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ABSTRACT: A reaction method is described for the one-step synthesis of 2-alkynylpyrimidines from 

3,4-dihydropyrimidin-1H-2-thiones (DHPMs) via dehydrosulfurative Sonogashira cross-coupling with 

concomitant oxidative dehydrogenation using a Pd/Cu catalytic system. Together with the ready 

availability of DHPMs possessing various substituents at the C4–C6 positions, this transformation offers 

a rapid and general access to diverse 2-alkynylpyrimidine derivatives.
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Transition metal-catalyzed cross-coupling reactions with organohalides have been widely used to form 

new carbon–carbon and carbon–heteroatom bonds with broad substrate tolerance.1 Recently, organosulfur 

compounds have emerged as promising alternative electrophilic partners to the commonly used 

organo(pseudo)halides.2 In 2000, Liebeskind and Srogl reported Pd-catalyzed/Cu-mediated cross-

coupling between thioesters and boronic acids to produce ketones.3 Since then, this desulfurative cross-

coupling reaction has been extended to coupling with various nucleophilic partners to yield valuable C-C 

bonds that are unattainable by traditional C–C bond-forming reactions.4 Notable examples include the 

direct dehydrosulfurative C–C cross-coupling reactions of thioamide moieties with boronic acids, 

stannanes, or siloxanes.5 These reactions efficiently prohibit the traditionally favoured C-S cross-coupling 

reactions with such substrates.6

With growing interests in desulfurative coupling reactions, we recently developed a dehydrosulfurative 

arylation with concomitant oxidative dehydrogenation of 3,4-dihydropyrimidin-1H-2-thiones (DHPMs) 

with boronic acids to produce 2-arylpyrimidines.7 In addition, we demonstrated that this cascade reaction 

protocol could be extended to oxidative dehydrosulfurative C–N or C–O cross-coupling reaction of 

DHPMs with amines or boric esters to generate 2-aminopyrimidines and 2-alkoxypyrimidines, 

respectively.8 These results led us to envision an oxidative dehydrosulfurative alkynylation reaction of 

DHPMs with terminal alkynes to yield 2-alkynylpyrimidines. This reaction method would enable the 

rapid generation of diverse 2-alkynylpyrimidine derivatives because DHPMs bearing various substituents 

at the C4–C6 positions can be readily prepared by the well-known Biginelli three-component reaction.9 

Although pyrimidine motifs are important substructures of many commercialized medicines such as 

rosuvastatin, imatinib, ruxolitinib, tofacitinib, voriconazole, and baricitinib,10 the precedent synthetic 

strategies toward various pyrimidine derivatives are limited, especially for the rapid access to potential 

pharmaceutical agents.

Since the development of the Sonogashira reaction,11 terminal alkynes have been widely used in various 

C–C cross-coupling reactions with organo(pseudo)halide electrophiles. There have been many efforts to 

extend Sonogashira coupling to organosulfur electrophilic partners such as thiono or mercapto 
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electrophiles as alternatives to the (pseudo)halides. For example, Tatibouët group reported the 

dehydrosulfurative alkynylation of 1,3-oxazolidine-2-thiones or 1,3-oxazoline-2-thiones,12 which was 

applied to the total synthesis of (+)-neopeltolide by Roulland and co-workers.13 In addition, Hintermann 

group14 and Suzenet group15 extended the dehydrosulfurative alkynylation protocol to six-membered 2-

mercaptopyrimidines and thioamide-type pyridines (quinolones) containing cyano or methoxy group at 

C3 position, respectively.

Recently, Quan and Wang group attempted the cross-coupling reaction between DHPMs and terminal 

alkynes in the presence of Pd(OAc)2/Xphos and copper carboxylate, but obtained the substituted 

dihydropyrimidine B instead of the desired alkynylated product A (Scheme 1a).16 According to the 

mechanism proposed by Quan and Wang, the product B was generated from the alkynylated product A 

via acylation and hydration subsequently. In this reaction, the copper carboxylate acted not only as a co-

factor but also as an acylating agent. The proposition led us to focus on suppressing the acylation and 

hydration to yield the desired 2-alkynylpyrimidines. On the basis of the proposed mechanism, we 

hypothesized that the undesired acylation process could be restrained by the addition of a base to capture 

the carboxylic acid generated from the copper carboxylate and involved in the acylation under base-free 

conditions. To prevent the hydration by in-situ generated water, molecular sieves should be used. In 

addition, over the course of our previous studies on the cross-coupling reactions of DHPMs, we found 

that the dehydrosulfurative cross-coupling reactions using Pd/Cu catalytic system accompanied oxidative 

dehydrogenation under argon atmosphere, presumably due to the Cu species present in the reaction.7,8,17 

Thus, we envisaged that the dehydrosulfurative alkynylation of DHPMs would also undergo with 

concomitant oxidative dehydrogenation under similar reaction conditions. Herein, we report the oxidative 

dehydrosulfurative Sonogashira coupling of DHPMs with terminal alkynes to produce 2-

alkynylpyrimidines (Scheme 1b).
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Scheme 1. Oxidative dehydrosulfurative alkynylation of DHPMs with alkynes to produce 2-
alkynylpyrimidines

 

We tested our hypothesis with the reaction between DHPM 1a and alkyne 2a using Pd(OAc)2 and Cu(I)-

thiophene-2-carboxylate (CuTC) in the presence or absence of Cs2CO3 and 4 Å molecular sieves under 

Ar (Table 1). 

Table 1. Initial studiesa

Yield (%)b

Entry Additives
3a 3a’

1 - 0 63

2 4 Å MS trace 70

3 Cs2CO3 11 0

4 4 Å MS/Cs2CO3 24 0
aReaction conditions: 1a (0.25 mmol), 2a (0.38 mmol), CuTC (0.40 mmol), Pd(OAc)2 (0.025 mmol), 

1,4-dioxane (1.5 mL) at 110 °C. bIsolated yields.

When the reaction was carried out in the absence of both Cs2CO3 and 4 Å molecular sieves, only 3aʹ 

was generated (entry 1, Table 1). However, the desired product 3a was produced in the presence of either 
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4 Å molecular sieves or Cs2CO3, and 3aʹ was not generated in the presence of Cs2CO3 (entries 2 and 3). 

These results led us to test a reaction using both 4 Å molecular sieves and Cs2CO3, which resulted in an 

increased yield of 3a without forming 3aʹ (entry 4).

On the basis of the initial studies, the optimization of reaction conditions was performed in the presence 

of both base and molecular sieves (Table 2). When Pd(OAc)2 was replaced by other Pd sources such as 

PdCl2 and Pd(PPh3)4, the desired product was not formed (entries 1 and 2). Other Cu sources such as 

CuMeSal, CuI, and a mixture of CuTC and CuI did not provide the desired product (entries 3–5). With 

respect to solvents, MeCN was found to be more effective than other solvents such as dioxane, DMF, 

PhMe, NMP, DMA, and DMSO (entries 6–11). We found that the addition of a bidentate ligand such as 

2,2′-bis(di-p-tolylphosphino)-1,1′-binaphthyl (Tol-BINAP) or 1,3-bis(diphenylphosphino)propane 

(dppp) improved the yield of the desired product (52% and 57%, respectively; entries 12 and 15). Further 

optimization using MeCN-PhMe cosolvent system increased the product yield up to 85% (entries 16 and 

17). With respect to bases, Et3N, K3PO4, K2CO3, and LiHMDS were not as effective as Cs2CO3 (entries 

18–21).18

Table 2. Optimization of reaction conditionsa,b

Entry Pd/
Ligand Cu/Base Solvent Yield 

(%)

1 PdCl2
CuTC/ 
Cs2CO3

dioxane 0

2 Pd(PPh3)4
CuTC/ 
Cs2CO3

dioxane 0

3 Pd(OAc)2
CuMeSal/ 
Cs2CO3

dioxane 0

4 Pd(OAc)2
CuI/ 
Cs2CO3

dioxane 0

5 Pd(OAc)2
CuTC-CuI 
/Cs2CO3

dioxane 0

6 Pd(OAc)2
CuTC/ 
Cs2CO3

DMF trace

7 Pd(OAc)2
CuTC/ 
Cs2CO3

PhMe trace

HN

N
H

S

+ N

N

Ph
CO2Et

Ph
CO2EttBu

tBu1a 3a

Conditions

2a
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6

8 Pd(OAc)2
CuTC/ 
Cs2CO3

NMP 7

9 Pd(OAc)2
CuTC/ 
Cs2CO3

DMA trace

10 Pd(OAc)2
CuTC/ 
Cs2CO3

DMSO trace

11 Pd(OAc)2
CuTC/ 
Cs2CO3

MeCN 35

12 Pd(OAc)2/
Tol-BINAP

CuTC/ 
Cs2CO3

MeCN 52

13 Pd(OAc)2/
P(o-tolyl)3

CuTC/ 
Cs2CO3

MeCN 17

14 Pd(OAc)2/
PPh3

CuTC/ 
Cs2CO3

MeCN 35

15 Pd(OAc)2/
dppp

CuTC/ 
Cs2CO3

MeCN 57

16 Pd(OAc)2/
dppp

CuTC/ 
Cs2CO3

MeCN/PhMe  
(1:20) 78

17 Pd(OAc)2/
dppp

CuTC/ 
Cs2CO3

MeCN/PhMe  
(1:4) 85

18 Pd(OAc)2/
dppp

CuTC/ 
Et3N

MeCN/PhMe  
(1:4) trace

19 Pd(OAc)2/
dppp

CuTC/ 
K2CO3

MeCN/PhMe  
(1:4) trace

20 Pd(OAc)2/
dppp

CuTC/ 
K3PO4

MeCN/PhMe  
(1:4) trace

21 Pd(OAc)2/
dppp

CuTC/ 
LiHMDS

MeCN/PhMe  
(1:4) 42

aReaction conditions: 1a (0.25 mmol), 2a (0.38 mmol), Pd catalyst (0.025 mmol), phosphine ligand 
(0.030 mmol), Cu (0.40 mmol), base (0.25 mmol) and 4 Å molecular sieves in solvent (1.5 mL) at 110 °C 
for 16 h under Ar. bIsolated yields.

Under the optimal reaction conditions, we assessed the scope of the reaction with various DHPMs and 

terminal alkynes (Scheme 2). With respect to the alkynes, we found that both alkyl- and aryl-substituted 

alkynes were suitable substrates. When DHPM 1a was reacted with the alkynes containing linear alkyl 

groups such as n-hexylacetylene and n-octylacetylene, the corresponding products 3b and 3c were 

produced in 75% and 72% yields, respectively. In the case of alkynes bearing branched alkyl groups such 

as i-pentylacetylene, phenethylacetylene, and cyclohexylmethylacetylene, the desired products 3d–f, 

respectively, were obtained in 43–72% yields. Cyclopentylacetylene and cyclohexylacetylene, providing 

3g (77%) and 3h (80%), respectively, were also compatible with the reaction method. We also examined 

alkynes possessing functionalized alkyl groups such as benzyl- or tetrahydropyranyl (THP)-protected 
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7

hydroxyl group. The benzyl ether provided 3i in 67% yield while the THP ether furnished 3j in 31% yield, 

which is presumably attributed to the labile character of the –OTHP group. In the case of aryl-substituted 

alkynes, we found that the desired products were produced in moderate to good yields in the absence of 

phosphine ligand.19 For example, phenylacetylene, tolylacetylene, and anisoylacetylene afforded the 

corresponding products 3k–m, respectively, in 56–83% yields. 1-Naphthylacetylene was also suitable 

substrate to generate 3n in 66% yield.

N

N

Ph
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N

N

Ph
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R
N

N
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Ph

R
3b, R = n-hexyl, 75%
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N
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N
H
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+ N

N
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R1a 2 3

Pd(OAc)2, dppp
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MeCN/PhMe (1:4)
4 Å MS, 110 oC

N

N

Ph
CO2Et

R
3k, R = Ph, 83%a

3l, R = tolyl, 59%a

3d, R = iBu, 43%
3e, R = Bn, 51%
3f, R = cyclohexyl, 72%

3g, R = cyclopentyl
77%

3h, R = cyclohexyl
80%

OBn

Scheme 2. Scope of the reaction with respect to alkynes. Reaction conditions: 1a (0.25 mmol), 2 (0.38 
mmol), Pd(OAc)2 (0.025 mmol), dppp (0.030 mmol), CuTC (0.40 mmol), Cs2CO3 (0.25 mmol) and 4 Å 
molecular sieves in MeCN/PhMe (1/4 v/v, 1.5 mL) at 110 °C for 16 h under Ar. Yields are isolated yields. 
aNo P ligand was used.

Next, we evaluated the reactivity of DHPMs possessing various substituents at the C4–C6 positions 

(Scheme 3). The reaction of DHPM lacking substituents at both C5 and C6 positions with n-

hexylacetylene produced 4a in 65% yield. For DHPM having no substituent at the C4 position, the desired 

product 4b was generated in high yield (94%) when reacted with t-butylacetylene. In the case of no 

substituent at the C5 position, the corresponding products 4c (62%) and 4d (58%) were obtained in the 

reactions with t-butylacetylene and n-hexylacetylene, respectively. 
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Scheme 3. Scope of the reaction with respect to DHPMs and alkynes. Reaction conditions: 1 (0.25 
mmol), 2 (0.38 mmol), Pd(OAc)2 (0.025 mmol), dppp (0.030 mmol), CuTC (0.40 mmol), Cs2CO3 (0.25 
mmol) and 4 Å molecular sieves in MeCN/PhMe (1/4 v/v, 1.5 mL) at 110 °C for 16 h under Ar. Yields 
are isolated yields. aNo P ligand was used.

We also investigated the scope of the reaction with fully substituted DHPMs. The DHPMs possessing 

electron-donating substituents such as methyl and methoxy group at the para position of the C4 aryl 

provided 4e–h in 63–79% yields. The DHPMs with the 3,5-dimethyl group on the C4 aryl were efficiently 

transformed to the desired products 4i and 4j in 59% and 67% yields, respectively. The electron-

withdrawing fluoride group at the para position of the C4 aryl was also compatible under the reaction 

Page 8 of 30

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



9

conditions, yielding 4k (76%) and 4l (60%). When the heterocyclic thiophenyl group or bicyclic naphthyl 

group was attached at the C4 position of DHPM, the desired products 4m and 4n were produced in 72% 

and 52% yields, respectively. Instead of aryl group, methyl or styryl group at the C4 position was also 

proven to be suitable for the reaction and yielded 4o, or 4p and 4q, respectively. With respect to 

substituents at the C5 and C6 positions of DHPM, methoxycarbonyl group at the C5 position furnished 

4r in 56% yield and both alky and aryl substituents such as n-propyl, i-propyl, and phenyl group at the 

C6 position afforded the corresponding products 4s–w, respectively, in 45–70% yields.20

When the DHPM 5 possessing a t-Bu group at the C4 position was reacted with t-butylacetylene, the 

debutylated product 4b was generated as the major product (Scheme 4). This result supports that the 

aromatization involved the generation of a radical intermediate,21 as described in the previous oxidative 

dehydrogenation of 2-alkylthiodihydropyrimidine,17a,22 and oxidative dehydrosulfurative arylation7 and -

alkoxylation8b of DHPM, bearing the t-Bu group at the C4 position.23,24

HN

N
H

CO2Et

S
N

N

CO2Et

tBu

tBu

N

N

CO2Et

tBu
Pd(OAc)2, dppp
CuTC, Cs2CO3

MeCN/PhMe (1:4)
4 Å MS, 110 oC

6 (13%)

+

4b (53%)

+

5
2a

Scheme 4. Reaction of DHPM containing t-Bu group at the C4 position with alkyne

In summary, we have developed an oxidative dehydrosulfurative Sonogashira cross-coupling reaction 

using a Pd/Cu catalytic system to synthesize 2-alkynylpyrimidines from DHPMs in a single step. The 

reaction proceeded efficiently with a wide range of DHPM compounds and terminal alkynes. Together 

with the facile preparation of the DHPM substrates by the Biginelli three-component reaction, this 

transformation enables a highly concise synthesis of diverse 2-alkynylpyrimidine derivatives. 

Considering the biological significance of the pyrimidine derivatives, this synthetic protocol provides a 

new platform for a rapid and wide access to valuable drug candidate substructures.
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EXPERIMENTAL SECTION

General. Common solvents were purified before use. Toluene (PhMe) was purified by distillation from 

sodium-benzophenone ketyl. Acetonitrile (MeCN, AcroSeal) was used as received. All reagents were 

reagent grade and purified where necessary. Reactions were monitored by thin layer chromatography 

(TLC) using Whatman pre-coated silica gel plates. Flash column chromatography was performed over 

ultra-pure silica gel (230-400 mesh) from Merck. Melting points (mp) were determined in opened 

capillary tubes and are uncorrected. 1H NMR and 13C{1H} NMR spectra were recorded on a Bruker 

AVANCE 300 (300 MHz) or 600 (600 MHz) spectrometer using residual solvent peaks as an internal 

standard (CHCl3: δ 7.26 ppm for proton and δ 77.16 ppm for carbon). Multiplicities for 1H NMR are 

designated as: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext =sextet, dd = doublet 

of doublets, dt = doublet of triplets, m = multiplet and br = broad.  Infrared spectra (IR) were recorded on 

JASCO FT/IR-4100 spectrometer and are reported in reciprocal centimeter (cm-1). High resolution mass 

spectra (HRMS) were obtained on BrukermicroTOF-Q.

Synthesis of DHPMs. Following the literature procedure,25 ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate(1a),25 4-phenyl-3,4-dihydropyrimidine-2(1H)-thione (1b),26 ethyl 6-

methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1c),27 4,6-diphenyl-3,4-

dihydropyrimidine-2(1H)-thione (1d),28 ethyl 6-methyl-2-thioxo-4-(p-tolyl)-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1e),25 methyl 4-(4-methoxyphenyl)-6-methyl-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1f),29 ethyl 4-(3,5-dimethylphenyl)-6-methyl-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1g), ethyl 4-(4-fluorophenyl)-6-methyl-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1h),25 ethyl 6-methyl-4-(thiophen-2-yl)-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1i),30 ethyl 6-methyl-4-(naphthalen-2-yl)-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (1j),31 ethyl 4,6-dimethyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-

carboxylate (1k),32 ethyl (E)-6-methyl-4-styryl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate 

(1l),33 ethyl (E)-6-methyl-4-(1-phenylprop-1-en-2-yl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-

carboxylate (1m), methyl 6-isopropyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate 
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(1n),34 ethyl 4-phenyl-6-propyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1o), ethyl 6-

isopropyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1p),35 ethyl 4,6-diphenyl-2-

thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1q),36 ethyl 4-(3,5-dimethylphenyl)-6-phenyl-2-

thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1r), ethyl 4-(2-nitrophenyl)-6-phenyl-2-thioxo-

1,2,3,4-tetrahydropyrimidine-5-carboxylate (1s)37 were prepared.

 Ethyl 4-(3,5-dimethylphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1g). 

Recrystallized from a mixture of EtOH and H2O (1:1). Yield: 2.46 g, 81% (10.0 mmol scale), white solid, 

mp 202-204 °C. 1H NMR (300 MHz, DMSO-d6): δ 10.25 (s, 1H), 9.56 (s, 1H), 6.88 (d, J = 25.5 Hz, 3H), 

5.13 (d, J = 3.8 Hz, 1H), 4.04 (dd, J = 7.1, 3.5 Hz, 2H), 2.28 (d, J = 14.7 Hz, 9H), 1.14 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (75 MHz, DMSO) δ 174.1, 165.1, 144.8, 143.5, 137.4, 129.1, 124.1, 100.7, 59.5, 54.0, 

21.0, 17.2, 14.0; IR (film) cm-1: 3175, 1658, 1570, 1456, 1280, 1184, 1094, 849, 749; HRMS (ESI) m/z: 

[M + H]+ Calcd for C16H21N2O2S 305.1324; Found 305.1296. 

Ethyl (E)-6-Methyl-4-(1-phenylprop-1-en-2-yl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate 

(1m). Recrystallized from a mixture of EtOH and H2O (1:1). Yield: 2.31 g, 73% (10.0 mmol scale), 

Yellow solid, mp 112-114 °C. 1H NMR (300 MHz, DMSO-d6): 10.22 (s, 1H), 9.41 (s, 1H), 7.43 – 7.11 

(m, 5H), 6.33 (s, 1H), 4.87 – 4.67 (m, 1H), 4.08 (q, J = 7.1 Hz, 2H), 2.28 (s, 3H), 1.77 (s, 3H), 1.18 (t, J 

= 7.0 Hz, 3H); 13C{1H} NMR (75 MHz, DMSO-d6) δ 174.6, 165.2, 145.4, 137.8, 136.7, 128.8, 128.3, 

126.7, 126.3, 98.7, 59.4, 58.6, 17.1, 14.1, 13.1; IR (film) cm-1: 3182, 1661, 1566, 1452, 1369, 1331, 1275, 

1164, 1110, 1012, 756, 699, 642; HRMS (ESI) m/z: [M + H]+ Calcd for C17H21N2O2S 317.1324; Found 

317.1284.

Ethyl 4-phenyl-6-propyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1o). Recrystallized 

from a mixture of EtOH and H2O (1:1). Yield: 1.77 g, 58% (10.0 mmol scale), white solid, mp 120-122 

°C. 1H NMR (300 MHz, DMSO-d6): δ 10.30 (s, 1H), 9.63 (s, 1H), 7.57 – 7.02 (m, 5H), 5.19 (d, J = 3.2 

Hz, 1H), 4.03 (q, J = 6.4 Hz, 2H), 2.84 – 2.58 (m, 2H), 1.71 – 1.39 (m, 2H), 1.12 (t, J = 6.8 Hz, 3H), 0.92 

(t, J = 7.0 Hz, 3H); 13C{1H} NMR (75 MHz, DMSO-d6) δ 174.4, 164.9, 149.0, 143.5, 128.5, 127.7, 126.3, 
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100.5, 59.6, 54.0, 31.6, 21.8, 13.9, 13.6; IR (film) cm-1: 3180, 1684, 1643, 1575, 1454, 1367, 1328, 1275, 

1104, 825, 757, 699, 647; HRMS (ESI) m/z: [M + H]+ Calcd for C16H21N2O2S 305.1324; Found 305.1295.

 Ethyl 4-(3,5-dimethylphenyl)-6-phethyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1r). 

Recrystallized from a mixture of EtOH and H2O (1:1).  Yield: 2.09 g, 57% (10.0 mmol scale), white solid, 

mp 244-246 °C. 1H NMR (300 MHz, DMSO): δ 10.42 (s, 1H), 9.69 (s, 1H), 7.56 – 7.25 (m, 5H), 6.97 (s, 

3H), 5.21 (d, J = 4.0 Hz, 1H), 3.75 (q, J = 6.8 Hz, 2H), 2.29 (s, 6H), 0.75 (t, J = 7.1 Hz, 3H); 13C{1H} 

NMR (75 MHz, DMSO-d6) δ 174.3, 164.8, 145.6, 143.0, 137.6, 134.1, 129.2, 129.1, 128.6, 127.7, 124.2, 

101.8, 59.4, 54.1, 21.1, 13.3; IR (film) cm-1: 3338, 1679, 1561, 1460, 1368, 1331, 1276, 1198, 1131, 759, 

735, 696; HRMS (ESI) m/z: [M + H]+ Calcd for C21H23N2O2S 367.1480; Found 367.1491. 

Synthesis of Alkynes. All alkynes except ((pent-4-yn-1-yloxy)methyl)benzene (2i) and 2-((2-

methylbut-3-yn-2-yl)oxy)tetrahydro-2H-pyran (2j) were commercially available. Alkynes 2i38 and 2j39 

were prepared by the literature procedures.

General procedure for the synthesis of 2-alkynylpyrimidine from DHPM and alkyne. To an oven-

dried test tube with a magnetic stirring bar were added DHPM 1 (0.25 mmol), Pd(OAc)2 (5.6 mg, 0.025 

mmol, 10 mol %), dppp (12.4 mg, 0.030 mmol, 12 mol %), CuTC (76 mg, 0.40 mmol), Cs2CO3 (81 mg, 

0.25 mmol), and 4Å molecular sieves (100 mg). The reaction vessel was flushed with argon three times. 

To the reaction mixture was added a solution of alkyne 2 (0.38 mmol) in MeCN/PhMe (1/4 v/v, 1.5 mL), 

and the resulting mixture was allowed to stir at 110 oC in oil bath for 16 h. The mixture was diluted with 

EtOAc (30 mL) and filtered through a Celite pad. The filtrate was washed with brine (5 mL), dried over 

MgSO4, filtered, and concentrated in vacuo. The crude product was purified by flash column 

chromatography (silica gel; eluent: n-hexane/EtOAc, 20/1 to 10/1) to give the corresponding 2-

alkynylpyrimidine 3 or 4.

Ethyl 2-(3,3-dimethylbut-1-ynyl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3a).40 Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 68.4 mg, 85%. 1H NMR (300 MHz, CDCl3): δ 7.67-7.57 

(m, 2H), 7.48-7.38 (m, 3H), 4.17 (q, J = 7.2 Hz, 2H), 2.61 (s, 3H), 1.37 (s, 9H), 1.04 (t, J = 7.2 Hz, 3H); 
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13C{1H} NMR (75 MHz, CDCl3) δ 167.8, 165.5, 164.1, 152.7, 137.5, 130.2, 128.6, 128.4, 124.1, 98.7, 

79.0, 62.0, 30.6, 28.1, 22.7, 13.7. 

Ethyl 4-methyl-2-(oct-1-ynyl)-6-phenylpyrimidine-5-carboxylate (3b).40 Eluent in chromatography: n-

hexane/EtOAc 20:1. Yield: 65.6 mg, 75%. 1H NMR (300 MHz, CDCl3): δ 7.67-7.59 (m, 2H), 7.48-7.39 

(m, 3H), 4.18 (q, J = 7.1 Hz, 2H), 2.61 (s, 3H), 2.47 (t, J = 7.2 Hz, 2H), 1.69-1.64 (m, 2H), 1.48-1.41 (m, 

2H), 1.28-1.23 (m, 4H), 1.05 (t, J = 7.2 Hz, 3H), 0.88 (t, J = 6.7 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) 

δ 167.8, 165.6, 164.1, 152.5, 137.4, 130.3, 128.7, 128.5, 124.2, 91.9, 80.2, 62.1, 31.5, 28.9, 28.1, 22.7, 

22.6, 19.6, 14.2, 13.8. 

Ethyl 2-(dec-1-yn-1-yl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3c). Eluent in chromatography: n-

hexane/EtOAc 20:1. Yield: 68.0 mg, 72%; yellow oil. 1H NMR (300 MHz, CDCl3): δ 7.65 – 7.60 (m, 

2H), 7.48 – 7.38 (m, 3H), 4.17 (q, J = 7.1 Hz, 2H), 2.60 (s, 3H), 2.46 (t, J = 7.2 Hz, 2H), 1.72 – 1.59 (m, 

2H), 1.48 – 1.39 (m, 2H), 1.27 (m, 8H), 1.04 (t, J = 7.5 Hz, 3H), 0.86 (t, J = 6.6 Hz, 3H); 13C{1H} NMR 

(75 MHz, CDCl3) δ 167.8, 165.6, 164.1, 152.5, 137.4, 130.3, 128.6, 128.5, 124.2, 91.6, 80.2, 62.1, 32.0, 

29.3, 29.26, 29.23, 28.1, 22.8, 22.7, 19.6, 14.2, 13.8; IR (film) cm-1: 3054, 2987, 2305, 1723, 1265, 896, 

735, 704; HRMS (ESI) m/z: [M + H]+ Calcd for C24H31N2O2 379.2386; Found 379.2356. 

Ethyl 4-methyl-2-(5-methylhex-1-yn-1-yl)-6-phenylpyrimidine-5-carboxylate (3d). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 36.1 mg, 43%; yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.62 (dd, J = 8.0, 1.4 Hz, 2H), 7.46 – 7.41 (m, 3H), 4.17 (q, J = 7.2 Hz, 2H), 2.60 (s, 3H), 2.47 (t, J = 

7.4 Hz, 2H), 1.78 – 1.70 (m, 1H), 1.57 (q, J = 7.3 Hz, 2H), 1.05 (t, J = 7.1 Hz, 3H), 0.92 (d, J = 6.6 Hz, 

6H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.6, 164.2, 152.5, 137.4, 130.3, 128.7, 128.5, 91.9, 

80.1, 62.1, 37.0, 29.8, 27.5, 22.7, 22.3, 17.6, 13.8; IR (film) cm-1: 3052, 2854, 2253, 1723, 1534, 1266, 

907, 730, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C21H25N2O2 337.1916; Found 337.1870.

Ethyl 4-methyl-6-phenyl-2-(4-phenylbut-1-yn-1-yl)pyrimidine-5-carboxylate (3e). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 47.1 mg, 51%, yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.65 (d, J = 7.3 Hz, 2H), 7.50 – 7.45 (m, 3H), 7.33 – 7.31 (m, 2H), 7.28 – 7.27 (m, 2H), 7.25 – 7.22 (m, 

1H), 4.20 (q, J = 7.1 Hz, 2H), 3.02 (t, J = 7.7 Hz, 2H), 2.78 (t, J = 7.8 Hz, 2H), 2.63 (s, 3H), 1.08 (t, J = 
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7.1 Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.7, 164.1, 152.4, 140.4, 137.4, 130.3, 128.674, 

128.673, 128.51, 128.50, 126.6, 124.4, 90.6, 80.6, 62.1, 34.6, 22.7, 21.8, 13.8; IR (film) cm-1: 3053, 2986, 

2253, 1721, 1538, 1264, 907, 730, 650; HRMS (ESI) m/z: [M + H]+ Calcd for C24H23N2O2 371.1760; 

Found 371.1712.

Ethyl 2-(3-cyclohexylprop-1-yn-1-yl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3f). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 65.2 mg, 72%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.66 – 7.58 (m, 2H), 7.47 – 7.38 (m, 3H), 4.17 (q, J = 7.1 Hz, 2H), 2.60 (s, 3H), 2.37 (d, J = 6.8 Hz, 

2H), 1.92-1.87 (m, 2H), 1.75-1.59 (m, 5H), 1.32 – 1.15 (m, 4H), 1.04 (t, J = 7.1 Hz, 4H); 13C{1H} NMR 

(75 MHz, CDCl3) δ 167.8, 165.6, 164.1, 152.5, 137.5, 130.2, 128.6, 128.5, 124.2, 90.8, 81.1, 62.1, 37.2, 

33.1, 27.4, 26.3, 26.2, 22.7, 13.7; IR (film) cm-1: 2936, 2859, 2230, 1724, 1532, 1259, 1092, 772, 704; 

HRMS (ESI) m/z: [M + H]+ Calcd for C23H27N2O2 363.2073; Found 363.2053.

Ethyl 2-(cyclopentylethynyl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3g). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 46.3 mg, 77%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.66 – 7.57 (m, 2H), 7.49 – 7.38 (m, 3H), 4.17 (q, J = 7.1 Hz, 2H), 2.97-2.81 (m, 1H), 2.60 (s, 3H), 

2.11-1.95 (m, 2H), 1.88-1.72 (m, 4H), 1.63 – 1.57 (m, 2H), 1.04 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 

MHz, CDCl3) δ 167.8, 165.6, 164.2, 152.7, 137.5, 130.2, 128.6, 128.5, 124.1, 95.7, 79.8, 62.1, 33.5, 30.7, 

25.5, 22.7, 13.7; IR (film) cm-1: 3053, 2254, 1718, 1263, 907, 730, 650; HRMS (ESI) m/z: [M + H]+ Calcd 

for C21H23N2O2 335.1760; Found 335.1704.

Ethyl 2-(cyclohexylethynyl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3h). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 69.6 mg, 80%, yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.62 (dd, J = 7.9, 1.5 Hz, 2H), 7.47 – 7.41 (m, 3H), 4.17 (q, J = 7.1 Hz, 2H), 2.66 – 2.62 (m, 1H), 2.61 

(s, 3H), 1.99-1.91 (m, 2H), 1.80-1.74 (m, 2H), 1.64-1.53 (m, 3H), 1.36-1.28 (m, 3H), 1.04 (t, J = 7.1 Hz, 

3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.5, 164.2, 152.6, 137.5, 130.3, 128.7, 128.5, 124.1, 

95.4, 80.1, 62.1, 32.1, 29.9, 25.9, 25.2, 22.7, 13.8; IR (film) cm-1: 2932, 2854, 2231, 1725, 1532, 1259, 

1092, 772, 704; HRMS (ESI) m/z: [M + H]+ Calcd for C22H25N2O2 349.1916; Found 349.1937.
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Ethyl 2-(5-(benzyloxy)pent-1-yn-1-yl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3i). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 69.3 mg, 67%, yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.66 – 7.61 (m, 2H), 7.48 – 7.40 (m, 3H), 7.36 – 7.29 (m, 5H), 4.52 (s, 2H), 4.18 (q, J = 7.1 Hz, 2H), 

3.62 (t, J = 6.1 Hz, 2H), 2.66 – 2.56 (m , 2H), 2.61 (s, 3H), 1.98 (quint, J = 6.7 Hz, 2H), 1.06 (t, J = 7.1 

Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.6, 164.1, 152.4, 138.6, 137.4, 130.3, 128.7, 

128.5, 127.8, 127.7, 124.3, 91.0, 80.4, 73.1, 69.0, 62.1, 28.4, 22.7, 16.6, 13.8; IR (film) cm-1: 3053, 2305, 

1723, 1264, 895, 733, 704; HRMS (ESI) m/z: [M + H]+ Calcd for C26H27N2O3 415.2022; Found 415.1935.

Methyl 4-methyl-2-(3-methyl-3-((tetrahydro-2H-pyran-2-yl)oxy)but-1-yn-1-yl)-6-phenylpyrimidine-5-

carboxylate (3j). Eluent in chromatography: n-hexane/EtOAc 20:1. Yield: 31.7 mg, 31%, yellow oil. 1H 

NMR (600 MHz, CDCl3): δ 7.64 (dd, J = 8.0, 1.4 Hz, 2H), 7.50 – 7.42 (m, 3H), 5.23 – 5.17 (m, 1H), 4.18 

(q, J = 7.1 Hz, 2H), 4.01 – 3.95 (m, 1H), 3.57 – 3.52 (m, 1H), 2.62 (s, 3H), 1.88 – 1.82 (m, 1H), 1.80 – 

1.75 (m, 1H), 1.68 (s, 3H), 1.64 (s, 3H), 1.60 -1.51 (m, 4H), 1.06 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (151 

MHz, CDCl3) δ 167.7, 165.6, 164.0, 152.1, 137.3, 130.4, 128.7, 128.5, 124.6, 96.5, 91.3, 83.1, 71.4, 63.4, 

62.2, 32.0, 30.4, 29.7, 25.5, 22.7, 20.5, 13.8; IR (film) cm-1: 3153, 2987, 2253, 1549, 1264, 905, 726, 649; 

HRMS (ESI) m/z: [M + H]+ Calcd for C24H29N2O4 409.2127; Found 409.2095.

Ethyl 4-methyl-6-phenyl-2-(phenylethynyl)pyrimidine-5-carboxylate (3k).40 Eluent in chromatography: 

n-hexane/EtOAc 10:1. Yield: 71.0 mg, 83%. 1H NMR (300 MHz, CDCl3): δ 7.74-7.62 (m, 4H), 7.51-7.44 

(m, 3H), 7.41-7.35 (m, 3H), 4.20 (q, J = 7.2 Hz, 2H), 2.66 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(75 MHz, CDCl3) δ 167.7, 165.8, 164.3, 152.6, 137.4, 132.9, 130.4, 129.9, 128.7, 128.524, 128.522, 

124.4, 121.4, 88.7, 88.3, 62.2, 22.8, 13.8. 

Ethyl 4-methyl-6-phenyl-2-(p-tolylethynyl)pyrimidine-5-carboxylate (3l).16c,40 Eluent in 

chromatography: n-hexane/EtOAc 10:1. Yield: 52.5 mg, 59%. 1H NMR (300 MHz, CDCl3): δ 7.71-7.63 

(m, 2H), 7.59 (d, J = 7.8 Hz, 2H), 7.51-7.42 (m, 3H), 7.18 (d, J = 7.7 Hz, 2H), 4.2 (q, J = 7.1 Hz, 2H), 

2.66 (s, 3H), 2.38 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.8, 165.7, 164.3, 

152.7, 140.4, 137.4, 132.9, 130.4, 129.3, 128.7, 128.5, 124.2, 118.3, 89.3, 87.9, 62.2, 22.8, 21.8, 13.8. 
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Ethyl 2-((4-methoxyphenyl)ethynyl)-4-methyl-6-phenylpyrimidine-5-carboxylate (3m). Eluent in 

chromatography: n-hexane/EtOAc 10:1. Yield: 52.1 mg, 56%, yellow viscous oil. 1H NMR (600 MHz, 

CDCl3): δ 7.68 – 7.62 (m, 4H), 7.49 – 7.43 (m, 3H), 6.89 (d, J = 8.9 Hz, 2H), 4.19 (q, J = 7.1 Hz, 2H), 

3.84 (s, 3H), 2.65 (s, 3H), 1.06 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.7, 

164.3, 161.0, 152.8, 137.5, 134.7, 130.3, 128.7, 128.5, 124.1, 114.3, 113.4, 89.4, 87.6, 62.1, 55.5, 22.8, 

13.8; IR (film) cm-1: 2984, 2212, 1715, 1250, 905, 727, 649; HRMS (ESI) m/z: [M + H]+ Calcd for 

C23H21N2O3 373.1552; Found 373.1479.

Ethyl 4-methyl-2-(naphthalen-1-ylethynyl)-6-phenylpyrimidine-5-carboxylate (3n). Eluent in 

chromatography: n-hexane/EtOAc 10:1. Yield: 63.3 mg, 66%, yellow viscous oil. 1H NMR (300 MHz, 

CDCl3): δ 8.55 (d, J = 8.3 Hz, 1H), 8.00 – 7.85 (m, 3H), 7.77 – 7.69 (m, 2H), 7.68 – 7.46 (m, 6H), 4.23 

(q, J = 7.1 Hz, 2H), 2.71 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.8, 165.8, 

164.2, 152.7, 137.4, 133.7, 133.2, 132.4, 130.5, 130.4, 128.8, 128.6, 128.4, 127.4, 126.8, 126.5, 125.3, 

124.4, 119.1, 93.0, 86.9, 62.2, 22.8, 13.8; IR (film) cm-1: 3062, 2212, 1715, 1256, 905, 727, 649; HRMS 

(ESI) m/z: [M + H]+ Calcd for C26H21N2O2 393.1603; Found 393.1635.

2-(Oct-1-yn-1-yl)-4-phenylpyrimidine (4a). Eluent in chromatography: n-hexane/EtOAc 20:1. Yield: 

42.9 mg, 65%, yellow oil. 1H NMR (300 MHz, CDCl3): δ 8.69 (d, J = 4.8 Hz, 1H), 8.13 – 8.03 (m, 2H), 

7.58 (d, J = 5.3 Hz, 1H), 7.55 – 7.43 (m, 3H), 2.49 (t, J = 7.2 Hz, 2H), 1.67 (m, 2H), 1.48 (m, 2H), 1.39 

– 1.25 (m, 4H), 0.90 (t, J = 6.7 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 164.6, 157.8, 153.6, 136.3, 

131.3, 129.1, 127.5, 115.3, 90.5, 80.5, 31.5, 28.9, 28.2, 22.7, 19.6, 14.2; IR (film) cm-1: 2959, 2253, 1567, 

1264, 906, 729, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C18H21N2 265.1705; Found 265.1679. Scale-

up synthesis. To an oven-dried round-bottom flask with a magnetic stirring bar were added DHPM 1b 

(1.00 g, 3.60 mmol), Pd(OAc)2 (81 mg, 0.36 mmol, 10 mol %), dppp (179 mg, 0.434 mmol, 12 mol %), 

CuTC (1.10 g, 5.76 mmol), Cs2CO3 (1.43 g, 3.60 mmol), and 4 Å molecular sieves (1.5 g). The reaction 

vessel was sealed by septum and degassed with argon three times. To the reaction mixture was added a 

solution of 1-octyne (0.80 mL, 5.4 mmol) in MeCN/PhMe (1/4 v/v, 22 mL), and the resulting mixture 

was allowed to stir at 110 oC in oil bath for 16 h. The mixture was filtered through a Celite pad and rinsed 
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with EtOAc (100 mL). The filtrate was washed with brine (20 mL), dried over MgSO4, filtered, and 

concentrated in vacuo. The crude product was purified by flash column chromatography (n-

hexane/EtOAc, 20/1) to give 4a (922 mg, 79%).

Ethyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-methylpyrimidine-5-carboxylate (4b). Eluent in chromatography: 

n-hexane/EtOAc 20:1. Yield: 57.8 mg, 94%, yellow oil. 1H NMR (300 MHz, CDCl3): δ 9.04 (s, 1H), 4.38 

(q, J = 7.1 Hz, 2H), 2.79 (s, 3H), 1.39 (t, , J = 7.1 Hz, 3H), 1.36 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) 

δ 169.2, 164.6, 158.9, 154.4, 121.6, 100.6, 78.9, 61.8, 30.5, 28.2, 24.5, 14.3; IR (film) cm-1: 3053, 2982, 

2226, 1719, 1265, 908, 731, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C14H19N2O2 247.1447; Found 

247.1409.

2-(3,3-Dimethylbut-1-yn-1-yl)-4,6-diphenylpyrimidine (4c). Eluent in chromatography: n-

hexane/EtOAc 20:1. Yield: 48.3 mg, 62%, yellow oil. 1H NMR (300 MHz, CDCl3): δ 8.23 – 8.10 (m, 

4H), 7.95 (s, 1H), 7.60 – 7.43 (m, 6H), 1.43 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2, 153.8, 

136.8, 131.0, 129.0, 127.5, 111.4, 96.9, 79.6, 30.7, 28.1; IR (film) cm-1: 3053, 2975, 2228, 1569, 1265, 

908, 730, 650; HRMS (ESI) m/z: [M + H]+ Calcd for C22H21N2 313.1705; Found 313.1731.

2-(Oct-1-yn-1-yl)-4,6-diphenylpyrimidine (4d). Eluent in chromatography: n-hexane/EtOAc 20:1. 

Yield: 49.3 mg, 58%, yellow oil. 1H NMR (300 MHz, CDCl3): δ 8.19 – 8.08 (m, 4H), 7.96 (s, 1H), 7.57 

– 7.45 (m, 6H), 2.52 (t, J = 7.2 Hz, 2H), 1.71 (quint, J = 7.2 Hz, 2H), 1.57 – 1.42 (m, 2H), 1.40 – 1.23 (m, 

4H), 0.91 (t, J = 6.6 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2, 153.7, 136.8, 131.1, 129.0, 127.5, 

111.4, 89.9, 80.8, 31.5, 28.9, 28.2, 22.7, 19.7, 14.2; IR (film) cm-1: 3056, 2935, 2232, 1570, 1264, 906, 

729, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C24H25N2 341.2018; Found 341.1986.

Ethyl 4-methyl-2-(phenylethynyl)-6-(p-tolyl)pyrimidine-5-carboxylate (4e). Eluent in chromatography: 

n-hexane/EtOAc 10:1. Yield: 64.1 mg, 72%, yellow oil. 1H NMR (600 MHz, CDCl3) δ 7.71 – 7.67 (m, 

2H), 7.59 (d, J = 8.1 Hz, 2H), 7.43 – 7.35 (m, 3H), 7.27 – 7.25 (m, 2H), 4.23 (q, J = 7.1 Hz, 2H), 2.64 (s, 

3H), 2.41 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.9, 165.5, 164.1, 152.5, 

140.8, 134.4, 132.9, 129.8, 129.5, 128.5, 124.2, 121.5, 88.6, 88.3, 62.2, 22.7, 21.6, 13.9; IR (film) cm-1: 
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2958, 2221, 1705, 1263, 907, 730, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C23H21N2O2 357.1603; 

Found 357.1633.

Ethyl 2-(5-(benzyloxy)pent-1-yn-1-yl)-4-methyl-6-(p-tolyl)pyrimidine-5-carboxylate (4f). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 67.4 mg, 63%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.58 (d, J = 8.1 Hz, 2H), 7.37 (d, J = 4.3 Hz, 4H), 7.34 – 7.30 (m, 1H), 7.29 (d, J = 2.5 Hz, 2H), 4.56 (s, 

2H), 4.25 (q, J = 7.1 Hz, 2H), 3.66 (t, J = 6.1 Hz, 2H), 2.65 (t, J = 7.0 Hz, 2H), 2.63 (s, 3H), 2.43 (s, 3H), 

2.01 (quint, J = 6.7 Hz, 2H), 1.15 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.0, 165.4, 

163.9, 152.3, 140.7, 138.5, 134.4, 129.4, 128.50, 128.48, 127.8, 127.7, 124.1, 90.7, 80.4, 73.1, 69.0, 62.1, 

28.3, 22.7, 21.6, 16.6, 13.8; IR (film) cm-1: 2865, 2239, 1721, 1263, 907, 730, 649; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C27H29N2O3 429.2178; Found 429.2207.

Methyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-(4-methoxyphenyl)-6-methylpyrimidine-5-carboxylate (4g). 

Eluent in chromatography: n-hexane/EtOAc 20:1. Yield: 66.8 mg, 79%, yellow oil. 1H NMR (600 MHz, 

CDCl3): δ 7.64 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H), 3.74 (s, 3H), 2.57 (s, 3H), 1.38 

(s, 9H); 13C{1H} NMR (151 MHz, CDCl3) δ 168.9, 165.3, 163.2, 161.6, 152.7, 130.2, 129.7, 123.2, 114.3, 

98.5, 79.1, 55.5, 52.8, 30.6, 28.1, 22.7; IR (film) cm-1: 3052, 2858, 2228, 1730, 1513, 1268, 909, 732, 

647; HRMS (ESI) m/z: [M + H]+ Calcd for C20H23N2O3 339.1709; Found 339.1674.

Methyl 4-(4-methoxyphenyl)-6-methyl-2-(oct-1-yn-1-yl)pyrimidine-5-carboxylate (4h). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 65.3 mg, 66%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.63 (d, J = 8.7 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 3.74 (s, 3H), 2.56 (s, 3H), 2.46 (t, J = 

7.2 Hz, 2H), 1.66 (quint, J = 7.3 Hz, 2H), 1.44 (m, 2H), 1.32 – 1.24 (m, 4H), 0.88 (t, J = 6.7 Hz, 3H); 

13C{1H} NMR (75 MHz, CDCl3) δ 168.8, 165.4, 163.2, 161.6, 152.5, 130.1, 129.5, 123.2, 114.2, 91.6, 

80.2, 55.5, 52.6, 31.5, 28.9, 28.1, 22.7, 22.6, 19.6, 14.2; IR (film) cm-1: 2932, 2858, 2236, 1727, 1510, 

1256, 909, 732, 647; HRMS (ESI) m/z: [M + H]+ Calcd for C22H27N2O3 367.2022; Found 367.1987.

Ethyl 4-(3,5-dimethylphenyl)-6-methyl-2-(phenylethynyl)pyrimidine-5-carboxylate (4i). Eluent in 

chromatography: n-hexane/EtOAc 10:1. Yield: 61.9 mg, 67%, white solid, mp 164-166 °C. 1H NMR (600 

MHz, CDCl3): δ 7.87 – 7.83 (m, 2H), 7.59 – 7.51 (m, 3H), 7.44 – 7.40 (m, 3H), 4.38 (q, J = 7.1 Hz, 2H), 
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2.80 (s, 3H), 2.51 (s, 6H), 1.27 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 165.5, 

164.6, 152.4, 138.4, 137.1, 132.9, 132.1, 129.9, 128.5, 126.3, 124.4, 121.5, 88.8, 88.3, 62.1, 22.7, 21.4, 

13.8; IR (film) cm-1: 2958, 2925, 2871, 2222, 1705, 1529, 1247, 908, 734, 650; HRMS (ESI) m/z: [M + 

H]+ Calcd for C24H23N2O2 371.1760; Found 371.1779.

Ethyl 2-(5-(benzyloxy)pent-1-yn-1-yl)-4-(3,5-dimethylphenyl)-6-methylpyrimidine-5-carboxylate (4j). 

Eluent in chromatography: n-hexane/EtOAc 20:1. Yield: 65.1 mg, 59%, yellow oil. 1H NMR (600 MHz, 

CDCl3): δ 7.51 – 7.41 (m, 8H), 4.70 (s, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.79 (t, J = 6.1 Hz, 2H), 2.79 (t, J 

= 6.1 Hz, 2H), 2.77 (s, 3H), 2.51 (s, 6H), 2.15 (quint, J = 6.7 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H); 13C{1H} 

NMR (151 MHz, CDCl3) δ 167.9, 165.4, 164.4, 152.3, 138.6, 138.3, 137.2, 132.0, 128.5, 127.8, 127.7, 

126.3, 124.3, 90.8, 80.4, 73.1, 69.0, 62.0, 28.4, 22.7, 21.4, 16.6, 13.8;IR (film) cm-1: 2861, 2240, 1723, 

1249, 907, 729, 648; HRMS (ESI) m/z: [M + H]+ Calcd for C28H31N2O3 443.2335; Found 443.2287.

Ethyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-(4-fluorophenyl)-6-methylpyrimidine-5-carboxylate (4k). Eluent 

in chromatography: n-hexane/EtOAc 20:1. Yield: 64.6 mg, 76%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.71 – 7.57 (m, 2H), 7.13 (t, J = 8.7 Hz, 2H), 4.20 (q, J = 7.1 Hz, 2H), 2.60 (s, 3H), 1.37 (s, 9H), 1.10 

(t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.8, 165.7, 164.2 (d, J = 249 Hz), 162.8, 152.7, 

133.5, 130.7, 130.7 (d, J = 8.3 Hz), 124.0, 115.8 (d, J = 22 Hz), 98.9, 78.9, 62.2, 30.6, 28.1, 22.8, 13.9; 

19F{1H} NMR (565 MHz, CDCl3) δ -110.29 (s); IR (film) cm-1: 2979, 2227, 1720, 1267, 907, 730, 649; 

HRMS (ESI) m/z: [M + H]+ Calcd for C20H22FN2O2 341.1665; Found 341.1693.

Ethyl 4-(4-fluorophenyl)-6-methyl-2-(oct-1-yn-1-yl)pyrimidine-5-carboxylate (4l). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 55.1 mg, 60%, yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.68 – 7.62 (m, 2H), 7.13 (t, J = 8.6 Hz, 2H), 4.21 (q, J = 7.1 Hz, 2H), 2.61 (s, 3H), 2.48 (t, J = 7.3 Hz, 

2H), 1.70 – 1.64 (m, 2H), 1.48 – 1.42 (m, 2H), 1.34 – 1.28 (m, 4H), 1.11 (t, J = 7.1 Hz, 3H), 0.89 (t, J = 

7.0 Hz, 3H); 13C{1H} NMR (151 MHz, CDCl3) δ 167.7, 165.7, 164.2 (d, J = 242 Hz), 162.9, 152.4, 133.5, 

130.7 (d, J = 8.3 Hz), 124.1, 115.8 (d, J = 22 Hz), 92.3, 80.0, 62.2, 31.5, 28.9, 28.1, 22.67, 22.65, 19.7, 

14.2, 13.9; 19F{1H} NMR (565 MHz, CDCl3) δ -110.10 (s);  IR (film) cm-1: 2958, 2253, 1719, 1264, 907, 

731, 650; HRMS (ESI) m/z: [M + H]+ Calcd for C22H26FN2O2 369.1978; Found 369.2011.
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Ethyl 2-(cyclopentylethynyl)-4-methyl-6-(thiophen-2-yl)pyrimidine-5-carboxylate (4m). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 61.3 mg, 72%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.55 (d, J = 5.0 Hz, 1H), 7.52 – 7.47 (m, 1H), 7.12 – 7.07 (m, 1H), 4.41 (q, J = 7.1 Hz, 2H), 2.97-2.83 

(m, 1H), 2.53 (s, 3H), 2.11 – 2.01 (m, 2H), 1.87 – 1.73 (m, 4H), 1.66 – 1.54 (m, 2H), 1.33 (t, J = 7.1 Hz, 

3H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.2, 165.0, 155.5, 152.5, 140.2, 131.1, 129.4, 128.4, 121.5, 

95.5, 79.6, 62.5, 33.5, 30.7, 25.5, 22.5, 14.0; IR (film) cm-1: 2959, 2869, 2233, 1727, 1532, 1260, 1088, 

734, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C19H21N2O2S 341.1324; Found 341.1254.

Ethyl 4-methyl-6-(naphthalen-2-yl)-2-(oct-1-yn-1-yl)pyrimidine-5-carboxylate (4n). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 51.9 mg, 52%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 8.17 (s, 1H), 7.96 – 7.82 (m, 3H), 7.74 (d, J = 8.5 Hz, 1H), 7.54 (m, 2H), 4.17 (q, J = 7.1 Hz, 2H), 2.64 

(s, 3H), 2.49 (t, J = 7.2 Hz, 2H), 1.68 (quint, J = 7.3 Hz, 2H), 1.52 – 1.40 (m, 2H), 1.34 – 1.25 (m, 4H), 

0.99 (t, J = 7.1 Hz, 3H), 0.89 (t, J = 6.6 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.0, 165.7, 163.9, 

152.5, 134.7, 134.1, 133.0, 128.9, 128.8, 128.5, 127.9, 127.5, 126.7, 125.4, 124.4, 91.9, 80.2, 62.1, 31.5, 

28.9, 28.1, 22.8, 22.6, 19.7, 14.2, 13.8; IR (film) cm-1: 2957, 2926, 2871, 2241, 1724, 1534, 1257, 907, 

732, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C26H29N2O2 401.2229; Found 401.2191.

Ethyl 2-(cyclopentylethynyl)-4,6-dimethylpyrimidine-5-carboxylate (4o). Eluent in chromatography: n-

hexane/EtOAc 20:1. Yield: 31.3 mg, 46%, yellow oil. 1H NMR (300 MHz, CDCl3): δ 4.42 (q, J = 7.1 Hz, 

2H), 2.87 (quint, J = 7.4 Hz, 1H), 2.52 (s, 6H), 2.11 – 1.95 (m, 2H), 1.87 – 1.72 (m, 4H), 1.66 – 1.53 (m, 

3H), 1.40 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.3, 164.9, 152.5, 124.8, 95.6, 79.6, 

62.1, 33.5, 30.6, 25.5, 23.0, 14.3; IR (film) cm-1: 2958, 2925, 2872, 2253, 1725, 1541, 1263, 907, 734, 

651; HRMS (ESI) m/z: [M + H]+ Calcd for C16H21N2O2 273.1603; Found 273.1533.

Ethyl (E)-2-(3,3-dimethylbut-1-yn-1-yl)-4-methyl-6-styrylpyrimidine-5-carboxylate (4p). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 52.2 mg, 60%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 8.13 (d, J = 15.5 Hz, 1H), 7.62 – 7.52 (m, 2H), 7.43 – 7.34 (m, 3H), 7.12 (d, J = 15.6 Hz, 1H), 4.49 (q, 

J = 7.1 Hz, 2H), 2.55 (s, 3H), 1.44 (t, J = 7.2 Hz, 3H), 1.40 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 

167.4, 165.7, 152.5, 140.1, 135.8, 132.3, 129.8, 129.0, 128.1, 122.9, 121.8, 98.2, 79.1, 62.2, 30.6, 28.1, 
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23.2, 14.4; IR (film) cm-1: 2967, 2228, 1723, 1524, 1237, 906, 729, 649; HRMS (ESI) m/z: [M + H]+ 

Calcd for C22H25N2O2 349.1916; Found 349.1892.

Ethyl (E)-2-(3,3-dimethylbut-1-yn-1-yl)-4-methyl-6-(1-phenylprop-1-en-2-yl)pyrimidine-5-carboxylate 

(4q). Eluent in chromatography: n-hexane/EtOAc 20:1. Yield: 59.7 mg, 66%, yellow oil. 1H NMR (300 

MHz, CDCl3): δ 7.40 – 7.28 (m, 5H), 6.66 (d, J = 1.7 Hz, 1H), 4.30 (q, J = 7.1 Hz, 2H), 2.58 (s, 3H), 2.30 

(d, J = 1.4 Hz, 3H), 1.38 (s, 9H), 1.28 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.9, 167.8, 

165.6, 152.3, 136.7, 136.0, 133.1, 129.2, 128.4, 127.7, 123.8, 98.5, 79.0, 62.1, 30.6, 28.1, 22.8, 17.5, 14.3; 

IR (film) cm-1: 2981, 2227, 1718, 1529, 1240, 906, 728, 649; HRMS (ESI) m/z: [M + H]+ Calcd for 

C23H27N2O2 363.2073; Found 363.2031.

Methyl 2-(cyclopentylethynyl)-4-isopropyl-6-phenylpyrimidine-5-carboxylate (4r). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 48.7 mg, 56%, yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.65 – 7.61 (m, 2H), 7.45 – 7.41 (m, 3H), 3.68 (s, 3H), 3.13 (quint, J = 6.7 Hz, 1H), 2.90 (quint, J = 7.8 

Hz, 1H), 2.09 – 2.01 (m, 2H), 1.86 – 1.76 (m, 4H), 1.64 – 1.56 (m, 2H), 1.33 (d, J = 6.7 Hz, 6H); 13C{1H} 

NMR (151 MHz, CDCl3) δ 173.3, 168.7, 163.8, 153.2, 137.6, 130.2, 128.7, 128.4, 123.2, 95.0, 80.3, 52.8, 

33.7, 33.5, 30.8, 25.5, 21.8; IR (film) cm-1: 2968, 2872, 2231, 1719, 1530, 907, 729, 649; IR (film) cm-1: 

2968, 2872, 2231, 1719, 1530, 907, 729, 649; HRMS (ESI) m/z: [M + H]+ Calcd for C22H25N2O2 

349.1916; Found 349.1873.

Ethyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-phenyl-6-propylpyrimidine-5-carboxylate (4s). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 43.8 mg, 50%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.65 – 7.58 (m, 2H), 7.47 – 7.39 (m, 3H), 4.15 (q, J = 7.1 Hz, 2H), 2.85 – 2.74 (m, 2H), 1.77 (sext, 7.5 

Hz, 2H), 1.37 (s, 9H), 1.01 (dt, J = 14.0, 7.3 Hz, 6H); 13C{1H} NMR (75 MHz, CDCl3) δ 169.0, 167.9, 

164.2, 152.9, 137.6, 130.2, 128.7, 128.5, 124.1, 98.4, 79.2, 62.0, 37.9, 30.6, 28.1, 23.0, 14.2, 13.8; IR 

(film) cm-1: 3052, 2254, 1723, 1249, 907, 729, 650; HRMS (ESI) m/z: [M + H]+ Calcd for C22H27N2O2 

351.2073; Found 351.2034.

Ethyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-isopropyl-6-phenylpyrimidine-5-carboxylate (4t). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 39.4 mg, 45%, yellow solid, mp 108-110 °C. 1H NMR 
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(300 MHz, CDCl3): δ 7.65 – 7.57 (m, 2H), 7.46 – 7.40 (m, 3H), 4.15 (q, J = 7.1 Hz, 2H), 3.17 (quint, J = 

6.8 Hz, 1H), 1.38 (s, 9H), 1.33 (d, J = 6.7 Hz, 6H), 1.04 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, 

CDCl3) δ 173.1, 168.1, 163.8, 153.1, 137.7, 130.0, 128.6, 128.4, 123.5, 97.9, 79.4, 62.0, 33.5, 30.6, 28.1, 

21.8, 13.8; IR (film) cm-1: 3052, 2253, 1723, 1264, 907, 729, 650; HRMS (ESI) m/z: [M + H]+ Calcd for 

C22H27N2O2 351.2073; Found 351.2055.

Ethyl 2-(cyclohexylethynyl)-4,6-diphenylpyrimidine-5-carboxylate (4u). Eluent in chromatography: n-

hexane/EtOAc 20:1. Yield: 44.1 mg, 43%, pale yellow solid, mp 118-120 °C. 1H NMR (600 MHz, 

CDCl3): δ 7.70 – 7.62 (m, 4H), 7.50 – 7.40 (m, 6H), 4.03 (q, J = 7.1 Hz, 2H), 2.70 – 2.57 (m, 1H), 2.01 – 

1.91 (m, 2H), 1.81 – 1.73 (m, 2H), 1.64 – 1.54 (m, 3H), 1.37 – 1.28 (m, 3H), 0.92 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (151 MHz, CDCl3) δ 167.8, 164.9, 152.9, 137.3, 130.2, 128.7, 128.6, 128.6, 95.4, 80.4, 

62.1, 32.1, 29.9, 25.9, 25.2, 13.6; IR (film) cm-1: 2958, 2925, 2860, 2255, 1725, 1463, 907, 734, 651; 

HRMS (ESI) m/z: [M + H]+ Calcd for C27H27N2O2 411.2073; Found 411.2033.

Ethyl 2-(cyclohexylethynyl)-4-(3,5-dimethylphenyl)-6-phenylpyrimidine-5-carboxylate (4v). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 62.4 mg, 57%, yellow oil. 1H NMR (300 MHz, CDCl3): 

δ 7.88 – 7.78 (m, 2H), 7.68 – 7.66 (m, 3H), 7.44 (s, 3H), 4.21 (q, J = 7.1 Hz, 2H), 2.86 – 2.73 (m, 1H), 

2.51 (s, 6H), 2.18 – 2.05 (m, 2H), 1.99 – 1.90 (m, 2H), 1.84 – 1.71 (m, 3H), 1.51 – 1.41 (m, 3H), 1.14 (t, 

J = 7.1 Hz, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.9, 165.2, 164.7, 152.8, 138.3, 137.3, 137.1, 131.9, 

130.2, 128.6, 128.5, 126.3, 123.8, 95.3, 80.4, 62.0, 32.1, 29.9, 25.9, 25.2, 21.5, 13.6; IR (film) cm-1: 3052, 

2986, 2254, 1723, 1264, 906, 728, 650; HRMS (ESI) m/z: [M + H]+ Calcd for C29H31N2O2 439.2386; 

Found 439.2418.

Ethyl 2-(3,3-dimethylbut-1-yn-1-yl)-4-(2-nitrophenyl)-6-phenylpyrimidine-5-carboxylate (4w). Eluent 

in chromatography: n-hexane/EtOAc 20:1. Yield: 75.1 mg, 70%, yellow solid, mp 154-156 °C. 1H NMR 

(300 MHz, CDCl3): δ 8.58 (t, J = 2.0 Hz, 1H), 8.35 (dd, J = 8.2, 2.2 Hz, 1H), 8.06 (dd, J = 7.8, 1.9 Hz, 

1H), 7.75 – 7.61 (m, 3H), 7.54 – 7.39 (m, 3H), 4.08 (q, J = 7.1 Hz, 2H), 1.39 (s, 9H), 0.98 (t, J = 7.2 Hz, 

3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.4, 165.5, 162.2, 153.1, 148.4, 138.7, 137.0, 134.8, 130.6, 

129.8, 128.8, 128.6, 125.0, 123.9, 123.8, 99.9, 79.0, 62.6, 30.5, 28.2, 13.6; IR (film) cm-1: 2958, 2925, 
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2860, 2255, 1725, 1463, 907, 734, 651; HRMS (ESI) m/z: [M + H]+ Calcd for C25H24N3O4 430.1767; 

Found 430.1795.

Ethyl 4-(tert-butyl)-2-(3,3-dimethylbut-1-yn-1-yl)-6-methylpyrimidine-5-carboxylate (6). Eluent in 

chromatography: n-hexane/EtOAc 20:1. Yield: 9.8 mg, 13%, yellow solid, mp 108-110 °C. 1H NMR (300 

MHz, CDCl3): δ 4.38 (q, J = 7.0 Hz, 2H), 2.43 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H), 1.36 (s, 18H); 13C{1H} 

NMR (75 MHz, CDCl3) δ 172.6, 169.3, 164.1, 151.6, 124.2, 97.5, 79.1, 62.1, 39.8, 30.7, 29.6, 28.0, 22.3, 

14.0; IR (film) cm-1: 2926, 2230, 1729, 1524, 1364, 1266, 1085, 864; HRMS (ESI) m/z: [M + H]+ Calcd 

for C18H27N2O2 303.2073; Found 303.2044.
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