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Combining Biginelli Multicomponent and Click Chemistry:
Generation of 6-(1,2,3-Triazol-1-yl)-Dihydropyrimidone Libraries

Bogdan Khanetskyy, Doris Dallinger, and C. Oliver Kappe*

Institute of Chemistry, Karl-Franzens-Umrsity Graz, Heinrichstrasse 28, A-8010 Graz, Austria

Receied June 24, 2004

Efficient solution-phase protocols for the high-throughput synthesis of 6-(1,2,3-triazol-1-yl)-dihydropyrimi-
dones are reported. The multistep sequence involves the initial bromination of dihydropyrimidones precursors
(DHPMs, Biginelli compounds) at the C6-methyl position, using a recyclable polymer-supported brominating
agent under rapid flow-through conditions (residence time of 1 min). The 6-bromomethyldihydropyrimidone
intermediates were subsequently subjected to a microwave-assisted azidation step (25 min), providing the
key 6-azidomethyldihydropyrimidone precursors. In the final step of the sequence, the azides were treated
with terminal acetylenes under Cu(l) catalysis (azide-acetylene ligation, “click chemistry”) to provide the
target 6-(1,2,3-triazol-1-yl)-dihydropyrimidones in a regiospecific fashion (1,4-triazoles) in moderate overall
yield utilizing controlled microwave irradiation (20 min). In total, a library of 27 compounds was prepared
with 4 points of diversity.

1. Introduction Scheme 1.Retrosynthetic Strategy for the Generation of
Triazolyl-Decorated Dihydropyrimidone Librarids
The laborious process of lead discovery and lead optimi- Combining Biginelli Multicomponent Condensations with

zation has recently been aided by combinatorial chemistry Click Chemistry
for the rapid generation of test compounds for screening. 0 R ,
Because of the large number of compounds that are involved, RE A aaton s i

combinatorial chemistry is even more dependent than N,,N\oif:m — °5I\ANH

N o) N3 N&O

traditional synthetic chemistry on the reliability of the R4)w e R*———H 2
individual transformations that are utilized in the process. !

Click chemistry is a new approach to synthesis that facilitates ,
this process, making use of a few near-perfect chemical 0 R o) j\

. . . . Installment of Azide 3 P 3 0” “H
transformations for the synthesis and assembly of chemical ™ Functionality R\o)i(kwu Biginelli MCR R\O)i N,
scaffolds with potential biological activit? Its applications Mo '.‘)%0 —— Mo S0 HN o
are increasingly found in many aspects of drug discovery, 3 R R'

ranging from lead finding through combinatorial chemistry _ _
and target-templated in situ chemistry, to proteomics and In the context of our research in the area of multicompo-
DNA research, using bioconjugate reactiéns. nent reactions (MCRs) of the Biginelli tyjewe became

Reactions that qualify as click chemistry are modular, wide 'Ntérested in combining click chemistry (azidacetylene
in scope, give very high yields, generate only inoffensive cycloadditions) with MCR strategies. MCRs themselves are

byproducts that can be removed by nonchromatographicmcreasmgly importapt i_n.organic and medicinal chemis.try,
methods, and are stereospecifié In addition, these trans- pecause they offer S|gn|f|cant .advgntages over conventional
formations must consistently give high yields with various Ilnear-type syntheséS.The I_3|g|neII| three-c_omponent con-
starting materials, be easy to carry out, insensitive to oxygendens"’_ltlon prptocol IS parﬂculgrly attractivehecause the
and water and use only readily available reagéritsThe resulting privileged dihydropyrimidone (DHPM) scaffaid
Huisgen 1,3-dipolar cycloaddition of alkynes and azides (Sgheme 1) displays a wide range of biological activities
by far, the most well-known example of click chemistry, which has led to the development of a number of lead
leading to 1,2,3-triazoles, which are an important class of compounds based on th"_it_ structural c’t_%re. . .
biologically activeN-heterocycle$.The recently discovered Here, we report an efficient syntheS|§ of I|_brar|<_es repre-
significant rate acceleration of the terminal acetylene-azide sgnted by struf:tura bY performing I’E.ipld., hlgh—yleld!ng
coupling event under Cu(l) catalysis yielding 1,4-substituted mlcrowave.—asss.ted amde—_acetylene I|gat|_ons..For this pur-
1,2,3-triazoles in a regiospecific fashfgnhas prompted pose, readily available 6-azidomethyl-functionalized DHPMs

renewed interest into this 3] cycloaddition process. 2 were prepared as key intermediates utilizing high-
throughput MCR protocols and reacted with a set of terminal

acetylenes under Cu(l) catalysis. This leads to an attractive
* Author to whom correspondence should be addressed. Phod8: y () y

316-3805352. Fax:+43-316-3809840. E-mail address: oliver.kappe@ Iinkage of two impor_tanﬂ\l_-heterocyclic pharmacophores
uni-graz.at. with four points of diversity (R—R?) that can easily be
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Scheme 2 Table 1. Yields of Triazolyl-dihydropyrimidonedaA, 1aB,
o Ph O Ph ..., 1aJ (see Scheme 1) Prepared by Microwave-Assisted
Ph—=—H (4A) Et. Cycloaddition of Equimolar Amounts of Azidea with
BO J“\\H CuS0,, Na ascorbate, DMF N‘N‘o \ J“: Terminal AcetylenegtA—J (R*C=CH)?
N3 N0 MW 80°C. 1 mi )Q/N N"~0 o Ph
H . , 1 min H
Ph Et
2a 1aA O NH
LN NS0
addressed by selecting the appropriate building blocks R H
(Scheme 1) 1aA, 1aB....1aJ
) . product R yield (%)
2. Results and Discussion 1aA phenyl 73
2.1. Cu(l)-Catalyzed Azide-Acetylene Cycloadditions in 1aB 3-(Me)-phenyl 82
the Biginelli Series. Model StudiesTo test the viability of lac 3-(Cl)-pheny! 8
e Biginelli Series. Model StudiesTo test the viability o 1aD 2-(CFy)-phenyl 63
the desired click chemistry approach, linking DHPM scaf- 1laE 3,5-(Fy-phenyl 66
folds of the Biginelli type with a 1,2,3-triazole moiety, we iag g);]r(isi(i:fﬁ-yl ;?
" AN a
selected_the [32] .cy.cloadd|t|c.)n of the knowA? 6-azido 1ot PhCHOCH, 77
methyl-dihydropyrimidon®awith phenylacetylenedd) as lal HOCH, 76
a model reaction (Scheme 2). Although alternative attach- lalp Me,Si 68

ment point; of an azide functionality on thg DHP.M scaffo!d a Reaction conditions: MW, DMF, CuSfNa Ascorbate, 96C,

can be enVIsaged, the ease and f|EXIbI|Il’y W|th Wh'Ch an aZ'de 10 min. Yields are isolated y|e|ds of pure Compoundg$% by
group can be installed at the C6 position of the DHPM core HPLC). All compounds have been fully characterizedHyNMR,

(see below) made this the most obvious choice. As a startingmass spectroscopy (MS), and elemental analysis. For details, see
point for optimizing the reaction, we have chosen the the Experimental Sectiofi.The reaction was performed at room

originally reported CuSQ/sodium ascorbate conditions, :ﬁmg:ehratu!re fo4 h in tert-butyl alcohol/HO 1:1, using 3 equiv of

. O T ylsilylacetylene.
where the required Cu(l) catalyst species is generated in situ.
Utilizing 2 mol % of the catalyst and aqueotssrt-butyl acetylene cycloadditiorza + 4A — 1aA under strictly
alcohol as a solvent, full conversion to the desired product thermal conditions (DMF, MW, 150C) in the absence of
1aA could be obtained withi 5 h atroom temperature.  the Cu(l) catalyst. As expectéd;>mixtures of both isomeric
Consistent with previous observatidhs, the reaction is cycloadducts (anti and syn triazoles) were obtained, and
apparently insensitive to the other functionalities present on several hours of irradiation were required to achieve full
the DHPM core, such as the ester and amide/urea groupsconversion (see Experimental Section for details).
and the product is obtained as a single (anti-, 1,4-substi- Having optimized conditions for the Cu(l)-catalyzed azide-
tuted$’ regioisomer. Although the reaction proceeded to full acetylene ligation in hand, we next explored the scope of
conversion, according to thin-layer chromatography (TLC) the cycloaddition process, using a diverse set of 10 terminal
and high-performance liquid chromatography (HPLC) moni- acetylenes4A—J) as cycloaddition partners (Table 1). All
toring, isolation of the product quantitatively from thert- 10 aryl, heteroaryl, and alkylacetylenésised did undergo
butyl alcohol/water mixture was difficult. Therefore, we the anticipated click chemistry with azi@a and furnished
screened other reaction conditions such as the use of'ater the desired triazolekaA, 1aB, ...,1aJin good isolated yields
or organic solvents (dimethyl formamide (DMMKN;methyl- (63—87%). Generally, 10 min of microwave irradiation at
2-pyrrolidone (NMP)) as reaction media, in addition to the 90 °C was sufficient to allow full conversion for all
use of copper metal as a catalyst source in a variety of acetylenes. The triazole products were isolated via the
solventst? For our particular application of click chemistry, addition of ice water and were fully characterized. Only in
the use of DMF as a solvent, using the traditional CWSO the case of trimethylsilylacetylendJ) did it prove advanta-
sodium ascorbate catalyst precursor consistently provided thegeous to perform the reaction at room temperature in aqueous
highest yields. After completion of the cycloaddition process tert-butyl alcohol as the solvent, to achieve a higher isolated
(as monitored by TLC and HPLC), the triazole product can product yield. We note that some of the triazolyl-dihydro-
be precipitated in high yield (73%) and purity 98% by pyrimidone products are slightly water soluble, contributing
HPLC at 215 nm andH NMR) by addition to ice/water.  to the less than quantitative isolated yields upon aqueous
For the test reaction displayed in Scheme 2, full conversion workup. However, because of the simplicity of the workup
at room temperature required 1 h. By performing the same procedure (avoiding chromatography or evaporation of
reaction, utilizing controlled microwave heating at €034 solvent), no efforts were made to improve the yield by
complete conversion was achieved within 1 min (isolated isolation of additional quantities of product from the aqueous
yield of 73%). Although stability tests with DHPN2a solution.
demonstrated this azide to be stable under microwave 2.2. Synthesis of 6-(Triazol-1-yl)-Dihydropyrimidone
irradiation (in 1,2-dichlorobenzene) up to 180 for 30 min, Libraries. 2.2.1. Bromination of Dihydropyrimidones
optimum results for the click chemistry presented in Scheme under Flow Conditions. To transform the click chemistry
2, in terms of yield and purity of isolated product, were protocols elaborated previously to an integrated method
obtained in the 88100 °C temperature region. In this suitable for the efficient generation of triazolyldihydropy-
context, we have also briefly examined theHd azide- rimidone libraries of typd, it was necessary to first develop
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procedures for the rapid generation of 6-azidomethyl- Scheme 3

dihydropyrimidones2. The published synthedfsof azide Bry, CCly, t, flow conditions
2arequired initial bromination of the parent Biginelli DHPM

3a with elemental bromine in chloroform at room temper- /—\

ature (12 h)¢ followed by displacement of the bromine with

sodium azide in HMPT at 35C (48 h)!? Both reported o il + i
procedures clearly required adaptation to a high-throughput Q NMesBr Q@  NMeabr
format. There are several reports in the literature describing 7 6

the bromination of DHPMS with elemental brominé8 1’ o Ph
All of these procedures require careful, dropwise addition Al

of bromine at subambient temperatures to the DHPM to avoid  EtO S -
overbromination to the correspondiggmdibromo deriva- Me N O i ﬁ
tive.!® In our own hands, we found that a slow, dropwise H 5a
addition (within 1 h) of a bromine/chloroform solution (1.0 %

equiv) at 2-4 °C (ice-bath) to a suspension of DHP34in
chloroform, according to the procedure reported by Zigeuner
et al.}® provided (after stirring in an ice bath for an additional

3 h) the bromomethyl intermediaBa in 90% yield (HPLC
conversion), with 7% of thgemdibromo analogue being
formed and 3% of starting material remaining (isolated yield
of 75%). Performing the same reaction at room temperature
led to a significant reduction in selectivity (11% dibromo
derivative, 4% starting material). Disappointingly, screening
a variety of solvents (i.e., methylene chloride, 1,2-dichlo-
roethane, DMF) or switching thl-bromosuccinimide as the

brom".‘é?“”g reagent (.jid _not lead to an improvement of reagent. Indeed, by passing a solution of DHBM1 mmol)
selectivity in the bromination. in 5 mL of DMF through a small cartridge filled with

In an attempt to obtain a better control of the selectivity brominating polymer (inner diameter (i.d.) of 9 mm, ca. 1 g
in this crucial bromination step, we also explored the use of f resin7), highly selective monobrominations were achieved.
a polymer-supported brominating reagent. PoIymer—assisted-rypica"y, with a residence time of only1 min, 96%
solution phase (PASP) synthesis, where reagents, catalystS;onversion (HPLC) to the desired bromo DHP34 was
or scavengers are attached to an insoluble polymer supporiychieved, with only 3% of thgemdibromo analogue being
has attracted a considerable amount of attention in recentigrmed and 1% unreacted starting material remaining. These
yearst® The advantages associated with PASP synthesis haveyromination results were highly reproducible, and by regen-
been well-documented and include simplified workup (filtra-  erating the brominating reagent with elemental bromine under
tion), standard solution-phase kinetics, easy analysis of fiow conditions 6 — 7, Scheme 3), the same reactor was
reactions using conventional techniques, and the opportunityresed 8 times without any deterioration in the bromination
for the implementation of flow-through processes using yresults. This proved particularly valuable for the final
cartridge (or column)-based reactéts. synthesis of triazolyldihydropyrimidone libraries where a

In the case of brominations, several reports have beencollection of DHPM derivatives needed to be brominated in
published in the literature that involve macroporous Am- a high-throughput format (see below). The need for regen-
berlyst A-26 polystyrene resin in the perbromide forfy ( eration of the brominating flow reactor was readily noticeable
as a solid-supported brominating agé¥ For our purposes,  from the decolorization of the orange polymer beads. To
a suitable perbrominated resihwas readily prepared by remove the formed hydrobromic acid from the reaction
treatment of commercially available Amberlyst A-26,Br  mixture which would prevent an efficient azidation in the
form (3.5 mequiv Br/g) §) with excess elemental bromine subsequent reaction step (see below), a second flow cartridge
in carbon tetrachloride (C@lfollowing literature procedures, filled with basic alumina was added to the processing
providing orange, odorless beads (see Experimental Sectiorsequence.
for details)?° Our initial experiments utilizing perbromide 2.2.2. Azidation of Bromo Dihydropyrimidones under
resin? for the bromination of DHPMBa, using chloroform Microwave Conditions. The published conditioAsfor the
or 1,2-dichloroethane as a solvent, did not show any conversion of bromo-DHPMba to the azido-DHPMZ2a
improvement in selectivity. Furthermore, the reaction was require a 48-h treatment of bromidea with sodium azide
somewhat slower than using elemental bromine in the (1.5 equiv) in hexamethylphosphoric triamide (HMPT) at
solution phase. By switching to anhydrous DMF as the 35 °C. These conditions proved to be reproducible, but we
solvent, however, we were able to achieve rapid brominationsnote that (i) the reaction cannot be monitored by HPLC or
at room temperature, leading after 10 min to the same productTLC, because the retention times of both the bromo and the
distribution that was achieved in the solution-phase experi- azido compounds are virtually identical, requiring reaction
ment described previously (4 h,°€) using chloroform as  monitoring via Fourier transform infrared (FT-IR) spectros-
a solvent Ba/5a/dibromo analogue ratio of 3:90:7). A-3- copy ((N3) = 2110 cn1') or *H NMR spectroscopy; and

Et0 NH
o}

fold excess of the resin was used; therefore, the reaction
required careful monitoring and control. A prolonged expo-
sure of the reaction mixture>@0 min) to the brominating
resin led to significant amounts of tigemdibromo analogue
being formed. To have more control over the bromination
event, we envisioned the use of a flow-through reactor setup
where a solution of DHPMBais passed through a cartridge
filled with the polymer-supported brominating reagéntVe
reasoned that, in this way, overbromination may be mini-
mized by continuous removal of the desired mono-bromi-
nated DHPMb5a (Scheme 3) from the active brominating
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cl Table 2. Overall Yields of Triazolyl-dihydropyrimidone%
PN Prepared by the Three-Step Bromination/Azidation/Click
o o o l_ Sequence from Dihydropyrimidon&b—i (see Figure 1) and
EO" N EO oo™ Terminal Acetylened (see Table 21 C=CH)?
Me N)%o Me Me” NS0 , 2 R
Me H R \OyNH
3b 3e =N,
LN ’?‘/go
F Br R* 1 R
N NO,
| yield
Q o 0 o product R R2 RS R4 (%)P
EtO NH  EtO “NH  BnO NH  iPrO NH
| | \ F 1bA  Me phenyl Et phenyl 36
Me rﬂ&o Me N/&O Me” N7 O MeJ\N/&o 1bF  Me phenyl Et pyridin-3-yl 35
Me H Me H 1bG Me phenyl Et PhOCH 25
3f 39 3h 3i 1cA H Me Et phenyl 15
Figure 1. Dihydropyrimidone (DHPM) building blocks used for 1cG H Me Et PhOCH 16
the bromination/azidation/click reaction sequence. 1dD H thien-2-yl Et 2-(CR)-phenyl 24
leE H 4-(Cl)-phenyl benzyl 3,5-(R)phenyl 34
Scheme 4 leF H 4-(Cl)-phenyl  benzyl pyridin-3-yl 38
o Ph O Ph 1leG H 4-(Cl)-phenyl benzyl PhOCH 27
NaNs, DMF 1fA Me 4-(F)-phenyl Et phenyl 29
EtO | NH EtO ‘ NH 1B Me 4-(F)-phenyl Et 3-(Me)-phenyl 28
Br N/&O MW, 60 °C,20 min N3 N/&O 1gA H  4-(Br)-phenyl Et phenyl 35
H H 1gFr  H  4-(Br)-phenyl Et pyridin-3-yl 46
5a 2a 1hA  Me phenyl benzyl phenyl 33
1hD Me phenyl Et 2-(CE)-phenyl 31

. I N 1B H 3-(NO)-phenyl i-Pr  3-(Me)-phenyl 26
(i) the success of the azidation step is critically dependent 1jg  H  3-(NO,)-phenyl i-Pr  3,5-(F)-phenyl 28

O_n the quality of the sodium azide..Af’[er s_everal .trials, \{ve aFor reaction conditions and workup, see main text and the
discovered that a fresh batch of high-purity sodium azide gyperimental Sectior? Yields are isolated yields of pure com-
(>99% purity) consistently provided the best reséits. pounds purified by flash chromatography.
Nevertheless, reaction times of ca. 1 day at room temperature
were still required to obtain full conversion, regardless of catalyzed azideacetylene ligation (“click chemistry”) di-
the solvent that was used (HMPT, DMF, NMP). After rectly with the nonisolated azides in DMF solution by adding
considerable experimentation, we found that microwave the terminal acetylenes and the copper catalyst met with little
irradiatior?* of a solution of pure bromo-DHPMawith 1.5 succes3® In all cases, higher product yields were observed
equiv of sodium azide in dry DMF at 6€C led to full by first isolating the crude azid&s thereby removing excess
conversion to the azide within 20 min and provided an sodium azide from the reaction mixture. Azidacetylene
isolated yield of 82% of pure compound upon precipitation cycloadditions on precurso2b—i were performed according
with ice water (Scheme 4). Gratifyingly, we were able to to the general procedure described previously, using a
integrate the brominatior3& — 5a) and azidation §a — selection of the terminal acetylendgsee Table 1). Out of
2a) steps into a simple experimental procedure wherein the the full 8 x 10 = 80 set of possible triazole cycloaddition
DMF solution obtained from the bromination under flow- products, a representative subset of 17 compounds was
through conditions containing the crude bromo-DHPBi prepared. To have a uniform workup method available, all
(see above) was directly subjected to azidation under cycloadducts were precipitated with water and subsequently
microwave conditions after addition of sodium azide. The purified by flash choromatography. The overall yields (three
azido-DHPMZ2a obtained after precipitation with ice water steps) for the bromination/azidation/click sequence were in
had >98% purity (via HPLC,*H NMR) and was obtained the range of 1546%. Note that no attempt was made to
in an isolated yield of 73%. optimize any of the three reaction steps for specific building
2.2.3. Preparation of 6-(1,2,3-Triazol-1-yl)-dihydropy- block combinations and that one standard protocol for all
rimidone Libraries. Our next goal was to establish protocols 17 derivatives was used for the three steps (Table 2).
for the preparation of a diverse set of triazolyl-decorated
DHPM libraries of typel with four points of diversity (see
Scheme 1). For that purpose, a selection of eight DHPMs In conclusion, we have reported the decoration of privi-
(Figure 1) were prepared by rapid, automated, microwave- leged dihydropyrimidone (DHPM) scaffolds at the C6
assisted Biginelli multicomponent condensations (cf. Schemeposition with a 1,2,3-triazole pharmacophore. The key step
1), following our previously published protocds. in the synthesis was the Cu(l)-catalyzed azideetylene
The DHPM analogues were then subjected to the flow- ligation (“click chemistry”), reacting azide-functionalized
through bromination/azidation sequence (see previous dis-DHPMs 2 with terminal acetylened. The required 6-azi-
cussion) to provide the corresponding 6-azidomethyl-DHPMs domethyldihydropyrimidone precursor® were readily
2b—i. At this point, it was necessary to isolate the crude prepared using a bromination/azidation sequence that in-
azides by precipitation with ice water (ca-400% yield, volved a polymer-supported brominating reagent under flow-
>95% purity via HPLC). Attempts to perform the Cu(l)- through conditions and subsequent displacement of the

3. Conclusion
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bromine with azide. The resulting 6-(1,2,3-triazol-1-yl)- 4.3.2. Ethyl 2-Ox0-4-phenyl-6-(4-phenyl-[1,2,3]triazol-
methyldihydropyrimidone& (27-member library, 4 diversity ~ 1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate
points) were obtained in moderate overall yields over three (1aA). mp 197198 °C. *H NMR (DMSO-dg): ¢ 1.05 (t,
steps. By merging multicomponent transformations such asJ = 7.1 Hz, 3H), 4.01 (9J = 7.1 Hz, 2H), 5.24 (d) = 3.2

the three-component Biginelli DHPM synthesis with click Hz, 1H), 5.52 and 5.71 (2 d, = 14.0 Hz, 2H), 7.247.38
chemistry applications, highly diverse libraries can rapidly (m, 6H), 7.42-7.50 (m, 2H), 7.83-7.89 (m, 2H), 7.91 (br

be obtained. s, 1H), 8.51 (s, 1H), 9.60 (s, 1H}3*C NMR (90 MHz,

4. Experimental Section DMSO-dg): ¢ 165.0, 152.2, 146.4, 144.4, 143.5, 131.0,

129.3,128.9, 128.3, 128.0, 126.9, 125.6, 122.2, 103.5, 60.5,

4.1. General Methods.TLC analysi formed
enera VIetoas. '~ analysis was periormec on 5, & 486, 14.3. MS (pos. APCIy/z 404 (M + 1). Anal.

Merck precoated 60 J; plates. Flash column chromatog-
raphy was performed using silica gel 60 (0.6356070 mm, Caled for GHz1NsOs: C, 65.50; H, 5.25; N, 17.36. Found:
Acros). Melting points were obtained on a Gallenkamp C, 6538 H, 5.18; N, 17.29.

melting point apparatus (model MFB-595) in open capillary ~ 4-3.3. Ethyl 2-Oxo-4-phenyl-6-(4m-tolyl-[1,2,3]triazol-
tubes.’H NMR and3C NMR spectra were recorded on a 1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate
Bruker AMX360 or AMX500 instrument in DMSQ, (1aB). mp 99-101 °C. *H NMR (DMSO-dg): 6 1.05 (t,
operating at 360 or 500 MHz, respectively. FTIR spectra J = 7.0 Hz, 3H), 2.36 (s, 3H), 4.01 (¢, = 7.0 Hz, 2H),
were recorded on a Unicam Galaxy Series model FTIR 70005.23 (d,J = 3.2 Hz, 1H), 5.52 and 5.69 (2 d,= 14.0 Hz,
(Mattson Instruments Inc.) spectrometer, using KBr pellets. 2H), 7.10-7.18 (m, 1H), 7.22-7.40 (m, 6H), 7.66-7.75 (m,
Mass spectra were taken on a Hewlett-Packard model LC/1H), 7.90 (br s, 1H), 8.46 (s, 1H), 9.60 (s, 1H). MS (pos.
MSD 1100 series instrument in the positive atmospheric APCI): mz418 (M + 1). Anal. Calcd for GsH2gNsOs: C,
pressure chemical ionization (APCI) mode. Microanalyses 66.17; H, 5.55; N, 16.78. Found: C, 66.03; H, 5.53; N, 16.63.
were performed on a Carlo Erba model 1106 elemental 4.3.4. Ethyl 2-Oxo-4-phenyl-6-[4-(3-chlorophenyl)-[1,2,3]-
analyzer. Analytical HPLC analysis was performed on a triazol-1-ylmethyl]-1,2,3,4-tetrahydropyrimidine-5-car-
Shimadzu LC-10 system, equipped with LC10-AT(VP) boxylate (1aC).mp 170-171°C.H NMR (DMSO-ds): 0
pumps, an autosampler (S-10AXL), and a dual-wavelength 1,05 (t,J = 7.0 Hz, 3H), 4.00 (gJ = 7.0 Hz, 2H), 5.23 (d,
UV detector that was set at 215 and 280 nm (HPLC purities J = 3.0 Hz, 1H), 5.52 and 5.70 (2 d,= 14.0 Hz, 2H),
refer to 215 nm). Analytical liquid chromatographic separa- 7.23-7.42 (m, 6H), 7.447.52 (m, 1H), 7.827.92 (m, 2H),
tions were performed on a C18 reversed-phase analytical7.94 (br s, 1H), 8.64 (s, 1H), 9.61 (s, 1H). MS (pos. APCI):
column (LiChrospher 100 Rp-18, E. Merck, 1¥93 mm,  mvz438 (M + 1). Anal. Calcd for GH»CINsOs: C, 60.34;
particle size of 5um) at 25°C using a mobile phase (A, H, 4.60; N, 15.99. Found: C, 60.28; H, 4.56; N, 15.82.
which was a 90:10 (v/v) mixture of water and acetonitrile 4.3.5. Ethyl 2-Oxo-4-phenyl-6-[4-(2-trifluoromethyl-

+ 0.1% TFA, and B, which was acetonitrite O._l% TFA phenyl)-[1,2,3]triazol-1-ylmethyl]-1,2,3,4-tetrahydropy-
(HPLC solvents were purchased from Acros with gradient- rimidine-5-carboxylate (1aD). mp 158-159°C. *H NMR
grade quality; TFA was of analytical reagent grade, Aldrich) (DMSO<k): 6 1.05 (t,d = 7.0 Hz, 3H), 4.02 (q]) = 7.0

at a flow rate of 0.5 mL/min. The following gradient was Hz, 2H), 5.23 (d,J = 3.1 Hz, 1H), 5.60 and 5.68 (2 d,=
applied: a linear increase from 30% solution B to 100% B 4,5 Hz’2H) 7.247.36 (m éH) 7 66768 (m, 1H) 774

in 7 min, holding at 100% solution B for 2 min. 7 89 (m’, 3H3, 7.85 (1) = ,7.59'Hz, 2H), 701 (br’s, 1H),

' 42 I\'/Iicrowaveilrradiation Experiments. All microwave 8.28 (s, 1H), 9.65 (s, 1H): MS (pos. APCIlj/z 472 (M +
irradiation experiments were performed using the Emrys 1); Anal. Calcd for GaHogRsNsOs: C, 58.60; H, 4.28; N
Synthesizer from Biotage AB (Uppsala, Sweden) in the 14' 86 F.ound' c 583672'0I—7 2230 N’ 14'70’ Lo

standard sealed-vessel configuration. A detailed description i
4.3.6. Ethyl 2-Oxo0-4-phenyl-6-[4-(3,5-difluorophenyl)-

of this single-mode microwave reactor with integrated i ae
[1,2,3]triazol-1-yImethyl]-1,2,3,4-tetrahydropyrimidine-5-

robotics was recently publishégl. o 3
4.3. Synthesis of Triazolyl-DHPMs 1aA-1aJ from Di-  carboxylate (1aE).mp 213-214.5°C. *H NMR (DMSO-
de): 0 1.04 (t,J = 7.0 Hz, 3H), 4.00 (g,) = 7.0 Hz, 2H),

hydropyrimidone 2a (Azide—Acetylene Ligation). 4.3.1.
General Procedure A sample of DHPM2&2 (301 mg, 1.0~ 223 (d,J =3.1 Hz, 1H), 5.52 and 5.70 (2 d,= 14.0 Hz,
mmol) was dissolved in anhydrous DMF (5 mL). The 2H),7.18-7.38 (m, 6H),7.587.68 (m, 2H), 7.89-7.94 (m,
appropriate acetyler®A—J (see Table 1, 1.0 mmol), cugo ~ 1H), 8.70 (s, 1H), 9.63 (s, 1H). MS (pos. APCIz 440
5 H,0 (2 mol %, ca. 5 mg), and sodium ascorbate (0.2 mmol, (M 1 1). Anal. Caled for GoHigFoNsOs: C, 60.13; H, 4.36;
40 mg) were added and the mixture was irradiated under N 15.94. Found: C, 60.27; H, 4.16; N, 15.80.
microwave conditions at 98C for 10 min. After rapid gas 4.3.7. Ethyl 2-Oxo-4-phenyl-6-(4-pyridin-3-yl-[1,2,3]-
jet cooling, the reaction mixture was poured onto 100 mL triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-car-
of ice water, and after 2 h, the precipitate was filtered off boxylate (1aF).mp 204-205°C. *H NMR (DMSO-dg): 0
(for 1aJ, 4 mL tert-BuOH/H,O 1:1 was used as solvent, and 1.05 (t,J = 7.0 Hz, 3H), 4.01 (qJ) = 7.0 Hz, 2H), 5.23 (d,
3.0 equiv of acetylendJ were reacted at room temperature J = 3.0 Hz, 1H), 5.55 and 5.72 (2 d,= 14.0 Hz, 2H),
for 4 h). TriazoleslaA—1aJwere obtained in isolated yields  6.90—-7.10 (m, 3H), 7.157.42 (m, 6H), 7.90 (br s, 1H), 8.70
of 63—87% (see Table 1) and at98% purity (HPLC at (s, 1H), 9.63 (s, 1H). MS (pos. APCl)m/z 405 (M + 1).
215 nm). Analytically pure samples were prepared by Anal. Calcd for GiH20NeOs: C, 62.37; H, 4.98; N, 20.78.
recrystallization from ethanol. Found: C, 61.99; H, 4.96; N, 20.78.
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4.3.8. Ethyl 2-Ox0-4-phenyl-6-(4-phenoxymethyl-[1,2,3]-
triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-car-
boxylate (1aG).mp 159-161°C. *H NMR (DMSO-dg): o
1.04 (t,J = 7.0 Hz, 3H), 4.00 (9J) = 7.0 Hz, 2H), 5.21 (d,
J=3.2 Hz, 1H), 5.41 (s, 2H), 5.51 and 5.67 (2Jd+ 14.0
Hz, 2H), 7.26-7.38 (m, 5H), 7.487.58 (m, 2H), 7.62
7.72 (m, 1H), 7.89 (br s, 1H), 7.93.99 (m, 2H), 8.22 (s,
1H), 9.60 (s, 1H). MS (pos. APCI)m/z434 (M + 1). Anal.
Calcd for GsH23Ns04: C, 63.73; H, 5.35; N, 16.16. Found:
C, 63.53; H, 5.33; N, 15.87.

4.3.9. Ethyl 2-Oxo-4-phenyl-6-(4-benzyloxymethyl-
[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1aH). mp 159-161 °C. *H NMR (DMSO-
de): 6 1.03 (t,J = 7.0 Hz, 3H), 4.00 (gJ = 7.0 Hz, 2H),
5.20 (d,J = 3.2 Hz, 1H), 5.41 (s, 2H), 5.49 and 5.66 (2 d,
J=13.9 Hz, 2H), 7.26-7.34 (m, 5H), 7.49-7.58 (m, 2H),
7.63-7.71 (m, 1H), 7.89 (br s, 1H), 7.927.98 (m, 2H), 8.22
(s, 1H), 9.60 (s, 1H); MS (pos. APCl)m/z 462 (M + 1).
Anal. Calcd for G4H23NsOs: C, 62.46; H, 5.02; N, 15.18.
Found: C, 62.25; H, 4.81; N, 14.85.

4.3.10. Ethyl 2-Ox0-4-phenyl-6-(4-hydroxymethyl-[1,2,3]-
triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-car-
boxylate (1al). mp 169-171°C. *H NMR (DMSO-dg): ¢
1.06 (t,J = 7.0 Hz, 3H), 4.00 (qJ = 7.0 Hz, 2H), 4.51 (d,

J = 5.3 Hz, 2H), 5.19-5.24 (m, 2H), 5.42 and 5.66 (2 d,
J=14.0 Hz, 2H), 7.197.38 (m, 5H), 7.827.94 (m, 2H),
7.87 (brs, 1H), 7.91 (s, 1H), 9.54 (s, 1H). MS (pos. APCI):
m/z 358 (M + 1). Anal. Calcd for GHigNsO4: C, 57.14;

H, 5.36; N, 19.60. Found: C, 56.74; H, 5.40; N, 19.19.

4.3.11. Ethyl 2-Oxo-4-phenyl-6-(4-trimethylsilanyl-
[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1aJ).mp 119-121°C. 'H NMR (DMSO-dg):

0 0.24 (s, 9H), 1.04 (tJ = 7.0 Hz, 3H), 4.00 (gJ = 7.0
Hz, 2H), 5.18-5.23 (m, 1H), 5.50 and 5.63 (2 d,= 13.0
Hz, 2H), 7.2%+-7.36 (m, 5H), 7.88 (br s, 1H), 8.02 (s, 1H),
9.51 (s, 1H). MS (pos. APCI)m/z400 (M+ 1). Anal. Calcd
for CigH2sNs03Si: C, 57.10; H, 6.31; N, 17.53. Found: C,
57.04; H, 6.28; N, 17.47.

4.4. Thermal Cycloaddition of Azide 2a with Phenyl-
acetylene 4A under Catalyst-Free ConditionsA sample
of DHPM 2a (301 mg, 1.0 mmol) was dissolved in 5 mL of
anhydrous DMF. After the addition of acetyled& (102
mg, 1.0 mmol), the reaction mixture was irradiated under
microwave conditions at 150C for 3 h. Subsequent
purification of the crude reaction mixture by flash chroma-
tography (CHGJMeOH 5:1) provided 120 mg (30%) of an
inseparable mixture of syn and anti triazole cycloadducts
(ratio 3:5 by both HPLC andH NMR measurementsjH
NMR (syn+ anti) (DMSO+s): 6 0.88 (t,J = 7.1 Hz, 3H,
syn), 1.05 (tJ = 7.0 Hz, 3H, anti), 4.02 (q] = 7.0 Hz, 2H,
anti), 3.81 (q,J = 7.0 Hz, 2H, syn), 5.20 (dJ = 3.3 Hz,
1H, syn), 5.23 (dJ = 3.3 Hz, 1H, anti), 5.48 and 5.61 (2 d,
J=14.2 Hz, 2 H, syn), 5.52 and 5.71 (2 3= 14.0 Hz,
2H, anti), 7.25-7.60 (m, 14 H, synt anti), 7.85-7.91 (m,
3H, syn+ anti), 7.95 (s, 1 H, syn), 8.50 (s, 1H, anti), 9.35
(br s, 1H, syn), 9.59 (br s, 1H, anti).

4.5. Preparation of Macroporous Perbromide Resin 79
A sample of 1.0 g (ca. 3.5 mmol) of Amberlyst A-26, Br-
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form resin (3.5 mequiv/g, Aldrich Product 51,376-8) was
washed two times each with 5 mL o8, 5 mL of MeOH,

and 2 mL of acetone and dried under vacuum at room
temperature overnight. Subsequently, 25 mL of dry{a@t

1.68 g (10.5 mmol) of elemental bromine were added and
the reaction mixture was stirredrf@ h at 40°C. The resin
was filtered, washed two times with 5 mL of dry GCand
dried under vacuum at room temperature overnight to provide
odorless orange resin beads. This resin could be stored for
several weeks at 4C without any loss of activity.

4.6. Bromination of Dihydropyrimidone 3a under Flow-
Through Conditions. A sample of DHPM3a (260 mg, 1.0
mmol) was dissolved in 5 mL of anhydrous DMF. The
solution was passed three times (residence time of ca. 30 s
per cycle) through a cartridge (0.9 mm i.d.) that was filled
with ca. 1.0 g of perbrominated resin (see previous
discussion), leading to a 96% conversion by HPLC. After
pouring the mixture onto ice water, the formed precipitate
was filtered to provide DHPMa (254 mg, 75%) in 97%
purity (HPLC). The recycling of the perbromide resin was
performed under batch conditions as described in the
aforementioned experiment.

4.7. Azidation of Bromomethyldihydropyrimidone 5a.
A sample of DHPM5a® (339 mg, 1.0 mmol) was dissolved
in 5 mL of anhydrous DMF. Subsequently, sodium azide
(Aldrich Product 19,993-1399% purity) (1.5 mmol, 98 mg)
was added and the mixture was irradiated under microwave
conditions at 60C for 20 min. After the mixture was cooled,
it was poured onto 100 mL of ice water and stirred for 5
min, and, after standing for 30 min, the precipitate was
filtered to provide 247 mg (82%) of azidain >98% purity
(HPLC). All spectral {H NMR, IR) and analytical data were
identical to the literature valués.

4.8. Preparation of Azidodihydropyrimidone 2a by a
Combined Bromination/Azidation Step of 3a.A sample
of DHPM 3a (260 mg, 1.0 mmol) was dissolved in 4 mL of
anhydrous DMF. The solution was passed three times
(residence time of ca. 30 s per cycle) through a cartridge
(0.9 mm i.d.) that was filled with ca. 1.0 g of perbrominated
resin7, leading to a 96% conversion by HPLC. Subsequently,
the mixture was passed through a cartridge filled with 1 g
of basic alumina and eluted with an additional quantity of 2
mL of DMF. After the addition of sodium azide (1.5 mmol,
98 mgQ), the reaction mixture was irradiated under microwave
conditions at 60°C for 20 min. After cooling to ambient
temperature, the mixture was poured onto 100 mL of ice
water, stirred for 5 min, and allowed to stand for 30 min at
room temperature. The precipitate was filtered to provide
220 mg (73%) of azid@a (>98% purity, HPLC).

4.9. Preparation of the Triazolyldihydropyrimidone
Library 1. 4.9.1. General Procedure.A 1.0 mmol sample
of the corresponding DHPM3b—i (Figure 1, Table 2) was
dissolved in 4 mL of anhydrous DMF and passed three times
through a cartridge that was filled Wil g of theperbromide
resin7 (see previous discussion). Subsequently, the mixture
was passed through a second cartridge that was filled with
1 g of basic alumina and eluted with 2 mL of anhydrous
DMF. To this mixture, 1.5 mmol (98 mg) of sodium azide
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(99% purity) were added and irradiated under microwave 6.90-7.00 (m, 2H), 7.387.42 (m, 1H), 7.66-7.90 (m, 4H),

conditions at 60C for 25 min. After gas-jet cooling to room

8.00 (br s, 1H), 8.25 (s, 1H). MS (pos. APCljwz 478.3

temperature, the reaction mixture was poured onto ice water,(M+1).

and after 2 h, the precipitate was filtered and dried.

Subsequently, 1.0 mmol of the corresponding acetylene
(see Table 1), CuSEEH,0 (4 mol %, ca. 10 mg), sodium

4.9.8. Benzyl 2-Oxo 4-(4-chlorophenyl)-6-[4-(3,5-diflu-
oro-phenyl)-[1,2,3]triazol-1-ylmethyl]-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (1eE).'H NMR (DMSO-dg): o

ascorbate (0.35 mmol, 70 mg), and 5 mL of anhydrous DMF 5,05 (q,J = 12.5 Hz, 2H), 5.25 (dJ = 3.1 Hz, 1H), 5.50

were added to the crude azideand irradiated at 88C for

and 5.72 (2 dJ = 14.0 Hz, 2H), 7.0+7.42 (m, 12H), 7.94

20 min. After the mixture was cooled to room temperature, (brs, 1H), 8.64 (s, 1H), 9.75 (s, 1H). MS (pos. APCiyvz
it was poured onto 70 mL of ice water and subsequently 536.3 (M + 1).

extracted two times with 10 mL of ethyl acetate and once

with 10 mL of dichloromethane (DCM). The combined

4.9.9. Benzyl 2-Oxo-4-(4-chlorophenyl)-6-(4-pyridin-3-
yl-[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-

organic phases were washed with brine and water, driedS-carboxyIate (1eF).H NMR (DMSO-de): 6 5.06 (q,d =
(N&:SQy), and subsequently evaporated. The crude cyclo- 12 4 Hz, 2H), 5.25 (dJ = 3.1 Hz, 1H), 5.51 and 5.76 (2d,
addition products were purified by flash chromatography j = 14.0 Hz, 2H), 7.0%£7.42 (m, 13H), 7.94 (br s, 1H),
using ethyl acetate/DCM or DCM/methanol solvent mixtures g g1 (s, 1H), 9.74 (s, 1H). MS (pos. APCljz 501.2 (M

to provide the library compoundkin a yield of 15-46%
and high purity £98%; see Table 2). The structural identity
and purity of all library compounds was confirmed By
NMR, mass spectroscopy (MS), and HPLC analysis.

4.9.2. Ethyl1-Methyl-2-ox0-4-phenyl-6-(4-phenyl-[1,2,3]-
triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-car-
boxylate (1bA).*H NMR (DMSO-dg): ¢ 1.10 (t,J = 7.0
Hz, 3H), 3.10 (s, 3H), 4.064.11 (m, 2H), 5.235.27 (m,
1H), 5.90 and 6.05 (2 d] = 15.0 Hz, 2H), 7.26-7.50 (m,
10H), 8.16-8.17 (m, 1H), 8.57 (s, 1H). MS (pos APCI):
m/'z 418.3 (M+ 1).

4.9.3. Ethyl 1-Methyl-2-oxo-4-phenyl-6-(4-pyridin-3-yl-
[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1bF).'H NMR (DMSO-dg): 6 1.09 (t,J =
7.0 Hz, 3H), 3.10 (s, 3H), 4.07 (4,= 7.0 Hz, 2H), 5.24 (d,
J = 3.6 Hz, 1H), 5.90 and 6.08 (2 d,= 15.0 Hz, 2H),
7.20-7.50 (m, 9H), 8.16 (dJ = 3.7 Hz, 1H), 8.71 (s, 1H).
MS (pos APCI): vz 419.2 (M+ 1).

4.9.4. Ethyl 1-Methyl-2-0x0-6-(4-phenoxymethyl-[1,2,3]-
triazol-1-ylmethyl)-4-phenyl-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (1bG).*H NMR (DMSO-dg): 6 1.09 (t,J =
7.0 Hz, 3H), 3.08 (s, 3H), 4.06 (d,= 7.0 Hz, 2H), 5.14 (s,
2H), 5.23 (d,J = 3.6 Hz, 1H), 5.80 and 5.99 (2 d,= 15.0
Hz, 2H), 6.90-7.40 (m, 10H), 8.16 (dJ = 3.8 Hz, 1H),
8.22 (s, 1H). MS (pos APCl)mV/z 448.3 (M + 1).

4.9.5. Ethyl 2-Ox0-4-methyl-6-(4-phenyl-[1,2,3]triazol-
1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate
(1cA). *H NMR (DMSO-dg): 6 1.16 (t,J = 5.2 Hz, 6H),
4.00-4.30 (m, 3H), 5.40 and 5.63 (2 d,= 13.0 Hz, 2H),
6.80-7.50 (m, 4H), 7.86 (dJ = 7.7 Hz, 1H), 8.50 (s, 1H),
9.38 (br s, 1H). MS (pos. APCI)m/z 342.3 (M+ 1).

4.9.6. Ethyl 2-Ox0-4-methyl-6-(4-phenoxymethyl-[1,2,3]-
triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-car-
boxylate (1cG).*H NMR (DMSO-dg): ¢ 1.09-1.20 (m,
6H), 4.00-4.30 (m, 3H), 5.12 (br s, 2H), 5.35 and 5.67 (2
d,J = 13.0 Hz, 2H), 7.26-7.50 (m, 6H), 8.49 (s, 1H), 9.37
(s, 1H). MS (pos. APCI):m/z 372.3 (M+ 1).

4.9.7. Ethyl 2-Ox0-4-(thien-2-yl)-6-[4-(2-trifluorometh-
ylphenyl)-[1,2,3]triazol-1-ylmethyl]-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (1dD). *H NMR (DMSO-dg): o
1.13-1.19 (m, 4H), 1.98 (s, 1H), 3.9%4.20 (m, 3H), 5.50
(d,J= 3.4 Hz, 1H), 5.58 and 5.70 (2 d,= 14.0 Hz, 2H),

+ 1).

4.9.10. Benzyl 2-Oxo-4-(4-chlorophenyl)-6-(4-phenoxym-
ethyl-[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimi-
dine-5-carboxylate (1eH).*H NMR (DMSO-dg): ¢ 4.90—
5.20 (m, 4H), 5.24 (dJ = 3.1 Hz, 1H), 5.48 and 5.69 (2 d,
J = 14.0 Hz, 2H), 6.957.45 (m, 14H), 7.92 (br s, 1H),
8.14 (s, 1H), 9.72 (s, 1H). MS (pos. APCIitvz 530.3 (M
+ 1).

4.9.11. Ethyl 1-Methyl-2-ox0-4-(4-fluorophenyl)-6-(4-
phenyl-[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrim-
idine-5-carboxylate (1fA). *H NMR (DMSO-dg): 6 1.09
(t, J=7.0 Hz, 3H), 4.08 (gJ = 7.0 Hz, 2H), 5.25 (dJ =
3.7 Hz, 1H), 5.88 and 6.01 (2 d,= 14.0 Hz, 2H), 7.16
7.55 (m, 9H), 7.87 (m, 3H), 8.16 (br s, 1H), 8.51 (s, 1H).
MS (pos. APCI): Mz 436.3 (M + 1).

4.9.12. Ethyl 1-Methyl-2-o0x0-4-(4-fluorophenyl)-6-(4-
m-tolyl-[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (1fB). 'H NMR (DMSO-ds): 6 1.15
(t, 3= 7.0 Hz, 3H), 2.35 (s, 3H), 3.09 (s, 3H), 4.06 (=
7.0 Hz, 2H), 5.26 (dJ = 3.6 Hz, 1H), 5.88 and 6.07 (2 d,
J=14.0 Hz, 2H), 7.16-7.50 (m, 6H), 7.66-7.80 (m, 2H),
8.18 (d,J = 3.6 Hz, 1H), 8.54 (s, 1H). MS (pos. APCI):
m/z 450.4 (M+ 1).

4.9.13. Ethyl 2-Oxo0-4-(4-bromophenyl)-6-(4-phenyl-
[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1gA).'H NMR (DMSO-dg): 6 1.07 (t,J =
7.0 Hz, 3H), 4.00 (gJ = 7.0 Hz, 2H), 5.23 (dJ = 3.2 Hz,
1H), 5.50 and 5.69 (2 d] = 14.0 Hz, 2H), 7.16-7.60 (m,
7H), 7.86 (dJ = 7.2 Hz, 2H), 7.92 (br s, 1H), 8.50 (s, 1H),
9.65 (s, 1H). MS (pos. APCl)m/z 478.1 (M+ 1).

4.9.14. Ethyl 2-Ox0-4-(4-bromophenyl)-6-(4-pyridin-3-
yl-[1,2,3]triazol-1-yImethyl)-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (1gF).*H NMR (DMSO-dg): 6 1.05 (t,J =
7.0 Hz, 3H), 4.02 (g) = 7.0 Hz, 2H), 5.22 (dJ = 2.8 Hz,
1H), 5.53 and 5.72 (2 d] = 14.0 Hz, 2H), 7.18-7.70 (m,
6H), 7.93 (br s, 1H), 8.248.35 (m, 1H), 8.67 (s,1H), 9.66
(s, 1H). MS (pos. APCI):nVz 483.2 (M+ 1).

4.9.15. Benzyl 1-Methyl-2-oxo0-4-phenyl-6-(4-phenyl-
[1,2,3]triazol-1-yImethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1hA).'H NMR (DMSO-dg): 6 3.11 (s, 3H),
5.10-5.17 (m, 1H), 5.27 (dJ = 3.1 Hz, 1H), 5.90 and 6.08
(2 d,J = 14.0 Hz, 2H), 7.0%7.61 (m, 15H), 7.84 (br s,
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1H), 8.16 (s, 1H), 8.51 (s, 1H). MS (pos. APCiyz 480.1
M + 1).

4.9.16. Benzyl 1-Methyl-2-oxo0-4-phenyl-6-[4-(2-trifluo-
romethylphenyl)-[1,2,3]triazol-1-ylmethyl]-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (1hD). *H NMR (DMSO-
ds): 0 3.10 (s, 3H), 5.13 (dJ = 3.0 Hz, 2H), 5.29 (dJ =
3.0 Hz, 1H), 5.99 and 6.01 (2 d,= 15.0 Hz, 2H), 7.16
7.40 (m, 10H), 7.667.90 (m, 4H), 8.18 (br s, 1H), 8.25 (s,
1H). MS (pos. APCI):m/z548.3 (M+ 1).

4.9.17. Isopropyl 2-Oxo0-4-(3-nitrophenyl)-6-(4-m-tolyl-
[1,2,3]triazol-1-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1iB). *H NMR (DMSO-dg): ¢ 0.93 (d,J =
6.2 Hz, 3H), 1.14 (dJ = 6.2 Hz, 3H), 2.35 (s, 3H), 4.85 (q,
J=6.0 Hz, 2H), 5.40 (dJ = 3.2 Hz, 1H), 5.50 and 5.69 (2
d,J=14.0 Hz, 2H), 7.16-:8.20 (m, 10H), 8.49 (s, 1H), 9.74
(s, 1H). MS (pos. APCI):mVz 477.4 (M+ 1).

4.9.18. Isopropy! 2-Oxo-4-(3-nitrophenyl)-6-[4-(3,5-di-
fluorophenyl)-[1,2,3]triazol-1-ylmethyl]-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (1iE). *H NMR (DMSO-
ds): 0 0.91 (t,J = 6.0 Hz, 3H), 1.13 (tJ = 6.0 Hz, 3H),
4.82 (q,d = 6.0 Hz, 1H), 5.40 (dJ = 2.2 Hz, 1H), 5.54 and
5.69 (2 d,J = 13.0 Hz, 2H), 7.16-8.30 (m, 9H), 8.73 (s,
1H), 9.78 (s, 1H). MS (pos. APCI)m/z 497.2 (M+ 1).
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