmHJH NMR (500 MHz,
CDCl) 5 7.66 (s, 1H), 4.47 (d, = 7.1 Hz, 2H), 2.79 (s, 3H), 2.59
(s, 3H), 1.42 (t) = 7.1 Hz, 3H)*C NMR (126 MHz, CDG)) &
169.4, 168.7, 164.6, 155.0, 117.4, 62.5, 26.1,,2443. LC/MS
(C): m'z=181[M+HJ". Anal. calcd. for GH;.N,O,: C, 59.99; H,
6.71; N, 15.55. Found: C, 59.91; H, 6.78; N, 15.34.

Ethyl 2-(chloromethyl)-6-methylpyrimidine-4-
carboxylate 16{3,6}.

The compound was purified by distillation imcuo. Yield
14.4 g (67%); yellow powder; mp = 36-38 °C; bp = 1M18-°C
/ 1 mmHg."H NMR (500 MHz, CDCJ) § 7.77 (s, 1H), 4.78 (s,
2H), 4.48 (q.J = 7.2 Hz, 2H), 2.65 (s, 3H), 1.42 &= 7.2 Hz,
3H). *C NMR (126 MHz, CDCJ) § 170.7, 166.2, 164.0, 155.5,
119.2, 62.7, 46.8, 24.4, 14.2. GC/MS (Eijyz = 155/157
[M-OEt]*, 186/188 [M-HC=CH(CH)]" 214/216 [M]. Anal.
caled. for GH.;,CIN,O,: C, 50.36; H, 5.17; N, 13.05; Cl, 16.52.
Found: C, 50.25; H, 5.31; N, 12.73; CI, 16.72.

Ethyl 2-cyclopropyl-6-methylpyrimidine-4-
carboxylate 16{3,8}.

Yield 15.3 g (74%); yellowish liquid'H NMR (400 MHz,
CDCly) 6 7.53 (s, 1H), 4.42 (¢} = 7.1 Hz, 2H), 2.49 (s, 3H), 2.30
(tt, J=8.2, 2.7 Hz, 1H), 1.39 (§,= 7.1 Hz, 3H), 1.16 — 1.13 (m,
2H), 1.05 — 1.02 (m, 2HY*C NMR (126 MHz, CDCJ) & 172.6,
169.1, 164.8, 154.5, 116.9, 62.2, 24.3, 18.3, 14120. LC/MS
(CN): m/iz= 207 [M+HJ". Anal. calcd. for GH,N,O,: C, 64.06;
H, 6.84; N, 13.58. Found: C, 64.05; H, 6.92; N, 13.77.

Ethyl 6-methyl-2-phenylpyrimidine-4-carboxylate
16{3,9}.

Yield 19.6 g (81%); yellowish solid; mp 95-97 °C
(hexanes)H NMR (500 MHz, CDCJ) & 8.54 (s, 2H), 7.72 (s,
1H), 7.52 — 7.47 (m, 3H), 4.51 (4= 6.7 Hz, 2H), 2.69 (s, 3H),
1.48 (t,J = 6.7 Hz, 3H).*C NMR (126 MHz, CDCJ) 5 169.6,
165.0, 164.8, 155.4, 137.1, 130.9, 128.5, 128.8,0062.3, 24.6,
14.2. LC/IMS (Cl):m/z = 213 [M-Et], 243 [M+HT". Anal. calcd.
for C,,H1.N,O,: C, 69.41; H, 5.82; N, 11.56. Found: C, 69.47; H,
5.97; N, 11.35.

Ethyl 2-(4-chlorophenyl)-6-methylpyrimidine-4-
carboxylate 16{3,10}.

Yield 23.0 g (83%); colorless powder; mp
(hexanes). °C'H NMR (500 MHz, CDCJ) & 8.49 (d,J = 8.5 Hz,
2H), 7.73 (s, 1H), 7.47 (dl = 8.5 Hz, 2H), 4.51 (q) = 7.0 Hz,
2H), 2.68 (s, 3H), 1.48 ({1 = 7.0 Hz, 3H).13C NMR (126 MHz,
CDCly) 6 169.7, 164.7, 164.0, 155.4, 137.2, 135.6, 1298,7],
118.1, 62.4, 24.6, 14.2. LC/IMS (Cljz = 277/279 [M+H].
Anal. calcd. for GH,5CIN,O,: C,s 60.77; H, 4.74; N, 10.12; CI,
12.81. Found: C, 60.55; H, 4.66; N, 10.01; CI, 13.11.

Ethyl 2-(dimethylamino)-6-methylpyrimidine-4-
carboxylate 16{3,13}.

The compound was obtained as a mixture with methyl 29552 117.7, 62.6, 26.2, 14.2. LC/IMS (Chwz

(dimethylamino)-6-methylpyrimidine-4-carboxylate 17{3,13}
(16:17 = 2.5:1). Yield 18.8 g (90%); yellowish liquidH NMR
(500 MHz, CDC}) 5 6.84 (s, 1H), 4.28 (g1 = 7.1 Hz, 2H), 3.11
(s, 6H), 2.29 (s, 3H), 1.29 (§, = 7.1 Hz, 3H).”*C NMR (126

165.4, 162.1, 154.9, 107.4, 61.2 36.4, 23.9. LCA@S: m/z =
195 [M+H]".

Ethyl 6-methyl-2-(pyrrolidin-1-yl)pyrimidine-4-
carboxylate 16{3,14}.

The compound was obtained as a mixture with methyl 6-
methyl-2-(pyrrolidin-1-yl)pyrimidine-4-carboxylate 17{3,14}
(16:17 = 2:1). Yield 21.2 (90%); yellowish oifH NMR (400
MHz, CDCk) 4 6.92 (s, 1H), 4.35 (g} = 6.9 Hz, 2H), 3.62 — 3.54
(m, 4H), 2.36 (s, 3H), 1.95 — 1.91 (m, 4H), 1.35J( 6.9 Hz,
3H). ®*C NMR (126 MHz, CDCJ) 5 168.4, 165.5, 160.9, 155.2,
107.9, 52.8, 46.6, 25.4, 24.4, 14.2. LC/MS (Qiz = 236
[M+H]".

Methyl 6-methyl-2-(pyrrolidin-1-yl)pyrimidine-4-
carboxylate 17{3,14} (spectral data).

'H NMR (400 MHz, CDC}) 5 6.94 (s, 1H), 3.89 (s, 3H), 3.62
—3.54 (m, 4H), 2.36 (s, 3H), 1.99 — 1.93 (m, 483. NMR (126
MHz, CDCk) & 169.6, 166.1, 161.2, 155.6, 108.0, 61.8, 46.7,
25.5, 24.5. LC/MS (Cl)m/z = 222 [M+HT".

Ethyl 6-methyl-2-(piperidin-1-yl)pyrimidine-4-
carboxylate 16{3,15}.

The compound was obtained as a mixture with methyl 6-
methyl-2-(piperidin-1-yl)pyrimidine-4-carboxylate  17{3,15}
(16:17 = 2:1). Yield 22.2 g (89%); yellowish oitH NMR (500
MHz, CDCL) 6 6.94 (s, 1H), 4.40 (q) = 7.0 Hz, 2H), 3.85 (s,
4H), 2.39 (s, 3H), 1.68 — 1.60 (m, 6H), 1.41 Jt= 7.0 Hz,
3H).*C NMR (126 MHz, CDCJ) 5 169.6, 165.5, 162.1, 155.6,
108.0, 61.8, 44.6, 25.8, 24.8, 24.5,14.2. LC/MS);(6¥z = 250
[M+H]".

Methyl 6-methyl-2-(piperidin-1-yl)pyrimidine-4-
carboxylate 17{3,15} (spectral data).

'"H NMR (500 MHz, CDC)) § 6.96 (s, 1H), 3.94 (s, 3H), 3.87
—3.86 (m, 4H), 2.39 (s, 3H), 1.68 — 1.60 (m, 6843. NMR (126
MHz, CDCk) 6 169.6, 165.5, 162.1, 155.6, 108.1, 61.8, 44.7,
25.8, 24.8, 24.5. LC/MS (Cljvz = 236 [M+H]".

4.2. General procedure for the preparation of esters 16 (Method
B).

Et:N (27.9 mL, 20.2 g, 0.200 mol) was added to a stirred
mixture of B-alkoxyvinyl ester 1-3 (0.100 mol) and the
corresponding amidine/guaniding-15 (0.120 mol) in 1,4-
dioxane (200 mL). The resulting mixture was stiregdl00 °C

107-109for 48 h, then cooled to rt and evaporateddouo. The residue

was diluted with HO (150 mL) and extracted withiBuOMe
(2x100 mL). The combined organic extracts were washell wit
water (50 mL), dried over N8Q,, filtered through silica gel and
evaporated iwacuo.

Ethyl 2-methylpyrimidine-4-carboxylate 16{1,5}.

Yield 10.8 g (65%; Method\ — 39%); brownish liquidH
NMR (400 MHz, CDC}) 6 8.81 (d,J = 4.9 Hz, 1H), 7.74 (d] =
4.9 Hz, 1H), 4.44 (q) = 7.1 Hz, 2H), 2.80 (s, 3H), 1.38 &=
7.1 Hz, 3H).”*C NMR (126 MHz, CDCJ) & 169.1, 164.3, 159.0,
139
[M-H,C=CH(CHy)+H]" 167 [M+H]. Anal. calcd. for
CgH1oNLO,: C, 57.82; H, 6.07; N, 16.86. Found: C, 57.94; H,
5.68; N, 17.19.

MHz, CDCL) 5 168.9, 164.9, 162.1, 154.6, 107.3, 52.2, 36.3Ethyl 2-cyclopropylpyrimidine-4-carboxylate

23.9, 13.7. LC/MS (Clm/z = 210 [M+HT".
Methyl 2-(dimethylamino)-6-methyl-pyrimidine-4-
carboxylate 17{3,13} (spectral data).

'H NMR (500 MHz, CDCJ) 5 6.86 (s, 1H), 3.82 (s, 3H), 3.11
(s, 6H), 2.29 (s, 3H)™C NMR (126 MHz, CDGJ) & 169.0,

16{1,8}

Yield 14.0 g (73%; Method\ — 53%); yellowish liquid.*H
NMR (400 MHz, CDC}) 5 8.71 (d,J = 4.9 Hz, 1H), 7.63 (d] =
4.9 Hz, 1H), 4.42 (@) = 7.2 Hz, 2H), 2.38 — 2.30 (m, 1H), 1.38
(t, J=7.2 Hz, 3H), 1.16 — 1.12 (m, 2H), 1.08 — 1.04 (i).2°C
NMR (126 MHz, CDCJ)) & 173.1, 164.4, 158.9, 154.8, 117.2,
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62.4, 18.4, 14.1, 11.4. LC/MS (Chy/z = 193 [M+H]. Anal. = Ethyl 2-(methylthio)-5-methylpyrimidine-4-
calcd. for GoH,N,O,: C, 62.49; H, 6.29; N, 14.57. Found: C, carboxylate 16{2,11}.

62.22; H, 6.54; N, 14.96. Yield 14.9 g (75%); brownish liquidtH NMR (500 MHz,
A C CDCls) 4 8.38 (s, 1H), 4.33 (¢ = 7.1 Hz, 2H), 2.46 (s, 3H), 2.28
Eé?{[lzc)}('4 chlorophenyl)pyrimidine-4-carboxylate (s, 3H), 1.31 (tJ = 7.1 Hz, 3H)°C NMR (126 MHz, CDC) &

169.8, 164.4, 160.1, 154.5, 124.0, 61.6, 15.1,,187%. LC/MS
(CI): m/z = 213 [M+HJ". Anal. calcd. for GH;,N,O,S: C, 50.93;

4.9 Hz, 1H), 8.46 (d) = 8.7 Hz, 2H), 7.83 (dJ = 4.9 Hz, 1H), H, 5.70; N, 13.20; S, 15.10. Found: C, 50.55; H, 6N);713.51;

7.46 (d,J = 8.7 Hz, 2H), 4.50 (q] = 7.1 Hz, 2H), 1.47 (1= 7.1 S, 15.17.
Hz, 3H). ®C NMR (126 MHz, CDCJ)) & 163.9, 158.9, 155.2, Ethyl 5-methyl-2-(pyrrolidin-1-yl)pyrimidine-4-
137.1, 134.9, 129.8, 129.5, 128.5, 118.1, 62.18.13/MS (Cl):  carboxylate 16{2,14}.

Yield 21.0 g (80%; Method A — 57%); colorless crystahp
=90-93 °C (hexanesH NMR (500 MHz, CDC}) 6 8.99 (d,J =

m/z = 263/265 [M+H]. Anal. calcd. for GH;,CIN,O,: C, 59.44; Yield 20.0 g (85%); yellowish crystals; mp = 40-4&xanes)
H, 4.22; N, 10.66; Cl, 13.49. Found: C, 59.56; H, 418010.86;  °C.'H NMR (500 MHz, CDCJ) 5 8.21 (s, 1H), 4.37 (q] = 7.1
Cl, 13.23. Hz, 2H), 3.53 (s, 4H), 2.19 (s, 3H), 1.93 (s, 4H), 1136 = 7.1
) . R Hz, 3H). ®*C NMR (126 MHz, CDGJ) & 165.7, 160.5, 158.8,
{Elthf’l'fsémethy”h'o)py“m'd'”e 4-carboxylate 155.3, 114.8, 61.2, 46.2, 25.1, 14.5, 13.7. LC/IBS:(z = 236

Yield 14.9 g (75%); yellowish liquidiH NMR (500 MHz, Lyl - Anal. caled. for Grlios €, 61261 H, 7.28; N,
CDCL) 6 8.59 (d,J = 4.9 Hz, 1H), 7.45 (d] = 4.9 Hz, 1H), 430 ' + o D190 D e 155
(9, J = 7.1 Hz, 2H), 2.45 (s, 3H), 1.26 (= 7.1 Hz, 3H).®*C  Ethyl 2-aminopyrimidine-4-carboxylate 16{1,12}."°
NMR (126 MHz, CDCJ) & 173.3, 163.3, 158.6, 154.7, 115.0,  After evaporation irvacuo of the reaction mixture, the residue
62.0, 13.7, 13.6. LC/MS (Cljvz = 199 [M+H]". Anal. calcd. for  was diluted with HO (100 mL) andt-BuOMe (30 mL). The
CgH1oN20,S: C, 48.47; H, 5.08; N, 14.13; S, 16.17. Found: Cprecipitate formed was filtered, washed witfOH2x10 mL) and

48.85; H, 4.75; N, 14.35; S, 16.54. dried invaCLio. Yield 12.7 g (76%); beige powder; mp = 239-242
- o °C (EtOH).'H NMR (500 MHz, DMSOd) 5 8.46 (dd,J = 4.9,

Ethyl 2-(pyrrolidin-1-yl rimidine-4-carboxylate

16{31’ 14}('py yhpy y 2.2 Hz, 1H), 7.05 (s, 2H), 7.04 (ddi= 4.4, 1.5 Hz, 1H), 4.30 (q,

J = 6.9 Hz, 2H), 1.29 () = 6.9 Hz, 3H).*C NMR (126 MHz,
DMSO-dg) & 164.9, 164.4, 161.0, 156.1, 109.4, 61.9, 14.5.
LC/MS (CI): m/iz= 122 [M-OEt], 168 [M+H]". Anal. calcd. for

Yield 18.8 g (85%); yellowish crystals; mp 54-57 °C
(hexanes)'H NMR (500 MHz, CDCJ) & 8.45 (d,J = 4.7 Hz,
ég)é er,?ﬁ)'f 1_9‘37_'1?52}?%,2'?'?’ (10937 17t=27H22H22H)3H?3163?: &r;%Nic())Z: C. 50.29: H, 5.43: N, 25.14. Found: C, 50.05; H55.
NMR (126 MHz, CDC)) & 164.7, 160.2, 159.1, 155.5, 107.6, '~~~
61.5, 46.3, 25.0, 13.7. LC/MS (Cliyz = 222 [M+H]". Anal. Ethyl 2-amino-5-methylpyrimidine-4-carboxylate
calcd. for GiHisN3O,: C, 59.71; H, 6.83; N, 18.99. Found: C, 16{2,12}.

59.76; H, 6.97; N, 19.18. After evaporation irvacuo of the reaction mixture, the residue
Ethyl 2.5-dimethylpyrimidine-4-carboxylate was diluted with HO (100 mL) andt-BuOMe (30 mL). The
16{¥ 5). ! yipyrimidi Xy precipitate formed was filtered, washed witfOH2x10 mL) and

dried in vacuo. Yield 13.8 g (75%); yellowish powder; mp =
195-199 °C (EtOH)'H NMR (400 MHz, DMSOd,) & 8.27 (s,
1H), 6.67 (s, 2H), 4.31 (§,= 7.1 Hz, 2H), 2.14 (s, 3H), 1.30 {t,
= 7.1 Hz, 3H).”®*C NMR (126 MHz, DMSOd,) 6 165.8, 162.5,
161.9, 155.9, 116.38, 61.7, 14.7, 14.5. LC/MS (@¥jz= 182
[M+H]". Anal. calcd. for @H;;N;O,: C, 53.03; H, 6.12; N, 23.19.
Found: C, 52.96; H, 6.44; N, 23.48.

Ethyl 2-amino-6-methylpyrimidine-4-carboxylate
16{3,12}.%"

After evaporation irvacuo of the reaction mixture, the residue
was diluted with HO (100 mL) andt-BuOMe (30 mL). The
precipitate formed was filtered, washed witfOH2x10 mL) and
dried invacuo. Yield 14.9 g (82%); brownish powder; mp = 145—
147 °C (EtOH) (lit”’ 151 °C)."H NMR (500 MHz, DMSO#dg) &
6.96 (s, 1H), 6.90 (s, 2H), 4.29 @= 7.0 Hz, 2H), 2.31 (s, 3H),
1.29 (t,J = 7.0 Hz, 3H).”*C NMR (126 MHz, DMSOd) &

Yield 13.0 g (71%); yellow liquid'H NMR (500 MHz,
CDCl) 5 8.45 (s, 1H), 4.30 (d, = 7.1 Hz, 2H), 2.58 (s, 3H), 2.28
(s, 3H), 1.26 (tJ = 7.1 Hz, 3H)*C NMR (126 MHz, CDG)) &
165.4, 164.7, 160.1, 153.9, 126.3, 61.7, 25.0,,18%. LC/MS
(CI): m/z = 181[M+HT". Anal. calcd. for GH;,N,O,: C, 59.99; H,
6.71; N, 15.55. Found: C, 60.17; H, 6.38; N, 15.45.

Ethyl 2-cyclopropyl-5-methylpyrimidine-4-
carboxylate 16{2,8}.

Yield 15.7 g (76%); yellowish liquid*H NMR (500 MHz,
CDCl;) 6 8.50 (s, 1H), 4.44 (&)= 7.1 Hz, 2H), 2.39 (s, 3H), 2.28
(tt, J = 8.3, 3.9 Hz, 1H), 1.41 (§,= 7.1 Hz, 3H), 1.12 — 1.09 (m,
2H), 1.07 — 1.03 (m, 2H}*C NMR (101 MHz, CDGJ) § 170.0,
165.4, 160.4, 154.3, 126.0, 62.0, 17.8, 15.8, 11018. LC/MS
(Ch: mz = 135 [M-CQ-H,C=CH(CH)+H]", 179
[M-H,C=CH(CHy)+H]" 207 [M+H]. Anal. calcd. for

glég_l“,\’\llz(fg 9%’ 64.06; H, 6.84; N, 13.58. Found: C, 63.95; H’170.3, 165.1, 164.3, 156.0, 109.0, 61.8, 24.1,.14C3MS (CI):
U0 T SO m/z= 182 [M+H]". Anal. calcd. for gH,;N;O,: C, 53.03; H, 6.12;
Ethyl 2-(4-chlorophenyl)-5-methylpyrimidine-4- N, 23.19. Found: C, 53.06; H, 6.43; N, 23.46.
carboxylate 16{2,10}.
Yield 23.0 g (83%); brownish liquid"H NMR (400 MHz,  Acknowledgments
CDCly) 5 8.71 (s, 1H), 8.37 (d] = 8.4 Hz, 2H), 7.46 — 7.38 (m,
2H), 4.47 (q,J = 7.1 Hz, 2H), 2.48 (s, 3H), 1.44 (= 7.2 Hz, The work was funded by Enamine Ltd.
3H). ®°C NMR (101 MHz, CDG)) 5 165.3, 161.7, 160.8, 155.1,
137.0, 135.4, 129.5, 128.8, 127.7, 62.2, 16.1,.1422MS (ClI): References and notes
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