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Abstract

Thi. dissertation is conc.rned uith the development

........... . method for assessing the M . M  protonation

ratio in a nonbar of nonoprotonatad pyrimidines based 

on . consideration of the 1H - 13C ooopllng constants

in these protonated systems.

The vicinal through-nitrogen coopling 0C2H6 was

found to be particularly sansltive to the N-liN-3 

protonation ratio and uas found to provide the bast 

nathod for assessing thi. ratio, h-nethylpyrimidlnium 

iodidas uere used as aodal systems to provide 3CH valu.s 

for the offset, of proton.tion at «-1 sod «-3. Evidence 

is prasantad to support th. u.a of the methlodides as

model systems.
A number of 4-eubstltuted 2-a.inopyri.l dins, and 

4-alkyl/.ryl-subatitutsd pyrimidines h.v. bean synth.si.ad

together uith the corresponding methiodides. The N-l.N 3 

proton.tion ratios in thee, pyrimidine, have been 

investigated to determine the relative importance of th. 

steric and eleotronic factor, a.sooi.ted uith. the 4- 

subetituent. Steric factors uere found to play an 

important role in affecting the »-l=»-3 protonstion ratio,.

The possible us. of 13C protonetion shifts as a 

mesas of assessing the protonstion ratio, in th.s. 

pyrimidine, has been investigated. It u.s conolud.d that 

th. results obtained in this u.y u.r. less reliable then 

thos. proton.tion ratio, determined from a consideration 

of the value of 30C2H6 in the monoprotonated systems.
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Tur SYNTHESIS OF PYRIMIDINES

The Synthesis of Pyrimidine—

o

(1 )
Although substitued pyrimidines have attracted much 

interest over the past feu decades,the parent ring system, 

1,3-diazine, has found very limited use in organic

by the dehalogenation of 2,4 ,6-trichloropyrimidine. 

However, although this is still a convenient route to 

pyrimidine a number of other routes have since been 

developed based on acyclic precursors. Thus, for example* 

1,1,3,3- tetramethoxypropane reacts with formamide to form 

pyrimidine (l) (proposed mechanism discussed later).

chemistry.

Pyrimidine was first prepared by Gabriel in 1900

( 1 )

The Synthesis of Substituted Pyrimidines

(a) Substitution of the parent ring system

There are feu examples of direct substitution into 

the unsubstituted pyrimidine ring system. This is in
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marked contrast with benzene chemistry uhere electrophilic 

substitution provides a convenient means of introducing 

substituents onto the benzene ring. This reluctance of 

the pyrimidine ring to undergo electrophilic substitution 

is due to the presence of the tuo nitrogen atoms in the 

ring. Since nitrogen is more electronegative than carbon 

the remaining carbon atoms in the pyrimidine ring are 

someuhat more electron deficient than in benzene. This is 

termed aTT-deficient nitrogen heterocycle. Figure 1 shous 

the relative TT-electron densities of sites on the 

pyrimidine ring in comparison to those in benzene.

Fig. 1.

0*946 °*925

0*993

0*946

This clearly shous that the pyrimidine ring is 

particularly electron deficient at carbons 2,4 and 6.

If electrophilic attack uasto succeed this uould seem most 

likely at carbon 5 although even here the site of attack 

is deactivated with respect to benzene. This is 

supported by the observation that only one electrophilic 

substitution reaction on pyrimidine itself has been 

reported, that is the bromination of pyrimidinium chloride

2on the C-5 position.

Although the reduced TT-electron density at the C-2,

4 and 6 positions strongly deactivates these sites towards 

electrophilic attack it does, however, make them susceptible

Thus, for example the destructionto nucleophilic attack.
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of pyrimidine when heated with aqueous base almost 

certainly involves an initial nucleophilic attack by the 

hydroxyl group on the ring. Similarly the conversion of 

pyrimidine to pyrazole by heating with aqueous hydrazine 

hydrate3 (Fig. 2) can be explained in terms of an initial

nucleophilic attack on the ring.

Fig. 2.

Nucleophilic attack by alkyl and aryl lithium reagents 

can also occur to give non-aromatic compounds. However, 

in these cases it is possible to achieve a re-aromatisation
4

of the ring system under appropriate oxidising conditions 

(Fig. 3). Fig. 3.

O
PhLi KlOnO.

H ne2C0/RT
Q

H Ph Ph

This approach has been used successfully to prepare 

a number of 4-alkyl or aryl-substituted pyrimidines.

(b) Direct Synthesis from acyclic precursors

In the synthesis of substituted pyrimidines it is 

therefore usual to establish the substitution pattern when 

the heteroaromatic ring is formed from the acyclic precursors 

rather than by substitution into the parent system. The
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substituents pr.e.nt after f.r..tl.n of the P y r l - » « 1 ~

een then, if nece.sery, he modified to give the desired

compounds

Although a uide variety of pyrimidine syntheses have 

been reported these invariably fall into one of three main 

types depending on the nature of the acyclic precursors

(Fig. 4). Fig. 4.

N

TYPE I

N

TYPE III

(i) syntheses based on the condensation of two "3-atom^

units. (Type I )_

One of the most commonly used routes to substituted 

pyrimidines involves the condensation of a 1,3-bifunctional 

C~C~C fragment uith an N~C~N fragment, such as a urea 

or amidine. Interestingly, the earliest recorded pyrimidine 

synthesis uas a reaction of this type. In 1879 Grimaux 

obtained barbituric acid (2) by condensing urea uith 

malonic acid in the presence of phosphorus oxychloride.

CH_(COOH )- + CO(NH2 )2

h ° ^ 0 H

” K j *  ( 2 )
OH

By varying the nature of the N~C~N fragment, pyrimidines 

uith a uide variety of substituents on C-2 can be produced.
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Thus, for example. uhll. ^ * ld' •»'ri»iPin« -ith .

2-hydroxy substituent. thiourea , i . X -  2-merceptopyrtmidines 

a„d guanidine yields 2-aminopyri.idln.s.' Alkyl ^ u p .  

con be introduced ot 0 2  by using o.idines such os 

ace tamidine 7 uheres, for.amidine produces pyric i d m e s  

„hich or. unsubstitued ot 0 2 S . In thro letter cose, 

houever, the yields are often very poor because of the 

ease of hydrolysis of the formamidine .

The nature of the 1 ,3-bifunctional C-C-C fragment 

con also be »eri.d to produce a range of substituents on 

C-Sand C-6in the pyrimidine ring, »n aldehyde group at on. 

end of the fragment (often Initially present as Its acetal) 

condenses to produce an unsub.titut.d position on the ring 

„hlle the ketone group gives an alkyl or aryl substituent.

, carboxylic acid, ester or .•Ida group, on the other 

hand, gives rise to a hydroxyl substituent. The cyano 

group can also be used, uhich provides a means of directly 

introducing an amino substituent into the ring.

,t can therefore be seen that the "Type I" approach 

offers much flexibility end a large number of substituted 

pyrimidines have been synthesised by this method. Some

examples are given in Fig. 5.

The reaction conditions used in any particular case

depend on the nature of the acyclic precursor. The 

basicity of the N-C-N fragment is an important factor in 

determining the ease of reaction. Thus, for example, a 

strong base such as guanidine readily attacks pentan-2.4- 

dione in the absence of a catalyst or solvent to g ‘

amino-4,6-dimethylpyrlmidine 9 . Urea on the other hand
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(o c h 3 )2c h c h

c h 2(c n )c o 2

CH2 (C02C 2

CH2 (CN)2

c h 2 (c o c h
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is a weaker base and requires a catalyst for this reaction. 

For example the reaction of urea with pentan-2-4-dione 

is carried out in a mixture of ethanol and concentrated 

hydrochloric acid. Dost reactions are carried out 

however in the presence of organic or inorganic bases. For 

example acetamidine reacts with diethylmalonate in the 

presence of sodium ethoxide to give 2-methyl-4.6-dihydroxy- 

7pyrimidine•

( Ü )  syntheses based on the condensation of a "4-atom^

..»It with a "2-atom» unit (Type 11 ).

Syntheses of this type are less common than those 

of "Type I" and usually involve the addition of a C~C~C~N 

fragment to a C~N fragment. An example of this is the 

reaction of aminomethylene malononitrile with ethyl 

acetamidate to give 4-amino-5-cyano-2-methyl pyrimidine (3),
11

H 9N C H sC(CN)2 + CH3 C(NH)0Et

CHj

N C ^ ^ N
NH2 ( 3)

(iii) Syntheses based on the condensation of a "5-atom .̂ 

unit With a "1-atom" unit (Tvoe III)

Malondiamidine provides a useful N-C~C~C~N fragment 

for "Type III" syntheses. It condenses with esters to give 

4,6 diaminopyrimidinewhich is difficult to prepare by other 

methods. For example thereaction of this with ethyl forma

pro duces 2,4 diaminopyrimidine (4).
12



B.

c h 2 (c (n h )n h 2 )2 HCOjEt ? Q
NH,

(4)

rc ) Ry Modification of Substituted Pyrimidines 

(i) N.irl Boohilic Substitution Reactions

Ue have already seen (Fig l) that the 2,4 and 6 

positions on the pyrimidine ring are somewhat electron 

deficient in comparison to benzene and that they are 

susceptible to nucleophilic attack. For this reason 

labile groups such as a chlorine atom at these sites can 

be readily displaced in a nucleophilic substitution reaction, 

Consideration of the resonance structures of the 

intermediates re suiting from nucleophilic attack at C-2,

5 and 4/6 (Fig. 6) clearly show that attack at C-2 and 

4/6 is favoured over C-5. Uith attack on C-5 nostabil 

isationof the resulting intermediate anion by the ring 

nitrogens can occur.

Fig 6.

-  O O O  o  

“  Q ~ 0~0 ■ 0
_ '/

Y Y
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Although attack at C-2 might be expected to be 

thermodynamically favoured over attack at C-4/6 due to 

the symmetry of the 2-substituted anion, in practice 

it is found that C-4 is most susceptible to nucleophilic 

attack. Thus, the reaction of 2 ,4-dichloropyrimidine ^

uith sodium methoxide gives 2-chloro-4-methoxypyrimidine.^

An apparent exception to this rule has been reported 

in that it is claimed that 2 ,4-dichloropyrimidine reacts 

uith methanolic ammonia at room temperature to give 2- 

amino-4-chloropyrimidine as the major product (60%) together 

uith 4-amino-2- chloropyrimidine (40%). However, ue nou 

have evidence to suggest that this is not the case (see 

later discussion).

It uould thus appear that reactions of this type 

are under kinetic tether then ther.odyn.mlc control. It 

hae been suggested that the electrostatic repulsion 

O s t e e n  the lone pairs of electrons of the ring nitrogen, 

and the Incoming nucleophile reduces the rate of atteck on

C-2 more effectively than at C-4/6.

Additional substitution on the pyrimidine ring will 

also affect the ease uith which nucleophilic substitution 

can occur. Electron-withdrawing groups particularly at 

C-5 (see Fig. 6 ) will help stabilise the intermediates 

resulting from nucleophilic attack at C-2 or 4/6 and 

thus favour substitution. Similarly electron-donating 

groups will deactivate the ring towards nucleophilic 

attack. Thus for example the reaction of 2 ,4 ,6-trichloro- 

pyrimidine uith alcoholic ammonia at room temperature yields
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mixture of 2 amino-4,6- dichloropyrimidine and 4-amino 

-2 ,6-dichloropyrimidine. Replacement of the second 

amino group to give 2,4 - diamino-6-chloropyrimidine 

only occurs at 160° and replacement of the third 

halogen atom only occurs at temperatures above 200°C.

Finally, it is uorth noting that while the chloro- 

pyrimidines are the most extensively used compounds for 

nucleophilic substitution reactions.there are a number 

of other groups which can be readily displaced in this 

type of reaction. 16 These groups include MeO, MeS. MeS02 

and (1e3N. The reaction of phosphorus oxychloride on 

hydroxy pyrimidines can also be regarded as a nucleophilic 

substitution reaction which occurs intramolecularly (Fig. 7).

Fig. 7.

C Ê p 0 c '1

Î
A r c  i

a ^ o
(ii) Flectrophilic Substitution Reactions

Electrophilic substitution reactions are less useful 

in pyrimidine chemistry than is the case for benzene 

chemistry since only C-5, which is the least T^electron 

deficient carbon (Fig. l), undergoes this type of reaction. 

A consideration of the resonance structures of the inter­

mediates for electrophilic substitution at all possible 

sites on the ring ( F i g . 8 ) confirms that electrophilic 

attack at C-2or 4/6 would produce unfavourable resonance 

structures with the electron deficiency residing on the

X
X
r
x
c
z
<
ÎI
1

rino nitrooens,
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Fig. B.

X-Y

x-y

X X H

X-Y

+ H-Y

However, as has been previously noted, the pyrimidine

ring is a H-electron deficient system and therefore

electrophilic attack at C-5 is difficult uithout activating

groups at C2, 4 or 6. For example uracil is readily

nitrated using fumic nitric acid at 100°C to give 2,4-
17dihydroxy-5-nitropyrimidine (5).

.OH HNO,

iocr

OH

OH OH
(5)



Miscellaneous reactions 

(a ) Reactions of Methylpvrimidines_

Like the 2 and 4-methylpyridines a methyl group in 

the 2 or 4 position of the pyrimidine ring is activated.

Such groups are readily oxidised to the carboxylic acids 

and also react with benzaldehyde to give styryl pyrimidines.

(b) Reduction of pyrimidines

The subject of reduced pyrimidines has not been 

extensively studied. It has been reported that uracil 

uhen hydrogenated over platinum or palladium is reduced to 

1818 • \dihydroderivative (fig*

Fig. 9.

O f — p 0“
OH H 0H

The reduction of 2-hydroxypyrimidine with Raney 

Nickel however has been reported to give the 

tetrahydroderivative 19 (Fig. 10).

Fig. 10.

C r
H 2/Ni H > ^ | 0 H

,iPV ,H
H H

The reduction of chloropyrimidines has been widely 

used in pyrimidine synthesis and this can be achieved 

either by the reaction with zinc and hydrochloric acid 

or by hydrogenation with a palladium catalyst in a

20
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medium uhich results in replacement of the chlorine by

hydrogen without reduction of the ring

Catalytic desulphurisation of mercaptopyrimidines 

with Raney Nickel has been demonstrated as a useful 

synthetic way of replacing the mercapto group by an

22hydrogen .

(c) N-alkvlation

pyrimidines readily react with alkyl halides to giue 

monoquaternary salts. There are two possible sites of 

alkylation in asymmetrically substituted pyrimidines and 

while only one isomer is usually formed, both isomers can 

sometimes be produced. The site of alkylation is 

controlled by inductive, mesomeric and steric effects.
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MF ASUREWfNT OF B ASICITY

(a ) Tonisation Constants

The basicity of a compound is now universally 

expressed in terms of the acidic ionisation constant,

Ka, which is a measure of the compounds affinity for 

hydrogen ions. Although at first this may seem perverse 

it is advantageous to be able to express both acidity and

basicity on the same scale.

Both acidity and basicity involve an equilibrium
I

with hydrogen ions. |j

For an acid the Ka refers to the equilibrium C

HA ^  H* A" <

and is given by the expression (1)

K = [H+] [A~] (1)
3 [HA]

and similarly for a base Ka refers to the equilibrium

b h * ^ b H* 

and is given by the expression(2 )

Ka = [B] 12)
[BH+ ]

Since the value of Ka is often very small it is usual 

to express acidity and basicity in terms of the negative 

logarithm (to base 10) of Ka, this is known as the pKa 

value. Strong acids have low pKa values while strong

bases have high pKa values.

Although the basic ionisation constant, PKb , is now

no longer used, previously reported pK^ values can
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. . . H ,  convert.« to the corresponding pK. v.luo. by u.. of

Equation (3). At temperatures oth.r th.n 25°C a .»all

correction is necessary.
23

PKa + pKb = 14*°
It should be noted that the Ka expressions 

previously given In Equation. (1)and(2)uaa th. cono.ntratidn 

rathar than tha activity of th. aoeclaa involved. The 

K, value, derived In thl, uay are therefere "concentratidd 

ionisation constants". In order to obtain the 

"thermodynamic ionisation constant" it is n.ce.sary to 

use the activities of the species involved. Houev.r, 

since at infinite dilution tb. tub ionisation constants 

become equal, and since pKa determinations ere 

typically carried out at concentrations at or belou 0.01 

mol dm'3 , most pKa values can be considered to be

"thermodynamic ionisation constants".

It should be noted that pKa values are sensitive to 

temperature and that the change in value over a given 

temperature chant,, depends on the pK. value. Fid H D  
shovs the temperature coeffiol.nta at a number of pK. 

values. It c.n be seen th.t the stronger the base the 

more sensitive is the value of pKa to temperatures .

Fig. 11.

ka coefficient/°C rise

1 0 . 0 - 0 .0 2 1



(b) methods for the Determination of Ionisation Constants

There are a number of methods available for 

determining ionisation constants but the two most con­

venient methods involve potentiometry and ultra-violet 

spectroscopy2 3 .The basis of the calculation of the 

pKa by these methods is the Henderson equation (4) which 

is derived by taking negative logarithms to base 10

of the Ka expression (2)

pK = pH + log10 [BH ] (4)

[br

Obviously, at the half neutralisation point pKa = pH

but values so derived are not considered to be acceptable.

The potentiometric method involves the neutralisation

of the base with one equivalent of acid added in ten

equal portions. The pH is measured after each addition

and the pKa of the base calculated from each of the

results using equation (4). If the scatter of results

is within acceptable limits the average of the pKa values

derived is consideredjto be correct. The concentration of
—3

the base used in the titration is usually 0.01 mol dm 

but the acid added is usually 10x the strength of the 

base so tha^t the small increase in volume after each 

addition can be ignored.

Ultra-violet/visible spectroscopy is the other main 

technique used to determine pKa values. It is more 

time consuming than the potentiometric method but is 

ideal for sparingly soluble substances. A pKa 

determination by spectroscopy can be carried out in the 

10”5 mol d m “3 range if the substance has a strong enough
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extinction coefficient. Determinations can also be carried 

out in highly acidic solutions by this method by use of the 

Hammett acidity function. The only requirement of the 

spectroscopic method is that the molecule and the ion 

have different U.V./visible spectra. The relative 

proportions of the molecule and the cation can therefore 

be measured directly at a number of chosen pH values and 

the pKa values calculated from equation (4).

There are other methods other than the two already 

discussed for determining acidic ionisation constants. 

Conductimetry was the major technique before the advent 

of potentiometry but is a more complicated and more time 

consuming process so it is rarely used today. More 

recently nuclear magnetic resonance spectroscopy and Raman 

spectroscopy have been used to determine pKa values uhich 

cannot be determined by potentiometry or spectroscopy.

For example some molecules do not have a useful U.V./visible

spectra•
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wnunPROTONATION OF PYRIMIDINES

(a) ThP Rasicitv of substituted pyrimidines

Although aromatic nitrogen heterocycles where the

ring nitrogen possesses an unshared pair of electrons are

basic, they are generally less basic than aliphatic amines

Thus, for example, while pyridine has a PKa value of 5.2,

piperidine has a pKa value of 11.2. It has been suggested

that this is due to the greater "S" character in the Sp2

hybridised lone pair in aromatic nitrogen heterocycles

relative to the Sp3 hybridisation found in aliphatic j

24 Camines. 2
Although pyrimidines have two nitrogen atoms in the <

ring they can be regarded essentially as monobasic compounds. |

Diprotonation of the ring system can be achieved but only 5

in very strong acid (PKa2 -6.9). 24 The presence of the j

second nitrogen atom is, however, significant since it j>

causes destabilisation of the initially formed

monoprotonated system by inductive electron withdrawal. j

This is believed to explain the weaker basicity of

, . m l relative to that ofthe pyrimidine ring system (pKa l.oj

pyridine.

As expected electron withdrawing substituents on the 

pyrimidine ring reduce the pKa value for the ring 

still further. Thus, 2-chloropyrimidine (pKa * 1 )  is 

a weaker base than pyrimidine due to the-I effect of 

the chloro group.

Substituents exhibiting a strong mesomeric effect 

( + [*l) can also have a considerable effect on the basic' y



Of the ring system. Uhen these substituents are placed 

on the 0 2 ,  A or 6 positions then delocalisation of the 

positive charge can be extended over the substituent 

leading to a stabilisation of the monoprotonated system. 

4-Hethoxypyrimidine for example, is a stronger base (pKa 

2.5)24 than pyrimidine due to the +FI effect of the methoxy 

group uhich more than offsets the -I effect of this 

sub s t i tu en t •

Perhaps th. most basic of the pyrimidines are the 

amino-substituted pyrimidines. Uhile th. amino group has 

a strong +m effect its -1 effect is ueak.r than that of 

the methoxy group. The position of the amino group 

on the pyrimidine ring is important. Thus uhile 5- 

aminopyrimidine has a pK. value of 2.6. 2-amino and 

4-aminopyrimidin. have pKa values of 3.54 and 5.71 

respectively.24 The higher basicities in these latter 

cases is because amino groups at K  and 4 can delocalise 

the positive charge resulting from monoprotonation more

effectively (Fig. 12).

Fig. 12.
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The greater basicity of 4-aminopyrimidine compared 

to 2-aminopyrimidine has been attributed to the greater 

stability of the para-quinoid resonance form (b) relative 

to the ortho-quinoid form ( a ) . «  The introduction of 

additional amino groups onto the pyrimidine ring 

further enhances its basicity, for example 2,4-diamino-

pyrimidine (pKa 7 . 4 0 ) . ^

Hydroxy substituted pyrimidines are of interest since 

the 2 and 4 isomers have been shoun to exist as pyrimidone 

tautomers (Fig. 13). 5-Hydroxypyrimidine (pKa 1.85) is 

a slightly stronger base than pyrimidine because of the 

electron releasing effect of the hydroxy group as are 

2-( 1H )pyrimidinone (pKa 2.44) and 4-(3H )pyrimidinone 

(pKa 1.87). The higher basicity of the 2 isomer is 

considered to be due to the delocalisation of the 

positive charge over both nitrogen atoms resulting in

the symmetrical cation (a).



o

very ueak bases because both nitrogen atoms are involved 

in lactam tautomerism (6).



(b) The Site of Protonation

Although pKa values have been reported for a 

large number of pyrimidines, very little work has been 

published on the site of protonation on the pyrimidine 

ring. In symmetrically substituted pyrimidines or in 

pyrimidine itself, where the two ring nitrogen atoms 

are equivalent there is no problem. Uhen the ring is 

monoprotonated rapid proton exchange occurs between 

the two equivalent protonation sites so that each can 

be considered to be effectively 50% protonated. In 

these circumstances the pKa value of these pyrimidines, 

as measured by conventional means, reflects the pKa 

of the molecule as a whole rather than that of the 

individual sites of protonation. However, it can be 

shown (see later discussion) that the individual pKa 

values can be readily obtained from the observed pKa 

value by use of Equation (5).

pKflN-1 = pKaN-3 = pKobs ~ 1°9102 (5)

In asymmetrically substituted pyrimidines, 

however, where the ring nitrogens have different 

basicities the situation becomes more complex and 

more difficult to study. Uhile it is still a 

straightforward matter to determine the pKa value of 

the whole molecule it is necessary to know the relative 

proportions of the N-1 and N-3 mono-protonated forms before 

the individual pKa values of the ring nitrogens can be 

calculated. This type of information is of interest 

not only from a theoretical point of view but it may also



proue to be valuable in the design of certain enzyme 

inhibitors. Uhen considering enzyme-inhibitor interactions 

involving the nitrogen atoms in the pyrimidine ring it 

is clear that it is the basicity of an individual site 

rather than of the molecule as a whole which is of 

importance. The inhibitor-enzyme interaction may dictate 

protonation at one site while precluding it at the other.

It is not possible to determine the N-l.N-3 protonation 

ratio by conventional analytical techniques but nuclear 

magnetic resonance spectroscopy is a promising technique 

in this area since protonation is known to have a marked 

effect on some n.m.r. parameters. 1H n.m.r. spectroscopy 

has been used to study the protonation of pyrimidines and 

other nitrogen heterocycles. An early paper by Jardetzky, 

Pappas and Uade 26 categorically showed that amino 

substituted pyrimidines protonate on the ring nitrogens 

rather than on the amino group. By recording the H n.m.r. 

spectra of aminopyrimidines in anhydrous trifluoroacetic 

acid they were able to observe broad resonances for 

hydrogen atoms bound to nitrogen. Separate NH resonances 

were observed for the amino group and the ring nitrogen 

uhich integrated in the ratio of 2.1- hence confirming 

that protonation was occuring on the ring nitrogen.

Uagner and Von Philipsborn 27 have used 1H n.m.r. 

spectroscopy to study pyrimidines in a number of acidic 

solvents. By studying the changes in chemical shifts 

and coupling constants which occured on protonation they 

were able to establish that pyrimidines were monoprotonated 

in trifluoroacetic acid and that no diprotonation was 

evident under these conditions. Diprotonation could



24.

b. achieved, however, in very strong ecids such as sulphuric

acid and fluorosulphonic acid.

An early study to determine the site of protonation 

in A-phenylpyrimidine Oy '« n.m.r. spectroscopy concluded 

that protonation by trifluoracetic acid 28 occured 

essentially otll-1 although ho precise quantitative ratio 

„as given (see later discussion). The reason postulated 

to explain this extreme ratio ua, that the ortho protons 

of the phenyl ring sterically hindered protonation at the

N-3nitrogen. (Fig. 14).

Fig. 14.
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The usefulness of 1 H n.m.r. spectroscopy for 

determining the N-l.N-3 protonation ratio in pyrimidines 

is however, rather limited. The example of 4-phenyl- 

pyrimidine serves to illustrate the rather qualitative 

nature of the information obtained. Because the changes 

in chemical shifts and coupling constants in H n.m.r. 

spectra are relatively small the conclusions drawn from 

this data is inevitably imprecise. Furthermore, the 

approach used for 4-phenylpyrimidine cannot be extende 

polysubstituted pyrimidines where there are feu, if any, 

.«ennanroq t n observe«



The advent of Fourier transform n.m.r. spectroscopy 

meant it uas possible to study the carbon nuclei. This 

stimulated increased interest in the study of protonation 

of pyrimidines and other nitrogen heterocycles and many 

papers have been devoted to this subject. Pugmire and 

Grant29 have carried out a systematic study of pyridine, 

pyrimidine, pyridazine, pyrazine and their cations by 

1H and 13C n.m.r. spectroscopy. POonoprotonation of the 

bases was studied in trifluoroacetic acid and aqueous 

solutions of sulphuric acid. No evidence for the 

diprotonation of pyrimidines in trifluoracetic acid uas 

found and diprotonation uas only achieved in 100^ 

sulphuric acid.

The effect of monoprotonation on the C chemical 

shifts of the ring carbon atoms«., £  and U to the site 

of protonation uere determined for pyridine and found to 

be -7.78, +5.04 and +12.42 p.p.m. respectively. The 

chemical shift changes observed for pyrimidine uere 

rationalised using simple additivity rules of t h e « ,  » and 

Y  effects of protonation knouing that each nitrogen 

uas effectively 505? protonated. The «, and * values 

on protonation of pyrimidine uere found to be -7.28,

+3.04 and +9.94 p.p.m. respectively uhich compare favourably 

with the sign and magnitude of the pyridine values. These 

parameters houever deviate from additivity significantly 

for the diprotonated diazines, for example for pyrimidine 

the oL, f> and * effects are found to be -1.23, +3.05 and 

+2.80 respectively on addition of the second proton.



One of the feu detailed studies of the site of 

protonation of monoprotonated pyrimidines uas carried 

out by Riand, Chenon, and Lumbroso-Bader 30 uho studied 

a number of methyl and amino substituted pyrimidines.

A set of protonation parameters uere determined which 

were then used to determine N-l*N-3 protonation ratios 

in a number of asymmetrically substituted pyrimidines.

The protonation parameters uere also found to be 

dependant on the substituent on the carbon under 

consideration and uere denoted <**, /«» and *. for the 

ortho, meta and para carbon atoms bearing a substituent 

R relative to the protonation site. These parameters 

uere derived from the 13C spectra of a number of 

symmetrical pyrimidines recorded in water and D.PI.5.0 

for the free bases and for the monoprotonated forms 

in TFA or as the hydrochlorides in water and D.fl.S.O. 

(corrected for deprotonation). Dioxan uas chosen as 

the reference compound throughout this study because 

its chemical shift is not very sensitive to changes 

in medium. It uas also established that the anion had 

little effect on the chemical shifts. It uas also 

necessary to introduce correction terms A S ,  etc. 

for the change in solvent in the calculation of 

protonation ratios when different solvents uere used 

for the free base and the monoprotonated form. It uas 

also found that the nature of the substituent in the 2 

position had a marked effect on the protonation 

parameters. Thus a new set of parameters uere required 

for pyrimidines bearing a 2-methyl-or 2-amino substituent 

The conclusions of this study uere that a methyl
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in the 4 or 6 position favouredprotonation at the 

nitrogen para to it in the ratio of 7:3 and an amino 

group favoured protonation at the nitrogen atom para 

to it in the ratio of ~ 9 : 1 .  The effect of an amino 

group uas shown to dominate over the effect of a methyl 

group by the determination of the protonation ratio of 

4-amino-6-methylpyrimidine which uas found to be 

approximately 95% N1 protonation. The use of C 

chemical shift data to determine protonation ratios is 

a difficult process because of the variety of factors 

which can influence the chemical shifts. The work of 

Riand has attempted to allow for these factors, such 

as concentration and solvent effects but the method 

becomes quite involved and hence may be liable to give 

erroneous results.

This method has only been concerned with chemical

shifts to calculate the protonation ratio but a considerable

quantity of 1ZC - 1H coupling constant data can also be

derived from the 13C n.m.r. spectrum. The work of

Guenther 31 has been concerned with the effect of
1 3 — 1

protonation of nitrogen heterocycles on C H coupling 

constants. An important observation was that the vicinal 

13C - 1H through nitrogen coupling constant in pyridine 

decreased by 4.7 Hz on protonation. An example of the 

application of this observation uas a study of the 

diprotonation of iso-pterin (fig. 15) which is initially 

protonated at N-3.
Fig .  15.
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The addition of the second proton is expected to

occur at N-8(maximum charge separation). The changes

observed in33C9H7 and 33C10H6 supported this view.

33C9H7 was observed to decrease by 3.1 Hz on diprotonation

uhereas 33C10H6 decreased only by approximately 1Hz.

This dissertation is concerned with a systematic

study of monoprotonation of pyrimidines uith a vieu

to determining the N-1 :N-3 protonationratio quantitatively
13 1by consideration of changes in the C - H coupling

13 1
constants, particularly vicinal through nitrogen C - H 

couplings.

This method would have the advantage over the chemical 

shift approach because coupling constants are much less 

susceptible to solvent and concentration effects.

However, as uith the chemical shift method the problem 

of establishing protonation parameters is difficult 

because for only one special case of symmetrical 

pyrimidines is the protonation ratio known without doubt.

A study by van de Ueijer and Mohan on the effects of 

protonation and methylation of pyrimidine 

concluded that both reactions had similar effects on 

the 13C chemical shifts (fig. 16 )• The important 

difference between protonation and methylation however 

is that unlike a proton where a rapid exchange occurs 

between the two nitrogen atoms the methyl group does not.

Fig. 16.
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N-methyl pyrimidinum iodides were hence used extensively 

in this dissertation as potential model compounds for 

the extreme monoprotonated species.

Since commencing this work Riand has published
'J'l

13j- _ 1 coupling constant data for amino and methyl 

substituted pyrimidines. It was noted that all the one 

bond couplings (13CH) increased on protonation with the 

largest effect occurringat the carbon oc to the site of 

protonation which could be used as an approximate 

measure of the N-l:N-3 protonation ratio of some amino 

and methyl substituted pyrimidines. It was also noted 

that the through nitrogen vicinal couplings ( 3CH) uere 

more sensitive to the site of protonation and could 

provide an indication of the protonation ratio. It was 

assumed that the protonation ratios determined by the 

previous chemical shift method uere correct and 

consideration of the changes in 33CH values observed on 

protonation supported these ratios, although no 

quantitive data was presented.

Also very recently Guenther published a 

method of determining the site of protonation of 

imidazole ( 7 ) and purine ( 8 ). Imidazole exists in a 

tautomeric equilibrium whereby each nitrogen is 

effectively S0% protonated (fig.17)

Fig. 17.
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The 33C2H4 and 33C2H5 couplings are therefore 

averaged and are equivalent. For N-methylimidazole (9) 

the couplings are non-equivalent*

(9)

Comparison of the 3 3CH values for imidazole and 

N-methyl imidazole enabled a set of parameters based 

on 33 C 2 H 4 and 33C2H5 to be developed for the two extreme 

tautomeric forms (7a) and (7b). It was noted that a small 

correction factor was required for the protonation 

parameters because the sum of the 33C2H5 and 3C2H4 

values uas slightly greater for imidazole compared with 

the N-methylimidazole. (9).

This approach was extended to purine (8). The 

tautomeric ratio betueen N-7 (8a) and N-9 (8b) uas 

found to be 50:50, thus essentially unchanged from 

imidazole.

(8a) (8b)
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13r NUCLFAR riAGNETIC RESONANCE SPECTROSCOPY

Although n.m.r. spectroscopy has proved to be

an invaluable technique for chemists over the last 30

years, it was not until the early 1970s with the advent

of Fourier Transform n.m.r. spectrometers that natural

abundance carbon-13 n.m.r. spectra became routinely
1 3

available. Since the natural abundance of the C nucleus

(spin $ ) is only 1.1$ and its relative sensitivity

compared to the 1H nucleus is 0.016 the early continuous

uave n.m.r. spectrometers, which had been designed

primarily to study the nucleus, were not sufficiently

sensitive to study the C nucleus. Some Spectra were
1 3obtained by repeatedly scanning the C n.m.r. spectrum 

and averaging the accumulated spectra but this process was 

extremely time consuming and not practical for general use.

The weakness of the continuous uave spectrometer lay in 

the fact that at any instant in time only information 

about a given frequency was being obtained.

The Fourier Transform n.m.r. spectrometer was able 

to overcome this weakness by obtaining information 

about all the resonating nuclei in the sample at the same 

time. To do this the sample is placed in a homogeneous 

magnetic field and then exposed to a single short pulse 

of radiofrequency radiation at a frequency appropriate 

to the nucleus being studied. The pulse generates a 

range of radiofrequencies the spread of which is 

governed by the duration of the pulse. Such a pulse is 

therefore capable, for example, of exciting all the
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13c nuClei in the sample. As these nuclei relax 

characteristic emissions of radiofrequency occur which 

rapidly decay away (the free induction decay, f.i.d.).

The computer in a Fourier Transform spectrometer is 

capable of storing and analysing this data to give the 

resonant frequencies of the relaxing nuclei. This 

information is usually displayed in the same manner as 

that from the continuous wave spectrometer. Since the 

process ofacquiring the 13C data following a single 

pulse takes often less than a second the sample can be 

repeatedly pulsed and the decays stored much more 

quickly than with a continuous wave spectrometer. By 

averaging the accumulated free induction decays a 

good signal to noise ratio can be achieved in a relatively 

short time. Since the "noise" is of a random nature 

this will average itself out over a large number of 

scans whereas any signals present, however weak, will be 

reinforced. The quality of the resulting spectrum is 

expressed as the signal to noise ratio and this is directly 

proportional to the square root of the number of 

accumulated scans. Thus, for example, if one hundred 

accumulations are averaged this will improve the 

signal to noise ratio by a factor of IB.

The chemical shift

The equation which determines the resonant frequency 

of a particular nucleus is given by the expression

U _
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uhere Y  = resonant frequency, B - magnetic field 

^  = magnetogyric ratio of the nucleus under

33.

investigation.

Clearly if the magnetic field experienced by the

13C nucleus was the same in every case then only one
1 3

resonant freouency would be observed for all C nuclei. 

Fortunately, however, when a molecule is placed in a 

magnetic field the electrons within the molecule 

produce a magnetic field in opposition to the applied 

field, effectively shielding the nuclei to a small 

extent from the magnetic field. The degree of shielding 

of a particular nucleus depends on the nature of the 

electron distribution around the nuclei which is 

related to the chemical environment. The resonant 

frequency of a nucleus will therefore be sensitive to 

its chemical environment. In practice it is difficult to 

measure the high magnetic field in an n.m.r. spectrometer 

to a high degree of accuracy. It is therefore usual to 

measure the resonance condition relative to a chosen 

standard. The position of a resonant nuclei relative to 

a standard is termed the chemical shift (5) and this is

defined by the expression

^ = \i sample - \l reference x 106 p.p.m.

oscillator frequency

The factor of 106 is included since without this 

the values of S would be very small. Chemical shifts 

are thus quoted in units of p.p.m. Chemical shift data 

determined on spectrometers operating at different field

strengths arp directly comparable.
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In 1 n.m.r. spectra the range of chemical shifts 

usually observed is approximately 0 to 240 p.p.m. 

relative to TWS and as with 1H n.m.r. spectroscopy 

there are discrete regions of the spectrum where certain 

13c nuclei usually occur.

Electron-coupled Nuclear Spin-Spin interactions

Although ue might expect nuclei in a given chemical 

environment to resonate at one particular frequency ue 

often find that the signal from such nuclei occurs as 

a set of signals (multiplets) rather than a single 

resonance line. This effect occurs because the nuclei 

under observation can often interact with other magnetic 

nuclei in the molecule. This interaction is known as 

nuclear spin-spin coupling and occurs because the 

bonding electrons in the molecule are able to transmit 

to the nuclei under observation information about the 

orientation of the magnetic moments of other nuclei 

in the molecule. Coupling information can be transmitted 

over several bonds but it rapidly diminishes and no 

couplings are usually observed when the magnetic nuclei 

are separated by more than 4 or 5 bonds.

First and second order spectra

The number of lines observed for a particular 

resonance is given by the expression (2nl + 1), where 

n is the number of equally coupled nuclei and I is the 

spin quantum number of thosenuclei. For nuclei for which
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! = such as protons, this expression simplifies to 

n + 1 so that, for example, if a 3C nucleus is 

coupled equally to 3 protons as in a methyl group the 

13c signal would appear as a four line signal, a 

quartet. For coupling to nuclei for which I = £ the 

relative intensities of the lines is given by the 

coefficients of the binomial expression (a + 1) , 

where n is the number of observed lines. For four 

lines this would be 1 :3:3:1. The separation between 

the lines, the coupling constant, is given the symbol 

j and is measured in units of Hz. As its name suggests 

this value is independent of the magnetic field used 

in the n.m.r• spectrometer and depends on the nature of 

the bonding between the coupled nuclei.

In order for the coupling between nuclei to be 

first order there are, however, certain conditions 

which must be met. Firstly, the chemical shift 

difference between the coupled nuclei (A&) must be 

large compared with the coupling between them (i.e.AS/3 

> 10). Secondly, chemically equivalent nuclei must 

also be magnetically equivalent. Chemically equivalent 

nuclei can be defined as being those which can be 

interchanged by a symmetry operation of the molecule. . 

The 3 protons on a methyl group could thus be 

considered to be chemically equivalent. To be 

magnetically equivalent the nuclei must have 

same resonance frequency and moreover they have to be 

eoually coupled to the nucleus under observation.

If these conditions are not met the signals 

resulting from the coupling will be said to be
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second order and in these cases the rules for first

order coupling no longer apply.

■̂ C couplings are not observed

C n.m.r. spectra since the natural

Fortunately, 13C 
1 3.non-enrichedin

abundance of the 13C nucleus is 1% , the probability of

finding tuo such nuclei in the same molecule is only 

about 1 in 10,000. 13C resonances, however, are

usually observed as multiplets due to coupling uith 

several protons in the molecule. Analysis of these 

multiplets provides invaluable information about the 

structure of the molecule. Often this analysis can 

be achieved by assuming that the simple rules for 

first order spectra can be used. Unfortunately, 

houever, this is not always the case and sometimes 

the multiplets appear far more complex than one would 

expect from a first order point of view. This is due 

to second order effects. However, perhaps of greater 

concern is the fact that it is possible to have second 

order spectra which appear to be first order, the so- 

called deceptively simple spectra. In these circumstances 

the first order analysis will give incorrect parameters 

because the separation between the lines in the spectra 

are not the true coupling constants.

One has to be particularly vigilant for second 

order effects in 13C n.m.r. spectroscopy where the 

carbon nucleus is often coupled to the protons in its 

vicinity to varying extents. Second order effects can 

arise here as a result of these protons coupling with 

each other in addition to coupling to the C nucleus. 

Since 3CH values are of the order of 100-200 Hz the
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1H spectra relating to that particular 13C containing

molecule is not as is observed in the routine H spectrum.

Instead the proton coupled directly to the 13C atom would

appear as a widely spaced doublet which would in some

instances lead to overlap with other coupled 1H resonances
1 3

thus causing second order effects in the C n.m.r. 

spectrum. One way of reducing these second order 

effects would be to determine the spectrum on a 

spectrometer operating at much higher field strengths 

Uhile the coupling constant remains independent of 

the magnetic field the separation between the resonances 

in Hz will increase thus increasing the ratio A J/3.

Alternatively, if second order effects are 

observed or suspected then most modern F.T. n.m.r. 

spectrometers have associated software which can be 

used to simulate the observed spectrum and hence 

determine the true values of the couplings constants.

Guadrupolar relaxed nuclei

Nuclei for which the spin quantum number is greater 

than ^ possess a quadrupole moment, Q. This moment 

arises due to an asymmetrical charge distribution in 

the nucleus. Uhen an electric field gradient also 

exists at the nucleus, due to an asymmetrical electron 

distribution around the quadrupole nucleus, molecular 

tumbling provides a very efficient relaxation mechanism 

for the quadrupole nucleus. The resulting short relaxatio 

time leads to the associated energy levels becoming less 

clearly defined and this results in broad lines being 

observed in the n.m.r. soectrum of such nuclei. On
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the other hand, a uniform spherical electronic distribution 

around the nucleus produces a zero electric field gradient 

at the nucleus. In these circumstances relaxation times

are long and sharp lines are observed.

The symmetry of the electric field around the nucleus 

is therefore important in determining the degree of line 

broadening. The overall symmetry of the molecule is often 

related to the electronic symmetry at the nucleus so that, 

for example, the symmetrical ♦ M e *  ion has been observed 

to give a sharp 14N resonance. Houever, the c5H5CH2Ni>1e3 

ion although not spherically symmetrical also gives a 

sharp 14N resonance indicating that it is the electronic 

symmetry around the quadrupole nucleus which is important 

not the symmetry of the molecule as a uhole.

Coupling to guadrupolar r elaxed nuclei

The coupling of a 13 C atom to a quadrupolar relaxed 

nucleus, for example ^N(I = 1 ), is greatly affected by 

the relaxation time of the quadrupole relaxed nucleus.

At one extreme the relaxation time of the quadrupolar 

nucleus may be long and in this case the 13C resonance 

will be observed as a sharp triplet of intensity 1:1:1 

(fig.10a)* At the other extreme where the relaxation time 

of the quadrupole nucleus is very short the nuclear spins 

interchange between energy states so rapidly that a 

"coupled" nucleus interacts with all possible spin 

states in a very short time. In these circumstances 

an averaged value of all these interactions is observed 

and the resonance of the "coupled nucleus occurs as a 

sharp singlet since it has been effectively decoupled
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from the quadrupole nucleus (fig.18e). As is often 

the case an intermediate situation can exist uhere the 

coupled nucleus is broadened by the quadrupole relaxed

nucleus (fig. 18 «"d c )•

Tuo factors which can markedly affect the line

broadening of nuclei coupled to a quadrupole relaxed 

nucleus are the temperature and the viscosity of the 

solvent. An increase in temperature or a reduction in 

the viscosity of the solvent causes the rate of 

tumbling of the molecules to increase and this has the 

effect of reducing the efficiency of the quadrupole 

relaxation mechanism. Relaxation times increase and this 

usually has the effect of broadening the resonances 

(e.g. fig. 18 e —  d) coupled to the quadrupole-relaxed 

nuclei. Conversely, if the viscosity of the solvent is 

increased or the temperature decreased then the rate of 

tumbling of the molecules slows down and the efficiency 

of the quadrupole relaxation mechanism increases.

Shorter times lead to the effective decoupling of 

the quadrupolar nucleus and a sharper line may be 

observed (e.g. fig. 18 d — ^e).

, • 13_ „ m „
Heteronuclear decoupling techniques in___L— n . .— «.

spectroscopy

Proton noise decoupling

13C n.m.r. spectra when acquired in the absence of 

proton decoupling contain a wealth of information 

about the coupling of the ^3C nuclei to protons in 

the molecule. Such spectra may be quite complex to 

interpret and because the resonances are split into
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multiplets the spectra also often take a considerable 

period of time to accumulate even with a pulsed F.T. 

n.m.r. spectrometer. Furthermore, this type of 

information is often not required initially since in 

the early stages of spectral analysis ue are usually 

more concerned with the number and relative chemical 

shifts of the carbon atoms in the molecule. Fortunately 

this removal of the 13C - 1H couplings can be readily 

achieved by the technique of proton broad band 

decoupling. To do this a broad band of decoupling 

power is applied across the whole of the proton region 

of the spectrum. This has the effect of saturating 

all the 1H nuclei in the molecule, resulting in the 

loss of the 13C - 1H couplings. In addition to producing 

a simpler spectrum, the collapse of the 13C multiplets 

to singlets increases the signal to noise ratio thus 

reducing the period of spectra accumulation. The 

irradiation of the protons also leads to a nuclear 

Overhauser enhancement, which further increases the 

signal to noise ratio of some 13C resonances by as much 

as a factor of 3.

Off resonance decoupling

This heteronuclaar decoupling technique is very 

useful since it enables the number of directly bonded 

protons on each carbon resonance to be ascertained 

without the very substantial loss in signal to noise 

ratio which would result from switching off the decoupler. 

In the off-resonance decoupling experiment the decoupling 

frequency is set outside the normal range of the proton
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spectrum and the noise modulation used in broad band 

decoupling is turned off. In this uay a partially 

decoupled spectrum is obtained in which only the 

couplings arising from directly bonded atoms are 

observed. These residual couplings are however 

reduced to only a fraction of their true values. In 

off-resonance spectra methyl carbon atoms occur as 

quartets, methylene carbons as triplets, methine carbons 

as doublets and quaternary carbons as singlets.

Selective proton irradiation

This technique allows us to investigate the

effects on the 13C n.m.r. spectrum of irradiating

individual proton resonances. This usually allows
1 3

us to associate the n.m.r. signals from the C nuclei 

with those of their directly bonded protons.

However, in this dissertation we have used 

selective proton decoupling at low power levels to 

remove long range couplings rather than those 

between directly bonded atoms.

Consider the molecular fragment shown below (Fig. 19)

Fig. 19.

H b C H j
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if Ue assume that coupling over more than 3 bonds 

can be ignored, the 13C n.m.r. spectrum of this 

fragment can be represented diagrammatically (Fig. 20).

Fig. 20.

k II
Cb CH,

It can be seen that the resonance of Cfa is 

complicated by coupling to the methyl protons. However, 

in theory it should be possible to irradiate the methyl 

protons and remove those coupling to without 

substantially affecting other couplings in the system.

To understand this it is necessary to consider the 

proton spectrum of the molecules with a 13C nucleus 

at C b . A simplified spectrum is shown below (Fig. 21)

,3HaCb

l;iH.Hb

Fig. 21

3HbCb

H " . 3Hfi.cb

Hs H, CH,
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Irradiation at the frequency of the methyl resonance 

uould remov/e couplings to the methyl protons in this 

molecule« Since the coupling to Cb is small only lou 

pouer irradiation uould be necessary to remove this

coupling•

Nou let us consider the proton spectra of the 

molecule with a 13C atom in the methyl group. A 

simplified 1 H n.m.r. spectrum of this molecule is

shoun below (fig* ^2 ).
Fig. 22•

3HaHb 3HbCPle

î;]HbHa

3C_ H„ Pie Pie

Ha Hb CHl
It can nou be seen that the methyl signal is nou 

a large doublet. In order to irradiate this signal 

efficiently it uould be necessary to irradiate 

sample at high pouer levels since no nuclei are actually 

resonating at the frequency of the centre of the doublet. 

Lou pouer irradiation uould have only a modest impact 

on the 13CH coupling of the methyl group in the C

n.m.r. spectrum.
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Hated decoupling techniques

Irradiation of the protons in the molecule has 

tuo effects on the 13C n.m.r. spectra. Firstly, it 

causes the signals to collapse to singlets and secondly 

it increases the intensity of certain signals due to the

nuclear Overhauser effect. (n.O.e.) 35

Fortunately, the nuclear Overhauser enhancement 

is an equilibium effect which builds up or decays over 

a p e r iodof time while spin-spin decoupling is effectively
I

instantaneous.

This means it is possible to select to have 

decoupling without the n.O.e. or alternatively to have 

the n.O.e. applied to an undecoupled spectrum. This 

is achieved by "Gating" the decoupler, that is, by 

switching the decoupler on or off at specific times 

during the pulse/data acquisition cycle. If the decoupler 

is only switched on during data acquisition then data 

will be obtained about the decoupled spectrum. However 

during the brief period of data acquisition the nuclear 

Overhauser effect will not have had an opportunity to 

build up and no significant enhancement will therefore 

be observed.

If the gating is operated in reverse the converse 

is found. The n.O.e. effect is maintained by leaving 

the decoupler on for most of the time but coupling 

information is obtained by switching off the decoupler 

during data acquisition. This latter approach has been 

used extensively in this dissertation since the nuclear

Overhauser enhancement can substantially reduce the

table signallength of time required to obtain an accep 

to noise ratio in the spectrum.
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Development of a method of assessing N 

protonation ratio of aminopyrimidines.
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Intro du c tlon

Pyrimidines have attracted considerable interest 

over the past tuo decades because of the biological 

importance of a number of compounds containing the 

pyrimidine ring system.

The pyrimidines thymine (10) and cytosine (11)» 

for example, are tuo of the four base units found in 

DNA and RNA. The vitamin thiamin (12) also contains 

a pyrimidine ring as does the antibacterial drugs 

sulphadiazine (13) and sulphamethoxine (14).

Although the pKa values of a large number of 

pyrimidines have been determined, relatively little 

attention has been given to evaluating the effects of 

a particular substituent on the basicities of the 

individual ring nitrogens. To do this ue need to be 

able to measure the individual basicities of the 

N-l and N-3 sites in the pyrimidine. This uould require 

knowledge not only of the pKa value of the molecule 

as a whole but also the relative proportions of the 

N-l and N-3 protonated forms of the molecule when the 

system is monoprotonated.

Theory

Consider the substituted pyrimidine (15). Uhen 

the system is completely monoprotonated tuo rapidly 

interconverting forms (16) and (17) will be present 

corresponding to protonation at N-1 and N-3 respectively.
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H*
N>

O
R

(16)

a

(17)

Clearly the relative proportions of (16) and (17), 

the N-1 :N-3protonation ratio, uill depend on the relative 

basicities of the two nitrogens which uill in turn 

depend on the substituent R. This can be represented 

by the expressions:
+ K 1^B + H -=--- P-,

and + K3^ _
B + H P 3

Uhere B = (15), P1 = (16), P3 = (1?) and K 1 and K3

are the equilibrium constants for the N-1 and N-3 nitrogens

then

hence

also

and hence

since

then

(slid and K - ["bJ [h ^

hi N
^  = y

K3 [pJ

PK1 " pK3 = _1°910 LÜ2

N
k ,k = f e P M  2

N [-J
+ pKj = -l0g.|gpK

pK.

pK.

M

( 6 )

LPJ h i
+ 2pH

= p k , + l o g 1 0 [ p j

+ P*-, + lo910 N  - “ lo910 4 'PHNN
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and therefore,

2pK. = 2pH - log10 [P3] " 1°910

hi M
However, when the molecule is S0% protonated

pH = PKobs and [P J + N  = M

Ue then obtain the expression

PK-, = PK0bs “ * l091° N  - * lo910 |Pj] + y +  2

N N N
This can be simplified 

PK1 = pKobs loQ10

LP U

+ 1+ 2bi 
N

therefore, pK. = PKobs " loQ10 [ TP J  + 1

V N
This enables us to calculate the pK, value from a 

knowledge of PKQbs and the N-l.N-3 protonation ratio, 

N  : N  * A 3imilar calculation can be used to

calculate pK^

[^termination of the N-ltN-3 prntonation ratio 

Since in general ue would not expect the 

difference in basicities between N-l and N-3 in the 

pyrimidine ring to be large it can be seen from 

Equation 6 that ue can always expect some protonation 

at each site. Ue are therefore faced with the problem 

of how the N-l:N-3 protonation ratio can be determined 

in a given pyrimidine. Although n.m.r. spectroscopy 

has been used successfully to measure the pKa values
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of individual ionisable groups in molecules containing 

several such groups 36 there are problems in applying 

this approach to pyrimidines. Unfortunately, the rate 

of exchange between the tuo protonated forms of the 

pyrimidine for example (16) and (17) is so rapid that 

the n.m.r. parameters obtained for the monoprotonated 

system represent the weighted average of the parameters 

from the two exchanging species (16) and (17).

On the other hand if one were able to determine the 

parameters for the two extreme situations then it 

would be possible to determine the N-lîN-3 protonation 

ratio from a knowledge of these averaged parameters.

Fig. 24 indicates diagrammatically the basic approach 

based on a consideration of the through nitrogen vicinal
3

coupling constant 3C2H6#

Fig# 24#

h 30C2H6=YH z 30C2H6=ZH z

O  *• Ô - Q »
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The aim of the work described in this dissertation 

uas to find a suitable model system uhich would enable 

n.m.r. parameters to be determined for the N-l and N-3 

protonated forms such as (16) and (17) respectively.

It uas hoped that these parameters could then be used to 

establish the N-l:N-3 protonation ratio in a number of 

substituted pyrimidines. This in turn would enable us 

to determine the effect of a particular substituent on 

the basicities of the N-l and N-3 nitrogens and hence 

investigate the relative importance of the electronic 

and steric effects of the substituent.

Since the 2,4 diaminopyrimidine system is found in 

a number of important drug molecules such as Pyrimethamine 

(18) and Trimethoprim (19) our initial aim was to establish 

a method for determining the N-l:N-3 protonation ratio 

and hence the basicity of the ring nitrogens in '¿his 

system.

One might expect the value of the vicinal coupling

constant 33C„H, to be sensitive to the site of protonation 
2 b

hence, our initial investigations were concerned with 

evaluating the suitability of this parameter for 

monitoring changes in the N-l:N-3 protonation ratio.

ftN EVALUATION OF THE USE Of N-M ETHYLPYRINIDlNIUM IODIDES

AS NODELS FOR WONO-PROTONATION

Since it has been reported that the spectroscopic
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effects of N-methylation and N-protonation of pyrimidines 

are similar ,32 N-methylpyrimidinium iodides were the 

obvious compounds to study initially as potential models 

for monoprotonation in pyrimidines. Furthermore since 

in these methylated systems the methyl group uas unable 

to undergo exchange it uas hoped that separate parameters 

for both the N-l and N-3 methiodides might be obtained 

corresponding to the N-l and N-3 protonated molecules.

In order to assess,the suitability of the parameters
t

obtained from the N-methyl pyrimidinium iodides for 

determining protonation ratios it uas, houever, necessary 

to have some system in uhich the N-l:N-3 protonation 

ratio uas already known. Only then could a comparison 

be made betueen this knoun value and that based on 

the parameters from the methiodides. The only pyrimidines 

uherethe N-l:N-3 protonation ratio is knoun uith 

certainty are those symmetrically substituted pyrimidines 

where protonation occurs equally at both N-l and N-3.

The initial investigations into the suitability of the

N-methyl pyrimidinium iodides therefore concerned

the symmetrically substituted system 2-aminopyrimidine.

The 2-aminopvrimidine system

The 13C n.m.r. spectra of 2-aminopyrimidine uere 

determined indeuterochloroform (CDCl^)» trifluoracetic 

acid (T.F.A.) and aqueous hydrochloric acid (pH 0.3).

This data is given in Table 1.

The assignment of the three resonances observed in 

the proton decoupled C n.m.r. spectrum of 2
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TABLE 1

13r. n.m.r. spectral data

?-Aminoovrimidine

rhemical shifts/p.p,. m.

Solvent: C0C13 T.F.A. H20/HCla

C2 96.02 89.02 88.62

C4,6 90.92 90.75 90.50

C5 44.04 44^25 44.01

Couolino constants/Hz

Solvent: c d c i 3 T.F.A. H20/HCla

33C2H4/C2H6 11.7 9.9 10.0

"* 3C4H4/C6H6 177.9 190.1 188.9

23C4H5/C6H5 3.8 4.1 4.0

33C4H6/C6H4 5.3. 5.4 5*7

13C5H5 169.7 181.9 180.1

23C5H4/C5H6 7.0 5.2 5.5

(a) pH of solution adjusted to 3 pH units below pka of 2-

aminopyrimidine
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pyrimidine in CDCl^ was readily achieved by consideration 

of the proton-coupled spectrum (Plate 1). C-2 uas 

readily identified as the lowest field signal at 96.0 

p.p.m. (shifts relative to 1,4-dioxan) since this lacks 

the large ^3CH coupling due to a directly bonded hydrogen. 

The triplet character of this signal is due to coupling 

uith H-4 and H-6. The resonances due to C-4 and C-6 are 

coincident and are observed as a doublet of doublet of

doublets at 90.9 p.p,.m. while that due to C-5 is observed
<

at highest field, 44.0 p.p.m., as a doublet of triplets.

The C n.m.r. spectra of the monoprotonated 

system were similar in both T.F.A. and aqueous hydrochloric 

acid (pH 0.3) although the spectrum in the hydrochloric 

acid uas better resolved (Plate 2). Interestingly, 

monoprotonation appeared to produce a marked upfield 

shift of about 7 p.p.m. on the C-2 signal and have 

little effect on the other resonances. This, however, 

can be explained by consideration of the spectra of 

N-methylpyrimidinium iodide in water and deuterated 

dimethyl sulphoxide (D.M.S.O.), this data is given in 

Table 2. Although these spectra were more complex 

than those for the protonated pyrimidine in that 

separate resonances could be seen for every carbon,

(Plate 3), the assignment of the signals uas nevertheless 

straightforward. C- 2 was again easily assigned since it 

lacked the large ^3CH coupling. C-5 was assigned to the 

highest field aromatic signal at 43.84 p.p.m., and 

C-4 and C-6 were distinguishable since C-6 exhibited a
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TABLE 2

9C.NH7 13C n.m.r. spectral data

9_flminn-l-methvlpyrimidin ium iodide

Chemical shifts/p • p • m •

Solvent: D20 o.n.s.o •

C2 89.24 89.36

C4 99.16 99.02

C5 44.15 43.84

C6 84.12

CM•CD

N-CH3 -24.32 -24.17

Couplino constants/Hz

Solvent : d 2o D.m.s.o •

33C2H4 ( 13.8) 1 ( 13.9)

33C2H6 J 3 ( 5.9) I 3 ( 5.8)

13C4H4 187.4 (186.2) 186.8 (185.5)

23C4H5 2.7 ( 2.7) 2.7 ( 2.7)

33C4H6 6.4 ( 6.4) 6.4 ( 6.4)

13C5H5 180.0 (177.5) 178.8 (175.8)

23C5H4 7.9 ( 7.9) 7.9 ( 7.9)

23C5H5 3.3 ( 3.3) 3.3 ( 3.3)

1JC6H6 191.0 (189.9) 190.4 (189.2)

23C6H5 ( 5.3) ( 5.3)
33C6H4 } a ( 5.3) I 3 ( 5.3)

13CH(N-CH3 ) la4.6 ( - ) 143.7 ( - )
33CH(N-CH3H6) 3.9 ( - ) 3.9 ( - )

-d

Values in parenthesises are those obtained when selectively 
decoupling N-methyl protons with low power irradiation.

(a) Complex multiplet, couplings not resolved.
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long-range coupling to the N-methyl protons in addition 

to those from the other ring protons. A consideration 

of these chemical shifts shows that methylation produces 

a significant shift on both C-6 and C-4 but that the 

shifts are in opposite directions. Assuming that 

similar effects occur on protonation we can see that 

the average shift of the C-4 and C-6 carbons would appear 

essentially unchanged as observed.

The proton-carbon coupling constants for 2-amino- 

pyrimidine, its monoprotonated form and 2-amino-l- 

methylpyrimidinium iodide were determined assuming the 

spectra to be first order and the analysis confirmed by 

spectrum simulation.

It is interesting to note that the vicinal through 

nitrogen coupling constants 33C2H4/6 decreases from 

11.7 to 9.9 Hz on protonation. This type of effect has 

also been seen in pyridine where a reduction in the 

through nitrogen vicinal coupling of 4.7 Hz was observed • 

The smaller effect in the pyrimidine system is not 

unexpected since the observed coupling, 3C2H4/6, reflects 

the average of two vicinal through nitrogen couplings 

since only one nitrogen at any instant of time is 

protonated. It is not possible, however, to evaluate 

the effect of protonation on the vicinal through 

nitrogen (33C2H6) coupling in the 2-aminopyrimidine 

simply by doubling the observed decrease in 3C2H4/6 

since the effect of protonation at N-l may well have
3

an effect on the through nitrogen coupling 3C2H4

and vice versa.
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In order to expose the 33C2H4 and 33C2H6 values in

2-amino-l-methylpyrimidinium iodide it was necessary to

remove the long range coupling to the N-methyl protons. 

This was achieved by the selective decoupling of the 

N-methyl protons using lou-pouer irradiation at the 

frequency of the centre of the methyl resonance in the 

1H n.m.r. spectrum, as previously discussed (see 

introduction). These lou-pouer selective decoupling 

experiments need to be carried out uith great care.

While it is important to use enough pouer to remove the 

long-range couplings to the N-methyl protons it is also 

essential that the irradiation should not significantly 

reduce those coupling constants uhich are to be 

determined. The data from the spectra of 2-amino-l- 

methylpyrimidinium iodide uith and uithout selective 

lou-pouer irradiation of the N-methyl protons are 

compared in Table 2. It can be seen that by careful 

adjustment of the decoupling pouer it uas possible to 

remove the long-range couplings to the N-methyl protons 

uhile at the same time having minimal effect(<1%) on 

the other couplings in the pyrimidine ring.

The effect of the lou-pouer selective irradiation 

is shoun in Plate 4. The C-2 resonance is nou clearly 

visible as a doublet of doublets due to couplings uith 

C-4 and C-6 . Since it is knoun that protonation reduces 

the through-nitrogen vicinal coupling constant the 

smaller coupling of 5.8 Hz is assigned to 3C2N6 uhile 

that of 13.9 Hz is assigned to 33C2H4. It is also 

interesting to note that methylation at N-l increases
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the value of 3JC2H4 by 2.2 Hz relative to the non-protonated 

system. Considered from another point of view this means 

that 33C2H6 will be sensitive not only to methylation 

at N-l but also at N-3.

In order to compare the effect of methylation with 

that of protonation it is necessary to compare the 

average of 3JC2H6 and 3JC2H4 (since this is the only 

parameter available from protonation studies). In T.F.A. 

and aqueous hydrochloric acid the mono-protonated form 

of 2-aminopyrimidine gave values for 33C2H4/6 of 9.9 Hz 

and 10.0 Hz respectively. These are in excellent 

agreement uith the value of 9.85 Hz calculated from the 

values for 33C2H4 and 33C2H6 in the N-methylated system 

in uater. The differences in value are uithin the 

limits of experimental error since the couplings were 

determined to an accuracy of + 0.2 Hz.

These observations uould therefore support the view 

that 2-aminopyrimidinium iodide is a suitable model 

system to provide 33C2H6 values for the interconverting 

protonated forms of 2-aminopyrimidine.

Further evidence for the similarity in the effects
3

of protonation and methylation on the 3CH vicinal 

through-nitrogen coupling constants was provided by 

a study of the protonated form of 2-amino-l-methyl- 

pyrimidinium iodide (20).

(20 )
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Since diprotonation of pyrimidines is only achieved 

in extremely strong acids it uas necessary to use 

concentrated sulphuric acid to protonate the 2-amino-l- 

methylpyrimidinium iodide. The 1H n.m.r. spectrum of 

( 20 ) in 100$ sulphuric acid uas poorly resolved due 

to the viscosity of the solvent but shoued only tuo 

"aromatic" resonances, a triplet corresponding to H-5 

and a doublet corresponding to and H-6 Addition of 

a little water to the n.m.r. sample caused the spectrum 

to revert to the three doublets of doublets characteristic

of 2-amino-l-methylpyrimidinium iodide shouing that

the acid treatment had not caused an irreversible change.

The 13C n.m.r. spectrum of the 2-amino-l-methylpyrimidine 

iodide in 100$ sulphuric acid uith the N-methyl protons 

selectively irradiated (Plate 5) also shows C 2 as a 

triplet ( ~  7.2 Hz) shouing that 33C2H4 = 33C2H6.

This again provides evidence that the effects of 

methylation and protonation are similar. However, we 

must be cautious in placing too much emphasis on this 

latter evidence since the situation in a dicationic 

species such as (20) may not be comparable to the 

situation found in the monocationic systems.

The 2-amino-4-methvlpyrimidine system

Having obtained evidence that N-methylpyrimidinium 

iodides are suitable model systems for providing informatio 

about the effects of protonation on vicinal through 

nitrogen coupling constants it uas of interest to 

determine the N-l:N-3 protonation ratio in an
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asymmetrically substituted system. The system chosen 

uas the 2 - amino-4-methylpyrimidine system because ue 

uould not expect the methyl group to have a major 

effect on the relative basicities of N-l and N-3 so 

that the protonation ratio uould not be expected to 

be extreme. Furthermore, the monoprotonation of the 

2 -amino-4-methylpyrimidine system had already been 

studied by a 13C n.m.r. method involving calculations

based on the chemical shifts changes resulting from 

30protonation .

The 13C n.m.r. spectra of 2-amino-4-methylpyrimidine

uere determined in CDCl-j, T.F.A. and aqueous hydrochloric

acid (pH 1 ) and this data is given in Table 3. In

the proton coupled 13C n.m.r. spectrum of 2-amino-4-

methylpyrimidine CDC13 , 0 2  uas observed as a doublet

due to coupling toH-6 . Interestingly, the value of

this coupling (11.7 Hz) uas identical to that observed

in 2-aminopyrimidine indicating that the introduction*
3

of the methyl group had had minimal effect on 3C2H6. 

However, in aqueous hydrochloric acid (Flate 6 ) the value 

of 3DC2H6 (9.5Hz) differed slightly from that in 2- 

aminopyrimidine ( 10*QHz_) under similar conditions.

In T.F.A. a more significant difference uas observed 

(33C2H6 = 0.9 Hz). These effects can be attributed to 

changes in the N -1: N - 3 protonation ratio.

In order to obtain parameters for the effects on 

33C2Hfa of protonation at N-l and N-3 it uas necessary

to synthesise the 2-amino-l, 4 -dimethylpyridinium iodide 

and the previously unreported 2— aniino— j , 4-dimef ny 1
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TABLE 3

1 37^I»IH7 C n.m.r. spectral data 

7-Amino-4-methylpyrimidine

Chemical shifts/p.p. 

Solvent:

m.

coci3 T.F.A. h 2o /h c i

C2 95.76 88.56 88.54

C4 100.89 108.40 106.21

C5 43.79 44.85 44.51

C6 90.53 85.54 86.20

CH3 -43.06 -44.69 -43.77

Couolina constants/H 

Solvent:

z

CDC13 T.F.A. h 2o / h c i

33C2H6 11.7 8.9 9.5

Z3C4H5 T T
3 V h  ̂b \b
3C4H6 J J J

13C5H5 167.2 180.1 178.2

23C5H6 7.2 4.6 5.1

13C6H6 176.7 190.1 188.0

23C6H5
^ C H Í C H j )

3.5 4.1 4.2

127.0 130.6 130.0

(a) pH of solution adjusted to 3 pH units belou pka of 2

amino-4-methylpyrimidine.
(b) Complex multiplet,couplings not resolved.
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pyrimidinium iodide.

Thn 8vnthBsi8 of 2 -emino-l.4-dimethylpyrlmidinium iodide 

(21) and 2-amino-3 .4-dlmethylpyrlmldlnlum iodide (22)

2-Amino-4-methylpyrimidine was readily q uatamiaed 

with iodomethane' to give 2-amino-l,4-dimethyl- 

pyrimidinium iodide (21). The site of méthylation uas 

readily confirmed by 13C n.m.r. spectroscopy (see later 

discussion). No evidence for the formation of the
I t

corresponding N-3 methiodide uas observed.

In order to prepare 2-amino-3,4-dimethylpyrimidinium 

iodide (22) it uas therefore necessary to devise a suitable 

synthetic route (see Fig. 25). Interestingly, it had 

been reported that 2-amino-4-chloro-6-methylpyrimidine 

(23) reacts uith methyl sulphate in nitrobenzene at 

BO - 90° to give 2-amino-4-chloro-l,6-dimethylpyrimidinium 

methosulphate (24 )®*37.

3

01
7i
>

CH, Me SO4

Cl

(24)

If this uere the case then removal of the 

chlorine atom would provide a route to the desired 

methiodide (22).

2-Amino-4-chloro-6-methylpyrimidine (23) uas 

prepared by the action of phosphoryl chloride on 2- 

amino-6-methyl-4 (3HJpyrimidinone (25) which in turn 

was prepared in almost quantitative yield by the
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Fig* 25#
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reaction of ethyl acetoacetate with guanidine carbonate 

in the presence of aqueous base« The reaction uas mildly 

exothermic and demonstrates the ease of reaction of 

guanidine uith /Uketo esters due to the strong basicity 

of the N-C-N fragment in this reaction.

The reaction of the 2-amino-4-chloro-6-methylpyrimidine 

(23) with methyl sulphate, as previously described, 

yielded the desired 2-amino-4-chloro-l,6-dimethyl- 

pyrimidinium methosulphate (24) together uith a little

2-amino-4-chloro-3,6-dimethylpyrimidinium methosulphate

(26). Treatment of this mixture uith aqueous sodium 

iodide resulted in the precipitation of the 2-amino-4- 

chloro-1,6-dimethylpyrimidinium iodide (24). It uas 

later found that this material uas also produced by 

the action of iodomethane on 2-amino-4-chloro-6-methyl- 

pyrimidine in acetone at room temperature. This is 

contrary to previous reports uhich suggested that both 

N-l and N-3 isomers are formed uith iodomethane . It 

should be noted, houever, that the earlier work had 

been carried out at elevated temperatures uhich may 

account for the formation of the N-3 methiodide.

Since it had been reported that the removal of

the chlorine atom from chloro-pyrimidines can be

achieved by catalytic hydrogenation uith a palladium
. < 21

on charcoal catalyst in the presence of magnesium oxiae , 

this uas the method ’initially investigated to convert 

(24) into the desired 2-amino-3,4-dimethyl pyrimidinium 

system (22). Unfortunately, although 2-amino-4-chloro- 

6-methylpyrimidine uas found to be readily converted
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to 2 - a m i n o - A - m e t h y l p y r im i d i n e  by this m e th o d .

c o m p l i c a t i o n s  a r o s e
with the N-methyl compounds. With

2-amino-A-chloro-l,6-dimethylpyrintidinium methosulphate

the uptake of hydrogen was three times greater than 

expected and this together with N.M.R. spectroscopic 

evidence suggested that the product uas a tetrahydro 

pyrimidine (27).

This behaviour would suggest that the positively 

charged pyrimidin« ring is more susceptible to reduction

than the neutral ring system.

Attempts to stop the reduction after the uptake of 

only one equivalent of hydrogen to minimise reduction 

of the ring were unsuccessful. The product did contain

a l i t t l e  o f  t h e  d e s i r e d  2 - a m i n o - 3 , 4 - d i m e t h y l p y r i m i d i n i u m

methosulphate (22) but the major component uas 

unreacted starting material (24) ( 6Of,) together with

some of the tetrahydropyrimidine (27) (Fig. 26). The 

catalytic hydrogenation of 2-amino-4-chloro-l,6 dimethy 

pyrimidinium iodide was also investigated. Uith t e 

iodide the uptake of hydrogen uas much slower and the 

reaction was stopped after one equivalent of hydroge 

uas taken up. A significant quantity ( 50/») ^ e

desired product (22) was present. However, in addiHowever,
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there were also significant quantities of the tetra- 

hydropyrimidine (27) and 2-amino-3 ,4-dimethyl-6-oxo

pyrimidine iodide (28) (fig* 26).

A variety of other hydrogenation catalysts uere 

therefore investigated in an attempt to find a suitable 

method for removing the chlorine atom from the ring 

uithout causing ring reduction. Unfortunately the more 

active catalysts, such as Lindlars catalyst, still led 

to some ring reduction whilst the less active catalysts, 

such as copper chromite, uere unable to remove the 

chlorine before nucleophillic substitution led to the 

formation of the 6-oxo derivative (28).

Fortunately a reagent uas discovered, namely zinc 

dust in boiling water, which enabled the chlorine to 

be removed uithout loss of the aromatic ring. However, 

even with this reagent the reaction conditions were 

critical if the desired product uas to be produced 

uithout the formation of the 6-oxo derivative (28).

The optimum conditons required to convert 2-amino- 

4-chloro-l,6dimethylpyrimidinium iodide (24) to 2- 

amino-3 , 4-dimethylpyrimidinium iodide (2 2 ) involved 

adding the (24) to a boiling suspension of zinc dust 

in uater and then heating under reflux for precisely 

5 minutes. A shorter time caused the product to be 

contaminated with the starting material (24) while 

longer time caused production of the 6-oxo derivative 

(28) presumably due to nucleophilic attack on the 

desired product (2 2 ).
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Tho ,IS» of 7-amino-1.4-dimethylpyrimidinium iodide 

r?1  ̂ and 2-amino-3 .4-dimethylpyrimidinium iodide (22) 

models for orotonation

2-Amino-1 ,4-dimethylpyrimidinium iodide and 2-amino-

3,4-dimethylpyrimidinium iodide spectral data is giv/en

in Tables(4) and (5) respectively. The proton coupled

13c n .m#r. spectrum of 2-amino-l,4-dimethylpyrimidinium

iodide (Plate 7) shousC-2 to be a complex multiplet

due to the extra couplings to the ^-methyl protons.

Houever, the spectrum uith the N-methyl protons
3

selectively irradiated (Plate 8) shows the JC2H6 

coupling exposed and also a simplification of the C-6 

resonance confirming the site of methylation as N-l.

In contrast in the 13C n.m.r. proton coupled spectrum

of 2-amino-3,4-dimethylpyrimidinium iodide (Plate 9).

C-2 was observed as a complex multiplet but C-6 did not
'A

show any long range couplingsto the N-methyl protons.

As expected selective irradiation of the N-methyl

protons (Plate 10) simplifiedC-2 to a doublet and

also simplified G-4 confirming N-3 as the site of

methylation. The values of 33C2H6 in the N-l and N-3

methiodides are 6.0 and 13.6 Hz respectively and these
3

are very similar to those observed for 3C2H6 and 

33C2H4 in 2-amino-l-methylpyrimidinium iodide (5.8 and 

13.9). If these parameters are applied to the 2-amino- 

4-methylpyrimidine system then in aqueous acid the N-l.

N-3 protonation ratio can be calculated to be 54.46 while

in T.F.A. the ratio becomes 62:38.
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TABLE 4

o ».Inn— 1 .4-dimethylpyr imidinium iodide

rhemical Shifts/p.p.m._

Solvent: o 2 o

C2 88.64

C4 111.30

C5 45.20

C6 82.44

CH3
HO•CMi

n-c h 3 -25.24

Couolino constants/Hz

Solvent: d 2 o

33C2H6
23C4H5

a ( 6 .0 ) 

\
33C4H6 }a ; a

13C5H5 177.6 (174.6)

23C5H6 3.4 ( 3.4)

13C6H6 189.2 (187.4)

23C6H5 a ( 5.1)

1j c h(c h 3 ) 129.0 ( - )

13CH(N-CH3 ) 144.3 ( " )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with low 

power irradiation.
(a) Complex multiplet, couplings not resolved.
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TABLE 5

75MHz 13C n.m.r. spectral data 
7-Amino-3.4-dimethylpyrimidinium iodide

chemical shifts/p.p.m.

Solvent:

OCNJ
o

C2 89.99

C4 94.81

C5 46.20

C6 96.75

CH3
-45.59

n-c h 3 -30.10

CouDlino constants/Hz

Solvent: °2°

33C2H6 a (13.6)

23C4H5
23C4HC4Hme } a }•
33C4H6
13C5H5 176.5 (172.4)

23C5H6 7.8 ( 7.8)

13C6H6 187.1 (185.3)

23C6H5 3.0 ( 3.0)

1c h (c h 3 ) 128.6 ( - ) 
( - )13CH(N-CH3 ) 143.9

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with lou 

pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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The increase in preference for N-l protonation 

must be attributed to steric hindrance at N-3 due to 

the 4-methyl group since a consideration of the inductive 

effect of the methyl group would suggest that protonation 

at N-3 would be favoured.

The difference in the protonation ratios in the 

two acids is not totally unexpected since the stabilities 

of the protonated species are affected by the degree of 

solvation which may differ in the two solvents.

It is interesting to note that the N— 1;N—3 

protonation ratio of 2-amino-4-methylpyrimidine in 

water (54:46) implies that P*Nl - PKN3 = °*07* This is 

in excellent agreement with the 0.07 predicted from a 

consideration of the model compounds (29) (pKa 7.4 B)24 and 

(30) (pKa 7.41)2*.

(29) (30)

This provides further support for the use of 

methiodides as model compounds in these studies.

The 2.4-diaminopyrimidine system

Having successfully studied the protonation 

of 4-methylpyrimidine by the vicinal coupling 

approach we felt confident to extend this approach to 

the 2 ,4-diaminopyrimidine system. previous workers 

had suggested that the N-l site was exclusively
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protonated in this molecule although no reasonable
^ 38
physical evidence was presented to support this vieu.

Their beliefs uere based on the observation that the

basicity of 2-aminopyrimidine (pKa 3.54) uas significantly

less than that of 4-aminopyrimidine (pKa 5.71). The

greater basicity of 4-aminopyrimidine uas considered

to be due to the stability of the para-quinoid

resonance form of the pyrimidine uhen protonated at

N-l (31)» compared to the resonance forms of protonated

2-aminopyrimidine (32).

H H ♦

C r

(31) (32)

Similarly the high basicity of 2 ,4-diaminopyrimidine 

( 7 . 4 0 ) ^  uas considered to be due to the stability of 

the para-quinoid resonance structure (33) uhich in turn 

implied essentially exclusive protonation at N-l.

Houever, it could also be argued that there is the 

possibility of delocalisation of the positive charge, 

uhen N-3 is protonated and resonance forms such as (34) 

and (35) uould also enhance the basicity of 2.4-

diaminopyrimidine.
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(34) (35)

Due to the insolubility of 2,4-diaminopyrimidine 

in CDCI3 it was necessary to study the free base in 

water ( p H ~ l l ) .  T.F.A. and aqueous hydrochloric acid 

(pH ~  4) were again chosen as solvents for studying the 

monoprotonated species. The 13C n.m.r. spectral data 

for both the 2,4 diaminopyrimidine and its monoprotonated 

formsis given in Table 6 . It is interesting to note 

that the 33C2H6 coupling constant observed for the 

free base in water was 11.7 Hz, the same value as that 

observed for 2-aminopyrimidine and 2-amino-4-methyl- 

pyrimidine in C0C13 indicating that the introduction of 

the NH2 group in the 4 position had had no significant 

effect on this through nitrogen vicinal .coupling.

However when 2 ,4-diaminopyrimidine was studied in 

aqueous acid (Plate 11) this coupling had decreased 

substantially to 7.2 Hz while in T.F.A. the value of
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1 3r95MHz C

TABLE 6 

n.m.r. SDectral data

7 4—DiaminoDvrimidine

rhemical shifts/o.p.m.

Solvent: H20/Na0Ha T.F.A. H20/HClb

C2 95.39 34.77 88.10

C4 97.63 92.47 98.19

C5 30.15 32.51 31.38

C6 80.87 77.49 74.92

Couolinq constants/Hz

Solvent: H20/Na0Ha T.F.A. H20/HClb

3JC2H6 11.6 7.6 7.2

23C4H5 1.8 1
1.8

33C4H6 7.3 ; c 7.9

13C5H5 169.7 183.7 177.0

23C5H6 7.0 c 3.7

13C6H6 177.0 192.8 187.4

23C6H5 2.7 c 3.8

(a) pH of solution adjusted to 3 pH units above pka of

2.4 diaminopyrimidine.
(b) pH of solution adjusted to 3 pH units below pka of

2.4 diaminopyrimidine.

(c) Couplings not resolved.
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the coupling was 7.6 Hz. This reflects a more extreme 

protonation ratio in favour of N-l in both media than is 

observed in the 2-amino-4-methyl system where couplings 

of 9.5 and 8.9 Hz respectively were observed. To 

determine the N-l:N-3 protonation ratio in 2,4- 

diaminopyrimidine accurately it was necessary to obtain 

values of 33C2H6 for both the N-l methiodide and the 

previously unreported N-3 methiodide.

ThP Synthesis of 2 .4-Biamino-l-methylDvrimidinium (36_). 

and 2.4-diamino-3-methylpyrimidinium iodide (37)

Since 2,4-diamino-l-methylpyrimidinium iodide (36)

uas the only product formed when 2,4-diaminopyrimidine 

was treated with iodomethane it uas necessary to 

investigate an alternative route for the production of 

the corresponding N-3 methiodide, 2,4-diamino-3-methyl 

pyrimidinium iodide.

Although ue felt that a possible route to the N-3 

isomer uas via the 2 ,4-diamino-6-chloropyrimidine (38) 

in an analogous manner to that used for the preparation

of 2-amino-3,4- dimethylpyrimidinium iodide previous

workers had reported that methylation of 2,4-diamino 4 

chloropyrimidine and its homologues leads to the 

formation of the N-l methiodides?9 Their conclusions 

were based on pKa value U.U. spectral data and the 

observation that dechlorination of the N-methylated

2,4-diamino-6-chloropyrimidine (38 ) by hydrogenation 

over a paladium-charcoal catalyst gave 2,4-diamino-1- 

methy1pyrimidinium iodide (36). Nevertheless ue felt
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it uise to reinvestigate the reaction of 2,4-diamino- 

6-chloropyrimidine (38) with methyl iodide under the 

same conditions as those previously described. (Fig. 27) 

interestingly the reaction led to the formation of both 

methiodides but it uas found necessary to heat the 

mixture under reflux for 24 hours to achieve complete 

methylation. Fortunately the mixture of 2,4-diamino- 

6-chlor'o-l-methylpyrimidinium iodide (39) (70?o) and

2,4-diamino-6-chloro-3-methylpyrimidinium iodide (40) (30%)

could be successfully reduced with zinc pouder in 

boiling water to give the desired methiodides (36) and 

( 37). It is interesting to note that in this case the 

reaction took longer than with 2-amino-6-chloro-3,4- 

dimethylpyrimidinium iodide and no nucleophilic 

substitution of the chlorine to give the corresponding 

oxo- compound uas observed.

Fig. 27.

d

Cl

>
n

♦CH,'

° G C
Cl n h 2

(38)

NH.
(39)

Zn
h 2o / ioij

£ H ,

n h 2

(36 )

n h 2 i

(40)

C r -  c c '
NH2

(37 )
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The tuo isomers (35) and (37) could be separated 

either by fractional crystallisation or by chromatography 

on cellulose.

rhp ,,se of 7 -4-diamino-l-methylpyrimidinium iodide (36j  

and 2 .4-diamino-3-methylpyrimidinium iodide— (_37_)— as

models for protonation

The 13C n.m.r. spectral data for 2,4-diamino-

1-methylpyrimidinium iodide and 2,4-diamino-3-methy1- 

pyrimidinium is given in Tables 7 4 8 respectively.

The proton-coupled 13C n.m.r. spectrum of 2,4-diamino- 

1-methylpyrimidinium iodide (Plate 12) shows C-2 and 

C-6 as complex resonances due to long-range coupling 

to the N-methyl protons. However, the selectively 

decoupled spectrum resulting from low power irradiation 

of these methyl protons (Plate 13) clearly shows 

33C2H6 and simplification of the C6 resonance confirming 

the site of methylation as N-l. The proton-coupled 

13C n.m.r. spectrum of 2,4-diamino-3-methylpyrimidinium

iodide (Plate 14) on the other hand shows extra couplings 

on the C-2 andC-4 resonances. Selective irradiation of

the N-methyl protons (Plate 15), however, exposes 

33C2H6 and simplifies C-4 confirming the structure of the

N-3 methiodide. The 33C2H6 couplings observed for the 

N-l and N-3 methiodides uere5.8 and 13.4 Hz respectively 

which again are in very close agreement with those 

derived from 2-aminopyrimidine (5.8 and 13.9 Hz).

Using these parameters it is possible to calculate a 

protonation ratio of 77:23 in T.F.A. and one of 82.18 in 

aaueous acid, values which are much less extreme than
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TABLE 7

7c'lyIHz 13E n.m.r. spectral data 
? f A-Diamino-l-r'lethylovrimidinium iodide

Chemical shifts/p.p.m.

Solvent: D2°

88.80 

97.51 
32.27 
79.97 

27.11

Coupling constants/Hz

Solvent: °2°

33C2H6 a ( 5.8)

23C4H5 T 1
** f a fa
"30486 J *

13C5H5 176.7 (172*1)

23C5H6 3.4 ( 3.4)

13C6H6 187.1 (185*3)

23C6H5 a ( 3.9)

13CH(N-CH;J) 142.8 ( - )

33CH(N-CH3H6) 3.8 ( - )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with lou 

pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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TABLE 8
89

?Fjl*IHz 13r. n.m.r. spectral data
9 a niamino-3-methvlovrimidinium iodide

Chemical shifts/p.p.m.

Solvents °2°

C2 88.33

C4 90.50

C5 29.29

C6 90.50

N-CH3 -32.41

CouDlina constants/Hz

Solvent: d 2o

33C2H6 a ( 13.4)

23C4H5 \ \ a
33C4H6 ; a * I

13C5H5 175.4 (172.3)

23C5H6 a a

13C6H6 182.1 (180.3)

23C6H5 a a

1 3CH(N-CH3 ) 143.7 ( -  )

Values in parenthesise are those obtained when

selectively decoupling N-methyl protons with

low pouer irradiation, 

(a) Complex multiplet, couplings not resolved.
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previously postulated. On the basis of these protonation 

ratios and the previously reported pKa value for the 

molecule (pK 7.40 + 0.03 ) .the"individual" basicities of 

the nitrogen atoms in 2 ,4-diaminopyrimidine uere 

calculated. In aqueous acid these uere found to be 7.31 

and 6 .66, for N-l and N-3 respectively.

.„h^nupnt criticism of the use of methiodides as models 

for orotonation

The publication of our preliminary results on the 

use of the 33C2H6 vicinal coupling constant for 

determining protonation ratios prompted a response by 

Riand41. He and his couorkers had previously reported 

protonation ratios for a number of methyl and amino 

substituted pyrimidines based on a consideration of the 

13C n.rn.r. chemical shifts resulting from protonation.

For the 2-amino-4-methylpyrimidine system in T.F.A. 

they had calculated an N-lsN-3 protonation ratio of 67:33 

slightly larger than the 62:38 ratio determined by us 

but significantly larger than the 54:46 ratio reported 

by us for 2-amino-4-methylpyridine in uater. However, 

a more marked difference between the tuo approaches was 

observed with the 4-amino substituted pyrimidines. 

Although the 2 ,4-diaminopyrimidine system had not been 

studied by Riandet al, they had studied the 4 amino-6- 

methylpyrimidine system. In this system in T.F.A. they 

had found that the N-l:N-3 protonation ratio was quite 

extreme 95 : 53.0 This is significantly higher than the 

N-l:N-3 protonation ratios we determined for 2,4 diamino
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pyrimidine in T.F.A., and aqueous hydrochloric acid, 

namely, 77:23 and 82:18. respectively.

Riard suggested that this difference could be 

explained if the decrease in the vicinal through-nitrogen 

coupling constants uere greater as a result of 

methylation than for protonation.

He suggested that a correction factor of +1.4 Hz to 

the 5.8 Hz parameter would take this difference into 

account. On this basis the corrected protonation ratios 

for 2 ,4-diaminopyrimidine and 2-amino-4-methylpyrimidine 

in aqueous acid were recalculated to be 100?, and 66% 

respectively (Fig.20 ) bringing this ratio in line with 

those calculated by his chemical shift method despite 

the difference in solvent. The justification for the

1.4 Hz correction uas based on a study of 2-amino-3,5- 

dichloropyridine (41), its protonated form (42) and the 

N-methylated salt (43). In this system the decrease in 

33C2H6 observed on methylation of N-l uas found to be

1.4 Hz greater than that observed on protonation.

+H <CH,
r ^ N v T|NH2 r ^ N V |}NH2

C l U ^ C I  C l l ^ j J c i  C l k ^ C I

(41) (42) (*3 )

Further examples cited uere the N-methyl derivatives 

of 2-hydroxypyridine (44), 2-mercaptopyridine (45) and 

4-oxopyrimidine (46). In these latter cases the decrease
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in the through nitrogen vicinal coupling (3ZIC2H6) uas 

greater for methylation than protonation by 1.8, 2.3 and 

1#3 HZ respectively. A recent study of imidazole (7) 

by Guenther3A uas also cited uhere N-methylation uas 

found to reduce the through-nitrogen vicinal coupling 

by 0.6 Hz more than protonation.

¿ r  &
(4 4) (*5 )

O H

(7)
,t uas therefore argued that the substituent effect 

fro. an n -H to an N-ne group is aluays negative (-0.6 to 

-2.3 Hz) and that consequently a correction factor 

should be applied to our .odel systems before they can 

be used to evaluate protonation ratios.

There is, houever, one serious defect in this line of 

argue.ent. If the 33C2H6 coupling for 100?, proton.tion 

,t »-1 is taken as 7.2 Hz (5.0 ♦ 1 . 0  and that for 100? 

protonation at N-3 is taken as 13.9 Hz (fig. 28) then 

the protonation ratio for the .».metrical 2-a.inopyrimrd.ne 

uould be 60:30 uhich is clearly unacceptable. Hence if 

a correction of 1.3 Hz in the value of 3 X 7 H 6  for 100?
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protonation at N-l (5.8 Hz) is necessary then clearly 

this would also require that an equal correction, but of 

opposite sign, would have to be applied to the 3Z)C2H6 

coupling for 100? protonation at N-3 (13.9 Hz) (Fig. 28 ) 

in order that the 33C2H6 coupling in 2-aminopyrimidine 

(9.9 Hz) would agree a 50:50 protonation ratio. Since 

the correction of 1.4 Hz to the change in 33C2H6 value 

(+2.2 Hz) when N-3 is 100? protonated is a much larger 

correction than a 1.4 Hz correction to the change in 

33C2H6 (-5.9 Hz) when N-l is 100? protonated we can 

see no justification for such a change.

Furthermore, one justification for the original

1.4 Hz correction had been that the recalculated 

protonation ratios (in aqueous acid) were now more in 

line uith results from the chemical shift approach in 

(in T.F.A.). This is invalid since our through nitrogen 

coupling constant method for 2-amino-4-methylpyrimidine 

in aqueous hydrochloric acid and T.F.A. shows significant 

differences in the protonation ratio in the two solvents. 

It is therefore inappropriate to compare the results 

from one method in a given solvent uith the results from 

a different approach in a different solvent. A comparison 

of the two methods for 2-amino-A-methylpyrimidine in

T.F.A. shows that both approaches give similar results 

without the need for a correction. Thus the chemical 

shift approach gives 67:33 while our vicinal coupling 

approach gives 62:38.
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Other examples are given later in this dissertation 

where the application of a correction factor of 1.4 Hz 

to ^3C2H6 for the methiodide would result in the 

calculated percentage protonation at N-l being in excess 

of 100^, which is clearly incorrect. Ue therefore 

conclude that while in some other systems there may 

be a need to correct for the relative effects of 

méthylation and protonation we have no evidence to 

suggest that this applies to the 2-aminopyrimidines 

ue have so far studied*

In conclusion, therefore, ue feel that the vicinal 

coupling method we have developed which uses N-methyl- 

pyrimidinium iodides as models for protonation should 

provide a convenient means of studying the N-l:N-3 

protonation ratios in a number of substituted pyrimidines.
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In the previous chapter ue described the successful 

development of a method for determining the N-lsN-3 

protonation ratio in 2 ,4-diaminopyrimidine and 2-amino- 

4-methylpyrimidine based on a consideration of the values 

of 33C2H6 for the monoprotonated systems. Having done 

this it was of interest to extend our study further to 

investigate the effects of a range of other substituents 

at C-4 on the N-l:N-3 protonation ratio. In theory this 

would have required the synthesis of both the N-l and 

N-3 methiodides for each of the substituted systems 

studied. Fortunately, however, in our earlier studies 

ue had observed that the 33C2H6 coupling parameters for 

protonation at N-l and N-3 were relatively insensitive to 

changes in the substituent at C-4. Thus, for example, 

similar values were observed for 3C2H6 in the N-l 

methiodides of 2-aminopyrimidine (5.8 Hz), 2-amino- 

4-methylpyrimidine (6.0 Hz) and 2,4-diaminopyrimidine 

(5.8 Hz). Likewise, similar values were observed for 

33C2H6 in the N-3 methiodides of 2-amino-4-methylpyrimidine 

(13.6 Hz) and 2 ,4-diaminopyrimidine (13.4 Hz). These 

latter values are also in good agreement with the 

corresponding coupling in 2-amino-l-methylpyridinium 

iodide (33C2H4 13.8 Hz). Ue therefore concluded that 

providing caution was exercised it would be appropriate 

to use the 33C2H6 and 33C2H4 values obtained from 1- 

methylpyrimidinium iodide to represent the two possible 

protonation extremes (47) and (48) for a range of 

4-substituted 2-aminopyrimidnes.
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(47) (48)

This avoided the need to develop synthetic routes to 

the previously unreported N-3 methiodidea of the systems 

studied. Uhere possible, however, the N-l methiodide of 

the system being studied was prepared and the value of 

3DC2H6 determined to alert us of any situations in which 

the substituent might have an unexpected impact on the 

value of 33C2H6. In addition to this work on the value 

of 33C2H6 ue also wished to investigate the possible use 

of other 13C - 1H couplings for assessing N-lsN-3 

protonation ratios.

The proton-coupled 13C n.m.r. spectra of the protonated,

non-protonatad, and N-methylated pyrimidines could usually

be analysed on a first order basis since even the

introduction of a large 1 3CH coupling on either of the

proton resonances of H-5 and H-6 did not lead to overlap

of these proton signals. Uhere overlap did occur and a

second order spectrum was expected the true couplings

were obtained by spectrum simulation. In these latter

cases it is worth noting that the presence of second
13

order effects was clearly apparent in the C n.m.r. 

spectrum.
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onnTilNATinN STUDIES BASED ON ft CONSIDERATION OF 33C2H6

1 0 2 .

A list of the 4-substituted 2-aminopyrimidines 

studied together with the values of 3 JC2H6 for these 

pyrimidines in CDC1.J, aqueous HC1, and T.F.A. are given 

in Table 9. Also shown in the Table are the N-l:N-3 

protonation ratios calculated for these systems from 

the 33C2H6 values for the monoprotonated systems and a 

consideration of the 30C2H6 parameters previously 

established for protonation at N-l and N-3 in 2-amino- 

pyrimidine (5.8 and 13.9 Hz respectively). Evidence 

is presented later to support the view that these 

parameters are appropriate for the systems in Table 9. 

Interestingly, the value of 33C2H6 for the free bases 

shows little variation (11.6 - 11.8 Hz) despite the wide 

range of substituents on C-4. It is not unreasonable 

therefore to propose that the 33C2H6 parameters used to 

assess the N-lsN-3 protonation ratios in these systems 

will also be largely unaffected by the substituent at 

C-4. In the case of 2-amino-4-methoxypyrimidine, 

however, an unusually high value of DC2H6 for the 

free base (12.8 Hz) was observed. This case is considered 

separately later and in these circumstances alternative 

protonation parameters were used to assess the N-l.N-3 

protonation ratio.

Factors influencing N-l:N-3 protonation ratios.

From the initial studies of 2-amino-4-methylpyrimidine 

and 2,4-diaminopyrimidine it was established that steric,
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TABLE 9

R R

(X) (z)

3JC2H6/Hza

R C0C13 h 2o / h c i X: Z T.F.A. X:Z

H 11.7 10.0 47:53 9.9 49:51

CH, 11.7 9.5 54:46 8.9 61:39
3

Ph 11.6 7.3 81:19 7.6 77:23

CH:CHPhb 11.8 7.8 75:25 7.9 74:26

Clb 11.6 7.8 75:25 7.7 76:24

n h 2c 11.6 7.2 82:18 7.6 77:23

N (CH3)2 11.8 7.2 82:18 7.5 79:21

n h c 6 h 4o c h 3 11.7 7.0 85:15

0CH_ 12.8 7.5 90:10 7.5 90:10

(a) Accurate to + 0.2 Hz.
(b) D.M.S.O. used as solvent for non-protonated species.

(c) H20, pH 11 used as solvent for non-protonated species.
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mesomeric and inductive effects uere important factors 

which can influence the N-liN-3 protonation ratio.

This study uas extended to assess the effect of a 

variety of substituents at C-4 uhich are capable of 

exerting one or more of the above factors.

(i) 2-ftmlno-4-phenylpyrlmldlne

(a) Synthetic Aspects

2-amino-4-phenylpyrimidine (49) uas prepared 

by the reaction of phenyl lithium with 2-aminopyrimidine 

(50), an example of direct nucleophilic attack on the 

pyrimidine ring.

0 > - 0
P h

NH,

Ph

(52)

01
PJ
>
n

reactions are usually quite stable, requiring oxidation 

uith permanganate to rearomatise the ring system, in 

this case this uas not found to be necessary. Treatment 

of the dihydro-derivative (51) uith acid uas all that 

uas necessary to convert it into the desired pyrimidine 

(49). Reaction of the free base uith iodomethane 

yielded only 2-amino-l-methyl-4-phenylpyrimidinium iodide.

(b) N.m.r. aspects 
13The JC n.m.r. spectral data for 2-amino-4-

phenylpyrimidine is given in Table 10 and that for the

/CHELE UNIVF- ’
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corresponding N-l methiodide in Table 11. The value of 

33C2H6 in the methiodide (5.0 Hz) was in good agreement 

uith the value determined from 2-amino-l-methylpyrimidinium 

iodide (5.8 Hz). Ue therefore felt confident to use the 

33C2H6 and 33C2H4 through-nitrogen vicinal coupling 

constants obtained from the methiodide of 2-aminopyrimidine 

to assess the N-l:N-3 protonation ratio of the mono- 

protonated form of 2-amino-4-phenylpyrimidine. The 

calculated N-lsN-3 protonation ratio for 2-amino-4- 

phenylpyrimidine in aqueous acid (81*19) uas more extreme 

than in 2-amino-4-methylpyrimidine. This is readily 

understood if one considers the phenyl and pyrimidine 

rings to be coplanar. In this conformation the ortho- 

protons on the phenyl ring would be very close to the

lone pair of electrons on N-3 (see Fig. 29).

Fig. 29.

Uhile the ortho-proton would be unlikely to block 

the attack by a species as small as a proton it might 

prevent effective solvation of the resulting charged 

species, thus reducing the stability of this protonated 

form of the molecule.

A comparison of the U.V. spectra of the cations of
-1

2-amino-4-phenylpyrimidine (pH Is A  282 nm, £ — 14,260 mo 

dm3 cm- 1 ; ^  318 nm, £ =  8,000 mol“1 dm3 cm"1 ; and 2-amino-

pyrimidine 42 (pH 1: % 224nm, £=14,791 mol dm cm ;
-1 -1
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TABLE 10

75l»lHz 13C n.m.r. spectral data 
? - Amino-A-phenylpyrimidlne

Chemical shifts/ü.p .m .

Solvent: c d c i 3 T.F .A. H20/HCla

C2 95.66 89 .93 87.98

CA 98.89 105 .91 10A.20

C5 A0.A5 Al .01 39.71

C6 90.51 81 .AO 79.76

Cl* 69.83 66.05 67.26

zt 60.OA 61.95 61. A7

cï 61.69 62.92 62. A9

CA' 63.7A 65. A2 66.16

Couolinq constants/Hz

Solvent : c d c i 3 T. '.A. F^O/HCl*

33C2H6 11.6 7.6 7.3

2JCAH5
3 b b b
°3CAH6

1JC5H5 167.8

23C5H6 7.3 » second order effec
13C6H6 178.2

23C6H5 2.7

(a) pH of solution adjusted to 3 pH units below pka of 2

amino-A-phenylpyrimidine.
(b) Complex multiplet, couplings not resolved.
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TABLE 11

?m»iH7 13n n.m.r. spectral data

■ nininn-l-methvl-4-Dhenvlovrimidiniuni iodide

Chemical shifts/p.p.m.

Solvent: o . n . s . o .

C2
C4

C5

C6

Cl*
C2'
C3'

C4'
NCH.

89.03
102.57

40.02

84.61

67.23

61.69

62.78
66.89

-25.07

Couolina constants/Hz

Solvent: D.M.S.O.

1

3C2H6 

23C4H5 
33C4H6 
3C5H5 
23C5H6 
1 3C6H6 
23C6H5 
’3CH(NCH3 ) 144.0

( 5.8)

second order effects

( -  )

Values in parenthesises are those obtained when 

selectively decoupling N-methyl protons with low 

pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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1 3 • 1
\ 302 nm, £=  3,981 mol" dmJ cm ) also supports the

view that the two rings are conjugated. Characteristic 

red shifts of the absorption maxima are observed (i.e. 

to a longer wavelength) for 2-amino-4-phenylpyrimidine 

and this is also accompanied by an increase in the extinction 

coefficients.

By determining the pKa value of 2-amino-4-phenyl- 

pyrimidine ue were also able to calculate the N-l and 

N-3 values for the two ring nitrogens so that the effect 

of the 4-phenyl substituent could be directly compared 

with that of a 4-methyl substituent (see Table 12).

In the 2-amino-4-methylpyrimidine system the 

observed N-l:N-3 protonation ratio uas 54:46 and the 

pKa value 4.15, yielding values for pKa N-l and pKa 

N-3 of 3.88 and 3.81 respectively. However, in the 

case of the 2-amino-4-phenyl pyrimidine system the 

more extreme N-l:N-3 protonation ratio (81:19) appears 

to be offset by a reduced pKa value, which we were able 

to determine as 3.88. Combining this data enabled pKa N-l 

and pKa N-3 values of 3.79 and 3.16 to be determined for 

the 2-amino-4-phenylpyrimidine. The methyl and phenyl 

groups thus appear to have remarkably similar effects at 

N-l. On the other hand the +M effect of the phenyl group 

is clearly offset by steric hindrance at N— 3 since the 

pKa N-3 value in 2-amino-4-phenylpyrimidine is essentially 

unchanged from that in the system with no substituent at 

C-4, namely 2-aminopyrimidine, where, pKa N-l = pKa N-3 =

3.24.

CD
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TABLE 12

»NH,

R pka obs pka N-l pka N-

H 3.54 3.24 3.24

c h 3 4.15 3.88 3.81

Ph 3.88 3.79 3.16

CHsCHPh 4.00 3.88 3.40

Cl 2.5 2.4 1.9

n h 2 7.40 7.31 6.52

7.26 7.17 6.52

n (c h 3 )2 7.96 7.87 7.22

n h c 6h 4o c h 3 7.32 7.25 6.50

one 5.53 5.48 4.53
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1 1 0 .
(U ) 9-flmino-4- atyrylpyrimldlne_

Synthetic aspects

2-Amino-4-styrylpyrimidine (52) was prepared 

by the reaction of benzaldehyde with 2-amino-4-m.thyl- 

pyrimidine in formic acid.

ONHj

CH,

PhCHO

HCOOH ■ a
HC:CH

Ph
E isomer 

(52)

NHj | j ^ ^ j N H C H 2P h

H C : C H
Ph

(53)

This reaction also led to the formation of a quantity 

of the benzyl substituted system (53). It uas clearly 

established by 1H n.m.r. spectroscopy that only the 

trans isomer or (E) uas produced since the observed 

coupling betueen the two protons on the carbon-carbon 

double bond uas 16 Hz uhich is typical of a trans 

configuration.

W  I
-i

D1

>
J3

(b) N.m.r. aspects

The 13C n.m.r. spectral data forE-2-amino-4 

styrylpyrimidine is given in Table 13 and that for 

its N-l methiodide in Table 14. The value of 3 3C2H6 in

2-amino-1-methy1-4-styrylpyrimidinium iodide (5.0 Hz) is 

once again identical to that observed in 2-amino-l-methyl- 

pyrimidinium iodide supporting the view that once g 

parameters from this latter system are suitable

KEELE UNIVr
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TABLE 13

1 3-■̂ FinHz C n.m.r. spectral data

r_?-Amino -4-stvrvlpvrimidi-ne

Chemical shifts/p.p.m.

Solvent: c d c i 3 T.F.A . h 2o /h c i

C2 96.36 87.49 87.80

C4 96.39 102.18 102.44

C5 42.35 40.49 40.90

C6 91.49 82.14 80.19

C7 62.03 84.30 77.17

C0 59.11 52.30 56.19

Cl' 68.71 66.53 67.16

C2' 61.69 62.83 62.34

C3* 60.42 62.63 61.71

cV 69.24 66.94 64.61

Couplinq constants/Hz

Solvent : c o c i 3 T.F.A. h 2o / h c i

33C2H6 11.8 7.9

C
D•

JC4H5 T T 1
3 y h >b > b
JC4H6 J J J
13C5H5 167.2 178.8 176.7

20C5H6 7.0 b 4.3

20C5H7 3.3 b 4.3

10C6H6 177.3 190.4 187.1

23C6H5 3.4 4.6 c

(a) pH of solution adjusted to 3 pH units belou pka of 2 

amino-4-styrylpyrimidine.
(b) Complex multiplet.
(c ) Coupling not resolved.
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TABLE 14

95MHz 13f- n.m.r. spectral data

r-?-flmino-4-styrvlpyrlmi.dinlum iodide 

PhRfnical shifts/p.p.m.

Solvent: o.n.s.o.

C2 88.87

C4 102.18

C5 41.53

C6 83.68

N-CH3 -25.12

C7 76.13

ce 57.88

C1' 67.99

C2‘ 62.65

C3* 62.02

C4' 64.32

Couplinq constants/Hz

Solvent: D.n.s.o.

33C2H6 a ( 5.8)

23C4H5
3 } ■°3C4H6
13C5H5

j
176.4

J
(172.1)

23C5H6 3 ( 3 )

33C5H7 3 ( 3 )

13C6H6 189.2 (187.3)

23C6H5 a ( 4.7)

13CH(N-CH3 ) 142.2 ( - )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with 

low power irradiation.
(a) Complex multiplet, couplings not resolved.
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determining the N-lsN-3 protonation ratio in the

styryl-substituted system.
*1

The value of 3C2H6 observed for 2-amino-4-styryl- 

pyrimidine in aqueous hydrochloric acid (7.8 Hz) lies 

between the values observed in 2-amino-4-methylpyrimidine 

(9.5 Hz) and 2-amino-4-phenylpyrimidine under similar 

conditions. This indicates a less extreme N-lsN-3 

protonation ratio in the styryl-substituted system than 

in the phenyl substituted system.

Using the pKa value of 4.00 which we determined 

for E-2-amino-4-styrylpyrimidine together with the 

calculated N-l:N-3 protonation ratio (75:25) enabled 

the individual pKa values for N-l and N-3 to be determined 

as 3.88 and 3.40 respectively. It is again interesting 

to note that the value of pKa N-l is essentially the 

same as that in both 2-amino-4-methylpyrimidine and 

2-amino-4-phenylpyrimidine. The value of pKa N-3, 

however, is larger in the styryl substituted system than 

in 2-amino-4-phenylpyrimidine presumably reflecting a 

reduced degree of steric hindrance at N-3 in the former 

compound relative to the latter. Since the UV spectrum 

recorded for 2-amino-4-styrylpyrimidine indicates

that the styrene system is in conjugation with the 

pyrimidine ring (pH 1, ^ 354 nm, £ = 26,906 mol dm 

cm- 1 ) we must presume that the protonated forms of two 

planar structures (54) and (55) both contribute to the 

overall structure. The reduced steric hindrance at N 3 

in the styrene substituted system relative to the 

phenyl substituted system (56) suggests a significant
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contribution of the less hindered plener structure (55).

(iii) 2-ftmino-4-chloropyrimidine

(a) Synthetic ftspects

Since 2-amino-4-chloropyrimidine is a useful 

precursor for a range of 4-substituted 2-aminopyrimidines 

tuo synthetic routes for its production were investigated.

The reaction of 2 ,4-dichloropyrimidine (57) uith 

ammonia uas found to give both 4-amino-2-chloropyrimidine 

(58) and 2-amino-4-chloropyrimidine (59) uith the 4- 

amino system as the major product (60^).

Cl NH Cl
(57) ( 50) ( 59^

This is in agreement uith the general observation 

that the C-4 position of pyrimidines is more susceptible 

to nucleophilic attack that the C-2 position. Previous 

reports1^ that 2-amino-4-chloropyrimidine is the 

major product in this reaction are therefore incorrect, 

and the reaction is not anomalous as previously claimed. 

Houever, since the tuo products (58) and (59) proved to
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be difficult to separate on a large scale an alternative 

route based on iso-cytosine uas used for the preparation 

of 2-amino-4-chloropyrimidine. Iso-cytosine (60) uas 

first prepared by the reaction of guanidine carbonate 

with ethyl formylacetate(Na salt), the latter being 

conveniently prepared in an autoclave from ethyl acetate, 

methyl formate and sodium methoxide. The iso-cytosine uas 

then converted to the desired chloro-compound (59) by 

reaction uith phosphorus oxychloride.

n h 2

H

(60)

Q
Cl

(59)

(b) N.m.r. aspects

The 13C n.m.r. data for 2-amino-4-chloropyrimidine 

is given in Table 15. Using the parameters derived from 

2-aminopyrimidine enabled the 0C2H6 value of 7.8 Hz to 

be interpreted as an N-l:N-3 protonation ration of 75:25. 

Houever, in order to assess the effects of the chlorine 

atom on the ring nitrogens it uas necessary to determine 

the pKa value for this system. Unfortunately, the UV 

spectra of the protonated and non-protonated molecules 

were so similar that the UV method ue had used to determine 

the pKa values of the other 2-aminopyrimidines in our 

study proved to be unsatisfactory. It uas therefore

KEELE UNJVER
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TftBLE 15

95i»iHz 13C n.m.r. spectral data 

7- flmlno-4-chloropyrimidine

rhamical shifts/p.p.m.

Solvant: D.fl.S.O. T.F.A. H 20/HCla

C2 97.08 88.58 88.22

C4 93.60 104.80 102.66

C5 42.51 45.37 44.80

C6 93.53 80.02 80.70

Couolinq

Solvent:

constants/Hz

D.M.S.O. T.F.A. H 20/HCla

m
m
r*
m
cz
zz
<

33C2H6 11.6 7.7 7.8

m
ZJ
to

23C4H5 1 1 1

33C4H6 9.8 9.7 9.7

13C5H5 177.6 186.8 186.4 CD

23C5H6 7.6 4.0 4.3

13C6H6 180.7 193.5 192.3

23C6H5 2.7 4.5 4.6

-3
(a) HC1 (aq.) 6 mol dm .
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necessary to estimate the pKa value of 2-amino-4-chloro- 

pyrimidine as being approximately 2.5 from a consideration 

of the value of 2 . 5 3  previously reported for 2-methylamino-

4-chloropyrimidine 2 .

Using this pKa value gives pKa N-l and pKa N-3 values 

of approximately 2.4 and 1.9 respectively showing, as 

anticipated, thet the -I effect of the chlorine atom 

greatly reduces the pKa values at both ring nitrogens 

with the greater effect being at N-3. It is not possible 

in these circumstances to assess whether steric factors 

are also affecting the pKa of the N-3 nitrogen.

(iv ) 2-flminoDvrlmldines possessing an amino-substituent

at C-4

(a) Synthetic Aspects

2 ,4-diaminopyrimidine was conveniently 

prepared from 2 ,4-dichloropyrimidine by the reaction with 

ethanolic ammonia at 180°C (autoclave). As previously 

discussed the first nucleophillic substitution occurs 

readily at room temperature to give a mixture of 2- 

amino-4-chloro and 4-amino-2-chloropyrimidines but 

much more vigorous conditions were required to effect the 

second nucleophillic substitution due to the deactivating 

effect of the first amino group.

Similarly, other amines such as dimethylamine and 

p-methoxyaniline reacted with 2-amino-4-chloropyrimidine 

to give substituted amino groups in the 4 position of the 

pyrimidine ring.
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(b) N.m.r. aspects

Ue have previously discussed the determination 

of the N-l:N-3 protonation ratio in 2 ,4-diaminopyrimidine. 

From a consideration of the value of 33C2H6 for the 

protonated system a N-l:N-3 protonation ratio of 82:18 

uas determined which was less extreme than previously 

proposed. As previously mentioned the belief that 2,4- 

diaminopyrimidine would be essentially exclusively 

protonated at N-l stemmed from the belief that the para- 

quinoid resonance structure of the monoprotonated system 

was very much more favoured than those resonance structures 

involving the 2-amino group, (fig. 30). However, the 

observation that the pKa of 2 ,4-diaminopyrimidine (7.40) 

is considerably larger than that of 4-aminopyrimidine 

(5.71) clearly indicates that the 2-amino groups is 

providing a significant +P1 effect on the pyrimidine ring. 

Resonance structures involving the 2-amino group 

therefore clearly make a valuable contribution to the 

bonding in the monoprotonated 2 ,4-diaminopyrimidine 

molecule.
Fig. 30.
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In order to try to enhance the stability of the 

pare-quinoid resonance structures involving the amino- 

substituent at C-4 the amino group was replaced by a 

(para-methoxyphenyl)amino group. It was hoped that 

such a system might permit further delocalisation of 

the positive charge on the 4-amino group in the para- 

quinoid resonance structures thus increasing the 

stability of these resonance structures.

The 1 3C n.m.r. spectra of 2-amino-4-(para-methoxy-
I

phenyl)aminopyrimidine and its N-l methiodide are 

given in Tables 16 and 17 respectively. Although the 

value of 3JC2H6 is slightly smaller (7.0 Hz) for 2- 

amino-4-(para-methoxyphenyl )aminopyrimidine in aqueous 

hydrochloric acid than the 7.2 Hz observed for 2,4- 

diaminopyrimidine under similar conditions, it would be 

unwise to claim that this is conclusive evidence for 

an increase in the N-lsN-3 protonation ratio in favour 

of N-l since 33C2H6 values could only be determined with 

an accuracy of + 0.2 Hz.

Interestingly the replacement of the 4-amino

group in 2,4-diaminopyrimidine by the dimethylamino

group does appear to increase the overall pKa of the

molecule (see Tabls 12) although there is no significant
13

change in the N-l:N-3 protonation ratio. The C n.m.r. 

spectral data for 2-amino-4-dimethylaminopyriraidine and 

its N-l methiodide are given in Tables 18 and 19 

respectively.

(v ) 2-Am1no-4-methoxypyrimidine

In an attempt to find a system uith an N-lsN-3

07
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TABLE 16
120 .

25MHz 13C n.m.r. spectral data
o-nm1no-4-(nara-methoxyphenyl)aminoDyrimidine

Chemical shifts/p.p.m.

Solvents c d c i 3 h 2o / h c i *

C2 95.80 89.37

C A 95.61 94.07

C5 27.90 32.88

C6 90.15 88.07

C1* 63.96 73.51

C2' 58.35 56.53

C3' 47.46 47.38

C4* 63.81 63.67

o c h 3 -11.57 -11.01

Couplinq constants/Hz

Solvent: c d c i 3 H ^ / H C l 1

33C2H6 12b 7.0

23C4H5 \ <1

33C4H6 J C 8.2

13C5H5 168.1 176.0

23C5H6 7.2 4.3

13C6H6 175.8 187.4

23C6H5 3.2

(a) pH of solution adjusted to 3 pH units belou

(b) Resonance partially obscured by &4 resonance

(c) Couplings not resolved.
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TABLE 17
121

oemmt 13r n.m.r. spectral data

o-flminn-1-m»t.hvl-A-(D ara-methoxyphenyl)amlnopyrimidinium iodide

rhpmical shifts/p.p.m.

Solvent: D.M.S.O.

C2
C4

C5
C6

n c h3

Cl'
C2'
C3'
C4*
OCH.,

88.61

93.01
33.27

79.61 
27.10

89.61 

56.22 
47.56 
64.40

-10.94

Coupling constants/Hz

Solvent: D.M.S.O.

1

1

3C2H6 

'3C4H5 
53C4H6 

3C5H5 
"3C5H6 
13C6H6 

‘3C6H5 

3CH(N-CHt )

a

-c 1 
3.9

175.2 

a
187.0

a

142.2

( 5.7)

( < 1  )
( 7.3)
(165.4) 

a
(183.7) 

( 3.9)

( - )

Values in parenthesise were those obtained when 

selectively decoupling N-methyl protons with low 

pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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TABLE 1B 122

75MHz 13C n.m.r. spectral data 
7-Amino-4-dimethvlaminopyrimidine

Chemical shifts/p.p » m .

Solvent: coci3 T.F.A. H20/HCla

C2 95.35 86.86 87.22

CA 97.76 93.98 95.00

C5 26.83 29. A7 29.0A

C6 88.80 7A.19 73.89

N-CH, -30.10 -28.37b -28.52b
3

n'-CH3 tt -29.06b -29.A0b

Couplino constants/H 

Solvent:

z

CDC13 T.F.A. H 20/HCla

33C2H6 11.8 7.5 7.2

Z3CAH5 ' i l l
r c r c f c

3CAH6 J J J

13C5H5 166.6 179.7 175.8

23C5H6 7.6 3.7 A. 0

13C6H6 17A.6 191.0 186.8

23C6H5 c C c

13CH(N-CH-
^2 137.3 1A1.6 139.8

3CH(N-CH3 ^2 3.3 c 3.3

(a) pH of solution adjusted to 3 units below pka of 2-

amino-A-dimethylaminopyrimidine.

(b) Resonances coalesce at 50°.

(c) Couplings not resolved.

JCEELE UNIVER
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25WHz 13C n.m.r. spectral data
7 -flmino-^-dimethylamino-1-methylpyrimidinium iodide

Chemical shifts/p.p.m.

Solvent: D.n.s.o.

C2 87.64

C4 94.27

C5 29.64

C6 79.90

n_CH3 
N-C H3

n-c h 3

-27.11
-29.24a

-28.24a

Couplinq constants/Hz

Solvent: o.n.s.o.

33C2H6 b ( 6.0)

23C4H5 ( < 1  )

33C4H6 }b ( 7.9)

13C5H5 175.2 (170.0)

23C5H6 3.9 ( 3.9)

13C6H6 186.8 (184.0)

23C6H5

33CH(N-CH3 )

i3CH(N-CH3H6)

33CH(N-CH3 )2
3CH(N-CH3)2

b ( 3.0)

142.2
3.7

139.7

3.4

( - ) 

( - ) 

( - ) 

( - )

Values in parenthesise were those obtained when 
selectively decoupling N-CH^ protons with lou 
pouer irradiation.
(a) Resonances coalesce at 50°.
(b) Complex multiplet, couplings not resolved.
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protonatidn ratio greater than that observed in 2,4- 

diaminopyrimidine ue have examined tha 2-amino-4-methoxy- 

pyrimidine ayatem. The methoxy group haa a atrong +H 

effect uhich ahould have a baae atrangthening effect 

and alao favour N-l protonation due to the poasibility 

of delocaliaation of the positive charge at N-l uhich 

would involve a para-quinoid type resonance structure.

The stronger -1 effect of a methoxy group as compared 

to an amino group however would have a base weakening 

effect and this is reflected in the reported pKa value 

of 2-amino-4-methoxypyrimidine (5.53)24. The strong 

-I effect would exert a greater influence at N-3 and 

hence also favour N-l protonation and ao in this case 

a more extreme N-lsN-3 protonation than for 2,4- 

diaminopyrimidine might be observed.

An additional complication was found to arise with 

the 2-amino-4-methoxypyrimidine system, however, in that 

the values of 3 3C2H6 for the free base (12.8 Hz) and 

N-l-methiodide (6 . 8  Hz) differ aignificantly from those 

values observed for the other 4-substituted 2 -amino- 

pyrimidines examined in our study (1 1 .6- 1 1 . 8  and 5 .8-6 . 0  

Hz). In both cases the values of 3 3C2H6 appear to be 

approximately 1 Hz larger than expected. In the absence 

of a sample of the N-3 methiodide of 2-amino-4-methoxy- 

pyrimidine it has been necessary to assume that this same 

correction applies to the 33C2H6 parameter for N-3 

protonation determined from the value of 3C2H4 in 2- 

amino-l-methylpyrimidinium iodide. Fortunately, since 

thB observed value of 33C2H6 for the protonated form of 

2-amino-4-methoxypyrimidine (7.5 Hz) is relatively close

KEELE UNIVF" 
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TABLE 20

75HHZ 13C n.m.r. spectral data 
7-Amino-4-iriethoxypyrimidine

Chemical shifts/p.p. m.

Solvent: CDC13 T.F.A. h 2o /h c i *

C2 95.98 89.92 89.47

C4 103.20 106.70 105.85

,C5 30.89 34.24 33.32

C6 90.70 77.25 78.18

0CH3
-13.79 -11.16 -10.84

Couplinq constants/Hz

Solvent: c d c i 3 T.F.A. h 2o / h c i

33C2H6 12.8 7.5 7.5

23C4H5 1 1 \
3 f b F b r b3C4H6 S J j

13C5H5 170.9 101.3 180.7

23C5H6 7.3 3.4 3.7

13C6H6 176.7 189.8 189.5

23C6H5 2.7 4.3 4.0

13CH (0CH3 ) 146.5 149.5 149.5

(a) pH of solution adjusted to 3 units belou pka of 2-

amino-4-methoxypyrimidine.
(b) Complex multiplet, couplings not resolved.

3
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TftBLE 21

75WHz 13C n.m.r. spectral data
? - A m ln o - l- m e t h y l - 4 - m e t h o x y p y r i m i d i n i u m  i o d i d e

rhnmical shifts/p.p.m.

Solvent:

NCH.

Coupling constants/Hz

Solvent:

3C2H6 a ( 6.8)

3C4H5

}a } a
3C4H6 J

3C5H5 180.4 (177.0)

3C5H6

r-•to ( 3.7)

3C6H6 189.8 (187.9)

3C6H5 a a

3CH(0CH3 ) 148.5 ( - )

3CH(NCH3 ) 143.1 ( - )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with low 

power irradiation.
(a) Complex multiplet, couplings not resolved.
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to that of the established value of 3 3C2H6 for N-l 

protonation (6 . 8  Hz) the calculation of the N-liN-3 

protonation ratio ia lese critically dependent on the 

value of the parameter for N-3 protonation. It ia 

therefore possible to assess the N-lsN-3 protonation 

ratio as approaching 90:10 which does» in fact» appear 

more extreme that the 2 ,4-diaminopyrimidine case.

It is also interesting to note that the difference in 

the 33C2H6 value for the protonated and methylated forms 

is only 0.7 Hz. This is much less than the 1.4 Hz 

correction value proposed by Riand et al as being 

necessary to allow for the differences in3 3C2H6 for the 

protonated and N-methylated forms end is further evidence 

to support our view that such a-correction is unnecessary. :3>
THF USE OF 13f - 1H COUPLING CONSTANTS OTHER THAW 
------------------ -
33C2H6 FOR THE DETERHINftTION OF N-1:N-3 PROTONATION 

RftTIOS

There has been relatively little 13C - 1H coupling 

constant data reported on substituted pyrimidines. Where 

it has been reported the data has mainly been used as 

an aid to the assignment of resonances andthe accuracy of 

the values quoted is thus usually limited. Even fewer 

studies have been concerned with the changes in these 

couplings which occur on protonation of the pyrimidine 

ring, and even here the conclusions have been of a rather 

general nature. Thus, for example, it has been observed 

that all 1 3CH couplings increase on protonation.

KEELE UNIVC~
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Since commencing this work Riand et al publiahed coupling 

constant data for amino and methyl substituted pyrimidines 

and the effects of protonation on these parameters . It 

u b s concluded that all one bond 13C - 1H coupling constants 

increased on protonation with the largest effect being 

observed on the carbon adjacent to the site of protonation. 

Also it uas observed that the vicinal through nitrogen 

couplings decreased on protonation.

They also attempted to correlate both the increase
*»

in 1 3CH values and the decrease in 3CNH with the N-l:N-3 

protonation ratio but in the absence of any model compounds 

they could only assume that the ratios determined in 

their previous chemical shift study were correct,

(i.e. a methyl group in the 4 position results in a 

N-lsN-3 protonation ratio of 70:30, whilst a 4-amino 

group strongly favours N-l protonation ( 95%) . Hence 

the conclusions from this study were of a qualitative 

rather than a quantitative nature and did not provide a 

method for accurately assessing N-l:N-3 protonation 

ratios. During the course of our investigstions on 

substituted pyrimidines w e  were able to ecquire a 

considerable quantity of coupling constant data. This 

data has been analysed to aee if it can be used to 

determine the N-l:N-3 protonation ratios in those 

systems studied. The conclusiorB of this investigation 

will now be considered.

(i) One bond 13C - 1H coupling constants (1 3CH)

A summary of the observed 1 3CH values of 

4-substituted pyrimidines in both the non-protonated and

/CHELE UNIVr"
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the protonated state (T.F.A. and aqueous hydrochloric 

acid) is given in Table 22.

The non-orotonated systems

For solubility reasons it was not possible to determine 

the 13C n.m.r. spectre of all the non-protonated species 

in the same solvent. In moat cases CDCI3 uas satisfactory 

but for 2-amino-4-chloropyrimidine and 2-amino-4-styryl- 

pyrimidine deuterated dimethyl sulphoxide (dg-D.Pl.S.0.) 

uas used as the solvent and for 2 ,4-diaminopyrimidine 

aqueous base uas used. Although these changes in solvent 

may affect the 1 3CH couplings it is clear that the 

values of both 1 3C5H5 and 1 3C6H6 are also affected by 

the nature of the substituent at C-4. It is interesting 

to contrast this with the 3 3C2H6 coupling,which, under the 

same conditions, showed little variation in the non- 

protonated pyrimidines, (11.6-11.8 Hz), with the 

exception of 2-amino-4 -methoxy pyrimidine (12.B Hz).

The mono-protonated systems

Before the data from the pyrimidines in their 

monoprotonated state could be assessed it uas necessary 

to establish valid protonation parameters for the effects 

of protonation at N-l and N-3 on the 3CH couplings.

Since 1 3C5H5 is "meta" to both ring nitrogen atoms it 

uould not be expected to be particularly sensitive to 

changes in the N-l:N-3 protonation ratio, initial 

investigations were therefore concentrated on a study 

of 1 3C6H6. Since it has been reported that the effects 

of protonation are greatest on the carbon adjacent to

KEELE UNfVFR
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TABLE 22.

CDC1, T.F.A. H20/HC1

Me

Ph

CH:CH Ph 

Cla 

NH2b 

N(*IBo

n h c 6h 4o c h 3

JC5H5 
1 3C6H6

'3C5H5 
13C6H6

'3C5H5 

’□C6H6

13C5H5
13C6H6

13C5H5

3C6H6

1 3C5H5 
1 3C6H6

1

one

1

1

3C5H5 

1 3C6H6

13C5H5 
3C6H6

1 3C5H5 
3C6H6

169.7 

177.9

167.3

176.7

167.8
178.2

167.2
177.3

177.6

180.7

169.7

177.0

166.6

174.6

168.1
175.8

170.9
176.7

181.9
190.1

180.1 
190.1

178.8
190.4

186.8

193.5

183.7

192.8

179.7
191.0

181.3
189.8

180.1
188.9

178.2
188.0

176.7 

187.1

186.4

192.3

177.0
187.4

175.8
186.8

176.0

187.4

180.7

189.5

(a) 0.P1.S.0. used as solvent for non-protonated species.

(b) Aqueous sodium hydroxide used as solvent for non-

3

!r>
rrj

protonated species
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the site of protonation33 it is reasonable to expect that 

the value of 13C6H6 would be sensitive to changes in 

the N-l:N-3 protonation ratio.

Since 2-amino-l-methylpyrimidinium iodide had proved 

to be a suitable model for establishing the effects of 

protonation on 33C2H6 in the 2-aminopyrimidines it was 

also investigated as a model for the effects on 3C6H6. 

The effects of N-methylation on the 3CH couplings in 

2-aminopyrimidine are shown below.

O '

£ H ,  r

c r

Solvent:

3C4H4

3C5H5
3C6H6

CDC13

177.9 
169.7

177.9

°2°

187.4

180.0

191.0

D.M.S.O

186.8

178.8
190.4

As can be seen, all the one bond 13CH coupling 

constants increase on methylation, the largest effect 

being observed on the carbon adjacent to the site of 

methylation.

Nevertheless, at first sight, it does appear that the 

values obtained for ^3C6H6 and 3C4H4 from 2-amino 1 methyl 

pyrimidinium iodide may be suitable as protonation parameters 

for the two extreme positions of protonation (61) and (62).

H,

O r o r

( 6 1 ) ( 6 2 )

KEELFIJNIvr*
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The average value of ^3C4H4 and 3C6H6 in 

2-amino-1 -methylpyrimidinium iodide in DjO (189.2 Hz) 

is in reasonably good agreement uith the value in the 

protonated form of 2-aminopyrimidine in aqueous 

hydrochloric acid (108.9 Hz). However, it should be 

noted that the parameters determined from 2-amino-l- 

methylpyrimidinium iodide do appear to be affected 

by changes in the solvent (D.fl.S.0 . or H ^ C ). IT the 

parameters for protonation are equally affected it 

can be seen that significant errors may arise if data 

obtained from one solvent is used to calculate 

protonation ratios in another. It would therefore be 

unwise, for example, to assume the validity of the 

parameters derived from 2-amino-l-methylpyrimidinium 

iodide in D 2 0 for calculating protonation ratios in 

T.F.fl.

In addition to the effects of solvent, the value of 

the 1 3C6H6 coupling constant also seems to be sensitive 

to the nature of the substituent on the ring at C-4.

Thus, while 1 3C6H6 has a value of 191.0 Hz (02 0) in 

2-amino-l-methylpyrimidinium iodide the corresponding 

value in 2-amino-l,4-dimethylpyrimidinium iodide is 

189.2 Hz (020) and in 2,4-diaminopyrimidinium iodide it 

has a value of only 187.1 Hz (020) which is comparable 

with the value of 1 3C4H4 in 2-amino-l-methylpyrimidinium 

iodide (107.4 Hz). The variation in the value of 1 3C6H6 

in the N-l methiodides of 2-aminopyrimidine, 2,amino-4- 

methylpyrimidine and 2 ,4-diaminopyrimidine is thus 

larger than the difference in the values of 3C4H4 and 

^3C6H6 in 2-amino-l-methylpyrimidinium iodide.

KEFI F IINIVrn
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Since 13C6H6 appears to vary with the nature of the 

substituent at C-4 it is clear that the protonation 

parameters derived from 2-amino-l-methylpyrimidinium

iodide uould be unsuitable for assessing the N-l:N-3 

protonation ratio in those 2-aminopyrimidines possessing 

a aubstituent at C-4. It uould therefore appear to be 

necessary to obtain protonation parameters for each 

substituted system from the N-l and N-3 methiodides 

of that system.

Fortunately, since for 2-amino-4-methylpyrimidine 

both the N-l and N-3 methiodides had been prepared, it 

uas possible to obtain 13C6H6 parameters for the effects 

of protonation at both N-l and N-3 in this system 

(189.2 and 185.6 Hz respectively). These values, as 

expected are significantly different than those 

determined for the 2-aminopyrimidine system (191.0 and 

187.4 Hz). The observed 13C6H6 coupling for 2-amino-4- 

methylpyrimidine in aqueous hydrochloric acid (188.0 Hz) 

therefore suggests a protonation ratio in favour of 

N-l ( ~  2:1). Considering the accuracy to which these 

couplings were determined (+ 0.3 Hz) and the difference 

in protonation parameters for the two extreme forms,

61 and 62, R = Me, (3.6 Hz) it uould be unwise to

quote an exact ratio for this pyrimidine based on these

parameters.

For the 2,4-diaminopyrimidine system the 3C6H6 

protonation parameters for N-l and N-3 protonation 

(derived from the appropriate methiodides in D2O) were 

found to be 187.1 Hz and 182.1 Hz respectively. Once
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again these parameters are different to those found 

for 2-aminopyrimidine end 2-amino-4-methylpyrimidine.

The greater difference between the two values thus 

means that potentially a more accurate N-lsN-3 

protonation ratio could be determined. The value 

observed for 2 ,4-diaminopyrimidine in aqueous acid 

(187.4 Hz) thus suggests that the protonation ratio 

is quite extreme in favour of N-l. However, in view 

of the limited evidence for the suitability of the 

13C6H6 protonation parameters derived from the N-l and 

N-3 methiodides and the accuracy of these couplings, 

it would be unwise to place too much emphasis on this 

result. Ue feel that the 33C2H6 parameters derived 

from 2-amino-l-methylpyrimidinium iodide (5.8 and

13.9 Hz) provide more reliable N-lsN-3 protonation 

ratios. The 8.1 Hz difference in these values means 

that, potentially, more accurate ratios can be 

determined. Evidence that these parameters are valid 

is provided from the 3 3C2H6 coupling in 2-aminopyrimidine 

in both T.F.A. and aqueous hydrochloric acid. T.F.A. 

also provides a useful check for the calculated N-lsN-3 

protonation ratios of the 2-aminopyrimidines substituted 

at C-4. For the method based on the 13C6H6 coupling 

constant the T.F.A. data is not very meaningful due to 

the variation of 13CH couplings with solvent.

(ii) Two bond 13C - 1H coupling constants ( 3CH_1

(a) 2 3C5H6

A summary of the 23C5H6 values observed for 

the neutral and protonated pyrimidines studied is given

-j
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in Table 23. As can be seen this coupling decreases in 

the protonated systems and there appears to be some 

correlation betueen the reduction in 23C5H6 on protonetion 

and the percentage protonation at N-l.

Fortunately, as uith the 33C2H6 coupling previously

considered the N-methylpyrimidinium iodides do appear
2

to be satisfactory models for determining 3C5H6 

protonation parameters for protonation at N-l and N-3.

Thus, the proton coupled C n.m.r. spectrum of 2-amino-

1- methylpyrimidinium iodide in DjO and D.n.S.O. shows 

couplings of 7.9 and 3.3 Hz for 23C5H4 and 23C5H6 

respectively. The average of these two couplings is 

thus 5.6 Hz, which is in very good agreement with the 

value of 33C5H6 and 23C5H4 observed for 2-aminopyrimidine 

in aqueous acid (5.5 Hz). Furthermore, the 3C5H6 

values for the N-l and N-3 methiodides of the 4-substituted

2- aminopyrimidines studied agree closely uith the 

appropriate couplings in 2-amino-l-methylpyrimidinium 

iodide. Thus, for example, the N-l methiodides of 

2-amino-4-methylpyrimidine and 2 ,4-diaminopyrimidina 

both have values of 3.4 Hz while the corresponding

N-3 methiodides gave values of 7.8 and 7.7 Hz respectively.

The values of 23C5H6 for the protonated systems may 

therefore also provide a means of assessing the N-l:N-3 

protonation ratios. Assuming that the 3C5H6 parameter 

values for N-l and N-3 protonation are 3.3 Hz and 7.9 Hz 

respectively it is therefore possible to interpret the 

value of 5.1 Hz observed for 23C5H6 in protonated 2- 

amino-4-methylpyrimidine as indicating 59% protonation

KFFÌ F IINIVF~
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TABLE 23

O r -

H*

O a

NH„

COCI.

23C5H6/Hza

h 2o / h c i

H

c h 3

Ph

CH-CHPh

Clb

NH_

n( ch3) 2

NHC6H40CH3

7.0

7.2 

7*3

7.0 

7.6

7.0 

7. 6

7.2

5.5

5.1

4.3

4.3 

3.7 

4.0

4.3

•O

(a) Accurate to + 0.3Hz.

(b) O.CI.S.O. used as solvent for non-protonated species.

(c) H20, pH 11, used as solvent for non-protonated 

species.
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at N-l. Similar calculations on 2 ,4-diaminopyrimidine 

give 8556 protonation at N-l. These are in good 

agreement with the values determined from a consideration 

of 3DC2H6 values particularly when it is realised that 

the values for 23C5H6 are only accurate to + 0.3 Hz. 

and hence that the derived protonation ratios are only 

accurate to + 756. The major disadvantage when using 

23C5H6 values to determine protonation ratios stems 

from the rather small difference in the parameter values 

for N-l and N-3 protonation. The difference of 4.6 Hz 

is only just over half the value found for 33C2H6 (8 Hz).

As a consequence of this the accuracy of the associated 

protonation ratio calculations will be less than those 

based on 3C2H6.

(b) 23C6H5

A summary of the 23C6H5 coupling observed 

for both the neutral and protonated forms of the 

pyrimidines studied is given in Table 24. It can be 

seen that this coupling is smaller that that observed 

for 23C5H6 particularly in the case of the neutral 

species. On protonation the values of 23C6H5 increase 

slightly, this contrasting with the values of 3C5H6 

which decreased on protonation. However, while it is 

possible to suggest that the increase in 23C6H5 correlates 

with an increase in the protonation at N-l it is not 

possible to determine these coupling parameters with an 

accuracy which would enable a more quantitative measure

to be made.
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TABLE 24

23C6H5/Hza

coci3 h2o /hci

■n

CH3 3.5 4.2
Z

Ph 2.7 ■n
CH-CHPhb 3*4 4.6 n

o

cib 2.7 4.6

NH0 2.7 3.8 ß2 a
n (c h 3

HVCM
2.8

V)
NHCgH 40CH3 <1 3.2

(a) Accurate to + 0.3 Hz.

(b) D.PI.S.O. used as solvent for non-protonated species.

(c) HjO, pHll, used as solvent for non-protonated

species.
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2-amino-l-methylpyrimidinium iodide can be uaed as 

a model for establishing the range of values for JC6H5.

In this system the values of 23C4H5 and 23C6H5 were found 

to be 2.7 and 5.3 Hz respectively, thus confirming that 

2JC6H5 increases as the percentage protonation at N-l 

increases. However, the small range of values available 

make it unlikely that accurate protonation ratios could 

be determined from a consideration of this parameter.

(c) 23C4H5

Due to the complexity of the spin system 

associated with the C-4 resonance in a number of the 

systems studied very feu values for 23C4H5 were obtained.

It is therefore not possible to draw conclusions about 

this parameter except to say that it is clearly not 

generally suitable for determining protonation ratios.
•J

b
(iii) Three bond 13C - 1H coupling constants ( 3CH)

(a) 33C4H6

Once again due to the complexities of the 

C-4 resonances in a number of the systems studied few 

values for this parameter were obtained. In general 

it appears that the value of 33C4H6 is greater than 

23C4H5 in the neutral molecules. Furthermore, it appears 

that there is not a large change in the values of this 

coupling as a result of protonation. Also there 

does not appear to be a large difference for the 

parameters for N-l and N-3 protonations. Support for this 

view comes from a considerationoof the values of 3C4H6 

and 33C6H4 in 2-amino-l-methylpyrimidinium iodide which
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haUe values of 6.4 and 5.3 Hz respectively.

mnr.luslons

While it appears that, in theory, it may be possible 

to use couplings other than 3 3C2H6 to determine protonation 

ratios, in practical terms they offer no advantages.

As anticipated the through-nitrogen vicinal couplings 

were found to be most sensitive to the site of protonation 

and a study of this parameter therefore appears to offer 

the best opportunity for establishing accurate protonation

ratios.
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CHAPTER 3

Protonation studies of 4-alkyl and 4-aryl 

pyrimidines to assess the effect of s t e n c  

factors on the N-lsN-3 protonation ratio.
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In the previous chapter ue were able to clearly 

establish that steric factors play an important part 

in determining the N-lsN-3 protonation ratio in 4- 

substituted 2 -aminopyrimidines. It was therefore 

decided to conduct a more systematic study to evaluate 

the effect of increasing the size of the substituent 

at C-4 on the N-l:N-3 protonation ratio. However, 

to avoid possible complications arising from the 

presence of a substituent at C-2, it was decided to 

prepare a range of 4-substituted pyrimidines rather 

than extend the range of 4-substituted 2 -aminopyrimidines 

already discussed.

Initially a number of 4-alkyl and 4-aryl substituted 

pyrimidines were prepared and their N-lsN-3 protonation 

ratios determined. Subsequently, a number of these 

systems containing an additional methyl substituent at 

C-S were synthesised to see if the additional substituent 

at C-5 had any effect on the N-l:N-3 protonation ratio.

The approach use d  to evaluate the N-1-.N-3 protonation 

ratio in both the 4- and 4 ,5 -substituted systems was 

the same as that used for the 2-aminopyrimidine systems 

previously discussed. However, it was found necessary to 

use different coupling parameters to represent the two 

extreme positions of protonation, (63) and (64), to 

those previously used for our studies on the 2-amino- 

pyrimidines.

R

(63) (64)
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synthetic ftapecta 

(a) Pyrimidine

The parent ring system, pyrimidine, (65) has 

been synthesised by a variety of indirect means but the 

most convenient method was found to be one-step synthesis 

from the acyclic precursors. The reaction of 1,1,3,3- 

tetramethoxypropane with formamide at 180 - 190° gave 

a 50* yield of pyrimidine. The presence of ammonium 

salts and a trace of uater was necessary to hydrolyse ; 

the dimethyl acetals to the aldehyde functions. A 

possible mechanistic route of this reaction has been

proposed.^

C=0
I
H

CH 2 + C=0

H

CH
I

CH(0Ne)2 C=0
I
H

C=0

neOH + h c o n h 2 NH j + HCOOPIe

o C=NH
H

CH
II
0

(65)
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(b) ¿-substituted pyrimidines

4-Plethylpyrimidine (66) was synthesised in the 

same manner as that used for pyrimidine by using 4,4- 

dimethoxybutan-2-one in place of 1,1,3,3-tetramethoxy-

Unfortunately, the higher homologs of the B-keto- 

dimethylacetals were found to be difficult to prepare. 

Thus, for example, while an attempt to prepare 5,5- 

dimethoxypentan-3-ona (67) from butan-2-one and methyl- 

formate in the presence of sodium methoxide led to the 

isolation of the intermediate sodium salt of the 

hydroxymethylene ketone (68) subsequent treatment with . 

methanolic HC1 caused the formation of polymeric material 

rather than the desired acetal. (67)

propane.

+

HC0NH2 ( 66 )

EtCCH 3 NaOPle

0
EtHcH2CH(0rie)2

+

HCOOMe
(6 8 ) (67)

Kerr r uiwivr
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44
However, since previous reports hove suggested that 

any compound with the general formula (69) will react 

with formamide to give pyrimidines the reaction of the 

sodium salt of the hydroxymethylene ketone previously 

prepared (68) with formamide was investigated. 

Unfortunately, when the reaction was carried out in the 

usual manner no 4-ethylpyrimidine was isolated.

0 X 
Il I 

RCCRsCR

(69)

X » OH, ONa, OR, 

OCOR, NH2 , Cl

B-chlorovinylketones (70) also fall into the 

category of compounds of general formula (69) and 

are readily synthesised from the appropriate acid 

chloride and acetylene in the presence of a Friedel- 

Crafts catalyst.45

1}
RCCHsCHCl

(70)

Thus, for exampla, propionyl chloride was reacted with 

acetylene in the presence of aluminium chloride to give 

trans-l-chloropenten-3-one (71). This was then reacted 

uith formamide to give 4-ethylpyrimidine (72).

V'Çn
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0
EtCCl + HC5CH

AICI3

>> RCOCHîCHCl 

(71)

HCOHCO

4-isopropylpyrimidine was similarly prepared in a 

51% yield from trans-l-chloro-3— methy:lpenten-3-one«

3-chloroacroleins (73) also fall into the category 

of compounds having the general formula (69) and uere 

successfully used by us in the synthesis of a number 

of 4-alkyl and 4 ,5-dialkylpyrimidines.

The 3-chloroacroleins uere synthesised in a good 

yield from the chloromethyleniminiumsalt (74), prepared 

from dimethylformamide and phosphorous oxychloride, and 

the appropriate ketone. .Thus, for example, the reaction 

of (74) with 3 ,3-dimethylbutan-2-one uas used to prepare

3-chloro-4,4-dimethylpent-2-enal (2) (79). A possible 

mechanism for the chloroformylation of methyl and 

methylene ketones has been proposed. (Fig. 31)^ .

( 73)
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HC0N(CH3 )2

+

P0C1,

(CH3 )2N:CHC1

+ (74)

t-Bu-COCH3

HCT
o

/ ( c h 3 )2

t-Bu. •c
CH,2

(75)

+ HC1

HC1 + t-BuC0CH3

Cl" HCsN(CH-)

|Ht-Bu-CîCH2 + (CH3 )2N sCHC1

' V ....: 3 2
t-Bu-C:CHCH:N(CH3 )2

(77)

Cl
I

t-Bu C0CH2CH:N(CH3 )2 

(76) + HC1

t-Bu-C:CHCH:N(CH3 )2
NaAc

h 2o

t-Bu-C(Cl):CHCHO

(79)(78)
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The initial electrophillic attack by the chloro- 

iminiutn salt (74) on the ketone yields (75) and, 

more importantly, produces HC1. The enolisation of 

the ketone is favoured by acid and the enol can itself 

react with the chloro-iminium salt (74) to give (76) 

and more HC1 hence catalysing the reaction uith the 

enol. In practice an induction period is often observed 

followed' by an increasingly exothermic reaction which 

agrees uith this autocatalytic mechanism. Further electro­

philic attack of the iminium salt (74) on (76) results 

in the labile bis-iminium salt (77) which is readily 

attacked by chloride ion to yield the chloroacrolein 

iminium salt (78) which hydrolysestothe3-chloroacrolein (79) 

The reaction of the 3-chloroacrolein (79) uith 

formamide gave a good yield of 4-tert-butylpyrimidine 

(80).

4-Phenylpyrimidine, 4 ,5 -dimethylpyrimidine, 4- 

ethy1-5-methylpyrimidine and 5-methyl-4-phenylpyrimidine 

were all successfully synthesised by this route.

However, attempts to prepare 4-(2 ,4 ,6-trimethylphenyl) 

pyrimidine (83) by the 3-chloroacrolein route were 

unsuccessful. The reaction of 2 ,4 ,6-trimethylphenyl- 

ethanone with the chloromethyliminium salt (74) did 

not yield the desired 3 -chloroacrolein (81), only 2,4,6- 

trimethylbenzoic acid was isolated from the reaction.

(79)
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Cl

(CH3 )2N:CHC1

(74)

(81 )

An attempt was also made to synthesise the B- 

chlorowinyl ketone (82) by the reaction of 2,4,6- 

trimethy1 benzoyl chloride with acetylene in the presence 

of aluminium chloride. Once again, however, none of the 

desired product (82) was isolated from this reaction.

(82)

The failuiB of both these reactions was probably due 

to the bulk of the 2 ,4 ,6-trimethylphenyl group blocking 

attack at the carbon atom. Ue were, however, able 

to synthesise 4 -(2 ,4 ,6-trimathylphenyl)pyrimidine (83) 

successfully from the aryllithium compound (84) and 

pyrimidine.

o
+

Li
Me,

Me

Me
(84) (85) (83)
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Interestingly, it had previously been reported that

2 .4 .6-  trimethylphenyl lithium could not be satisfactorily 

prepared by direct reaction uith lithium metal47'48and it 

was necessary to prepare it by an exchange reaction of

2.4.6- trimethylphenylbromide and tert-butyllithium.

However, although the reaction of 2,4,6-trimethylphenyl 

bromide uith lithium metal uas slow it uas found that 

the metal did slowly react on refluxing in ether to give 

the desired aryl lithium compound (84). The intermediate
I

dihydropyrimidine (85) formed on reaction of (84) uith 

pyrimidine uas quite stable and required oxidation uith 

permanganate before re-aromatisation of the pyrimidine 

ring occurred. The reaction of aryllithium reagents uith 

pyrimidine uas also used successfully to prepare 4(2- 

methylphenyl )pyrimidine and 4-tert-butyl-5-methylpyrimldine 

since experience uith the 4-(2 ,4 ,6-trimethylphenyl) 

pyrimidine suggested that difficulty uith the method 

involving chloroacroleins or B-chlorovinyl ketones may 

have occurreddue to steric factors.

Methiodide formation

The reaction of 4-alkyl and 4-aryl pyrimidines uith 

iodomethane resulted in the formation of both N-methyl 

isomers in some cases and only the N-l isomer in others. 

Steric effects seem to be the most important factor and 

generally speaking mathylation at N-l becomes increasingly 

favoured as the size of the 4-substituent increases.

Thus, for example, 4-methylpyrimidine gave both 1,4- 

dimethylpyrimidinium iodide (8 6 ) (70%) and 3 ,4-dimethyl- 

pyrimidine (87) (30%).
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70% 30%

(8 6 ) (87)

The reaction of iodomethane with 4-tert-butylpyrimidine 

and 4-phenylpyrimidine, on the other hand, gave only 

the N-l methiodides. Fortunately, in thoae cases where 

both methiodides were produced the desired spectral 

parameters could usually be obtained from the mixture 

thus avoiding the need to separate the isomeric mixture.

AN ASSESSMENT OF THE USE OF 1 -METHVLPYRIMIDINIUM IODIDE 

AS A MODEL FOR PROTONATION IN 4-ALKYL AND 4-ARYL 

SUBSTITUTED PYRIMIDINES

As with the 2-aminopyrimidines previously discussed, 

in order to evaluate the N-lsN-3 protonation ratios in the 

4-substituted pyrimidines lacking a substituent at C-2 

it was necessary to establish protonation parameters for 

the two extreme protonation states (8 8 ) and (89).

R R

(89 )(80)
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in vieu of our success in using the values of 3JC2H4

and 33C2H6 Trom 2-amino-l-methylpyrimidinium iodide as 

protonation parameters for 33C2H6 in our studies on 

the 4-substituted 2-aminopyrimidines, it seemed sensible 

to begin our study of the 4-substituted pyrimidines by 

assessing whether the 33C2H6 and 33C2H4 couplings in 

1 -methylpyrimidinium iodide might provide suitable 

values for 33C2H6 in (88) and (89). The vicinal through- 

nitrogen coupling 33C2H6 was chosen for our preliminary 

studies since we had already shown this coupling to be 

the most sensitive to the protonation state of the

associated ring nitrogen.

Unfortunately, an additional complication was

observed in the proton decoupled 13C n.m.r. spectrum of
1 3

1-methylpyrimidinium iodide in water in that the C 

resonances, particularly those for C-2 and C-6, were 

observed es broad lines (see Fig. 32 (a)). Thus the 

13C n.m.r. proton coupled spectrum of 1 -methylpyrimidinium 

iodide was ill-resolved preventing us from obtaining 

data about the smaller couplings such as 33C2H6 and 33C2H4 

Since the cause of this line broadening was believed to 

be coupling between the ring cerbons and the quadrupole 

relaxed 14N nucleus (N-l), efforts were made to remove 

the coupling to the 14N nucleus by reducing the 

relaxation time of this quadrupolar nucleus to the point 

where the spin states of the 14N nucleus could be 

regarded as being averaged. The pyrimidine ring carbon

atoms would then be effectively decoupled from

14N nucleus.
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As previously discussed in the introduction, a 

quadrupolar nucleus, such as often has a short

relaxation time due to the efficient relaxation 

mechanism which arises as a result of the oscillating 

electric field created by the unsymmetr.ical electronic 

distribution around the nucleus. However, if the rate 

of molecular tumbling increases the electronic field 

around the quadrupolar nucleus becomes more symmetrical

and the relaxation time of the 14N nucleus increases.
14

Under these circumstances coupling between the N 

nucleus and the adjacent carbons may be observed.

In the case of the 1 -methylpyrimidinium iodide in 

water the relaxation times of the N nucleus is 

somewhere between these two extremes in that while 

broadening is observed in the 13C n.m.r. spectrum the 

1 :1 : 1  triplet pattern expected for coupling with N 

i8 not. As expected, however, the use of a less viscouf 

solvent such as acetonitrile (see Fig. 32 (b)) increased 

the rate of molecular tumbling and hence the relaxation 

time of the 14N nucleus to the point where the triplet 

character of the 13C resonances became apparent.

In an attempt to remove the 14N coupling from the 

13C n.m.r. spectrum of 1 -methylpyrimidinium iodide 

attempts were therefore made to increase the viscosity 

of the n.m.r. sample. The use of dg dimethyl sulphoxide 

as the solvent caused a marked improvement in the 

sharpness of the 13C n.m.r. resonances which was further 

enhanced by cooling the sample to 10 C. The dramatic 

effects of decreasing the rate of moleculer tumbling by



Fig. 32

13C N.n.R. PROTON DECOUPLED SPECTRA

nr i-rccTHYLPYRiflioiNiun i o d i d e:
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( a )

(b)

CDjCN

'w Av-vÂ *'

C 5

I I I I I I I 1 I
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increasing the »i.eo.ity of the ...pie « •  cl'"tly 

In Fig. 32 (c ^*
By using this approach to remove the coupling to 

the nitrogen, end selective irradiation of the protons 

of the N-methyl group to remove couplings to C-2 from 

these protons, it uas therefore possible to observe 

both 33C2H4 and 33C2H6. These couplings were found to 

have values of 11.3 and 4.9 Hz respectively, significantly 

smaller that the values (5.8 and 13,9 Hz) observed for

these couplings in 2 -amino-l— thylpyrimidinium iodide.

In order to a.....  the suitability of these values

as models for the effects of protonation at N-l and N-3 

respectively it uas necessary to compare the average of 

these values with the averaged coupling observed in the 

protonated form of pyrimidine. (Table 26).

Since it is generally accepted thet pyrimidines 

are mono-protonated in T.F.A. this solvent uas used 

initially to obtain information about protonated pyrimidine. 

Fortunately, the observed through-nitrogen vicinal 

couplings (*3C2H4 and 33C2H6) uere found to be 8.2 Hz, 

in excellent agreement uith the 8.1 Hz value predicted 

from a consideration of the coupling parameters obtained 

from 1 -methylpyrimidinium iodide in D.fl.S.O. at 10° C.

The determination of the 13C n.m.r. spectrum of the 

protonated form of pyrimidine in aqueous medium, houever, 

caused more problems. Due to the reduced basicity of 

the pyrimidine lacking substituent at C-2 relative to the 

2-amino substituted systems studied earlier it uas 

necessary to run the spectra in strongly acidic solutions. 

Pyrimidine, for example, has been reported to have a
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13C n.m.r. spectral data

nhemical shifts/p.p.m. 

Solvent: D.M.S.O. (10°C)

r.ouolinQ constants/Hz

Solvent: D.n.s.o .(10°C)

13C2H2 220.9 (219.1)
3 „ , ( 11.3)J3C2H4 \  K
33C2H6 !b ( 4.9)

13C4H4 191.6 (189.B)

23C4H5
33C4H2 }b }b
33C4H6
13C5H5 179.4 (176.4)

23C5H4

o•CD ( 8.0)

23C5H6 3.7 ( 3.7)

13C6H6 195.9 (193.1)

23C6H5
33C6H2 }b }b
13C6H4
13CH(N-CH_) 145.8 ( ‘ )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with lou 

pouer irradiation.

(a) Broad resonances observed.
( b )  Complex multiplet, couplings not resolved.
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1 395MHz c n.m.r.

TABLE 26 

sDectral data

Oyrimidine

chemical shifts/p.p.m.

Solvent: coci3 T.F.A. H20/HCla

C2 91.72 84.94 84.72

C4,6 89.78 91.24 90.99

C5 54.61 57.63 57.34

TouDlino constants/Hz

Solvent: coci3 T.F.A. H20/HCla

13C2H2 203.2 220.9 219.1

33C2H4/C2H6 10.4' 8.2 8.5

13C4H4/C6H6 181.0 195.3 193.7

23C4H5/C6H5 2.7 3*6

33C4HyC6H2 8 .9 ) b 7.2

33C4H6/C6H4 5.5 5.5

13C5H5 168.1 181.9 180.3

33C5H6/C5H4 7.3 5.5 5.5

*3C5H2 1.5 b 1.2

(a) 50/Ó cone. HCl.
(b) Couplings not resolved.



pKa value of approximately 1 . 3 24 so that to achieve 

complete protonation it uas necessary to operate at 

very low pH values uhich could not be monitored by a 

standard pH meter. At the same time it uas necessary to 

avoid very strongly acidic solutions since diprotonation 

of the pyrimidine ring might begin to occur under these 

conditions. Fortunately, however, the pKa value for 

the diprotonation of pyrimidine has been determined as 

-6.3 so that diprotonation is unlikely to become a

problem unless the pyrimidine is dissolved in extremely
2 7strong acids (for example 100% sulphuric acid) .

Initial studies were carried out on solutions 

prepared by dissolving the pyrimidine in 50% concentrated 

hydrochloric acid (~6Pl). Since the concentration of the 

pyrimidine uas 1.5M this resulted in a solution of the 

pyrimidinium chloride in 4.51*1 hydrochloric acid which 

would be expected to achieve monoprotonation of pyrimidine 

ensuring complete monoprotonation. Nevertheless, the 

value of 33C2H4 and 33C2H6 observed for pyrimidine in the 

50% hydrochloric acid uas 8.5 Hz, Plate 17, slightly larger 

than the value in T.F.A. ard in less good agreement with 

the value predicted from a consideration of the values 

from 1-methylpyrimidinium iodide. If, as seems likely, 

the 1-methylpyrimidinium iodide is a good model for the 

effects of protonation on the vicinal through-nitrogen 

couplings then the value of 8.5 Hz in aqueous acid would 

suggest that the pyrimidine is not completely protonated 

in the hydrochloric acid solution. If this were the case 

this effect would also be apparent in the other couplings 

in the molecule • The ”*3CH couplings have been shown





160.

previously to increase significantly when the ring is

protonated. The observed increase in 13CH values was

smaller in aqueous hydrochloric acid that the observed

increases in T.F.A. This is best interpreted as

indicating that the pyrimidine is not fully protonated

when dissolved in 50% hydrochloric acid. Furthermore,

if the values of 33C2H4 end 33C2H6 are corrected on

the basis of this interpretation it is interesting to

note that these decrmse to a value of 8.2 Hz in excellent

agreement with the value determined in T.F.A.

To explain the apparent incomplete protonation of

the pyrimidine in the 50% hydrochloric acid it is therefore

necessary to re-assess the effective pH of the resulting

solution. For pH values belou zero the Hammett acidity

function (H ) has been developed as a measure of acid 
o

strength. However, it should be noted that the H Q 

acidity scale was established for essentially pure acids, 

only the presence of a small quantity of an indicator 

(usually a para-nitroaniline) being additionally present.

The Hammett functions for solutions of hydrochloric and 

sulphuric acid are shown below.

Hydrochloric acid Sulohuric acid

Cone / mol dm-3 H o
-3Cone • / mol dm H o

1

oCMe01 i -0.26

3 -1.05 3 -1.38

4 -1.40 4 -1.85
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Sulphuric acid

— 3
Cone, /mol dm H 0 C o n e . /mol dm

_3
mol dm

H 0

5 -l-76 5
GOCM•CM1

6 "2.12 6 -2.76

10 -3.68 10

ONGOe1

70% u/u -5.04

, 100% u/u -11.10

Although T.F.A. does not behave as a typical strong

acid the H value for the pure acid has been determined 
o

as approximately -4 by extrapolating the values which can 

determined for aqueous solutions of this acid.

Although ue would predict from a consideration of 

the information above that the Hq value of the 

pyrimidine in 50% hydrochloric acid uould be approximately 

-1.15 it is important to remember that ue are not dealing 

with pure hydrochloric acid. In the case of the 

pyrimidine solution used for our 13C n.m.r. studies there 

is a high concentration of the pyrimidinium chloride in 

the acid. The presence of this salt may therefore cause 

the effective pH of the solution to be significantly 

different from that observed for the pure hydrochloric 

acid.

For this reason it uas decided to determine the 

13C n.m.r. spectrum of pyrimidine in several more 

strongly acidic solutions, namely 50%, 70% and 100% 

sulphuric acid. The chemical shifts (relative to 1,4 

dioxan ), the "*3CH coupling values and the values of
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33C2H4 and 33C2H6 for pyrimidine in these three solutions 

are given in Table 27 together with the data obtained in 

chloroform, T.F.A. and 50% hydrochloric acid.

In 50% sulphuric acid the 13CH values for pyrimidine 

are significantly larger than those in 50% hydrochloric 

acid and are approaching those values observed in T.F.A. 

Similarly the values of 33C2H4 and 33C2H6 (8.3 Hz) are 

comparable to the value observed in T.F.A Jhis would 

suggest that in 50% sulphuric acid the pyrimidine is 

approaching complete mono-protonation.

In 70% sulphuric acid a further small increase in 

the 13CH values is observed. This suggests that the 

acidity of the 70% sulphuric acid is now exceeding that 

of T.F.A. Ue can therefore be reasonably confident that 

monoprotonation of the pyrimidine ring is complete at 

this stage. However, in this strongly acidic medium it is 

difficult to rule out the possibility of some diprotonation 

beginning to occur.

In 100% sulphuric acid the pyrimidine would be 

expected to be in its diprotonation state and this is 

clearly reflected in the significantly increased values 

for the 13CH couplings. The slightly larger values of 

^3CH observed for pyrimidine in 70% sulphuric acid 

relative to those in T.F.A. are thus consistent with a 

modest degree of diprotonation occurring.

Ue have therefore been able to confirm that in
13

sufficiently acidic solutions of aqueous acids the C 

n.m.r. spectral parameters for protonated pyrimidine 

are comparable with those values observed in T.F.A. 

where the system would be expected to be completely
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mono-protonated.

At first sight it might therefore appear sensible 

to avoid the complications of using aqueous acids for 

our studies of the N-lsN-3 protonation ratios in 4- 

substituted pyrimidines and to use T.F.A. for all 

further studies. However, our work on the 4-substituted 

2-aminopyrimidines had indicated that the solvent 

could affect the N-liN-3 protonation ratio. It was

therefore desirable to compare the effects of both
<

T.F.A. and aqueous acids to see if similar differences 

were observed in the N-lsN-3 protonation ratio in the 

4-substituted pyrimidines. Fortunately, the value of 

^JC5H5 in the 4-substituted pyrimidines would be expected 

to be sensitive to the extent of protonation of the 

ring system while remaining insensitive to the N-l.N-3 

protonation ratio. It was therefore possible to obtain 

the 13C n.m.r. data for a given pyrimidine in 50% 

hydrochloric acid and thus correct for the effects of 

incomplete protonation by comparing the value of 3C5H5 

in the aqueous hydrochloric acid with that in T.F.A.

AN ASSESSMENT OF THE N-1:N-3 PROTONATION RATIO IN A 

NUMBER OF 4-SUB5TITUTE0 PYRIMIDINES BASED ON A 

CONSIDERATION OF THE VALUE OF 33C2H6

Having established that the values for 3C2H6 and 

33C2H4 from 1-methylpyrimidinium iodide appear to be 

suitable models for the effects of protonation at N-l 

and N-3 in pyrimidine it was of interest to extend 

our study to a number of 4-alkyl and 4-aryl substituted
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pyrimidines to assess the importance of steric factors 

in influencing the N-l:N-3 protonation ratio and .the 

relative pKa values of the individual nitrogen atoms. 

Fortunately changes in the substituent at C-4 in the 

alkyl and aryl substituted systems studied appeared to 

have little effect on the vslue of 33C2H6 in the free 

bases in COCI3 (Table 28), or the value 33C2H6 in the 

N-l methylated system (90 : R = H, 4.9 Hz; R » Re,

4.8 Hz; R = PH, 4.8 Hz; R « 2,4 ,6-trimethylphenyl,
1

4.9 Hz).

(90) (91)

Furthermore the values of 33C2H5 in N-3 methylated 

system (91 : R = Pie, 11.4 Hz; R = Ph, 11. Hz; R = 2,4,6- 

trimethylphenyl, 11.6 Hz) are in good agreement uith the 

value of 33C2H4 in 1-methylpyrimidinium iodide (11.3 Hz). 

It would therefore seem reasonable to assume that the 

33C2H6 parameters determined from 1-methyl pyrimidinium 

iodide for the effects of N-l and N-3 protonation may be 

used to assess the N-l:N-3 protonation ratio in those 4- 

alkyl and 4-aryl substituted pyrimidines studied.

(i ) 4-Alkylpyrimidines

The 13C n.m.r. spectral data for 4-methyl, 

4-ethyl, 4-isopropyl and 4-tert-butyl pyrimidines are 

displayed in Tables 29 - 32. For each compound data



T
A

B
L

E
 

2
8

(a
) 

Ac
cu

ra
te

 
to

 
+ 

0.
2 

Hz
.

(b
) 

Va
lu

es
 
co

rr
ec

te
d 

fo
r 

in
co

mp
le

te
 
pr

ot
on

at
io

n.



167

TABLE 29

7RMHz 13C n.m.r. spectral data

A-nethy1pyrimidine

fhemical shifts/p.p .m.

Solvent: c d c i 3 H20/Na0Ha T.F.A. H20/HClb

C2 91.26 89.97 84.23 84.21

C4 99.73 101.25 108.28 105.44

C5 53.93 55.20 57.39 57.36

C6 89.24 89.58 86.64 88.10

CH3 -42.82 -43.62 -43.94 -43.58

CouDlino constants/Hz 

Solvent: CDCl^ H20/Na0Ha T.F.A. h 2o /h c i

1JC2H2 202.0 203.8 219.1 217.3

33C2H6 10.6 10.4 7.7 8.3

2DC4H5
3DC4H2 } C } C }C }C
33C4H6

13C5H5 165.4 167.8 177.6 177.9

23C5H6 7.9 7.6 5.5

13C6H6 180.3 183.1 193.5 191.6

20C6H5 2.3 3.0 4.3 3.9

30C6H2 9.3 8.8 6.1 6.9

1û c h (c h 3 ) 127.2 128.5 131.2 130.6

(a) pH 9.

(b) 50% conc. HCl.
(c) Complex multiplet, couplings not resolved.
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TABLE 30

7ciWHz 13C n.m.r. spectral data 

A-rthylpyrircidine

Themical shifts/p.p.m.

Solvent: c d c i 3 HjO/NaOH3 T.F.A. h 2o / h c i

C2 91.20 90.03 84.18 84.35

C4 103.76 105.97 113.68 110.50

C5 52.14 53.91 55.98 55.93

C6 89.57 89.87 86.05 87.49

ch2 -36.16 -36.50 -35.99 -34.56

ch3 -53.98 -54.37 -55.88 -54.93

Couplinq constants/Hz

Solvent: c d c i 3 H20/Na0Ha T.F.A. h 2o / h c i '

13C2H2 202.2 203.9 219.1 217.3

33C2H6 10.6 10.4 7.3 8.1

23C4H5 *1
33C4H2 } C } C } c } C
33C4H6

13C5H5 167.3 169.1 177.6 177.0

23C5H6 c c c c

13C6H6 180.7 183.1 193.5 191.7

23C6H5 2.7 2.7 4.2 4.2

33C6H2 9.0 8.5 6.1 7.0

1 3'CH( CH_ 
1 1 
3 CH(CH3

) 128.1 128.8 130.0 130.0

) 127.0 127.6 128.9 128.7

(a) pH 9.
(b) 50£ cone. HC1.

(c) Complex resonance, couplings not resolved.



TABLE 31

?e,i»)Hz 13r n.m.r. spectral data 

A-i so-Propvlpyrimidine

fhemical shifts/p.p .m .

Solvent: c d c i 3 H20/Na0Ha T.F.A. h 2o /h c i d

C2 91.26 90.07 84.18 84.35

C4 108.18 109.68 118.49 114.97

C5 51.38 52.67 54.62 54.71

C6 89.61 90.14 85.03 86.64

CH -31.05 -31.17 -29.64 -30.76

(c h 3)2 -45.25 -45.62 -46.49 -45.84

CouDlina constants/Hz 

Solvent: CDCl^ H20/Na0H3 T.F.A. H20/HClb

13C2H2 201.7 203.2 219.1 217.0

33C2H6 10.4 10.4 7.0 7.7

23C4hs
33C4H2 } C }C } C } C
33C4H6

13C5H5 164.8 168.5 177.0 176.7

23C5H6 C c 4.3 c

13C6H6 180.1 182.8 192.9 191.3

23C6H5 3.0 2.4 4.3 4.2

33C6H2 9.1 9.2 6.0 7.0

13CH 128.2 128.3 131.6 131.3

13CH(CH3 ) 127.0 127.6 128.7 128.4

(a) pH 9.

(b) 50^ cone. HC1.

(c) Complex resonance, couplings not resolved.
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TABLE 32

1 3„25(*lHz C n.m.r. spectral data

¿-tert-Butylpvrimidine 

Chemical shifts/p•p.m•

Solvent: c d c i 3 H20/Na0Ha T.F.A. H20/HClb

C2 90.92 89.87 83.54 84.08

C4 110.32 111.76 122.43 118.81

C5 49.70 51.41 53.96 53.35

C6 89.61 90.19 83.54 84.65

C -29.49 -29.52 -26.65 -27.57

(Ch3 )3

CouDlinq

-37.62

constants/Hz

-38.02 -38.78 -38.08

Solvent: co ci3 H20/Na0Ha T.F.A. H20/HClb

13C2H2 201.7 202.9 219.7 217.3

33C2H6

23C4H5

10.6 10.4 6.5 7.1

33C4H2
33C4H6

} C } C } c }C

13C5H5 164.2 168.5

23C5H6 
13C6H6

7.9

179.7

7.9

182.5
second order effects

33C6H5 2.4 3.0

33C6H2 
13CH (CH3 )

9.1

GO•CD

126.7 127.0 128.0 128 . 2

(a) pH 9.
( b )  50̂ 0 conc. HCl.
(c) Complex multiplet, couplings not resolved.
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is presented for the free base in COCI3 (where solubility 

permitted data is also presented in aqueous base) and 

for the mono-protonated form in T.F.A. and in 50% 

hydrochloric acid. A summary of the values of 30C2H6 

in the 4-alkyl substituted pyrimidines is given in 

Table 28. The effects of incomplete protonation in 

the hydrochloric acid have been allowed for as 

previously described... (Comparison of 13C2H2 values 

in T.F.A. and aqueous acid.)

Both the N-l and N-3 methiodides of 4-methylpyrimidine 

and the N-l methiodide of 4-tert-butylpyrimidine were 

prepared. The 13C n.m.r. spectral data for these 

compounds is given in Table 33 - 35, once again the 

close similarity of the 33C2H6 parameters obtained 

from these methiodides with those obtained for 1- 

methylpyrimidinium iodide and hence it seems valid to 

use the 33C2H6 values from the latter to assess the N-ls 

N-3 protonation ratio.

In both T.F.A. and hydrochloric acid the value of 

33C2H6 decreases steadily as the bulk of the alkyl 

substituent at C-4 increases. It is interesting to note, 

however, that the effect seems more marked in T.F.A. 

than in hydrochloric acid indicating that the N-l:N-3 

protonation ratio is slightly different in the two 

solvents. As expected the most extreme case in the 

4-alkyl-substituted pyrimidines was that of 4-tert-butyl- 

pyrimidine where the N-l:N-3 protonation ratio was 

calculated to be 75:25 in T.F.A. and 70:30 in aqueous 

hydrochloric acid. Using Equation 4 (see Chapter 1) these



TABLE 33

9HMH7 13C n.m.r. spectral data
1 f4-Dimethvlpyrlmidinlum iodide

chemical shifts/p.Q.rc.

Solvent: D . n . s . o .

C2 86 .68

C4 10 9 .2 5

C5 55 .95

C6 85 .59

CH3
- 4 1 . 1 7

n-c h3 - 2 1 . 7 4

Couolino constants/Hz

Solvent: o . n . s . o .

13C2H2 219*6 ( 2 1 7 . 3 )

33C2H6 a ( 4 . 8 )

23C4H5 1
33C4H2 } a r
33C4H6

13C5H5 17 7 .3 ( 1 7 3 . 9 )

23C5H6 3*7 3*8

13C6H6 194 .7 ( 1 9 1 . 9 )

23C6H5 4 .7 ( 4 . 7 )

33C6H2 4 .7 ( 4 . 7 )

13CH(CH_)
13CH(N-CH3 )

130.9

145 .2

( - ) 

( - )

Values in paranthesise are those obtained when 
selectively decoupling N-methyl protons uith lou 

pouer irradiation.
(a) Complex multiplet. couplings not resolved.
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TABLE 34

9RMH? 13C n.m.r. spectral data
T. 4-Dimethvlovrimidinium iodide

Themical shifts/p.p.m.

Solvent: D.n.s.o,

C2 87.76

C4 98.09

C5 50.07 .

C6 95.88

CH3 -45.67

N-CH3 -23.73

Couplino constants/Hz

Solvent: D.PI.S.O.

13C2H2 219.6 (217.9)

33C2H6 a ( H . 4 )

23C4H5
33C4H2 } a } 3
33C4H6
13C5H5 177.3 (173.9)

23C5H6 a a

13C6H6 191.3 (188.0)

23C6H5 3.0 ( 3.0)

33C6H2
 ̂3CH(CH_ )
1 ^ 
3CH(N-CH3 )

9.4 ( 9.4)

130.9 ( - )
145.2 ( - )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons uith lou 
pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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TABLE 35

75I*IHz n.m.r. spectral data

l-nethyl-4-tert-butylpvrimidinium iodide

Chemical shifts/p.p.m.

Solvent: o . n . s . o

C2 86.44

C4 118.13

C5 52.79

C6 B5.48

N-Ch3 -21.88

C -27.21

(c h 3 )3 -37.64

Coupling constants/Hz

Solvent: o.n.s.o.

13C2H2 219.7 (218.2)

33C2H6 ( 4.9)

23C4H5 \ \  af 3 1 a
°3C4H2 J J

33C4H6 a a

13C5H5
23C5H6
1 second order3C6H6 -
23C6H5
33C6H2
13CH(CH3 ) 127. 6 (124.5)

13CH(N-CH3 ) 145. 5 ( - )

Values in paranthesise are those obtained when 
selectively decoupling N-methyl protons with low 

power irradiation.
(a) Complex multiplet, couplings not resolved.
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ratios can be interpreted as implying that pKa N-l 

pKa N-3 = 0.4 PH units. It is interesting to compare 

this with a 4-methyl group where pKa N-l - pKa N-3 is 

only 0.07 pH unite. Since inductive effects of the alkyl 

group at C-4 would be expected to enhance rather than 

weaken the basicity of N-3 relative to N-l the reduced 

basicity of N-3 can be attributed solely to increased 

steric hindrance in the vicinity of N-3.

(ii) 4-Arvl pyrimidines

The 13C n.m.r. spectral data for 4-phenyl 

4-(2-methylphenyl) and 4-(2,4,6-trimethylphenyl) 

pyrimidines are shown in Tables 36 - 38. As with the 

4- alkyl substituted system previously discussed these 

Tablescontain 13C n.m.r. data about the free base in 

CDC13 and the protonated state in T.F.A. and 50^ 

hydrochloric acid.

The 13C spectral data for l-methyl-4-phenylpyrimidinium 

iodide and both l-methyl-2,4,6-(trimethylphenyl) 

pyrimidinium iodide and 3-methyl 2 ,4 ,6-{trim ethylphenyl)- 

pyrimidinium iodide is given in Tables 39-41. The 

33C2H6 protonation parameters were once more in close 

agreement with those from the parent system.

For 4-phsnylpyrimidine the value of JC2H6 is 

5.8 Hz in both T.F.A. and aqueous hydrochloric acid 

(corrected for incomplete protonation). This indicates 

that the N-lsN-3 protonation ratio is 86:14 which 

corresponds to a difference in pKa N-l and pKa N-3 of

/



TABLE 36

25HHZ 13C n.m.r. spectral data

A-PhenvlDvrimidine

rhemical shifts/p.p.m.

Solvent : c d c i 3 T.F.A. H20/HC13

C2 91.79 84.04 84.33

CA 96.49 106.34 103.16

C5 49.82 51.59 51.67

C6 90.17 81.38 82.19

Cl' 69.21 65.62 65.80

C2* 59.94 62.65 62.10

C3‘ 61.84 63.20 62.93

CA 63.92 69.23 67.96

Couplinq constants/Hz

Solvent : c d c i 3 T.F.A. H20/HCla

13C2H2 202.6 219.1 217.3

33C2H6 10.6 5.8 6.1

23C4H5 T
33C4H2 }b }b }b
33CAH6
13C5H5 165.4 177.0 176*7

23C5H6

13C6H6 180.7 194.7 193*8

23C6H5 2.4 4*1 4*2

33C6H2 9.1 4.9 5*2

(a) 50^ conc. HCl.
(b) Complex multiplet, couplings not resolved



TABLE 37

75MHz 13C n.m.r. spectral data

A_(?-methylphenyl)pyrimidine

nhemical shifts/p.p.m.

Solvent: c d c i 3 T.F.A. h 2o /h c i

C2 91.28 84.00 84.04

C4 99.89 108.18 106.22

C5 54.19 56.37 53.37

C6 89.56 83.07 83.34

Cl' 68.86 66.41 66.99

C2‘ 70.37 71.90 71.09

C3' 62.43 64.23 65.27

C 4' 64.02 66.78 65.88

C5' 62.43 65.71 64.04

C6' 59.04 60.32 60.11

CH3 -46.56 -46.98 -46.54

Coupling constants/Hz

Solvent: c d c i 3 T.F.A. h 2o / h c i

13C2H2 202.9 219.4 219.1

33C2H6 10.6 6.6 6.8

23C4H5

}b33C4H2
3 }b }b
3C4H6

13CSH5 166.6 177.8 177.6

23C5H6 7.9 b 5.5

13C6H6 181.0 194*3 193*4

23C6H5 2.7 b b

33C6H2 9.1 b b

(a) 50% cone. HC1.
(b) Complex multiplet, couplings not resolved.
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TABLE 38

^ H z  13C n.m.r. spectral data

L—  (2.4,6 -TrimethvlDhenyl)pyrimidine

Chemical shifts/p.p.m.

Solvent: c o c i 3 T.F.A. h 2o /h c i

C2 92.00 85.15 85.32

C 4 100.84 106.38 105.89

C5 55.44 59.53 58.47

C6 89.72 88.56 86.45

CI* 68.12 62.40 64.69

C2' 67.95 69.30 69.15

C3' 61.50 62.96 62.35

CA' 71.31 76.65 74.53

(c h3 )2 -47.02 -46.66 -46.05

c h3 -45.95 -47.88 -47.21

Couplina constants/Hz

Solvent: c d c i 3 T.F.A. h 2o /h c i

13C2H2 202.6 220.0 217.6

33C2H6 10.4 8.1 7.6

23C4H5

33C4H2
33C4H6

} b } b } b

13C5H5 166.6 179.7 178.5

23C5H6 7.9 5.2 4.9

13C6H6 180.9 194.7 193.5

23C6H5 3.1 3.3 3.3

33C6H2 4.1 7.0 6.7

(a) 50$ conc. HCl.
(b) Complex multiplet, couplings not resolved



TABLE 39

?Ri*iHz 13C n.m.r. spectral data

i Mofhvl-A-ohenvlpvrimidinium iodide

Chemical shifts/p.p.m.

Solvent: o . n . s . o (10°C)

C2 86.53

C4 102.36

C5 51.63

C6 84.77

CT 65.75

C2‘ 62.27

C3’ 62.95

C4' 68.05

N-CH3 22*30

Couplina constants/Hz

Solvent: D.M.S.O •

13C2H2 220.3 (219.1)

33C2H6 a ( 4.8)

23C4H5
33C4H2 } a
33CCH6
13C5H5 177.0 (176.7)

23C5H6 3.6 ( 3.6)

13C6H6 195.3 (193.5)

23C6H5 4.6 ( 4.6)

33C6H2

13CH(N-CH3 )

4.6 ( 4.6 )

145.3 ( - )

Values in parenthesise are those obtained uhen 
selectively decoupling N-methyl protons with lou 

power irradiation.
(a) Complex multiplet, couplings not resolved.



TABLE 40

95i»IHz 13C n.m.r. spectral data
l-fle thy 1-4-(2 .4.6-tri-methyl phenyl )pyrimidinium iodide 

f.hemical shifts/p.p.m.

D.n.s.o.

87.25 

106.58 

57.78 

85.69 
-21.56

Other carbon resonances not assigned.

Solvent :

C2
C4

C5
C6
N-CH3

Couplino constants/Hz

Solvent:

1JC2H2 
33C2H6 
23C4H5 

33C4H2 
33C4H6 
13C5H5 
23C5H6 
13C6H6 

23C6H5 
33C6H2

13CH(N-CH3 )

Values in parenthesise 
selectively decoupling 
pouer irradiation.
(a) Complex multiplet,

D.n.s.o.

220.6 (220.3)

a ( 4.9)

} 3 } 3

179.3 (178.3)

3 ( 3 )
195.7 (193.5)

4.2 ( 4.2)

4.2 ( 4.2)

145.3 ( - )

are those obtained uhen 
N-methyl protons uith lou

couplings not resolved.
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7RMHz 13C n.m.r. spectral data
3-Methyl-4 - (2 ,4 .6-trimethylphenyl)pyrimidinium iodide

Chemical shifts/p»p «m ■

Solvent :

C2
C4
C5
C6
N-CH-

o . n . s . o .

90.09
95.10 

59.62 

98.01

-23.68

Other carbon resonances not assigned. 

Coupling constants/Hz

Solvent: o • 3 • to o •

13C2H2 220*6 (220*0 )

33C2H6 a ( 11.6 )

23C4H5
33C4H6 }a } 3
33C4H6
13C5H5
23C5H6 resonances ot
13C6H6
23C6H5
3

>-

3C6H2

13CH(N-CH3 ) 145.2 ( - )
Values in parenthesise are those obtained when 
selectively decoupling n-methyl protons uith.lou 

power irradiation.
(a) Complex multiolet. couplings not resolved.
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of 0.8 pH units. These values are more extreme than 

those observed for 4-tsifc-butylpyrimidine and can be 

explained by considering that the pyrimidine and phenyl 

rings are held in a coplanar arrangement (Fig. 33). In 

these circumstances the ortho protons of the phenyl 

ring uould hinder the solvation of the protonated species 

fbrmed when N-3 is the site of protonation. Further 

evidence for the coplanarity of the two rings is provided 

by the U.V. spectrum of 4-phenylpyrimidine which shows , 

that the two rings are in conjugation in both the free 

base ( A max 275 nm, 6 = 16,000 mol“ 1 dm3 cm'1 ) ^ t h e   ̂

protonated form ( * m a x  304 nm, £ = 19,150 m o l ' 1 dm cm' ).

in an attempt to increase the N-ltN-3 protonation 

ratio still further we have investigated the effects of 

introducing methyl groups into the ortho positions on 

the phenyl ring. It was hoped that the presence of these 

groups would further hinder the N-3 site thus making it 

less attractive as a site for protonation.

However, the value of 33C2H6 observed in 4(2,4,6- 

trimethylphenyl) pyrimidine in T.F.A. was 8.1 Hz and 7.5 

Hz in aqueous hydrochloric acid suggesting that the 

N-l:N-3 protonation ratio is only slightly in favour of 

the N-l site. It would therefore appear that in the

4 -(2 ,4 ,6-trimethylphenyl) system the presence of the 

methyl substituents forces the molecule into a non- 

coplanar arrangement of the rings. In these circumstances 

the interaction of the methyl substituents with N-3 

would be minimal thus accounting for tha apparent ease 

with which protonation at N-3 can occur. This view is 

supported by the U.V. spectral data for both the free
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base ( *  max 262 nm, 6,500 mol' dm cm ) the

monoprotonated system ( ^  max 316 nm, E = 4,370 mol 

dm3 cm"1 ) which both indicate that the two rings are 

much less conjugated than 4-phenylpyrimidine and do 

not prefer the coplanar arrangement.

Fig. 33

The accessibilities of the N-3 site is even more 

clearly indicated by the observation that the reaction of 

4-(2,4, 6-trimethylphenyl)pyrimidine with iodomethane 

yields both the N-l and N-3 methiodides in contrast to 

the 4-phenylpyrimidines where only the N-l methiodide is 

formed.

The effect of introducing one methyl group at the 

2 position on the phepyl ring was also investigated in 

the hope that this might increase the steric interaction 

at N-3 while maintaining the two aromatic rings in a 

coplanar arrangement. However, the value of 3C2H6 

in 4-(2-methylphenyl)pyrimidine in both T.F.A. and 

aqueous acid was 6.6 Hz (Table 28), indicating a 

protonation ratio of 73:27 in favour of N-l. This 

situation is thus betueen those observed in 4-phenyl- 

pyrimidine and 4-(2 ,4 ,6-trimethylphenyl)pyrimidine and
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clearly indicates that even the introduction of one 

methyl group can effect the coplanerity of the phenyl 

and pyrimidine rings.

In conclusion, therefore, the 4-phenylpyrimidine 

Uas found to have the most extreme N-lsN-3 protonation 

ratio (86:14) in those 4-substituted pyrimidines 

studied and efforts to increase the ratio by increasing 

the steric interactions at N-3 proved unsuccessful.

(iii) 4-alkyl and 4-arvl pyrimidines uith an additional 

methyl substituent at C-5

The degree of interaction between a given 

substituent at C-4 and the N-3 protonation site depends 

on the preferred conformation of that C-4 subatituent 

uith respect to the pyrimidine ring. It uas therefore 

of interest to investigate whether the presence of a 

methyl substituent at C-5 would affect the preferred 

conformation and thus have an effect on the N-l:N-3 

protonation ratio in the 4-substituted systems previously 

studied. Furthermore since the electronic effects of the

5-methyl group would be expected to be similar at both 

N-l and N-3 any changes observed in the N-l:N-3 protonation 

ratio would be able to be interpreted as being due 

to a change in the preferred conformation of the 4- 

substituent. Thus, for example, since the ortho methyl 

group in 4-(2-methylphenyl)pyrimidine had already been 

observed to cause some loss of planarity between the 

pyrimidine and benzene rings one might expect the presence 

of the 5 methyl substituent on the pyrimidine ring would

have a similar effect.
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Similarly in the case of 4-tert-butyl pyrimidine 

it might be anticipated that the presence or the 5- 

methyl substituent might encourage the tert-butyl 

group to favour a conformation uhere two of its methyl 

groups straddled the 5 methyl group (92). This in turn 

might provide a way of increasing the interaction between 

the remaining methyl group and N-3.

A number of 4-substituted 5-methylpyrimidines were 

therefore prepared and their 13C n.ra.r. spectra determined. 

Tables 42 - 46 show the data obtained for these pyrimidines 

in CDC13 , aqueous base (when solubility permitted), T.f.A. 

and 50# hydrochloric acid. The methiodides of several 

of these compounds were also prepared and the C n.m.r. 

data for these compounds can be found in Table 47 - 49.

The introduction of the additional 5-methyl group 

was found to have little effect on the values of 3C2H6 

in CDC13 although this coupling was found to vary 

slightly within those 5-methylpyrimidines studied 

(Table 28). The 33C2H6 and 33C2H4 values for 1 ,5-dimethyl- 

pyrimidinium iodide (4.9 and 11.3 Hz) uere almost identical 

to those found in 1-methylpyrimidinium iodide and the 

value of 33C2H6 for the N-l methiodides of 4-ethyl-5-
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TABLE 42

75l*IHz 13C n.m.r. spectral data
S-Hethylovrimidine

Chemical shifts/p.p.m.

Solvent: c d c i 3 H20/Na0Ha T.F.A. h 2o / h c i

C2 89.03 87.64 82.31 81.94

C4 89.75 90.19 90.62 90.56

C5 63.78 65.75 69.47 68.81

C6 89.75 90.19 90.62 90.56

CH3 -51.23 -51.65 -51.89 -50.94

Couolino constants/Hz

Solvent: c d c i 3 H20/Na0Ha T.F.A. h 2o / h c i

13C2H2 203.9 205.7 220.9 219.7

3JC2H6 10.2 10.0 8.2 8.5

33C4H2/C6H6 178.8 181.9 191.6 191.0

33C4H2/C6H2 9.8 9.2
I n

** 6

33C4H6/C6H4 5.2 5.2 ) C r~ 5

23C5H4 6.7 6.1 5.5 5.5

13CH3 127.9 128.8 130.9 130.6

(a) pH 9.

(b) 50$ cone. HC1.

(c) Couplings not resolved.
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TABLE 43

75MHz 13f. n.m.r. spectral data 
¿,5-Dimethvlpyrimidine

Chemical shifts/p • p • m •

Solvent: CDC13 T.F.A. H20/HCla

C2 98.24 01.92 81.58

C4 09.07 105.10 lo3.54

C5 62.o5 67.63 67.65

C6 09.07 06.44 87.73

4-CH3 -44.96 -46.00 -45.81

5-CH3 -51.17 -51.07 -51.23

Couplino constants/Hz

Solvent: c d c i 3 T.F.A. H20/HCla

1 3C2H2 201.1 217.6 217.3

33C2H6 10.4 0.2 8.5

33C4H2 T 3
3 r r b I b3C4H6 J J J

23C5H6

13C6H6 177.3 109.0 189.0

23C6H2 9.7 6.1 6.2

13CH(4-CH3 ) 127.6 130.6 130.6

13CH(5-CH3 ) 127.6 130.3 130.3

(a) 50% conc. HCl.
(b) Complex multiplet, couplings not resolved
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TABLE 44

95MHz 13C n.m.r. soectral data

a  -F thvl-5- methvlpvrimidine

fhemical shifts/o.p.m.

Solvent: c d c i 3 H20/Na0Ha T.F.A. H20/HClb

C2 89.26 87.73 81.92 82.01

C4 102.32 103.79 111.27 108.72

C5 61.35 63.27 67.60 67.08

C6 89.41 89.36 84.98 86.84

CH_ -39.03 -39.22 -38.54 -39.10

CH3 -55.30 -55.27 -52.26 -51.66

5-CH3 -51.60 -52.06 -56.78 -55.92

CouDlinq iconstants/Hz

Solvent: coci3 H20/Na0Ha T.F.A. H20/HClb

13C2H2 201.7 203.5 219.1 217.3

33C2H6 10.3 10.4 7.6 8.0

33C4H2
33C4H6 } C } C }C }C
23C5H6
13C6H6 ■ 177.6 180.3 191.0 189.8

23C6H2 9.5 8.8 6.7 6.3

13CH(CH2 ) 126.9 128.2 130.6 130.0

13CC(CH3 ) 127.6 128.2 130.6 130.3

13CH(5-CH 3> 1 2 7'6 127.6 130.0 129.4

(a) pH ~  9.
(b) 50% cone. HC1.
(c) Complex multiplet, couplings not resolved.
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1 125I*1Hz C n.m.r. spectral data

¿-tert-Butyl-5-methylpyrimidine

Chemical shifts/p.p .m ♦

Solvent : c d c i 3 T.F.A. h 2o / h c i

C2 88.25 80.88 80.88

CA 106.63 115.21 113.73

C5 61.20 67.62 66.77

C6 91.79 87.62 87.30

C -27.84 -25.58 -26.26

(ch3)3 -38.01 -39.50 -38.81

5-CH3 -48.07 -48.62 -48.00

Couplinq constants/Hz

Solvent : c d c i 3 T.F.A. h 2o / h c i

13C2H2 201.7 220.0 217.9

33C2H6 10.9 7.8 8.0

33C4H2 
3JC4H6 } - } -
20C5H6 b b b

13C6H6 177.0 190.4 189.8

33C6H2
13CH(CH3 )3
13CH(5-CH3 )

9.2 6.7 6.4

126.3 128.5 127.8

127.0 130.9 130.6

(a) 50% conc. HCl.

(b) Complex multiplet, ceuplings not resolved



190

TABLE 46

7RWH7 13C n.m.r. spectral data
S-r'lBthvl-4-ohenylDvr imi dine

f.hemical shi f ts/p . p .m .

Solvent : CDC13 T.F.A. H20/HCla

C2 89.47 81.90 81.68

C A 97.82 104.29 103.17

C5 61.15 67.31 66.72

C6 91.64 86.88 85.83

CH, -49.87 -50.04 -49.46
J

C1‘ 70.78 65.51 65.99

C2‘ 61.35 62.66 62.28

C3‘ 61.79 62.66 62.78

C4' 62.34 66.65 65.51

Couplino cons tants/Hz

Solvent: c d c i 3 T.F.A. h 2o / h c i

13C2H2 202.6 220.3 217.9

33C2H6 10.8 7.6 7.3

33C4H2 3 \ „3 > b r b 1 b3C4H6 J J J

23C5H6 b b b

13C6H6 178.2 191.7 191.6

33C6H2 9.2 6.3 6.2

13CH.(5-CH3 ) 128.2 130.9 130.9

(a) 50% cone. HC1.
(b) Complex multiplet, couplings not resolved.
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oem u -t 13f n.m.r. spectral data
1 tB-DimethvlPvrimidinium iodide

rhemical shifts/p.p.m»

Solvent: D.n.s.o.

C2 84.57

C4 97.17

C5 66.89

C6 85.59

CH3
-50.75

n-c h 3

Couplina constants/Hz

-21.20

Solvent: D.N.S.O.

13C2H2 220.9 (218.5)

33C2H4
} 3

( 11-3)

33C2H6 ( 4-9)

13C4H4

33C4H2

189.8

1

(188.0)

1
33C4H6
23C5H4

/ 3 r

23C5H6 } 3 ) a
13C6H6 192.8 (191.6)

33C6H2 1 (~ 5 )

33C6H4

13 c h (c h 3 )

J 3 ( - 5  )

130.0 ( - )

^CH(N-CH3 ) 145.3 ( - )

Values in parenthesise are those obtained when 

selectively decoupling N-methyl protons with lou 

pouer irradiation.
(a) Complex multiplet, couplings not resolved.
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?AWHz 13C n.m » r . spectral data
l f 5-Dimettivi-4-ethvlpyrimidinium iodide

r.hamical shifts/p.p.m.

Solvent: D.M.S.O

C2 84. A3

C4 111.44

C5 65.17

C6 83.31

5_CH3
-50.92

CH, -37.84

CH3
-55.88

n-c h3 -22.25

Coupling constants/Hz

Solvent : D.fl.S.O.

1JC2H2 219.1 (216.7)

33C2H6 a ( 4.8)

3DC6H2 I \
3 r a I a3C4H6 i J

23C5H6 a a

13C6H6 192.9 (189.8)

33C6H2 a ( 5 )

13CH(5-CH3 )
3CH(CH2 )
3CH(CH3 )
3CH(N-CH3 )

129.4

128.2
128.2

(
(
(

- )
- ) 
- )

145.3 ( - )

Values in parenthesise are those obtained uhen

selectively decoupling N-methyl protons uith low

power irradiation.

( a)  Complex multiplet. couplings not resolved.



TABLE 49

1 *Z9C1MH7 JC n.m.r. spectral data
1 r5-Dimethyl-4-phenyloyrimidinlum iodide 

Chemical shifts/p.p.m.

Solvent: d .m .s .o .

C2 84.39

C4 102.83

C5 64.11

C6 86.53

5-Ch3 -48.75

cr 65.36

c? 62.35

C3' 63.25

C4‘ 68.30

N-Ch3 -22.23

Couplino constants/Hz

Solvent: o . n . s . o

13C2H2 220.9 (218.5)

33C2H6 a ( 4.9)

33C4H2
33C4H6 } a } a
23C5H6 a a

13C6H6 192.9 (191.0)

33C6H2 a ( " 5  )

^  CH(5-CH3 ) 143.4 ( - )
3 c h (n -c h 3 ) 130.6 ( - )

Values in parenthesise are those obtained when 
selectively decoupling N-methyl protons with low 
power irradiation.

(a) Complex multiplet, couplings not resolved.
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me thy lpyTimidine and 5-methyl-4-phenylpyrimidine were

also in good agreement with the parent system. It uae 

therefore felt appropriate^ to use the 3JC2H6 protonation 

parameters from 1-methylpyrimidinium iodide to estimate 

the N-l:N-3 protonation ratios in the 4-substituted 

5-methyl pyrimidines. Interestingly, it can be seen from 

the data in Table 28 that the N-lsN-3 protonation ratios 

become less extreme when the 5-methyl group is introduced 

into the ring system. Ue must therefore conclude that 

the 5-methyl group is indeed affecting the preferred 

conformation of the 4-substituent.

Uhile this reduction in the N-l:N-3 protonation 

ratio was to be expected for the case of 5-methyl-4- 

phenylpyrimidine (see earlier discussions) it is not 

immediately apparent why this should also occur with 

the 4-alkyl substituted systems. In particular ue have 

previously argued a case for the 4-tert-butylpyrimidine' 

to suggest that the N-l:N-3 protonation ratio in this 

case might become more extreme as a result of the 

introduction of the 5-methyl substituent.

One possible explanation for the reduction in 

steric hindrance could involve a change in the preferred 

orientations of the protons on the tert-butyl group.

In the absence of the 5-methyl group there are no major 

barriers to the rotation of the tert-butyl group around 

the C - C bond to C-4. On the other hand, in the 5- 

methylated system there is a considerable interaction 

betueen the rotating tert-butyl group and the methyl group 

at C-5. To minimise the interactions it might be argued 

that the protons on the tert-butyl group would take up
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the preferred conformations as shoun in (94). If this 

conformation is still present as the methyl protons of 

the tert-butyl group rotate past the N-3 position then 

steric hindrance at N-3 would be reduced from the 

situation in (93).

A similar line of argument could be applied to the 

4-ethyl and 4-isopropyl substituted systems.

CONSTANTS OTHER THAN 33C2H6 FOR THE DETERMINATION OF 

N-l:N-3 PROTONATION RATIOS

(i) One bond 13C - 1H coupling constants (13CH)

On protonation it uas observed that all the 

^OCH couplings increased markedly from the non-protonated 

state. It is* interesting to note that in aqueous base 

all the 13CH values are slightly larger than the values 

in CDClj. This is probably due to H-bonding between 

the water and the ring nitrogens which would have an 

effect similar to protonation in that all the 3CH values 

would increase but to a much lesser extent. For the 

unsubstituted pyrimidine system the effects of N- 

methylation are shoun in Table 50. As suspected the
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value of all the 13CH values increased on méthylation, 

the largest effects being observed on the carbon atoms 

adjacent to the sites of méthylation.

TABLE 50

c d c i 3 D.M.S.O.

13C2H2 203.2 220.9

13C4H4 181.0 191.6

13C5H5 168.1 179.4

13C6H6 181.0 195.9

A summary of the 13C6H6 values for all the

«-substituted pyrimidines and 4-substituted-5-methyl- 

pyrimidines studied is given in Table 51.

It is difficult to ascertain whether or not the 

13C4H4 and 13C6H6 from 1-methylpyrimidinium iodide can 

be considered as parameters for the two extreme protonated 

species since it was necessary to use D.FI.S.O. as the 

solvent for the methiodide and T.F.A. and water for 

mono-protonated pyrimidine and it has previously been 

established that solvent has a considerable effect on 

the 13CH parameters. The corrected 10C6H6 value for 

pyrimidine in aqueous acid 194.3 Hz therefore is in 

reasonably good agreement with the average value of 

13C4H4 and 13C6H6 from 1-methylpyrimidinium iodide 

193,7 Hz, particularly when considering the different 

solvents and the accuracy to which these couplings were 

determined (+ 0.3 Hz).
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The nature of the substituent at C-4 also has an 

effect on 13C6H6. This can be seen by considering 

the variation of 13C6H6 values in CDCI3 (179-7 - 181.0 Hz) 

for the ¿-substituted system (Table 51). Although this 

difference is relatively small it is a significant 

variation when considering the difference in the 3C6H6 

protonation parameters (4.3 Hz) from 1-methylpyrimidinium

iodide.

It uas not possible therefore, to make any reliable 

assessment of the N-l:N-3 protonation ratios of the ¿-substituted 

and ¿-substituted-5-methylpyrimidines based on 13CH .

(ii) Tuo bond 13C - 1H coupling c onstants (23CH)

(a) 23C5H6

Unfortunately this particular coupling uas 

not well resolved in many of the systems studied due to 

the presence of additional long-range couplings from 

the protons of the alkyl substituents a t  C-4.

for the ¿-substituted pyrimidines the value of 

23C5H6 in deuterochloroform uas approximately 8 Hz.

However, due to complexity of the C-5 resonance for the 

¿-substituted 5-methylpyrimidines this coupling uas 

not resolved. In T.F.A. and hydrochloric acid only a 

feu values of 23CSH6 were resolved but in general it 

appeared that this coupling decreases o n  protonation 

and this decrease is greater as the percentage N-l 

protonation increases.

Assuming that 1-methylpyrimidine uas once again 

a suitable model for the effects of protonation in 

these systems it uas possible to obtain 3C5H6 protonation
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parameters of 3.7 and 8.0 Hz for N-l and N-3 protonation 

respectively. Uithin the limits of experimental error 

the average of these values is consistent uith the 

23C5H6 value of 5.5 Hz observed for pyrimidine and 5- 

methylpyrimidine where the protonation ratio would be 

50:50.

Although 23C5H6 does provide a potential means 

of assessing the N-1-.N-3 protonation ratio, 

for the reasons previously stated it is not easy to 

measure the 23C5H6 couplings in these systems and hence 

this parameter is not as useful as the 3JC2H6 coupling 

in assessing the N-l:N-3 protonation ratio.

(b) 23C6H5

The observed values for this coupling in 

COClj, T.F.A. and aqueous base are given in Table 52.

It can be seen that a small increase in this coupling 

is observed on protonation.

Attempts to obtain protonation parameters for this 

coupling from 1-methylpyrimidinium iodide were 

unsuccessful due to the complexity of the C-6 resonance 

However» from a consideration of the N-l and N-3 

methiodides of 4-methylpyrimidine and 4-(2,4,6-trimethyl- 

phenyl )pyrimidine it is possible to conclude that 

23C6H5 increases to approximately 4.7 Hz on protonation 

of N-l, while protonation at N-3 brings about a modest 

increase in 2JC6H5 to give a value in the region of 3 Hz. 

The 2JC6H5 coupling therefore appears to be relatively 

insensitive to changes in the N-l:N-3 protonation ratio.
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TABLE 52

R r '

cdci3

23C6H5a / 

T.F.A.

Hz

H20/HC1

H H 2.7 3.7 3.7

He H

CD•CM 4.2 4.2

Et H 2.7 4.2 4.3

i-Pr H

GO•CM 4.3 4.3

t-But H •CM - -

Ph H 2.4 4*1 4* 2

2-methylphenyl H 2.7 - -

2,4,6-trimethylphenyl H 3.0 3.3 3.3

(a) Accurate to + 0.3 Hz.

(b) Values corrected for incomplete protonation.
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Considering the limited accuracy of the couplings 

measured in the protonated systems (+ 0.3 Hz) it can 

be seen that 23C6H5 can only ba used to detect major 

changes in the N-l:N-3 protonation ratio.

(c) 23C4H5

Due to the complexity of the C-4 resonance 

it was not possible to measure this coupling without 

selectively irradiating the alkyl group protons for each 

pyrimidine in each of the solvents. In vieu of the 

limited use of the 23C6H5 coupling this was not considered 

to be necessary.

(ii) Three bond 13C - 1H couplings constants (33CH)

(a) 33C4H2 and 33C4H6

Once again due to the complexity of the 

C-4 resonance it was not possible to measure these 

couplings.

(b) 33C6H2

This coupling is of particular interest 

since like 33C2H6 it is a vicinal coupling through the 

N-l nitrogen atom. Once again, however, the complexity 

of the C-6 resonance in 1-methylpyrimidinium iodide 

prevented us from obtaining 33C6H2 protonation parameters. 

Nevertheless, the other methiodides prepared indicated 

that the 33C6H2 protonation parameters would have values 

of about 4.7 and 9.4 Hz corresponding to the effects of

N-l and N-3 protonation respectively.
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The values of 33C6H2 for the pyrimidines studied 

are given in Table 53, both for the non-protonated 

species in CDC1.J and the mono-protonated species in 

T.F.A. and aqueous hydrochloric acid« For the tuo 

symmetrical pyrimidines, namely pyrimidine and 5-methyl- 

pyrimidine, the observed value of 33C6H2 in acid (~7 Hz) 

is in good agreement uith the average value of the 

protonation parameters (4.7 and 9.4 Hz) thus providing
3

support for the use of these parameters. The 3C6H2 

values observed for the other pyrimidines in acid can, 

therefore, be interpreted in terms of N-lsN-3 protonation 

ratios and clearly show the expected increased preference 

for N-l protonation uith increasing bulk of the 4- 

substituent. Houever, the 33C6H2 couplings in acid 

could not be measured to the same degree of accuracy as 

the 33C2H6 couplings and this together uith the smaller 

difference in 3 3C6H2 protonation parameters (4.7 Hz) 

compared to the difference in 33C2H6 protonation parameters 

(6.5 Hz) inevitably means that this coupling is inferior 

to the 33C2H6 coupling in assessing accurate protonation 

ratios.

Conclusions

Although in theory it uould appear that couplings 

other than 33C2H6 can be used to study the N-l:N-3 

protonation ratio in those types of pyrimidine included 

in our study, in practical terms they offer no advantages 

over the use of 33C2H6. Ue have found that the values
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TABLE 53

R R 33C6H2 / Hza

c d c i 3 T.F.A. H20b/HCl

H H 8.9 7 7.0

Me H 9.3 6.1 6.7

Et H 9.0 6.1 6.7

i-Pr H 9.2 6.0 6.7

t-But H 9.1 - -

Ph H 9.1 4*9 5*2

2-methylphenyl H 9.1 - -

2,4,6-trimethylphenyl H 9.1 7*0 6» 7

H Me 9.2 ~ 7

Me Me 9.2 6.8 6.7

Et Me 9.1 6.7 6.7

t-But Me 9.2 6.7 6.6

Ph Me 9.1 6.2 6.4

(a) Accurate to + 0.3 Hz.

(b) Values corrected for incomplete protonation.
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of ^DC2H6 can be determined with a sufficiently high 

degree of accuracy (+ 0.2 Hz) to enable the extent of 

protonation at N-l to be determined with an accuracy of 

about + 5% .



CHAPTER 4

An assessment of 13C chemical shift parameters 

to assess the N-lsN-3 protonation ratio of 4- 

substituted pyrimidines.
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Ue have previously described our investigations

of the N-l:N-3 protonation ratios of a number of 4-

substituted pyrimidines. Although these studies
13 1

uere primarily concerned with the use of C - H

coupling constants as a means of assessing the protonation

ratio, a considerable quantity of chemical shift data

was also acquired. Since chemical shift changes
30

resulting from protonation have been used as a means 

of determining the N-l:N-3 protonation ratios in a 

number of substituted pyrimidines it was of interest to 

see if this approach could be used for the pyrimidines 

included in our study.

1H n.m.r. studies

In general the use of 1H n.m.r. chemical shift

data for studying protonation ratios in pyrimidines has

not proved to be very satisfactory since only small

changes in shift are usually observed on protonation.

The protonation ratios derived by this method are thus

inevitably imprecise and conclusions are generally of
28

a qualitative nature. The method developed by Gil 

for 4-phenylpyrimidine serves as a good example for the 

1H n.m.r. approach. The observed changes in chemical 

shifts and couplings constants of 4-phenylpyrimidine on 

protonation and the analagous changes for pyridine 

uere reported (Table 54). Carbon tetrachloride and 

T.F.A. uere chosen as the solvents for the non-protonated 

and protonated species respectively. On the basis of the 

pyridine parameters the expected changes in the H
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TABLE 54

/■-PHFNYLPYRIMIDINE

Observed change in Observed change in

chemical shift/p.p.m. H- H coupling constants

H2 +0.35 4 3H2H6 +1.14

H5 +0.87 53H2H5 -0.3

H6 +0.36 33H5H5 +1.3

PYRIDINE

Observed change in Observed change in

chemical shift/p.p.m. H- H coupling constants

H2 +0.27 33H2H5 -1.1

H3 +1.16 4 3H2H4 -0.3

H4 +1.30 53H2H5 -0.2

4 3H2H6 +1.1

33H3H4 +0.3

CALCULAT ED CHEMICAL SHIFT CHANGES FOR 4-PHENYLPYRiniDE

N-l N-3 N-1:N-3

Protonation Protonation 50:50

H2 +0.27 + 0*27 +0.27

H5 +1.16 +1.16 +1.16

H6 + 0.27 +1.30 +0.79
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TABLE 54

a -p h f n y l p y r i w i d i n e

Observed change in Observed change 

1H-1H coupling i

in

chemical shift/p.p.m. constants

H2 +0.35 4 3H2H6 +1.14

H5 +0.87 53H2H5 -0.3

H6 +0.36 33H5H5 +1.3

PYRIDINE

Observed change in Observed change in

chemical shift/p.p.m. 1H-1H coupling constants

H2 +0.27 33H2H5 -1.1

H3 +1.16 4 3H2H4 -0.3

H4 +1.30 5 3H2H5 -0.2

43H2H6 +1.1

33H3H4 +0.3

CfllCULATFD CHEMICAL SHIFT CHANGES FOR 4-PHENYL PYRIPIIDE

N-l N-3 N-1 : N-3

Protonation Protonation 50:50

H2 +0.27 + 0* 27 +0.27

H5 +1.16 +1.16 +1.16

H6 + 0.27 +1.30 +0.79
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chemical shifts of 4-phenylpyrimidine were calculated 

for h - 1 and N-3 protonation and the case where a 

50:50 ratio exists (Table 54). From a comparison of 

this data it was concluded that protonation essentially 

occured at N-l. The close similarity of the 3 values 

for both 4-phenylpyrimidine and pyridine was considered 

to be corroborative evidence that N-l was the site of 

protonation.

13C n.m.r. studies

In contrast to the 1H n.m.r. studies the much 

larger protonation shifts observed in 13C n.m.r 

spectroscopy can potentially offer a more accurate means 

of determining the protonation ratios. Ue have therefore 

attempted to assess the suitability of using 13C n.m.r. 

chemical shift data for determining the N-l:N-3 

protonation ratio of the pyrimidines included in this

study.

Before considering this work, however, it is 

important to note that 13C n.m.r. chemical shifts are 

sensitive to solvent and concentration changes. During 

this study therefore efforts were made to minimise these 

effects. Samples were prepared at the same concentrations 

and where possible comparisons between compounds were 

made between spectra of the protonated and non-protonated 

species in the same solvents. The same reference compound

1,4-dioxan could be used for all the solvents and since 

it had previously been reported that the chemical shift 

of 1,4-dioxan was relatively insensitive to solvent 

effects30 a possible source of error was eliminated.
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The 2-aminopyrimidines and the alkyl/aryl pyrimidines 

required separate treatment of these results. Since 

the 2-aminopyrimidinas were the first to be prepared this 

system uill be considered first.

) 2-flminopvrimidines uith substituents at C-4

Let us consider a 4— substituted 2-amino- 

pyrimidine (95) uhere on protonation X% of the molecules 

are protonated at N-l (96) and (100-X)% of the molecules 

are protonated at N-3 (97).

X% (100-X) %
(95) (96) (97)

Let us assume that the change in chemical shift 

on protonation (AJ) of a carbon atom in the pyrimidine 

ring depends both on the position of the carbon atom 

relative to the site of protonation and also the nature 

of the substituent on that carbon (R). These parameters 

are given the notation Pp and • It can be seen 

therefore that the chemical shift change of C-6 uill 

depend on V H and X. If the and parameters 

can be determined the it is possible to use the 

expression belou to calculate X (% N-1 protonation).

100

Unfortunately the ocH and for the two protonated 

forms (96) and (97) cannot be determined directly since
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on the n.rn.r. time scale only an average spectrum is 

observed. In order to obtain these values it is 

necessary to consider the symmetrical pyrimidine (95, 

r = H) where it is known that X = 50%. For 2-amino- 

pyrimidine the observed chemical shift change for C-6 

on protonation was-0.42 p.p.m. This is significantly 

different from the chemical shift change of C-6 on 

protonation of pyrimidine (+1.21 p.p.m.). It is 

clear therefore that the ofH and ^  parameters determined 

from pyrimidine (-7.16 and +9.79 p.p.m. respectively) 

cannot be used as protonation parameters for the 2- 

aminopyrimidines. Therefore protonation parameters 

not only depend on the position of the carbon relative 

to the site of protonation and the nature of the 

substituent on that carbon but also on the nature of 

other substituents on the ring. Previous workers hava 

suggested that substituents which are capable of 

conjugating with the ring have a considerable impact

30on the protonation parameters *

It is interesting to note that for 2-amino-l-methyl- 

pyrimidinium iodide (98) methylation has a similar effect 

on both the C-2 and C-6 chemical shifts (-6.78 and-6.80 

p.p.m. respectively).

(98)
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Thus if the methylation parameters and 6 ̂ 2

are very similar it is not an unreasonable assumption 

that the protonation parameters o<H andHNH^ are similar.

For 2-aminopyrimidine therefore it is possible to suggest 

the«., and protonation parameters would be -7.40 and 

+6.54 p.p.m. respectively. It is interesting to note 

that the o(u parameter is very similar to that found for 

pyrimidine but the X H parameter is significantly different.

2-flminoovrimidines substituted at C-4

For 2-amino-4-methylpyrimidine (95, R = He) the

observed change in chemical shift of C-2 uas -7.22 p.p.m. 

which is in reasonable agreement with 2-aminopyrimidine 

(95, R » H) It is possible to suggest that the oC^ and 

parameters derived from the latter can be used to assess 

the protonation ratio in the 2-amino-4-methylpyrimidine 

system. The observed change in chemical shift of C-6 

in 2-amino-4-methylpyrimidine (+4.33 p.p.m.) can thus be 

interpreted as indicating a N-l:N-3 protonation ratio 

of 78:22. This result is much more extreme than would be 

expected and thus suggests that the assumptions made in 

determining the protonation parameters may not be valid.

As uas previously discussed the introduction of 

groups capable of conjugating with the pyrimidine ring can 

have considerable effect on the chemical shift protonation 

parameters. Thus it is clear that for pyrimidines with 

substituents at C-4 capable of exerting such effects a 

reliable assessment of the protonation ratio cannot be 

made using the previously derived and parameters.
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For example the observed change in the C-6 chemical 

shift for 2 ,4-diaminopyrimidine is -13.95 p.p.m. Clearly 

this far exceeds the oC.̂  parameter (-7.40 p.p.m.) derived 

from 2-aminopyrimidine. Similarly for the other 2-amino- 

pyrimidines studied the effects of conjugation made it 

impossible to make an estimate of the protonation ratio.

(ii) 4-Alkyl and 4-arvl substituted pyrimidines

For pyrimidines bearing only an alkyl or 

aryl substituent on the 4 position of the ring the 

assumptions made to establish the protonation parameters 

are fewer. Namely, that the * H value for C-2 is equal 

to the value for C-6. Thus the and parameters 

for this system were assessed as -7.16 and +9.98 p.p.m. 

From Table 55 it can be seen that the choice of solvents 

for the non-protonated and protonated pyrimidines is 

particularly important in determining the protonation 

parameters. As can be seen the chemical shifts in 

aqueous base shou characteristic shifts which are similar 

to those for protonation but of a smaller magnitude.

These effects can be attributed to H-bonding of the 

nitrogen atoms to the water in aqueous base. Similar 

effects were noted for ^3CH values which were also 

consistent with H-bonding in aqueous base.

The otu and parameters derived by ourselves are 

in excellent agreement with the reported values by 

Pugmire and Gr a n t 29 (-7.30 and +9.95 p.p.m. respectively)

but significantly different from the values determined
3 0

by Riand (-6.1 and 7.3 p.p.m. respectively). Riand



TABLE 55

13C chemical shifts of p yrimidine 

in various solvents

CDC13 h 2o /o h " T.F.A. h 2o /h c i

C2 91.72 90.8 84.74 84.56

C4,6 89.78 90.60 91.24 91.19

C5 54.61 55.80 57.63 57.81

PROTONATION PARAMETERS/P.P.M.

-6.98 -7.16

+3.02 +3.20

+9.70 +9.98

(a) Correc ted for incomplete protonation
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suggested the difference between their values and those 

of pugmire and Grant were due to the difference in a d v e n t  

and the choice of reference. As can be seen from Table 

55 Riand's values are consistent with the protonation 

parameters derived from aqueous acid and aqueous base.

Since as previously explained H-bonding occurs in aqueous 

base the values used by Rianddo not take this factor 

into account.

The observed changes in the C-6 chemical shift of 

the 4-alkyl and aryl pyrimidines studied and the calculated 

N-l:N-3 protonation ratios are given in Table 56. In 

both T.F.A. and aqueous acid these ratios appear to be 

much more extreme than would be expected. In the case of 

4-phenylpyrimidine the calculated percentage N-l 

protonation exceeds 100*. As previously discussed 

substituents capable of conjugating with the pyrimidine 

ring can affect the protonation parameters therefore this

value is unreliable.

It is possible that alkyl substituents on the 

pyrimidine ring may also affect the protonation parameters. 

It is interesting for this purpose to compare 5-methyl- 

pyrimidine. The o*H and 3 H parameters for this pyrimidine 

were determined as -6.72 and +8.46 p.p.m. respectively. 

Although thet*H parameter is once again very similar to 

that determined for pyrimidine (7.16 p.p.m.), the # H 

parameter is 1.5 Hz smaller than for pyrimidine (9.98* 

p.p.m.). Therefore it is likely that a methyl group in 

the 4 position of the ring will also affect the protonation 

Furthermore, other alkyl groups capable ofparameters.
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TABLE 56

R co ci3 T.F.A. N-1SN-3 H20/HCla N-1:N-3

Re 89.24 86.64 76:24 88.12 65:35

Et 89.57 86.05 80:20 81.32 1 71:29

i-Pr 89.61 85.03 87:13 86.47 77:23

t-But 89.61 83.54 96:40 84.11 90:10

Ph 90.17 81.38 112: 81.90 106:

2-methylphenyl 89.56 83.07 98:2 83.30 95:5

2,4,6-trimethyl-
phenyl 89.72 88.56 66:34 86.28 78:22

PROTONATION PARAMETERS/P .P .PI.

-7*16 

+ 3* 20 

+9*98

(aj Corrected for incomplete protonation.

-6*78 

+ 3*02 

+9*70
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exerting a stronger +1 effect may affect the protonation

parameters to a greater extent.

Ue therefore conclude that ue can have little 

confidence in the protonation ratios determined by the 

chemical shift method although the values suggest a 

trend which is consistent with the method based on the 

3DC2H6 coupling.

The chemical shift method involves making a number 

of assumptions which are difficult to assess. Furthermore, 

since chemical shifts are known to be sensitive to 

concentrations, solvent and choice of reference compound, 

there are a number of sources of potential error. In 

contrast to this our method based on the 33C2H6 coupling 

constant is very much more readily assessed since it is 

based on only one assumption, namely that the effects of 

protonation and méthylation are similar. Evidence to 

support the latter assumption has already been discussed.

Ue feel therefore that more confidence can be placed 

in those N-l:N-3 protonation ratios determined by the 

coupling constant approach than in the chemical shift 

approach with its inherent assumptions and complexities.
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9-flniNOPYRIWIDINE

This uas available from Sigma Chemicals and was 

used for 1H and 13C n.m.r. spectroscopy uithout further 

purification, m.p. 126-8 C.

Í 1H (C0C13 ), 6.51 (1H, t, 5 H z ), 8.19 (2H, d, 5Hz). 

á 1H (T.F.A.), 7.15 (1H, t, 6Hz), 8.68 (2H, d, 6Hz).

2-flPlIN0-1-l,)ETHYLPYRIf,lIDINIUf,l IODIDE

2-Aminopyrimidine (2g) uas dissolved in a minimum 

amount of acetone in a small conical flask. Iodomethane 

(10g) uas added, the flask stoppered and stored for 3 days.

The resulting uhite needles (43g, 86%) uere filtered off 

and recrystallised from ethanol to give the desired product, 

m.p. 255-6°C (. decomposes ). flicroanalysis found:

C, 25*14; H, 3*38; N, 17*87%. Calc, for C^gN-jI: C, 25*33;

H, 3*40; N, 17*73%.

<S 1H (D20), 3.95 (3H, s), 7.18 (1H, d of d, 4, 6Hz), 8.45 (1H, 

d of d, 3, 6 H z ), 8.85 (1H, d of d, 3, 4Hz)

2-AWINO^-nETHYLPYR It'll DINE

This uas available from Sigma Chemicals and uas used 

uithout further purification, m.p. 150-60°C.

i 1H (CDC13 ), 2.30 (3 H , s), 6.36 (1H, d, 5Hz), 8.01 (1H, d, 5Hz)

& 1H (T.F.A.), 2.71 (3 H , s), 6.99 (1H, d, 6Hz), 8.37 (1H, d, 6Hz)

2-AFIIN0-1 .4-DII<IETHYLPYRII,II0INIUI*l IODIDE

To a solution of 2-amino-4-methylpyrimidine (2g) 

dissolved in a minimum of acetone uas added iodomethane (10g) 

and the mixture uas stored in a stoppered flask for 3 days
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The resultant cream crystals were filtered off and re­

crystallised from ethanol to give the desired product 

(4* 2 g , 91J5), m.p. 258-9°C.

Microanalysis found: C, 28*68; H, 4*01; N, 16*87%.

Calc, for C6H10N3 I s C, 28*70; H, 4*01; N, 16*74%. 

i 1H (020), 2.60 (3H, s), 3.83 (3H, s), 7.01 (1H, d, 6Hz)

8.26 (lH,d,6Hz)

2-AMI NO-6-METHYL-4 (3 H )-PYRIMIDIN0NE

Ethyl acatoacetate (43g) was added dropuise over 1 

hour to a mechanically stirred mixture of guanidine 

carbonate (20g), potassium hydroxide (37g) and water (100ml). 

The solution was then heated under reflux for 3 hours, 

cooled and then concentrated hydrochloric acid was added 

until the solution had a pH of 5. The resultant white 

precipitate of 2-amino-4-methyl-4(3H)-pyrimidinone was 

filtered off and dried (25g, 90%), m.p. 298-300°C (Lit. m.p. 

297°C4 9 ). <S 1H (020), 3*20 (3H, s), 5*90 (1H, s).

2-AMIN0-4-CHL0R0-6-nETHYLPYRIMIDINE

Phosphoryl chloride (50ml) was added to 2-amino-6- 

methyl-4(3H)-pyrimidinone (25g) and the mixture was heated 

in an oil bath maintained at 100 C for 3 hours. The 

excess phosphoryl chloride was removed under reduced 

pressure and the residue carefully poured into ice. The 

resultant solution was carefully neutralised with sodium 

hydroxide solution (30%) whilst keeping the temperature 

below 60°C. After cooling, the precipitate of 2-amino-4- 

chloro-6-methylpyrimidine was filtered off and recrystalli
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from ethanol (20g, 70%), m.p. 1B4-6°C (Lit. m.p. 186°C5 0 ). 

Microanalysis found: C, 41-70; H, 4-00; N, 29-05%. Calc, 

for C5H6N3C1: C, 41-83; H, 4-21; N, 29-27%.

?-AMIN0-4-CHL0R0-1.6-DIWETHYLPYRini0INUH HETHOSULPHftTE 

2-Amino-4-chloro-6-methylpyrimidine (lOg), nitro­

benzene (15ml) and methyl sulphate (7ml) were heated to 

75-80°C using a thermostatically controlled oil bath. The 

solid gradually dissolved over a period of one hour and 

then the mixture uas heated for a further 30 minutes 

during uhich time a cream precipitate of 2-amino-4-chloro-

1,4-dimethyl-pyrimidinium methosulphate began to form..

After cooling, the product uas filtered off under suction 

and then washed with portions of ice cold acetone until 

the product (7g, 34%) uas uhite and poudery, m.p. 145- 

153°C ( Lit. m.p 155-7°C37 (020), 2-72 (3H, s),

3-77 (6H, s), 7-15 (1H, s). A small quantity (<5%) of

the isomeric 2-amino-4-chloro-3,6-dimethylpyrimidinium

methosulphate uas also present, (i H(D20), 2-51 (3Hs),

3-96 (6H, s), 7-26 (1H, s).

2-AIYIIN0-4-CHL0R0-1 .e-OIWETHYLPYRIWIDINIUW IODIDE

2-amino-6-chloro-1,6-dimethylpyrimidinium methosulphate 

(7g ) uas dissolved in water (5ml) and treated with a 

molar equivalent of saturated sodium iodide solution. A

uhite precipitate of 2—amino—4-chloro-l,6-dimethylpyrim-

idinium iodide formed immediately. This uas filtered off 

and recrystallised from ethanol (6g, 90%), m.p. 260-2 C 

(Lit. m.p. 2 61-2°C37). <5 1H(D20), 2-63(3H, s ) ,  3-75(3H, s ) ,  

7- 25 ( 1 H , s).
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rnTALYTIC REDUCTION OF 2-AMINO-4- CHLORO-6-r,IETHYLPYRir,IIOINE 

l i tTH 10% PALLADIUM ON CHARCOAL

A mixture of 2-amino-4-chloro-6-methylpyrimidine 

(2g), magnesium oxide (2g), 10% palladium on charcoal (0-2g) 

and ethanol (25ml) was hydrogenated with vigorous stirring 

at atmospheric pressure. The uptake of hydrogen was 

recorded at regular intervals. After 45 minutes the 

uptake ceased and 323ml of hydrogen had been used. The 

solution uas filtered through celite filter aid and the 

filtrate uas evaporated to dryness under reduced pressure.

1H n.m.r. spectroscopy showed the product to be 2-amino-4- 

methylpyrimidine (l*5g, 98%). <S HiCDCl^), 2*18 (3H, s),

6*35 (1H, d, 6H z ), 7-97 (1H, d, 6Hz). This uas confirmed 

by comparison uith an authentic sample.

CATALYTIC REDUCTIONS OF 2-AI*IIN0-4-CHL0R0-l»6-DIf|ETHYLPYRin-

IDINIUfl MFTHOSULPHATE

(i) 10% Palladium on charcoal

A mixture of 2-amino-4-chloro-l,6-dimethylpyrimidinium 

methosulphate (lg), 10%  palladium on charc o a l (0-2g ) and water 

(20ml) uas hydrogenated uith vigorous stirring at atmospheric 

pressure. The uptake of hydrogen continued at a steady 

rate for 1^ hours and 515ml hydrogen had been used.

The solution uas filtered through celite and the filtrate 

evaporated to dryness under reduced pressure. The H n.m.r. 

spectrum uas consistent uith a tetra-hydro derivative of 

2-amino-3,4-dimethylpyrimidinium methosulphate. S H(D20)»

1*0 (3H, d, 7Hz), 1*6 (2H, broad multiplet), 2 ‘8 (1H, 

broad multiplet). 2*9 (3H, s), 3*1 (2H, t, 8Hz), 3*8

(3H, s).



The experiment ties repeated but the uptake of 

hydrogen uas stopped after 170ml had been taken up.

1H n.m.r. spectroscopy showed the product to be a 

mixture of starting material (~60%), 2-amino-1,4-dimethyl 

pyrimidinum methosulphate (~10*) and the tetra-hydro 

derivative of the latter (~30%).

(ii) Raney Nickel
A mixture of 2-amino-4-chloro-l,6-dimethylpyrimidinum

methosulphate (2g), freshly prepared Raney nickel (0*5g) 

and water was hydrogenated at atmospheric pressure. The 

uptake of hydrogen continued for 2 hours and 495ml of 

hydrogen was taken up. The solution was filtered through 

celite and the solvent was removed under reduced pressure. 

The 1H n.m.r. spectrum uas very broad but indicated the

tetra-hydro derivative of 2-amino-3,4-dimethylpyrimidinium 

methosulphate.

(iii) Lindlar*s catalyst

A mixture of 2-amino-4-chloro-l,6-dimethylpyrimidinium

methosulphate (2g)» Lindlart catalyst (0*2g) and water 

(25ml) uas hydrogenated at atmospheric pressure. The 

uptake of hydrogen ceased after 1 hour when 352ml of 

hydrogen had been taken up. 1H n.m.r. spectroscopy showed 

the product to be starting material (~20%), 2-amino-3,4- 

dimethylpyrimidinum methosulphate (~30%) and the tetra- 

hydro derivative of the latter (~50%).

(iv) Copper Chromite

A mixture of 2-amino-4-chloro-l,6-dimethylpyrimidinium 

methosulphate (2g), copper chromite (0*5g) and water 

(25ml) uas hydrogenated at atmospheric pressure. After 

A hours no hydrogen had been taken up. The solution was
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filtered through celite and the solvent removed under 

reduced pressure. 1H n.m.r. spectroscopy showed the 

product to be a mixture of starting material (~60%) and

2 - amino-3,4 - dimethy1-6-hydroxypyrimidinum methosulphate

(-40%). & 1H (020), 2*4 (3H, s), 3*6 (3H, s), 3*8

(3H, s), 5*9 (1H, s).

CATALYTIC REDUCTION OF 2-AMIN0-4-CHL0R0-6-METHYLPYRIMI- 

DINIur'l IODIDE UITH 10% PALLADIUM ON CHARCOAL

A mixture of 2-amino-4-chloro-l,6-dimethyl pyrimidinium 

iodide, 10% palladium on charcoal (0*2g) and water (25ml) 

was hydrogenated at atmospheric pressure. The uptake of 

hydrogen was stopped after 48 hours when 160ml of hydrogen 

had been taken up. The solution was filtered through 

celite and the solvent removed under reduced pressure.

^H n.m.r. spectroscopy showed the product to be a mixture 

of 2-amino-3,4-dimethylpyrimidinium iodide (~40%), the 

tetra-hydro derivative (-*■20%), 2-amino-3,4-dimethyl-6- 

hydroxypyrimidinium iodide (-*20%) and other decomposition 

products.

REACTION OF 2-AMIN0-4-CHL0R0-1 ,6-DIMETHYLPYRIMIDINIUM 

METHOSULPHATE UITH ZINC AND BOILING UATER

2-Amino-4-chloro-l,6-dimethylpyrimidinium methosulphate

(5 g ), zinc powder (5g) and water (50ml) were heated under 

reflux for ^ hour . The solution was filtered whilst 

hot and the filtrate evaporated to dryness under reduced 

pressure. 1H n.m.r. spectroscopy showed that the product 

was a mixture of 2-amino-3,4-dimethylpyrimidinium 

methosulphate ("*55%) and 2-amino-3,4-dimethy 1-6-hydroxy-
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pyrimidinium methosulphate (~45%).

Brar.TION or 2-flWIN0-A-CHL0R0-l .6-0 inETHYLPYRIWIDINIUW 

IODIDE UITH ZINC AND BOILING UflTER

Zinc powder (5g) and water (50ml) were heated to 

boiling under reflux. 2-Amino-4-chloro-l,6-dimethylpyrim- 

idinium iodide (6g) was quickly added and the mixture 

boiled for precisely 5 minutes. The hot solution was 

quickly filtered and then the uater was removed from the 

filtrate under reduced pressure. The yellow/brown 

residue (4*3g) was shown by 1H n.m.r. spectroscopy to 

consist of mainly 2-amino-3 ,4-dimethylpyrimidinium iodide 

(~90%). The product was purified by chromatography on a 

cellulose column using methanol as elutant. Although

2-amino-3,4-dimethylpyrimidinium iodide was obtained as

a cream crystalline solid on removing the methanol under 

reduced pressure, it was found to be extremely hygroscopic 

and changed to an oil on exposure to the atmosphere. 

Furthermore, in the moist state decomposition began to 

occur. For these reasons it was not possible to obtain 

a satisfactory elemental analysis. However, H and 

13C n.m.r. spectroscopy unambiguously identified the 

product.

(5 1H (D20), 2.70 (3 H , s), 3.81 (3H, s), 7.12 (1H, d, 5Hz),

0.64 (1H, d, 5Hz)
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7-AfHINn-4-PHENYLPYRII<II0INE

Bromobenzene (16ml) uas added dropuise to lithium 

shot (2*l g ) in dry ether (100ml) so as to maintain a 

gentle reflux. The mixture uas then heated under reflux 

until all the lithium had dissolved (l-l^hours). Toluene 

(200ml) uas added and the ether distilled out of the 

reaction mixture. 2-Aminopyrimidine (95g) dissolved in 

hot toluene (500ml) uas quickly added and the mixture 

heated under reflux for 20 hours. The reaction mixture 

uas then cooled in ice and hydrochloric acid solution 

(400ml, 50%) uas cautiously added. The aqueous extract 

uas separated from the organic layer and the pH adjusted 

to 9 uith sodium hydroxide solution (30%). The light 

tan precipitate (7g) uas filtered off and recrystallised 

from ethanol to give an off-white precipitate of 2-amino-

4-phenylpyrimidine (4*5g, 26%), m.p. 162-4°C (Lit. m.p. 

162-4°CA ). Nicroanalysis founds C, 70*05; H, 5*22; N, 

24*54%. Calc, for C ^ H g ^ s  C, 70*16; H, 5*30; N. 24*54%.

J 1H (CDCI3 ), 7.13 (1H, d, SHz), 7.5 - 7.7, 8.0 - 8.3 

(5H, complex), 8.45 (1H, d, 5 H z )

A 1H (T.F.A.), 7.28 - 8.20 (complex envelope of signals)

2-AI*IIN0-l-l,IETHYL-4-PHENYLPYRIP,IIDlNHjril IODIDE

2- Amino-4-phenylpyrimidine (lg), dry iodomethane (5g) 

and ethanol (10ml) uere heated under reflux for 4 hours.

After cooling, the precipitated product uas filtered off 

and recrystallised from ethanol to give off-uhite leaflets 

of 2-amino-1-methyl-4-phenylpyrimidinium iodide (1*2g, 66%), 

m.p. 254-5°C. flicroanalysis found: C, 41*96; H, 3*78,

N, 13*42%. C11H 12N3 I requires: C, 42*19; H, 3*86; N, 13 42%.
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ci 1H (d6O.I*l.S.O. ), 3.88 (3 H , s), 7.5 - 8.4 (complex 
envelope of signals)

?-AMINO-4-(3H)-PYRiriIDI NONE

Dry methanol (50ml) was added to a 100ml round 

bottomed flask fitted uith a reflux condenser and drying 

tube. Small pieces of sodium (12g in all) were gradually 

added to the methanol so that a gentle reflux occured.

The mixture was then heated under reflux until the last 

remnants of sodium dissolved. The excess methanol was 

removed under reduced pressure to yield dry powdery sodium 

methoxide (27g). This uas added to a mixture of ethyl 

acetate (49ml) and methyl formate (31ml) contained in a

P.T.F.E.-lined autoclave which was cooled in a crushed ice 

and salt bath. The autoclave uas quickly sealed and 

heated to 60°C over a period of 1 hour during which time 

the contents were efficiently stirred. The stirring uas 

continued and the mixture uas maintained at 60 C for a 

further 3 hours. Uhen cool,the contents of the autoclave 

were discharged into a slurry of guanidine carbonate (45g) 

and sodium hydroxide (20g) in crushed ice and water* The 

mixture uas then heated under reflux for 3 hours. The 

resultant solution uas neutralised uith concentrated 

hydrochloric acid and the white precipitate filtered off. 

Recrystallisation from water and treatment uith decolourising 

charcoal gave 2-amino-4(3H)-pyrimidinone (30g, 54^), m.p. 

265-7°C (Lit. m.p. 280°C14). <S 1H (D.M.S.O.), 5*60 (1H, 

d, 7Hz), 6-7 (2H, b.s.), 7«70 (1H, d, 7Hz).
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■p.npnNO-O-r.HLOROPYRirciDINE

2- Amino-4 (3H)-pyrimidinone (10g) and phosphoryl 

chloride (50ml) were heated together at 100°C for A hours. 

After cooling, the excess phosphoryl chloride was removed 

under reduced pressure and the residue cautiously poured 

onto ice. The resultant solution was neutralised with 

sodium hydroxide solution (30%) whilst cooling in an ice 

bath. The light yellow precipitate which formed was 

filtered off and recrystallised from ethanol to give 2- 

amino-4-chloropyrimidine (8g, 68%). A precise melting 

point was not observed but the product became increasingly 

dark in colour above 140°C (Lit. decomposes at 168°C14). 

Hicroanalysis found: C, 36*94; H, 3*05; N, 32*48%. Calc.

for Ca H4N3C1: C, 37*08; H, 3*11; N, 32*44%.

<5 1H (dgD.M.S.O.), 6.65 (1H, d, 6Hz), 8.22 (1H, d, 6Hz)

S 1H (T.F.A.), 6.99 (1H, d, 6Hz), 8.15 (1H, d, 6Hz)

2-AMIN0-4-METH0XYPYRIMI0INE

Small pieces of sodium (0*35g in all) were added to 

dry methanol (25ml) in a 50ml round bottomed flask fitted 

with a reflux condenser and drying tube. Uhen all the sodium 

had dissolved 2-amino-4-chloropyrimidine (2g) was added 

and the mixture heated under reflux for 2 hours. After 

cooling, the solution was filtered and the filtrate 

evaporated to dryness under reduced pressure. The residue 

was recrystallised from water to give white prisms of 

2-amino-4-methoxypyrimidine (l*5g, 77%) m.p. 119-21 C (Lit. 

m.p. 125-6°C14). Microanalysis found: C, 47*82; H, 5*67;

N, 33*87%. Calc, for C5H?N30: C, 47*99; H, 5*64; N, 33*58%.
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J-'h (COCIj ), 3.06 (3Hf s), 6.07 (1H, d, 6Hz>, 6.01 (1». d, 6Hz)

(T.r.A.)* 3.71 (3H, »), 6.49 (1H, d 6Hz) 0.32 (1H. d. 6Hz)

7 fA-DIflWTNOPYRiniDINE

Ammonia was bubbled through ethanol (lOQrnl), contained 

in a P.T.F.E.-lined autoclave, until the solution was 

saturated. 2 ,4-dichloropyrimidine (5g) was added and the 

autoclave sealed. The mixture was heated to 10O°C for 

20 hours. After cooling, sodium hydroxide solution 

(33ml, 21*1) uas added and then the resultant solution 

evaporated to dryness under reduced pressure. The residue 

was boiled with 1,4-dioxan (25ml). The insoluble inorganic 

salts were filtered from the hot solvent and the filtrate 

uas allowed to cool. The resultant white crystals of 2,4- 

diaminopyrimidine were filtered off and dried (2-5g, 68%), 

m.p. 149-50°C (Lit. m.p. 146°C5 1 ) Microanalysis founds 

C, 43-35; H, 5-44; N, 51-08%. Calc, for ^ H g l ^ S  C, 43-63;

H, 5-49; N, 50-88%.

<$ 1H (D20/0H- ), 5.92 (1H, d, 6Hz), 7.64 (1H, d, 6Hz) 

A 1H (T.F.A.), 6.09 (1H, d, 7Hz), 7.09 (1H, d, 7Hz)

2.4-01 AMINQ-l-METHYLPYRIMIDINIUM IODIDE

2 ,4-diaminopyrimidine ( l g ) »  iodomethane (5g) and 

ethanol (5ml) were heated under reflux for one hour. The 

resultant precipitate was filtered off and recrystallised 

from ethanol/ethy1 acetate to give 2 ,4-diamino-l-methylpy- 

rimidinium iodide (l-6g, 70%), m.p. 273-4 C (Lit. m.p. 

Microanalysis found: C, 24-01; H, 3-47; N, 22-39%. Cal 

for C5HgN4I: C, 23-83; H, 3-60; N, 22-23%.

)-
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1H (D20), 3.57 (3H, s), 6.20 (1H, 6.5Hz ), 7.63 (1H, d, 6.5Hz)

7.4-0IAMIN0-6-CHL0R0PYRIMIDINE

2f4 ,6-Trichloropyrimidine (10g) was heated in a P.T.

•F.E.lined-autoclave at 140°C for 18 hours uith ethanol (100ml) 

saturated uith ammonia. After cooling, the solvent uas 

removed under reduced pressure and the residue recrystal­

lised from water to give 2 ,4-diamino-6-chloropyrimidine 

(7g, 88%), m.p. 197-8°C (Lit. m.p. 196*5-197-5°C52). 

Microanalysis found: C, 32-95; H, 3-47; N, 38-61%. Calc, 

for C4H5N4C1: C, 33-23; H, 3-49; N, 38-76%.

7.4- 01 AMINn-6-CHL0Rn-l-METHYLPYRIMIDINlUM IODIDE AND

2 . 4-  DIAMINn-6-CHL0R0-3-METHYLPYRIMIDINIUM IODIDE.

2 ,4-Diamino-6-chloropyrimidine (5g), iodomethane 

(25g) and ethanol (50ml) were heated under reflux for 24 

hours. After cooling, the cream precipitate uas filtered 

off, washed uith a little cold ethanol and dried. H n.m.r. 

spectroscopy showed the product (7g, 71%) to be an isomeric

mixture of 2,4-diamino-6-chloro-l-methylpyrimidinium

iodide (70%). 5 1H (D.M.S.O.), 3-55 (3H, s), 6-39 (1H, s)

and 2,4-diamino-6-chloro-3-methylpyrimidinium iodide (30%).

ci 1H (D.M.S.O.), 3-43 (3H, s), 6-23 (1H, s).

2.4-DIAMINO-3-METHYLPYRIMIOINIUM IODIDE

A mixture of 2 ,4-diamino-6-chloro-l-methylpyrimidinium 

iodide and 2 ,4-diamino-6-chloro-3-methylpyrimidinium iodide

(5g) uas added to a boiling mixture of zinc powder (10g) 

and water (50ml) and then heated under reflux for 2 hours.
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The solution uas then filtered under vacuum whilst hot 

and the filtrate evaporated to dryness under reduced pressure. 

Several fractional crystallisations of the residue from 

water enabled aless soluble component to be isolated 

which was shown to be 2,4-diamino-3-methylpyrimidinium 

iodide (l*7g), m.p. 258-9°C. Microanalysis found: C,

23*09; H, 3*50; N, 22*31%. CgHgN^I requires: C, 23*83;

H, 3*60; N, 22*23%. Evaporation of the aqueous filtrate 

gave 2,4-diamino-l-methylpyrimidinium iodide (3*9g) 

which uas identified by comparison with an authentic 

sample, m.p. 273-4°C.

(5 1H (D20). 3.55 (3H, s), 6.32 (1H, d, 6Hz), 7.90 (1H, d, 6Hz)

2-AFIINQ-4-DH,IETHYLAfllIN0PYRir,lIDINE

2-Amino-4-chloropyrimidine (5g), dimethylamine (7g) 

and ethanol (50ml) were heated in a P.T.F.E. autoclave 

at 160°C for 18 hours. After cooling, sodium hydroxide 

solution (20ml, 2M) uas added and the solution evaporated 

to dryness under reduced pressure. The residue uas 

boiled with ethyl acetate, decolourised uith charcoal 

and then filtered whilst still hot. On cooling the 

filtrate white glistening needles of 2-amino— 4-dimethyl— 

aminopyrimidine formed (3*9g, 73%), m.p. 156-7 C (Lit. 

m.p. 1 5 6 ° C 53). Microanalysis found: C, 51*88; H, 7*43;

N, 40*52%. Calc, for C6H1QN4 : C, 52*16; H, 7*30; N, 40*55%.

(5 1H (C0C13 ), 3.02 (3H, s), 5.84 (1H, d, 6Hz), 7.82 (lH,d, 6Hz)

A 1H (T.F.A.), 3.40 (6H, s), 6.47 (1H, d, 7Hz), 7.66 (1H, d, 7 H z )

L
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9-flWTNO-4-DTWFTHYLAniN0-l-METHYLPYRiniDINIUn IODIDE

2-Amino-4-dimethylaminopyrimidine (lg)» iodomethane 

(5g) and ethanol (10ml) were heated under reflux for 4 

hours. After cooling, the light yellow precipitate was 

filtered off and recrystallised from ethanol to give white

crystals of 2-amino-4-dimethylamino-l-methylpyrimidinium

iodide (l*3g, 65*), m.p. 283-4°C. Plicroanalysis found:

C, 30*04; H, 4*67; N, 20*09*. C ^ H ^ I  requires: C,

30*01; H, 4*68; N, 20*00*.

i 1H (D.n.S.0.), 3.17 (3H, s), 3.28 (3H, s), 3.47 (3H, s), 

6.44 (1H, d, 7 H z ), 7.84 (1H, d, 7Hz)

2-AWINQ-4-(4-llllETH0XYPHENYLArilIN0)PYRII,II0INE

2-Amino-4-chloropyrimidine (5g), 4-methoxyaniline 

(15g) and ethanol (100ml) were heated to 180°C for 18 

hours in an autoclave. After cooling, sodium hydroxide 

solution (20ml, 21*1) was added to the deep purple solution 

and then the solvent was removed under reduced pressure.

The excess 4-methoxyaniline was dissolved from the residue 

with cold ether. The remaining solid was dissolved in 

hydrochloric acid solution (2M) then heated to boiling 

and neutralised with sodium hydroxide solution (2PI).

After cooling, the resultant purple precipitate was 

filtered off and dried to give 2-amino-4-(4-methoxy- 

phenylamino)pyrimidine (6*2g, 74*), m.p. 142-3 C. 

Microanalysis found: C, 60*94; H, 5*53; N, 26*09*.

C ^ H ^ N ^ O  requires: C, 61*10; H, 5*59; N, 25*91*. 

d 1H (CDC13 ), 3.70 (3H, s), 5.89 (1H, d, 6Hz), 6.78 (2H, d, 

7.42 (2H, d, 8Hz), 7.61 (1H, d, 6Hz)

8Hz ),
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IODIDE
2-Amino-4-(4-methoxyphenylamino)pyrimidine (lg)#

iodomethane (5g) and ethanol (10ml) were heated under 

reflux for 4 hours. On cooling, silver grey crystals 

precipitated from the black solution. Recrystallisation 

from ethanol gave 2-amino-4-(4-methoxyphenylamino)pyrim- 

idinium iodide (0-9g, 54*). <".p. 238-9°C. Microanalysis 

found: C, 30-04; H, 4-67; N, 20-09*. C ^ H ^ I  requires:

C, 30-01; H, 4-68; N, 20-00*.

j 1H (d,D.n.S.0.) 3.50 (3H, s), 3.72 (3H, s), 6.29 (1H, d, 7Hz) 
' b

6.89 (2H, d, 9Hz), 7.61 (2H, d, 9Hz), 7.85 (1H, d, 7Hz) 

2-AWIN0-4-STYRYLPYRII,)I0INE

2- Amino-4-methylpyrimidine (lOg), benzaldehyde (lOg) 

and formic acid (25ml) were heated under reflux for 48 hours. 

The resultant deep red solution was poured into ice (300g) 

and acidified with concentrated hydrochloric acid (40ml).

The solution was cooled overnight and the precipitate 

of 2-benzylamino-4-styrylpyrimidine filtered off (7g), m.p. 

160-2°C (Lit. m.p. l S e ^ C 5 4 ). Microanalysis found: C,

79-21; H, 5-96; N, 14-73*. Calc, for CigH15N30: C, 79-41;

H, 5-96; N, 14-62*. The filtrate was made alkaline with 

sodium hydroxide solution (2M). A sticky red/yellou mass 

resulted which was extracted with chloroform. After 

drying the extracts over anhydrous magnesium sulphate and 

removing the solvent under reduced pressure a mustard yellow 

solid of 2-amino-4-styrylpyrimidine remained (10g, 55*), 

m.p. 140-5°C (Lit. m.p. 147-8°C5/i). Recrystallisation

from ethanol gave white crystals (7-5g, 42*), m.p. 152
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M i c r o a n a l y s i s  found: C, 72-77; H, 5-67; N, 21-20%. Calc.

for C12Hn N3 : C, 73-07; H. 5-62; N, 21-30%. 

j 1H (CDC13 ), 6.59 (1H, d, 6 H z), 6.90 (1H, d, 16Hz), 7.2 -

7.5 (5H, b.s), 7.77 (1H, d, 16Hz), 8.20 (1H, d, 6Hz)

^ 1H (T.F.A.)7•0 - 8.4 (complex envelope of resonances)

7-AMIN0-1-METHYL-4-STYRYLPYRIMIDINIUM IODIDE

2-Amino-4-styrylpyrimidine (lg), i’odomethane (5g) and 

ethanol (10ml) were heated under reflux for 4 hours. After 

cooling, the yellow precipitate was filtered off and 

recrystallised from ethanol to give yellow needles of 2- 

amino-l-methyl-4-styrylpyrimidinium iodide (l-3g, 76%),

m.p. 247-8°C. Microanalysis found: C, 45-80; H, 4-01;

N, 12-33%. ci3Hi4N3I requires: C, 46-04; H, 4-16; N, 

12-39%.

(} 1H (dgD.M.S.0. ), 3.74 (3H, s), 7.05 - 8.54 (complex 

envelope of signals).
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p y r i w i d i n e

This uas prepared in a one step synthesis by a 

modification of the method of Bredereck, Gompper and 

Morlock 4 4 .

A three neck round bottomed flask uas equipped with 

a magnetic stirrer, thermometer, addition funnel and 

reflux condenser. A second condenser, set dounuard 

for distillation, uas connected to the top of the reflux 

condenser by means of a still head fitted uith a 

thermometer. Formamide (200g), ammonium formate (20g) 

and uater (2ml) uere added to the flask and heated in an 

oil bath at 180-190°C. 1,1,3 ,3-Tetramethoxypropane 

(lOOg) uas added dropuise over 1 hour during uhich time 

the internal temperature fell to 120°C. The uater flow 

in the reflux condenser uas regulated so that the 

methanol and methyl formate produced in the reaction 

distilled out as they formed. Gradually the internal 

temperature increased to 140-150°C, then the mixture uas 

heated under reflux for a further 2 hours. After cooling, 

the mixture uas poured into sodium hydroxide solution 

(200ml, in) and extracted uith chloroform. After drying 

the extracts over anhydrous magnesium sulphate the 

chloroform uas removed under reduced pressure and the 

residue (35g) distilled at atmospheric pressure, b.p. 

123-6°C at 755mm Hg (Lit. b.p. 123-4°) to give pyrimidine 

(24g, 50%).

(5 1H (CDClj), 7.30 (1H, d of t, 5, 1Hz), 8.72 (2H, d, 5Hz), 

9.19 (1H, b.s)
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T.HETHYLPYRIWIDINIUn IODIDE

Pyrimidine (lg) and iodomethane (5g) were left for 

3 days in a stoppered tube. The precipitated solid was 

recrystallised from absolute ethanol to give pale yellow 

leaflets (2*2g, 70$) of 1-methylpyrimidinium iodide, m.p. 

134_5°C, begins to decompose above 120°C (Lit. m.p. 136 t?5). 

Nicroanalysis found: C, 26*81; H, 3*08; N, 12*69$. Calc, 

for C 5H7N2I: C, 27*05; H, 3*18; N, 12*62$. 

ti 1H (D.n.S.O),  4.19 (3H, s), 8.21 (1H, t, 6Hz), 9.2 - 9.5 

(2H, complex), 9.77 (1H, b.s)

4-nETHYLPYRIWIDINE

This was prepared using the same apparatus as 

described for pyrimidine. Formamide (95ml), ammonium 

chloride (6g) and water (3ml) were heated in an oil bath 

maintained at 180-190°C. 4,4-Dimethoxybutan-2-one (50g) 

was added over 1 hour and the methanol and methyl formate 

produced in the reaction were distilled out as they were 

formed. The mixture was then heated under reflux for a 

further 2 hours. After cooling, the mixture was poured 

into sodium hydroxide solution (125ml, in) and extracted 

with chloroform. The chloroform solution was dried over 

anhydrous magnesium sulphate and then the solvent was 

removed under reduced pressure. The resultant dark brown 

liquid was distilled firstly under vacuum, b.p. 22°C at 

0*15mm Hg, and then at atmospheric pressure, b.p. 141-2 C 

(Lit. m.p. 140-2°C44 ) to yield 4-methylpyrimidine 

(19g, 55$).

The picrate was recrystallised from ethanol to give
o ** .

bright yellow crystals, m.p. 131-2 C (Lit. m.p. 130-132 C
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Microanalysis found: C. 40*81} H, 2*70; N, 21*47%. Calc, 

for C 11HgN50? : C, 40*86; H, 2*80; N, 21*66%.

S 1H (C0C13 ). 2.56 (3H, s), 7.23 (1H. d. 5Hz). 8.63 (1H, d,

5Hz ). 9.17 (1H, b.s)

1.4- DIWETHYLPYRiniDINIUI,t IODIDE AND 3.4-01l,IETHYLPYRIIl,IIDINIUf,l 

IODIDE

4-Methylpyrimidine (lg), iodomathane (5g) and dry 

ethanol (5ml) were heated under reflux for 4 hours under 

anhydrous conditions. After cooling and storing overnight, 

yellou/orange needles precipitated from the dark red 

solution. The solvent was decanted off and the needles 

uere washed five times with dry ethanol then dried under 

high vacuum (0*lmm Hg) at room temperature (2*3g, 92%).

1H and 13C n.m.r. spectroscopy showed the product to be 

a 7:3 mixture of 1,4-dimethylpyrimidinium iodide and

3.4- dimethylpyrimi.dinium iodide respectively. Attempts 

to recrystallise the mixture were unsuccessfull. The 

products decomposed to a dark red oil when heated in a 

solvent. The crystals were highly hygroscopic and unstable 

decomposing slowly in the absence of moisture and air.

Microanalysis found: C, 30*29; H, 3*85; N, 11*65%.

CfiH N I requires: C, 30*53; H, 3*84; N, 11*87%.

5 1H (O.n.S.O.)f 2.70 (30, •). * • «  <3H" » ) '  8- 04 (1H’ d' 6HZ>’ 
9.18 (1H, d of q, 6, 2Hz), 9.62 (1H, b.s)
J ’H (d60.n.s.0), 2.07 (3H, .), * . 2 0  (3H, s), B.06 (1H, d, 6Hz), 

9.25 (1H, d, 6Hz), 9.72 (1H, b.s)

TRANS-1-CHL0R0PENTEN-3-0NE

Propionyl chloride (35g) was added to an ice cold 

suspension of aluminium chloride (55g) in carbon tetra 

chloride (150ml) in a round bottomed flask. A rapid stream
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of dry acetylene uas bubbled through the mixture for 3 

hours whilst maintaining the reaction temperature between 

0-10°C. The resultant product uas carefully poured into 

a slurry of crushed ice and salt. Uhen cool, the mixture 

was extracted with ether. The extracts were dried over 

magnesium sulphate then the solvent uas removed under 

reduced pressure to yield the desired product (30g, 67%).

1H n.m.rl spectroscopy showed the purity of the product 

to be greater than 95%. S 1H (COCI3 ), 1*09 (3H, t, 7Hz), 

2*52 (2H, q, 7Hz), 6*41 (1H, d, 13Hz), 7*17 (1H, d, 13Hz).

The product uas reported to be lachrymatory, vesicant 

and liable to spontaneous violent decomposition so it 

uas used in the preparation of 4-ethylpyrimidine 

without further purification.

4-ETHYLPYRiniOINE

A round bottomed flask containing formamide (200ml) 

and water (2ml) was heated under reflux in an oil bath at 

180-190°C. The previously prepared trans-l-chloropenten-

3-one (3 0 g ) uas added dropuise over 1 hour then the mixture 

uas heated under reflux for a further 2 hours. Care uas 

taken to ensure that the ammonium salts which sublimed 

from the reaction did not block the condenser. After 

cooling, the mixture uas poured into sodium hydroxide 

solution (200ml, 11*1) and extracted with chloroform. The 

extracts were dried over anhydrous magnesium sulphate and 

then the chloroform uas removed under reduced pressure to 

yield a viscous dark brown liquid. Distillation under 

vacuum gave 4-ethylpyrimidine (7g, 25%) b.p. 35-40 C at
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g.4mm Hg. A considerable quantity of a dark broun polymeric 

residue remained. The product redistilled cleanly at 

atmospheric pressure, b.p. 158-60°C at 750mm Hg (Lit. b.p. 

159-60°C ).

£ 1H (CDC13 ), 1.33 (3H, t, 7Hz), 2.81 (2H, q, 7Hz), 7.22 

(1H, d, 5Hz), 8.67 (1H, d, 5Hz), 9.20 (1H, b.s)

TRANS-l-CHLORO-A-nETHYLPENTEN-3-QNE _

2-Nethylpropionyl chloride (35g) was added to an ice 

cold suspension of aluminium chloride (48g) in carbon 

tetrachloride (150ml). A rapid stream of dry acetylene uas 

bubbled through the mixture for 3 hours whilst the reection 

temperature uas maintained between 0-10°C. The resultant 

mixture was carefully discharged into a slurry of crushed 

ice and salt and then extracted, when cool, with ether. 

After drying the extracts over magnesium sulphate the 

solvent uas removed under reduced pressure to yield the 

desired product (33g, 76*). The 1H n.m.r. spectrum 

showed the product to be at least 90* pure. & H (C0C13 ), 

1*10 (6H, d, 6 H z ), 2*70 (1H, heptet, 6Hz), 6*53 (1H, d,

13Hz), 7*25 (1H, d, 13Hz).

This product uas used in the preparation of 4-iso- 

propylpyrimidine without further purification.

4-IS0-PR0PYLPYRIWIDINE

Formamide (200ml) and water (2ml) were heated in an 

oil bath maintained at 180-190°C and then the previously 

prepared trans-l-chloro-4-methylpenten-3-one (33g) uas

The mixture uas heated underadded dropuise over 1 hour.
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reflux for a further 2 hours, cooled, poured into sodium 

hydroxide solution (200ml, in) and extracted with chloroform. 

After drying the combined extracts over anhydrous magnesium 

sulphate, the chloroform was removed under reduced pressure 

and the residue distilled under vacuum, b.p. 38-42°C at 0«4mm 

Hg. A second distillation at atmospheric pressure, b.p. 

170-2°C at 755 mm, gave 4-iso-propylpyrimidine (lAg, 51%).

The picrate uas recrystallised from ethanol to give 

yellow needles (m.p. 88-9°C). Microanalysis found: C,

44-36; H, 3-67; N, 19-92%. requires: C, 44-45;

H, 3-73; N, 19*94%.

i (COClj). 1-30 <6H, d. 6Hz). 2.99 (1H, h.pt., 6Hz),

7.14 (1H, 0, SHz)» e.S4 (1H, d, 5Hz), 9.06 (1H, b.s)

3-CHL0R0-4T4-niMETHYLPENT-2-ENAL (Z)--

Phosphoryl chloride (56ml) uas added dropuise to 

dimethyl formamide (46ml) whilst stirring efficiently.

The highly exothermic reaction temperature was not 

allowed to exceed 50°C. The resultant adduct uas heated 

to 60°C using an oil bath and 3 ,3-dimethylbutan-2-one 

(30g) in 1,2-dichlotoethane (75ml) was then added slowly 

so that the reaction temperature did not exceed 65 C.

The mixture was kept at 60° for a further four hours, then 

cooled, poured into ice, neutralised with sodium acetate 

and finally extracted with 1,2-dichloroethane. After 

drying the combined extracts over anhydrous magnesium 

sulphate and removing the solvent under reduced pressure 

a pale yellow liquid remained (35g). The 1H n.m.r.

duct to contain approximatelyspectrum showed the pro
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60% 3-chloro-4,4-dimethylpent-2-enal (28g, 64%). & H 

(CDC13 ), 1*26 (9H, s), 6-09 (1H, d, 6Hz), 9*96 (1H, d,

6Hz). The remaining 20% consisted mainly of dimethyl 

formamide. In view of the difficulties in removing the 

dimethyl formamide the crude product was used in the 

preparation of' 4- tert-butylpyrimidine without further 

purification.

4-TERT-BUTYLPYRIflIDINE

The previously prepared 3-chloro-4,4-dimethylpent- 

2-enal (35g, 80% pure) was added dropwise to a mixture 

of formamide (150ml) and water (2ml) in a round bottomed 

flask in an oil bath maintained at 180-190°C. After the 

addition was complete the mixture was heated under reflux 

for a further 3 hours, cooled, poured into sodium hydroxide 

solution (150ml, 11*1) and then extracted with chloroform.

The combined extracts were dried over anhydrous magnesium 

sulphate and then the solvent was removed under reduced 

pressure. The residue was distilled firstly under vacuum, 

b.p. 40-45°C at 0*2mm Hg, then at atmospheric pressure, 

b.p. 174-5°C at 742mm Hg, to yield 4-tert-butylpyrimidine 

(14g, 54%).

The picrate was recrystallised from ethanol to give 

yellow leaflets, m.p. 142-3°C (Lit. m.p. 142-3°CA4). 

flicroanalysis found: C, 45*81; H, 4*06; N, 19*15%.

C14H15N5°7 re9uires: C * 46*03* H * 4 *24* N » 1 9 *17^*

A 1H (CDC13 ), 1.29 (9H, s), 7.42 (1H, d, 5Hz), 8.66 (1H, 

d, 5Hz), 9.19 (1H, b.s)
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a -TFRT-BUTVI -l-METHYLPYRIWIPINIUri IODIDE

4-tert-Butylpyrimidine (lg), iodomethane (5g) and 

ethanol (5ml) uere heated under reflux for 4 hours. The 

resultant precipitate was filtered off and recrystallised 

from ethanol to give cream coloured needles of 4-tert.- 

butyl-l-methylpyrimidinium iodide (2g, 98%), m.p. 216-8 C. 

Hicroanalysis found: C, 38*72; H, 5*41; N, 10*07%.

C H 1t-N_I requires: C, 38*87; H, 5*44; N, 10*07%.
9 15 2
i 1H (D20), 1*45 (9H, s), 4.31 (3H, s), 8.20 ,(1H, d, 6Hz), 

9.04 (1H, d of d, 6, 1Hz), 9.46 (1H, b.s)

3-CHL0R0-3-PHENYLPRQP-2-ENftL (Z)__

Phosphoryl chloride (52ml) was added dropuise to

dimethyl formamide (38ml) in a round bottomed flask at

such a rate that the reaction temperature did not exceed

50°C. The resultant adduct was heated to 40-45°C using

an oil bath and then acetophenone (33g) in 1,2-dichloroethane

(65ml) was carefully added dropuise so that the internal

temperature did not exceed 50°C. The mixture uas maintained

at 40-45°C for a further 2 hours, cooled, poured into

ice, neutralised with sodium acetate and finally extracted

with 1,2-dichloroethane. The combined extracts were

dried over magnesium sulphate and then the 1,2 dichloroet
1

hane uas removed under reduced pressure. H n.m.r. 

spectroscopy shoued the residue (40g) to contain 

approximately 75% of the desired product (30g, 67%). A H 

(CDClj), 6*51 (1H, d, 6 H z ), 7*41 (5H, broad multiplet),

10*06 (1H, d, 6Hz). The remaining 25% consisted of mainly 

dimethyl formamide. This product uas used in the prepar­

ation of 4-phenylpyrimidine uithout further purification.

-«S ' HUSS. it.
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A-PHENYLPYRIMIDINE

The previously prepared 3-chloro-3-phenylpent-2- 

enal (40g, 75% pure) was added dropuise to a mixture of 

formamide (150ml) and water (2ml) in a round bottomed 

flask heated in an oil bath maintained at 180-190°C.

Uhen the addition was complete the mixture was heated 

under reflux for 3 hours, cooled, poured into sodium 

hydroxide solution (150ml, 111) and extracted with chloroform. 

The extracts were dried over magnesium sulphate and the 

solvent removed under reduced pressure. The residue 

was distilled under vacuum b.p. 96-100°C at 0*lmm Hg, to 

give a crystalline product (llg, 40%). The product was 

recrystallised from petroleum ether to give off white 

leaflets of 4-phenylpyrimidine, m.p. 59— 60 C (Lit. m.p. 

60-61°C4*). Microanalysis found: C, 76*75; H, 5*10;

N, 17*64%. Calc, for C 10Hq N2 : C, 76*89; H, 5*16; N,

17*94%.

£ 1H (CDC13 ), 7.1 - 8.0 (envelope of overlapping signals), 

8.60 (1H. b.d, 5 H z ), 9.12 (1H, b.s)

l-WETHYL-4-PHENYLPYRirUDINIUH WETHOSULPHATE

A mixture of 4-phenylpyrimidine (lg)» dimethyl 

sulphate (3ml) and nitrobenzene (5ml) was heated to 80 C 

using an oil bath. The solid gradually dissolved and after 

10 more minutes a precipitate formed. After cooling, the 

solid uas filtered off and washed several times with

ether.
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c/ 1H (dgD.n.S.O.), 4.22 (3H, s), 7.6 - 7.0, 7.3 - 8.5 

(5H complex), 8.85 (1H, d, 6Hz), 9.37 (1H, d of d, 6, 1Hz),

9.59 (1H, b.s).

4-(2-METHYLPHENYL) PYRIMIDINE

Bromotoluene (13*8g) was added dropuise to lithium 

leaflets (l*05g) in dry ether (100ml) under a dry argon 

atmosphere at such a rate to ensure a gentle reflux was 

maintained. The mixture was then heated under reflux 

for a further hour, after which time most of the lithium 

had reacted. After cooling, pyrimidine (6g) was added 

dropuise so that a gentle reflux once again occurred.

The mixture was heated under reflux for a further hour, 

cooled, poured into water and extracted with chloroform. 

After drying the extracts over anhydrous magnesium 

sulphate and removal of the solvent under reduced pressure 

a dark brown residue remained. This was dissolved in 

acetone and oxidised by adding portions of a saturated 

solution of potassium permanganate in acetone until a 

pale pink colour persisted. The solution was filtered and 

the filtrate retained. The acetone was removed under 

reduced pressure and the residue distilled under vacuum, 

b.p. 100-110°C at 1mm Hg, to yield 4-(2-methypheny1) 

pyrimidine (3*2g, 25%).

The picrate was recrystallised from ethanol, m.p. 

134-5°C. nicroanalysis found: C, 50*83; H, 2*98; N, 17*75% 

C17H13N5°7 requires: C, 51*13; H, 3*28; N, 17*54%.
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tf 1H (CDC13 ), 2.46 (3H, s), 7.1 - 7.6 (envelope of 

overlapping signals), 8.79 (1H, d, 5Hz), 9.30 (1H, b.s)

p r a n i O N  OF 7 f A.6-TRIWETHYLPHENYLETHAN0NE UITH ft UILSflEIER 

RFflGEflNT (CHLOROfORMYLATION OF KETONESi

Phosphoryl chloride (36ml) was added dropwise to 

dimethyl formamide (30ml) over 2 hours at such a rate 

that the internal temperature of the reaction did not 

exceed 50°C. The resultant adduct was heated in an 

oil bath maintained at 60°C and 2 ,4 ,6-trimethylphenyl- 

ethanone (2Sg) in 1 ,2-dichloroethane (50ml) was added 

dropwise over 4 hours at such a rate that the internal 

temperature of the reaction did not exceed 70°C. The 

mixture was heated for a further 2 hours, cooled, poured 

into ice, neutralised with sodium acetate and finally 

extracted with 1 ,2-dichloroethane. The combined extracts 

were dried over magnesium sulphate and then the solvent 

was removed under reduced pressure. 1H n.m.r. spectroscopy 

indicated that the major product (~70%) was 2,4,6- 

trimethylbenzoic acid, ci H (CDCl^), 2*30 (dH, s), 2 42 

(6H, s), 6-93 (2H, s), 12-02 (1H, bs, exchanges with D20). 

The remaining 30% consisted mainly of dimethyl formamide 

and starting material. The products were dissolved in 

ether and extracted with sodium bicarbonate solution. The 

combined bicarbonate extracts were acidified with hydro­

chloric acid and re-extracted with ether. The ether 

extracts were dried over anhydrous magnesium sulphate and 

the solvent was removed under reduced pressure to yield 

a white solid (18g), m.p. 153-5°C. This was confirmed to



be 2,4 ,6-trimethylbenzoic acid by comparison with an 

authentic sample, m.p. 154-5°C.

9,4.6-TRinrTHYLBENZOYL CHLORIDE

A mixture of 2 ,4 ,6-trimethylbenzoic acid (18g) and 

thionyl chloride (12ml) in a 50ml round bottomed flask 

fitted with a reflux condenser and drying tube was heated 

under reflux on a boiling water bath for one hour. The 

mixture was cooled and the flask was fitted with a 

still head and condenser. The excess thionyl chloride 

was distilled off at atmospheric pressure, b.p. 78-80 C 

and then the residue was distilled under vacuum, b.p.

86°C at 1mm Hg, to yield 2,4 ,6-trimethylbenzoyl chloride 

(17g, 85%). & 1H (C0C13 ), 2-29 (3H, s), 2«34 (6H, s),

6*88 (2H, s).

REACTION OF 2 .4 .6-TRIMETHYLBENZOYL CHLORIDE UITH ACETYLENE 

IN THE PRESENCE OF A FRIEOEL-CRAFTS CATALYST

2 ,4 ,6-Trimethylbenzoyl chloride (17g) was added to an 

ice cold suspension of aluminium chloride (15g) in carbon 

tetrachloride (100ml). The mixture was heated in an oil 

bath maintained at 50°C and then a rapid stream of dry 

acetylene was bubbled through the mixture for B hours.

The resultant mixture was carefully discharged into a 

slurry of crushed ice and salt and when cool extracted 

with ether. After drying the combined ether extracts 

over anhydrous magnesium sulphate the solvent was 

removed under reduced pressure. H n.m.r. spectroscopy 

showed that the residue was a mixture of 2 ,4 ,6-trimethyl 

benzoyl chloride (— 50%) and 2 ,4 ,6-trimethylbenzoic acid.
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A-(2.4.6-TRIMETHYLPHENYL) PYRIMIDINE

Mesityl bromide (25g) was added to lithium leaflets 

(l-Bg) in dry ether (100ml) and then the mixture was 

heated under reflux for 72 hours under anhydrous conditions 

after which time most of the lithium had reacted. Uhen 

cool, pyrimidine (8g) was added dropwise so that a gentle 

reflux occurred. The mixture was heated under reflux for 

a further hour, cooled, poured into water and finally 

extracted with chloroform. The combined extracts were 

dried over anhydrous magnesium sulphate and the solvent 

removed under reduced pressure. The residue uas dissolved 

in acetone and oxidised by adding small portions of a 

saturated solution of potassium permanganate in acetone 

until a pale pink colour persisted. The solution was 

filtered and the acetone removed from the filtrate 

under reduced pressure. Ther residue was distilled under 

vacuum, b.p. 124-32°C at 0-7mm Hg, to yield a white 

crystalline product (7*Sg, 30%). The product was 

recrystallised from petroleum ether to give 4-(2,4,6- 

trimethylphenyl)pyrimidine, m.p. 66-7°C (Lit. m.p. 67 C ). 

Microanalysis found: C, 78-63; H, 7-29; N, 14-12%. Calc, 

for C13H14N2 : C, 78-75; H, 7-12; N, 14-13%.

¿ 1H (CDC13 ), 2.02 (6H, s), 2.32 (3H, s), 6.97 (2H, b.s),

7.25 (1H, d of d, 5Hz, 1Hz), 8 .78 (1H, d, 5Hz), 9.34 (1H, b.s)
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l-METHYL-4-(2.4.6-TRIMETHYLPHENYL)PYRIMIDINIUM IODIDE AND

3-METHYL-4-(2.4.6-TRIMETHYLPHENYL )PYRiriIDINIUPI IODIDE

4-(2,4,6-Trimethylphenyl )pyrimidine (lg)» dry

iodomethane (5g) and absolute ethanol (5ml) were heated

under reflux for 4 hours under anhydrous conditions.

After cooling,-the dark yellow solution was evaporated to

dryness under reduced pressure. The crystalline residue

was washed twice with a little cold absolute ethanol and

then dried under vacuum (0.1mm H g ) to yield light yellow
1 13

crystals which were extremely hygroscopic. H and C n.m.r. 

spectroscopy showed the product to be a 2:1 mixture of 

l-methyl-4-(2 ,4 ,6-trimethylphenyl)pyrimidinium iodide and

3-methyl-4-(2 ,4,6- timethylphenyl)pyrimidinium iodide 

respectively. Microanalysis found: C, 49*65; H, 5*07;

N, 8*23%. ci4Hi7N2 I requires: c » 49*43; H, 5*04; N, 8*23^. 

ci 1H (dgD.M.S.O.), 1.96 (6H, s), 2.02 (3H, s), 3.81 (3H, s), 
7.04 (2 H , b.s), (H5 and H6 resonances obscured) 9.92 (lH,b.s) 

c$ 1H (dgD.M.S.O.), 2.09 (6H, s), 2.30 (3H, s), 3.24 (3H, s), 
6.95 (2 H , b.s), (H5 and H6 resonances obscured), 9.78 (1H, b.s)

5-METHYLPYRIMIOINE

This uas available front Sigma Chemicals and was used 

without further purification*

J 1H (CDC13 ), 2.29 (3H, s), 8.46 (2H, b.s), 8.93 (1H, b.s)

1.5-DIMETHYLPYRIM1DINIUM IODIDE

5-Methylpyrimidine (2g), iodomethane (lOg) and 

ethanol (10ml) were heated under reflux for 4 hours. The 

solvent uas removed under reduced pressure to yield a
IT 1

dark red viscous oil. C and H n.m.r. spectroscopy 

unambiguously identified the product as 1,5-dimethyl
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pyrimidinium iodide contaminated with ethanol. The 

product was dried under vacuum (0*lmm H g ) at 55°C for 

4 hours to yield a red/broun solid (2*4g, 96%) which 

was extremely hygroscopic, Microanalysis founds C,

28*905 H, 3*74; N, 11*59%. C6HgN2 I requires: C, 30*53;

H, 3*84; N, 11*87:.

J  1H (d6D.n.S.O. ), 2.40 (3H, s), 4.13 (3H, s), 9.04 (1H, b.s), 

9.30 (1H, b.s)

3-CHL0R 0-2-METHYL BUT-2-ENflL( ISOMERIC MIXTURE )

Phosphoryl chloride (53ml) was carefully added 

dropuise to dimethyl formamide (44ml) so that the highly 

exothermic reaction was kept under control and the internal 

temperature of the reaction did not exceed 50°C. The 

resultant adduct was heated in an oil bath maintained at 

30-35°C and butan-2-one (20g) was added dropwise to the 

mixture at such a rate that the internal temperature of 

the reaction did not exceed 50°C. The mixture was 

maintained at 30-35°C for a further 2 hours, cooled, 

poured into ice, neutralised with sodium acetate and 

extracted with 1 ,2-dichloroethane. The combined extracts 

were dried over magnesium sulphate and the solvent was 

removed under reduced pressure. H n.m.r. spectroscopy 

showed the residue (28g) to be approximately 80% 3-chloro- 

2-methylbut-2-enal (22g, 67%) present as a mixture of the 

Z and E isomers. ¿^H, E isomer (70%), (CDClj)* (3H,

q, 2Hz), 2*6 (3 H , q, 2Hz), 10*1 (1H, s).<31H, Z isomer (30%), 

(C0C13 ), 1*8 (3H, s), 2*4 (3H, s), 10*3 (1H, s). The 

remaining 20% consisted mainly of dimethyl formamide.

The crude product was used in the preparation of 4,5- 

dimethylpyrimidine without further purification.



a ^ - p i w e t h y l p y r i h i d i n e

The previously prepared 3-chloro-2-methylbut-2- 

enal (28g, 80% pure) was added dropuise to a mixture of 

formamide (150ml) and water (2ml) in a round bottomed 

flask in an oil bath maintained at 1B0-90°C. Uhen the 

addition had been completed the mixture uaa heated under 

reflux for 3 hours, then cooled, poured into sodium 

hydroxide solution (150ml, i n )  and finally extracted 

with chloroform. The combined extracts were dried over 

anhydrous magnesium sulphate and the solvent was removed 

under reduced pressure. The residue was distilled 

firstly under vacuum, b.p. 40-42° at 0.4mm Hg, then at 

atmospheric pressure, b.p. 172-4° at 742mm Hg (Lit. b.p.

175°C at 744m m ' 5 b ).to give 4 ,5-dimethylpyrimidine (7g,

35%).

The picrate was recrystallised from ethanol to give 

yellow needles, m.p. 161-3°C (Lit. m.p. 162 C ). 

Microanalysis found: C, 42-67; H, 3*02; N, 21-05%. Calc, 

for C12Hu N507 : C, 42-74; H, 3-29; N, 20-77%.

1H (C0C13 ), 2-25 (3H, s), 2-46 (3H, s), 8-41 (1H, b.s.), 

8*92 (1H , b.s. )

3-CHL0R0-2-METHYLPENT-2-ENAL (ISOMERIC MIXTUR.E_1

Phosphoryl chloride (46ml) was carefully added 

dropuise to dimethyl formamide (39ml). The resultant 

solution was heated in an oil bath maintained at 40-45 C 

and then pentan-3-one (20g) in 1,2-dichloroethane (100ml) 

was added dropuise at such a rate that the internal 

temperature of the reaction did not exceed S0°C. After the 

addition had been completed the mixture was heated



further hour, cooled, poured into ice, neutralised with 

sodium acetate and finally extracted uith 1,2-dichloroethane 

The combined extracts uere dried over anhydrous magnesium 

sulphate and the solvent was removed under reduced pressure. 

1H n.m.r. spectroscopy showed the residue (32g) to be

approximately 70% 3-chloro-3-ethyl-2-methylpent-2-enal

(22g, 71%) present as a mixture of the Z and E isomers, 

i 1H, E isomer (55%), (COCI3 ), 1-3(3H, t, 6Hz), 1«9 (3H, 

s), 2-6 (2H, q, 6Hz), 10*0 (1H, s). «5 1H, Z isomer (45%), 

(C0C13 ), 1*2 (3H, t, 6H z ), 1*8 (3H, s), 2*8 (2H, q, 6Hz), 

10*2 (1H, s). The remaining 30% consisted mainly of 

dimethylformamide and so the crude product uas used in

the preparation of 4-ethyl-S-methylpyrimidine without 

further purification.

4-ETHYL-5-WETHYLPYRIWIDINE

The crude 3-chloro-2— methylpent-2-enal (32g, 70% 

pure) was added dropwise to a mixture of formamide (150ml) 

and water (2ml) contained in a round bottomed flask heated 

in an oil bath maintained at 180-90 C. The mixture uas 

heated under reflux for a further 2 hours, cooled, poured 

into sodium hydroxide solution (150ml, 11*1) and extracted 

uith chloroform. The combined extracts uere dried over 

magnesium sulphate and the solvent uas then removed under 

reduced pressure. The residue uas distilled firstly under 

vacuum, b.p. 32-34°C at 0 * 1mm Hg then at atmospheric 

pressure, b.p. 179-81°C at 743mm Hg to give 4-ethyl-5-

methyl pyrimidine (9g, 44%).

The picrate uas recrystallised from ethanol to give 

yellou plates, m.p. 111-3°C (Lit. m.p. Ill C )• Micro



analysis founds C, 44*25; H, 3*72; N,19*68%. Calc, for 

C7H10N 2S C, 44*44; H, 3*70; N f 19*94%.

J 1H (C0C13 ), 1.28 (3H, t, 7Hz), 2.23 (3H, s), 2.75 (2H, 

q, 7Hz), 8.30 (1H, b.s), 8.85 (1H, b.s)

1.5-DIMETHYL-4-£THYLPVRimDINIUW IODIDE

4- Ethyl-5-methylpyrimidine (2g), iodomethane (lOg) and 

ethanol (10ml) were heated under reflux for 4 hours. The 

solvent was removed under reduced pressure to yield 

orange/yellou crystals. 1H and 13C n.m.r. spectroscopy 

unambiguously identified the product as l,5-dimethyl-4- 

ethylpyrimidinium iodide (3*9g, 91%). However, it was 

not possible to obtain a satisfactory elemental analysis 

since the product was extremely hygroscopic and unstable. 

Some decomposition had occurred before the microanalysis 

could be carried out.

cf 1H (020), 1.27 (3H, t, 7Hz), 2.40 (3H, s), 3.05 (2H, q, 

7Hz), 9.01 (1H, b.s), 9.40 (1H, b.s)

4-TERT-BUTYL-5-l<lETHYLPYRiniOINE

A solution of 5-methylpyrimidine (8g) in dry pentane 

was added dropuise to a solution of tert-butyllithium in 

pentane (40ml, 1 •4M ) which was cooled in an ice bath and 

maintained under a dry argon atmosphere. During the 

addition a yellow precipitate was formed. The mixture 

was stirred at 0°C for a further 30 minutes, heated 

under reflux for 1 hour, cooled, poured into water and
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then extracted uith chloroform. The combined chloroform 

extracts were dried over anhydrous magnesium sulphate 

and the chloroform uas then removed under reduced 

pressure. The residue uas dissolved in acetone and 

oxidised uith small portions of a saturated solution of 

potassium permanganate in acetone until a pale pink 

colour persisted. The solution uas filtered and the 

acetone removed from the filtrate under reduced pressure. 

The residue uas distilled under vacuum to give 4-tert- 

butyl-5-methylpyrimidine (25g, 19%), b.p. 52-55 C at 

0« 1mm Hg. Some unreacted 5-methylpyrimidine (l*5g), b.p. 

30-34°C at 0*2mm Hg uas also recovered.

The picrate of 4- tert-butyl-5-methylpyrimidine 

uas recrystallised from ethanol to give yellou crystals, 

m.p. 137-8°C. Plicroanalysis found: C, 47*22; H, 4*33;

N, 18*745&. cg H i4N2 requires: C, 47*49, H, 4*52; N, 18*46^.

1H(CDC13 ), 1*25 (9H, s), 2*30 (3H, s), 8*25 (1H, b.s.), 

8*85 (1H , b.s.)

3-CHL0R0-2-flIE THYL-3-PHENYL PR OP-2-ENAL ( ISOMERIC WIXTURE.)

Phosphoryl chloride (46ml) uas carefully added 

dropuise to dimethylformamide (38ml) over 1-2 hours. The 

resultant solution uas heated in an oil bath maintained 

at 55-60°C and then 1-phenylpropanone (33g) in 1,2- 

dichloroethane(100m l ) uas added dropuise at such a rate 

that the reaction temperature did not exceed 65 C. The 

mixture uas heated for a further hour, cooled, poured 

into ice, neutralised uith sodium acetate and then 

extracted uith 1,2-dichloroethane. The combined 

extracts uere dried over anhydrous magnesium sulphate



252,

and the solvent was then removed under reduced pressure.

1H n.m.r. spectroscopy showed the residue (52g) to be

approximately 70% 3-chloro-2-methyl-3-phenylprop-2-enal

(36g, 81%) present as a mixture of the Z and E isomers. 

s V  E isomer (90%), (CDCl-j), 2-0 (3H, s), 7-3 (5H, bs), 

9*4 (1H, s). 61H, Z isomer (10%), (CDCl-j), 1*8 (3H, s), 

7.3 (5H, b.s.), 10-3 (1H, s). The remaining 30% consisted 

of mainly dimethyl formamide so the crude product was

used in the preparation of S-methyl-4-phenylpyrimidine 

without further purification.

5-f'IETHYL-4-PHENYLPYRIf,llDINE

The previously prepared 3-chloro-2-methyl-3-phenylprop-

2-enal (52g, 70% pure) was added dropwise to a preheated 

mixture of formamide (200ml) and water (3ml) using an oil 

bath maintained at 180-190°C. The resultant mixture was 

heated under reflux for a further 3 hours, cooled, poured 

into sodium hydroxide solution (200ml, 2 0 ) and finally 

extracted with chloroform. The combined chloroform 

extracts were dried over anhydrous magnesium sulphate 

and the solvent was then removed under reduced pressure.

The residue was distilled under vacuum, b.p. 92-94 C at

0.1mm Hg (Lit. b.p. 80-85° at 0-001mm 56 )to give 5-

methy1-4-phenylpyrimidine, m.p. 28-30 C (Lit. m.p.

31-32°C 56).

The picrate was recrystallised from ethanol to give 

yellow needles, m.p. 139-40°C (Lit. m.p. 139°C56). 

Nicroanalysis found: C, 50*97; H, 3*18; N, 17*59%.

Calc, for C17H13N507 : C, 51*13; H, 3*28; N, 17*54%.



J 1H (C0C13 ), 2.3D (3H, s), 7.1 - 7.6 (5H, complex), 0.41 

(1H, b.s), 8.92 (1H, b.s)

1 .5-DIWrTHVL-4-PHENYLPYRIIl,)IPINIUf,l IODIDE

5-l*le thy 1-4-phenylpyrimi dine (2g), iodomethane (10ml) 

and ethanol (10ml) were heated under reflux for 4 hours. 

The solvent was removed under reduced pressure to yield 

dark yellow hygroscopic crystals of l,5-dimethyl-4-phenyl- 

pyrimidinium iodide (3*2g, 88%). Microanalysis founds 

C, 45*34; H, 4*09; N, 8*94%. requires: C,

46*17; H, 4*20; N, 8*97%.

(i 1H (dgD.n.S.O.), 2.50 (3H, s), 4.20 (3H, s), 7.4 

7.8 (5H, complex), 9.25 (1H, b.s), 9.50 (1H, b.s)
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», ■" P- SPECTROSCOPE 

1H n.m.r. Spectra

1H n.m.r. spectra were determined on Hitachi Perkin- 

Elmer R.24 and R24B n.m.r. spectrometers.

1H chemical shifts are in p.p.m. relative to T.M.S. 

and are accurate to + 0.05 p.p.m. 1H - 1H coupling constants 

are in Hz and are accurate to + 1Hz.

13C n.m.r. spectra

13c n.m.r. spectra were determined on aOeol JNFI-FXIOO
13 '

Fourier Transform n.m.r. spectrometer. All C chemical 

shifts are relative to 1,4-dioxan and are accurate to 

0.02 p.p.m. 13C - 1H coupling constants are accurate to 

+ 0.3 Hz uith the exception of those for 33C2H6 which are 

accurate to + 0.2 Hz. Spectrum simulation was used to 

check if a first order analysis was appropriate.

13C n.m.r. samples were prepared to a standard 

concentration (approximately 1*8 mol. dm with respect 

to the pyrimidine).

13C - 1H coupling information was obtained where 

possible from the nuclear Overhausser enhanced fully 

coupled spectrum. Uhere strong acids were used the 

standard conditions could not be used due to overheating 

of the sample. However this problem was overcome by using 

very low irradiation power levels.

A typical fully coupled spectrum required 14,000 

pulses (approximately 15 hours) to obtain a satisfactory

signal to noise ratio.



For the N-methylpyrimidinium iodides it uas necessary 

to use low power irradiation of the N-methyl protons to 

expose the other 13C - 1H couplings.

pxa d e t e r m i n a t i o n s

These determinations were carried out by U.V. spectro

copy by a standard method 23.

A pye-Unicam SP8-100 ultra-violet spectrometer uas 

used for this purpose since it had a fixed wavelength 

facility and an accurate digital readout.

The pH measurements were made with a Radiometer 

PHM82 pH meter (resolution + 0.01 p.H).
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