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'Life being very shori, and the quiet hours of it few, we oughi
to waste none of them in reading valueless books!

John Ruskin (Sesame and Lilies)

'Why not?!

Kilgore Trout (Venus on the half shell)
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The éynfhesis of a series of 2—ch10rq-5-(hetero)arylpyrimidines
and 5-(hetero)arylpyrimidines has been infestigéted. The aryl sub~.
stituted pyrimidines are readily obtainablé from [3—(dimethylamino)-
2-aryl allylidene] dimethylammonium perchlorates whilst the heterocaryl
stbstituted pyrimidines are best prepared by the photolysis of the
appropriate 5-iodopyrimidine in the presence of a heteroarene.

The photolysis of é.aeries of 5-iodopyrimidines in heteroarene
éolutions has been investigated, the reaction giving high yie;ds excent
for the case of 4-chloro-5-iodopyrimidine, this result being apbarently
due to the high reaétivity of the 4—chlo:o substi{uent. |

The kinetics of the ieaction between piperidine and & series of
2-chloro-5-(hetero)arylpyrimidines in aqueous dioxan has béen.investi—
gated. The order of electrqn;withdrawing ability of the heteroaryl
substituents was found to be l—methylﬁyrrol—z-yl < phenyl £ 2-thienyl <
2f§uryl. This result is shown to be éonsistent with current ideas on
the nature of these éubstituents.

The kineticé of the reaction between phenacylbromide and a series
of 5-(hetero)-arylpyrimidines in acetonitrile was investigated. The
order of electron-donafing ability of the heteroaryl substituents waé
'found to be l-methylpyrrol-2-yl ? 2-furyl» 2-thienyl » phenyl. An
explanation is proposed for this order. ‘

The molecular structure of 2,4~diazido-5-iodopyrimidine was deter—
mined by single crystal X—fay crystallographic studies. The molecule .

was found to exist in the diazido form rather than one of the several



possible tetrazﬁlo tautohers. 2y 4—Diazid0pyrimidines are usually
found %o exist in one of the tetrazolo forms, the 5-iodo substituent
is shown to stabilize the diazidoktautomer.

Ah atfempt was made to determine the molecuigr structure of 2,
4-diazido~-b6-methylpyrimidine which has beeﬁ the subject bf some con—
troversy but due to 9rysfa1$ twinning an X-ray cryétallographio study

could not be completed.
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INTRODUCTTION

Pyrimidine (I) is classifiedlas a 'T electron deficient'
heterocycle., 1In accordance with this, its normal mode of
reaction is by nucleophilic substitution or.addition; the parent
heterocycle reacts with hydrazine to gi&e pyrazole2 (II) and with
phenyl lithium to give (on subséquent oxidation) 4-'phenylpyrimidine3
(111). Halogén and other good leaving groups in the 2-,’4- and
6- positions are particularly susceptibie to nucleophilic
replécementé, whilst those in the 5- position can react with strong
nucleophiles. The bromination of pyrimidine hydrobromide5 in the
5- position is the only known instance of electrophilic substitution
of an unactivated pyrimidine. If the pyrimidine nucleus is
activated by the presence of one or more electron-relegsing groups
in the 2-, 4- or 6- positions the number of electrophilic

. . . . . s . 6 . . 7
substitutions possible increases e.g., iodination , nitration and

sulphonation8.
-
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'
There has been considerable recent interest in the synthesis’

of 5— substituted pyrimidineSS’g'll

, due mainly to their
pharmacologicél properties., However, although it wés pointed out

in 1957 that iittle attention had been paid to kinetic and
mechaniétic‘aspects of the chemistry of 5- arylpyrimidines12 these
aspects have largely been neglécted. The only reported work has
been by Brown éf al13 who investigated the kinetics of the thermal
‘rearrangement of a series of 2-methoxy-5- (p- substituted phenyl)
pyrimidines (IV) to give the corresponding N- methyl- 2- oxopyrimidine
(V). 1t was found that a good cérrelaEion exists betwegn the

rates of rearrangement and known14 para < values. The s values used
were derived from a study of the hydrolysis of ethyl -4-substituted
biphenyl-4-carboxylates which hence automatically include a reduced

transmission factor to allow for diminished conjugation between the

 pheny1 and pyrimidine rings resulting from imperfect coplanarity.

»

fiv) | Y

Since a group at Sheffield City Polytechnic has been investigating

the steric and electronic effects of "1 electron excessive" heterocycles



as substituentslS-zo, it was of interest to extend this work to an

investigation of the electronic effects of such heteréaryl
substituents at the 5- position of the pyrimidine‘ring,.and to
~compare their effects with those observed for a series of related

5- aryl pyrimidines. Two systems were chosen for study (i) a series
of 2- chloro- 5- substituted pyrimidines (VI; X = 2- furyl, 2- thienyi,.
1- methylpyrrol- 2-yl or substituted aryl) for investigation of the
rafé of nucleophilic displacement of the chlorine atom, in order

to investigate the ability of the 5- substituent to stabiiise a
negative charge on the pyrimidine ring in the"tranéition state of the
reaction and (ii) a series of 5- substituted pyrimidines (VII; X as
above) for studies of the rate of quaternization at nitrégen, to
determine the ability of the 5- substituent to stabilize a positive
charge on the pyrimidine ring in the transitién state of the

quaternization reaction.

In recent years, there have been a number of investigations

of the behaviour of furan, thiophen and N—methylpyrrole as



substituents in a variety of.situations, and the conclusions qf
these studies are reviewed in thé remainder of this Introduction,

By virtue of their chemical reactivity furan, thiophen and
pyrrole are appropriately grouped as "M electron excessive"
heteroaromatics. This classification implies a pronounced ability
to stabilize an electron &ficient transition state or intermediate,
as in electrophilic aromatic substitution and side-chain carbonium
ion reactioms. A'recént paper21 has summarised much of the available
data on the relative reactivities of these systems in electrophilic
substiiution, the observed order of reactivity béing pyrrole > furan

> thiophen > ©benzene. The ease of electrophilic substitution
of these compounds is not of necessity an indication of an increased
ground-state electron density at the ring carbon atoms; if this were
the case it would be found that the preference for 2- subs'citutionl’u-23
would be reflected in the net charges on the 2- and 3- carbon atoms
in these molecules as calculated by various semiempirical or ab inifio
methods., However, the correlafions sought have not been found and
it ié'the 3- carbons that appear to have the more negative charge321’23-27.
Recently, the interactions of furan, pyrrole and N- methylpyrrole
with eiéctrophileé have been investigatedzs‘by means of the calculated
molecular electrostatic potentialszg, obtained from INDO wave fuﬁctions,'
which indicate the most attractive sites and pathways of attack for
an approaching electrophile. The prefereﬁce for 2- substitution in
furan can be interpreted if it is assumed that the 2- hydrogen moves
ouf of the pléne of the molecule as an initial step in the reaction., For

pyrrole and N- methylpyrrole it is necessary to assume out-of-plane

bending of the N-H, N-CH, and2C --H bonds to satisfactorily explain



both the preferénce for 2- substitution, and also the relative
selectivities of furan, pyrrole and N- methylpyrrole. The
reactivity of these "Tv electron excessive heteroaromatics" has
been attributed to the low localisation energies of these systems,
and also as suggested by Dewar30 to the fact that the Wheland
 intermediate in ﬁhe eléctrophilic substitution reaction has the

same number of covalent bonds as the starting molecule.

(1%)

The most widely accepted mechanism for electrophilic
sﬁbstitution involves a change from sp2 to sp3 hybridisation of
the carbon under attack, with the formation of an intermediate.
(the Wheland intefmediate or ¢ complex.(VIII))., Prior to and perhaps
also after the formation of the o complex, a Tr complex (IX) (with

the aromatic ring behaving as an electron-donor) can form,



»

although it has not been proved that the formation of the T complex
is a necessary step in the reaction path31.

The ability of the heteroéyclic ring systems of furam, thiophen
and pyrrole to direct electron density to an electron deficient site
is illustrated b; the ready hydrolysis of their halomethyl
derivatives (i.e. the analogues of benzyl halides), and their migratory
behaviour in the pinacol-pinacolone rearrangement. In the former
reaction the stability of the intermediate carbonium-ion (X) can be
underétood in terms of PT—pT overlap between the T system of the

ring and the vacant p orbital of the carbonium ion centre32.

A consequence of the resonance stabilization of the carbonium
ion is the formation of a mixture of 2- furylacetonitrile (XII) and
2- cyano- 5- methylfuran (XIII) in the reaction §f furfurylchloride
(XI) and cyanide .ion in protic solventé,'for which the following

mechanism has been suggested32 (Scheme A).



Scheme A

Kegelman et al33 have studied the course of the pinacoloné
rearrangement of the mixed pinacols 1,2- di- (2- thienyl)- 1, 2
diphenyl ethane- 1,2- diol (XIV) and 1,2; di- (2- furyl)- 1, 2-
diphenylethane- 1,2- diol (XV) both of which proceed with exclusive
migration of the heterocycle to give the ketones (XVI) and (XVII)

respectively,
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The preferential migration of the 2- furyl and 2- thienyl groups
thus indicates the ability of the " excessive" heterocycles to
stabilize the non-classical carbonium intermediate (XVIII) in the
reaction to a greater extent than the phenyl group. 1In contrast the
. rearrangement of mixed pinacols beariné 2- and 3- pyridyl subsfituents
(XIX) proceeds with preferential migration of phenyl, since the "
deficient" pyridyl group is less able to stabilize the intermediate

than_phenyl34,
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Recently a number of workers have‘studied the capabilities
of heteréaryl groups to promote reactions involving electron-
deficient trapsition states by studying the rates of solvolysis of
a variety Qf defivatives of furan and thiophen. Noyce evt>a135
examined the solvolysis of 1- (2~ furyl)-ethyl p-nitrobenzoate (XX)
in 80% ethanol. The reacti&n proceeds via. a carbénium ion
intermediate (Scheme B)Ato give 1- (2- furyl) ethanol (XXI) (16%)
and its ethyl ether (XXII) (18%) at a rate which was estimated to be
some 104 times faster than for phenylethyl— ﬁ- nitrobenzogte36. |
Further\work by Noyce et al37 has revealed that the solvolysis of
(XX) proceeds at a rafe some fiveltimes faster ﬁhan for the 2- thienyl

analogue.



OPNB

I .
/0\ CHCHy — /Q\ CHCH, + "OPNB

(XX) OPNB = p- nitrobenzoate

OC,H,

[ L, + O)bich, s woms

(1) ()

Schéme B

'In contrast, an extension of the study to the solvolysis of
arylethylﬁ:osylates38 has revealed that the solvolysis of 2-(2- furyl)-
ethyl fésylate (XXIII), shows a moderate increase in the rate
compared with 2- phenyl ethyltosylate (XXIV), whereas 2-(2- thienyl)-
ethyltosylate (XXV) shows a somewhat greater rate acceleration.
Separation of the observed rate constanfs'inté diregt substituent
constants (R;) and a constant for a participating rearrangement
mechanism (RA) in which the substituent contributes to an unsymmetrically
bridged transition state (XXVI) revealed that both the 2- thienyl = ™

and 2- furyl tosylates show a greater proportion of participating

10



rearrangement than does 2— phenylethyltosylate. .

[}CH;H,‘OTS | @-CH,LCH&DTs

xuy) | (Y 1V)

; | N | .
Ar 2
4 / \ - H\ )

07's

(X%V) bedl)

The rate of solvolysis via the participating rearrangement
pafhway (k,) is greater for the 2- thienyl - than the 2- furyl
systeﬁ. However, the ratio of participating rearrangement to direct
substitution solvolysis (Re/hs) is higher for the 2- furyl system,

a result more in accord with the generally accepted greater

11
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(XXVIII), formed as a result of alkyl- oxygen fission rather
than the alternative mechanisms of acyl-oxygen fission or direct
displacement solvolysis.

The rates of solvblysis of the arylethyl acetates were found
to decréase in the order l- methylpyrrol- 2- yl-> 2- furyl- = .

. 10 .
2- thienyl > phenylethylacetate, the relative rates being 6 x 10 :

2%x10°: 5x10% : 1 and o7 constants of -1.96, -0.94 and -0.84
respectively, were derived for the heteroaryl substituents. Attempts
to correlate the solvolysis derived CF+ constant with kinetic data
obtained for other similar "electron-deficient" réactions, received

a limited degree of success wben viewed on a broad scale of aromatic
reactivity. Significantbdeviations from 6*-correlations were,
however, apparent in reactions where minor effects may obscure the
broad trend of aromatic electron-release. In particular, the solvent
is important in determining the e#act relative reactivities in a
given reaction,

| The substituent cr+'va1ues derived from the above reactions were,
however, in reasonable agreement with those obtained by Tayldraz-from
the ggs-ﬁhése pyrolysis of heteroaryl ethyl acetates (XXVII; X = 0, S),
a reaction taking place in the absence of solvent.‘ The rates of the
reaction were found to decrease in the order 2- furyl=> 2- thieﬁyl'>
phenyl, and substituent s values of -0.89 and -0.79 were dérived
for the 2- furyl and 2- thienyl substituénts respectively. Since the
pyrolysis reaction of 1- arylethylacetates proceeds via. a partial
carbonium ion on a carbon atom adjacent to the aromatic ring, increased
sfabilization of the electron-deficient centre due to conjugative
electron-release by the heteréqycle is important in the determination

of the order of reactivity. Thus the observation43 that 1- phenyl-

13



ethyl acetate (XXIX) undergoes pyrolysis more quickly than 2-, 3-
and 4- pyridylethylacetates (XXX) appears'as further evidence of the
major difference in the electron character of the 5- and 6-

membered heterocycles.

g

| |
CHy

Suy |
(¥)IX) | %y
/ \'.“’ C=N

X
(X 1)

As an extension to a detailed study of substituent effects on
the intensity of the C = N infrared stretching vibrations of a series
of benzopnitriles, Deady et al43 investigated the 2- and 3- cyanoderivatives
of furan, thiophen and pyrrole (XXXI; X = 0, S, NH). A series of
substituent (sjv constants were obtained from this study and compared
with ;'+ constants obtained from electrophilic substitution and the
above pyrolysis reactions. It was shown that in each case the heterocycle
acts as an electron donor.Ebr the 2- and 3- pyrrolyl systéms the
effect is very strong, in accordance with the ease of electrophilic
substitution., The substituent ( G'+) values of -1.33, -0.44 and -0.13
for the 2- pyrrolyl, 2- thienyl and 2- furyl groups respectively were
found to be much sméller than those derived from previous data in

accord with the reduced electron demand, It was thus suggested

that resonance electron-donation by the furyl and thienyl groups -

14



depeﬁds upon the particular reaction, and that donation by a furyl
group will be less than for thienyl in reactions in which the
conjugative electron-release‘by.the heterocyclic substituent is
small,

In the most recent determination of o:+ constants for the above
hetérocycles Bruce et 3145 have studied the solvolysis rates of
1- heteroarylethyl chlorides (XXXII; X = 0, S) in 95% acetone at
45° and the rates of sodium borohydride reduction of heteroaryl
methyl ketones (XXXIII; X = O, S, N-H) in propan- 2- ol at 30°.
The c’+ constants derived (-0.85, -0.76 and -1.61 for the 2-
furyl, 2- thienyl and 2- pyrrolyl groups respectively) are in good
accord with those derived from earlier solvolytiz:4gyrolytic 2 and

substitution46 reactions.

S AW
Wl y P C—CH

() (30

A study of]lB n.m,r.data for a series of compounds Rl3-nBXn
.
(R =-phenyl, 2- and 3- thienyl, 1- methylpyrrol- 2-yl and 2-
furyl; X = alkyl, NMeZ, Cl, Br; n - O, 1, 2) by Wrackmeyer et al47

showed that the extent of Pﬂ‘——————4>Pﬂ' conjugation between the

15



(hetero) aromatic T system and the vacant 2p orbital of boron
increased in the order phenyl = 3-thienyl — 2- thienyl —= 1-
methylpyrrol- 2- yl = 2- furyl, which is in accord with the
decreasing aromaticity of the cyclic systems.

In addition to their ability to function as "electron-rich"

7
/

species, fyryl and thienyl groups are capable of apting as electrbn-
withdrawing substituents, due to the effect offgge éiectronegative»
heteroatom withdraﬁing electrons by an inductive mechanism, Thus,
although nucleophilic substitﬁtion of a ring proton in pyrrole,

furan and thiophen is unknown, Manly et.a148 observed the rate of
nucleophilic displacement of halogen in halofurans to be some ten
times fasfe? than those for the corresponding phenyl compounds. For
substituted heterocyclic halogen compounds the effect is increased,
and displacement of halogen inﬂgn-chloro— 2—_fﬁroy1)piperidine (XXXIV)
by piperidine is 500 times ‘faster than for the corresponding phenyl
analoguesas, whilst in substitutions activated by nitro groupsag’ 20
the relative rates of piperidine-debromination arell- bromo- 4-
nitrobenzene, 1; Zf bromo- 5- nitrothicphen, 4.7 x 102; 2- bromo-~

5- nitrofuran, 8.9 x 104.
~

| o )
CL./O\ C— Yy |

(X¥XW)
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The slightly increased reactivity of the unsubstituted halofurans
compared to the unsubstituted halobenzene was attribﬁted to the increase
in positive character of the carbon bearing the halogen, duevto the
inductive effect of the heteroatom. The overall effect is small
because of the opposed Tr moveﬁent of the heterocycle. 1In the
substituted compoupds the relative wmactivity is increased, since the
carboxypiperidide and nitro groups feduce the effect of the T electron
moment and the & inductive effects of the heterocatom become more
important.

Further evideﬁce that the 2- furyl and 2- thienyl substituents are
more electron withdrawing than phenyl in their inductive effect is
obtained from carboxylic and pKa data, and the relative rates of alkaline
hydrolysis of the corresponding carboxyethyl esters. The pKa data
presented in Table i reveals that while the pyrrolecarboxylic acids are
weaker, thiophen and furancarboxylic acids are stronger than benzoic
acid,

Table 1

Ionization Constants of the Carboxylic Acids in Water, at 250

Acid ) . pKa Ref.
Benzoi;ﬁacid 4.2 51
2- Furoic acid 3.16 52
3- Furoic acid 3.95 53 7
2- Thiophencarboxylic acid 3.53 ' 52
3- Thiophencarboxylic acid 4,10 54
2- Pyrrolecarboxylic acid | | 4.45 52
3- Pyrrolecarboxylic acid - | 5.07 55

17



Hill et al40 suggested that the vaiues in Table 1 lead to
Hammett & values for the 2- furyl and 2- thienyl groups of + 1,02

and + 0,65 respectively,

Do O
[ Mcocn,  Ocoen,

(XxxV) oVl
-€0,C, W,

(v

The kinetics of alkaline hydrolysis of the corresponding
carboxyethyl esters (XXXV; X = 0, S) and (XXXVI) have been studied
by a number of workers. ©ae and Price56 reported the rates of reaction
in 70% dioxan to decrease in the order ethyl 2- furoate > ethyl benzoaté
~ > .ethyl 2- thenoate, tﬁe relative rates being 4.35 : 1.08 : 1,
Application of the Hammett equation to this data56 gave subsﬁituent
() values of 6.24 and -0,01 for the 2- furyl and 2- thiényl groups
regpectively. Subsequent attempts by Imoto et a158 to correlate-these
results and the corresponding data for the 3- heteroarylcarboxylic
acid esters (XXXVII X = 0,S) with the dissociation constants of the acids

proved successful for the 3- carboxylates but not fbr the 2-

18
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In view of the ability of the heteroaryl systems to either
withdraw or release electrons according to the type of reaction

considered, Marino et a175n77

devised a series of experiments in -
which the interaction of'substituent heteroaryl groups with the
reaction site in transition states of different types was investigated.
The ionisation of heteroaryl substituted benzoic acids (XLI; |
X = 0, S) was chosen as the "standard" reaction in which only weak
‘resonance interactions would be possible between»the reaction centre
- and the substituent, whereas the ionizatioﬁ of phenols (XLII; X =
0, S) and the solvolysis of 1- phenyléthyl acetates (XLIII, X = O, S)
were seleéted as reactions in which the substituent interacts with a
negative and positive charge respectively. A series of substituent
constants ( &, and o™ ) were calculated from the résults, and

their sign and magnitude discussed in relation to the electronic’

properties of the heterocycle and its effect upon the respective

reaction.

DO

(XLI) (YL
[ Thokes,

(e




The ioniSation consﬁants of the benzoic acids reveal that
both the 2- thienyl and 2- fur&l substitﬁents in the meta position
of the benzene ring exert a weak inductive electron—withdrawing
effect. This is reflected by decrease; in the pga of the meta-
2- heteroarylbenzoic acids when compared to unsubstituted benzoic
acid; pa;a-heteroarYlbenzoic.acids were found to be less acidic
than meta and the values Sp- Om were negative for both the 2- furyl

and 2- thienyl substituents, thus possibly reflecting the importance

of such resonance structures as (XLIV).

R\

The stability of the phenate anion increases on introduction

of the heteroaryl substituent into the benzene ring, possibly due

to the ability of the substituent to increase delocalization of the
negative charge (Mechanism A). Thus the effect is greater for
para-substituted phenols than for meta, where deéreases in pKa
relative to phenol solely reflect eclectron-withdrawal by the
inductive effect of the substituents. The greater acidity of p-
(2- furyl) phenol compared with p-(2- thienyl) phenol indicates an

increase in the magnitude of the resonance interaction (Mechanism A)

21



of the 2- furyl substituent compared with the 2~ thienyl substituent

and also the greater inductive effect of the 2- furyl substituent,

Mechanism A

The ability of the 2- furyl éna 2- thienyi éroups to stabilize
a positive charge wasnillustrated by an increase iﬁ the rate of
solvolysis of'sditably substituted 1- phenylethylacetates (XLIII; X =
0, S). The order of relative reactivity, p- (2- furyl) phenyl = P~
(2- thienyl) phenyl = phenyl> m- (2- furyl) phenyl = m- (2- thienyl)
phenyl, indicates both resmnance‘stabilization of the "electron-
deficient centre'" by heteroaryl substituents in the péra-position and
deétabilization of the centre by the inductive electron-withdrawal of
- the substituent in the meta-position, ’
Marino77 extended the work to investigate the effect of heteroaryl

substituents on the frequency of the infrared stretching vibrations of

the carbonyl bond in substituted acetophenones (XLV; X =0, S), In

22



keéping with the results.of Deady et al44 who observed the 27 and

3- furyl and 2-.and 3- thienyl groups to act as‘electron donors in

the infrared probe of the nitrile group in cyangheteroaryl derivatives,
Maripo found that 2; furyl and 2- thienyl groups in the para-position
in (XLV;“X = 0, S) act as electron donors and decrease the carbonyl
stretching frequency relative to the unsubstituted acetophenone. In
contrast, electrén-withdrawal by the heterocylic substituents in the
meta-positions in (XLV; X‘= 0, S) results in slight increases in the

frequency of the carbonyl infrared stretching relative to acetophenone,

.

The general conclusions reached from the above work were therefore

that:-

(i)  the 2- furyl and 2- thienyl groups are inductively’
electron-withdrawing and this is reflected in the
positive sign of the s o constants,

(ii) the electronic effect of the substituent in the meta
position is practically constant and thus there are
only small differences in the values of sln,(5+

- m
and
ST
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(iii)

(iv)

(v)

the 2- furyl and 2- thienyl groups exhibit strong
resonance.effects for both the release and :
withdrawal of electrons, depending on the type of
reaction. However, the ability to release electrons
is greater than the ability to withdraw electrons.

the electronic effects of the groups are variable

in cases where conjugation is possible and cannot

be represented by a single substituent constant valid
for all cases.

although fewer comparisons of the substituent effect
of pyrrolyl systems have been made it seems that
where the ring system interacts with a reaction

site bearing a developing positive charge on a
carbon atom, pyrrolyl systems are able to stabilize

 the developing charge to a greater extent than the

other related heterocyclic substituents, Thus, the
pyrrolyl system appears to be "electron-rich'
relative to the furyl and thienyl systems.

23 «



1o,

11.

12,

13.
14,
15.

16.

17.
18.

19,

Adrian Albert, '"Heterocyclic Chemistry'", Athlone Press,

London, 1968,

'H. C. Van der Plas and H. Jongjan, . Tetrahedron Letters, 1967, 4385,

J. A, Joule and G, F. Smith, ''Heterocyclic Chemistry",
Van Nostrand Reinhold, 1972, ph9.
D. J. Brown, ''The Pyrimidines', Supplement 1, Wiley-Interscience,

|

1970. | \

T. J. Kress, and L. L. MOpre, J. Het. Chem., 1973, 10, 153.

T. Nishiwaki, Tetrahedron, 1966, 22, 2401,

J. H. Lister and G, M. Timmis, J. Chem. Soc., 1960, 1113.

W. T. Caldwell, W, Fidler and N, J, Santora, J. Med. Chen.,

1963, 6, 58.

H., Kristinsson, Chem. Comm, 1974, 350,

E. Taylor and F. Sowinski, J. Org. Chem., 1974, 39, 907.
D. H., R, Barton, W. A, Bubb, R. H. Hesse and M. M. Pechet,

J. Chem. Soc. Perkin I, 1974, 2095.

G. W. Kenner and Lord Todd, "Heterocyclic Compounds", Ed.

- Elderfield, Vol. 6., Wiley, 1957, pq 299

D, J. Brown and T.-C. Lee, J. Chem. Soc. (C), 1970, 214,

E. Berliner and L., H., Liu, J. Amer. Chem. Soc., 1953, 75, 2417.

D. W. Allen, J, Chem. Soc. (B), 1970, 1490,

D. W. Allen, B, G. Hutley and M, T, J, Mellor, J. Chem. Soc.

Perkin II, 1972, 63,

D, W. Allen and B. G. Hutley, Ibid, 1972, 67.
D. W. Allen, B, G, Hutley and T. C. Rich, Ibid, 1973, 820.
D. W. Allen, S, J. Grayson, I. Harness, B. G, Hutley and

I. W. Mowat, Ibid, 1973, 1912.

24



20,

21,

22.

23.

24,

25.

26.
27.
28.

29.

30.

31.

32,

33,
34.
35.
36.

37.

38.
39.

40.

D. W. Allen, B, G. Hutley and M, T. J. Mellor, Ibid, 1974,
1690,

G. Marino, Adv. Heterocyclic Chem., 1971, 13, 235,

‘A. R, Katritzky and J. M. Lagowski 'The Principles of

Heterocyclic Chemistry", Academic Press, New York, 1968, p 159

R, A, Jones, Adv. Heterocyclic Chem., 1970, 11, 383.

W. Adam, A, Grimison and G. Rodriguez, Tetrahedron, 1967, 23, 2513,

R, J. Pugmire and D. M. Grant, J. Amer. Chem. Soc., 1968, 90, 4232.

R. B. Hermann, Int, J. Quantum'. Chem. 1965, 2; 165,

R. L., Flurry and J. J. Bell, Theoret. Chim. Acta., 1968, 10, 1.

PI Politzer.and H, Weinstein, Tetrahedron, 1975, 31, 915.

E. Scrocco and J. Tomasi, Topics in Current Chemistry, New
Concepts II, No. 42, 95, Springer Verlag, New York, 1973.

M. J. S. Dewar, '"The Electronic Theory of Organic Chemistry",
Oxford Clarendon Press, London, 1949,

E. Berliner, Prog. Phys. Org. Chem., 1964, 2, 253.

M. H. Palmer, "The Structure and Reactions of Heterocylic
Compounds", E., Arnold Ltd., London, 1967, P 3ol.

M. R. Kegelman and E. V. Brown, J. Amer Chem. Soc., 1953, 75, 5961.

M. R. Kegelman and E. V. Brown, Ibid, 1953, 75, 4649,

D. S. Noyce and G. V. Kaiser, J, Org. Chem., 1969, 34, 1008,

S. Winstein and A. H. Fainberg, J. Amer, Chem, Soc., 1957, 79, 1597.

D. S. Noyce, C. A, Lipinski and R. W. Nichols, J. Org. Chem.

1972, 37, 2615,

D. S. Noyce and R. L. Castenson, J, Amer. Chem, Soc. 1973, 95, 1247,

H. C. Brown and Y. Okamoto, Ibid, 1958, 80, 4979.
E. A, Hill, M, L, Gross, M. Stasiewicz and M, Manion, Ibid,

1969, 91, 7381,

25



80

88

8@

8F
8C

81

"#( A H H $"I( ( 1@ Clo 0cC89
I A $) < ,3. 1@C O01F
I A $) < 1@ 8cCC
J K"( H <$"#% "#( H K ) I"$ (! # E
1FO CC
L 3! H % "H(M A U'# A $) <
1% # 1F
H 3"% ! >" 1# "#( H A $) < 1% #
1F 1F N
3 31" %) ! #( & $ $) 3! 1F@ 91 O9F
K L # o "#( > ) 7 A $) 1F | 00
) < & $)!" O "%")y M "I "H(> )
& # M""% P" $ 1F IFCQ 19 $) ! 1@9
8 8
< # L oL o"#  "#( K R>! " 3 < /" $)
#( 3 '#" 1@F | F: $) ! 1@C @Cl 0C1:
K R>! <"+ ) # O "H(K < # ## $) H)
1@ @
MIoI# J - "H(M O #(! 4 6K #o# "#
L ( # 5 < # 6 0 3 1418
E#(# 1@
9 E)) <) M) $ 3 1@9 100 CF: $)
1@ 98
J > # 4" < A < 10 19 @: $)
! 10@ 09 10
E+# P $ $) Cl@ AEIl 8 @
H" Lo #( K J # A 1" %) 1@ 1@ 9

8



c >Q ) o " ( M 3 % ! <1 F
1@9 @ $) ! 1@9 8 8F1@
1 L "t# A ! $) 1F 1 CF
@9 "Io# <) $ "H( < H (A ( $') $) 11
@ o9F
@ E /I # "#(/ (1 4 $) 1@ 9 F
H $ # 6# #1( # $  $) ! !
) H#H(6 < H#(>( # A $# J #o # 1@F
@0 E 5 6 1 # (1# ! $) 16

3 #?") # & 4 O '% l@Cc =,

@8 M" ( E > < # "#( A A" % # A $) < 1 8@F
@ E #(" "#( L "1 # I"$ (I # 1@F 10 F 01
@@ 3 "% K $! # # E "# # & '"""1( "#( A H |

#(1 # A < 1@ IF C
@F $ | "H# ( H L"77 $) " 18 C8 8C
@C J (") "#( L) # $ ! %) " 1@F IF 08
@1 I/ ) $ "#(L K H A $) < ,3. 1@1 @FSs
F9 A J"S$ 1 "#( K J K"# I"$ (I # 1@8 19 C8
F > A E # "#(J K M) I A $"1) < 1F9 11 @c
F E ) ! "#( "o 3 < $) /1"# 1@8 0 1C
FO " '"# A 171 O " " "#( E)|! ( 1@1 0@
F8 A 3"l # H J H $ "#( A L -1%"( A )! $) <



76.

77.

F. Fringuelli, G. Marino and A. Taticchin, J. Chem. Soc. (B),

1971, 2302 and 2304.

F.>Fringuelli, G. Marino and A, Taticchin, J. Chem. Soc. Perkin II,

1972, 158.

28



$ < # S T
s #( #
4 ) #( 41! 15
! $ Ltr1) (#
( $#T. 1) (# !
#o1# ( H# 3
8T # s L) (# L w
5t M# T # #oH(
L) (# ;9 < & " (
$# 1) (# L
( ) # $ t# # o 1(!
# U7t o+
(L# S 1# o # $

(

%

1) (#
# (
& "H#(
# 7
#
'# #
! $
$
$
1) ( #



1:2 ' 5- Monosubstitutedpyrimidines

Simple pyrimidines have been prepared conventionally by the
removal of unwanted groups from more complex pyrimidines. This is
shown for example in the first synthesis of ;yrimidine by the
Ahydrogenation of 2, 4, 6:-'trichloropyrimidine1 and also in the
preparation of simple pyrimidines by the removal of a thio group by
the action of Raney nickel2 or a sponge nickel catalyst3.

Recently, the synthesis of pyrimidine and simple éikyl pyrimidines
has been achieved from readily available starting materials., Pyrimidine
can be prepared in 65% yield by the action of formamide on 1l- methoxy-
1, 3, 3- triethoxypropaneq. Alkylpyrimidines have beeﬁ synthesised by
the action of formamide on lw alkyl- 2- N, N-dimethylaminoacroleins5

(v; R= alkyl) which are readily prepared from ethylalkylacetates and a

Vilsmeier reagent (phosphoryl chloride + N, N- dimethylformamide). 7

R
!
- OHC=C=CH-NMe,

(V) |

At the commencement of this research, few 5- heteroaryl- pyrimidines

30



were recorded in the literature. 4~ Amino- 5 (2-~furyl) pyrimidine
(VI; R= 2- furyl) and 4- amino- 5 (3- pyridyl) pyrimidine (VI; R= |
3- pyridyl) were known, both of ﬁhich‘we;e prepared By the action of
s— triazine on.the appropriate heteroarylacetonitrile6. The only
otﬁer relevant compound reported was 5 (2- furyl)—-é—-phgnylpyfimidine
(VII), which was prepared by a ‘Gomberg-Hey type reaction between 5-

amino- 2- phenylpyrimidine- 4- carboxylic acid (VIII) and furan, using

- n- amylnitrite in dioxan7. Only a 13.5% yield of product was isolated.

CoM

HN /2

(vin)
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In order to prepare the reqﬁired 5-(2- heteroaryl) pyrimidines
(1) X =85, 0, N- Me) the following route was investigated (Scheme A).
The first three stagés of the synthesis have been investigated by Davies
et a18 in the preparation of 4- chloro- 5- phenylpyrimidine (XII; X =
-CH = CH-). The first stage of the sequence to give I (X = S) involved
heating the acetonitrile (IX; X = S) and formamide under diétillation
conditions while ammonia was passed through the solution, heating
being continued until no further wéter was evolved from the reaction,
The hydrolysis of the aminopyrimidine (X; X = S) required vigorous
conditions viz. boiling concentrated hydrochloric acid with passage of
hydrogen chloride. Providing that the keto derivative (XI; X = S) was
thoroughly dried, no difficulty was experienced during the preparation
of XII (X = S). The hydrazino derivative (XIII; X = S) was prepared in
very good yield simply by heating, under reflux, a mixture of XII
(X = S) and hydrazine hydrate in absolute ethanol. The removal of the
hydrazino group was based on work by Brown et al9 and involved oxidative
removal of.the hydrazino function with silver oxide.

In the case of the 2- furyl compound, the hydrolysis of the amino
derivative (X; X = 0) using concentrated hydrochloric acid resulted in
extensive decomposition and none of the required keto derivative (XI;

X = 0) could be obtained,Hydrélysis of X (X = 0) with sodium hydroxide
solution énd also nitrous acid was attempted but only unchanged starting
material could be isolated. In view of the well known instability of
pyrrole derivatives in the presence of acids,the sequence was not

attempted with the 1- methylpyrrol— 2—yl analogue.
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(XVII)—> 5- substituted pyrimidine (I), (Scheme B). This
routé was satisfactory for both the 2--furyl- and 2- thienyi;
derivatives. 4, 6-Dichloro- 5 (2- fur&l) pyrimidine (XVI; X = 2-
furyl) could not be isolated pure, bpt by removal of the excess
phosphoryl chloride from XV— XVI followed by the addition of a large
excess of hydrazine in ethanol, the dihydrazino compound (XVII; X =
2- furyl) could be prepared. The oxidative removal of the hydrazino
groups with silver oxide was investigated and it was found that
contrary to literature reports12 higher yields were obtained by

carrying out the reaction in primary rather than in secondary or

tertiary .alcohols.

0
>—NH
X—CH(COEE, — X~ ) ==X —Cy}

HoO

(X1V) (XV) (XV1)

RSO ENE
A />

P ——

NHRH,

(i) (1)

Scheme B
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The synthesis of 5-(1l- methylpyrrol- 2- yl) pyrimidine th)
was similarly achieved from 2- chloro- 5-(1l- methylpyrrol- 2- yl)
pyrimidine (XVIII) (Scheme C). The chloro derivative (XVIII) was
prepared by the photolysis of 2- chloro- 5- iodopyrimidine in 1-

methylpyrfble using acetonitrile as a diluent (see section 1:4),

/ N\ /-u\ oL —> Q{:}—m«w;

Me.

'(xvm) L (XW)
0 /N
-

,!}‘\2.
(xx)

Scheme C
5- Phenylpyrimidine (XXIII), previously prepared by treatment

of 4~ mercapto- 5~ phenylpyrimidine with Raney nickell3, was

synthesised By application of the method of Bredereck et al5 (Scheme D).
The first stage of this synthesis represents an example_of the use

of a Vilsmeier reagent; in this”instance an acetic acid ester (XXI)

is treated with a phosphoryl chloridé/dimethylformamide coﬁplex to

give the N, N-dimefhylaminoacrolein (XXII). This compound was ring
closed using formamidine to give 5~ phenylpyrimidine (XXIII). The

purification of the product required two fractionations through a

Nester-Faust spinning-band column.
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~ (}HO N
PhCH,CO,Et — Ph-C=CHNMe,— Ph [ \>

=

00 () (xxm)

Scheme D

The use of substituted malonaldehydes, especially
halomalonaldehydes, in the synthesis of pyrimidine derivatives is
of prime importance and many examples exist in the literature14’15’16.
In the preparation of the required 5- substituted pyrimidines
(XXVI; R = substituted aryl) use was made of the reaction of the
substituted arylmalonaldehydes (XXV) (prepared in situ by the alkaline
hydrolysis of the trimethium perchlorate17 (XXIV)) with formamidine

(Scheme E).

| //CHMNV\ez . L, CHO'
RC « Q0 — R—C —
NCH=NMe, | N CHOH

(XXIV) (XXV)

)

(X))

Scheme E
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1:3 2- Chloro- 5- substituted pyrimidines

The required 2- chloro- 5- substituted arylpyrimidines (XXIX)
were prepared by condensation of substituted arylmalonaldehydes (XXV)
with ureé in ethanol saturated with hydrogen chloride. The resulting
2- pyrimidinones (XXVII) were treated with phosphoryl chloride using

N, N-dimethylaniline as a catalyst (Scheme F).

| ,/(:}i() y FJH —N
_ 7 \=0 .
R C\‘CHOH —> R‘CQ — R‘&KP‘CL‘ ‘
(xxv) () (xx\x)

Scheme F

The preparation of the arylmalonaldehydes requires the use of
a phosphoryl chloride/dimethylformamide reagent (Scheme G) and
therefore this method could not be used for the preparation of

heteroarylmalonaldehydes since the heterocyclic ring is very

susceptible to formylation with this reagent.18
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| yCH— NMe, o~ CHO
PO - Hoo
RCOM s R—C. . .00 2% R—C
| NCH=NMe, N cHoH

oY) Do) (XRV)

Scheme G

In view of this limitation, an alternativé synthetic route to
the required 2- chloro- 5‘(heteroarfl) pyrimidines was sought and this
was achieved by the photolysis of 2- chloro- 5- iodopyrimidine in the
appropriate heteroarene using acetonitrile as a diluent (see Section
1:4),

1:4 The Photolysis of Iodopyrimidines

The photolysis of iodoareneslg_21 and the free radical nature of

2,23 have been known for some time. A great deal of

the reaction2
work has been carried out on_ the preparation of substituﬁed biphenylsZQ,
phenantﬁrenes25 (from o- iodostilbenes) and benzjne in solution26

(from 1, 2 di-iodobenzenes).

The mechanism of the photolysis of iodoarenes in benzene is well
substantiated and involves the intermediate formation of a cyclohexadienyl
radical, followed by.the loss of a hydrogen m&aﬂ_to yield a biaryl
thus:- | A
(1) ArI 'lgz‘% Ar* + I
(2) Ar + I» —» Arl

(3) C6H6 + Arr— Ar—

(4) ArH -*%’Ar{h

+ H*
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The quantum yield of this process in the neat liquid phase or in
solution in solvent is less than ﬁnity; this has been ascribed to
the back reaction (2). The principle evidence for the homolytic nature
of the process is as follows:- (i) if the photolysis is carried out
in the presence of radical scavengers, e.g. oxygen or nitric oxide,
which inhibit the back reaction (2), the quantum yield of the reaction
ingrease527; (ii) when the photolysis is conducted in aromatic solvents,
the isomer distribution in the arylation product is in good agreement
22,28; (iii)

free radicals are known to participate in abstraction reactions; when

with that obtained with thermally generated aryl radicals

aryl radicals are generated photochemically they can also abstract
hydrogen, chlorine and bromine from cyclohexanezg, carbon tetrachlbride30
and bromoform30 respectively; (iv) the photolysis of iodobenzene in
fluorocarbon and hydrccarbon solvents at 77K has been studied by
electron spin resonance techniques and the results suggest the formation
of "free" phenyl radicals on photolysis31.

In spite of thelgreat deal of synthetic and mechanistic work
carried out on the photolysis of iodoarenes, comparatively little
attention has been paid to the synthetic utility of the photolysis of
iodoheteroarenes. Only since the completion of this aspect of the
research has the photolysis of an iodopyrimidine been reported és a
synthetic technique32. This communication was concerned with the
photolysis of 5, 6-di-iodo -1, 3-dimethyluracil (XXX) in benzene and
. furan. It was found that, in contrast to 1, 2-di-iodobenzene, the
photolysis of the pyrimidine gives products derived from a radical

intermediate and none derived from the corresponding pyrimidyne. The

.
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in the 2- or 4- position of the pyrimidine ring, although it is
difficult to envisage a reasonable mechanistic rational for this
phenomenum,

The photolysis of 4- chloro- 5- iodopyrimidine (XLV11l) in the
presence ofta (hetero) arene resulted in only low yields (ca 10%)
of the expected products (XL1X a-d) (Scheme 0). When the photolysis
was carried out in the presence of thiophene two products could be
" detected by T.L.C., one was identified as the 2- isomer (XLlXa), the
second compound was thought to be the 3- iéomer (La) but insufficient
could be'isolated to aliow characterisation, Once again when the
photolysis was carried out in the presence of 1- methylpyrtole a
number of products were detected by means of T.L.C., but none of those
products apart from 4- chloro- 5(1- methylpyrrol- 2- yl) pyrimidine

(XL1Xd) could be identified.

o) N )

(a) X =S (c) X =CH =CH (a) X = s
(b) X =0 (d) X = N-Me
Scheme 0O

The low yields obtained in these photolyses were . thought to be
due to the instability of 4- chloro- 5- iodopyrimidine (XLV11l1l) which
- was found to decompose on standing. The instability of 4- chloropyrimidines

is well known, and is illustrated by the ready decomposition of 4-
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chloropyr:imidine12 (L1) and 5- benzyloxy- 4- chloro pyrimidinez‘L2 (L11).

~

CL CL
N=—= N
&j} | PhC Hlo{ \>
\ . =N
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EXPERIMENTAL

Melting points were determined on a Koffkr hot-stage apparatus
and are uncorrected.

'H Nuclear magnetic resonénce spectra were determined at room
temperature in the stated solvent containing tetramethylsilane as an
internal standard, using a JEOL é- 60 HL high-resolution 60 MHz

instrument,

Mass spectra were recorded at 70eV using an AEI MS-30 spectrometer.b:i
Miss M.March of the: 'Po\s\ec\m'\c Chem{sh}i Department .

Microanalyses were carried out by Dr F, B, Straﬁss, Microanalytical

Laboratory, 10, Carlton Road, Oxford and B.M.A.C. Ltd., 41 High Street,

Teddington, Middlesex.

H\)brev{a\c\'on% used in Yre @A\'&nmen\al sec\:ion T-

"

A me\\'fng Yd\ﬂl

AQC.OH\P()%L’A

nb.

.
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4- amino=- 5{2- furyl) pyrimidine (X; X = 0)

g

A mixture of 2- furylacetonitrile (Q.17 mol) and formamide
(0.66 ﬁol) was heated at 180° in a stream of ammonia under distillation
conditions for 18 hours. S

The mixture was allowed to cool to room temperature and was
filtered. Tﬁe precipitaté was extracted with dilute hydrochloric acid,
the solution was filtered and then ﬁade alkaline with dilute sodium
hydroxide solution.” The precipitate was isolateﬁ by filtration, dried
and p;rified by vacuum sﬁblimation (0.1 mm Hg, 1000) to give 4~ amino-

6

5(2- furyl) pyrimidine. Yield 15.9g (59%); m.pt. 177° (1it. 1760);

(Found: €, 59+1; H, 4°8; N,25:9, Calc. for C8H7N3O : C, 5963 H, be

N, 26.1%). § (TFA/D,0), 8.54 (IH,s); 8.47 (IH, s); 7-8 (IH,s); 6.9 (IH,m);

67 (IH, 'm) p.p.m. Ve 161, u'.

4- amino- 5{2- thienyl) pyrmidine (X; X = 0)

The above preparation was repeated using 2- thienylacetonitrile
(0.1 mol)., The crude product was purified by recrystallisation from

ageous methanol to give 4- amino- 5(2- thienyl) pyrimidine. Yield 8g

10

(45%); m.pt. 184° (1it.™0 180°); (Found : C, 54.0; H, 4.25; N, 23.7.

Cale. for CGH,N;S : C, 54.2; H, 4.0 N, 23.7%). g(TFA/DZO), &7 (IH,s);
8.25 (IH,s); 7.7 (IH, d); 7.4 (2H,m) p.p.m. ™e 177,07,

~ 5{2- thienyl)- 4{3-H) pyrimidone (XI; X = 8)

A solution of 4- amino- 5{2- thienyl) pyrimidine (0.0l14 mol) in

hydrochloric acid (7.5cm3

, 1OM) was heated under reflux for 4 hours
whilst hydrogen chloride was passed through the solution. The white
precipitate was filtered and dissolved in dilute sodium hydroxide

solution (200 cm3, 0.25M). Carbon dioxide was passed through the



solution and the precipitated product was isolated by filtration.
Concentration of the filtrate to SOcm3 and resaturation with CérbonA
dioxide resulted in a further crop of product. The combined crops

were purified by recrystallisation from boiling water to give 5(2-

1

thienyl)-4(3-H) pyrimidone. Yield l.4g (56%); m.pt. 230° (lit.'0230°);

(Found:C 56.2; H,3.4,N;16.0, ' Calc. for CSH6NZOS : C, 56.1; H, 3.4;

N, 15.8%). & (CDCL,/TFA), 9.45 (IH,s); 8.5 (IHs); 7.75 (2H,m); 7.3

m/ +

(IH,m) p.p.m. e 178, M.

4- chloro- 5-(2- thienyl) pyrimidine (XII; X = S)

A mixture of 5{(2-thienyl)-4{3-H) pyrimidone (0.0l mol), phosphoryl
chloride (10cm3) and N, N-dimethylaniline (O.5cm3) was heated under
reflux for 1 hour. The excess phosphoryl chloride was removed under
reduced pressure, the solid remaining was added to ice and the mixture
was stirred for 5 mins, and was then extracted with 5 x 20cm3 portions
of diethyl ether, The ethereal fractions were combined and washed with
dilute sodium carbonate solution, followed by water. The extract was
dried with magnesium sulphate, filtered and evaporated to dryness.

The remaining solid was purified by vacuum sublimation (0.1 mm Hg, 800)
to give 4-chloro-5-(2-thienyl) pyriﬁidine. Yield 1.35g (69%); m.pt.

10

56° (lit. ~~55°); (Found : C, 48.9; H,2.6; N, 14.05, Calc. for

csﬁsclzs’: C, 48.85; H, 2.55; N,14.25%). b (00013); 9.17 (1H,s)s
8.27(1H,s); 7.9(1H,d); 7.65(1H,m); 7.42(1H,m) p.p.m. e 196,M".

4-hydrazino- 5{2-thienyl) pyrimidine (XIII; X = S)

A solution of 4- chloro- 5(2-thienyl) pyrimidine (0.0l mol) in
ethanol (20cm3) was heated under reflux whilst hydrazine hydrate
(0.02 mol) was added over 5 mins, The mixture was boiled for a further

90 mins. and was then cooled in an ice bath. The crystalline product

was isolated and was recrystallised from ethanol to give 4- hydrazino-
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’
5-(2-thienyl) pyrimidine. Yield 1.5g (78%); m.pt. 170°(d); (Found :

C, 50.1; H,4.3; N,28.85. CgHgN, S requires C,50.0; H,4.2; N,28.8%);

$ (Dg-DMSO), 8.30 (1H,s); 7.85 (1H,s); 7.40 (lH,m); 70 (2H,m);

4.5 (2H, b.s.); 3.3 (1H,b.s.) p.p.m.; the signals at & 4.5 and 3.3

were removed on addition of D20. m/e 192, M+.

5-(2- thienyl) pyrimidine (I; X = S)

To a solution of 4—hydrazino; 5{2-thienyl) ﬁyrimidine (0.01 mol)
in hot absolute ethanol (30cm3) was added silver oxide (0.05 mol). The
solution was ﬁeated under reflux for 90 mins., Hyflo Supercel (lg) was
added and the mixture was filtered. The solution was evaporated to
dryness under reduced pressure and the product was purified by vacuum
sublimation (0.0l mm. Hg, 50°) to give 5{2- thienyl) pyrimidine. Yield

10

0.66g (40%); m.pt. 74° (1it. 760); (Found : C,58.75; H,3.85; N,17.4,

Calc. for CgHN,S: C,59.2; H,3.7; N,173%). $ (CDC1,), 8.90 (1H,s);
8.72 (2H,s); 7.3 (2H,m); 7.0 (1H,m) p.p.m. e 162, '

6-hydroxy- 5(2-thienyl)- 4(3-H) pyrimidone (XV; X = 2- thienyl)

Formamidine acetate (0.145 mol) was added to a solution of
sodium ethoxide prepared from sodium (0.375 mol) and absolute ethanol
(250cm3). Diethyl-2-thienylmalonate (XIV; X=2-thienyl) (0.128 mol) was
added and the mixture was stirred at room temperature for 16 hours.
The orange precipitate which had formed was isolated by filtration and
was dissolved in water (50cm3) and the solution was made acid to
Congo Red with dilute hydrochloric acid. The white pwcipitate produced
was isolated and dried in a vacuum oven., A sample of the product was

purified by recrystallisation from boiling water to give 6- hydroxy-

o'
’

5(2-thienyl)- 4(3-H) pyrimidone. Yield 13.8g (58%); m.pt. 300

(Found : C, 49.85; H,3.15; N,14,75. C8H6N2028 requires C,49.5; H,3.1;

N, 14.45%). S' (D6-DMSO), 8.4 (1H,s); 8.1 (1H,m); 7.2 (2H,m) p.p.m.;
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a v.broad signal corresponding to 2H in the region S 8.4-7.2 was

removed on shaking with DZO.

4,6-dichloro- 5(2-thienyl) pyrimidine (XVI; X = 2-thienyl)

To a mixture of phosphoryl chloride (30cm3) and N,N-dimethylaniline
(5cm3) was added 6-hydroxy- 5(2—thieny1)-4(3-H) pyrimidone (0.1 mol),
the mixture was heated under reflux for 1 hour and then the excess
‘phosphoryl chloride was removed under reduced pressure, The residue was
_ poured.onto ice and was stirred for 10 mins and the mixture was then
extracted with diethyl ether (5 x 50cm3). The combined extracts |
were washed with dilute sodium carbonate solution followed by water and
were then dried with magnesium sulphate. The ether was removed under
reduced pressure and a portion of the pfoduct was recrystallised from

petroleum spirit (b.pt. 40-60°) to give 4,6-dichloro- 5(2-thienyl)

pyrimidine. Yield 14.6g (64%); m.pt. 71°; (Found : C, 41.7; H, 1.95;

N, 11.95. CgH,CL,N,S requires C,41.65 H,1.75; N,12.1%). Y (cocl,),

9.1 (1H,s); 7.9 (1H,m); 7.2 (2H,m) p.p.m. ™ 230, M.

4,6-dihydrazino- 5(2-thienyl) pyrimidine (XVII; X=2-thienyl)

To a solution of 4,6-dichloro- 5(2-thienyl) pyrimidine (O.bl mol)
in boiling ethanol (40cm3) was added hydrazine hydrate (0.03 mol) and
" the mixture was heated under reflux for 1 hour. On cooling in an ice
bbath a crystalline product was obtained which was'recrystallised from

ethanol to give 4,6-dihydrazino- 5(2-thienyl) pyrimidine. Yield 2.05g

(92%); m.pt 17405 (Found : C,43.4; H,4.15; N,37.95, C8H10N6S requires

C,43.45; H,4.1; N,38.0%). & (D, -DNSO), 8.40(1H,s); 7.6 (lH,m); 7.2 (2H,m);

5.9 (2H,b.s.); 3.9 (4H,b.s.) p.p.m. the signals at S 5.9 and 3.9 were

removed on addition of D,O. m/e 222, M*.

2
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pyrimidine. Yield 1.24g (60%); m.pt. 170-1%; (Found : C, 46.55;
H, 4.85; N, 40.6. CgH N O requires C, 46.6; H, 4.9; N, 40,75%).

S (DéDMSO), 8.3 (1H,s); 7.8 (1H,m); 6.7 (2H,m); 6.0 (6H,b.s.) p.p.m.

_ : : +
the signal at 8-6.0 was removed on addition of DO. m/e, 206, M,

2
5{2-furyl) pyrimidine (I; X ='0)

The method for the preparation of 5{2- thienyl) pyrimidine was
repeated using 4,6-dihydazino- 5-(2-furyl) pyrimidine (0.0l mol) in
absolute ethanol., The product was isolated by vacuum sublimation (1.0-

1.5mm Hg, 50°%) to give 5(2-furyl) pyrimidine which was found to decompose

slowly on standing. Yield 0.43g (29%); m.pt. 57°; (Found : C, 65.45;

H,4.05; N, 19.35. C8H6N20 requires C, 65.75; H, 4.15; N, 19.15%).

§ (cbcl,) 8.95 (1H,s); 8.9 (2H,s); 7.5 (1H,s); 6.7 (1H,m); 6.5 (1H,m)

p.p.m. m/e 146, M+.

2-hydrazino- 5{l-methylpyrrol-2-yl) pyrimidine (XIX)

A mixture of 2-chloro- 5(l-methylpyrrol-2-yl) pyrimidine (0.0l mol)
and hydrazine hydrate (0.02 mol) was heated under reflux in ethanol (30 cm3)
for 1 hour. On cooling in an ice bath, white crystals were formed which

were isolated and recrystallised from ethanol to give 2-hydrazino- 5-

(1- methylpyrrol-2-yl) pyrimidne. Yield l.5g (79%); m.pt. 151°;

(Found : C, 57.2; H, 6.0; N, 36.8. CoH, N Tequires C, 57.1;H5.85;N37.0%).

§ (CDC1,); 8.15 (2H,s); 6.50 (1H,m); 6.0 (2H,m); 3.85 (3H,b.s.); 3.50
(3H,s) p.p.m. the signal at 8\3.85 was removed on addition of D,0.
™o 189, M.

5(1l-methylpyrrol-2-yl) pyrmidine (XX)

A mixture of 2-hydrazino- 5(1-methy1pyrrol-2?yl) pyrimidine (0.0l mol)
and silver oxide (0.04 mol) was heated under reflux in ethanol (50 cm3)

for 1 hour. The mixture was filtered and the ethanol was removed under
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