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Abstract 
In this paper we present a theoretical and experimental study concerning the structure, stability, 
and reactivity of 4-(4-chlorophenyl)pyrimidinium ylides. 4-(4-Chlorophenyl)-pyrimidinium 
ylides are relatively stable compounds, their stability varying with the nature of the ylide 
carbanion substituent. The stronger the electron-withdrawing effect of these substituents, the 
more the anionic charge is delocalized, and therefore the higher their stability. The experimental 
and quantum chemical calculations confirm this hypothesis and are in accordance with each 
other. The electronic absorption spectra of 4-(4-chlorophenyl)-pyrimidinium 4-X-benzoyl 
methylides can be assigned to an intramolecular charge transfer band. The quantum chemical 
calculations show the possibility to use pyrimidinium ylides as nucleophilic reagents as well as 
1,3-dipoles in reaction with appropriate reagents. The influence of microwave irradiation for the 
synthesis of azinium salts was also studied. The reaction of 4-(4-chlorophenyl)pyrimidine with 
an organic haloalkane shows a remarkable rate acceleration under microwave irradiation and 
allows a general and facile synthesis of azinium salts. A comparative study of microwave and 
classical conditions (use of solvents) has been done.  
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Introduction 
 
According to the literature indications1-20 the chemistry of cycloiminium ylides is widely 
discussed. In previous research work we have studied the synthesis, structure, and reactivity of 
some 1,2-diazinium ylides12-14 (derived from pyridazine and phthalazine) as well as of 1,3-
diazinium ylides15-17 (derived from 4-methylpyrimidine). Our main target was to study the 
chemistry of diazinium ylides and to find correlations between structure-stability-reactivity-
properties [biological,18 acido-basic,19 electrical (semiconducting properties20) etc.]. The 
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literature indications21-27 show that microwave irradiation is a new trend in organic chemistry 
offering a versatile and facile pathway in a large variety of syntheses. As far as the influence of 
microwave on the quaternisation reactions of heterocycles, few papers have been published in 
this respect.28-30  

Continuing our research in the diazine series, we performed new investigations in the 1,3-
diazinium ylides series, having as the main goal to study thoroughly and broadly the chemistry 
of diazinium ylides. The influence of microwave irradiation concerning the synthesis of new 
pyrimidine compounds was another target. As starting material we chose 4-(4-
chlorophenyl)pyrimidine having in view that this heterocycle has not been studied in the 
literature. 

In order to synthesize the basic heterocyle, 4-(4-chlorophenyl)pyrimidine, 3, we adapted the 
literature31,32 method used for 4- and 4,5-substituted pyrimidines. The first step of the method 
consists of the synthesis of tris-(N-formylamino)methane, 1.  
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Scheme 1 
 

In the second step, by condensation of 1 with 4-chloroacetophenone, 2, we obtained the basic 
heterocyle, 4-(4-chlorophenyl)pyrimidine, 3. 
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Scheme 2 
 

In order to obtain new pyrimidinium ylides derived from 4-(4-chlorophenyl)-pyrimidine, we 
used the Kröhnke33 salt method. Thus, 1-[2-(4-X-phenyl)-2-oxoethyl]-4-(4-
chlorophenyl)pyrimidinium salts 4a-d were prepared by treating 4-(4-chlorophenyl)- pyrimidine 3 
with 4-X-phenacyl bromides, which in aqueous solution of alkaline carbonates afforded the 
corresponding pyrimidinium ylides 5a-d. 
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Scheme 3 
 

A main disadvantage of the quaternisation of pyrimidine 3 is the fact that under classical 
heating conditions (refluxing in toluene) the reaction time is very long, viz. five days. 
Accordingly, we decided to synthesize the desired cycloiminium salts by microwave irradiation. 
In Table 1 are presented the reaction results obtained under microwave heating as well as under 
classical conditions (in order to allow a comparative study).  
 
Table 1. Synthesis of cycloimmonium salts 4a-d under microwave heating and classical 
conditions 

Microwave Classical heating 
Salt Reaction 

time 
Reaction 
temperature, oC 

Yield, %
Reaction 
time 

Reaction 
temperature, oC 

Yield, % 

4a 20 min. 90 61 5 days 110 61 
4b 20 min. 90 62 5 days 110 61 
4c 20 min. 90 73 5 days 110 70 
4d 20 min. 90 53 5 days 110 53 

 
As can be seen from Table 1, the yields are comparable for both methods, but under 

microwave irradiation the reaction times decrease dramatically from five days to twenty minutes. 
In order to establish structure-stability-reactivity correlations in the 4-(4-chloro-

phenyl)pyrimidinium ylide series, we performed a theoretical study concerning these 
considerations. We used the General Theory of Perturbation Limited to the Frontier Molecular 
Orbitals.34-38 The geometry of the 4-(4-chlorophenyl)pyrimidinium benzoyl methylide 5a (for the 
energetically most favoured geometry, the heat of formation is ∆H= 63.174 kcal/mol), the atomic 
charges, the coefficients of the atomic orbitals, and the values of the energies of the frontier 
molecular orbitals (Table 2) were calculated using the PM338 method (for the other ylides the 
results are similar). 
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Bond distance (in pm)
N1-C2                140.08        
C2-N3                134.00                    
N3-C4                136.32        
C4-C5                140.62   
C5-C6                138.14        
C6-N1                139.05         
N1-C7                136.04         
C7-C8                145.07         
C8-C9                149.15          
C8-O8'               123.24

Bond angle (in o)
C6-N1-C7          122.5416     
C2-N1-C7         120.3454      
N1-C7-C8         123.7691      
C7-C8-C9         115.5361      
C7-C8-O8'         123.0933
Torsion angle (in o)
C2-N1-C7-C8       -179.5401 
C6-N1-C7-C8            0.5228 
N1-C7-C8-C9        179.5476 
N1-C7-C8-O8'          0.0753

34

5

 
 
Figure 1. Calculated Values. 
 

As in related cases,17 the data from Figure 1 show the following: 
- the ylide carbanion (C-7), the ylide nitrogen (N-1), and the α-endocycle carbons (C-2 and C-6) 
are in the same plane (bond angles to the atoms involve around 120° and the torsion angles 0° or 
180°); 
- the bond distances: ylide carbanion (C-7) - ylide nitrogen (N-1), N-1 – C-2, N-1 – C-6 are 
around 140 pm (intermediate between single and double bond). 

An analysis of the data from Table 2 leads to the following conclusions: 
- the ylide carbanion center, C-7, has a negative atomic charge, less than unity, but significant; 
- the ylide nitrogen atom, N-1, has a positive atomic charge, less than unity, significant but 
smaller (in absolute value) than the ylide carbanion; 
- the α-endocyclic carbon atoms, C-2 and C-6, have small negative atomic charges, both being 
less than unity. 
 
Table 2. The coefficients of atomic orbitals (pz), the total atomic charge (in Q), and energies (in 
eV) of ylide 5a 

Coefficients of atomic orbitals (pz) Orbital 
and 
atomic 
charge 

Energy 
N-1 
(ylide) 

C-7 
(ylide) 

C-2 C-6 N-3 C-8 O-9 

HOMO 
LUMO 
Q 

-8.2448 
-1.3525 

+0.0787 
+0.4739 
+0.8139 

-0.6013 
-0.2953 
-0.7991

+0.3378 
-0.2113 
-0.4678 

+0.3089 
-0.1688 
-0.5336 

-0.1126 
-0.1807 
+0.0246 

-0.0908 
-0.2145 
+0.4602 

+0.2402 
+0.2118 
-0.3985 

 
The fact that the total atomic charges are less than unity indicates delocalization of the 

negative charge from the ylide carbanion center to the ylide substituents, and of the positive 
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charge from the ylide nitrogen atom to the pyrimidine heterocycle, as shown in Figure 2; 
consequently a relatively good stability for these ylides follows. Introduction of electron-
withdrawing substituents such as X=NO2 (ylide 5c) leads to further delocalization of the 
negative charge; the opposite is valid for electron-releasing substituents such as X=OCH3 (ylide 
5d). 
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Figure 2 
 

The fact that the ylide carbon atom has a significant negative atomic charge indicates that 1-
(4-chlorophenyl)pyrimidinium ylides could be used as nucleophilic reagents in appropriate 
reactions. Also, the data from Table 2 and Figures 1 and 2 show that ylides can have a 1,2-
dipolar mesomeric structure (octet form, canonical structure A), dipole which could accept a 1,3-
dipolar structure (sextet form without double bond, canonical structures B and C). The 1,3-
dipolar activity could involve either the 2- or the 6-position of the pyrimidine ring, a 
regiochemical problem. However, position 6 is less electron-deficient (atomic charge -0.5336) 
than position 2 (atomic charge -0.4678), therefore more suitable for reaction with an electron-
poor dipolarophile. As in related cases,15,16 we expect that reactions of 4-(4-
chlorophenyl)pyrimidinium ylides with an electron-poor dipolarophile should occur as an 
ordinary [3+2] dipolar cycloaddition leading to azabicyclic compounds at the 2 or 6 positions.  

The experimental data we obtained confirm the theoretical data presented above. Indeed, the 
new ylides, 5a-d, have different stabilities according to the nature of the 4-X-substituted benzoyl 
group. Thus, 4-(4-chlorophenyl)pyrimidinium 4-nitrobenzoyl methylide 5c is a stable compound. 
Pyrimidinium ylides 5a, 5b, and 5d are unstable, they undergo a rapid dimerisation process after 
preparation (via a [3+3] dipolar cycloaddition) leading to an ylide (5) – dimer (6) mixture, 
immediately after preparation of 5d, after 2-3 hours for 5a, and within 24 hours for 5b. That 
means that, when the substituent X has an electron-withdrawing effect (as the nitro group), 
delocalization of the negative ylide charge to the benzoyl group is favoured and consequently the 
stability of the ylide is higher. When the substituent X has a donor effect (as the methoxy group), 
delocalization of the negative ylide charge to the benzoyl group is not favoured, consequently 
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the stability of the ylide decreases and the dimerisation process occurs easily. Having in view our 
previously expertise in related cases,16b,15,16a we presume that a dimeric structure of type 6a 
(bispyrimidinopyrazine) is more likely than 6b. Also, we found16b that the saturated 
bispyrimidinopyrazine is air sensitive and can undergo an oxidative process leading to a mixture 
of saturated and unsaturated bispyrimidinopyrazine compounds. No attempt was made to fully 
characterize these dimeric species. 

Important information concerning the stability of ylides is furnished by the UV-VIS spectra. 
The literature data39 indicate that related diazinium ylides have in the visible range an 
intramolecular charge transfer (ICT) absorption band from the carbanion to the heterocycle. This 
absorption band is very sensitive to ylide carbanion substituents and, secondly, to the nature of 
the solvent. 

The UV-VIS spectra of 4-(4-chlorophenyl)pyrimidinium 4-X-benzoyl methylides 5a-d were 
recorded in acetonitrile. The wavelengths at the maximum of the ICT band are the following 
(λmax): 505 nm (5c, X= NO2), 507 nm (5b, X= Br), 517 nm (5a, X= H); ylide 5d (X= OCH3) has 
no absorbance in the visible region. Analysis of these data reveals the following statements: 

(a) 4-(4-Chlorophenyl)pyrimidinium 4-X-benzoyl methylides have a large absorption band 
around λ= 500 nm. This band disappears when a small amount of hydrochloric (or sulphuric) 
acid is added which means that this band could be assigned to an intramolecular charge transfer 
(ICT) absorption band, Figure 3. 
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(b) The wavelengths of the ICT band maximum depend on the carbanion substituents. When 
X is a nitro group, the electron-withdrawing effect is stronger and there is an advanced 
delocalization of the anionic charge. Consequently, the ICT band appears at lower wavelengths. 
This is in accordance with the higher stability of the ylide 5c. 

The fact that ylide 5d does not absorb in the visible region can be explained by its low 
stability, (the dimerisation process occurs very rapidly and, when the spectrum is performed, we 
have mainly dimer which does not absorb in the visible region.) 

The structures of the new pyrimidine compounds were proven through elemental and spectral 
(IR, UV-VIS, 1H NMR, 13C NMR, COSY, HMQC, HMBC) analyses.  

Essential data are furnished by IR and NMR spectral analyses, Table 3. In the IR spectra of 
salts 4 the signals corresponding to ketone group are situated between 1629 cm-1 (X= NO2, 5c) 
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and 1625 cm-1 (R= OCH3, 5d), in accordance with the effect of the substituent from the 4-
position of the aryl ring. 

In the 1H NMR spectra the most important signals are those of the H-2, H-6, and H-7 atoms. 
As can be seen in Table 3, the H-2 atom appears around 9.80 ppm (singlet), H-6 around 9.45-
9.40 ppm (doublet, J(6,5)= ca. 6.8 Hz), and H-7 appears around 6.70-6.40 ppm (singlet), in 
accordance with the proposed structure. 
 
Table 3. Main spectral data of salts 4 

Salt H-2 H-6 H-7 13C-NMR IR, cm-1 

4a 9.85 
s 

9.48-9.46 
d, J(6,5)=6.8 

6.55 
s 

62.65 (C-7), 153.33 (C-6), 154.46 (C-2), 
190.24 (C-8) 

1626(νCO) 

4b 9.84 
s 

9.47-9.45 
d, J(6,5)=6.8 

6.54 
s 

62.13 (C-7), 153.00 (C-6), 154.11 (C-2), 
190.24 (C-8) 

1628(νCO) 

4c 9.93 
s 

9.56-9.54 
d, J(6,5)=6.8 

6.71 
s 

62.54 (C-7), 152.96 (C-6), 154.07 (C-2), 
190.24 (C-8) 

1629(νCO) 

4d 9.78 
s 

9.42-9.38 
d, J(6,5)=6.6 

6.42 
s 

62.10 (C-7), 153.01 (C-6), 154.11 (C-2), 
190.24 (C-8) 

1625(νCO) 

 
13C NMR spectra of salts 4 confirm also the structure: C-8: around 190 ppm (alkyl-aryl 

ketone), C-2: 154 ppm, pyrimidine carbon (α-nitrogen, α-positive nitrogen), C-6: 153 ppm, 
pyrimidine carbon (α-positive nitrogen, α-carbon), C-7: 62 ppm, alkyl carbon (α-ketone, α -
positive nitrogen from pyrimidine). 

The IR spectrum of ylide 5c confirms the proposed structure. Thus, the signal for the ketone 
group appears at 1595 cm-1. The difference νC=O salt- νC=O ylide = 34 cm-1 is in accordance with the 
delocalization phenomena of the negative charge from the ylide carbanion to the phenyl ring 
(Figure 2) and confirms our previous supposition.  

The 1H NMR of ylide 5c confirms also the structure. Thus, at 10.75 ppm appears the signal 
of H-2 α-endocyclic hydrogen atom (singlet). This signal appears at such low magnetic field due 
to the powerful deshielding effect exerted by the positive ylide nitrogen and the N-3 nitrogen. 
The signal of the ylide hydrogen, H-7, appears also at very low magnetic field due to the 
powerful deshielding effect exerted by the ylide positive nitrogen and ketone group. 

All the remaining signals from IR and NMR spectra are in accordance with the proposed 
structure for the pyrimidine compounds. 

The IR spectra and melting points of ylides 5a, 5b, and 5d show that we have a mixture of 
ylides and, probably, dimer 6.[one large ketone band centred around 1640 cm-1, large range of 
melting points]. 
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Conclusions 
 

1. The stability of 4-(4-chlorophenyl)pyrimidinium ylides varies with the nature of the ylide 
carbanion substituent. The higher the electron-withdrawing effect of these substituents, the more 
the negative charge is delocalized and therefore the higher their stability. The experimental and 
quantum chemical calculation data confirm this hypothesis and are in accordance with each 
other. 

2. The quantum chemical calculations show the possibility of using pyrimidinium ylides as 
nucleophilic reagents as well as 1,3-dipoles in reaction with appropriate reagents. 

3. The microwave enhanced reaction of 4-(4-chlorophenyl)pyrimidine and an organic 
haloalkane shows a remarkable rate of acceleration under microwave irradiation. A rapid, facile 
and general synthesis of cycloimmonium salts using nitrogen heterocycles and haloalkanes under 
microwave heating was demonstrated.  

4. The electronic absorption spectra of 4-(4-chlorophenyl)pyrimidinium 4-X-benzoyl 
methylides can be assigned to an intramolecular charge transfer (ICT) absorption band. 

5. The position of the ICT band depends essentially on the carbanion substituents. The higher 
the delocalization of the negative charge along the carbanion is, the higher the wavenumber of 
the ICT band will be. The UV-VIS data show that ylide 5c has a higher stability, which is in 
accordance with our previous consideration concerning the stability of pyrimidinium ylides. 

6. Eight new pyrimidine compounds (4 salts, and 4 ylides) were obtained. 
 
 
Experimental Section 
 
General Procedures. Melting points were determined on a MELTEMP II apparatus and are 
uncorrected. 1H and 13C NMR spectra were recorded on a Bruker Avance instrument (400 MHz) 
with SiMe4 as internal standard. IR spectra were recorded with a JASCO V-570 spectrometer. 
UV-VIS spectra were recorded with a Hitachi U-2010 spectrometer. For the microwave 
irradiation we used a monomode reactor STAR-2, CHEM Corporation (50 W). The quantum 
chemical calculations have been done using a HYPERCHEM 5. 02 program. 
 
4-(4-Chlorophenyl)pyrimidine (3). Into a three-necked flask (condenser, thermometer, and 
vacuum) were placed 4 mol (150 mL) formamide and 0.4 mol (38 mL) dimethyl sulphate. The 
reaction mixture was heated (80-90 oC) at low pressure for 2 h and the resulted methyl formiate 
was vacuum distilled off. Than vacuum was removed and 0.1 mol (13 mL) 4-chloro-
acetophenone and 1 g of 4-toluenesulphonic acid was added. The resulting mixture was than 
heated for 8 h at 150-160°C. After cooling at room temperature, 250 –300 mL aqueous NaOH 
1N was added slowly and extracted with chloroform (10 x 15 mL). The combined organic 
fractions were dried over MgSO4, the solution was filtered and chloroform is distilled off in 
vacuo. The crude product was purified by recrystallization from benzene – petroleum ether. 
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After filtration, the crystals were dried under vacuo at 45-50°C and gave 3 (11.82 g, 62%). 3: mp 
82 °C (yellow crystals, recrystallized from benzene – petroleum ether). IR (KBr): 1678, 1577, 
1458, 1387, 1090 (s, C=C, C=Narom), 820, 772 (s, C-Haromdef), 486, 465 (m, C-Cl), 3034 (w, C-Harom) cm-1. 
1H NMR (CDCl3) δ: 9.29 (1H, s), 8.78-8.77 (1H, d, J = 5.6 Hz), 8.05-8.03 (2H, d, J = 8.0 Hz), 7.69-7.68 
(1H, d, J = 5.6 Hz), 7.50-7.47 (2H, d, J = 8.0 Hz). 13C NMR: 116.74 (C-5), 128.41 (C-2’), 129.30 (C-
3’), 134.87 (C-4’), 137.42 (C-1’), 157.64 (C-6), 159.13 (C-2), 162.66 (C-4). Anal. Calcd. for 
C10H7N2Cl : C, 63.00; H, 3.70; N, 14.69. Found: C, 62.95; H, 3.69; N, 14.58%. 
 
General procedure A to obtain pyrimidinium salts under classical heating 
4-(4-Chlorophenyl)pyrimidine (0.95g, 5 mmol) and ω-bromo-4-X-acetophenone (5 mmol) was 
dissolved in 20 mL toluene. The solution was heated to reflux, stirring, for 5 days. The 
pyrimidinium salts obtained were filtered off and dried in vacuo, then purified by 
recrystallization from diethyl ether. 
 
General procedure B to obtain pyrimidinium salts under microwave 
Caution! It is hazardous to heat rapidly the reactions with microwave irradiation. Therefore, 
caution should be exercised when carrying out reactions of this type. A typical procedure for the 
synthesis of cycloimmonium salts is as follows: Nitrogen heterocycle (5 mmol) and haloalkane 
(5 mmol) are added in a tube (Pyrex glass or quartz) in which 20 mL of toluene were previously 
placed. The tube is then placed in the microwave cell (could be used one or both cells of the 
STAR reactor) and heated for the appropriate time. Stirring of the reaction mixture is desirable. 
When a stirring device is not accessible, it can be replaced with continuously bubbling nitrogen 
(or air) into the reaction medium. Once the heating cycle is complete, the tube was cooled to 
ambient temperature, the tube is removed, and the cycloimmonium salts are filtered off and were 
purified by recrystallization from an appropriate solvent.  
4-(4-Chlorophenyl)-1-[2-oxo-2-phenylethyl]pyrimidinium bromide (4a). According to 
general procedure A from 2 (0.95g, 5 mmol) and ω-bromoacetophenone (0.959 g, 5 mmol) to 
obtain 4a (1.1885g, 61%). 4a: mp 205-206 °C (white-yellow crystals, recrystallized from diethyl 
ether). IR (KBr): 1625 (s, C=O), 1693, 1590, 1463, 1341, 1090 (s-m, C=C, C=Narom), 832, 761 
(s, C-Haromdef), 482 (w, C-Cl), 3035 (w, C-Harom), 2926 (w, C-Halif) cm-1. 1H NMR (DMSO d6) δ: 
9.85 (1H, s), 9.48-9.46 (1H, d, J = 6.8 Hz), 9.06-9.05 (1H, d, J = 6.8 Hz), 8.52-8.49 (2H, d, J = 
8.2 Hz), 8.13-8.11 (2H, d, J = 7.8 Hz), 7.83-7.78 (3H, m), 7.70-7.67 (2H, t, J = 7.8, 7.6 Hz), 6.55 
(2H, s). 13C NMR(DMSO d6) δ: 62.53 (C-7), 118.24 (C-5), 128.36 (C-10), 129.20 (C-11), 129.90 
(C-3’), 131.02 (C-2’), 131.77 (C-4’), 133.36 (C-1’), 134.85 (C-12), 139.92 (C-9), 153.33 (C-6), 
154.46 (C-2), 167.62 (C-4), 190.24 (C-8, keto). Anal. Calcd. for C18H14N2OBrCl : C, 55.481; H, 
3.621; 7.189. Found: C, 55.35; H, 3.69; N, 7.08%. 
4-(4-Chlorophenyl)-1-[2-(4-bromophenyl)-2-oxoethyl]pyrimidinium bromide (4b). According 
to general procedure A from 2 (0.95g, 5 mmol) and ω-bromo-4-bromo-acetophenone (1.39 g, 
5 mmol) to obtain 4b (1,4275g, 61%). 4b: mp 246-247 °C (colourless crystals, recrystallized 
from diethyl ether). IR (KBr): 1628 (s, C=O), 1698, 1587, 1453, 1081 (s-m, C=C, C=Narom), 830 
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(s, C-Haromdef), 482 (w, C-Cl), 2919 (w, C-Halif), 3040 (w, C-Harom) cm-1. 1H NMR (DMSO d6) δ: 
9.84 (1H, s), 9.47-9.45 (1H, d, J = 6.8 Hz), 9.06-9.04 (1H, d, J = 6.8 Hz), 8.51-8.49 (2H, d, J = 
8.4 Hz), 8.05-8.03 (2H, d, J = 8.0 Hz), 7.91-7.89 (2H, d, J = 8.0 Hz), 7.80-7.78 (2H, d, J = 8.4 
Hz), 6.54 (2H, s). 13C NMR(DMSO d6) δ: 62.13 (C-7), 117.95 (C-5), 128.66 (C-12), 129.60 (C-
11), 129.94 (C-3’), 130.72 (C-10), 131.47 (C-4’), 131.99 (C-2’), 132.17 (C-1’), 139.65 (C-9), 
153.00 (C-6), 154.11 (C-2), 167.38 (C-4), 189.36 (C-8, keto). Anal. Calcd. for C18H13N2OBr2Cl: 
C, 46.14; H, 2.79; N, 5.98. Found: C, 46.04; H, 2.83; N, 5.82%. 
4-(4-Chlorophenyl)-1-[2-(4-nitrophenyl)-2-oxoethyl]pyrimidinium bromide (4c). According 
to general procedure A from 2 (0.95g, 5 mmol) and ω- bromo-4- nitro-acetophenone (1.22 g, 
5 mmol) to obtain 4c (1,5213g, 70%). 4c: mp 215-217 °C (pale-yellow crystals, recrystallized 
from diethyl ether). IR (KBr): 1626 (s, C=O), 1708, 1589, 1448, 1341, 1092 (s, C=C, C=Narom), 
1531, 1307 (s, NO2), 835, 751 (s-m, C-Haromdef), 485 (w, C-Cl), 2947 (w, C-Halif), 3036 (w, C-
Harom) cm-1. 1H NMR (DMSO d6) δ: 9.93 (1H, s), 9.56-9.54 (1H, d, J = 6.8 Hz), 9.12-9.10 (1H, d, 
J = 6.8 Hz), 8.50-8.45 (4H, m), 8.36-8.34 (2H, d, J = 8.4 H), 7.76-7.74 (2H, d, J = 8.4 Hz), 6.71 
(2H, s). 13C NMR (DMSO d6) δ: 62.54 (C-7), 118.00 (C-5), 123.86 (C-11), 129.57 (C-3’), 
129.61 (C-10), 130.73 (C-2’), 131.41 (C-4’), 137.82 (C-1’), 139.69 (C-9), 150.28 (C-12), 152.96 
(C-6), 154.07 (C-2), 167.45 (C-4), 189.43 (C-8, keto). Anal. Calcd. for C18H13N3O3BrCl: C, 
49.74; H, 3.01; N, 9.67. Found: C, 49.65; H, 3.10; N, 9.61% . 
4-(4-Chlorophenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]pyrimidinium bromide (4d). 
According to general procedure A from 2 (0.95g, 5 mmol) and ω-bromo-4-methoxy-
acetophenone (1.1484 g, 5 mmol) to obtain 4d (1,1121g, 53%). 4d: mp 182-183 °C (yellow 
crystals, recrystallized from diethyl ether). IR (KBr): 16278 (s, C=O), 1671, 1594, 1452, 1345, 
1095 (s-m, C=C, C=Narom), 1246 (s-m, C-O-C), 833, 787 (s, C-Haromdef), 476 (w, C-Cl), 2841 
(w, C-Halph (OCH3)), 2942 (w, C-Halph), 3014 (w, C-Harom) cm-1. 1H NMR (DMSO d6) δ: 9.78 (1H, 
s), 9.42-9.38 (1H, d, J = 6.6 Hz), 9.02-8.98 (1H, d, J = 6.6 Hz), 8.49-8.45 (2H, d, J = 8.2 Hz), 
8.08-8.04 (2H, d, J = 8.6 Hz), 7.79-7.75 (2H, d, J = 8.2 Hz), 7.19-7.15 (2H, d, J = 8.6 Hz), 6.42 
(2H, s), 3.88 (3H, s, OCH3). 13C NMR (DMSO d6) δ: 62.10 (C-7), 117.64 (C-5), 153.01 (C-6), 
154.11 (C-2), 167.41 (C-4), 189.69 (C-8, keto). Anal. Calcd. for C19H16N2O2BrCl: C, 54.37; H, 
3.84; N, 6.67. Found: C, 54.25; H, 3.78; N, 6.48%. 
 
General procedure C to obtain pyrimidinium ylides  
4-(4-Chloro-phenyl)-pyrimidinium salt (1 mmol) was dissolved in 50 mL water-ethanol (1:1) 
and treated with a 40% aqueous solution of K2CO3. The ylide was filtered off, washed with a 
great amount of water, and dried under vacuum. 
4-(4-Chlorophenyl)pyrimidinium 4-nitrobenzoyl methylide (5c). According to general 
procedure C from 4c (0.4346g, 1 mmol) and a 40% aqueous solution of K2CO3 to obtain 5c 
(0.3502, 99%). 5c: mp 168-170 °C (cherry coloured compound, recrystallized from water). IR 
(KBr): 1595 (s, C=O), 1700, 1587, 1448, 1095 (s-m, C=C, C=Narom), 1520, 1337 (s, NO2), 827, 
750 (s-m, C-Haromdef), 488 (w, C-Cl), 3086 (w, C-Harom) cm-1. 1H NMR (DMSO d6) δ: 10.75 
(1H, s), 9.26-9.24 (1H, d, J = 8.4 Hz), 8.79-8.77 (1H, d, J = 8.4 Hz), 8.38-8.20 (4H, m), 8.06-
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8.04 (2H, d, J = 8.4 Hz), 7.53-7.42 (3H, m). Anal. Calcd. for C18H12N3O3Cl: N, 11.878. Found: 
N, 11.79%. 
4-(4-Chlorophenyl)pyrimidinium benzoyl methylide (5a). According to general procedure C 
from 4a (0.3895g, 1 mmol) and a 40% aqueous solution of K2CO3 to obtain 5a (0.3056, 99%). 
5a: mp 188-193 °C (orange compound, recrystallized from water). IR (KBr): 1636 (s, large, 
C=O), 1678, 1585, 1427, 1086 (s-m, C=C, C=Narom), 818, 762 (s-m, C-Haromdef), 495 (s, C-Cl), 
3040 (w, C-Harom), 2924 (w, C-Halph) cm-1. Anal. Calcd. for C18H13N2OCl: N, 9.07. Found: N, 
8.87%. 
4-(4-Chlorophenyl)pyrimidinium 4-bromobenzoyl methylide (5b). According to general 
procedure C from 4b (0.4686g, 1 mmol) and a 40% aqueous solution of K2CO3 to obtain 5b 
(0.3837, 99%). 5b: mp 205-210 °C (red - orange compound, recrystallized from water). IR 
(KBr): 1629 (s, large, C=O), 1679, 1582, 1455, 1092 (s-m, C=C, C=Narom), 830 (s, C-Haromdef), 
496 (w, C-Cl), 3050 (w, C-Harom), 2920 (w, C-Halph) cm-1. Anal. Calcd. for C18H12N2OBrCl: N, 
7.23. Found: N, 7.14%. 
4-(4-Chlorophenyl)pyrimidinium 4-methoxybenzoyl methylide (5d). According to general 
procedure C from 4d (0.4197g, 1 mmol) and a 40% aqueous solution of K2CO3 to obtain 5d 
(0.3354, 99%). 5d: mp 185-190 °C (orange compound, recrystallized from water). IR (KBr): 
1634 (s, C=O dimer), 1671, 1594, 1090 (s-m, C=C, C=Narom), 1261 (m, C-O-C), 480 (w, C-Cl), 
2842 (s, C-Halph (OCH3)), 3020 (w, C-Harom), 2930 (w, C-Halph) cm-1. Anal. Calcd. for 
C19H15N2O2Cl: N, 8.27. Found: N, 8.10%. 
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