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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.
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I .
/0\ CHCHy — /Q\ CHCH, + "OPNB

(XX) OPNB = p- nitrobenzoate

OC,H,
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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



susceptibility of furan to electrophilic attack. Noyce suggested
that some explanation of the apparent deviation of these results
from the behaviour expected on the basis of normal electrophilic
reactivities 1is possibly obtained from the fact that in the transition
state (XXVI) for the reaction, an appreciable proportion of the
carbonium ion properties are maintained, and the stabilising influences
of the aromatic moiety are not fully developed.

From a study of the solvolysis of a number of substituted t-

, 39 . . +

cumylchlorides, Brown et al obtained substituent (5 ) constants
which proved quite successful in correlating rate and equilibrium
constants for a wide range of reactions involving electron- deficient
transition states or intermediates. In order to obtain a similar set

+ . .
of <s constants for a number of "electron-rich" aromatics other than
substituted benzenes, and to examine their applicability to available

. . . . 40 . .
data in the published literature, Hill et al studied the solvolysis

of a series of 1- arylethyl acetates (XXVII; X = 0, S and N- CH").

Earlier studies of the solvolysis of 1- ferrocenylethylacetate

had shown that the reaction occurs via. a carbonium ion intermediate

12



(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



carboxylates. It was suggested that there may bfinsteric effect
by the adjacent heteroatom on reactions of the carboxylate group
in the 2- position.
The literature contains conflicting opinions with regard to the

59-61
direction of the dipole moment of furan, thiophen and pyrrole

32 62 63
It had been generally accepted J 5 ~ that the dipoles were directed
from the positive heterocatom towards the C(3)~ C(4) Dbond. This
belief seems to have arisen by analogy with pyrrole whose dipole
64 ) . )
moment had been shown to have 1its positive end at nitrogen. It
59 . .. 4 48 .
has been suggested , on the basis of reactivity data * , theoretical
calculations” ~ and dipole moment values of substituted derivatives”™”
that whilst the direction of the dipole in pyrrole (XXXVIII) 1is from

the heteroatom to the ring, in furan (XXXIX) and thiophen (XL) it is

in the opposite direction i.e., from the ring system to the heterocatom.

v O X

This view has been reinforced from n.m.r. solvent shift studies
74 . ) , . .
by Barton et al who investigated the orientational influence of the
heterocycles as solutes in aromatic solvents to determine the

direction of their respective dipoles.

19



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)
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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
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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.
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The Synthesis of 5- aryl and 5- heteroarylpyrimidines

1:1 Introduc tion

Two groups of compounds were required for kinetic studies (a)
a series of 5- heterocarylpyrimidines (I; X = 0, S, N- Me) and 5-
(substituted pheny])pyrimidines (II) for studies of quaternization at
nitrogen, to determine the ability of the substituent to stabilize a
positive charge on the pyrimidine ring in the transition state of the
quaternization reaction, and (b) a series of 2- chloro- 5- heteroaryl
pyrimidines (III; X = 0, S, N- Me) and 2- chloro- 5- substituted
phenylpyrimidines (IV) for studies of the rate of nucleophilic
displacement of chlorine, in order to investigate the ability of the
substituents to staUlize a negative charge on the pyrimidine ring

during the transition state of the reaction.



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
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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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MHNH,

it [X81) )

Scheme A

Since the completion of this work, Bourguigon et al” have
reported the above sequence to XII (X = S) and the subsequent removal
of the chlorine group by reduction with hydrogen using a palladium on
carbon catalyst.

The next approach to the 5- heteroarylpyrimidines was' the
condensation of diethylheterocarylmalonates (XIV; X = 2- furyl, 2-
thienyl) with formamidine” to give the hydroxypyrimidone, followed

by the sequence hydroxyoxo (XV)— >dichloro (XVI) > dihydrazino



(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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5- iodo- 1, 3-dimethyluracil radical (XXXI) was believed to be the

precursor of all identified products.

(@)

(XXX) (XXXI)

The photolysis of 3- iodopyridine (XXXII) in a variety of heterocarenes

33
has been reported , reasonable yields of the products (XXXIII a-d)

being obtained (Scheme H) .

(XXXII) (XXX 111

Scheme H

A great deal of work has been carried out on isomer distribution

in homolytic aromatic substitution, using phenyl radicals, of a variety

of heteroaromatic compounds. In these studies the radical has been

/
generated by a variety of methods e.g., in the homolytic phenylation

3~ 38

of thiophen, the Gomberg reaction , and the thermal decomposition
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of N- nitrosoacetanilide35 and dibenzoylperoxide37 have been used.
Only rarely has the photolysis of an iodoarene been used to generate
the radicaf37

In the present work, the required 2- chloro- 5-(2 -heteroaryl)
pyrimidines were prepared in good yield by photolysis of 2- chloro-
5- iodopyrimidine” (XXXIV) in a 257, Vvsolution of the heterocarene in
acetonitrile (Scheme J). The use of both a low and medium pressure

mercury lamp was investigated, the former giving a slightly cleaner

product.

%

(XRXIV) (XXXV) (XXXV)

(a) X=5 (b) X =20 (a) X
(c) X = N-H

(d) X = N-Me

(e) X = CH=CH-

Scheme J

T.L.C. examination (15h;1échloroform in petroleum ether (b.pt.
40-60°) on alumina) showed that only in the case of thiophen is a
trace of the 3- isomer (XXXVIa) formed.
When 2- chloro- 5-(2- thienyl) pyrimidine (XXXVa) was photolysed
in acetonitrile, no trace of the 3- isomer could be detected even
after 48 hours. This is in contrast with the work of Wynberg et a139
on the photolysis of 2- phenylthiophen (XXXVII); who found that the
3- isomer (XXXVIII) was produced in 40% yield. From later work”
they deduced that this rearrangement proceeded via a Dewar intermediate

(Scheme K) .
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(XOXHVII) 1 (RRVIII)

Scheme K

The photolysis of some other 5- iodopyrimidines in the presence

of (hetero) arenes has also been investigated. With 5- iodopyrimidine

(XXXIX) it was found that the expected range of products (XLa-d) were

obtained in reasonable yields. Less than 5o of 5-(3- thienyl)

pyrimidine (XLla) was obtained.

(XHXTX) (XL (XL1)
X =S b) X =0 (a) X =S
(b) X = N-Me (d) X = CH=CH

Scheme L

On photolysis of 2, 4-dichloro- 5- iodopyrimidine (XLII) the
expected products (XLIIIa-d) were obtained in the presence of benzene,
thiophen and furan (Scheme M)’with thiophene, 1°L of the 3- isomer
(XLIV| was isolated. However, in the case of

1- methylpyrrole,

five other products could be detected by T.L.C. besides the expected

2, 4 dichloro- 5(l1- methylpyrrol- 2-yl) pyrimidine (XLIIId).



IXLl1) (YZUL)
S (c) X QH=CH

X
(b) X =0 (d) X = N-Me

(XUV)
(a) X =S

Scheme M

An attempt was made to characterize the other products of this
photolysis by means of a combined G.L.C.-M.S. technique. Apparent
resolution of the products could be achieved by the use of a column
packed with 10% Apiezon L on Celite at 80°, and the chromatogram
obtained -showed six rather broad peaks. Using a combined G.L.C.-M.S.
technique apparent mass spectra of the components were obtained, but
difficulty was experienced in interpreting the spectra. It was then
found that if a sample of pure 2,4-dichloro- fr(l- methylpyrrol- 2-yl)
pyrimidine (XL11l1ld) was subjected to G.L.C.-M.S. examination using the
above conditions the mass spectrum obtained was not consistent with
that obtained from a directly induced sample of XL1llld, suggesting
that decomposition was taking place in the chromatographic column.

By means of column chromatography of the reaction mixture on
alumina, pure XL11l1ld could be isolated together with a small amount of
an unstable compound which was thought to be either XLVa or b.

The 'H n.m.r. spectrum of this compound (in CDC1l”) showed the presence
of 1 pyrimidine proton (£%8.7), 6 pyrrole protons (*7.3-6.1) and 2
methyl groups (£3.8 and 3.4), and the mass spectrum showed an apparent
M of 272 and indicated the presence of 1 chlorine atom. Those facts

are consistent -with both structures. Because of the instability of the
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compound, microanalytical results could not be obtained.

Cl

(XLVa)

Although there is 1little significant photochemical cleavage of a

41
carbon- chlorine bond in arylchlorides, Obrycki and Griffin have

reported that photolysis of p-chloroiodobenzene in the presence of
trimethylphosphite gives an appreciable amount of the p-phenylenebis
phosphonate (XLV1l) as well as the expected p-chlorophenylphosphonate

(XLV1) (Scheme N).

ci

J(XLVI) (XU/II)

Scheme N

This unexpected lability of the carbon- chlorine bond has been

ascribed to the activating influence of the dimethoxyphosphono group

in the para position.

In the case of the formation of XLVa or b,it must be assumed

that the 1- methylpyrrol- 2-yl substituent labilises a C-Cl bond,
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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

()



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

A solution of 4,6-dihydrazino- 5(2-thienyl) pyrimidine (0.01 mol)

3

in hot absolute methanol (100 cm ) containing silver oxide (0.1 mol)
was heated under reflux for 1 hour. Hyflo-Supercel (lg) was added and
the mixture was filtered. The methanol was removed under reduced
pressure and pure 5 (2-thienyl) pyrimidine was isolated by vacuum
sublimation (0.01 mm Hg, 45°). Yield 0.61g (37%). The above preparation
was repeated using absolute ethanol, propan-2-ol and 2-methylpropan-2-ol,
giving yields of 4670, 277> and 20% respectively.
5(2-furyl)-6-hydroxy- 4-(3-H) pyrimidine (XV; X=2- furyl)

The method for the preparation of 6-hydroxy- 5(2-thienyl)- 4 (3-H)
pyrimidone was repeated using diethyl-2-furylmalonate (XIV; X = 2- furyl)
to give 5(2-furyl)-6-hydroxy- 4*(3-H) pyrimidine. Yield 12.6g (557>); m.pt.

270° (Found : C,54.0; H,3.55; N,15.6. ¢ requires 0,53.95;
H, 3.4; N,15.75%). £ (D”DMSO), 10.2 (2H, b. s.); 7.60 (1lH,s); 7.42 (1lH,s);
6.74 (l1H,d); 6.40 (lH,m); p.p.m. the signal at £ 10.2 was removed on
addition of m*e 178, M™"
4,6 dihydrazino- 5(2-furyl) pyrimidine (XVII; X = 2-furyl)

6-Hydroxy- 5(2 furyl) -4-(3-H)- pyrimiddne (0.01 mol) was added
3
in small portions to a mixture of phosphoryl chloride (8 cm ) and N, N-
dimethylaniline (1 cm”®) held at 0°. On completion of the addition, the
mixture was allowed to warm slowly to room temperature and was stirred
for a further 24 hours. The excess phosphoryl chloride was removed under
reduced pressure, keeping the temperature at less than 30°. To the
residue was added hydrazine hydrate (0.15 mol) contained in absolute
3

ethanol (25 cm ), the solution was then heated under reflux for 1 hour
filtered and then cooled in an ice bath. The crystalline product was

isolated and recrystallised from ethanol to give 4,6 dihydrazino-- 5-(2-furyl)



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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reduced pressure. The product was isolated by vacuum sublimation
(0.6mm Hg, 50°) to give 5(l-methylpyrrol-2-yl) pyrimidine which was
found to decompose slowly on standing. Yield 0.73g (467,); m.pt. 143-
s
4° (d); (Found :C,67.55; H, 5.6; N, 26.85. requires C, 67.9;
H, 5.7; N, 26.40%) S (cbcl ), 8.94 (1H,s); 8.64 (2H,s); 6.68 (1lH,m);
6.2 (2H,m) ; 3.6 (3H,s) p.p.m. m/e 159, M+.
5-phenylpyrimidine (XXIII)
) ) . 42

2-Dimethylamino-l-phenylacrolein (0.05 mol) was added over 5 hours
to formamide (20 cm”) held at 180° and after the addition was complete
the temperature was held constant for a further hour. The mixture was
then allowed to cool to ambient temperature and then shaken with a

3
saturated solution of potassium carbonate (5 cm ). The resultant mixture
3
was extracted with chloroform (100 cm ), the extract dried over potassium
carbonate and the excess chloroform was removed under reduced pressure,
The product was isolated by two fractionations through a 40 cm. Nester-
Faust spinning-band column under reduced pressure to give 5-phenylpyrimidine.
Yield 3.6g (46%); b.pt. 78° at 0.lmm Hg; m.pt. 38° (lit.” 120-140° at
0.01lmm Hg); (Found : C, 76.8; H, 5.15; N, 1805. Calc, for Ci%H8Ng
c, 76.9; H, 5.15; N, 17.95%) & (CDCl ) 8.98 (lH,s); 8.70 (2H,s); 7.30
(5H,s) p.p.m. m”~e 156, M,
. . . 43

2-substituted trimethinium salts (XX1IV)

Phosphoryl chloride (0.3 mol) was added dropwise to dime thylformamide
(1.5 mol) contained in a 250 ml flask fitted with a stirrer and a
condenser. During the addition, the flask was cooled externally in an
ice bath. On completion of the addition, the cooling was removed and the
reaction mixturevas allowed to come to room temperature. The substituted

phenyl acetic acid (XXIX) (0.1 mol) was added in small portions and

the’reaction mixture was heated to 70° and was held at this temperature
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for 5 hours. The excess dimethylformamide was removed under reduced
pressure and the residue was decomposed with ice. Sodium perchlorate
(0.11lm) dissolved in a minimum volume of water was added, the solution
was cooled in an ice bath and the precipitate was isolated and was
recrystallised from ethanol to give:-

(XXIVa; R = p-chlorophenyl) Yield 30.6g (917,); m.pt. 146° (1it.43 146°);
£ (D-DMSO), 7.5 (6H,m), 3.2 (6H,s), 2.6 (6H,s) p.p.m.

(XXIVb; R = m-chlorophenyl) Yield 27.6g (827,); m.pt. 180°; (Found

C, 46.4; H, 5.3; N, 8.25. ~13~18 ~ 2~274 re9u’res 46.3; H, 5.4;

N, 8.370) £ (D6-DMSO), 7.8 (2H,s); 7.5 (4H,m); 3.3 (6H,s); 2.6 (6H,s)

p. p.m.

(XXIVc; R = p-bromophenyl) Yield 34.2g (907,); m.pt. 160°; (Found

c, 41.1; H, 4.8; N, 7.35. C""H"gBrCl1~"N"O” requires C, 40.9; H, 4.75;
N, 7.357.) 5 (D&DMSO) 7.7 (2H,s), 7.3 (4H,m); 3.25 (6H,s), 2.45 (6H,s)
p. p.m.

ftXIvd; R = p-fluorophenyl) Yield 25.3g (797,); m.pt. 133°; (Found

C, 49.2; H, 5.65; N, 8.75. C]AJHAi%IFN—zO‘l requires C, 48.7; H, 5.65,

N, 8.757,) S (D6-DMSO), 7.75 (2H,s); 7.25 (4H,m); 3.3 (6H,s); 2.50 (6H,s)
p.p.m.

(XXIVe; R = 1l-naphthyl) Yield 15g (42.57,); m.pt. 203° (lit.44 203-4°);
£ (D&DMSO), 8.1-7.3 (9H,m); 3.3 (6H,s); 2.2 (6H,s) p.p.m.

(XXIVf; R = 2-naphthyl) Yield 30g (857,); m.pt. 210-11°; (Found : C, 58.05;
H, 6.1; N, 7.8. C"H”"CIN" requires C, 57.85; H, 6.0; N, 7.957,).

S (D6-DMS0), 8.1-7.4 (9H,m); 3.25 (6H,s); 2.4 (6H,s) p.p.m.

(XXIVg; R = p-tdyl) Yield 28.6g (907,); m.pt. 162° (1it.43 162°) (Found
C, 53.2; H. 6.7; N, 8.65. Calc, for C~"~"CIN" : C, 53.1; H, 6.7;

N, 8.857,) 0 (Dg-DMSO) ; 7.5 (2H,s), 6.9 (4H,s), 3.25 (6H,s); 2.4 (6H,s)
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(XXIVh; R = p-anisyl) Yield 28.4g (857.); m.pt. 131°;
(Found : C, 50.9; H, 6.1; N, 8.45; Calc, for C..H CIN O : C, 50.65;
14 21 25
H, 6.35; N, 8.470) S (D"DMSO) 7.5 (2H,s), 6.7 (4H,q); 3.2 (6H,s);
2.4 (6H,s) p.p.m.
(XXIVj ; R = p-nitrophenyl) Yield 21.6g (627,); m.pt. 225° (lit.”~ 225-6°).
Substituted arylmalonaldehydes (XXV)
A mixture of the perchlorate (XXIV) (0.0l mol), potassium
~/ 3
hydroxide (0.03 mol) in aqueous methanol (507, v, 40 cm ) was heated
under reflux for 30 minutes and then the excess methanol was removed
by distillation. The solution was cooled in an ice bath and the
precipitated potassium perchlorate was removed by filtration. The
filtrate was acidified with dilute hydrochloric acid and the precipitated
product was isolated and dried. The product (where possible) was
purified by vacuum sublimation (0.1 mm of Hg, 50°). In one case, the
product could not be purified and was characterised by conversion,
with hydrazine, to a 4-substituted aryl pyrazole.
p-chlorophenylmalonaldehyde, (XXVa; R = p-chlorophenyl). Yield 1.75g
(967,); m.pt. 141-2°; (Found : C, 59.2; H, 3.85. CgH”"C1l0” requires
C, 59.2; H, 3.857,) s (D6-DMSO), 9.3 (lH,b.s.); 8.46 (lH,s); 7.35 (5H,m)
p.p.m. e 182, M+.
m-chlorophenylmalonaldehyde, (XXVb; R = m-chlorophenyl). Yield 1.68g
(917,); m.pt. 105°; (Found : C, 59.05; H, 3.75. C‘Q,H;Clo2 requires

c, 59.2; H, 3.857,). & (D~DMSO), 9.5 (IH, b.s.); 8.14 (1lH,s); 7.25

(5H, m) . p.p.m. e 182, M+.

p-bromophenylmalonaldehyde, (XXVc; R = p-bromophenyl). Yield 2.06g
o

(917,); m.pt. 119 ; (Found : C, 47.4; H, 2.9. CQ;—I7/BrO,L requires

C, 47.6; H, 3.1%) s (D"DMSO) 9.65 (lH,b.s.); 8.10 (1H,s);

7.05 (5H,m) p.p.m. m”*e 226, M+c
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p-fluorophenylmalonaldehyde, (XXVd; R = p-fluorophenyl) Yield 1.52g

(92%); m.pt. 158—90; (Found : C, 65.0; H, 4.25. C9H7FO2 requires

C, 65.05; H, 4.25%). & (D¢-DMSO), 9.8 (1H,b.s.); 9.05 (1H,s); 7.9-7.1

m/ -+

(5H,m) p.p.m. e. 166, M.

l-naphthylmalonaldehyde, (XXVe; R = l-naphthyl). Yield 1.65g (83%

m.pt. 185° (Found : C, 78.65; H,5.0. C,5H; 0, Tequires C, 78.55;
m/ +

H, 5.05%). S (CDCl3), 8.45 (2H,s); 7.8-7.1 (8H,m) p.p.m. e 198, M.

(XXVf; R = 2-naphthyl)+. Yield, not purified, m.pt. 261° (Found :

c,80,.15; H, 5.25; N, 14.75. C,.H. N, requires C, 80.4; H, 5.2; N, l4.4%).

137102
S (D6-DMSO), 8.3-7.3 (9H,m); 3.35 (1lH,b.s.) p.p.m., signal at g 3.35
removed on addition of D20. m/e 194, M+.
p-tolylmaloﬁaldehyde, (XXVg; R = p-tolyl). Yield 1.50g (93%); m.pt.'128o
(11, 128°).

p-anisylmalonaldehyde, (XXVh; R = p-anisyl). Yield 1.43 (80%); m.pt.

49
149° (1it, 146-8°),
p-nitrophenylmalonaldehyde, (XXVj; R = p-nitrophenyl). Yield 1.85g (96%);
44

m.pt. 218° (1it.”* 218°).
+Figures quoted for 4{2-naphthyl) pyrazole, prepared from unpurified
2-naphthyl-ma16naldehyde and hydrazine,

5-substituted pyrimidines (XXVI)

A mixture of the perchloraté (XXIV)‘(0.0Z mol) and formamidine
acetate (0.022 mol) was dissolved in boiling ethanol (70 cm3), sodium
ethodixe (0,048 mol) was added and the mixture was heated under reflux
for 3 hours. The solution was filtered hot, the filtrate was evaporated
to dryness under reduced pressure and the product was isolated by

vacuum sublimation (0.1 mm of Hg, 600) to give:-
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(XXVIa; 5-(4-chlorophenyl”pyrimidine) Yield 2.40g (647,); m.pt. 152°%;

(Found :C,62.9; H,3.62; N, 14.75. C"H"CIN" requires. C, 63.0;
H, 3.70; N, 14.7%) S(CDCl ), 9.2 (1H,s); 8.9(2H, s); 7.48 (5H,s)
P.p.m. e 190, M+.

(XXVIb; 5-13-chlorophenylV)yrimidine) Yield 2.35g (61.570); m.pt. 72-3°;
(Found : C, 63.2; H, 3.80; N, 14.55. C~QH_,C1N2 requires :C, 63.0;

H, 3.7; N, 14.7%). S (cDbCl”, 9.1 (lH,s); 8.8 (2H,s); 7.4 (4H,m)
p.p.m. m/e 190, M+ .

(XXVIc; 5-(4-bromopheny”pyrimidine). Yield 1.45g (317,); m.pt. 144-6°;
(Found : C, 50.9; H, 3.0; N, 12.0. Cl0H?BrN2 requires :C, 51.1; H, 3.0;
N, 11.9%). S (CDC13), 9.32 (lH,s); 9.0 (2H,s); 7.6 (4H,q) p.p.m. m/e
234, M+.

(XXVId; 5-(4-fluorophenyl)pyrimidine). Yield 1.69g (487,); m.pt. 86-7°;
(Found : C, 68.6; H, 4.1; N, 16. 4 CA""H"FN” requires : C, 68.95;

H, 4.05; N, 16.1%) s (CDC13), 9.1 (lH,s); 8.82 (2H,s); 7.25 (4H,m)

p.p.m. el’74, M+.
(XXVIe; 5-(l-naphthyl)pyrimidine). Yield 2.15g (527,); m.pt. 82°;
(Found : C, 81.2; H, 5.1; N, 13.7. requires C, 81.55; H, 4.9;

N, 13.6%). £ (CDC13), 9.16 (1lH,s); 8.74 (2H,s); 7.9-7.3 (7H,m) p.p.m.
m*e 206, M+ .

(XXVIf; 5-(2-naphthyl)pyrimidine). Yield 1.55g (387,); m.pt. 142°;
(Found : C, 81.2; H, 5.2; N, 13.4. ~14~1072 recliires 81.55; H, 4.9;
N, 13.6%). S (cpbCcl ), 9.31 (lH,s); 8.62 (2H,s); 7.9-7.2 (7H,m) p.p.m.
m/e 206, M+.

(XXVIg; 5-l4-tolylWrimidine). Yield 1.35g (407,); m.pt. 74°; (Found

c, 77.5; H, 6.0; N, 16.5. “n*io”2 reclu*res *» 77.6; H, 5.9; N, 16.457,);

) (cbc1i3), 9.1 (IH,s); 8.8 (2H,s); 7.3 (4H,q); 2.25 (3H,s) p.p.m.

m/e 170, M-'—.
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' o
(XXVIh; 5—@Fanisyﬂpyrimidine).. Yield 1.25g (34%); m.pt. 1407

(Found : C, 70.8; H, 5.45; N, 14.85. ’clluloNzo'requiIes ¢, 70.95;

H, 5.4; N, 15.05%). 8 (cnc13), 9.0 (1H,s); 8.8 (2H,s); 3.8 (3H,s)

p.p.m. e 186, M

(XXVIj; 5-4-nitrophenylpyrimidine). Yield 1.36g (34%); m.pt. 127°;

(Found : C, 59.65; H, 3.15; N, 20.9. C10H7N302 requires C, 59.8;

H, 3.5; N, 20.8%). S (CDC13), 8.9 (lH,s); 8.65 (2H,s); 7.1 (4H,q)

p.p.m. m/e 201, M+.

5-substituted pyrimidin-2-ones (XXVII)

A mixture of a substituted malonaldehyde (XxXV) (0.01 mol) and
urea (0.0l mol) was dissolved in ethanol (40 cm3) saturated with
hydrogen chloride. The solution was heaéed under reflux for 3 hours
- and the precipitate formed was isolated and was recrystallised from
ethanol to give:- |
.(XXVIIa; R = p-chlorophenyl). Yield 1.65g (80%); m.pt. 306°(d)

4

(1it. % 304°(a).

(XXVIIb; R = m-chlorophenyl). Yield 1.83g (89%); m.pt. 280°(d);

(Found : C, 58.0; H, 3.15; N, I3,35; C,oH,CIN,0 requires C, 58.1;

H, 3.4; N, 13.55%). § (D,-DMS0), 8.9 (2H,s); 7.4 (4H,m); 6.3 (IH,b.s.);

p.p.m.,signal at S 6.3 removed on addition of D.O.

2

(XXVIIc; R = p-bromophenyl). Yield 1.75g (70%); m.pt. 265°(d) (1it.45

270°(4).

(XXVIId; R = p-fluorophenyl). Yield 1.35g (71%); m.pt. 230°(d);
(Found : C, 63.0, H, 3.75; N, 14.90, ClOH7C1NZO requires C, 63.15;

H, 3.7; N, 14.75%). § (D-DMSO), 8.75 (2H,s); 7.65 (4H,q); 6.75 (1H,b.s.)

p.p.m. signal atg6.75 removed on addition of DZO'

{
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(XXVIIe; R = l-naphthyl). Yield 1.08g (47%) m.pt.  260°(d).

(Found : C, 75.55 H, 4.55; N, 12.4, 0 requires C, 75.65;

141102
H, 4.55; N, 12.6%). Sﬂ (Dg-DMSO), 9.2 (1H,b.s.); 8.55 (2H,s);
7.5 (7H,m) p.p.m. signal at 9.2 removed on addition of D,0.

(XXVIIf; R = 2- naphthyl). Yield 0.85g (38) m.pt.  2357(d).

(Found : C, 75.35;H, 4.75; N, 12,35, C 0 requires C, 75.65;

‘ 1410N2
H, 4.55; N, 12.6%). g.(Dé-DMSO), 8.9 (1H,b.s.); 8.35 (2H,s); 7.2

(7H,m); p.p.m.,signal at 8.8.9 removed on addition of D,0.

2

p-tolyl)., Yield 1l.16g (62%) m.pt. 2600'(lit.45

(XXVIIg; R 261-3°).

p-anisyl). Yield 1.23g (61%) m.pt. 237° (1it.%2379).
45

(XXVIIh; R

(XXVIIj; R = p-nitrophenyl). Yield 1.46 (67%) m.pt. 310(d)° (1it.™” 305(d)°).

2-chloro-5-substituted pyrimidines (XXVIII)

The §ubstitu£ed pyrimidin-2-one (XXVII) (0.0l mol) was heated under |
reflux in a mixture of phosphoryl chloride (5 cm3) and N, N-dimethylaniline
(0.5 cm3) for 1 hour. The excess phosphoryl chloride was removed under
reduced pressure and the residue was decomposed with ice., The product
was extracted with diethyl ether (3 x 20 cm3), the extract was washed
with a sodium carbonate solution and then with water. The extract was
‘dried with magnesium sulphate, the egher was removed from the filtered
solution and the product was isolated by vacuum sublimation (600, 0.1 mm
of Hg) to give:- |
(XXVIIIaj 2-chloro-5¥H-chlorophenyl)pvrimidine). Yield 1.9g (85%);

45

m.pt. 215° (1it.*” 215-6°).

(XXVIIIb; 2-chloro-5-43-chlorophenylpyrimidine). Yield 1.95g (87%);

- m.pt. 121-2°; (Found : C, 53.5; H, 2.95; N, 12.45. C,oHeCL,N, Tequires

C, 53.35; H, 2.7; N, 12.452). & (cDcl,), 8.6 (2H,s); 7.4 (4H,q) p.p.m.

™o 224, ',
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(XXVIIIci5-4-bromophenylj-2-chloro pyrimidine). Yield 2. 15g (807,) m.pt.
215° (1it.45 214°).

(XXVIIId; 2—chloro—545—fluorophenyl)pyrimidine). Yield 1.80g (86%);
m.pt. 183°; (Found : C, 57,15, H, 3.15; N, 13.35. C"H”CIFN” requires
c, 57.6; H, 2.9; N, 13.45%). 8§ (CcDbCc13), 8.95 (2H,s); 7.55 (4H, m) p.p.m.
m”~e 208, M+ .

(XXVIIIe; 2-chloro-5%Y%1l-naphth-sl)pyrimidine). Yield 1.65g (697,); m.pt.
101°; (Found : C,69.65; H, 4.05; N, 11.6. CU H9CIN2 requires C, 69.85;
H, 3.75; N, 11.65%). £ (CDCl1l3) 8.52 (2H,s); 7.8-7.3 (7H,m) p.p.m.

m/e 240, M+ .

(XXVIIIf; 2-chloro-5m2-naphthyl) pyrimidine). Yield 1.35g (5670); m.pt.

k

156°; (Found : C, 69.6; H, 4.0; N, 11.55. C H;ClNZ requires C, 69.85;

id
H, 3.75; N, 11.65%). & (CDC13), 8.78 (2H,s); 7.85-7.3 (7H,m) p.p.m. m/e
240, M+.
(XXVIIIg; 2-chloro-5-(4-tolyljpyrimidine). Yield 1.83g (907,); m.pt. 163°
(1it.45 163-4°).
(XXVIITh; 5-(4“anisylj-2-chloropyrimidine). Yield 1.80g (827,); m.pt.
128° (1it.45 128-9°).
(XXVIIIj ; 2-chloro-5-(4-nitrophenyljpyrimidine). Yield 1.40g (59%,); m.pt.
123° (1lit. 124 °).
Photolysis of 2-chloro-5-iodopyrimidine in heteroarenes

A solution of 2-chloro-5-iodopyrimidined5 (XXXIV) (0.005 mol) in
a heteroarene (25 cma) was diluted with acetonitrile (75 cm3) and
was photolysed with a low pressure mercury lamp until no. further starting
material could be detected by T.L.C. (on alumina, using 157 V”v chloroform
in petroleum spirit b.pt. 40-60°). The solvent was removed under
reduced pressure and the product was extracted into and recrystallised

from petroleum spirit b.pt. 40-60°. (The mixture of products from the

61



thiophen photolysis was separated by column chromatography (Aiumina

/

Type H, 7%% V/y chloroform in petroleum spirit b,pt, 40-609).
Compounds isolated were:-

(XXva) 2-chloro-5(2-thienyl) pyrimidine. Yield 0.57g (58%); m.pt.

123°%; (Found : C, 48.8; H, 2.5; N, 13.7. CgHsCIN,S requires C, 48.85;
H, 2.55; N, 14.25%). ) (CDC13), 8.9 (2H,s); 7.5 (3H,m) p.p.m. m/e 196, M+,

(XXVIa) 2-chloro-5(3-thienyl) pyrimidine. Yield 0.02g (2%)j m.pt. 14605

(Found : C, 48.7; H, 2.45; N, 13,85, C8H5C1N25-requires C, 48.85;

H, 2.55; N, 14.25%). ® (CDC1,); 8.6 (2H,s); 7.3 (3H,m) p.p.m. ™/
196, M. i

(XXXVb) 2-chloro-5(2-furyl) pyrimidine. Yield 0.68g (75%) m.pt. 135°

(Found : C, 53.0; H, 2.75; N, 15.4. C8H ClN20 requires C, 53,23 H, 2.8;

5
N, 15.5%). X (CDC13); 8.7 (2H,s); 7.6 (1H,d); 6.7 (1H,d); 6.4 (lH,m)

p.p.m. e 180, '

(XXXV@Q 2-chloro-5{pyrrol-2yl)pyrimidine. Yield O.&44g (49%); m.pt.

o
137-8(d); (Found : C, 53.85; H, 3.45; N, 23.45, C8H601N3 requires
C, 53.5; H, 3.35; N, 23.4%). S (CDCl3), 8.85 (2H,s); 8.75 (lH,s);
6.9 (1H,m); 6.3 (2H,m) p.p.m. e 179, ',

(XXXvd) 2-chloro-5(1l-methylpyrrol-2-yl) pyrimidine. Yield 0.46g (58%);

m.pt. 125°; (Found : C, 55.8; H, 4.2; N, 21.75. ColgCLN, requires

C, 55.85; H, 4.15; N, 21,7%). ) (cuc13), 8.7 (2H,s); 7.3 (lH,m); 6.85

‘(ZH,m); 3.3 (3H,s) p.p.m. m/e 193, Mt

(XXXVe) 2-chloro-5-phenyl pyrimidine. Yield 0.71lg (74%); m.pt. 123°
43 o

(1it.  122-4°).

5-Iodopyrimidine (XXXIX)™

To a solution of 2-chloro-5-iodopyrimidine46 (0.0125 mol) in

ethanol (20 cm3) was added hydrazine hydrate (0.0125 mol) and the
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solution was heated under reflux for 1 hour before being cooled

in an ice bath. The precipitate formed was isolated and was recrystallised

from toluene to,give 2-hydrazino-5-iodopyrimidine. Yield 0.28g (95%)

m.pt. 196,7° (Found : C, 20.15; H, 2.00; N, 23.7. C HyIN, requires

C, 20.35; H, 2.15; N, 23.75%). $ (D -DMSO), 8.5 (2H,s); 4.2 (2H, b.s.);

3.4 (1H,b.s.) p.p.m. the signals at 8 4.2 and 3.4 were removed on

m/ +

addition of D,0, e 236, M .

2
A mixture of 2-hydrazino-5-iodopyrimidine (0,0l mol) and silver

oxide (0.02 mol) was heate@ uﬁder reflux for 2 hours in absolute ethanol

(40 cm3). The solution wagffiltered hot and the ethanol was removed

under reduced pressure, 'Thé 5~iodopyrimidine produced was isolated by

’

vacuum sublimation (0.2 mm of Hg, 60°).
Yield 1.13g (55%); m.pt.‘126°(s); (Found : C, 23,05; H, 1,13 N, 13,25,
CQH3IN2 requires C, 23.3; H, 1.45; N, l3.6%).'g (CDCl3); 9.25 (1H,s);

m/

9.1 (2H,s) p.p.m. e 206, M.

Photolysis of 5-iodopyrimidine in (hetero) arenes.

The procedure used in the photolysis of 2-chloro-5-iodopyrimidine

was repeated using 5-iodopyrimidine (XXXIX) (0.005m) to give:-

(XLa) 5(2-thienyl) pyrimidine. Yield 0.47g (58%); m.pt. 75° (1it.-° 76°).

0 619.

(XLla) 5(3-thienyl) pyrimidine. Yiela 0.05g (6%); m.pt. 61° (lit.1
(XLb) 5(2-furyl) pyrimidine. Yield 0.45g (62%); m.pt. 57°; Idential
analytical data as that for compound (I; X = 0).

(XLc) 5(l-methylpyrrol-2yl) pyrimidine. Yield 0.36g (46%) m.pt. 143-4°;
Identical analytical data as that for compound XX.

13

I . ; o .. .0
- (XLd) 5-phenyl pyrimidine. Yield 0.58g (74%) m.pt. 38 (lit. 257);

Identical analytical data as that for compound XXIII,
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Photoiysis of 2,4-dichloro—5-iodop§rimidiﬁe in (hetero)arenes.
' /Y
The above procedure was repeated using 2,4-dichloro-5-iodopyrimidine
(XLII) (0.005m) to give:= -

(XLIIIa) 2,4-dichloro-5(2-thieny1) pyrimidine. Yield 0.72g (62%);

m,pt., 81- 2° (Found : C, 41.4; H, 1,8; N, 12,0, C 8 4C12NZS requires
C, 41.6; H, 1.75; N, 12.1%). S'(CDC13); 8.9 (1H,s); 7.7 (2H,m); 7.4
(1H,m) p p.m, m/e 230, 'M+

: (XLIVa) 2, b- dichloro-5{3- thlenyl)pyrlmldlne. Yield 0.08g (7%); m.pt.

73°;  (Found : C, &1.35; H, 1.85; N, 11.95. CgH,CL,N,S requires C, 41.6;
H, 1.75; N, 12.1%). ¢ (cng;3)g 8.65 (1H,s)s 7.6-7.1 (3H,m) p.p.m.
™ 230, M.

(XLIIIb) 2,4-dichloro-5{2-furyl) pyrimidine. Yield 0,60g (56%) m.pt.

66° (Found : C, 44.45; H, 1,75; N, 11,90, CgH,C1,N,0 requires C, 44.7;
H, 1.9; N, 13.0%). § (cnc135; 9,25 (1H,s)s 7.8 (1H,m); 7.4 (1H,m);

m/ +

6.7 (1H,m) p.p.m. e 214, M,

(XLIIIc) 2,4-dichloro-5-phenylpyrimidine. Yield 0.55g (49%); m.pt. 81°

8

(1it.° 78-80°).

(XLIIId) 2, 4-dichloro-5{1l-methylpyrrol-2-yl) pyrimidine. Yield 0.45g

(39%); m.pt. 59- 600 (Found : C, 47.2; H 2,853 N, 18.20. C9H7C12N3

requires C, 47.4; H 3.10; N, 18.4%). S (coel 33 8.4 (1H,s); 6.8 (1H,m);

6.2 (2H,m); 3.55 (3H s) popom. e 227, wt.

4-chloro-5-iodopyrimidine (XLVIII)

Vacuum dried 5-iodopyfimidin-4—one48 (0.01 mol) was added to a
mixture of phosphoryl chloride (5cm3) and N, N-dimethylaniline (0.5 cm3),
and the mixture was heated under reflux for 1 hour. The excess phosphoryl
‘chloride was removed under reduced pressure and the residue was addedA. |

to ice. The aqueous phase was extracted with diethyl ether (4 x 10 cm3)
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and tﬁe ethereal extract was washed with sodium metabisulphite
solution followed by water and then dried over magnesium sulphate.

The ether from the filtered extract was removed under reduced pressure
and the product was isolated by vacuum sublimation (1 mm Hg, 400)-to

'give 4-chloro-5-iodopyrimidine. Yield 1.18g (49%); m.pt. 61-20;

(Found : C, 20.1; H1.15; N, 11.4, C4H2ClIN2 requires C, 20.0; H, 0.85;

N, 11.65%). § (coct 3)s 9425 (1H,5); 8.9 (1H,s) p.p.m. ™o 240, '

" Photolysis of 4-chloro-5- 1odopyr1m1d1ne in (hetero)arenes.

The procedure used in_ the photoly51s of 2, 4 dichloro-5-iodopyrimidine
was repeated using &4- chloro 5 1odopyr1m1d1ne (XLVII) (0.005m).

(XLIXa) 4-chloro-5(2-thieny1) pyrimidine. Yield O.1lg (10%); m.pt. 56°

10

(lit. " 559).

(XLIXb) 4-chloro-5{2-furyl) pyrimidine. Yield 0.13g (14%) m.pt. 83°.

(Found : C, 52.95; H, 2.65; N; 15,4, 08H5C1N20 requires C, 53.2; H, 2.8;

N, 15.5%). g (CDC13), 8.9 (1H,s); 8.65 (lH,s); 7.7 (1H,m); 7.4 (2H, m)
p.p.m, m/e 180, M+.
(XLIXc) 4-chloro-5-phenylpyrimidine. Yield 0.15g (16%) m.pt. 72°

8

(1it.° 71-729).

(XLIXd) 4-chloro-5{1l-methylpyrrol-2-yl)pyrimidine. Yield 0.08g (8%)

m.pt. 93° (Found : C, 55.63 H, 4.25; N, 21.85. C4HgCLN, Tequires
C, 55.85; H, 4.15; N, 21.7%). & (CDCL,); 8.6 (1H,s); 8.4 (1H,s); 6.7

(1H,m); 6,1 (2H,m); 3.8 (3H,s) p.p.m. m/e 193, M,
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Chapter 2

Nucleophilic Substitution of

2-chloro-5-substituted pyrimidines

2:1 .  Aromatic Nucleophilic Substitution

(a) Introduction

Nucleophilic substitution at an aromatic carbon resembles other
nucleophilic substitution reactions at carbon in that a bond to the
carbon at the reaction site is formed by a reagent Y and a group X is

correspondingly displaced with its bonding electrons (Scheme A).

' g :
Y:’(:T\&Ar - X =—>» Y- Ar + X:

Scheme A

In simple compounds such as halobenzenes, nucleophilic substitution
requires very vigorous conditions, whereas the nucleophilic substitution
reactions of haloalkanes are relativel& facile. Nevertheless'apomatiy )
nuéleophilic substitution reactions are of p:ime importance in the chemical
inddstry. For example, both phenol and aniline are prepared industrially
by nucleophilic substitution reactions. In the laboratory much use is
made of éromatic nucleophilic substitution; for example the nucjeophilic
displacemeht reactions of aromatic diazonium salts is a well established
process for the introduction of a fange groups into an aromatic nucleus.

Séveral mechanisms are known to exist for aromatic nucleophilic

reactions. Among these are the unimolecular mechanism (SNl), the

bimolecular mechanism (SNZ), the benzyne (or elimination - addition)
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mechanism and the nucleophilic addition - ring opening - ring closing
(ANROC) mechanism,

(b) Unimolecular Mechanism

A large number of mechanisms have been proposed to account for
experimental findings obtained from studies of the nucleophilic replacement
of aromatic diazonium_gfoﬁps but even now the situation has'not been
completely resolved,

Early.results were interpreteé as showing the involvement of an
aryl cation (Scheme B). This belief was based on kineticAstudies which -
showed independenée‘of reaction rate with various anionsi,indépendencé
on acidity over arwide rangez, and a low solvent sensitivity3. The
effect of substituents on the rate of displaceﬁent was also consistent

. . . ‘ . 4
with a unimolecular nitrogen loss mechanism ',

+.

N=N | ‘ | %
SLowW + qu FRST
—> —

Scheme B )

Lewis and co-workers showed that this simple explanation did‘not
fit all the available experimental resultss_7, but were unable to produce
a plausible alternative mechanism. More recently Swain et a18’9, have
shown that under special conditions (the absence of a'strong base or
reducing agent or light) nucleophilic displacements on benzene diazonium

on
ions proceed by the rate determining productlof aryl cationms,

(c) - Bimolecular Mechanism

‘The majority of aromatic nucleophilic substitutions proceed via

‘a bimolecular mechanism, The general belief is that the reaction proceeds
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~via a negatively charged intermediate. This is represented as shown

(Scheme C):~-

‘{' Y -

Y+ @—X———» © R —>. @Y S

Scheme C
Theoretically two possible reaction profiles could exist for

this process.(Figure la and 1b), If the bond formation step is rate

GB Fig. la, whilst if the bond breaking step is

Cp Fig. 1b.

determining GA

rate determining GB

~Z 1 Reaction

X

CO-ORDINATE y | .
FIGURE la  foewe b




If the bond formation stgp is rate determining it would be expected
that the presence of electron-withdrawing substituents iq the aromatic
ring would facilitate this stepbby stabilisation of the developing
negative charge and lead to an increase in the rate of reaction compared
to that of the unsubstituted compound.b If, on the other hand, the Bond
breaking step is ratevdetermiﬁing it would be expected that the presénce
- of electron-withdrawing substituents would retard the rate of reaction
by making the ejection of the leaving group less favoured.

In practice it is found that electron-withdrawing substituents
enhance the rafe of nucleophilic substitution, It is therefore accepted
that the bond formation step is rate determining.

The effect of substituengs on the rate of aromatic nucleophilic
substitution is illustrated in Table 1 which shows the relativé rates
of reaction of a series of l-chloro-2-nitro-4-X-benzenes with methoxide
ion in methaﬁol at 50010. These results clearly show that electron-
withdrawing substituents enhance the rate of reaction whilst electron-
donating substituents retard the rate of reaction. The apparently
anomalous result for fluorine (compared with the other halogens) is
due to its high mesomeric electron-donating ability which just offsets
it§high inductive electron-withdrawing powers.  The overall result is
that fluorine acts as a weak electron-donating substituent iﬁ the above

reaction,
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Relative Rate

: Relative Rate
4-substituent of Reaction 4-substituent of Reaction
H 1 F 0.895
NMé; 2.13 x 10* Cl 14
sel 3.16 x 10° Br 15.4°
COPh 2.66 x 10° I 17.4
CF3 813 SMe 21.7
CH3 0.1;9 CONH2 262
Table 1 e
In aromatic nucleophilic substitutions reactibns the formation
of stable intermediaﬁes has been postulated for over 70 years i.e.,
the formation of covalent adducts of alkoxides with trinitroalkoxy
12 13-16

- benzenes (Meisenheimer complexes)ll’

. . e s . 17
and on Meisenheimer complexes of dinitro-aromatic ethers

. More recent work on such compounds

has confirmed

the existence of stable complexes of the type shown in Figure 2.

NO,
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The majority of nucleophilic.substitution reactions of
pyrimidine derivatives appear to take place by a bimolecular mechanism.

Pyrimidine contains two nitrogen a:toms which are more electro-
negative than carbon and this results in a greater electron density on
the nitrogen atoms and a corresponding reduction on the remaining carbon
atoms in contrast to the symmetrical electron distribution found in
benzene. This effect is shown in quantum mechanical calculations of
charge distribution in the pyrimidine system18 (Figure 3). Since these
calculations are for the ground state these results must be used with
caution in the prediction of activation or deactivation compared to
benzene and orders of positional reactivity. These results, however,
suggest that pyrimidine should be more reactive than benzene towards

nucleophilic reagents and this is confirmed by experimental results.

Figure 3 (electron deficiency shown with a positive sign)
Nucleophilic replacement in pyrimidine derivatives is the most
used metathesis of complex pyrimidines. The groups which can be replaced
. 19 . .20 ) 21
include alkoxy , alkylthiO , alkylsulphinyl P
. 23 . . .
halides . The latter are still the most widely used leaving groups
although alkylsulphinyl- and alkylsulphonyl pyrimidines are more reactive
. 24 . o
towards nucleophiles . A very wide range of nucleophilic reagents have
. s . . 25 26 , 2
been used in the pyrimidine field e.g., amines , mercaptans , alkoxide
. 28 ) ) 29 , 30 ,
and hydroxyl ions , thiocyanate and related ions , halide and cyanide

: ’ #
ions
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A number of kinetic studies have been carried out on the reaction
of éhloropyrimidines with amines, -Although the majority of these
investigations have been carried out under pseudo‘first order conditions
by the use of an exceés of amine the results afe nevertheless very
useful in the determination of optimum synthetic condition523.

Chaéman et al32 determined Arrhenius'parameters for the reaction
in ethanol of piperidine and morpholine with 2-chloro—,'2-chloro-4-methyl-,
2-chloro-4,6~dimethyl-, 4-chloro-6-methyi- and 4-chloro-Z—methylpyrimidine.
It was found that nucleophilic displacement of chlorine from the 4-
Aposition is associated with an activation energy of approximately 8KJ
less than th;t for the 2-position.Qualitative and semi-quanﬁitative results
from preparative organic chemistry support this reactivity relationship.

| Shein etral33 measured the reaction rates of 4(6)- and 5-substituted

Z;Chloropyrimidines ﬁith piperidine in various solvents. In benzene the
order of reactivity was found to be 4-C0ﬁH2:’ 5-C1 = 5-C_H

65

= c_cy = 5.
3 5 CH3 5 CH30. The

order of reactivity of the 5-substituents are in the order that would be

- H,4-C H,,

4-Me0 > 4,6-diC H,> 4-CH,-6-CH,0= 4,6-diCH

predicted from the relative rate factors determined by Greizerstein et al34

in the reaction of piperidine with 1-chloro-2-nitro-4-substituted benzenes
in benzene,but there is not a linear relationship between log k and

Hammett < or s functions,

(da) Elimination - Addition Mechanisﬁs

Another main class of aromatic nucleophilic substitution mechanisms
is the aryne or elimination-addition'mechanism. This occurs when a
haloafene, which is relatively inert to nucleophilies, is treated with

a strong base (Scheme D).
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~HHa N ¢ | |
— — +
. H (Pmm
so\nen\')
R R R
Scheme D

This mechanism is readily recogﬁised by thé production of
"fearranged as well as'unre;rranged products when a second riﬁg
substituent is present. Alfernatively it may be revealed by isotopic
labelling of ring atoms., Thus, Roberts et al35 showed that chlorobenzene

14

-=1-77C(I) reacts with amide ions in liquid ammonia to give almost

o

NR,

. equal amounts of aniline -l-lAC(II) and aniline-Z-lh(III) (Scheme' E).
a - o
X . x - o L 3 o
\ NHI NHl
l_ — +
’// NH, :
) . _ _
® ™ (wm
Scheme E
A pyrimidyne intermediate has been inferred in the reaction of -
a halopyrimidine with amide ions in liqﬁd ammonia. The reaction of
Sechloro-Z-methylpyrimidine (IV) and sodium amide in liquid ammonia
gives 4-amino-2-methylpyrimidine (V1) and what was believed to be
S-amino-2-methylpyrimidine (VII), a result consistent with the

involvement of a pyrimidyne intermgdiate36 (V) (Scheme F).
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Schene F

Ak pyrimidyne intermediate has been used to explain the observa-

tion of Van der Plas et al37 that S5-bromo-4-substituted pyrimidines

(VIII; R = Ph, Olle, OH) react with potassium amide in ammonia to give

exclusively the 6-amino derivative (XI). They suggest that structure

(X) contributes to the resonance hybrid of the reaction intermediate

and conseguently the addition of amide ions to this is very specific

resulting in entirely 6-addition. (Scheme G). However, this does not

" appear to be a very plausible explanation and the involvement of an

AWROC mechanism would seem more likely.

) —
(\hu) ‘ ) (x)

‘Scheme G '
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(e) ANROC Mechanism

Ring transformations aré.sometimés fouﬁd fo occur in the reactions
of hélopyrimidines with nucleophiles. When 4-chloro-2-phenyl pyrimidine
(XII) is treated with potassium amide in;amménia, 2-methyl-4-phenyl-
'1,3,5-triazine (XV) is formed together with a bli'ttle 4-amino-2-phenyl
pyrimidine38 (Xvi). 1If a @-14c label is incorporafed in the substrate
(XII) the label appears at the 2-position of the triazine ring, This
observation has been ratiqnalised by initial attéck of the amide ion at
the 6-po§ition (X1I1I) foliowéd by ring fission at the 5,6-bond of the
pyrimidine ring to give an intermediate sﬁcﬁ as (XIV)'whicﬁ recyclises

to give the triaziﬁesg (XV) (Scheme H).

WN i CL 7

*)}—N AN

\ )—Ph w Nc—ph
N HJNCH==

(xvi) L i

=
Me;<\N _,.//N
(xv)

Scheme H
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2:2 The Kinetics of the Reaction of Piperidine with 2-chloro-5-

substituted pyrimidines

The rate of the reaction between piperidine and 2-chloro-5-
substituted pyrimidines (Scheme J) in 507, % aqueous dioxan was
investigated at 30° and 40° by togiAuctimetrie methods. Linear second
order kinetic plots were obtained throughout the reaction range examined
(up to approximately 7070 completion).

No evidence could be found for autocatalysis during

the reaction, probably due to the veryveak basicity of the substrates
compared with that of the nucleophile. The kinetic data is summarised

in Table 2.

Scheme J

The results show that the reactions are enthalpy controlled as
is usually found in aromatic nucleophilic substitution. The rates
can be explained as a consequence of the electron-withdrawing or donating
ability of the 5-substituent. Thus, the reaction is facilitated by an
electron-withdrawing substituent (e.g.p-bromophenyl) and retarded by an
electron donating substituent (e.g. p-a.nisyl). The range of rate
constants is, however, qguite narrow.

That electron-withdrawing substituents cause overall rate increases
is consistent with the reaction being dominated by the bond formation

stage as previously suggested. The narrow range of rates covering the
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The lkinetics and thermodin.amics for the reaction of piperidine with

2—chloro-5-substituted vyrimidines in 5% aqueous dioxan

R _ 103k303 103k313 Rela'é:i;:gz)Rate AH*'V ) As"t"1 .
(1mol-1s_1)a (;mol‘ls‘l)a ‘ - (Kdmol1™")  (JK "mol”")-
-l-methyl— . ) : . |
pyrrol-2-yl  2.78 6.28 - 0.72 65.24 - 79
p-enisyl 3.3 6.98 o0.86 58.66 - 99
p—-tolyl 3.54  7.18 0.91 5618 106
phenyl | 3.89 7.4 1.00 54458 -111
2-naphthyl 5.83 '11.40 7' 1.50 ©53.13 - -112
p—fluorophenyl 6.11 ~ 11.81 ©1,57 . 52.27 © =115
l-naphthyl  6.67 12,73 1.72 51.22 117
2~thienyl 7.22 13.61 1.86 50419 ~120
2-furyl 9.16 17.02 2.36 - 48,99  -122
m-chlorophenyl 10.00 -~ 18,71 2457 | 49452 -120
P-bromophényl 14,90 26,30 3.83 44472 -132
Table 2

Notes (a) Rate results are the mean of two or more determinations.
The results for each determination agreed to within 0,03 of the quoted
.value.

80



electron-withdrawing and donating substituénts possibly results from

a lack of co-planarity beé%een the substituent and the pyrimidine ring
thereby decreasing the ability of the substituent to affect the rate of
the reaction. Ih an analagous study of the rates of hydrolysis of 4" -
substituted biphényl-ﬁ-carboxylic esters it was calculated that lack of
co-planarity between the two ring systems resulted in a 60% decrease in
substituent effectsao, This decrease in sﬁbstituent effect was also
found by Brown et al in a study of the kinetics of rearrangemenf of
2-methoxy-5-substituted aryl pyrimidines (XVII) to the N-methyl derivative541

(XVIII).

/fﬂt

(xvn) (xvin)

For the phenyl and 5-membered heterocyclic substituents the
electron-ﬁithdrawing ability was found to be in the order l-methyl -~ pyrrol-
2-yl = phenyl == 2-thienyl = 2-furyl. This conclusion is consistent with
pKo data for benzoic acid, pyrrole-2-carboxylic acid, 2-furoic acid and
2-thiophe n-carboxylic acid as discussed in the Introduction to the thesis,.

The difference in electronic character between the 2-furyl- and

.2-thieny1- substituents and the l-methylpyrrol-2-yl substituent is of
considerable interest. The differences cannot be simply attributed tb
thé~different electronegativities of the heteroafoms since oxygen and
nitrogen have similar electronegativities and'both are more electronegative

than sulphur. It is of interest that the direction of the dipole moment
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in l-metﬁylpyrrole is from the heteroatom to the fing syétem whereas
the opposite is true for furan aqd.thiophen42’43. In discussing the
relative inductive effects of the above heteroaryl substituents one
.should bear in mind that what,is béing\conSidered is the overall inductive
efféct of the ring system, which is related to the direction of the dipole
moment in the parent heterocycle‘and includes a éontribﬁtion from bbth
the 6& and W electron systems. The l-methyléyrrol-z-yl substituent
appears to be a weaker electron-withdrawing system than the 2-furyl
or 2-thienyl groups because of a significant contribution to thé 6Vera11
inductive effect by electron-donation from the nitrogen atom to the
sysﬁém of the ring.

From table 2 the rates of reaCtion of 2-chloro-5(1l-methyl éyrrol-
é-yl) pyrimidine and S-p-anisyl-2-chloropyrimidine With_piéeridine can
be seen to be fairly simiiar. The methoxy group has an.electron-
withdrawing inductive effect (which because of the distance over which
it is operating would be expected to be fairly small) but an eléctron-
donating mésomeric effect which in this case predominates. This
results in a decrease in the reaction rate relative to 2-chl§ro-5-

phenyl pyrimidine due to a destabilising effect on the reaction

transition state (Fig. 4).

QN
. “Q°<*;-N o

Figure 4
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The transition‘statg for bond formation will receive a degree
of resonance stabilisation from the-S-substituent as shown in Fig. 5.
This effect will be reduced due to the lack of co-planarity between
the ring systems.which is an essential prerequisite for maximum mutual
conjugation between the substituent and reaction centre through an

intervening conjugated system44.

na(e )= ¥
—N

Figure 5

The similarity between the substitqenth effect of the l-methyl-
pyrrol-2-yl aﬁd p-anisyl groups is further illustrated by the pKa of
l-methylpyrrole-2-carboxylic acid45 (4.45) and p-methoxy-benzoic acid46
(4.47). Both of these compounds are weaker acids than benzoic acid46
(4.20) showing tﬁe electron donating character of these substituents.

The substituent effect of the naphthyl group has been relatively
litflé studied prior to this work, the results of which show that the
na%hthyl system can stabilise negatively charged transition states, the
Qfder of electron-withdrawing ébility being 2-naphthyl == l-naphthyl.
The gradation-in electron-withdrawing ability is also shown in thé pKa's
of the naphthoic acids which are 3.69 and 4.17 for the l- and 2- isomers
respectively46.

The rates of reaction of 2-chloro-5-(l-naphthyl) pyrimidine and
-2-chlor§-5-(2-thienyl) pyrimidine with piperidine were found to be fairly

similar, both the l-naphthyl and 2-thienyl groﬁps being electron
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withdrawing substituents. This similarity in electron withdrawing ability
is reflected in the pKa of 2-thenoic acid45 (3.50) and l-naphthoic acid46
(3.69).

The results for the m-chlorophenyl and p-bromophenyl substituents
are rather surprising, rather lower reaction rates being expected for
these groups. The bromo and chloro substituents are accepted as having
an -I/+M effect, with the inductive influence usually being dominant.
Since the chloro group is situated meta to the carbon-carbon bond

connecting the two ring systems mesomeric effects should not be possible

whereas for the bromo group a +M effect would be expected (Fig. 6).

Figure 6

It would therefore be expected that the m-chlorophenyl substituted
pyrimidine would react faster than the p-bromophenyl analogue. Table
2 shows this was not found to be the case.

In the above discussion attention has been drawn to the correlation
between the rate of nucleophilic substitution of the substituted
chloropyrimidine and the pKa of the appropriate (hetero) arylcarboxylic
acid (from which the Hammett substituent constant,<5 , is obtained from

w
the equation log ( ko) =€p - where P is defined as 1 for pka data of
benzoic acids). In a somewhat similar study of the pipefidino-debromination
1 . . , » 47
of 4 -substituted-3-nitro-4-bromobiphenyls, Dell Ef.ba et al found a
rectilinear relationship between the rate of reaction and Hammett «p

values (except for very strongly electron-withdrawing substituents for

which the value £ Op + 0.32 (C-—*- )J3was necessary) .



In the study by DellkErba the & vélues used were derived from
pKa data of benzoic acids with the whole of the substituted phenyl group
being treated as‘the substitueht and the éarboxylic acid group being
treated as the reaction centre.- Tﬁe correlation befweeﬁ reaction rate and &
(réther than &~ ) suggests a lower contribution of a structure such as
Fig., 7 to the intermediate complex thanihappens in the same reaction on

para-substituted benzene derivatives.

~ ,Br
o,N

. | Figure 7

If the same approach is applied to the piperidino-dechlorination
of the 2-chloropyrimidines a straight line relationship between log k and
Hammett functions is found for 8 of‘the 11 compounds investigated
(Fig. 8).

No correlation can be found between the rate of reaction and
Hammett csgfunctions (from the pKa of substituted phenols) suggesting
that resonance staBilisation of the type shown in Fig, 5, has little or
no effeét on the stabilisation of the reaction tramsition state.

As can be seen the results for the three halophenylpyrimidines
do not satisfactorily fit thé above graph, The reason for this failure
is not clear, the apparently most likely possibility, that side reactioms
were occuring during the course of the kinetic Geterminations can be

ruled out since careful thin layer chromatographic examination of the
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Figure 8

(KRey : A = l-methylpyrrol-2-yl; B= p-anisyl; C= p-tolyl; D= phenyl;

E

K

th
2-naphthyl; F = l-napgyl; G = 2-thienyl; H = 2-furyl; J = p-fluorophenyl;

p-bromophenyl; L = m-chlorophenyl).

reaction mixtures failed to reveal the presence of any unexpected

products. It is possible that the observed inconsistencies result from

a solvent effect but it is difficult to envisage a reason for this

occurring,

(1)

Three main conclusions can be drawn from this work:-

‘The reaction between piperidine and 2-ch10ropyfimidines in
aqueous dioxan is enthalpy controlled and the rate of
reaction appears to be dominated by the bond formation

step.



(ii) The order of electron-withdrawing ability of phenyl and the
S-meﬁbergd heteroarylrsubstitﬁents studied was found to be
l-methylpyrrol-z-yﬁ‘= phenyl"(Z-thienYl“ 2-furyl, a result
consistent with present knowledge of the electronic character
of these substituents. |

(iii) A linear relationsh;p ﬁas found between the rate of piperidino-

- debromination of 5-substituted-2-chloropyrimidines and the
Hammett © function. It was further found that electron-
‘donating substituents reduce the rate of reaction whilst

electron-withdrawing substituents enhance the reaction rate.
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Experimental

The 2-chloro-5-substituted pyrimidines were prepared as described
in Chapter 1.

Kinetic Determinations

.The chloropyrimidine solution (O.OlM;,lOcm3) and biperidine
solution (0.02M, lOcm3), both in 50% v/v aqueous dioxaﬁ, were equilibriated
o 0o /4 (o] . . -
at 30 or 40 (Z0.01°). The solutions were mixed and conductance
readings were taken over a period of several hours using aWiyne-Kerr bridge.
The deterwinctions were then repeated using freshly'brepared solutions,

If the reaction is first order with respect to each reagent the

rate equation is:-

~-d (chloropyrimidine) = k (chloropyrimidine) (piperidine)
dt ’ .

If the intial molar concentration of the chloropyrim@dine in the
reaction mixture.is 'a' thén, under.the conditions used, the initial
concentration of the piperidine is '2a'. If 'x' is the fall in the
concentration of chloropyrimidine after time 't', then the remaining

chloro pyrimidine concentration is (a-x) and that of the piperidine is

(2a - 2x). Therefore the raté equation becomes:-

-d (a-x) = k (a-x) (2a-2x)
dat ’
i.e. d&x = 2k (a-x)2 since da is zero.
dt dt

Inversion and integration gives

2kt =_1 - 1
‘ a-x a
i.e. 1 = 2kt -1

a=x ] a

Therefor, if the reaction is second order, a plot of _1

against 't
a-x .
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will be a straight line and from this plot the rate constant For the
reaction can be calculated;

Since pipénﬂing-is a muqh stronger base than bﬁtﬁ the'éhloro—
pyrimidine and the piperidinylpyrimidine produced during the reaction
it can be assﬁmed that the conductance reaaing is due opl& to piperi-
dinium chloride. From a'standard plot of conductance, fthe - pipéri—
dinium chloride concentrétion at time 't' during the reaction can bev
- determined., This concentration is equal to the value 'x' in the above
equations,.

For the kinetic déterminations the dioxan was purified by the

method recommended by Vogel,48

whilst the water was de-ionized and
then distilled from potaésium permanganate. The piperidine was dried
over potassium hydroxide and then distilled through a spinning band
column, the middle fraction boiling at 106° being collected (Lit.49
106°). |

The following compounds Werébisolated from the kinetic reaction

mixturess—

- 5—(1l-methyloyrrol—2-y1)—24l—piperidinylpyrinidine. m.pt. 103°(a).

(Found: €,69.55; H,T.4; N,23.05. C14H18N4 requires C,69.43; HyT+5;
N,23.1%). 8 (CD013) 8-_51(5:2H)’ 7-3(m33H)s4-3(sa3H>’ 2.7(bese,4H),
1.6(bus.,6H), "/, 242,1*

5=(4—anisyl)-2di-piveridinyloyrinidine. m.pt. 91°. (Fownd: ¢,
T1.43 H,7.io; ,15.45, CygHygl30 requires CyT1e35, HyToly W,15.65).
8 (op01,) 8.45(s,2H), T.3(s,40), 3.75(s,30), 3.6(bus.,4qH), 1.75
(bes.,6H). /o 269,0*
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5—(2—fury1)—24\—nineridihyibyrimidine. Mmepte 7103’(Found: C,68.33
H,6.755 1,18.4. 013H15H3O requires C,68.1; H,6.60; N,18.3¢, § (CDCl3)
8.6(s,2H), 7.5(m,y30), 4.1(b.s.,4H), 1.9(b.s.,60) °/, 229,1"

2-ll-piveridinyl-5(2-thienyl)pyrimidine. mept. 85°. (Found: C,63.63

Hy6.25 W,17.2. 013H15H3S requires ,63.65; H,6.15; W,17.1 %o (03013)

8.6(5,2H)y Te2(my3H)s 3e9(bese,4H), 1.6(bess,6H) /e 245,17

5-(4-fluorophenyl)—2{l~piperidinyloyrimidine. m.pt. 106%. (Found: C,70.15;

H,6.153 N,i6.15. 015-16FW requires C,70.03 H,6.30; 1,16.35 _).g.(CDCI3)

8.4(s,2H), Te1(my4H), 3.8(bese,4H), 1.85(bes.,6H). m/e 257,11t .

54 —brononheny1)-2-{l-niveridinyloyrimidine. m.pt. 169 ° (Found:
’.

€,56.85 Hy5.25 W,13.1. ClsngBfH3 requires Cy56.635 H,5.105 W,13.2%).
$ (cpc13) 9.1(s,2H), 7.3(m,4H), 3.95(bes.,4H), 2.0 (b.s.,6H). /s 317,14 '

5—(3—5hloronheny1)—24}—piperidinyﬂpyrimidine. m.pt, 9l° (Found: @,
65.85 Hy5.93 F,15.4. 015H16BrH3 requires C465.8; Hy5.95 N,15435%).
S(CD013) 8.5(s,21), 7.2(m,4H), 4+1(bese,4H), 1.9(bes.,6H). "/  273,u*

5-(1-naphthyl)—24l —piveridinylpyrinidine. m.pt. 97° (Found: C,79.0;
H,6.703 H,1443. CygHy gl 5 reQﬁires Cy784853 Hy6.635 HWyl4e55%)a S (CD0139

8e6(5,2H)y Te5(myTH)s 4e0(bese,dH), 1.9(bes.,6H). m/e 289,11% .

5-(2-navhthyl)-2dl-piperidinylpyrinidine. m.pt. 146-7° (Found: €,

8475 Hy6.55 H,14.6. Gyl oy Tequires 78.85; H,6.65 1,14.5¢. S (cpei,)
8.8(s,2H)y Ted4(myTH), 3.8(Dbes.,4H), 1.8(b.s.,6H).'m/e 289,1%,

2-l-piperidinyl-5-(4 ~tolyl)oyrinidine. m.pt. 127 © (Founds C,76.1;

HyTeT3 1,16.2. C, ) oy Tequires C,75.85; H,7.555 N,16.6%). S (cpe1,)
846(s,20), To4(myqH), 4.1(bes.,4H), 2.7(s,3H), 1.8(b.s.,6H). m/e 253,u"

5-phenyl-2-ll-piperidinylpyrimidine. m.pt. 9i2 (lit.§368-900)
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‘" Chapter -3

The Quaternization of 5-substituted prrinidines

3:1 Introduction

If a nitrogen atom in a heterocyclic system possesses a lone pair
of electrons which are not involved in & or T bonding ofbi‘t&ls the
electron pair is able to form a bond between the nitrogen atom and a
carbon of suitaﬁle polarisability, the:nitrogen~becoming quaternary;
_The attacking molecule>must be able %o lose an anion during the quater-
nizing reaction and henee'alkyl or acyl halidés are the most used
quaternizing agents. | | |

The reaction can be regarded as a nucléophilic replacement of the
leaviﬂg gréup of the quaternizing agent by attack of the lone pair of

the nitrogen atom (Scheme A).

N N\
mR—-x—» N+ R+ X
// V4

Scheme A

It would therefore be expected that the availabiiity of the
electron pair, as influenced by‘the ring*bénfaining the nitrogen aton,
the substituents present in the ring and the steric environment should

affect the rate of gquaternization.
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3:2 The inflﬁence df substituents in the heterocyclic systenm

The most thoroughly investigated dompounds are the alkylpyridines,
the results being rather difficult to assess due to the variation of
inductive and steric effects as well as the possibility of hyperconju-
gation with some of the substituents. |

If the effect of deIocaliéation of the developing positive charge
during the quaternization of pyridine derivétives is GOnsidered it is
apparent that electfon—donating groups in the 2- and 4—positions shouldb
facilitate the reaction»(Figure 1). The presence of electron-donating
groups in the 3-position should also increase the rate of reaction but

to a lesser extent.

</ \Nj*ae—) + - N R <\~ NR< /_ NR

Figure 1
In practice it is found to be very difficult to differentiate
between steric and eléotronic effects in the 2—§ositi6n of the pyridine
‘ring.
Coieman et all determined the rate of reaction of pyridine, 4—
methylpyriéine ahd'4-isopropy1pyridine with n-butyl bromide and found
a steady iﬁcrease in the rates in the order given. The activation

energiés were found to be 66.9, 66.5 and 65.2 KImol™L respectively.

[
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Since the order of the iﬁductive'effecté 0f the substituents i8S
E<le< i-Pr the rates appear to comply with the simple delocalization
‘explanation, |

Brown et 312 investigated the réaction of 2-, 3~ énd 4-alkyl—
pyridines with methyl, ethyl and is0propyliédide (Table 1)« The
results sﬁow higher activation energies with 2-substituted pyridines
and a sharp increase vwith the bulk of the substituent or the entéring
group. An activating effect is apparent for a 3- or 4-alkyl group.
The greater reactivity of 4-methyl compared with 4-t-butylpyridine can
be explained by hyperconjugation of the methyl group which is not

possible with the't—butyl substituent.

Pyridine substituent leI 4T © iprI
None - 5841 6649 74.0
2-methyl 58.5 69.0 80.3
2-ethyl | 59.4 69.4 -
o-isopronyl , 61.9 1.5 -
2=t-butyl | 73.2 - -
3-methyl 5649 64.8 72.7
4-methyl 5649 66.1 - 7243
4-t-butyl 57.3 - -
Table 1

(Energies of activation (KJmol’l) for the reaction of alkyl iodides with

pyridines).
Other data from the same investigation show that as the 3-alkyl
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. group increases in size;'with theréfore a decrease in inductive
effect, ther° is a steady.increase in the rate of quaternization in
~the order 3—met1yl < 3-ethyl 4.3—1gonronvl < 3-t-butyl.

The definitive study of substituent effects on the rate of
quaternization of erldlne derlvatlves uaé carrled out by Fischer et
a13 who found that the rates of reaction of 4(+10) substituted pyridines
correlated well with Taft & ° constants whereas the rate of reaction of
4= (1) .sﬁbsti‘b.uted pyridines correlated withO' T rather than G°~).
'These»iesults were explained in terms of the effect of the nuclear
nitrogen atom in withdrawing T -—electrons from the 4-pesition, .thereby

causing +l1 effects to be enhanced and - effects to be inhibited.

3:3 Quaeternization of oyrimidine derivatives

In spite of much interest in the chemistry of pyrimidine few of
its simple derivatives have been studied in detail and only a small
number of simple éuaternary pyrimidinium salts have been reporied.
"Only one of the nitrogen atoms of pyrimidine is alkylated by agents

5

such as methyl iodide” but triethyloxonium fluoroboratie will give rise

to a diquaternary sa10 (1)

Hote: & © is the Taft substituent cons tant4 derived from reactions
where an aromatic ring is shielded from the reaction centre (e.ge
phenyl acetic acids) or where substituents are in the meta position,
It is proposed that these values are more representative of non-
conjugative effects than the Hammett ¢ substituent constant derived
from ionization of substituted benzoic acids. o is & measure of
polar effects exclusive of resonance.
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(1)

Thevmajority of earlyrwork on the quaternization of pyrimidihes
was centred on the amino- and hydroxypyrimidines»and some of the con-
clusions of this ﬁork appear to be suspect é.g. methyi iodide was
reported7lto react with 4—amino-2-methoxypyrimidine to give the N—}
salt (II). This proposed structure has been shoﬁn to be incorrect,
the alkyldihydro-iminépyrimidine (III3 R = OMe) beingvthé actual

product of the reaction.

(11) ' (111)
The treatment of a 2- or 4-aminopyrimidine with an alkyl halide
almost invariably leads to alkylation at a ring nitrogen and the forma-
tion of an alkyldihyAFo-iminopyrimidine.9 Ihus, 4--amino-2-methylthio-
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pyrimidine on treatment with metliyl iodide yields III (R = mes)lO
whilst 2-aminopyrimidine reacts with methyliodide in ethanol to give

. : -~ . -'
.1y2-dihydro-2-imino-l-methyl pyrimidine hydroiodidel* (Iv)

V4
Me

(1v)

Despite the overwhelming evidence regarding the réactioﬁ of alkyi
halides with aminopyrimidines'to give iminopyrimidines some confusion
still appears to remain., Two recent patentslz concerning the synthesis
of central nervous system stimulating compounds ciéim that 2-amino-
pyrimidines react with o-bromophenalkylene bromides to form the
quaternary salts (V). It would seem more probable that the product of

the reaction would infact be the imino salts (VI).

~NH &e

RE\;‘/(CHJN R\ ) R{\N/(CH,)“ P\'
| N//I\NH( B ,Br '\.N)\ . HBr

() - | (vI)
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Some synthetic appiications.of guaternary pyrimidinium salts have
been reported récently. For examéle, Kasuga et 2113 nave shown that
pyrazolo (1,5-¢) pyrimidines (IX) were obtained by 1;3§dipolaf cyclo
addition of N-aminopyridinium mesitylene sulphonates (VIII) with

methylacetylene carboxylate. . - L : ,

R | D |
2 Me R ) //CO;_MQ
Z N § 0. N /\/
' \+| ¢ 3 N N— 4
Ry ':’/J\P‘- L i/ N
NH, e R
(virz) ' ' (1)

N Van der Plas et éll4 have demonstrated ring conversion reactions
_ of pyrimidinium salts e.g. l-methylpyrimidinium methosulphate (X) gives
isoxazole (XI) in good yield when treated with hydroxylamine hydro-

chloride,

(x) o (x1) (XII)
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It has also been shown'*'" that (X) when treated with the carbanion
of diethylmalonate- gives, .after saponification, 1,2-dihydro-2-oxonica-

tinic acid (XII).

3*4 The kinetics of quaternization of 5-rconosubstituted -pyrimidines

It would be expected that the electronic character of substituents
in the 5-P°sition of the pyrimidine ring could be determined by studies
of the rates of quaternization of 5—monosubstituted pyrimidines since
(i) the pyrimidine derivatives are symmetrical and hence only one product
is possible (ii) the substituent is sufficiently remote from the ring
nitrogens so that steric effects should be non-existent and (iii)
resonance interactions are not possible between the reaction site and
the substituents.

Despite these favourable points no systematic studies of the rate
of quaternization of 5—substituted pyrimidines have been carried out.

In order to determine the electronic effects of substituents in
the course of a reaction in which a positive charge is developing on
the transition state, the kinetics of the reaction of 5-substituted
pyrimidines with phenacyl bromide (Scheme B) in methylcyanide was
investigated at 30° and 40° by conauclimetrie methods (see experimental

section).

R + PhCOCHZK

NCH iOoPv>

XITII XTIV
Scheme B
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After approximétely 15% comﬁlétion of the reaction, catalysis
-was found to be occurring (probably due to a salt effect) so kinetic
‘and thermodynamic dafa was calculated from the results for the first
10% of the reaction. In this range second order kinetic plots were
obtained as is usually found for quaternization reactions. The experi-
mental findings are.summérized in Table 2.

The thermodynamic data_ghoﬁ that the reaction is enthalpy
controlled as is usuglly fo;hd in quaternization processes. The
relative rates of reaction can be explained as a consequence of the
electron-donating or withdrawing ability of the 5-substituent.

For example, 5- p-anisylpyrimidine (XIII; _R‘ = p- anisyl) is
found to react faster ﬁith phenacyl bromide than does 5-p—bfoﬁo
phenylpyrimidine (X11I; R =1p ;bromOphenyl). The anisyl group is
accepted as being an electron—donating substituent and hence will tend
to stabilize the positive charge developing during thé course of the
quafernization process ang thus enhance the rate of reaction. On fhe
other hand,_the p —bromophenyl group (an eiectron—withdrawing substi-
uent) will tend to destabilize the developing positive charge and
hence retard the rate of reaction.

' The effect of the S5-membered heterocyclic substituents on the
-rate»of the quaternization reaction is of considefable interest;for
this reaction, the electron;donating ability of these substituents is
- l-methylpyrrol-2-yl > 2-furyl » 2-thienyl, all of which are more
electron donating than the vhenyl group.

It is interestiég at this stage to recall the electron—withdraﬁiﬁg

ability of the substituents determined from.thé nucleophilic displace-

&
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The kinetics and thermodynamics for the reaction of vphenacyl bromide

with 5-substituted nyrimidines in acetcnitrile

(XIII; R =) 1051:303 105k31'3 Relative Rate O\ HY As¥ _
' { - - -1
(lmol-ls"l)a (1m01-ls-1)a (303) (KImol 1) (JK 1no1 )

l;methylpyrrol '
-2-yl 11.21 22.94 1.94 - 5T.02 =132

p —2nisyl - 10.88 22.73 . 1.88 58.73 =127
2-furyl | | 9.16 19.29 1,58 59440 -126
p-tolyl“ 8.51 18.38 1.47  61.50 =120
o_thienyl 7475 17.10 Y 63.23 -115
1-naphthyl 6,72 14.95 1.16 63.96 -114
2_naphthyl 6.03 '13.83 | 1;04 66449 -106
phenyl 5479 13.52 1.00  67.99 -102
ﬁ-fluoroPhenyl 5.00 12.07 | 0.86 70.75 - =94
n—chlorophenyl 4452 11,10 0.78 72417 - 90
p —bromophenyl o 4.02 10.04 T 0469 73.58 - 86
p —chlorophenyl 3.98 o 9.87 0.68 72.99 - 88
VTable 2

L]

(a) Rate results are the mean-of two or more determinations. The
results for each determination agreed to within 0.05.
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ment reaction of piperidine on 2-chloro-5-substituted pyrimidines
(Chapter II) which was l-methylpyrrol-2-yl € phenyl & 2-thienyl &«
2—furyl:m

It can be seen thét in both reactioﬁs the l-methylpyrrol-2-yl
group is the best electron—donor'whercas the relative orders of the
other substituents varies according to the nature of the reaction -
.considéred. | |

In the quaternization.reaction if the ability of the heterocyclic
substituenf in stégilizing the developing positive charge were merely
- a function of the electronegativity of the heteroatom the expected
Qrder of électron—dona*ing ability would be 2—thieny1 ? l-methylpyrrol-
2—yl 2 2-furyl. Sinée, in pracfice, this order is not found a further
factor mﬁgt be influencing the fesults, the most obvious exPlanation
being the involvement of the 3-d elecirons on the sulphur atom in the
thienyl group. |

Thus, tﬁe observed order would appear to be explicable by con-—
sideration of the possible canonical forms for the reaction transition
stéte. lemethylpyrrol-2.-yl and 2-~furyl are able to 'feed"electfons
into the pyrimidine riné by usé éf the 2p lone pair of elecirons on the
hetero atom (Figure 2; X = H—Me,o). This situation also ariseslfor
thiophen (Pigure 25 X = S) but in addition it cen use its 3d

electrons to inductively withdraw electrons from the pyrimidine ring

(Figurg 3) -
Z/ \ o [—“—5-.4—‘»_(“5@[ .\X > Z/ \o
xR N TN R W NGR

Fipure 2
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{——§ — {'——E — { ><———°> / E — [T\
‘ \\~S//- R ‘\\g + & \\\g \\ K 11.5,/’ K +Z{\ gcf’ R

§+
’ N-=—- CH,—COPW
R 4N
— N g“Br‘

Flggrg'3

It would appear that withdrawval of electrons by the 3d effect
is sufficient to cause the 2-thien&l substituent to be a poorer
electron-donor than either the 1-methylpyrrol-2-yl or 2-furyl sub-
stituent.

The electronic effect of other suBstituents on the rate of
quaternization of H5-substituted pyrimidines can be cledrly seen
in Table 2, The 1-naphthyl group is a better electron-donor than
the 2-naphthyl group and both of these are better donors than the

s phenyl group. “

The  p~fluorophenyl group is a better electron-donor than-the
other halo substituted phenyl groups. Although the fluorine atom
is ﬁore electronegative than the other halogen substituents it has

a larger +Meffect (Figure 4) and this compensates for its higher

electronegativity.
_ "l ;,us,_co?k
A
= N
TFigure 4



1.

3

The conclusions to’'be drawn from this work are as fecllows:
During a reaction in which a positive charge is developing the
order of electron~donating ability of the 5-membered hetero-
cycles is 1-methylpyrrol-2-yl ) 2-furyl ) 2-thienyl~) phenyl.
The electron-donating ability of the 2-thienyl grﬁﬁp appears
to be associatgd with the destabilizing effect of the 3d electroﬁs
of the sulphur atom.
This work clearly demonstrates that the relative electron-—donating
ability of the 5-membered heterocyclic substituents depends on

the nature of the reaction being considered.
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Bxperimental

The 5-substituted . vyrimidines were prepared as detailed in

Chapter 1 of this thesis.

Kinetics »

Equimolar solufions (usually 0.02m) of the 5~substituted
pyrimidine and’phenacylbromidezin acetonitrile were prepared.lO ml
aliquots of each solution were equilibrated at 30°(%0.05), the solu~
tions ﬁere mixed and conductance readings were taken at 15 minute
intervals over approximately 8 hours. After leaving the reaction
mixture for ca., 7 days the pyrimidinium salt ﬁas isolated and
char;;terized. The conductance of standa:d solutions of tﬁe salt in
acetonitrile were measured and the value for a 0.0iM solution was
obtained by extrapolatioh, this value was used in the kinetic calcu-~
lations as detailed later. Each kinetic run was carried out at least
twices The whole procedure was then repeated at 40°(i0.05).

For the reaction

| A+B—>C+ D

dx

i k(a-x)(b-x) if the reaction is first order with respect to both
' A and B
where & = initial concentration of A
b = initial cgncentratioh of B and
x = amount of A reacted after time '%!
If equimolar solutions of A and B are used
dx IRY
— dda - 3
at k(2 - x)
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Integration gives

1 1
a-x — & = = kt

~

.*. a plot of 1 ageinst 't' will be a straight line of slope 'k'
Be=X ’

and intercept 1/a

For the conductrimetric method used in this detérmination a = 0,01

and x = 0.01 x y vhere
&

¥y = conducfancelreading after time't and

¥ = conductance of a 0,01 solutibnjéf the pyrimidinium salt

>For the kinetic determinations the aoetoni@rile was dried over
Molecular Sieve 4A énd then distillgd through é spinning band column,
the middle fraction boiling at 81.6° was collected (Lit}6 81.6°). The
?henacylbromide wvas twice recrystallized from petroleum spirit to give
a product of m.pt. 50.9° (1it.16 51°).

Thé fdllowing comﬁounds were isolated from the kinetic mixtures:-

XIVa  5-phenyl-ll-vhenacylpyrimidinium bromide (XIV; R = phenyl)

mept. 146°. Found C: 60.65; H,4.2; ¥,8.05, clBHISBrHZO'requires c,
60.85; Hy4.255 W,7.90%. § (D,-DiS0) 10.2(s,1H), 9.9(s,1H), 9.3(s,1H),
8.6(m,10H), 2.3(s,2H).

XIVvb 5-(2—furyl)-H—nhenacylngrimidinium bromide (XIV; R = 2-furyl)
mept. 156°, Found & C,55.80; H,4.05; 1,8.0. G, ¢Hy 3Bri,0, requires C,
55.65; H,3.803 M,8:10%. & (Dg-DiiS0) 10.6(s,1H), 9.7(s,1H), 9.5(s,1H),
806 hend 7.1 (m,8H), 26%(5’%)0

XIVe  5-(l-napthyl)-l-phenacylpyrimidinium bromide (XIV; R = 1-

naphthyl) m.pt. 142°. Found: C,64.95, H,4.405 ,6.95. Gy H ) BIil;0
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requires c,65.2o;-H,4.2§§ T,6490%, S (D - DJSO) 10. 4(s,lP), 10.2
(bes.,2H) 8.4 - 6.8(m,12H), 2.3(s,2H).

- XIVd  5-(2-naphthy 1)_J_n enacylpyrinidinium bromide (XIVy; R = 2-

naphthyl) m.pt. 241°. Found: C, 65 45 Hy44335 MyTe1e G H10Brii 0 requires
C3654205 Hy4.255 11,6490z, 8 (D6 - DHSO0) 10.3(s,1H), 10. l(s,lH), 9 9

(s,1H), 8.5 = 6.8(m,12H), 2.0(s,2H).

XIVe 5—(l—methyln,vrrol—2-—,VD-H—nhenacyln‘qrimidinium bromide (XIV;

R = l-methylpyrrol-2-yl) m.pt. 240°(d). Found: C,59.70; H,4.3; N,
11.3. ClngéBrH3O requires C,59.7; H,4.2; H,11.0%. S (D6 - DIISO) 9.9

(S,lH), 9-7(531H)3 9-4(591H)9 8.3 - 7-6(m98H)7 2-9(55311)9 2-2.(5921{‘)'

XIVE  5-(2-thienyl)-ll-phenacylpyrimidinium bromide (x1v; R = 2-

thienyl) m.pt. 214°(d); Found: C,52.85; H,y3.753 H,f?."ZB. 016H13Br13208
requires C,53.2; H,3.65; H,7.75%. 8 (D6 — DISO0). 9.9(s,1H),9.7(s,1H),
9.4(s,1H), 8.2 - 6.8(m,8H), 2.2(s,2H).

XIVg  5-(4-chlorophenyl)-li-phenacylopyrinidinium bromide (XIV; R =

-
18 14BI'L,I.

requires C,55.55 H,3365 ,7.2%. § (D — DiS0) 9.9(s,12H), 9.8(s,1H), 9.0

p—chlorophenyl) m.pt. 161°. Found: C,55.75; H,3.8; ¥,7.3. C

(s.1H), 8.2 —~ 6.6(m,5H), 2.5??,2H) ¥peak under DNSO, integration

carried out by comparison with a D6 — DlSO'blank!?,

- XIVh  5-(3-chlorovhenyl)-H-vhenacyloyrimidinium bromide (XIV; R =

m—chlorophenyl) m.pt. 174°(d). Found: C,55.7; H 3.75§ HyTede
O1gHy BrOIN,0 Tequires C,55.55 Hy3.65 H,7.2%. § (Dg - DiSO) 9.0(s,1H),
8.9(s,1H), 8.7(s,1H), 8.2 = 6.6(m,9H), 2.o(s,2H).
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XIVj 5 (,~bromonhenvl)-w-whvnacvlnvrlnvdlnlun bromide (XIV; R =

p—bromoPhcnyl. meut, 171 + Found: C,50.05, Hy2.5; W,6.5. 018H14Br2N20
-requires €,49.80; H,2.303; H,6.45%, 8\(1)6 - DIiSO) 9.2(s,1H),'8.9(2,1H),
8.8(s,1H), 8.1 - 6.8(m,9H), 2.1(s,2H).

XIVk  5-(4—fluorophenyl)-N-phenacylvyrimidinium bronide (XIV; R =

p-fluorophenyl) m.pt. 141°% Founds C, 58.05; H,3.65 H,7.35.
CygH) BT ,0 Tequires C,57.95 H,3.85 ,7.5% § (v - pus0) 9.4(s,1m),

9.3(s,1H), 8.9(s,lH), 8.2 = 646 (m,9H), 2.3(s,2H).

XIV1  5-(4-enisyl)-H-vhenacylpyrimidinium bromide (XIV; R = p-anisyl)

m.pt. 203%(d). Found:C,59.5, H,4.6; H,7.35. Cl9H17Br. , Tequires C,
594255 Hy4+455 T,7.35. § (Dg - DiS0) 9.9(s,1H), 9. 8(s,1H), 9.6(s,1H), 8.2

= 646 (my9H), 3.8(s,3H), 2.3(s,2H).

XIVm  5-(4—tolyl)-F—phenacyloyrimidinium bromide (XIV; R = p-tolyl)

mepte. 177°(d) Founds C,62.05; H,4.75; H,7.8. G, gH17BIN,0 requires C,
61,83 Hy44655 1T,7.6% ) (D6 - DiiS0), 10. l(s,lH), 10.0(s,1H), 9.3(s,1H),

8. 3 - 6, 7(m’9H)’ 2 4(S 3H)s 201( ’ZH)
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- Chapter 4

The molecular structure of 2,4-diazido-S-iodopyfimidine and 2,4-

¢

diazido-6-methylpyrimidine

431 Introduction

- Some confusion exists as to the prefered tautomeric form

of the diazidopyrimidines. It has been suggested1 that, contrary to

general belief,2?37%427

2,4~diazidopyrimidines exist predominantly in the
5-azido-tetrazolo (1, 5-a) pyrimidine form (lc) with the isomeric 5-azido-
tetrazolo (1, 5-c) pyrimidine form (lb) as a likely minor congtitbent,
rather than in the diazido form (la).

The 2,4—diazido-6-methylpyrimidine/S-azido-7-methyl-tetrazolo

1

(1,5-a) pyrimidine tautomerism (la'€=3 13 R=Me, R = H) has been

we

irives‘tigatedl and on the evidence of 1H n.m.r. data it was concluded that
(lc)‘was the predominant form wifh approximafely 10% of the 5-azido-8-
methyltetrazolo - (1, 5-c) pyrimidine tautomer (lb; R = Me,vR1 = H) also
present. Earlier work2 on the same system, based on chemical and u.v.

data indicated that the diazido form (Ia) was preferred.

R 1 'y
N
N /
N NN "N
Ny Ny N t\{/ |
‘n , ‘h '\A
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The :eéction of sodium azide with 2,A-dichloro-S-iodopyrimidine
in aqueous ethanol was carried out and a product was isolated in which
both of the chlorine atoms had been replaced by azide groups. This
compéund can potentially éxists<in five tautomeric forms ( 1 a-e;

R = H, R1 = I). The i.r. spectrum (KBr disc) showed a strong azide

‘absorption6 at 2130 cm-l and only weak absorption at 1000 - 1100 cm‘-1
where a tetrazolo system woula be expected7 to absorb.

2, 4-Diazido-6-methylpyrimidine (I; R = Me, Rl = H) was prepared
by the action of sodium azide on 2, 4-dichloro-6-methylpyrimidine.

The i.r. spectrum (KBr disc) showed a strong azide absorption at 215Ocm"1
and once again only weak absorption at 1000 - 1100 cm-l.
In order to resolve the forms in which the above compounds

exist, single crystal X-ray studies were undertaken.

4:2 Crystal Data

(a) 2, 4-diazido-5-iodopyrimidine

The colourlesé crystals were rectangular in shape and extinguished
polariged light in directions coincident witﬁ the external crystal axes. .
Consequently crystals were mounted on glass fibres along their long axes
and preliminary rotation and Weissenberg photographs indicated that the

crystals were monoclinic. The rotation axis was chosen as ¢ and accurate -
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unit cell dimensions were measured from precession photographs taken
with Zr filtered Mo K<* radiation. The unit cell dimensions were found
to be:-

a = 11.08 (1), b = 4.823(5), c = 15.86(1) fb

]
Il

92.10(1) °.

The hOl reflections with (h+l) odd were absent, indicating the
presence of a n-glide plane normal to the b axis with a translation
of (a+c)/2. A screw axis parallel with the b axis was also present
since 0kO reflections with k odd were absent. These systematic
absences place the crystals unambiguously in the space group P2"/n.
The theoretical density for occupation of the 4 general positions
(X, Y, Z; % + X, k - Y, h + Z) by C"HNgl molecules is 2.26 gem”3. The

density measured by floatation of the crystals in a bromomethane/petroleum

3
spirit mixture, (2.19 gem ), was in good agreement with this calculated
figure.
(b) 2,4-diazido-6-methylpyrimidine

The very pale green crystals were rectangular in shape and
extinguished polarised light in directions coincident with the external
crystal axes. The crystals were mounted on glass fibres along their long
axes and preliminary rotation and Weissenberg photographs indicated that
the crystals were monoclinic. The rotation axis was chosen as b and
accurate unit cell dimensions were measured from precession photographs
taken with Zr filtered Mo radiation. The unit cell dimensions were
found to be:-

0
14.99, b = 6.60, c = 15.10 fi©

@
I

~ 90.83°.

From systematic absences the space group was determined as PZ"/c#
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The theoretical density for occupation of the four general positions —

X, Y, Z; X, \ + Y, ~ - 7) by Cgiggo molecules is 0.79 gem The density

by floatation of the crystals in a bromomethane/petroleum spirit mixture,
_3

(0.80 gem ), was 1in good agreement with the calculated figure.

On the precession photographs there was a suspicion of twinning in
the crystal. After the collection of two layers of data it was apparent
that the crystal was twinned so the structure determination was abandoned.
4:3 Collection of data

This was achieved using a Stoe, computer controlled4d 2 circle
diffractometer with Mo radiation produced by a graphite monochromator.
This instrument is essentially a Weissenberg camera but with a scintillation
counter replacing the film. A background - - scan-background technique
was used for each reflection and also a variable W range was used on
upper levels which allows a wider scan of low 2 0 reflections. The

output data is processed and only reflections with I/<r (I) values greater

than or equal to 3 were used in the refinement process.

I = A (Im - B1L + B9 ts ) where
— \l R
& 2 tb )
Im = peak count B®, B” = background counts
t" = peak scan time t* = background scan time
I = corrected intensity A = atte«fcator factor (= 1 for this

data collection)

<r (I) = standard deviation of intensity
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4:4 Solution of the structure
(a) Patterson Synthesis

The phase problem can be overcome by using either direct or
indirect methods. The most common approach, and that used in this
determination, 1is an indirect method where a 'heavy' atom is located
by means of the Patterson function . This function enables atom
positions to be determined directly from the structure amplitudes
without any knowledge of the phases of the reflections. It is
defined by the equation:-

P (U, V, W) = ® }E]}E](:: |Fhkl|2 cos 2 ir (hUtkV+1lW) where

Vc h \ T
P (U, V, W) = Patterson function at position (U, V, W) in the
unit cell.

Vc = volume of cell and {* hklj = structure amptitude.

A three-dimensional Patterson synthesis provides a vector map of
the contents of the unit cell of the crystal. The wvalue of P(U, V, W)
will be low except where the values of U, V, W represent a vector between
two atoms. If a Patterson synthesis 1is calculated for a crystal
containing a heavy atom, then maxima on the vector map which represent
heavy atom - heavy atom vectors will appear as much larger peaks than
any of the others since the peak height 1is proportional to the atomic
number of the atoms. Due to the space group symmetry, the iodine atom
in 2, 4-diazido-5-iodopyrimidine occurs at four positions in the unit

cell and from these positions the I-I vectors can be calculated (Fig. 1).
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The vectors due to the interaction of an atom with i?self occur at the
origin, The other twelve vectors can be reduced, by symmetry consideratioms,

to three unique vectors.,

(a) ZX'+ 2Y'+ 27
© Bs -2k

Examination of the 3- D Patterson map allowed the location of the
iodine atom in the unit cell to be determined as X = 0,77, Y = 0.80 and
Z = 0,85,

(b) Fourier Refinement.

The electron density at any point (x, y, z) in the unit cell is given by

a three-dimensional Fourier summation:-

p(x,y,2) = 1 EYE i hkl‘ cos (27 (hx + ky -l-lz) -8) ) where

@ = electron density at (x, y, z) in the unit cell andtﬁmf phase of
reflection, |
A map of the electron density will show the positions of the other atoms
in the structure as well as showing the iodine ;tom. Using the estimated
iodine position, a Fourier map was drawn ﬁp and from it the 1océtion of
the nitrogen and carbon atoms in the molecule was determined. The
structure was refined by full-matrix least-squares methods, finally with
all aﬁoms&being given anisotropic thefaal parameters, The scattering
factors of reference 9 were used, those of iodine being corrected for
real and imaginary components of the anomalous dispersion. The function
mlnlmlsed wasz:W(Fo-F-g“w was adJusted to give best constancy of
average values of W (FB - Fc) , the final scheme being ~J]E;\ -
when . 'Eol é 45 ﬁ = 45/‘F0, : when iFo,> 45

The final R (= Z’F-Fl/ l o ’)
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for the 1170 observed reflections was 0.046. Final observed and
calculated structure factors are given in Appendix 1. Positional

and thermal parameters are given in Table 1, and bond lengths and
valency angles are given in Table 2.

4:5 Discussion of Structure

The preferred tautomer was found (Fig. 2) to be the diazido form

(la) . The pyrimidine ring is effectively planar (Table 3) and the
average C-C and C-N bond lengths of 1.41(1) and 1.34(l) X respectively
are as expected"” for a nitrogen heterocaromatic system. The ring

bond angles are similar to those found in 5- bromo- 4,6-diaminopyrimidine”.
The C-I bond length 1is in agreement with that for other aromatic iodo
compounds'”". The ring substituents lie slightly out of the best
pyrimidine mean plane, the deviations being given in Table 3. Both
azide chains are non-linear and the N-N-N angles of 174(1) and 172(1)°
are significantly different from 180° but lie within the range of
values found for other azides”. The average C-N-N angle of 113.5° is
similar to that found12 in l-azido-4-nitrobenzene. As expected from
bonding considerations, the two N-N distances within each azide group
differ significantly (av. 1.26 and 1.12$).

-Since a tetrazolo ring is electron-withdrawing and an azido group
electron rich13, it has been suggested that the tetrazolo forms are
destabilised by electron-withdrawing substituents in the ring, the
tautomeric azido form being favoured. In 2,4-diazido-5-iodopyrimidine
it seems 1likely that it is the electron withdrawing effect of the iodo
substituent which destabilises the possible tetrazolo forms I,b and Ic

respectively.
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Figure 2
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Final womm&wosmw paranet
exp ~ 107% AWHHWN

x
I 7723(1)
N(1) 8857(5)
¥(2j  7095(5)
N(53) 6129(6)
N(#)  5477(6)
N(3)  4858(7)
N(6} 7990(6)
w(7)  8820(7)
N(8)  9534(8)
c(i)  7850(6)
c{2) §746(6)
¢(3)  7989(6)
c(x)  7035(6)

2

+ Boo

N
-1980(1)

3155 (14)

Ik

0957(%1):

-2443(15)
-2701(415)
-3097(18)
4278(16)
- 5974(%7)
7579(20)
00873(1.6)
20673(1.8)
2847(17)

-0432(17)

+ b

bz-12 + 2y bl + 2B o0l + 2B,
z by Pog
-1516(1) 92(1)  453(x)
0560(4)  56(5)  398(37)
Howmva 61(5) * 350(35)
0181(%)  70(5)  414(40)
0827{4) 67(5)  u06(4t1)
1356(5) 92(7)  616(47)
1899(s)  87(6)  408(38)
2002(4) 88(7)  476(43) .
2186(5) 112(8)  697(58)
~0346(14) 61(6)  354(44)
-0169(5)  57(5)  u21(43)
1117(5)  57(6)  309(40)
10303(4) 51(5)  357(38)

Table 1

1)

k1),

255
28(1)
31(3)
51(2)
54(3)
57(3)
50(4)
36(3)
51(53)
49 (%)
24(3)

52(3)

32(3)
26(53)

b

242
-9(1)
-16(icC)

-15(10)

-52(11)
-43(12)
~85(15)
;mmﬂwu
~26(15)
-86(17)
9(12)
5(13)
2(12)
4(i2)

by
6(1)
9(5)
8(3)

7(3)

3(3) .

18(4)

18(3)

15(3)-

17(4)
5(5)
9(3)
8(3)
3(3)

. 4 v . . . . .
ers {fractional x Hohv and aniszotronic thermal parameters in the form
Standard deviations are 'in parenthesis.



Table 2

Bond distances ﬁ) and angles (degrees with standard deviations
7 . [a4 3

in parenthcses.

I = c(1) 2.08(1) . ¢(3) - N(G) 1
c(1)  -o(2)  t.x0(1) c(x) - N(2). 1
c(1)  -c(x)  t.a2(t) cls)  -N(3) 1
c(2) - N(1) 1.33(1) - N(3) - N(%) 1
c(3) - N(1)  1.35(1) -~ N(w) -N(5) 1
c(3)  -wn(2)  1.35(1) N(6) - N(7) 1

| ®7)  -N(8) 1
T -c{1) - c(2) 121(15 c(1) - c(u) '_
I - c(1) - o) 122(4) N(2)  -C (y) -

c(2) - c{1) - c(s) 117(1) cl2) - N(1) .
c(1) - c(2) - N(1) 123(1) ¢(3) - N(2) -
N(1) - ©(3) - N(2) 128(1)  C(x) - N(3) -
K(1) - o(3) - N(6) 1i9(1)  N(3) ~ N(4) -
N(2) -c¢(3)  -N6) 113(1) ¢(5) - N(6) -

c(t) - c(u)

1
P
P
\]
~

122(1)  N(6) - N(7) -

122

Lu1(1)
.32(1)
<40(1)

.28{(1)

J11(1)

_.221(1)

.15(1)



Table 3

The egquation of the least-squares plane through the pyrimidine ring is referred to an orthogonail

‘axis system and the distances of the &Hzm atoms and the ring substituents from the plane are given
. 0.58853X - 0.70823Y + 0.38993Z - 4.901 = O

¢(1) -0.011, ©(2) 0.001, - C(3) -0.041, (%) 0.0i2, N(1) 0.010, N(2) -0.001;

I -0.069, N(3) 0.039, N(4) 0.077, N(5) 0.1ix, N(6) -0.042, N(7) -0.020, N{8) 0.005.
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Experimental

2,4-Diazido-5~iodopyrimidine

3

A mixture of 2,4—dichloro-5-iodopyrimidine15 (5 x 10"~ mol) and

sodium azide (1.08 x 10'2 mbl) was heated under reflux for 45

/

mins. in aqueous ethanol (1l:1 v vs 50 cm3). On cooling in an ice-
bath, colourless crystals were obtained. These were isolated and

reaystallised from petroleum (b.pt. 40-600) to give 2,4-diazido-5-iodopyrimidine

(72%), m.pt. 86° (decomp). (Found : C, 16.65; H, 0.35; N, 39.35.
C4HIN8requires C, 16.70; H, 0.35; N, 38.90%). m/e = 288, Dﬁ}!
2,4-Diazido-6-methylpyrimidine was prepared by the method of Reynolds

et al.4
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Apnendix 1

Measured and calculated structure factors for 244-diazido~

5-iodopyrimidine,
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3 3 3 A5.79 A5.66 6 3 -13 23.52 22.99°'
3 3 A 35. 66 3A.26 6 3 -12 IA.05 1A. 11
3 3 5 16. AA 15. 60 6 3 -11 8.59 9.09
3 3 6 59.61 61.15 6 3 -10 20.39 19.00
3 3 7 26. 18 27.26 6 3 -9 31.67 39.9A
3 3 0 36.01 35.7A 6 3 -0 20.20 19. 86
3 3 10 15.A5 1A.9A 6 3 -7 36.50 . 35.19
3 3 11 12.63 1A. 8A 6 3 -6 29.92 27.13
3 3 12 39. 12 39. 30 6 3 -5 52.33 A9.83
3 3 13 12.56 11.27 6 3 -A 15.01 15.71
3 3 1A 12.55 1C.59 6 3 -3 A2.77 AO. 80
3 3 15 9.71 9.0 A 6 3 0 36.09 35.92
A 3 -15 15.66 1A. 57 6 3 1 A7.76 A5.33
A 3 -1A 26.25 2A.70 6 3 2 31.25 30.30
A 3 -13 33. A6 32.55 6 3 3 30.A9 30.91
A 3 -12 11.30 10.31 6 3 A 15.08 16.39
A 3 -10 11.A3 10.71 6 3 5 A1.83 AC. 65
A 3 -9 A2.55 A2.A8 6 3 6 AA.76 A3. 72
A 3 -8 35.03 3A.72 6 3 7 22.97 22.61
A 3 -7 3A.58 33.C7 6 3 8 0. 58 9.08
A 3 -6 9.89 9.09 6 310 1A. 12 13.5A
A 3 -5 37.50 36.69 6 3 1 29. 11 28.85
A 3 -A 15.67 16.t3 6 3 12 9. GO 10.26
A 3 -3 66.6A 62.31 6 3 13 9.29 10 .66
A 3 -2 2A.99 23.89 7 3 -10 26.20 27.21
A 3 0 28.53 26.69 7 3 -9 23. 3A 22. AC
A 3 1 55.60 53. 1C 7 3 -0 2C.29 20.35
A 3 2 27. AC 27.21 7 3 -7 27.A2 26.63
A 3 3 A5. 73 AA. 12 7 *3 -6 13.86 1A+ 7A
A 3 5 35.A8 33.98 7 3 -5 20. 15 19.3A
A 3 6 36.73 37.95 7 3 -A 37.55 36. 16
A 3 7 28.06 28.00 7 3 -3 2A.05 2A.09
A 3 8 Ai .66 A0.57 7 3 -2 9.53 9.8A
A 3 9 20.15 20.59 7 3 -1 9.77 9. 83
A 3 10 22.55 21.35 7 3 0 30.72 30. A9
A 3011 33.60 29.A9 7 3 1 28. 17 27.Ai
A 3 12 20.2A 20.68 7 3 z 38.39 39.05
A 3 13 21.11 20.97 7 3 3 10. A9 11 . A5
A 3 15 1A, 36 12.63 7 3 A 10.76 1C. 52
5 3 -1A 33 . Al 32.50 7 3 5 2A. 1A 23.8A
5 3 -13 18.21 19.53 7 3 -6 30.97 29.75
5 3 -12 19.S3 17.70 7 3 7 15.75 15. &7
5 3 -11 10. 1H 9.52 7 3 8 19.79 19.36
5 3 -10 38. A6 36.95 7 310 16.96 13. 36
5 3 -9 25.80 2A.A9 7 3 11 17.33 18.7A
%5 3 -8 30 .CO 30.A9 7 312 21.06 21.20
5 3 -7 25.72 2A.58 8 3 -11 1.7.96 17.90
5 3 -5 33.68 28.52 s 3 -10 28.09 26. 37
5 3 -A 55.29 5A.22 8 3 -9 13.72 17. 13
5 3 -3 53.31 51 %38 8 3 -7 11.95 11.00
5 3 -2 2A.92 2A.22 8 3 -6 13.55 1A. 35
5 3 1 AO. 71 39.18 8 3 -5 32.81 32.60
5 =3 2 A0 . iv8 A7.15 8 3 -A 27.C5 27. 19
5 3 3 10. 2A 8.13 8 3 -3 18.39 ''20.V6
5 3 5 26.20 25.85 8 3 -1 12.71 13.11
5 3 6 52. 15 51.81 8 3 0 17.31 16. 07
5 3 8 2A.71 25.15 8 3 1 3A. 72 33.9A
5 3 9 8.63 7.28 8 3 2 16.21 15. 3A
5 310 25.71 20.85 6 3 5 28.13 26.63
5 3 11 21.7A 20.76 6 3 6 19.00 18.80
5 3012 29.83 29.06 3 3 7 > 18.co 17.31
5 3 13 11.11 10.83 CcC 3 10 1C.27 1C..22
6 3 -LA 17.53 16.7A 8 311 18.59 19.27?

134



© VWV LV VW VW VWY o WY o oo

H BB R R R B R B R R B Rp R
m B P HF QO o 0o o oo oo o o

P K B B R 00 OO © 0 0o © o

[ I ¥ I S T e e = T T N R S

NN

WowwWwWwWwWwWwWwWwWwWwWwWWWwWwWwHnowWwww ww w

N N N N N N T S S N N N .

PO S O O Y

F N N N Y S N S S

[
W v N W © HF o ok B oo R

N

10.
15.
17.
24.
14.
27.
16.
21 .
22.
19.
14.
19.
22.

19.
18.
11.

12.
11.
25.
11.
17.

16.
11.
16.
35.
33.
10.
34.
1C.
21.
11.
49.
10 .

17.
14.
34.

38.

39.
17.

17.
17.

51.

24.
17.
37.
23.
36.
15.
21.
34.
45.

20.

18.
25.
15.
27.
15.
22.
21.
19.
14.
19.
22.

21.

18.
11.

12.
10.

17.
10.
16.
11.
18.
33.
33.

16.
14.

10.
58.
11.
42.
17.
10.
20.
19.
11.
56.
11.
26.
18.
38.
22.
35.
15.
20.
33.
45.

33.
11.
22.
12.
54.
12.

10.

135

AN LN NN NN NN RN DNnE DR BAER R REDRDEBABERERERREERERWWWLWD LWWWWWWWWWWWRNNENNNNNENNNNNNNNNNDNDNEN

L R S I N N R I S N N N e N S T N T O T N N N N S O S S N S N A A N N N N N N N U N N N N N N TN N

O N AW

-12
-10
-9
-8
-6
-5
-2
-1

PRI ANBRWN

10
-11
-7

16

16.
.1-3

33

53.
15.

22
28

17.

31

21
16

15.

33.
12.
37.
16.
13.
17.
1C.
40.
19.

25.

24
26

.75
.C8
17
.22

.65

.35
.02
.82
. 6U

.66
.34
.65

ev7
.04

.22
.74
.33
.64
.64

.70

.97

.83
.37

.57

.73
.34
.07

.84
.51

«CC
.25
62

.40
.73

64
.97
.07
53
.72

.14
33.
.24

46

61

°06

.74
33.

kg



OV U L S PO PO ONNNNN Al ddOPCOOCC O

DD DLPDPPIIDIPPLPDLDDIIIDDIDODIIDIIIDDDIDD>D

. =h

3.92
2210
9.72
37.C07
25.38
23.58
18.99
12.25
23.39
8. 09
12.40
25.42
26412
35.04
16.56
C.18
20.45
13.43
28.54
17.84
9.64
18.C
15.86
19.G8
B8.27

23. &7

22.13
15.20
20.103
11.39
20.11
22.33
14,17
17.21

9,14
22439
10.31
3’!. 22
23.85
23.01
19.13
10.82
21.48

4.83
12.27
24.47
25.60
33,71
15.70
21.12
20.27
11.21
26439
17.99

7.51
17.70
16.22
18.31

5.15
24.58
22.41
16.51
20.79
13.72
20.11

8457
23.57
14.57
16.58
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Anpendix 2

- Postgraduate courses and lectures attended.
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1.
'2.
3.

4.
5

Te

Pharmaceutical Chenistry - ﬁ.D. 01lis (The University of

Sheffield).

‘Vitamins and co-enzymeé - G.M. Blackburn (The University of

Sheffield).

Organo-metallic chemistry — D.. Jones (The University of

' Sheffield).

Nuclear Magnetic Resonance - D.:Hoﬁthorpe (Sheffield Polytechnic)
Advances in Stereochemistry — December 1973 and 1974 (The
University of Sheffield). : | |

Advances in Heterocyclic Chemistry - January 1974 (Queen: Eliza-—
beth Coil. London).

Various Sheffield C.S. and Polytechnic C.S. lectures.
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