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Abstract

The study of some condensation reactions of malonyl
chloride with nitriles revealed some very interesting results,
It was found that fluoroacetonitrile reacted with malonyl
chloride in the molar ratio of 2:1 and yielded 4-chloro-2-
fluoromethyl-6-hydroxypyrimidine (65%), The reaction
of malonyl chloride with chloroacetonitrile produced mainly
2-chloromethyl-4-chloro-6-hydroxy-pyrimidine along with some
2, 3-dichloro-4,6-dihydroxy-pyridine, In contrast, like
fluoroacetonitrile acetonitrile, bromoacetonitrile and
a-bromopropio mitrile with malonyl chloride yielded exclusively
their corresponding pyrimidines, The structures of these
pyrimidines and pyridines were established with the aid of
nuclear magnetic resonance, mass spectrometry, infrared and
ultraviolet light absorption spectroscopy. Their structures
were also confirmed by chemical transformations, It was
found that the group attached to CEN in the nitrile component
appeared as 2-substituent in the pyrimidine products,

Propio- and butyro-nitriles yielded mainly 3-substituted-2-
chloro-4,6~dihydroxy-pyridines along with some corresponding
pyrimidines, Some other dinitriles with malonyl chloride

produced only the corresponding pyridines,



Halogeno malonyl chlorides also rgacted with some

nitriles producing fully substituted pyrimidine rings.
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The formation of RCOC1l along with the pyrimidines has
been established by nuclear magnetic resonance,isolation of a
characteristic derivative, and gas-liquid chromatography,

The possible mechanisms of this new synthesis of
pyrimidines have been discussed, In seeking evidence, some
syntheses were performed with malonyl chloride labelled with
carbon-14, The rcesults of these experiments with labelled
malonyl chloride and with halogenomalonyl chlorides showed that
all the three carbon atoms of malonyl chloride appeared in the
pyrimidine nucleus whilst all of the carbon atoms of the
RCOC1 product belonged originally to the starting nitrile.

An interesting feature of this new synthesis of
pyrimidines is that it is the first direct synthesis of chloro-
pyrimidines in which halogen appears at an active position

of the ring,
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PART I

SECTION 'A' THEORETICAL



_lo;

CH4LPTER 1,

INTRODUCTION

Mulder1 in 1879 found that dimethyl urea condensed
with malonyl chloride in the presence of phosphoryl chloride

producing 1,3-dimethyl-barbituric acid(I).

In 1902 it was reported2 that diethyl malonyl chloride
reacted with guanidine carbonate and yielded 2-amino-5,5-

diethyl-4,6-dihydroxypyrimidine(II).

H.C 0
52 ﬁ\
/l
- N
HSCZ ”
R N
HO//\\\NV//"NHQ
Ix
In 1912 the condensation of substituted malonyl
chlorides with the alkyl ethers of isourea was reported3

to produce the derivatives of barbituric acid. Phenyl

ethyl malonyl chloride with isourea methyl ether gave
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2-methoxy-5-phenyl—ethyl-barbituric acid(III). Similarly
benzyl malonyl chloride and phenyl malonyl chloride condenséd
with isourea ethyl ether yielding 2-ethoxy-5-benzyl-barbituric
acid(IV) and 2-ethoxy-5-~phenyl-barbituric acid(V) respectively,

C 0
6's ) Ho H D
C_H \/ \\\‘N -X/,/ \\\\N \.. yd \

25—~ ) HGH,C —
|7

1
H
i

YN . /\ T -3 :
Oy Noc 3 S N E,/’\oc o
IIT Iv Vv

All of these cyclisations involve acylation of nitrogen,
L

LS
=

In 1918 Komninos  reported that, in the presence of
marble, malonyl chioride and acetone reacted vigorously and
produced phloroglucinol(VI) and 3,5-dioxohexanoyl chloride(VII).
It was also reported that 3,5-dioxo-hexanoyl chloride when

boiled with water and some more calcium carbonate was converted

into phloroglucinol. P

g

CH
4CoC1), + (CH,),C0-y IICHBCOCHZCOCH ,COC1

HO"\/ CH

VI VII

These reactions were apparently carbon-acylations.
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Davis and Elvidge5 reinvestigated Komninos's work
and found that neither of the two reported products was formed.
They proved that the product was a new unsaturated hetero-
dicyclic compound, a chloropyrono~1,3-dioxin(IX). The
reaction was found a general one for aliphatic and aromatic
ketones yielding 2,2-disubstituted derivatives of the same
unsaturated hetero-dicyclic compound. Evidence was obtained
indicating that the reaction proceeded in two stages. In the
first stage the ketone as a very weak base induced a self
condensation of malonyl chloride to 6-chloro-4-hydroxy-2-
oxopyran-3-carbonylchloride(VIII). In the second stage of
the reaction this acid chloride reacted with one_molecule of
ketone to produce the bicyclic heterocycle. Hencs both

C- and O0- acylations were involved.

. R . . R
Cl\\4§§;\\\woﬁ b=0C1\v§?7>\\]//(0\\\/
i "t i i

+ _”--"--’~R"“-m‘-“--_w >
2CH, (COC1) 55 L H TOHCT

FR‘
'\\\///\COC1 Q\\\///«\\Tr//p
i
4 5

b
VIII X
Davis and Elvidge (loc. cit.) found that weakly enolic
ethyl acetoacetate and ethyl pyruvate readily produced pyrono-

dioxins. On the other hand, the unsaturated oxo-ester



H5C2020,CH=CH.CO.CH(COZCZHB)2, failed to react with malonyl
chloride to produce a pyronodioxin, this unsaturated oxoester
evidently being insufficiently basic to induce the self
condensation of malonyl chloride to pyrone acid_chloride.

Pavis and Elvidge7 also found that the 1,3-dilketone,
acetyl acetone, afforded a chlorine free compound, isomeric
with dehydroacetic acid, whilst a 1,4-diketone, acetonyl
acetone, converted malonyl chloride vigoreusly into malomnic
acid,

Davig and Elvidge (loc. cit.) showed that an aliphatic
aldehyde could induce the self-condensation of malonyl
chloride but the second stage of the reaction to a chloro-
pyronodioxin appeared not to take place. In contrast,
benzaldehyde reacted with malonyl chloride to yield the
expected chloropyronodioxin, whilst other aromatic aldéhydes
condensed with the methylene group yielding o-B-unsaturated
acids. The formation of these O,B-umsaturated acids from
aromatic aldehydes .and malonyl chloride proceeded more
quickly than by the conventional Doebner procedure. In their
further investigations, Dawvis and Elvidge8 showed that some
nitriles behaved like ketones and with malonyl chloride
produced another new bicyclic system, a chloro-oxopyrano-

oxazine, Benzo-, aceto-, and naphtho nitriles reacted with



two mols. of malonyl chloride at 100° and yvielded 2-substituted-
7-chloro-,4,5-dioxopyrano[3,L-el-[1,3]-oxazines(X). The
following mechanism was suggested for the formation of these

compounds : -

H
~2HC1 Cl\/\‘é N /\r“!"\“" C/R -

2CH, (€OCD, T=""= 3 ] l[ CINE._-;R._} l l: 1yret

It was also shown that preformed pyrone acid chloride
reacted with benzonitrile to produce the same bicyclic product
as obtained from the reaction of benzonitrile and malonyl
chloride, They also studied some reactions of these chloxro-
oXopyrano-oxazines, The chlorine substituent of these products
was found to be very reactive. Amines and water yielded
7-amino and 7-hydroxy derivatives respectively. Amines also
cleaved the pyrone ring and yielded bicarbonyl amide derivatives
of L-oxo-1,3- oxazines.

Later Davis, Elvidge and Foster9 investigated the
reaction of nitriles with malonyl chloride at room temperature.
They found that nitriles having cyanomethylene group
yielded under these conditions 3-substituted 2-chloro-4,6-

dihydroxy-pyridine with slow evolution of hydrogen chloride.
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Thus acetonitrile and some monosuﬁstituted aceto nitriles
reacted with one molecular proportion of malonyl chloride
and yielded 2-chloro-4,6-dihydroxy pyridines(XI). The
a-supstituent of the acetonitrile appeared at position 3 of

the pyridine ring.

OH
/\
X R
-HC1. ‘
C - ~.
H2(0001)2+ RCHZCN , 1
HO _~c1

[R:H,—CH3,-(CH2)2c1,_cozEt,_06H5]

The structures of these pyridine derivatives were
confirmed by chemical transformations of the products obtained
from the reactions of propionitrile and cyanoethyl acetate with
malonyl chloride.

Butt, Elvidge and Foster10 also investigated the
reaction of isocyanates with malonyl chloride. Malonyl
chloride with isocyanate produced bicyclic heterocycles which
were proved to be 3-substituted 7-chloro-3,4-dihydro-2,4,5-
trioxo-2H,5H-pyrano[3,4-e]-1,3~oxazines (XII). Again it was
suggested that the reaction proceeded in two main stages.

In the first stage the weakly basic isocyanates induced the
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self condensation of malonyl chloride to pyrone acid chloride.
The second stage involved the acylation of either nitrogen or
oxygen of isocyanates and then cyclization yielded either

compound{(XII) or (XIII)

Cl
l/ + RNCO ——
C/,Cl
el
ci oV Nm
N

But on the basis of degradation products with alcohol the
structure(XIII) was ruled out.

Ziegler and his coworkers have also reported the
formation of some heterocyclic compounds from malonyl chloride
and substituted malonyl chlorides,

Ziegler et al11 reported the formation of derivatives
of 4-hydroxy-2-pyridone(XIV) by the action of malonyl chloride
on primary and secondary cnamines obtained from (B-ketoesters
and B-diketones. They found that emamines also reacted with

malonic acid in acetic anhydride yielding the same derivatives

of 4~hydroxy-2-pyridone.
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R
‘\
CH
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Kleineberg and Ziegler12 also studied the reaction of

malonyl chloride and monosubstituted malonyl chlorides with

carbodiimides. From these reactions they obtained the

derivatives of 6-chloro-2-imino-3,%4-dihydro-2H-(1,3)-oxazine-

b-one(XV). These oxazines in aqueous solution were shown to

be rearranged to 1,3-disubstituted barbituric acid.

R
\N 0\‘0 _ct R N O~ 1
|
| s ol =
v +‘/C\\R, 1
RN g g

Xv

Ziegler and Kleinebergl’ also showed that anils with a

methyl or methylene group in -position to the C=N bond

reacted with malonyl chloride yielding N-aryl-4-hydroxy-2-

pyridones(XVI), They suggested the following mechanism for

the reaction
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'\ g0
QR”' XVI
In their fﬁrther investigation Ziegler, Kleineberg and
Meind114 studied the reaction of substituted malonyl chloride
with nitriles and isecyanates, Benzonitrile and substituted
benzonitriles reacted with benzyl malonyl chloride yielding

6-chloro-5-benzyl.-2-phenyl-1, 3~oxazines (XVII)

Cl o 6H B H
Se +/9 » \l 65
| T —
oW *
. C . H C
CgH5HC ~ ™St 5C6Ha g///
; ™
XVIX

They also showed that these oxazines could be easily converted
into dihydroxy pyrimidines by the action of ammonia.

Similarly phenyl isocyanates and their substituted derivatives
reacted with malonyl chloride producing 6-chloro-5-benzyl-3-

phenyl-2,4-dioxo-dihydro-1, 3-oxazines (XVIII),
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Ziegler et al}5 also obtained N-aryl-4-hydroxy-5,6-
polymethylene-pyrid-2-ones(XIX) from the reaction of cyclic

ketone anils and substituted malonyl chloride

] H

0

Cl—- N
N o R
TP )
€= NCl ~° \\ T/O

R i

R

XX

Similarly Ziegler and his coworkers16 have also
reported that benzyl malonyl chloride reacted with x-tetralon-
anil and gave a mixture of 5,6-dihydro-7,8-benzo-4-hydroxy
carbostyril(XXI) and compound(XXII). According to these
workers the formation of compound(XXII) took place by the

dimerization of the intermediate ketene acid anilide(XX),



A 0 C_.H
~ C
~. I 107
A / ¥ \I‘I b 6 5
™~ XX C 6H5/ c 'R o
XXTIX

Purpose of the Present Investigation:-

Earlier work revealed that acetonitrile and its
monosubstituted nitriles condensed with malonyl chloride
at room temperature to yield 3~substituted—2~chloro—4,6—
dihydroxy-pyridines. Therefore, this worl was thought to
be capable of further extension to the preparation of a
variety of 3-substituted pyridones. Of special interest was the
preparation of 3-halogeno-2-chloro-%4,6-dihydroxy-pyridines
by condensing halogeno acetonitriles with malonyl chloride.
Stoll17 condensed fluoroacetonitrile with malonyl chloride
in order to get 2-chloro-3-fluoro-4,6-dihydroxy-pyridine,
but the product could not be identified. Therefore, it was
thought proper to study the condensation of nitriles especially
halogeno nitriles with malonyl chloride in some detail. The
investigation in this field gave some interesting results which

are reported.
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CHLPTER 2,

The reaction of chloroacetonitrile and malonyl chloride:-

The mixture of chloroacetonitrile and malonyl chloride
was kept at room temperature for three days. The product
after triturating with a mixture of ether and dioxan was
crystallized from ethyl alcohol. The colourless crystalline
product was seen under the microscope of the Xofler hot stage
melting point apparatus to consist of a mixture of two types
of crystals which melted at 173° and 273-274° respectively.
The low melting component was found to be soluble in chloroform
whilst the high melting component was completely insoluble,
enabling a separation to be achieved. From their molecular
weights and elemental compositions, the molecular formulae of
the chloroform insoluble and soluble components were found
to be C_H_NC1 O and C H4N20120 respectively.

53 5

Compound C5H3C1 NO

The mass spectrum showed its molecular weight was 179,
indicating the presence of an odd number of nitrogen atoms.
In its mass spectrum the relative intensities of the P + 2 and
P + Lk peaks with respect to the parent peak were 65 and 10%
18

respectively, These values are very close to those calculated

for a compound containing two chlorine atoms, The parent peak
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was the base peak which indicated that the compound was
aromatic, The compound gave a faint pink colour (phenolic
test) with ferric chloride, The nuclear magnetic resonance
spectrum of the compound gave a broad band for two OH or NH
groups and a singlet corresponding to one aromatic proton.
In its infrared spectrum there were bands assignable to an
aromatic ring. Its ultraviolet absorption spectrum also
supported the aromatic nature of the compound. These various
observations and its molecular formula suggested that the
compound was 2,3-dichloro-~%,6-dihydroxy-pyridine(I). This
had been expected by analogy with products obtained in the
previous work of Davis, Elvidge and Foster (loc. cit.).

This compound can perhaps exist in four tautomeric forms,

(a) - (d) :-

)
OH OH 1
AN PN e N
CHy(cocl), | ‘____.; ’:?J‘ \‘
i y | o] c1
+ C1CH,CN OH\ €t CQ\N ClHO~ y.
(a) 0 H
li (b) (¢)
e 7 N1
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However, form (d), could be ruled out on the basis of its

nuclear magnetic resonance spectrum which did not show any

signal for a methylene group flanked by carbonyls.
Infrared spectroscopic results for compound(I) are

given in Table 1.

TABLE 1.
cm_1 Agsignment

3279 - 2223 (broad and complex) Chelation or associated NH,
1887, 1786 "substitution pattern”

1656 C=0 stretching

1595';

1548 ) ring stretching

1488 ;

)

1435 )

1351 ) C-0 stretching or O-H

1323 ; deformation

1246 ring vibration or hydrogen deformation.

* KBr disc

The band at 1656 and four bands in the ring stretching

region at 1595, 1548, 1488 and 1435 em™ 1 agree with Katritzky
19

and Jones's data for 2-pyridones. den Hertog and Buurman20

had studied the ultraviolet spectra of 0- and N- methyl
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derivatives of 2,4-dihydroxy pyridine and they found that
the three tautomeric forms had distinct ultraviolet light
spectra. They concluded that 2,4-dihydroxy pyridine was
best regarded as 4~hydroxy-2-pyridone. Therefore, it might
be suggested that compound(I) probably exists as 2,3-dichloro-
L_hydroxy-2-pyridone.

2,3-Dichloro-4~hydroxy-2-pyridone has one free B-position
and there are also nucleus activating groups. Therefore,
some electrophilic substitution reactions could be expected
to take place easily and this was found to be true. The
compound(I) on bromination yielded 5-bromo-2,3-dichloro-4,6-
dihydroxy pyridine(II). Compound(I) was also easily nitrated
to yield 2,3-dichloro-k,6-dihydroxy-5-nitro pyridine(III).
In order to further establish the structure of compound(I)
the compound was treated with phosphor us oxychloride at
about 180°  This reaction yielded 2,3,4,6-tetrachloro-
pyridine(IV) m.p. 38%na very good yield, a compound earlier
described by den Hertog and Schogt21. Thus this last reaction
confirmed chemically the structure of compound( I). With
phosphoru soc Xy chloride at refluxing temperature, compound (T)
vielded a product in a very low vield with ths molecular
formula C_H_C1 _NO. From its mass spectrum and proton magnetic

5273
resonance spectrum it appeared that omne of the two hydroxy
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groups of compound(I) had been replaced by chlorine and
thus the product might have one of the following structures

or their tautomers:-

c1 c1 OH 0
. C1 / C1 7 "¢ C1
I — { or - =
7= e
L P > 14 63 N C
HO\\ch§/,Cl 0/\\\N ClCl\\*Na// Cl CI\\\N 1
' H
(Va) (Vb) H
Neither of these two compounds are known. Infrared spectra

of this compound were talken in carbontetrachloride as well
as in nujol mull but neither showed any absorption in the

region of 1600-1700 cm','1

a characteristic region for pyridones.
This clearly showed the absence of a carbonyl group in the
compound whether in solution oxr in the solid state. There
are many reperts in the literature mentioning that 2-hydroxy
as well as 4-hydroxy pyridines prefer to exist in their
corresponding pyridone forms. If structure (Vb) is assumed
for this compound then it can be argued that due to intra-
molecular hydrogen bonding with the chlorine substituent at
the B-position the compound does not exist in its pyridomne

form but preferentially in the chelated hydroxyform. The

absence of carbonyl absorption militates against structure (va),
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for which there is no reason for presuming assumption of
the hydroxy forn. Therefore, on the basis of its infrared
spectrum (Table 2), the compound appeared to be 2,3,6-

trichloro-4-hydroxy pyridine (Vb).

TABLE 2
c:-m“1 Assignment
3200-2200 Chelation
1592 (Sh,)
1570 (8) C=C and C=N vibration
1540 (Sh.)
1460 (S)
1351 C-C stretching or O-H deformation
1220 ring vibration and hydrogen deformation
1150 |
S=strong Sh = shoulder
CH OH
\ AN cL .o Mo, \Cl
Cci Ci
N SN
o (1) (1171)
180~| poci
(11) 3
AL
Cl
~.C1

‘ (v)
c
1 Nfﬁ;Cl
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Ultraviolet light absorptions of compound(I) and its

derivatives are given in Table 3

TABLE 3.
Compound Max. (mp) (in EtOH) €

(1) 225 Sh. 4700
275 3300

(11) 245 Sh, 3900
282 3550

312 Sh. 650

(III) 245 Sh., , 5000
283 | 3150

355 Sh. 1700

(IV) 232 6300 .
274 sn, 2100

282 3350

289 3100

(v) 231 3900
293 3400

Sh = Shoulder.
Nuclear magnetic resonance spectroscopic results of

compounds (I) and (IV) are given in Table %,
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TABLE L

Compound T Intensity
(1) 3.08 2
(in DMSO) 3.63 1
(IV) 2,63 -
(in CC1 ) -

Multiplicity
broad
singlet
singlet

singlet

Assignment
OH end/or NH
aromatic H
aromatic H

aromatic H

The chemical shift of the B-aromatic proton in

2,3,4,6- tetrachloro - pyridine is lower than the value (3.01)

for the - protons of the unsubstituted pyridine,

This shows

that in this tetrachloropyridine the inductive effect of

chlorine atoms is more pronounced than their mesomeric effects

Compound C H4C12N20 HE

3

From the mass spectrum of this compound its molecular

weight was found to be 178 which according to the nitrogen

rule established the presence of an even number of nitrogen

atoms. The parent pealk in its mass spectrum was the base

peak, indicating the aromatic nature of the compound. The

percentages of the intensities of (P+2) and (P+4) peaks with

respect to the parent peak were 64,9 and 10.2 respectively.

These relative abundances of (P+2) and (P+4) are very close

to the calculated values (65.3, 10.6%) for the compound

containing two chlorine atoms,

The compound also gave a
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faiﬁt phenolic test with ferric chloride. The nuclear
magnetic resonance spectrum of this compound showed a broad
band at a low field for ome OH or NH, a singlet corresponding
to one aromatic proton and another singlet corresponding to
two protons. The chemical shift (1=5.62) for the last
suggested a chloromethyl group attached to an aromatic ring.
The presence of a side chain CH2C1 substituent was also
indicated from the mass spectrum of the compound, as there
was a quite intense peak (49%) at ™/, = 129. The infrared
(Table 5) and ultraviolet absorptions of the compound also
indicated the aromatic nature of the compound. The presence
of a chloromethyl side-chain ruled out the possibility of a
pyridine ring, Therefore, the compound was considered to be
‘A ~pyrimidine one bearing a chloromethyl, one chlorine
substituent, and one hydroxy group. The chemical shift of
the aromatic proton (T, 3.46) indicated that this proton
must be at the meta position to nitrogen atoms. Thus, this
compound appeared to be 2-chloromethyl-4-chloro-6-hydroxy-

pyrimidine or its tautomer(VI). OH

\N /J\
CH2(0001)2+201CHZCN S
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TABLE 5
-1 Assignment
cm
*
3226 - 2220 (very broad and complex) chelated OH
or associated NH
1681 (S) C = 0 stretching
1653 (S) C = N stretching
1595 (S)
ring stretching
1563 (5)
1471 skeletal vibration of nucleus and
CH2 deformation
1437

KB¥ disc, S = strong

The most important bands in this spectrum are at
1681 and 1653 cm-i. Absorptions at these high frequencies
can hardly be attributed to ring vibration because the
derivatives of pyrimidine without amino or hydroxy groups
do not show bands in this region?2 In the present investi-~
gation also 2-chloromethyl-~4,6-dichloropyrimidine(XII) did
not show any band at such a high frequency. However, Short
and Thompson (loc. cit.) found a doublet at 1620 - 1650 for
hydroxy pyrimidines and they assigned the band at higher

freguency to carbonyl stretching and the band at lower

frequency to C = N stretching. Therefore, it appeared from
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its infrared spectrum that the compound(VI) exists in its
keto form.

To prove the assigned structure for the compound’ ¢{VI)
a series of chemical reactions was carried out. This
pyrimidine derivative has a 5- position free, which is further
activated by the presence of hydroxy and chlorine substituents
on the adjacent carbon atoms, substitution was indeed readily
effected. Thus, on chlorination of compound (VI),
2-chloromethyl-%, 5-dichloro~-6-hydroxypyrimidine(VIII) was
obtained. The molecular weight from its mass spectrum was
212 with the expected relative intensities of P, (P + 2),
(P + 4) peaks for a compound containing three chlorine atoms.
Bromination of the compound (VI) however gave a product
containing a higher percentage of bromine and a lower
percentage of chlorine than that calculated for the corresponding
bromo derivative of compound (VI). The nuclear magnetic
resonance spectrum of the brominated product showed two
singlets in the methylene region and no signal for an aromatic
proton, These results indicated that during bromination, in
addition to substitution at 05 partial replacement of the sidg
chain chlorine substituent by bromine took place. Therefore,
for complete replacement of the side chain chlorine substituent
by bromine the product was treated with hydrobromic acid in

acetic acid, which yielded a single compound, 2-bromomethyl-5-
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bromo-4-chloro-6-hydroxypyrimidine(VII). The mass spectrum
molecular weight of this was 300, and the percentages of (p + 2),
(P + 4), (P + 6) with respect to the parent peak were 232, 168,
and 31.2% respectively, in agreement with the calculated
percentages of these peaks for a compound containing two
bromine atoms and one chlorine atom, viz. 228, 159 and 31.2
respectively (loc. cit.). |

When compound (VI) in acetone was treated with sodium
iodide the side chain chlorine substituent was replaced by
iodine, producing 4-chloro-6-hydroxy-2-iodomethyl pyrimidine (IX)
in a very good yield. This iodo compound on treatment with
pyridine gave a crystalline salt, N-(4-chloro-6-hydroxy-
pyrimidyl-2-methyl)-pyridinium iodide(X). Compound (VI),
also with pyridine yielded the corresponding salt (XI). In
both these pyridinium halides the chemical shifts of the
methylene groups are at very lOW';ield due to the positive

charge on the adjacent nitrogen atom.
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With phosphorus oxychloride at refluxing temperature
compound(VI) yielded 2-chloromethyl-4,6-dichloro pyrimidine
(XII) which had low melting point 407 As expected, the
chemical shift of the aromatic proton in compound (XII) is
at lower field (T,2,66) than that of the parent compound
(T, 3.46),

On treating the compound (VI) with morpholine both of
the chlorine atoms were replaced by morpholine groups
producing Lohydroxy-2-morpholinomethyl-6-morpholino pyrimidine
(X111). The nuclear magnetic resonance spectrum of this
morpholino derivative showed that the aromatic proton had a
chemical shift at a considerably higher field (T, 4.72) than
that of the parent compound (VI) (T= 3,46)., The chemical
sﬁift of the four protons adjacent to the nitrogen atom of
the morpholine ring (A) were at T ® 6.3 as compared with
7.;3 for the same protons in morpholiﬁe itself. At first
therefore it was thought that the compound (XIII) might
exist in the zwitter ionic form (XIITa),. To clarify
this point 2,4-dimethyl-6-morpholinopyrimidine (XIIIb)

was prepared, Its n.m.r, spectrum showel one singlet
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at T 4,0 for one eromatic proton, one complex signal
(T = 6.45) from eight proton of the morpholine ring and
two singlets (T = 7.65, 7.80) for two methyl groups.
Therefore, it was concluded that the differences in the
proton chemical shifts between compounds (XIII) . ..
and (VIb)were merely due to the direct attachment of the

moxpholine ring (A) to the nucleus of the pyrimidine.

CH3

/w N~ l | '
0/ B y—H,C [\ —N* A > HOy ﬂ\A /
\ / XIIla © XIITb

Since in compound (VI) the side chain chlorine
substituent could be replaced by bromine, iocdine and
morpholine groups treatment of the compound (VI) with phenyl
hydrazine was examined in the hope of replacing the side chain
chlorine substituent and possibly the ring chlorine substituent
also by phenyl hydrazine groups. The nuclear magnetic
resonance spectrﬁm of the yellow crystalline product showed that

only the side chain chlorine has beer substituted. The most
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interesting feature of this spectrum was that there was no
band for the methylene group. There were two broad bands at
lower field corresponding to the two "enolic" protons.

There was a singlet at 73.65 from the pyrimidine ring proton
and a complex six-proton signal in the normal aromatic

region at 2.7, Moreover the molecular weight of this compound
from its mass spectrum was 248 instead of 250 calculated for
the phenyl hydrazine derivative (XIV), Therefore, on the basis
of its nuclear magnetic resonance spectrum and its mass
spectrum it was concluded that the compound from the reaction
of compound(VI) and phenyl hydrazine was 4-chloro-6-hydroxy-2~
phenyl hydrazono methyl pyrimidine(XV) instead of (XIV), For
the formation of this hydrazome it can be suggested that in

the first step of the reaction 2-chloromethyl-4~chloro-6-
hydroxy-pyrimidine reacted with one molecule of phenyl
hydrazine producing Lk-chloro-6-hydroxy-2~phenyl hydrazine
methyl-pyrimidine(XIV), Then in the second step another
molecule of phenyl hydrazine as hydrogen acceptor reacted with
compound (XIV) oxidizing the latter into its hydrazone(XV).
This oxidizing property of phenyl hydrazine is commonly
experiencedtoward groups which can be easily dehydrogenated.
This structure is further supported by its ultraviolet spectrum
which showed absorption at a wave length of 395 my

(e = 19000) in addition to other
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absorptions at lower wave lengths, This long wave length

absorption is due to the extension of conjugation.

oH

OH

?N o
c:L1 %L + CEH NHNH, — ‘ /Lc -
N H,C1 65 1K\N/ H,,-NH-NH-C cH,

(b) OH (c) (XTIV)

/J (e) (a)(a)
77~ CH == NNHCH +C H_NH, +NH

(xv)

Finally to confirm the structure of compound (VI) it

was decided to convert it into some known compound. For this

purpose the compound (VI) was hydrogenated at atmospheric
pressure and at room temperature in the presence of 10% Pd
on charcoal to get a known compound 4-chloro-6-hydroxy-2-
methyl-pyrimidine. But one molecule of compound (VI)
consumed two mols. of hydrogen to yield 4-hydroxy-2-methyl-
pyrimidine hydrochloride(XVI). The free base from this
hydrochloride was a known compound. Therefore, this

hydrochloride (XVI) was neutralized by 10% sodium hydroxide
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and after acidifying with acetic acid the free base
4-hydroxy~-2~-methyl-pyrimidine(XVII) was extracted with
chlorofornm. The nuclear magnetic resonance spectrum of
this compound (XVII) showed two doublets for two aromatic
protons and one singlet for a methyl group. The mass
spectrum showed its molecular weight to be 110,

Akiva Takamizawa23 reported this compound as melting at
2140 which agreed with the observed melting point of
213.7 - 214.5% L Hydroxy-2-methyl pyrimidine was also
obtained by the reductive dehalogenatioﬁ of l4-chloro-6-
hydroxy-2-methyl pyrimidine obtained from a known route,
The mixed melting point was undepressed and the infrared
spectra of these two samples were identical. Thus, this
last reaction finally confirmed that one of the two products

obtained from chlorcacetonitrile and malonyl chloride is

2-chloromethyl-4-chloro~-6-hydroxy-pyrimidine(VI).
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The nuclear magnetic resonance results

compounds (VI) to XVII are given in Table 6.

TABLE 6
Conmpound T Intensity Multiplicity
Vi 0.69 1 broad

(in CDClB) 3.46 1 singlet

5.52 2 singlet

VII 5.60 singlet
(in DMSO)

VIII 5.48 singlet
(in DMSO)

IX 3.58 1 singlet

(in DMSO) 5.82 2 singlet

X 0.8 2 complex

(in DMSO0) 1.27 1 complex

1.70 2 complex

3.41 1 singlet

3.95 2 singlet

for the

Assignment

OH or NH

aromatic H
..CHz..

_CHZ..

-CH -

aromatic H
-CHZ_
a

c



Compound

XTI

(in DMSO)

XII

(in cc14)

XIIT

(in ch13)

XV

(in DMSO

T
0.85
1.35
1.70
.41

4,10

2,66
5.39

2a 70
3.65
1.90

0.6

|

- b1 -

Intensity Multiplicity

2

1

12

1 N

comnlex
conmplex
complex
singlet

singlet

singlet

singlet

broad
singlet
complex
gsinglet

triplet

complex
singlet
broad

broad

Assignment

a

aromatic H

-CH2-
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Compound T Intensity Multiplicity '~ Assignment
XVI 1.95 1 doublet aromatic H
(in D20+t.BuOH) J = 8C/sec, at CQ
3.29 1 doublet aromatic H
J = 8C/secc. at c5
7.21 3 singlet -CH3
XVII 2.0 1 doublet aronatic H
( (J = 8C/secc. at 04
in D_O+t.BulOH doublet .
2 3-55 1 (] = 8C/sec.) aromatic H
at C5
7.5 3 singlet -CH3

The chemical shift for the proton at C5 in unsubstituted
pyrimidine is 2.63 but in compound (VI) the found value is
3.55. This diamagnetic shift is to be expected because of
a hydroxy group at the ortho position. The chemical shift
of this aromatic proton ‘m all the derivatives of compoupd (V1)
containing the hydroxy group, except for compound (XIII), is
not much altered. But the chemical shift of the aromatic
proton in compound (XII) is 2.667T which is very close to the
value (T 2.63) for the same proton in unsubstituted pyrimidine.

This shows that the chlorine atoms in compound (VI) and

its derivatives have no significant effect on the electron
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distribution in the pyrimidine ring which may be due to a

balance of inductive and mesomeric effects of chlorine.

Ultra-violet spectroscopic

results for compound(VI)

and its derivatives are given in Table 7.

Compound

VI

VIXY

VIIT

IX

X

XIT

TABLE 7

Max. ml

228
282
243
298
240
290
240
295
257
261
268
258
261
267
252
257
263

Sh.

Sh.

Sh.

Sh.

Sh.

k500
3500
4600
8800
3200
3100
5300
6100
3900
k400
3400
6200
6400
5100
3300

3550
2800
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TABLE 7 (Continued)

Compound Maz, my £
XIIT 234 21600
270 8800
XIV 239 7700
2L6 7200
258 5100
Xv 275 3700
293 2600
302 2000
395 1900
XvI 223 6050
268 3000
XVII 220 8000
275 4800

Solvent Ethanol
Sh. Shoulder,
It is interesting to mention here that this new
synthesis of pyrimidine derivatives from malonyl chloride
and chloroacetonitrile is the first direct synthesis of
chloropyrimidines in which the halogen is in an active position.

L
D.J. Brownz‘ had mentioned, "Halogens in the active positions
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can not be introduced in the course of a direct synthesis
nor can they be introduced by halogenation of a preformed
pyrimidine" The only methods previously available for the
preparation of pyrimidines containing halogen in an active
position involved the action of phosphorus halides on the

corresponding hydroxy or mercapto derivatives of pyrimidine.

Attempted reactions of malonyl chloride

and chloroacetonitrile at different temperatures:-

It has been mentioned earlier that Davis and Elvidge
had found that malonyl chloride and some nitriles at 100°
produced bicyclic heterocycles. Therefore, the mixture of
malonyl chloride and chloroacetonitrile was heated at 100°
for one hour. In the end a completely charred material was
obtained from which nothing could be isolated.

The mixture of malonyl chloride and chloroacetonitrile
was also kept at 0° for seven days. But the foregoing two
products i.e., 2,3-dichloro-4,6-dihydroxy-pyridine and
2-chloromethyl-4-chloro~6-hydroxy-pyrimidine were isolated.
The reaction between malonyl chloride and chloroacetonitrile
was also carried out in the presence of nitromethane as solvent
but the products were the same as obtained in the absence of

nitromethane.
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The reaction of malonyl chloride with fluoroacetonitrile:-

Malonyl chloride and fluoroacetonitrile when kept at
room temperature yielded a crystalline product in about 2Lk hours,
The product was purified by crystallization and sublimation
to a colourless compound melting sharply at 193? This
compound gave twice the percentage of nitrogen expected for a
pyridine derivative. The molecular weight of this compound,
determined by mass spectrometry, was 162 instead of 163 for
the corresponding fluoropyridine. The even mass number of
the compouna also confirmed the presence of two nitrogen atoms.
The relative intensity of (P+2) peak (31.8%) with respect to
parent peak showed the presence of one chlorine atom. Parent
peak in the mass spectrum was the base peak indicating the
aromatic nature of the compound, On the basis of its
microanalysis and molecular weight its molecular formula

appeared to be C H401FN20. The nuclear magnetic resonance

5
spectrum of this compound showéd a broad band at a low field
for one OH or NH proton, one sharp singlet corresponding to
one aromatic proton and a doublet at T=4.75 with a coupling
constant of 46 c¢/sec. and the intensity of this doublet was

equivalent to two protons. Therefore, this doublet clearly

indicated the presence of a methylene group attached to a
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fluorine atom, which is responsible for its splitting into

a doublet, and to one aromatic ring. The aromatic mature
of the compound is also indicated from its infrared and
ultraviolet light spectra. The infrared spectrum of this
compound resembled in its general features to that of
2-chloromethyl-L-chloro-6-hydroxy pyrimidine. Therefore,

it can be easily concluded that the product obtained from
fluoroacetonitrile and malonyl chloride is &%-chloro-2-fluoro-

methyl~6-hydroxy-pyrimidine (XVIII) or its tautomer.

CHZ(COC1)2+2FCH20N

This reaction of malonyl chloride and fluoroacetonitrile
completed in a shorter period than that of malonyl chloride and
chloroacetonitrile and moreover, the reaction product was
cleaner also. The nuclear magnetic resonance spectrum of the
crude product was taken to detect the presence of the
corresponding pyridine derivative if there was any, but no
trace of the pyridine derivative could be detected. It seems
that this reaction produced exclusively the pyrimidine

derivative.
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Important features of infrared spectrographic results
of compound(XVIII) are shown in Table 8. |
TABLE 8
cm-'1 Assignment
3120 -~ 2418(very broad) chelated OH or associated NH
1916, 1826 "gubstitution pattern”

1683 - 1641 (s)(broad band) C=0 and C=N stretching

1597 - 1558 (s) ring stretching

1493 skeletal vibration of nucleus
1452 CH2 deformation

1022 - 1008 (s) skeletal vibration of

substituted pyrimidine
(s) = strong
KBr disc.
The broad band at 1683-1641 appears to be a doublet.
In the infrared spectrum of its bromo derivative this band
‘éplitsclearly intc two bands, one at 1675 and the other at
1650 cm-! The band at such a high frequency could not be
explained without assuming the keto form of the compound,
In one of its derivatives %4,6-dichloro-2-fluoromethyl(XX)
1

there was only one single band in this region at 1550 cm .

Therefore, most probably the band at higher frequency is due
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to the lactam C=0 group. Thus, the infrared spectrum of
the compound(XVIII) supported the oxo form.

A series of chemical reactions was carried out to
establish the structure of compound (XVIII). Its free
B-position is susceptible to electrophilic substitution.

Cn bromination compound (XVIII) gave 5-bromo-i-chloro-2-
fluoromethyl-6-hydroxy-pyrimidine(XIX). The molecular
weight of this bromo derivative from its mass spectrum was
240. The percentages of (P+2) and (P+4) peaks with respect
to parent peak were 131 and 33.5 respectively,vand these
values are very close to the calculated values for a compound
containing one chlorine and one bromine atom,

With phosphorus oxychloride at refluxing temperature
compound {(XVIII) gave 4,6-dichloro~2~fluoromethyl-pyrimidine(XX).

L-Chloro-2-fluoromethyl-6-~hydroxy-pyrimidine was
hydrogenated at atmospheric pressure and room temperature,
This reductive dehalogenation yielded the hydrochloride of
4-hydroxy~2-methyl pyrimidine(XVI) which on neutralization
with sodium hydroxide gave L-hydroxy-2-methyl-pyrimidine(XVII,
m.p. 214°), the same compound as obtained from the hydrogenation
of 2-chloromethyl-4-chloro-6~hydroxy-pyrimidine. The mixed

melting point was undepressed. The infrared and nuclear
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magnetic resonance spectra of these two samples of
L-hydroxy-2-methyl pyridine were identical. Thus the
formation of 4-hydroxy-2-methyl~pyrimidine substantiated
the structure(XVIII) of the compound obtained from
fluoroacetonitrile ana malonyl chloride.
L-Chloro~2-fluoromethyl-6-hydroxy-pyrimidine
reacted with only one mol. of morpholine yielding
2-fluoromethyl~6~hydroxy-£~-morpholino~pyrimidine(XXI).
The fluorine substituent unlilte the side chain chlorine of
compound(VI) was unreactive towards morpholine. In this
morpholine derivative(XXI) also the chemical shift of the
aromatic proton was found to be T=4.62 comparable to the

chemical shift of the same proton in morpholine derivative(XTIII).
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The condensation of fluoroacetonitrile énd malonyl
chloride was also carried out in the presence of nitromethane.
The reaction yielded the same compound (XVIII) in the same
vield as it was obtained in the absence of nitromethane.

This reaction of malonyl chloride and fluoroacetonitrile

was also attempted at 1002 After heating the mixture of

malonyl chloride and fluoroacetonitrile at 100° for about

twenty minutes a dark red solid product was obtained. This
product was found to be L-chloro-2-fluoromethyl-6-hydroxy-
pyrimidine (51%), the compound obtained from the reaction

carried out at room temperature. However, it was found that

the best yield (65%) of the compound (XVIII) was obtained

from one mol, of malonyl chloride and two mols, of
fluoroacetonitrile kept at room temperature for twenty-four hours.

Nuclear magnetic resonance results of compound (XVIII)

and its derivatives are given in Table 9.
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TABLE 9
Compound Intensity Multiplicity Assignment
XVIII 1.50 1 broad OH or NH
(in dioxan) 3.55 1 singlet aromatic H
4,75 2 doublet -CH2~F
(J=46 c/seC.)
XIX 1.16 1 broad OH or NH
* (in dioxan) L,7b 2 doublet ~CH,-F
(J=46 “/sec.)
XX singlet aromatic H
(in cnc13) 2,60 1 donblet «cﬂénr ‘
hW-52 2 (J=46.5 ©/sec.)
XXI L,6L 1 singlet aromatic H
(in cnc13) L, 81 2 doublet —CH2-F
(3=%6.5 “/sec.)
6.34 L complex ) b and ¢
6.42 L complex

Ultraviolet spectroscopic results of compounds

XVIITIto XXX are shown in Table 10,

TABLE 10

Compound MaX.my €
XVIII 228 5500
281 4200
XIX 241 2600
292 3400
XX 209 5800
256 5600
XXT 239 10650
269 7050

Solvent-Ethanol.
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The reaction between bromoacetonitrile and malonyl chloride:-

A mixture of malonyl chloride and bromoacetonitrile,
when kept at room temperature for two days, gave a red
crystalline product. This, on crystallization from
methanol yielded colourless fine needles, The molecular
weight, from the mass spectrum, was 222 showing the presence
of an even number of nitrogen atoms. The percentages of the
intensities of the (P+2) and (P+4) peaks (131.5 and 32.8%
respectively) with respect to the parent peak showed the
presence of one chlorine atom and one bromine atom. The
moléecular formula of this compound calculated from the

microanalytical results and mass spectrum was HqBrC1N20.

‘s
The proton magnetic resonance spectrum showed a singlet for
an aromatic proton and a singlet for a methylene group. Its
infrared and ultra violet spectra resembled those of pyrimidine
derivatives. Therefore, it was concluded that this new
compound was 2~-bromomethyl-4-chloro-6-hydroxy pyrimidine(XXII).
This was confirmed by bromination which yielded 5-bromo-2-
bromomethyl-4~chloro-6-~hydroxy-pyrimidine(VII). The

infrared and nuclear magnetic resonance spectra of the product

were identical with those of compound(VII) obtained by the

bromination of compound(VI), and the mixed melting point was
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OH
undepressed.
Br/\\N
CH, (coCt ) + 2BrCH CN —> u\\N‘//
““CH,Br
Cl\\\N,/”‘CH Br 2
(XXIT) (VII)

Inmportant absoxptions km Ihe smswrared spactrum of

conmpound(XXII) are given in Table 11.

TABLE 11.
* -1 .
cm Assignment

2700 -~ 2000 (very broad) Chelation or associated NH

1920, 1840 "substitution pattern"
1665 (s) C=0 stretching
1630 (sh.) C=N sgtretching
1590 |

ring stretching

1550 |
1440 (sh.) CH, deformation
965 ring vibration

*
Nujol mull
8 = strong

sh.= shoulder
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All efforts to detect the presence of a bromo-derivative
of pyridine failed, Thus the reaction of bromoacetonitrile
and malonyl chloride appeared to yield exclusively the
pyrimidine derivative, This difference from the behaviour
of chloroacetonitrile remains unexplained.

The reaction of iodoacetonitrile with malonyl chloride:-

This reaction yielded a very dirty product which
contained some free iodine. However, after being washed
and triturated with different solvents the product was obtained
as a brown substance which on crystallization from ethanol
gave colourless fine needles (m.p. 233-234°), The molecular
weight of this product from its mass spectrum unexpectedly
appeared to be 144 and the parent peak in the mass spectrum
was the base peak. Thus from its mass spectrum it appeared
that the compound was an aromatic, containing one chlorine
atom but without iodine. Its molecular formula from its
mass spectrum and microanalysis was CSHSCINzO. The proton
magnetic resomnance spectrum showed a singlet corresponding
to an aromatic proton and another singlet (T =7.52) corresponding
to three protons indicating the presence of a methyl group

attached to an aromatic ring. The infrared and ultraviolet

spectra of this compound in their general features resembled
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those of pyrimidine derivatives. Therefore, from its
molecular formula and from its spectroscopic properties the
compound appeared to be L~chloro-6-hydroxy-2-methyl~-pyrimidine
(XX1II). This was a known compound and its melting point

25’26 o 27

© and 231.5-232°

had variously been reported as 233
This compound was therefore prepared by the known route,

L 6-dihydroxy-2-methyl pyrimidine(XXIV) was obta:i.ned26 from
acetamidine hydrochloride and diethyl malonate, and then treated
with phosphorus oxychloride to yield 4,6-dichloro-2-methyl-
pyrimidine(XXV).25 Hydrolysis of the last gave 4-chloro-6-

hydroxy-2-methyl-pyrimidine,

c1
(CoC1.) c ’//4§§>N
CH,(CoC1,) + 2ICH,CN :>‘L\\K¢§J\ |
HO
en,
NH,_ .HC1
.HBC,C’/ 2
AN caz(cozEt)g*"5>

HO
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The mixed melting point was undepressed and infrared spectra of
the two samples were identical. Therefore, it is quite
evident that in the reaction of iodoacetonitrile and malonyl
chloride reductive deiodination took place at some stage
producing compound (XXIII). It has been found in this
investigation that 4-chloro-6-hydroxy-2-iodomethyl-pyrimidine
(VIII) is a quite stable compound. Therefore, it is not
likely that the reductive dslodination took place after the
formation of compound (VIII) but at some stage before that.
Such reductive deiodination is not uncommon in the literature
of iodo compounds.

Reaction of G-bromo-propionitrile with malonyl chloride:-

A nixture of malonyl chloride and Q-bromo-propilonitrile
gave a yellow crystalline product which on crystallization
yielded colourless needles, The molecular formula of this
compound from its molecular weight and microanalysis appeared
to be 06H6 BrClNzo. The nuclear magnetic resonance spectrum
gave one singlet for one aromatic proton, one quartet
corresponding to one proton and one doublet corresponding to
three protons. The chemical shift of the quartet suggested

that the proton was attached to a carbon atom bonded to

(1) an aromatic ring, (2) one halogen atom and (3) one methyl
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group. Thus the nuclear nagnetic resonance spectrum
indicated the presence of one aromatic proton and a

side chain -CH(Br)CH In the mass spectrum the parent

3°
peak corresponded to a mass number of 236 confirming the
Presence of an even number of nitrogen atoms, The

presence of one chlorine and one bromine atom was also
confirmed from the relative intensities of the (P+2)

and (P+4) peaks with respect to the parent peak. Its
infrared and ultraviolet spectra also indicated that the
compound was a pyrimidine derivative. Therefore it was
concluded that the compound was 2-(G—bfomoethyl)-4-chloro-6-
hydroxy pyrimidine (XXVI). The formation of this pyrimidine
derivative from O-bromopropionitrile and malonyl chloride

showed that the reaction does not require the presence of

a cyanomethylene group in the nitrile component.

OH
! §§J (b) (e)
- CH - CH
CIN Er 3

XXVI
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The reaction of dibromoacetonitrile with malonyl chloride:-

This reaction gave a reddish brown solid product
which on crystallization from ethyl alcohol yieldgd
colourless fine needles (m.p. 194 - 195°). Its molecular
weight from its mass spectrum was found to be 222 instead
of 300 calculated for the expected 2-dibromomethyl-4-chloro-
6-hydroxy-pyrimidine. Moreover, the relative intensities
of the (P+2) and (P+4) peaks with respect to the parent
peak were 132 and 32.5% respectively showing the presence
of one chlorine atom and only one bromine atom. From the micro-
exalyasis and nass spectrum the molecplar formulg appeared
to be C5H4Br01N20. The nuclear magnetic resonance spectrum
of this compound showed a singlet for one aromatic proton
and a singlet corresponding to two protons from a
bromomethyl substituent. The chemical shifts of the
aromatic proton and methylene protons were exactly the same
as those found for 2-bromomethyl-4-chloro-6-hydroxy-pyrimidine
(XXII), obtained from bromoacetonitrile and malonyl chloride.
The infrared spectrum of this compound and that of compound
(XXII) were éxactly the same. The mixed melting point was
undepressed. Therefore, it was concluded that the compound

obtained from dibromoacetonitrile and malonyl chloride was
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2-bronmomnethyl-4-chloro-6-hydroxy~pyrimidine. This reaction
was repeated several times but each time the same compound
(XXII) was obtained. Since the product obtained was quite
unexpected, therefore, it was considered necessary to check
the purity of the dibromoacetonitrile employed. The nuclear
magnetic resonance spectrum of this nitrile showed only one
singlet with a chemical shift of 74.15, quite different from
that of the methylene protons of bromoacetonitrile (7T =6.2).
Microanalytical results upon the dibromoacetonitrile were

the final proof of its purity. Therefore, it is quite
obvious that at some stage reductive debromination took
place. Malonyl chloride has a very reactive methylene group
which is susceptible to easy halogenation. On this basis
it can be suggested that dibromoacetonitrile might have
brominated malonyl chloride into bromomalonyl chloride,
dibromoacetonitrile being itself reduced to bromoacetonitrile,
Bromoacetonitrile, thus produced, reacted with the unreacted
malonyl chloride producing compound (XXITI). In the present
investigation it has been found that the reaction of bromo-
malonyl chloride with the nitriles producing pyrimidine
derivatives was very slow in comparison to that of malonyl

chloride with nitriles. Therefore, the bromomalonyl chloride
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thus formed, had very little chance of reacting with the
bromoacetonitrile. Again, it might be assumed that the
bromination of malonyl chloride and the reaction of malonyl
chloride with bromoacetonitrile took place simultaneously
and the rates of these two reactions are comparable.
Moreover, it has been found that if the malonyl chloride was
taken in excess a better yield of pyrimidine resulted. This
suggested that some of the malonyl chloride was being
consumed in some side reaction. If this suggestion of
bromination of malonyl chloride was correct, then the presence
of bromo malonyl chloride in the reaction product should be
capable of demonstration. Therefore, it was decided to
subject the product to gas liquid chromatography. For

this purposc some methanol was added to the reaction product
to convert the acid chlorides into their methyl esters.

The resulting sample when injected onto a column of 10%
carbowax 1000 in thePye-Argon Ghromatograph at 125? gave a
chromatograr: showing five peaks. Four of these peaks were
sharp but the fifth was & broad. An authentic sample of
methyl bromomalonate also gave a broad peak corresponding

to the fifth broad peak in the chromatogram of the

reaction product. But the shapes of these two broad peaks
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were not satisfactory. Usually compounds having electro-
negative groups give such trouble in the Pye-Argom Chromato-
graph. Hence the Flame Ionization Chromatograph was employed
using a 10% carbowax 1000 column at 145°, The chromatogram
of the reaction product then showed six peaks (four sharp and
two broad). Four of these six peaks corresponded to the
four sharp peaks of the previous chromatogram. But the
fifth broad peak in the chromatogram from the Pye-Argon
Chromatograph seemed to split into two broad bands in the
chromatogram obtained from the Flame Ionization Chromatograph,
Chromatograms of authentic methyl bromomalonate also showed
two broad bands. But it was found that the chromatograms
with respect to these two broad bands were not consistent.
These two broad bands differed in their relative intensities
and in relative retention times in different chromatograms
taken on the same Flame Tonization Chromatograph under
similar conditions. Therefore, it was concluded that methyl
bromomalonate was undergoing some chemical changes in the
presence of the hydrogem at such a high temperature, Lastly
the Gas Density Balance Chromatograph was found to be the
best one for this purpose, Again a 10% carbowax 1000 column

at 140o was used. The chromatogram of the product showed
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five very sharp peaks. All these corresponded in their
relative intensities and relative retention times to those

of the chromatograms obtained from the Pye-Argon Chromatograph.
The chromatograms of authentic methyl bromomalonate showed
only one sharp peak which exactly corresponded in its

. retention time to the fifth peak of the chromatogram of the
reaction product. Then a small amount of authentic methyl
bromomalonate was mixed with the reaction product. In the
chromatogram of this mixture the relative intensity of the
fifth peak was almost double that in the original chromatogram in
its shape and retention time being unaltered. In the same
way two more peaks were also identified. The second peak

was due to methyl bromoacetate and the third one to

dimethyl malonate. Authentic methyl dibromomalonate was

also injected but it decomposed on the column giving a broad
band. Thus, gas liquid chromatography proved the presence

of bromomalonyl chloride in the reaction product. Therefore,
the suggestion that dibromoacetonitrile had brominated the

malonyl chloride seemed a sound one.

CHZ(COGD2+Br20HCN —_— BrCH(COCl) +BrCH,
CH,, c001
’iOH

P

c1 = CHBr
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Reaction of malonyl chloride with dichloroacetonitrile

and trichloro acetonitrile:-

The mixture of malonyl chloride anéxdichloroacetonitrile
was kept for several days. A dark red thick syrupy mass was
obtained from which no solid material could be isolated.

Similarly no pyrimidine was isolated from

trichloroacetonitrile and malonyl chloride.

The reaction of B-chloropropionitrile with malonyl

chloride:~

The mixture of B-chloropropionitrile and malonyl
chloride when kept at room temperature for five days gave a
dirty red crystalline product. This was crystallized from
ethanol to give colourless crystals. The nuclear magnetic
resonance spectrum of this compound showed a singlet for one
aromatic proton, a singlet corresponding to two protons, a
quartet for two protons and a triplet corresponding to three
protons. The chemical shifts of the quartet and triplet
suggested the presence of an ethoxy group. The chemical shift
of the singlet corresponding to two protons suggested that it
might be a methylene group linked on one side with an

aromatic ring and on the other side with an oxygen atom.
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In the corresponding pyrimidine derivative which can be
expected from this reaction, there must be a side chain of
CH2CH201 which must give two triplets for the two methylene
groups, but instead of that the presence of a singlet
corresponding to a methylene group suggested that the compound
was a pyridine derivative. The empirical formula of this
compound was found to be C8H1601N03 which ruled out the
possibility of a pyrimidine derivative. Its infrared
spectrum resembled in general features those of pyridine
derivatives. Thus from its molecular formula and its nuclear
magnetic resonance spectrum it was concluded that the primary
product from malonyl chloride and B-chloropropionitrile was
2-chloro-3-chloromethyl-4,6~dihydroxy pyridine(XXVII), but
that during crystallizatién it had evidently reacted with
ethyl alcohol. The side chain chlorine substituent was
thereby replacelby an ethoxy group, to give 2-chloro-3-ethoxy
methyl-4,6-dihydroxy pyridine(XXVIII). The reaction of
B-chloropropionitrile and malonyl chloride was therefore
repeated and this time the product was crystallized from
acetone. The nuclear magnetic resonance spectrum of the
crystalline product in DMSO showed a singlet for an aromatic

proton and a singlet for two protons of a methylene group
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indicating that the compound had structure (XXVII). To make
sure that in its nuclear magnetic resonance spectrum there

were no signals at higher field, the spectrum was also taken

in pyridine solution. But surprisingly this spectrum showed
only one singlet for an aromatic proton and there was no

signal from the protons of a methylene groupe.

Therefore, with pyridine, salt-formation was suspected.
Pyridine was removed completely under reduced pressure and

the solid residue was crystallized from ethanol. The

nuclear magnetic resonance spectrum of this compound in DMSO
showed the presence of a pyridine ring and a singlet corres-
ponding to one proton. In the pyridine region the integration
showed the presence of seven protons,. Therefore, it seems
that the chemical shift of the two protons of the methylene
group being adjacent to a positively charged nitrogen atom,

is comparable to that of the pyridine protons. The empirical
formula of this compound was found to be

c _H Ci1 N_O

111077 27272°
chloride ion. Therefore, this salt appeared to be

This compound gave a positive test for

N-(2-chloro-4,6-dihydroxypyridyl-3-methyl)pyridinium chloride
(XxXIX) . An analytically pure sample of compound (XXVII)

could not be obtained probably because the side chain chlorine
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substituent was highly reactive, (e)
OH H o) (e)(a)
AN CHZ.Cl (2) \ CH‘?I.C)CHZCH3
CH, (COC1) ,+C1CH,CH,CN T —_— I/ o
HO ~Cl HO '
ﬁ\N (e) 7 xxvirz
3 XXVII

- ELS

U0k

XIX

The reaction of malonyl chloride with B-bromopropionitrile:-

The product obtained from this reaction was crystallized
from acetone. The nuclear magnetic resonance spectrum of
this product showed the presence of one aromatic proton and
a bromomethylene group. The main features of the infrared
spectrum resembled that of compound(XXVII). This compound
also reacted with ethanol yielding the same compeund (XXVIII)
as obtained by the action of ethanol on compound (XXVII).
Both the samples of compound (XXVII) gave identical infrared
and nueclear magnetic resonance spectra and the mixed melting-
point was undepressed. The compound also reacted with

pyridine yielding the corresponding pyridinium bromide (XXXI).
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The nuclear magnetic resonance spectrum of this pyridinium
bromide showed three complex bands for five protdns of an
unsubstituted pyridine ring. Due to a positive charge on
the nitrogen atom the chemical shifts of the protons of the
unsubstituted pyridine ring were at very low fields as
compared to those of pyridine itself. The spectrum also
showed one singlet for the aromatic proton of the substituted
pyridine ring and a singlet for two protons of the.methylene
group at an unusually low field (T = 3.95). Thus, though
the product from @g-bromopropionitrile could not be obtained
in analytically pure formg fhe spectroscopic results and the
formation of the two derivatives (XXVIII) and (XXXI) were
quite stropg indications that the compound was 3-bromomethyl-

2-chloro-4,6-dihydroxypyridine (XXX).

OH
OH as0s Xy CH,0CH, CH,
\\ CHM l
! : HON =~ ©1 XXVIIT
HO 722 TNy
N .
o F om (a) (B) -

XX

)
(o) /
()" _cH 7 \c) Br™

e \-—*
N

HO
ZXXI
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In both the reactions of malonyl chloride with
B-chloropropionitrile and B-bromopropionitrile the presence
of pyrimidine derivatives could not be traced. Therefore,
apparently both these reactions produced exclusively
pyridine derivatives,

The infrared spectral characteristics of

compound (XXX) are given in Table 12.

TABLE 12
* cm-'1 Assignment
2800-2000 Chelation and/or associated NH
1640 (s) C=9 stretching
1600 (s)]
1562 (w) C=C and C=N vibration
1482
1430 i
1220 (s) 1030 Ring vibration and hydrogen
deformation

* Nujol mull

(s)=strong, (w)=wealk.

Nuclear magnetic resonance data for compounds XXII,

XXITIT, XXVI-XXVIII, XXX and XXXTI are given in Table 13.
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TABLE 13
Compound T Intensity Multiplicity Assignment
XXII 3,46 1 singlet | aromatic H
(in DMSO0) 5,63 2 singlet -CHZ—Br
XXIIT -L 1 broad OH or NH
(in 00013) 3.61 1 singlet aromatic H
7.50 3 singlet --CH3
XXVI 3.5 1 singlet aromatic H
(in CDClB) 5.08 1 quartet ()
(J=7 c/sec.)
7.95 3 doublet (c)
(J=7c/sec.)
XXVIT 3.8 1 singlet aromatic H
(in DMSO) 5.31 % singlet ~CH,-C1
XXVIII -3.57 2 broad (e)
(in pyridine) 3.47 1 singlet (a)
5.13 2 singlet ()
6.32 2 quartet (c)
(J=7c/sec.)
8.77 3 triplet (d)

(J=7c./sec.)



Compound
XXIX

(in DMSO)

XXX
(in DMSO)
XXXI

(in DMSO)

Ultraviolet absorptionsof compounds

"301

1-300

3.75

3.88

1.65
3.65
4,15
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TABLE 13 (Continued)

Intensity
2

7

2

Multiplicity
singlet

conmplex

ginglet

singlet
singlet
complex
complex
complex
singlet

singlet

XXVII and XXX are given in Table 1&.

Agsignment

OH or/and NH
unsubstituted
pyridine

protons + CH

protons 2

substituted
pyridine
proton
aromatic H
-CH2Br

(a)

(c)

(b)

(d)

(e)

XXIT , XXIII, XXVI,



Compound

(in

(in

(in

(in

(in

XXTI
ethanol)
XTI
ethanol)
XXVI
ethanol)
XVIT
dioxan)
XXX

dioxan)
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TABLE 14

A max. (mp)
232
288
226
279
232
288
2Lk
268
245

270

5300
4500
6300
5000
3400

3000



CHAPTER 3

The reaction of malonyl chloride with acetonitrile:-

Davis et, al? had reported that the reaction
of malonyl chloride with acetonitrile yielded a
compound melting at 233? They also reported its
molecular weight to be 146, the chlorine content as

24,.45% and the molecular formula HéclNOZ. They

C
5

concluded that this compound was 2-chloro-%4,6-dihydroxy-

pyridine (X)XII).

CH

H H
CH,(coC1), + CH,CN — ~

1
HO N/ (o]

LXHIT



- 75 -

In support of this structure they had mentioned that Schroeder
and Finck28 had earlier reported this compound as melting

at 233°. No nuclear magnetic resonance spectrum was reported,
this work having been completed before the advent of that
technique. In the present investigation it was found that
some substituted acetonitriles condensed with malonyl chloride
to yield pyrimidine derivatives as well as pyridines.
Therefore on the basis of these newer results it became possible
that the product from acetonitrile and malonyl chloride

might be 4-chloro-6-hydroxy-2-methylpyrimidine. This
pyrimidine derivative had also been reported in the literature
and has been obtained in the present investigation from the
reaction of iodoacetonitrile and malonyl chloride. This
pyrimidine derivative melts at 2330, its molecular weight is
145 and the percentage of chlorine is 24,5, Consequently it
can be concluded that the data about this product given by
Davis et al. was insufficient to decide whether the product
obtained from this reaction was actually 2-chloro-%4,6-dihydroxy-
pyridine as reported or was it L_chloro-6-hydroxy-2-methyl-
pyrimidine. Therefore, it was decided to reinvestigate the
reaction. The mixture of malonyl chloride and acetonitrile
yielded, after 3 days, a product which on fractional
sublimation gave two compounds melting at 135o and 233O

respectively.
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The molecular weight of high melting compound was
found to be 144 from its mass spectrum which showed the
presence of an even number of nitrogen atoms; The relative
intensity of the (P+25 peak with respect to the parent peak
indicated the presence of one chlorine atom, Its molecular
formula calculated from the analytical results and mass
spectrum was C5H501N2°' Its nuclear magnetic resonance
spectrum showed one singlet for an aromatic proton and one
singlet corresponding to three protons indicating the presence
of one methyl group. The infrared spectrum of this compound
and that of authentic l4-chloro~6-hydroxy-2-methyl-primidine were
exactly the same, The mixed melting point was undepressed,
Thus the product obtained from acetonitrile and malonyl
chloride appeared to be h-chloro-6-hydroxy-2-methyl-pyrimidine
instead of 2-chloro-4,6-dihydroxy-pyridine.

The empirical formula of the low melting compound was

found to be C6H30105 and its nuclear magnetic resonance spectrum

showed a very broad band at a very low field (T = -4) and
a singlet T.= 3;58 for one proton, The infrared spectrum
of this compound showed absorptions for C=0 groups. Therefore

the compound appeared to be 6-chloro-4-hydroxy-2-oxopyran-3-

carboxylic acid(XXXITI). This compound is a known one:
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comparison of the observed light absorption spectrum

with that reported in the literature (loc, cit.) indicated
that the compounds were the same; Evidently, acetonitrile,
being a weakly basic compound; induced self condensation of
malonyl chloride to the pyrone acid chloride which hydrolysed
to the pyrone acid (XXXIII) during work-up, Elvidge, Davis
and Foster (loc. cit.) also had reported the isolation of
this pyrone acid from the reaction of gw~dinitriles with

malonyl chloride,
: Cl,//((\OH
2
| |
COCH
\g/

XKIIT

Davis and Elvidge (loc, cit.) had earlier reported
that acetonitrile and malonyl chloride at 100° yielded
chloropyranooxazines through the formatiom of the pyrone acid
chloride as intermediate, It secems that at room temperature
ir. this reaction the self condensation of malonyl chloride
into pyrone acid chloride, and the reaction of malonyl chloride
with acetonitrile producing the pyrimidine derivative take
place simultaneously,. But the second step in the formation

of a pyranooxazine either does not take place at all or is
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very slow in comparison to the rate of reaction of malonyl
chloride with acetonitrile leading to the formation of the

pyrimidine derivative,

The reaction between malonyl chloride and propionitrile:-~

Davis et. al. (loc. cit.) had reported that propionitrile
reacted with mzlonyl chloride and produced 2-chloro-4,6-
dihydroxy-3-methyl pyridine(XXXIV). The structure of this
pyridine derivative was proved with the aid of chemical
transformations, After getting the pyrimidine derivative from
acetonitrile in this investigation it was considered proper to
reinvestigate this reaction of propionitrile with malonyl
chloride in order to obtain the corresponding pyrimidine
derivative, if it was present;‘ The product obtained from
this reaction gave a swmall amount of a sublimate at 1400—1500/
10m,.m, The main bulk of the product which remained unsublimed,
on crystallization from methanol yielded 2-chloro-4,6-dihydroxy-
3-methyl pyridine as reported by Davis et. al, The structure
of this pyridine derivative was further confirmed by its mass
spectrum and nuclear magnetic resonance spectrum, Its
molecular weight from the mass spectrum was 159, confirming
the presence of one nitrogen atom,. The relative intensity of

the (P+2) peak (32%) with respect to the parent peak showed



the presence of one chlorine atom. Its nuclear magnetic
resonance spectrum showed a broad band for two OH or NH
protons, one singlet for one aromatic proton and a singlet

at T=8;b7 correspanding to three protons, showing the presence
of a methy; group. Thus its nuclear magnetic resonance and
mass spectrum fully supported the reported structure for this
compound,

The sublimate crystallized from ethanol as fine
colourless crystals, Its molecular weight from the mass
spectrum was 158, indicating the presence of an even number
of nitrogen atoms, On the basis of its microanalysis and its

mass spectrum its molecular formula appeared to be C6H ClNZO.

7
The nuclear magnetic resonance spectrum showed a singlet for
an aromatic proton, omne quartet corresponding to two protons
and one triplet from three protons, The presence of a
gquartet and a triplet, and their chemical shifts, clearly
indicated the presence of an ethyl substituent. The infrared
spectrum showed the main absorptions at 1690, 1650, 1590 and
1550 cm'-1 resenbling those of pyrimidine derivatives;
Therefore, on the basis of its microanélytical results and

spectroscopic studies this compound appeared to be 4-chloro-2-

ethyl-6-hydroxypyrimidine (3CTV) .
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cH

~ CH,

A
CH,, (COC1) o+CH ,CH on " ¥

3 2 XXXIV

OH

AN} \N

Cl P
7 CH20H3

XXV

Thus this reaction yielded & mixture of pyridine and pyrimidine
derivatives but the main bulk of the product was the previously

reported pyridine derivative,

The reaction of butyronitrile with malonylchloride:-

Davis et. al., (loc. cit.) had reported the reaction
of yY-chlorobutyronitrile with malonyl chloride yielding
2-chloro-3-2'-chloroethyl-4,6-dihydroxypyridine, but the
reaction with the unsubstituted butyronitrile was not examined
by these workers. Therefore, to complete this series the
reaction of malonyl chloride with butyronitrile was

investigated, The product obtained from this reaction
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appeared to be a mixture of at least two compounds, By
repeated fractional crystallization from ethanol two compounds
werc isolated, one of them (in a small quantity) was low
melting (171°) and the other which constituted the main bulk
of the product, was high melting (>300°); The composition
of the low melting compound appeared to be 06H9C1N20 and the

composition of the high melting compound was calculated as

C7H8C1N02.

Compound C7H9C1N20:—

The nu#éyar nagnetic resonance spectrum of this
compound showed a very broad band for one OH or NH proton,
a singlet for am aromatic proton, a triplet corresponding to
two protons, a sextet equivalent to two protons and one
triplet for three protens, The splitting and the chemical
shifts of the last three signals showed the presence of a
n propyl substituent; The aromatic nature of the compound
was also indicated from its infrared and ultraviolet spectra;
This compound was quite stable towards alcohols and water
which excluded the possibility of a bicyclic pyrano oxazine
structure. Thus, this compound appeared to be 4-chloro-6-
hydroxy-2-propylpyrimidine(XXXVI). In order further to

establish the structure of this compound it was treated with
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morpholine which yielded 6-hydroxy-4-morpholing-2~propyl-

Pyrimidine (XXVII), established by spectroscopic studies.,

Compound C7H801N02:-

Its nuclear magnetic resonance spectrum showed the
presence of two protons of OH and/or NH groups and one
aromatic proton. In addition to these two signals there was
one quartet and one triplet corresponding to two and three
protons respectively showing the presence of an ethyl group,
Twe infrared spectrum of this compound resembled those of
pyridine derivatives, Thus the compound appeared to be

2-chloro-3-ethyl-4,6~dihydroxypyridine (XXXVIII),

OH
\\\ CHZCH3

CH,, (COCL / l
H, ( 0 P HON_ -~ C1

CH,,CH,_CH_CN
gCECHy \ XXXVIII

OH OH
‘N \\\ ﬁgrpholing N \\\

© o (@ ” @ oy e |l
G H G H O P B e M, 0 N g~ N

3 272 \ /

IXXVI XKXXVIT
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The reaction of malonyl chloride with ethylcyano-acetate:-

This reaction has also been reported by Davis et, al.

(loc. cit.,) to yield 2-~chloro-3-ethoxy carbonyl-#4,6-dihydroxy

pyridine(XXIX . The structure of this compound had been
confirmed by its chemical transformation, This reaction

was also reinvestigated and a search made for the corresponding
pyrimidine derivative. The product on crystallization yielded
a single compound (m.p.21§°)which was found to be the same
pyridine derivative as reported by Davis et. al. However,
this structure was further confirmed by its nuclear magnetic

resonance spectrum (Table 16), not reported carlier.
oH

/// iCOQCHQCHg

HO \Iq) c1

KXKIX

The reaction of malonyl chloride with isobutyronitrile:-

The mixture of isobutyronitrile and malonyl chloride
when kept at room temperature did not produce any solid
product during several days, but on heating the mixture at
60° it yielded a very dirty solid, On repeated crystallization

from ethyl acetate this afforded fine light yellow needles,
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The nuclear magnetic resonance spectrum (in DMSQ) showed a
singlet for an aromatic proton and a doublet corresponding to
six protons. This doublet is obviously due to the two methyl
groups of an isopropyl substituent, The signal due to the
single proton of the substituent could not be observed because
of the strong signal from the solvent and the side bands,
There were two possible products from this reaction, either

a pyrimidine derivative(XL) or the pyrano oxazime(XLI).

OH
AN

CIN_ &~ CH(CH3),

XL

However, nuclear magnetic resonance could not distinguish

easily between these tvwo structures, The infrared spectrum
showed bands at 3300, 1715 cmj1 The ultra violet light
spectrum showed maximum absorptions at 225, 278 and 333 my.

In their infrared spectra, hydroxy pyrimidines usually show
absorptions at about 1680 cm_1 for carbonyl stretching and in the
ultra violet absorb at about 280 mp.; Thus, the light
absorption spectra of this compound did not favour the

pyrimidine structure. Davis and Elvidge (loc, cit.) had
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found that in the infrared pyrancoxazines showed absorptions

at about 1770-1780 cmf1 Therefore, on this basis structure

(XLI) was ruled out. Moreover, from the microanalysis, the
empirical formula was calculated to be C10H10C1N05 which did

not fit with either of these two structures (XL) and (XLI).
Therefore, it was concluded that most probably the original
product of the reaction was 2-isopropyl-7-chloro-4,5-dioxopyrano-
oxazine(XLI ) and that atmospheric moisture or moisture in

the solvent had hydrolysed the oxopyranocoxazine at the

1,9-bond yielding 3-isopropylamido-carbonyl-4-hydroxy-6-chloro-

2-oxopyran(XLII)

3
Q&\\// CONH—CO-CH(CHB)2

XLII,

Davis and Elvidge (loc. cit.) had reported such a hydrolysis
of 7-morpholino-2-phenyl-oxopyrano-oxazine(XLIII) into

3-benzamidocarbonyl-hydroxy-6~morpholino-2~oxopyran(XLIV)

//WNM\\ ‘ 6H
‘\_/ )

\__/
-C—HH-CO C.H
\\\T g 65

XLITII XLIV
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Infrared avbsorptions of compound (XLII) shown in
Table 15 and its ultraviolet light absorptions are comparable

to those of compound (XLIV ) reported by Davis and Elvidge

(loc. cit.).

TABLE 15
. -1 .
cm Assignment
3300 Sharp Bonded N-H
2800-~2400 Bonded 0-H
1720 (s) C=0 (2,hydrogen bonded)
1690 (s) C=0 (attached to isopropyl
group)
1640 (sh) C=0 (at 3-position, bonded
1590 (s)
1540 (sh.) Cc=C
1525

. A
Hujol mull, s=strong, sh=shoulder,

The nuclear magnetic resonance results for some

compounds are given in Table 16,
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TABLE 16
Compound Intensity Multiplicity Assignment
(solvent)
XXXIV -0,8 2 broad OH and NH
(DMSO) 4,0 1 singlet aromatic H
8.07 3 singlet —CH3
XXV 3,60 1 singlet aromatic H
(CDC13) 7.26 2 quartet ~CH,~
(J=6,8 c/sec.)
8.66 3 triplet —CH3
(J=6.8 c/sec.)
XXXVI ~1.5 1 broad OH or NH
(pyridine) 2 41 1 singlet aromatic H
7.33 2 triplet (a)
(J=7.6 c/sec.)
8.25 2 sextet (b)
(J=7.6 c/sec.)
9,14 3 triplet (¢)
(J=7.6 c/sec.)
XXVII ~3.,25 1 broad OH oxr NH
(CDClS) 4;65 1 singlet aromatic H
6.35 8 complex morpholine ring
protons,.
7.37 2 triplet (a)

(J=7.6 c/scc.)

8.20 2 sextet (b)
(J=7.6 c/sec,)

9.05 3 triplet (c)

(J=7;6 c/sec.)



Compound

(solvent)
XXXVIII

(pyridine)

TXIX

(DMSO0)

XLII

(DMSO0)

T

3.50

7.06

8,70

-Z.5

3,51

5.64

8.71

3,70

8.95
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TABLE

Intensity

16

(Continued)

Multiplicity

broad
singlet
quartet
(J=7;6 c/sec.)
triplet
(J=7.6 c/sec)
broad
singlet
guartet
(J=7;6 c/sec.)
triplet
(J=7.6c/sec.)
singlet
doublet

(J=7;3 c/sec.)

Assignment

OH or/and NH
aromatic H

_CHZ..

--CH3
cH
aromatic H

..CHZ_

-CH=

(CH3)2
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- CHAPTER 4

Reaction between malonyl chloride and p-nitrobenzyl cyanide:—~

Earlier, the reaction of malonyl chloride with benzyl
cyanide had been reported by Davis et, al. (loc. cit.) to
yield 2-chloro-4,6~dihydroxy~3-phenyl pyridine. It was
thought proper to study the effect of electron withdrawing
and electron donating substituent in the benzene ring on the
nature of the products of these reactions; For this purpose
the reaction of p-nitrobenzyl cyanide was first examined;

Since p-nitrobenzyl cyanide was insoluble in cold malonyl
chloride, the mixture of the two was heated at 60°. The

product, on crystallization, yielded bright yellow necedles.

Its molecular weight was found to be 266 from its mass spectrum.
The molecular formula of this compound appeared to be 011H7ClN204;
The nuclear magnetic resonance spectrum of this compound

showed a broad band for two protons of OH and/or NH groups,

two doublets for four protons of a para disubstituted benzene

ring and a singlet for one B-proton of a pyridine nucleus,

The infrared and ultraviolet spectra resembled those of



pyridine derivatives., Therefore, this compound appeared to

be 2—chloro-4,6—dihydroxy—3-(E—nitropheny1)—pyridine(XLV);
(v) (=2)

(C)l XN / \ NG,

H N//’Cl

Reaction between malonyl chloride and p-chloro benzyl cyanide:::

The reaction product afforded a colourless crystalline
compound which from the microanalysis had the composition
C11H7012302. Its nuclear magnetic resonance spectrum showed
a broad ;ignal for two protons of OH and/or NH groups, a
complex band for four protons of a benzene ring and one
singlet for the pProton of a pyridine ring, The structure
of this compound therefore appeared to be 2-chloro-3-
(p-chlorophenyl) -4,6-dihydroxy pyridine(XLVI):

OH

™~ c1

HO Cl

XLVI
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In both these reactions of substituted benzyl cyanides with
malonyl chloride the corresponding pyrimidine derivatives
could not be detected, Thus both these nitriles appeared to
produce only the pyridine derivatives like benzyl cyanide.
Thus it seemed that the presence of substituents did not play
any obvious part in directing the course of the reaction with

malonyl chloride;

The reaction of malonyl chloride with malanonitrile:-

Davis et. al. (loc.cit.,) had studied the reaction of
malonyl chloride with succino. and glutaronitriles, They
could not find any pyridine derivative from these two
reactions but they isolated the pyrome acid(XXXIII), They
concluded that these nitriles were sufficiently basic to
induce the self condensation of malonylchloride to the pyrone
acid chloride, which on hydrolysis gave the pyrone acid. In
the present investigation malanonitrile reacted vigorously with
malonyl chloride producing a charred product, This was
extracted with dioxan to yield a yellow crystalline solid in a

very small amount, The product, further purified by



crystallization and sublimation, formed colourless cryqtals.
The same reaction performed at 0° yielded the same product
after seven days but in a better yield. The molecular
weight of this compound from its mass spectrum was 170,
indicating the presence of an even number of nitrogen atoms.
The percentage intensity of the (P+2) peak with respect to
the parent peak was 33%, which showed the presence of one
chlorine atom, As the parent peak in the spectrum was the
base peak, it was evident that the compound was aromatic.
There was an intense peak (55%) corresponding to mass number
142 which is most probably due to elimination of carbon
monoxide, a characteristic of phemnols. There was also an
intense peak (45%) at 135 which is perhaps due to cleavage of
a chlorine atom. The molecular formula of this compound
from its microanalysis and mass spectrum was 06H301N202. Its
infrared spectrum showed a strong absorption for a C=N group,
and on the whole, the spectrum resembled those of pyridines.
The nuclear magnetic resonance spectrum of this compound
showed only one singlet for an aromatic proton. Therefore
it was concluded to be 2-chloro-3-cyano-4,6-dihydroxy pyridine
(XLVII).
OH
LN
HO - N/ cl
XLVII
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Schroeter and Seidler29 had earlier obtained 2-chloro-5-cyano-
L, 6-dihydroxy pyridine(XLVIII) from the self condensation of
cyanocacetyl chloride, but later it was found 30 that mono-
substituted cyanoacetyl chlorides gave different products of

higher molecular weights.

OH
| NC X(\\H
2CNCH,COCL 3 l
HO A Cl

XLVIIT
This compound (XLVIII) is the positional isomer of (XLVII)
obtained from malononitrile and malonyl chloride. Compound
(XLVIIYI) was also prepared by the self condensation of cyano-
acetyl chloride for comparison. The infrared spectra of
these two compounds were quite different from one another,
and the mixXed melting point was depressed considerably. The

chemical shifts of the aromatic protons in the isomers were

different,



- 94 -

The reaction of adiponitrile with malonyl chloride:-

This reaction yielded a dirty black semi solid product
which after trituration with acetone was crystallized from
methyl alcohol as colourless crystals. Its molecular weight
from the mass spectrum was 212, indicating the presence of an
even number of nitrogen atoms. The mass spectrum also
confirmed the presence of one chlorine atom showing a P+2 peak
with 32.4% of the intensity of the parent peak. From its
microanalysis and mass spectrum its molecular formula was
C9H901N The base peak in its mass spectrum appeared at
m/e 158, The infrared spectrum of this compound showed a
sharp band for a CSN group, and the absorptions in the
region of 6-7 U showed the aromatic nature of the compound.
Its nuclear magnetic resonance spectrum showed one singlet
for one aromatic proton, and two triplets and one quintuplet
each corresponding to two protons. Thus, the presensce of =&
—CHZC%ZCHZ- group was established, The ultraviolet light
absorption also supported its aromatic nature. Therefore,
on the basis of all this information it could be concluded
that the compound was 2-chloro-3-3!-cyanopropyl-%4,6-dihydroxy-
pyridine XL.IX, The presence of the corresponding pyrimidine

could not be detected.
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OH (c) @)
CH, —CH ~CH,-CN

XLIX

The appearance of the base peak in the mass spectrum,
at 158 (m/e), indicated the cleavage at the beta bond to the
pyridine ring, giving the fragment C6H5C1N02. This type of
cleavage is characteristic of alkyl substituted aromatic
compounds,

In the malonyl chloride reaction it could be expected
that both the cyanide groups of adiponitrile might take part
in the formation of pyridine rings, producing a bis-pyridine
compound, but in actual fact this did not happen. The
reason might be that the compound (XLIX) is insoluble in
malonyl chloride, its separation from the solution preventing

further reaction.

Reaction of malonyl chloride with 1, 14-dicyano-tetradecanc:-

The wswpirical formula of the compound obtained from this

reaction appeared to be C19H29ClN 0 The infrared spectrum

showed a weak absorption at 2240 cm 1 for the C=N group.
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The nuclear magnetic resonance spectrum showed a singlet for
one aromatic proton, two triplets for two methylene groups and
a complex band for twenty two protons; Its infrared and
ultra violet light absorption indicated that the compound was
aromatic, Thus, the compound appeared to be 2-chloro-4,6-

dihydroxy-3- {(13Zcyanotridecanyl) -pyridine(L),

@) ® (©

~ -
~3 CHZ-(CHZ)lchZCN

HO ~-C1
L

The reaction of bromomalonyl chloride with fluoroacetonitrile:-

Davis, Elvidge and Foster (loc. cit,) had reported that
the reaction of bromomalonyl chloride with cyancethyl acetate
produced 5-bromo-2-chloro-3-ethoxycarbonyl-4,6-dihydroxy-
pyridine, They had also reported the failure of the reaction
of.methyl malonyl chloride with propionitrile, In the present
investigation bromomalonyl chloride with fluoroacetonitrile
produced a dark red gelatinous mass, This product on
crystallization yielded fine leaflets (m,p, 193°), The
molecular weight from its mass spectrum was found to be 162,
The relative intensity of the (P+2) peak with respect to the
parent peak was 32% showing the presence of ome chlorine atom

and the absence of bromine atoms, Its nuclear magnetic
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resonance spectrum showed one singlet for one aromatic proton
and one wide doublet for two protons indicative of the presence
of a -CHZF group. The infrared spectrum was found to be
identical with that of 4-chloro-2-fluoromethyl-6-hydroxy
pyrimidine obtained from the reaction of malonyl chloride and
fluoroacetonitrile, The melting point of a mixture was
undepressed, Therefore, it was concluded that the product
from this reaction was &4-chloro-2-fluoromcthyl-6-hydroxy-
pyrimidine instead of the cxpected 5-bromo derivative of this
compound; The formation of the solid product in this reaction
was slower than in the reaction of malonyl chloride with
fluorocacetonitrile but it is very difficult to give the exact
reason for the formation of unbrominated product, However,

it can be suggested that bromomalonyl chloride might have
brominated the fluoroacetonitrile to bromo-fluoroacetonitrile
and it was itself reduced to malonyl chloride, The malonyl
chloride thus produced reacted with the unbrominated
fluoroacetonitrile producing the umbrominated pyrimidine,

The only observation which could support this suggestion to
some extent was that o higher proportion of fluoroacetonitrile

increcased the yicld of the product,
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o
BrCH(COCl)2+FCHzCN -

FCH(Br)CN+CH2(coc1)z
,ZFCHZCN

OH

Ny

eIy~ CHoF

The reaction of bromomalonyl chloride with dibromoacetonitrile:

A mixturé of bromomalonyl chloride and dibromoaceto-
nitrile after about two months produced a black gelatinous
mass, trituration of which with acetone yielded colourless
crystals, The mass spectrum gave itsmolccular weight as
378, showing an even number of nitrogen atoms, There were
five intense peaks at m/_ 378, 380, 382, 3384 and 386
corresponding to (P), (P+2), (P+4&), (P+6) and (P+8) respectively,
The percentage intensities of the (P+2), (P+4), (P+6) and (P+8)
peaks with respect to the parent peak were 310, 400, 190, and
22% respectively, These relative intensities were very close
to those calculated for a compound containing three bromine
atoms and one chlorine atom, In addition to these five
intense peaks there was also a series of five less intense
peaks at mass numbers 422, L2k, 426, k28, and 430. The
relative intensities of these five peaks (1:4:5,5:3.4:.8

respectively), showed the prosence of four bromine atoms in



the ion responsible for these peaks, There was also a series
of four peaks at mass number 343, 345, 347, and 349, and their
relative intensities (1:2,85:2,82:0,90 respectively) suggested
the presence of three bromine atoms in this ion, This ion
could be derived by loss of either one chlorine atom from the
molecule of mass number 378 or one bromine atom from a
molecule of mass number 422, Again therc were four peaks at
mass numbers 334, 336, 338 and 340 in the ratio of
1:2,4:2,2:0,8 respectively., The relative intensitics of
these peaks suggested the presence of two chlorine atQms and
two bromine atoms in the particular ion, There was also a
series of four intense peaks at mass numbers 299, 301, 303,
and 305 in the ratio of 1:2.17:1.52:0:32 respectively,

Thesce relative intensitics were very close to those
calculated for (P), (P+2), (P+4) and (P+6) pecaks of an ion
containing one chlorine atom and two brominec atoms. Such an
ion was obviously produced by the removal of onc bromine atom
from the molecule of mass number 378 and/or by the removal of
one chlorine atom froix the rolecule of mass nunber 334, From
the microanalysis and molecular weight (378) the molecular
formula of the compound appeared to be C5H2Br ClN20. Its

3

nuclear magnetic resonance spectrum showed one singlet ( T=3,63)
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and nothing at higher field, The chemical shift of this
singlet suggested that it might be due to a proton attached
to carbon bonded to two bromine atoms and one aromatic ring;
Its infrared and ultra violet light absorptions supported its
aromatic nature, Thercofre, this compound appcared to

be 5-bromo~ 2-dibromomnethyl~4-chloro~6-hydroxy-pyrimnidine (LI),

Cl

Br ~3

HO Nch Ty
(L1)

The appearznce of the serices of five peaks in the region
of mass number 422 may be due to traces of 4,5-dibromo-2-
dibromomethyl-6~hydroxy pyrimidine (LII). This might have
been formed due to some exchange of chlorine of malonyl
chloride with bromine, Similarly the four peciks starting
with mass number 334 may be duc to traces of 4,5-dichloro-2-
dibromomethyl-6-hydroxy pyrimidine (LIII) or its isomer (LIV),
These compounds might also be formed by mutual halogen exchange

at some stage in the reactions
Br Ccl Q}
BI‘/\I Cl/\q By Y\N
.y J |
!
HO CHBr y CHBr HO CHBxCL
N% 2 HO\N/ 2 N//
(LII) (LIII) (LIV)



The reaction of chloromaloryl chloride with fluoroaceto-

nitrile:-

Lfter five days the recaction afforded a product as
colourless crystals. From its mass spectrum its molecular
weight was found to be 196 indicating the presence of an
even number of nitrogen atoms, The parent peak was the base
peak, showing the aromatic mature of the compound, The
relative intensities of the (P+2) and (P+4) peaks with respect
to the parent peak were 64;1 and 10,3% respectively, indicating
the presence of two chlorine atoms in the compound, The
molecular forimmuila of the compound was 05H3C12FN20. Its
nuclear wmagnetic resonance spectrum showed one doublet (7T =4.65)
with a coupling constant of 46 c¢/sec. showing the presence of
a -CHZF group, Thus its nuclear magnetic resonance spectrum
showed the absence of any free arouatic proton. In its
infrared spcctrum thc main absorptions (Table 17) rescmbled
those of 4-chloro-2-fluoromcthyl-6-hydroxy-pyrimidine,
Similarly its_ultraviolet absorption also indicated the
aromatic nature of the compound, Thercfore, the compound

appearced to be 4,5-dichloro-2-fluoromethyl-6-hydroxy-pyrimidine

c1
(Lv).
c1 /\N
oH — \ CH,,F
- J

Ly
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TABLE 17
“em™1 Assignment
2800~2200 (broad) Chelation
1680 (s) Cc=0
1660 (s) C=N
1585 (s)
1550 (s) ring stretching
1445 (s) CH, deformation
1310 skeletal vibration
1010 tetrasubstituted
pyrimidine ring vibration
Nujol mull 5 = strong;

The reaction of chloromclonyl chloride with

chloroacetonitrile: -

The reaction product on repeated crystalliization
yielded a colourless crystalline compound with molecular
formula 05H3Cl3N20. The nuclear nagnetic resonance spectrum
of this compound showed one singlet corresponding to
methylene protons, The infrared spectrum was identical with
that of 4,5-dichloro-2-chloromethyl-6-hydroxy pyrimidine obtained
by the chlorination of 4-chloro-2-chloromethyl-6-hydroxy

pyrimidine, The melting point of a mixture was also undepressed,



- 103 -

Thus the cowpound obtained froiz chloromalonyl chloride and
and chloroacetonitrile was 4,5-dichloro-2-chloromethyl=6-
hydroxy-pyrimidine, The purification of this compound was
achieved with some difficulty by repeated crystallization ,
and so this may be due to the presence of some corresponding
pyridine derivative (2,3,5-trichloro-4,6-dihydroxy-pyridine)
in the reaction product, However, this pyridine derivative
could nct be isoclated,

Thus, halogenomalonyl chloridces also condensed with
some nitriles vielding fully substituted pyrimidines, but
thesc rcactions were slower than those of unsubstituted
malonyl chloride with nitriles,.

The preoton magnetic resonance measureancnts of

compounds (XLV) to (L) arc givem in Table 18,

TABLE 18
Coumpound T Intensity Multiplicity Lssigninent
(Solvent)
(xLv) -1,1 2 broad OH 2nd/or NH
(DMSO) i.74 2 doublet - (a)
(J=8,9 c/fscc.)
2,43 2 doublet (b)
(3=8,9 c/sec.)
3,81 1 singlet (e)
(XLvI) -0.9 2 broad 0H and/or NH
(DMS0) 2,66 4 pmultiplet benzene-protons

3.85 1 singlet pyridine-proton
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TABLE 18 (Continued)

Conmpound T Intensity Multiplicity Asszignment
AXLVII) 3.86 1 singlet aromatic H
(D™Ms0)

XLVIII) 3,66 1 singlet aromatic H

e S0)

(XLIX) 3.11 1 singlet arcmatic H
(trifluoro

acetic acid) 6,92 2 triplet (c)

(J=7.5 c/sec.)
7.32 2 triplet (2)

(J=7.L c/sec.)

7.85 2 guintuplect (b)

(L)

(pyridine) 3,45 1 singlet aromatic H
7.01 2 triplet (a)

(J=7.5 c/scc.)
~7.,8 2 triplect (c)

~8,75 22 multiplet (b)
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Ultra violet light absorptions of compounds (XLV) to

(XLVII), (XLIX) and (L) are given in Table 19,

TLBLE 19
Compound max., (my) £
(%XLV) 2773 5200
293 5300
(XLVI) 239 9700
293 2000
(XLVII) 248 4100
(XLIX) 230 2700
276 2100
287 2100
(L) 230 3200
280 2600
290 3000
(LI) 240 5600
295 5100
(LV) 232 4000
289 4900
300 3900

Solvent-ethanol
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CHAPTER 5

Mechanism of the formation of pyridines:-

The earlier work by Davis, Elvidge and Foster (lec, cit,)
as well as the present investigation revealed that malonyl
chloride and some mnitriles reacted together in the molar ratio
of 1:1 yielding 3-substituted~2-chloro-4,6-dihydroxy pyridines,
The a-substituent of the nitrile appeared as a 3-substituent
of the pyridine nucleus, This showed that the B-carbon of
the pyridine nucleus was the w-carbon of the nitrile. It
also followed that the cyanoimethylene (—CHZCN) group was
nacessary for the formationm of a pyridine nucleus in this
reaction, The formation of a fully substituted 5-bromo-
pyridine frem bromomalonyl chiloride and cyanocthyl acetate
showed that C-5 in the pyridine nucleus was C-2 of malonyl
chloride, Davis, Elvidge and Foster (loc, cit.) followed
the reaction of malonyl chloride and propionitrile
spectrophotometrically. It was found that during the first
two hours the reaction mixturec showed an incrcasing absorption
at about 257 mp. At the end of this time the evolution of
hydrogen chloride was readily detectable and absorption at
269 mp was observed, This absorption was the characteristic
absorption of 2~chloro-3-mnethyl~4,6-dihydroxy-pyridine. In

the final reaction solution there was alsc an absorption band
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at 305 mp which was due to the formation of chloro-hydroxy-
pyrone acid chloride, This indicated that se¢lf condensation
of malonyl chloride was occurring as a side reaction, The
reaction was also studied in the presence of an excess of
bromide ion (lithium bromide) but the reaction still produced
the same chloro-hydroxy-pyridine, From these observations
they concluded that the formation of pyridine derivatives in
thése reactions proceeded in two steps.‘ In the first step
the nitrogen of the nitrile was acylated by malonyl chloride
producing a linear intermediate(I). This intermediate being
enolic showed enhanced diene absorption at 257 mu<§£ sbsorbic
aci%). In the second step the cyclization of this intermediate
in the tautomeric form (Ia) evidently took place to produce

the pyridine derivative with the evolution of hydrogen chloride.

-

6" & -
R-CH,~C¥H  ——— [R-CH,-C =N
+ 6~ & ; ;
Cc1 ‘ﬁJH2C0£1 Cl--C —CH,- CC.C1 —
0 §
Cl g OH ~
RCH,- C = N - C- CH,CO.C1l &= R-CH,~ C.C1=N-C=CHCO.C1
(1)
0 & -
gj : Cl\) /o OH
=l % NP
H—-C CHR 4 | '
&] = ‘ “R > ' +HCL
~ C. HO C1
HO ~ Xy Ner Ho /)Cl N
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There are two main points in this mechanism,. Firstly,
the acid chloride must have a powerful electron withdrawing
substituent and, secondly, the nitrile must contain a
cyanomethylene group, In the present investigation the
experiments with labelled malonyl chloride (to be discussed
later) confirmed that all the three carbon atoms of malonyl

chloride appear in the nucleus of the pyridine product,

Proposed mechanism of the formation of pyrimidineg,

It was found that malonyl chloride or a substituted
malonyl chloride reacted with some nitriles in the molar ratio

of 1:2 to produce chloro-hydroxy~pyrimidines{-

OH
X \\~N
xcn(coc1)2 + 2R-CN > /L
Cc1
N

(X=H,C1,Br), ™~

The formation of pyrimidines from the reactions of
oa-bromopropionitrile and dibromoacetonitrile with malonyl
chloride and bromomalonyl chloride severally showed that the
presence of a cyanomethylene group in one reactant was not
essential, The appearance of the substituent of a substituted
malonyl chloride at C-5 of pyrimidine showed that this carbon

atom in the pyrimidine ring is C-2 of malonyl chloride,
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Similarly, the appearance of R at C - 2 of the pyrimidine
suggested that this carbon is that of the cyanide group,

A few chloro pyrimidines have been reported from
cyclisation effected with phosphorus ' halides, but in these¢
the introduction of the halogen is a secondary process
resulting from the replacement of enolic oxygen, Therefore,
it was thought that in the reaction of malonyl chloride anc
nitriles the primary product might be 2-substituted-4,6-
dihydroxy-pyrimidine, This dihydroxy pyrimidine might have
reacted with malonyl chioride with the result of replacement
of one enolic oxygen of dihydroxy pyrimidine by chlorine
producing the corresponding h-chloro-6-hydroxypyrimidine,
Therefore, an authentic sample of 4,6 dihydroxy-2-methyl-
pyrimidine was mixed with the excess of malonyl chloride,
After several days the starting dihydroxy pyrimidine was
recovered from the reaction mixture and no corresponding
chloro~-hydroxypyrimidine could be obtained, Thus, unlike
phosphorus halide, malonyl chloride has no action upon
dihydroxy pyrimidine, So the chlorine substitucnt in the
malonyl chloride products is a direct result of the new

ring-synthesis.
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At first the following mechanism was propbsed, In the

first stage the malonyl chloride was supposed to react with

one molecule of the nitrile producing cyanoacetyl chloride or

a substituted cyanoacetyl chloride as the case might be:-

XCH(COC1), + RCN — R'CN + RCOC1

(R’ = XCHCOC1)

The following detailed mechanism can be suggested for

this:

1 (a) N-acylation of the nitrile

.
et - B -
R’-c5-016 ?
- + s 4
N =cbl R R~ C.-.-Cl1
He==2C - R
(b) _ R

c1
L4 . ("\ '
RCOCLy " ¢ o N- C=-R 0
- l P
[\\ c1 ———-,)R'-CEN+R-C—0+C<312R
¥
y/
R'-¢c £0
(c) Recombination and disproportionation
0 c1 0
p R , , N
—-§RCEN+R-C40-_‘(|3—R—-——)RCEN+R—C-—CI
Gca + RCOCL.
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In the second stage it was proposed that N-acylation of
the nitrile was effected by the cyanoacetyl chloride to give
the linear intermediate(II). In the third stage the latter

cyclizes to produce the pyrimidine derivative.

0 : 0
) HG"‘ 6— - H
N=C - CHZ —‘C - C1° = [N = C - CHZ - C—---?l
| ; —
8N = cd+eR : ‘
BIE;Eé—II_

O e NOH 1 F 0 0
Aol = \f s
~ / N
(11)

According to the above proposals there must be RCOCL
present also in the reaction products., To establish the
presence of chloroacetyl chloride, the nuclear magnetic
resonance spectrum (in CDClB) of a crude filtrate of the
reaction product of chloroacetonitrile and malonyl chloride
was obtained, In this spectrum there were two distinct
signals at 5,417 and 5.827.  The chemical shifts of the
methylene protons of malonyl chloride, chloroacetonitrile

and chloroacetyl chloride (in CDCl3) were found to be
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5.60T, 5.85Tand 5.40 T respectively. Therefore, the two
bands in the spectrum of the filtrate closely corresponded

to chlorocacetyl chloride and some unreacted chloroacetonitrile.
To check if there was any change of chemical shifts of
chloroacetyl chloride and chlorocacetonitrile in the presence
of each other, the spectrum was run for a mixture of both

these compounds in CDC1 but no change was found in the

3’
chemical shifts, Thus, this spectrographic study indicated
the presence of chloroacetyl chloride in the reaction products.
To prove chemically, the presence of chloroacetyl chloride,

the filtrate of the reaction product was treated with aniline.
Thus chloroacetanilide was obtained. Chloroacetanilide was
also prepared from an authentic sample of chloroacetyl
chloride. The infrared and nuclear magnetic resonance spectra
of these two samples were exactly the same and the melting
point of a mixture was undepressed, Thus, the presence of
chloroacetyl chloride among the reaction products was
established. Moreover, in the reaction products of
dibromoacetonitrile and malonyl chloride the presence of
bromoacetyl chloride was established with the help of gas
liquid chromatography (discussed in Chapter 2.). It must be

noted here that Schroeter and Seidler (loc. cit.) had reported
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the self condensation of cyanoacetyl chloride to produce
2-chloro-5-cyano-4-6-dihydroxy-pyridine. But it was thought
that in the reaction of malonyl chloride with nitriles the rate
of reaction of cyanoacetyl chloride (if indeed it was formed)
might be more rapid than the self condensation of cyanoacetyl
chloride.
If the above proposed mechanism was correct, preformed
cyanoacetyl chloride should also react with nitriles to
produce pyrimidines. Therefore, authentic cyanoacetyl chloride
was prepared and mixed with fluoroacetonitrile. The reaction
mixture did not produce any solid product on keeping for
several days. Similarly a mixture of cyanoacetyl chloride and
chloroacetonitrile did not yield any pyrimidine derivative.
Therefore, the above proposed mechanism was not a likely one.
Then it was considered that the nitrogen of the cyanide
group of (II) might be acylated by RCOCl1l produced in the
reaction forming the intermediate(IXa). The intermediate (IIa)

could then cyclize into a pyrimidine in the following way:

N

c1
2“ i Cl
. C
/“)\ CO.R
€1 vlcZH SN_Co.R =
NEC~CH, - C~DN = —— K, — 3
2" q < | (c1
. 0 R 0-C //C’Ci 0~ R
A-cooecl NNF N N

o
=t
(22



- 114 -

| + RCOCL

o
H

According to this mechanism a mixture of RCN,
cyanoacetyl chloride and RCOC1l should produce the corresponding
pyrimidine derivative, Therefore, preformed cyanocacetyl
chloride was mixed with fluoroacetyl chloride and fluoroaceto-
nitrile, but the reaction did not produce any pyrimidine
derivative, Similarly a mixture of chloroacetyl chloride,
cyanoacetyl chloride and chloroacetonitrile did not yield
any pyrimidine,

However, it appeared that formation of intermediate (IIa)
could alsoc be achieved through a rearrangement, e.,g. via
a four-membered ring, without involving the formation of

cyanoacetyl chloride,

¢1 Cll
3, R’_g_fF:c-R#R'-c:N-C—R
¢ - I +
0
(R = ~CH,-CO-N=CC1R) N
’
RecC=nN
c1 -
R-bon-cores ®- N |
- = - - ) S C = R = QO weC —C
8 o | '
R

(ITIa)
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The intermediate (ITa) then could be cyclized into a pyrimidine
ring as previously indicated in mechanism 2, There are two
important points to note in this third mechanism, Firstly

it does not involve the intermediate cyanoacetyl chloride and
the second point is that all the three carbon atoms of malonyl
chloride appear in the nucleus of the pyrimidine whilst in the
first two mechanisms only two carbon atoms of malonyl chloride
appear in the nucleus of the pyrimidine.‘ Similarly in the
first two mechanisms the carbonyl chloride group of RCOC1l is
the carbonyl chloride of malonyl chloride, but in the third
mechanism the carbon of the carbonyl chloride group of RCCCL
is the carbon of the original cyanide group of nitrile, Thus

these two types of mechanisms can be represented as follows:-

c1
(2) 5) s R |
“éocr RCN o2 + 281
(a)~ HO\» ~

CH2 +

- (b) N
= COC1 RCN Cl
(a) \\\\<g\\\\ 5

. N) Y

Therefore, to distinguish between these possibilities it was

decided to start the reaction with labelled malonyl chloride
and to compare the radioactivity in the pyrimidine derivative

with that of the starting malonyl chloride, For this purpose
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140]-malonate was employed. This labelled

sodium 1,1 -dil
sodium malonate (0,05 mc;) was diluted with ordinary malonic

acid and then was converted into malonyl chloride, The

labelled malonyl chloride was mixed with fluoroacetonitrile

and with p-chloro-benzyl cyanide to get the corresponding
pyrimidine and pyridine derivatives respectively, A portion

of the same malonyl chloride was hydrolysed into malonic acid
which was converted into sodium malonate for counting (as starting
material) , The radioactivity of the labelled samples

(as solids on planchets) was measured with an end-window

Geiger counter, The specific activity of the sodium malonate
was found to be 6729C/100 seconds. The specific activity of

the derived 4-chloro-2-fluoromethyl-6-hydroxy-pyrimidine was
found to be 5982C/100 seconds. According to mechanism No, 3,
the calculated specific activity of 4-chloro-2-fluoromethyl-6~
hydroxy pyrimidine should be 6147C/100 secs., while according

to wmechanisms Numbers 1 and 2, the activity of this compound
should be 3073C/100 secs; The specific activity of 2-chloro-
3-(p~chlorophenyl) -4,6~dihydroxy pyridime was found to be
3758C/100 secs,, while its activity calculated on the basis of the

given mechanism was found to be 3889C/100 secs;
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In another experiment the sample of sodium malonate gave
3072C/1000 secs., The specific activity of 4-chloro-2-fluoro-
methyl-6~-hydroxy-pyrimidine was measured as 2757C/1000 seconds,
while the calculated counts on the basis of third mechanism
were 2806C/1000 secs. The chloroacetanilide obtained from the
reaction of malon&l chloride and chloro acetonitrile did not

show any radioactivity,

* %
/\,001( 1)H,0 /COONa
— CH, y chH

;M 2
AW (ii) NaOH \
coci COONa

K
Z
« C1

4+ RCOC1

Thus, these experimenfs with labelled malonyl chloride
together with those using bromomalonyl chloride clearly showed
that all the three carbon atoms of malonyl chloride appeared
in the pyrimidine nucleus and none of the carbon atoms of
malonyl chloride appeared in the second product, RCOC1,
Therefore, on the basis of these results the first and second

mechanism could be ruled out. The results supported the
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third mechanism provided such an exchange of chlorine and
oxygen was feasible in sone way,

Finally, to account for the proposed rearrangement,
the following mechanism is suggested as being in full
agreement with the results of the radioactivity experiments,
The key intermediate, allowing the rearrangement is probably

an azapyrylium salt:-

c1 0
NZC - R pj L1
cocl CO . N= l: - R C g N=Q
~ / * / N’ ‘R
CH + o+ —— CH == HC
2\ \2 \\ ™~
COCl1l N=C - R CO.N= C - R C \\
~0
él N/ IJ
I H
R-C-C1
o
p! o oH
HCF N o~ =
Mo\ -V
C\q '(':/C1 — CL | [+ ) R—> SN m)l _R___>
v N5 NR !{\6' NS N0E
| R -¢-c H
Cl-C-R R-C~-2C1
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+RCOC1
If external Cl  participates as indicated above then
it would be expected that addition of other halogen
ions e.g. I~ would result in the isolation of a
6-iodo~-pyrimidine, Attempts to verify this expectation

proved, however, extremely difficult, For example,
lithium and tetrabutyl ammonium iodides were far too
insoluble in the reaction mixture and no way round this

experimental difficulty was discovered,
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SECTION_ 'B! EXPERIMENTAL

g et
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CHAPTER 1.

31
Preparation of Malonyl Chloride:-

Finely powdered malonic acid (52 g.) was mixed with
thionyl chloride (120 ml,) and heated on a water bath at
45 - 50° for three days. Then the temperature was raised to
60° for about six hcurs, Finally, the pale yellow malonyl

chloride was distilled at reduced pressure (35 g., 50%),

20

bep. 51°/21 mm. ng

1;4582,'r(cnc13) 5.60,

Reaction of Chloroacetonitrile and Malonyl Chloride:-

A mixture of malonyl chloride (13;5 g.) and
chloroacetonitrile (9,0 g.) was aliowed to stand for three days
under anhydrous conditions and at room temperature, After
three days the red sticky mass was triturated with a mixture
of dry dioxan and ether, Yellow crystalline mass was
extracted with hot chloroform, Two compounds were obtained,
one soluble in chloroform and the other insoluble in
chloroform.

The chloroform insoluble compound (2,3-dichloro-4,6-
dihydroxypyridine) was recrystallized from aq. ethyl alcohol
and finally sublimed to give a perfectly-colourléss

crystalline 2,3-dichloro-4,6-dihydroxypyridine, m,p. 273 - 274°

(Found: C, 33.47; H, 1.75; N, 7.94; Cl, 39.53.
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C5H3N01202 requires: C, 33.33; H, 1,66; N, 7;7; Cl, 39.4L4%),.
The chloroform soluble compound was crystallized from

aqg. methyl alcohol and on sublimation under reduced pressure

gave colourless crystalline product ~2-chloromethyl,4-chloro-

6-hydroxypyrimidine m,p. 173°) (Found: c, %3.8; H, 2;2;

N, 15.75. C5H4N20Cl requires: C, 33;55; H, 2.2; N, 15.65%) .

2

Preparation of 2,3-~dichloro-5-bromo-i4,6-dihydroxypyridine:~

2,3-Dichloro-4,6~dihydroxypyridine (0.5 g.) was taken
in ethyl alcohol (5 ml,) and bromine (0;3 ml.) was added into it,
The mixture was heated under reflux for half an hour. The
reaction mixture was cooled and filtered; On recrystalliza-
tion from aq. ethyl alcohol light yellow nccdles (0.54 g., 75%)
were obtained, Further purification was done by sublimation

which yielded colourless ncedles of compound(IT) m.p. 230O

(decomp.). Found: C, 23;27; H, 0.48; W, 5,64, required for

05H2N0128r02: c,A23.16; H, 0.77; N, 5.4%),

Preparation of 2,3-dichloro-5-nitro-%4,6-dihydroxypyridine:~

2, 3-Dichloro-4,6~dihydroxypyridine (0,48 g.) and 50%
nitric acid (5 ml.) were heated at 75° on a water bath for about
25 min, The contents of the flask was then poured on crushed
ice and the yellow crystalline product (0:46 €., 76%) was

collected, On sublimation, bright yellow crystals of
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compound(IXI) were obtained (m.p. 215° decomp,) (Found:

c, 27.09; H, 0,88; N, 12,52; C1, 31.48. C.H,N,0,Cl,

requires: C, 26.5; H, 0.9; N, 12.5; Cl, 31.5%).

Preparation of 2,3,6-trichloro~4-hydroxypyridine: -

2,3-dichloréo-4,6-dihydroxypyridine (0;5 g.) phosphorus
oxychloride (8 ml,) and dimethylaniline (0;3 ml,) were
refluxed for about 7 hr, Unreacted phosphorus oxychloride
was distilled off under reduced pressure, The residue was
poured on to ice and the mixture extracted with ether, On
evaporating the ether, a sticky solid mass was obtained which
was recrystallized from chloroform (0;16 oy 30%)(m.p;‘193 - 1959
(Found: ¢, 30,3; H, 1.29; N, 7.38; c1, 53,87.
CoH,NC1,0 requires: C, 30.2; H, 1.1, N, 2.0; Cl, 53.6%).

Preparation of 2,3,4,6-tetrachloropyridine:-

2,3-Dichloro-4,6-dihydroxypyridine (2,0 g.) was heated

with phosphorus oxychloride (15 ml.) in a sealed carius tube

at 180° for about 24 hr, The reaction mixture was then
steam-distilled, In the distillate a white crystalline
compound settled down. It was recrystallized from methyl

alcohol, The colourless leaflets (1.8 g, 74%) melted at

38°. (Found: C, 27.9; H, 0,7; W, 6,48, Calc. for
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CSHNCL, : C, 27.65; H, 0.46; N, 6.45%) , +) max (CHCL) 1550,

1535 (shoulder), 1390" and 1315 cm_1'

Preparation of 5-Bromo-2-Bromomethyl-4-Chloro-6-hydroxypyrimidine

To a solution of 4-chloro-2-chloromethyl~-6-hydroxy-
pyrimidine (0.5 g.) in ethyl alcohol (5 ml.) bromine (0;4 ml,)
was added dropwise, The mixture was heated under reflux
for about 45 min, After the mixture had been cooled, the
crystals were collected on a sintered glass filter. This
product was found to be contaminated with 5~bromo-4-chloro-2-~
chloromethyl-6-hydroxypyrimidine, Therefore, for complete
replacement of chlorine the product was heated under reflux
with strong hydrobromic acid in glacial acetic acid (2.5 ml,)
for about 2 hr, After the mixture had been cooled, the
vellowish white crystals (0.67 g., 80%) were collected, Oon

sublimation, the colourless crystalline 5-bromo-2-bromomethyl-

4_chloro-6-hydroxy~pyrimidine (m.p., 260 - 2610),was obtained,

(Found: C, 1$.63;H,1,0;° N, 9.02. CSH,CLBr,N,0 requires
C, 19.8; H, 0.99; N, 9.25%), 3 max. (Nujol) 2800 - 2000

(broad), 1675, 1660, 1590, 1549 and 1190 cm’ '
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Preparation of 4,5-dichloro-2-chloromethyl-6-hydroxy-

pyrimidine: -

A mixture of 2-chloromethyl-4-chloro-6-hydroxypyrimidine
(0.53 g.), N-chlorosuccinimide (0,%48), benzoyl peroxide (0,18)
and chloroform (10 ml.) was refluxed for about twelve hours.

The mixture on concentration yielded the crystals of 4,5,dichloro-

2-chloromethyl-6-hydroxy-pyrimidine, The crystals were washed

with water and recrystallized from chloroform into colourless
needles (0,48 g, 80%, m.p;'217-220°). (Found: C, 27;87;

H, 1.10; Cl, 50,02; N, 12,91%., Required for C5H5C13N20:

C, 28;10; i, 1,40; c1, 49,65; N, 13;11%);

Preparation of 4~chloro-6-hydroxy-2-iodomethylpyrimidine:-

2-Chloromethyl-4-chloro-6-hydroxypyrimidine (0,5 g;) in
acetone (8 ml.) and sodium iodide (0.5 g.) in acetone (3:5 ml;)
were mixed and refluxed on a steam bath for four minutes and
filtered, The precipitate was washed with water, By
diluting the filtrate with water more precipitate was
obtained. On recrystallization from ethanol colourless

needles of 4-chloro-6-hydroxy-2-iodomethyl-pyrimidine (0.6 g.,

80%) were obtained (m.p, 205-207° with decomposition).,

(Found: C, 22,19; H, 1.6; N, 10.51; C€i, 13,03; I, 46.8.

Required for C_H,N,0ClI: c,22.18; H, 1.48; N, 10.35; Cl, 13.12;

5
I, 46.94%), max. (Nujol), 2750-2000(b), 1660, 1630(sh),

1580, 1540 (sh.) and 1120 em:
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Formation of N-(4-chloro-6-hydroxy-pyrimidyl-2-methyl) -

pyridinium iodides -

L-Chloro-6-hydroxy-2-iodo-methylpyrimidine (Q2g.) was
heated with pyridine (1 ml,) for one hour on a steam bath,
Excess of pyridine was removed under reduced pressure,
Solid residue on crystallization from aq, ethanol yielded

colourless needles of N-(4-chloro-6-hydroxy-pyrimidyl-2-

methyl Jpyridinium iodide (0.24 g., 92%) (260°d.).

Found: C, 34.,52; H, 2,72; N, 11,91%, N_OClI requires:

C10Hgl3
Cc, 34,33; H, 2.57; N, 12,01%).

Formation of N-(L-chloro-6-hydroxy-pyrimidyl-2-methyl)-

pyridinium chloride:-

2-Chloromethyl—-4~chloro-6-hydroxypyrimidine (0.5 g.) was
refluxed with pyridine (5 cc.) for two hours, After
romoving the excess of pyridine under reduced pressure the
solid residue was dissolved in c¢thanol and charcoaled,
Recrystallization from ag. ethanol yielded fine needles
of the product (0.65 g., 90%, 270°d.). (Found: C, 46.28;
H, &,02; N, 16,06; Cci, 27.24, required for C, 6 HN_ 0Cl,:

107973 2
c, 46,5; H, 3,49; N, 16,28; Ci, 27.51%).
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Preparation of 2-chloromethyl-4,6-dichloropyrimidine:-

4-Chloro-2-chloromethyl-6~hydroxypyrimidine (0.5 g.)
was refluxed with phosphorus oxychloride (4 mil,) and
dimethylaniline (0,3 ml,) for 4 hours.After the unused
phosghorus oxychloride had been distilled off under reduced
pressure, the contents of the flask were poured over crushed
ice and extracted with ether, The extract was dried over
anhydrous sodium sulphate, The ether was evaporated to
yield a white mass, which crystallized from ethyl alcohol,
Colourless needles of compound (XII) were obtained, m.p.'40?
(Found: ¢, 30,81; H, 1,72; N, 14,53; C1, 54,18,

C_H_N_Cl_, requires: C, 30.42; H, 1.52; N, 14,18;

532773
Cl, 53.88%).

Preparation of %4-hydroxy-6-morpholino-2-morpholinomethyl-

pyrimidine: -~

4_-Chloro-2-chloromethyl-6-hydroxypyrimidine (0.4 g.)
was stirred with morpholine (4 ml.)., L¥ter distillation of
the excess of morpholine under reduced pressure, a white
solid residue (0.47 g., 77%) was obtained which was
recrystallized from ethyl alcohol, The product formed
leaflet crystals m,p, 182 - 183°, (Found: C, 55.39; H, 7.31;

N, 19,61, requires: C,55,7; ©H, 7.1%; N, 20.0%)

CiSHZOHliO3
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Reaction of 2-chloromethyvl-4-chloro-6-hydroxypyrimidine and

phenyl hydrazine hydrate:-

A mixture of 2-chloromethyl-4-chloro-6-hydroxypyrimidine
(0.5 g.), hydrazine hydrate (0,5 g.) and ethyl alcohol (5 ml.)
was refluxed on a steam bath for two hours, The reaction
mixture after cooling was extracted with ether, The solid
product zfter evaporating the ether was crystallized from

ethyl alcohol into yellow crystals of L-chloro-0-hydroxy-2-

(phenylhydrazonomethyllpyrimidine (O-%486 g.,70% m.p.290°d).

(Founad: ¢, 53,09; H, 3.77, W, 22,34, Required for
C11H9C1N60: c, 53,11; H, 3.60; N, 22,53%).

Preparation of 4-hydroxy-2-methyl=-pyrimidine:-

L.Chioro-2-chloromethyl-6-hydroxypyrimidine (1.0'g.i
in 85% cthyl alcohol (100 ml,) was hydrogenated at atmospheric
pressure and room temperature using 10% Pd on charcoal (0,05 g.).
The theoretical amount of hydrogen was taken up in about 105
minutes, The filtrate was evaporated to dryness and the
solid residue on sublimation gave the colourless hydrochloride
of h-hydroxy-2-methylpyrimidine (0.5 g., 70%, m.p. 259 - 260°d).
(Found: C, 40,86; H, 4,93; N, 19,29; C1, 24,72,

C5H7N20C1 requires: C, 40.97; H, 4.,78; N, 19,11; Cl, 24&.23%),
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The above mentioned hydrochloride was taken in 10%
sodium hydroxide and then solution was made just acidic
with acetic acid, The base (L-hydroxy-2-methylpyrimidine)
was extracted with chloroform, The solid residue obtained
by the evaporation of the chloroform was sublimed and
recrystallized from hot chloroform, The colourless crystals
of L-hydroxy-2-methylpyrimidine had m.p. 213.7 - 214,3°,
(Found: C, 54,16; H, 5,36; N, 25,46; calculated for
CgHgN,0: C, 54,5; H, 5.5; N, 25,43%),Y max, (CxC1,) 1676, 1606,
1557, 1480 and 1320 om: '

Reductive dehalogenation of Q—Chloro—G—hydroxy-z—methyl-

pyrimidine: -

4_Chloro-6~hydroxy-2-~methyl-pyrimidine (0.3 g,) in
80% ethyl alcohol (50 ml,) was hydrogenated in the presence

of 10% Pd on charcoal at atmospheric pressure, and room

temperature, The reaction mixture was filtered and evaporated
to dryness, The sticky solid mass was extracted with hot
chloroform, The chloroforin extracts on concentration yielded

colourless crystalline 4~hydroxy-2-methylpyrimidine
(0.1%31 g. 45% m.p. and mixed m.p. 214°). Its infrared
spectrum was identical to that of a sample obtained by the

hydrogenation of L-chloro-2-chloromethyl-6-hydroxypyrimidine,
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Attempted reaction of Malonyl Chloride and Chloroacetonitrile

at 100°

Malonyl chloride (4.6 ml,) was heated at 100° for 1 haur.
with chloroacetonitrile (3,7 ml.) in a flask fitted with a
reflux condenser and protected with a drying tube (CaClz).
The reaction product was found to be completely charred and

nothing could be isolated,

Reaction of Malonyl Chloride and Chloroacetonitrile at a low

temperature: -

A mixture of malonyl chloride (9,3 ml,) and
chloroacetonitrile (7.5 ml.,) was placed in a refrigerator
(under anhydrous conditions), for about 8 days. The product
of reaction was found to be the mixture of the same two

compounds as obtained at room tenperature.

33

Preparation of fluoroacetonitrile:-

A mixture of fluoroacetamide (20 g,) (dried over
concentrated sto%) and phosphorus pentaoxide (35 g.) was
placed in a flask fitted with a water condenser and heated
on an oil bath to 110° at which temperature the reaction
started, The bath was then kept at 160° until fluoroaceto-
nitrile cecased to distil (9.3 g., 60%). The product was

redistillied at 80°/760 mm.
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Reaction of Fluorocacetonitrile with Malonyl Chlorxide:-

Malonyl chloride (6,75 g.) was mixed with fluoroaceto~-
nitrile (5;7 g;) and the mixture was kept at room temperature
under anhydrous conditions for 24 hrs, The reaction product
was washed with a mixture of dry dioxan and dry ether, The
yellow crystalline mass (5 g., 65%) was recrystallized from
methyl alcohol, Cn sublimation, colourless crystals

(m.,p. 192,5 =~ 193°%) of 4-chloro-2-fluoromethyl-6-hydroxy-

pyrimidine were obtained (Found: C, 37.2; H, 2.5; N, 17.28;

cl, 22,26%, C5H4N2C10: requires C, 36,9; H, 2.,46; N, 17.,24;

cl, 21.81%).

Preparation of 5-bromo-4-chloro-2-fluoromethyl-6-hydroxy-

pyrimidine: -

Bromine (0.6 ml.) was added dropwise to a solution of
2-fluoromethyl-4-chloro-6-~hydroxypyrimidine (0,6 g.) in
ethanol, Reaction mixture was refluxed for about half an hour.
After cooling, yellow crystals of required compound (0.71 g.,
80%) were filtered, For further purification the compound

was sublimed and colourless crystals of 5~bromo-i-chloro-2-

(Found: ¢, 24,9; H, 1.24; N, 11,24%, CBHBBrClFNZO

requires: C, 24,85, H, 1.24; N, 11,6%).
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Preparation of 2-fluoromethyl-4-morpholino-6-hydroxypyrimidine:-

4-Chloro-2-fluoromethyl-6-hydroxypyrimidine (0.5 g,)
was stirred with morpholine (5 ml,), Unused morpholine
was distilled over under reduced pressure. The brown solid
residue (0,46 g,, 70%) was recrystallized from aq. methyl
alcohol, Colourless needles of compound (XXI), m.p. 260°
were obtained, (Found: ¢, 50,89; H, 5.76; N, 19,53;

CgH, FN,0, requires: C, 50,7; H, 5.63; N, 19,72%),

Preparation of 2-fluoromethyl-4,6-dichloropyrimidine:~

4-Chloro-2-fluoromethyl-6-hydroxypyrimidine (0.3 g.)
was refluxed with phosphorus oxychloride (3 ml,) and
dimethylaniline (0,2 ml,) for about 5 hours. Unreacted
phosphorus oxychloride was distilled over under reduced
pressure, Crushed ice was added to the contents of flask
and extracted with ether, The ethereal extracts werc washed
with sodium carbonate solution and dried over anhydrous sodium
sulphate, After evaporating the ether, a brown crystalline

compound (XX) (0.1 g,, 40%) was obtained which on recrystall-

ization from aq, methyl alcohol and sublimation gave
colourless needles, m.p. 56° (Found: C, 32,98; H, 1.85.

CgH NC1,F requires: C, 3%,15; H, 1.66%).
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Reductive dehalogenation of L-chloro-2-fluoromethyl-6-

hydroxy-pyvrimidine: -

The hydrochloride of 4-hydroxy-2-methyl-pyrimidine
(0.3 g.) was obtained by reductive dehalogenation of
4-chloro-2-fluoromethyl-6-hydroxy-pyrimidine (0.5 g. in
50 ml. of 85% ethyl alcohol) using the method which has
been applied to 4-chloro-2-chloromethyl-6-hydroxypyrimidine,
The hydrochloride had m.p. 259° (decomposition).
(Found: €, 40.87; H, %.91; N, 18.71; C1, 19.53. C;H,N,0C1
requires: C, 40.97; H, 4.78; N, 19.11; C1, 19,72%).

The free base, b-hydroxy-2-methylpyrimidine, obtained
by the neutralization of its hydrochloride had m.p. 214? and

mixed m.p. 214.1° and identical infrared absorptions to that

of a specimen described earlier.

Reaction of fluoroacetonitrile with malonyl chloride at 1000:-

A mixture of fluorocacetonitrile (2.4 g.) and malonyl
chloride (2.82 g.) was heated under reflux for twenty minutes,
A dark red so0lid product was triturated with a mixture of
dry dioxan and dry ether. On recrystallization from
ethanol colourless leaflets of L-chloro-2-fluoromethyl-6-
hydroxy-pyrimidine (1.67, 51%) was obtained (m.p. and mixed

mopo 192.5 - 1930)0
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34

Preparation of bromoacetonitrile:-

Bromoacetamide: Ethyl bromoacetate (25 g.) was coaled up to

—25o and 10% aq. ammonia (50 ml.) was added with vigorous

shaking, Stirring was continued for about 30 minutes,
Crystalline bromoacetamide (17 g., 82%, m,p. 90:5°C) was
filtered and dried under vacuum,

Dried bromoacetamide (15 g.) was distilled with
P205 (18 g,.,) under reduced pressure which yielded colourless
bromoacetonitrile (8,5 g., 65%, b.p. 60 - 62°/24 m.m,),

T(CD013) 6.20,

Reaction of bromoacetonitrile and malonyl chloride:-

Bromoacetonitrile (4,8 g.) was mixed with malonyl
chloride (2.8 g.) and kept under anhydrous conditions for
two days. The solid product after washing with a mixture
of dry dioxan and dry ether was recrystallized from methanol

into colourless fine needles of 2-bromomethyl-k-chloro-6-

hydroxy-pyrimidine (2.3 g., 52% , m.,p. 19% - 195° with
decomposition), (Found: C, 26.78; H, 1.82; N, 12,69;

€1, 15.71; Br, 35.69. C.H,BrCIN,0 requires: C, 26.9;

5 2 ¥
H, 1.79; N, 12,5; €1, 15,9; Br, 35.88%).
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Bromination of 2-bromomethyl-4~chloro-6-hydroxy-pyrimidine:-

Bromine (0,2 ml,) was added to a solution of
2-bromomethyl-4-chloro-6-hydroxy-pyrimidine (0,5 g.) in
ethanol (8 ml.). The mixture was refluxed for about an hour,
On cooling and diluting with water yellow crystals of
5-bromo-2-bromomethyl-4-chloro-6-hydroxy-pyrimidine (0,57 g;,
84%) were obtained, On sublimation colourless crystals
were obtained which had m.p; and mixed m,p. 261° and identical
I.R, spectrum to that obtained from the bromination of

2-chloro_methyl-4-chloro-6-hydroxy pyrimidine,
36

Preparation of Iodoacetonitrile:-

Chloroacetonitrile (22 g.) and methyl alcohol (50 ml,)
were refluxed with potassium ijiodide (75 g.) for three hours.
After cooling the solid was filtcered off. Bulk of methanol
was evaporated on a steam bath, The residue was washed first
with water and then with dil, aq. solution of sodium carbonate

and dried over anhydrous CaCl Iodoacetonitrile (21,5 g., 45%)

2.

was distilled under reduced pressure (b,p. 77 - 780/12 m;m.);
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Reaction of malonyl chloride with Todoacetonitrile:-

Iodoacetonitrile (3,3 g.) and malonyl chloride (2.9 g.)
were kept together at room temperature (with exclusion of
moisture), After two days the product was washed with a
mixture of dry dioxan and dry ecther, The product was
triturated with chloroform, Brovnish substance on
recrystallization from ethanol gave colourless needles of
k-chloro-6-hydroxy-2-methyl-pyrimidine (0;28 Cey 20%, m.p.
233-234 undepressed by authentic sample), (Found: C,41,47;
H, 3.6; N, 19.14; C1, 24,43, Calc. for CsHSCIN,0: C, 41,53;

H, 3.46; N, 19.,37; €1, 24,57%), N\ max. (Nujol) 1687, 1650,

1600, 1430 and 1128 cmy*

37

Preparation of acetamidine hvdrochloride:-

Dry hydrogen chloride gas was passed into a solution
of thoroughly dry acetonitrile (100 g.) in absolute ethanol
(143 ml,) On keeping the mixture for three days the mass
turned to solid acetamide ethyl ether hydrochloride. The
paste of this ether in absolute ethanol (100 ml,) was stirred
with alcoholic ammonia {(~9%) for three hours and filtered,
Filtrate on concentration and cooling yielded the crystals of

acetamidine hydrochloride (180 g, , 78%).
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Preparation of 4,6-dihydroxy-2-methyl-pyrimidine:-

Acetamidire hydrochloride (9.4 g;) was added into a
solution of sodium (6,9 g.) in absolute zlcohol (100 ml;).
Resulting sodium chloride was filtered, Ethyl malonate
(16 g.) was added to the filtrate with vigorous stirring,
After keeping the stoppered flask for two days, it was chilled
and filtered, Solid was dissolved in water (100 ml,) and
4,6~dihydroxy-2-methyl-pyrimidine was precipitated by adding
conc, hydrochloric acid and filtered, To purify, it was
redissolved in conc, ammonium hydroxide solution and the
ammonia was boiled off till the precipitation of dione

occurred (7.7 g., 62%),

Preparation of L4,6-dichloro-2-methyl-pyrimidine:-

L,6-Dihydroxy-2-methyl-pyrimidine (3 g.) and phosphorus

oxychloride (21 ml,) were refluxed together for about three

hours, Excess of phosphorus oxychloride was removed under
reduced pressure, The residue was poured on crushed ice,
The solid product was washed with water, On sublimation

colourless crystalline 4,6-dichloro-2-methyl-pyrimidine

(1.56 g., 40%, m.p. 47.5 = 48°) was obtained,
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Preparation of b-chloro-6-hydroxy-2-methyl-pyrimidine:-

A mixture of 4,6~dichloro-2~-methyl-pyrimidine (2,5 g;),
water (25 ml,) and conc, hydrochloric acid (10 ml,) was
boiled under reflux for 45 minutes, After cooling, the
reaction mixture was made alkaline with strong aqueous
ammonia and then acidified with acetic acid and kept overnightt
The solid product was filtered and washed with water, It was
crystallized from ethanol into fine needles of L_chloro-6-

hydroxy-2-methyl-pyrimidine (1.44 g. 62%, m,p, 233°).

Preparation of a-Bromopropionamide:-

Ethyl a-bromopropionate (37.5 g.) was cooled up to-359
Aqueous ammonia (10%, 65 ml,) was added to the cooled ester
with vigorous shaking, The colourless crystals of a-bromo-
propionamide were filtered and dried under vacuum (20 g,,

80%, m.p. 123°%) .,
38

Preparation of a-Bromopropionitrile:-

a-Bromopropionamide (18 g,, dried over conc, H2504)
was mixed thoroughly with phosphorus  pentaoxide (27 g.).
The mixture was heated on an oil bath from 150 - 200o under
reduced pressure vwhile crude nitrile was distilled over,
Redistillation of the crude product gave colourless

a-bromopropionitrile(11,2 g., 71%, b.p. 59-60°/24 mm.),
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Reaction of o-~bromopropionitrile and malonyl chloride:-—

A mixture of a-bromopropionitrile (3 g.) and malonyl
chloride (3;1 g.) was kept in darkness under anhydrous
conditions for two days, Crystalline but sticky product
was triturated with a mixture of dry dioxan and dry ether,
Yellowish product was recrystallized from ethanol into

colourless ncedles of 2-(o-bromoethyl)-4-chloro-6-hydroxy-

pyrimidine (1.6 g., 60,7%, m.,p. 178 - 180°). (Found: C, 30.3;

H, 2.57; N, 11,63; C1, 14;93; Br, 33.53. Required for
CgHgBrCiN,0: <, 30,32; H, 2.52; N, 11,8; C1, 14;95; Br, 33.69%),

[JImax. (Nujol) 2750 - 2000 (broad), 1675, 1640 (sh,), 1580,

1550 (sh,) and 1130 cmt !

39

Preparation of dibromoacetonitrile:-

Dibromoacetonitrile was prepared by the action of
N-bromosuccinimide (67 g.) on the solution of cyanoacetic acid
(16 g.) in water (150 ml.), Dibromoacetonitrile (26 g., 70%),
was redistilled (b,p. 70 - 72°/20 mm, n§5 1,5419), Found:

c, 12.07; H, 0.36; N, 6,9; Br, 80.41; Calc, for C,HBr,N:

c, 12,06; H, 0,5; N, 7.03; Br, 80.4), T(CDc13)4;16.
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Reaction of dibromoacetonitrile and malonyl chloride:-

Dibromoacetonitrile (4 g,) and malonyl chloride (3.5 g.)
were kept together under anhydrous conditions for two days at
room temperature, Reddish-brown solid product was triturated
with a mixture of dry ether and dry dioxan, Recrystallization
from ethanol yielded colourless needles of 2-bromomethyl-4-
chloro-6-hydroxy-pyrimidine (1.2 g,, 54%, m.p. 194 - 195°
undepressed by the sample obtained from malonyl chloride and
bromoacetonitrile). (Found: C, 27.12; H, 1.92; N, 12.,41;

0: C, 26.,9;

ci, 15,84; Br, 35,69, Calc, for C.H,BrCIN

5 2

H, 1,79; N, 12,5; C1, 15.9; Br, 35.88%).

Preparation of dimethyl bromomalonate:-

Freshly distilled dimethyl malonate (33 g.) and
carbon tetrachloride (20 ml,) were taken in a three-necked
flask fitted with a stirrer, a reflux condenser with calcium
chloride tube and a separating funnel, Bromine (41 g.) was
added dropwise, In the beginning a large electric bulb was
held below the flask to start the reaction, The mixture was
then refluxed for one and a half hour. The mixture was
cooled and washed four times with 10 ml, portions of 5% sodium
carbonate solution. Then it was fractionally distilled using

vigreux colump under reduced pressure, The fraction
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boiling between 107 - 1090/13 mm, was collected, This
fraction was redistilled and the fraction boiling at
108 - 108,5°/13 mm. was taken, (CDC13) 5,16 (1H) and

6.17 (€H).
40

Preparation of dimethyl dibromomalonate:-

Ethyl malonate (10 g,) was taken in three necked flask
fitted with a stirrer, separating funnel and a calcium
chloride guard tube, A large electric bulb (100 watts) was
held below the flask. Bromine (25 g.) was added dropwise,
Then the flask was heated on a water bath for one hour, On
cooling, crystals of dimethyl dibromomalonate were obtained,
Dimethyl dibromomalonate was crystallized from petroleum ether
into colourless needles (16 ey 72%, m,p. 66 - 670),

T (CcDC1,) 6,09,

3
b1

Preparation of diazomethane:-

Potassium hydrcxide (5 g.) in water (8 ml.) and
95% ethyl alcohol (25 ml,) were taken in a hundred ml.
distillation flask which was fitted with a dropping funnel
and a double walled condenser, The receiving flask placed
in a freczing mixture contained 20 ml, of ether and the end

of the receiving adapter was dipping below the surface of the
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ether, Thé distillation flask was heated to 650 on a water
bath. The solution of NQmethyl-N—nitroso-p-toluene sulfonamide
(21,5 g.) in ether (200 ml,) was added through the dropping
funnel with a rate equal to the rate of distillation. Afterxr
the addition of this solution another 40 ml, ether was added
slowly and distillation was continued until the distillate

was colourless,

Preparation of methylbromoacetate: -

Bromoacetic acid (6 g,) was added slowly into the
solution of diazomethane, The ether and the excess of
diazomethane was evaporated on a water pump, The residue

boiled at 144° with decomposition.

Gas-liguid chromatographic analysis of the reaction product

of dibromoacetonitrile and malonyl chloride:-

The mixture of malonyl chloride (2 g.) and dibromo-
acetonitrile (2,6 g.) was kept in a two-necked flask under
anhydrous conditions foxr three days. After three days
methanol (1,5 ml,) was added dropwise through a dropping funnel
with constant shaking and cooling. It was left for four
hours with occasional shaking to ensure the complete reaction
of methanol with the acid chlorides. The mixture will be

referred as reaction product in the following paragraphs,
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Methyl alcohol (0,1 pl) was injected on a column of
10% carbowax 1000 on celite in Pye Argon Chromatograph, The
temperature of the column was 1250, flow rate of argon was
41 ml,/minute, voltage 1000 and chart speed was 5"/hour,
Methyl alcohol came out immediately after injection; Then the
reaction product (0,1pl.) was injected on the same column under
similar conditions; In addition to the intense peak of
methyl alcohol there were five major peaks on the chromatogram
with the retention times of 1,9, 6.4, 7.1, 12 and 24 minutes,
The fifth peak was broad,. The mixture (0,1pl) of dimethyl
malonate and methanol was also injected, Dimethyl malonate
gave a single peak with the retention time of 7.1 minute,
Thus, this peak of dimethyl malonate corresponded with the
third peak of the reaction product, Then the mixture of
reaction product and dimethyl malonate was injected, The
chromatogram showed five peaks with the same retention times
as in the chromatogram of reaction productj but the relative
intensity of the third peak was increased considerably,
Similarly dimethyl bromomalonate (0.1 pl,) was injected and it
gave a broad peak which corresponded in its retention time to
the fifth peak of the chromatogram of the reaction product,
Then the mixture (0,1ul) of reaction product and dimethyl

bromomalonate was injected, Its chromatogram showed the
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same five peaks with the incrcased relative intensity of the
fifth peak, The shapes of the fifth peak in these chromatogramws

were not satisfactory.

Then the sample of the reaction product (1ipl) was
injected on the same column in Gas Density Balance Chromatograph;
The column was at 1409 carrier gas flow rate was 10 ml./18 sec.,
and chart speed was 12"/hour, In this chromatogram also
there were five peaks in addition to an intense pezk of
methyl alcohol; but in this chromatogram all the five peaks were
sharp, Dimethyl bromomalonate (1pl) also showed a sharp peak
with the retention time of 5.36 minutes, which was the same as
that of the fifth peak of the chromatogram of the reaction
product, The mixture (1pl) of the reaction product and
dimethyl bromomalonate was injected on the same column under
similar conditions, The chromatogram showed the same five
peaks with the double intensity of the fifth peak, In the
same way the sample of dimethyl malonatce and methyl bromoacetate
and their mixtures with the reaction product were injected,

It was found that the second and third peaks in the
chromatograms of the reaction product were due to methyl
bromoacetate and dimethyl malanate respectively. Dimethyl
dibromomalonate was also injected on the same column but it

seemed to be decomposed on the column,
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Lo

Preparation of P-chloropropionitrile:-

To a well-cooled solution of ethylene cyanhydrin
(28 g.) in chloroform (30 c.c) thionyl chloride was added
with stirring, After one hour chloroform was evaporated under
reduced pressure and the pB-chloropropionitrile was distilled

on vigreux column (25 g., 70% b.p; 85 - 87°/20 m.m.).

Reaction of B-chloropropionitrile and malonyl chloride:-

B~Chloropropionitrile (6.0 g.) and malonyl chloride
(9.4 g.) were kept together under anhydrous conditions
for five days. Solid crystalline product was triturated with

a mixture of dry dioxan and ether, Crystalline 2-chloro-3-

chloromethyl-4,6-dihydroxy-pyridine (5.2 g., 40%) decompcsed

at 198 without melting.

Preparation of 2-chloro-3-cthoxymethyl-4,6-dihydroxy pyridine:-

2-Chloro-3-chloromethyl-4,6-dihydroxy-pyridine (2 g.)
was refluxed with absolute ethanol (10 ml,) for two hours,
Reaction mixture was evaporated to dryness under reduced
pressure, Solid residue was crystallized from ethanol
(1.25 g., 60%, m,p. 210°d,), (Found: C, 46,95; H, 5.39;
N, 6.87; c1, 17,26, Required for CgH ,CINO:C, 47,17,

H, 4.9; N, 6.8; Cl, 17049’6).
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Preparation of N-(2-chloro-4,6-dihydroxy pyridyl-3-methyl) -

pyridinium chloride: -

2-Chloro-3~chloromethyl~4,6~dihydroxypyridine (2 g.) was
heated with pyridine (5 ml,) on a steam bath for about an
hour, Excess of pyridine was removed under reduced pressure,
Solid residue was crystallized from agqg, ethanol into fine

needles of N-(2-chloro~-,4,6-dihydroxy-pyridyl-3-iethyl) -

pyridinium chloride (2.1 g., 74% m.,p. & 300d4.). (Found:

c, 48,12; H, 3.91; N, 9,93; C1, 25,18, Required for

C qH 00l N,0,: €, 48.35; H, 3.72; N, 10.25; Cl, 25.67%).

Reaction of B-bromopropionitrile and malonyl chloride:-

B-bromopropionitrile (4g;) and walonyl chloride (4,5 g.)
were mixed together and kept at room temperature under
anhydrous condaition for seven days, The product was
triturated with dry dioxan, Crystallization from acetone

yvielded 3-bromomethyl-2-chloro-4,6-dihydroxy-pyridine (2,1 g.,

30%, 4. 220°),
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Preparation of 2-chloro-3-ethoxymethyl-4,6~dihydroxy~pyridine

from 3-bromomethyl-2-chloro-4,6-dihydroxy pyrimidine:-

A mixture of 3%-bromomethyl-2-chloro-%4,6-dihydroxy-
pyridine (2 g.) and absolute ethyl alcohol (10 ml.i was
refluxed for about two hours, After evaporating the zlcohol
s0lid residue was crystallized from ethyl alcohol into

colourless crystals of 2-chloro-3-ethoxy methyl-i4,6-dihydroxy=-

pyridine (0,84 g,, 50%, m,p. and mixed m.p; 210 4d.). (Found:
c, 46.87; H, 4.7; N, 6,45%., Required for 08H10C1N03:

c, 47.,17; H, 4.9; N, 6,8%),. Infrared spectra of this
compound and of the compound obtained by refluxing 2-chloro-3-
chloromethyl-4,6~dihydroxy-pyridine with ethanol were

identical,

Formation of N-(2-chloro-%4,6-dihydroxy-pyridyl-3 -methyl) -

pyridinium bromide: -

3-Bromomethyl-2~chloro-4,6~-dihydroxy-pyridine (1 g.)
was dissolved in pyridine (3 ml.,) and heated on a steam bath
under reflux for two to three hours, Solid residue left
after evaporating the excess of pyridine was crystallized from
aq. ethanol into fine necedles of the product (0.86 g., 65%,
m.p. 3300°). (Found: ¢, 39,.,5; H, 2.94; N, §,48; 01,10;7;
Br, 24,1, Required for C, H_  BrCIN_O_: C, 39.33; H, 3.5;

1110 22
N, 8,3; Cl, 10.6; Br, 23.8%),.
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Chapter 2,

Reaction of Acetonitrile and Malonyl Chloride

Lcetonitrile (4 g.) and malonyl chloride (7 g.) were
kept together under anhydrous condition at room tenperature for
three days. The product was triturated with a mixture of
dry dioxan and dry ether, Brownish-yellow product was washed
several times with ether, then it was fractionally sublimed.
Two fractions were collected, one small fraction at 110-120°
and the other major fraction at 200—220? Major fraction on
crystallization from ethanol gave fipe necdles of 4-chloro-6-
hydroxy-2-methy;-pyrimidine (2.2 g, 32%, m.p. and mixed MePae
233°), (Found: C, &41.,74; H, 3.77; N, 19,12; C1L, 24;32.
Calc. for 05H501N20: c, 41,53; H, 3.46; N, 19.37; C1, 24457%)-

Lower fraction of sublimation and the residue from ether
extracts were crystallized from pctroleum cther (100-1200);
Crystalline 6-chloro-4-hydroxy-2-oxopyran-3-carboxylic acid
melted at 135-136° (Found: C, 37.89; H, 1.78; c1, 18,51,
Calc, for C6H30105:C, 37.88, H, 1,58; C1, 18.42%).

Reaction of Propionitrile and Malonyl Chloride

Malonyl chloride (7 g.) and propionitrile (2.5 g.) were
kept together with exclusion of moisture at room teuwperature
for two days. The product was washed with a mixture of

dry dioxan and dry ether, On sublimation at 140-—150o a
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small amount of colourless sublimatc was obtained, The
main bulk of residue on crystallization from methanol yielded
2-chloro-4,6-dihydroxy-3-methyl-pyridine (m.p. 304°). The
small amount of sublimate on crystallization from ethanol

yielded 4-chloro-2-ethyl-6-hydroxy-pyrimidine (m,p. 162°).

(Found: C, %5.6%; H, 4.63; N, 17.53; Cl, 22.3. Required

50: C, 45,56; H, 4£.,43; N, 17.72; C1, 22,15%),

Quax. (Nujol) 2720-2200 (broad), 1695, 1655, 1600, 1550 (sh.)
1

for C6H7ClN

and 1130 cm,

Reaction of Malounyl Chloride and Butyronitrile:-

A mixture of butyronitrile (4,2 g;) and malonyl
chloride (8.4 g.) was kept at room temperature with anhydrous
CaCl2 guard tube for threcec days. The product was filtered
and triturated with a mixture of dry ether and dry dioxan,

Fractional crystallization of the product (3,65 g.) from

ethanol yielded a major fraction of 2-chloro-3-ethyl-4,6-

dihydroxy~-pyridine and a small fraction of 4-chloro-6-

hydroxy-2-propyl-pyrimidine. 2-Chloro-3-ethyl-4,6-

dihydroxy pyrimidine (2.45 g.) melted at 2850 with decomposition,

(Found: ¢, 48,1; H, 4.8; N, 7,94; C1, 20,34, C7H801N02
requires: C, 48,4; H, &.61; N, 8,06; C1, 20.46%). ) max.

(Hujol) 2650-2000 (broad), 1660, 1620, 1595 and 1550 cmj -
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Fine needles of correcsponding pyrimidine derivative
(0.5 g.) melted at 171°, (Found: C, 438.59; H, 5.92; N, 16,25;
cl, 20.46%, Reguired for C_H,CIN,0: C, £8,68; H, 5.2;

79
N, 16.2; Cl, 20,6%).

Preparation of 6-Hydroxy-4-morpholino-2-propyl-pyrimidine:-

To a solution of 4-chloro-6-hydroxy-2-propyl-pyrimidine
(0.5 g.) in chloroform (2,5 ml,) morpholine (1 ml,) was added
dropwise, The resulting mixture was washed with a small
amount of water, After evaporating the chloroform solid
residue was crystalliged from ethanol into fine needles of

6-hydroxy-4~morpholino-2-propyl-pyrimidine (0.45, 72%, m.p.

2384d.,). (Found: C, 59,36; H, 7.74; N, 18,75, Required

for C11H17N302: c, 59,18; H, 7.62; N, 18.83%).

The reaction of malonyl chloride with cyanoethyl acetate:-

A mixture of malonyl chloride (2.3 g.) and cyanoethyl~
acetate (2 g.) was kept under anhydrous conditions for six
days, The reaction product was triturated with a mixture of
dry ether and dioxan, The crystallization of the product
from cyanoethyl acetate yielded 2-chloro-3-ethoxy carbonyl- k&, 6~

dihydroxy pyridine (m,.p. 2190).
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Reaction of malonyl chloride with isobutyronitrile:-

Malonyl chloride (6 g.) and isobutyronitrile (6.5 g.)
were heated together at 60° under anhydrous conditions for
four hours and left &t room temperature overnight. Solid
product was washed with ether. On repeated crystallization

from ethyl acetate fine yellowish needles of 3-isopropyl-

amidocarbonyl-4-hydroxy-6~chloro-2-oxopyran were obtained

(m.p.y- 300d.). (Found: C, 46.13; H, 3.9; N, 5.5; cl1, 13.6.

Required for C, . H, CINO.: C, 46,1; H, 3.8; N, 5.37; C1, 13.6%:.

N max. (Nujol) 1715, 1690, 1590 and 1525 cmj .
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CHAPTER 3.

Reaction of malonyl chloride with p-chlorophenyl acetonitrile:-

A mixture of p-chloro-phenyl-acetonitrile (3.4 g.)

and malonyl chloride (3.8 g.) was kept at room temperature
under anhydrous conditions for two days. The product was
filtered and triturated with a mixture of dry ether and dry
dioxan. Crystallization of this colourless product from
ethanol yielded 2~chloro-~3-{p-chlorophenyl)-4,6~dihydroxy-
pyridine (1.8 g., 28%, 300°>d). (Found: C, 51.47; H, 3.11;
N, 5.3%4; €1, 27.59. Required for 011H7N1C1202: C, 51.56;

H, 2.73; N, 5.47; C1, 27.77%), - max(Nujol) 2700 - 2000 (broad).

1640, 1595, 1570, 1540, and 1500.

Reaction of malonyl chloride with p-nitrophenyl-acetonitrile:-~

p~Nitrophenyl-acetonitrile (2 g.) and malonyl chloride
(k.5 g.) were heated at 60° for four hours with exclusion of
moisture. Reddish-yellow solid was filtered and washed with
a small amount of a mixture of dry dioxan and dry ether.
On crystallization from ethanol bright yellow needles of

2-chloro-4,6-~dihydroxy-3-(p-nitrophenyl)-pyridine were

obtained (1.3g.,40%,mg’ 300d.).  (Found: C, 49,69; H, 2.65;

N, 10.5%; c€1, 13.32. C11H7CIN204 requires: C, 49.53; H, 2.62;

N, 10.51; C1, 13.32%), Vmax. (Nujol) 2750-2000, 1640, 1600,

?

1580, 1520 and 4500 cm. >
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Reaction of Malanonitrile with Malonvyvichloride:~

Malonyl chloride (4.5 g.) and malmonitrile (2.1 g.)} werc
mixed together and kept in a refrigerator under anhydrous
conditions for seven days. Highly viscous red liquid was
dissolved in a minimum quantity of dry dioxan-'. To this
solution ether was added and filtered. The filtrate was
concentrated under reduced pressure. This on keeping in
a refrigerator yielded a yellow crystalline mass which was

sublimed into colourless crystalline 2-chloro-3-cyano-4,6-

dihydroxy pvridine (m.p. 218 - 2199). (Found: C, 41.92;

H, 1.83; N, 16,09; Ci, 20.72. Required for C/H,CIN,0,:

3°"N2v2
c, 42.23; H, 1.76; N, 16.k3; C1, 20.81%), ~) max. (Nujol)

*

3450, 3650, 2250, 1610, 1590 and 1500 cm. '  The same

experiment was performed at room temperature. Vigorous
reaction took place yielding a charred product. This
charred product was extracted with dry dioxane. On

concentration it yielded a very small amount of 2-chloro-3-

cyano-%4,6-~dihydroxy-pyridine.

43
Preparation of céyanoacetyl chloride :-

Cyanoacetyl chloride was prepared by the action of
phosphor us pentachloride on the solution of cyanoacetic acid

in ether,



..]_5&..

Preparation of 2-chloro-5-cyano-%,6-dihydroxy-pyridine:-

Cyanoacetyl chloride (10 g.) was kept at room
temperature under amhydrous conditions for one day. After
about twenty hours rapid evolution of hydrogen chloride took
place and oily liquid converted into a solid mass. This
solid mass was extracted from hot water which on concentration
vielded a yellowish crystalline compound. This on recrystalli.-
zation from hot water gave fine needles of 2-chloro-5-cyano-

L 6-dihydroxy pyridine (10 g., 60%), m.p. 190° (d),

Reaction of Adiponitrile and Malonyl chloride:-

Adiponitrile (4.3 g.) and malonyl chloride (5.6 g.) were
mixed together and were kept under anhydrous conditions for
two days. A very dirty reaction product was triturated with
acetone. A brownish-vellow product thus obtained was
crystallized from methanol which yielded colourless crystalline

2-chloro-3-(a-cyanopropyl)-&4 6-dihydroxy pyridine. (1.5 g.,18% ,

190%d.).  (Found: C, 50.97; H, %4.32; N, 13.02; C1, 16.5.

Required for 09H9C1N202: c, 50.84; H, 4,23; N, 13.17; C1,

16.70%), ~ max. (Nujol) 2250, 1650, 1620, 1580 (broad) and

1420 ems 1°
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Reaction of tetradecanyl 1,1k-dicyanide with malonyl chloride:-

A mixture of tetradecanyl 1,1f-dicyanide (2.5 g.) and
malonyl chloride (4 g.) was kept at room temperature with the
exclusion of moisture for six days. The product was filtered
and triturated with a mixture of dry dioxan and dry ether.

The yellow product was washed several times with ether.
Repeated crystallisation from ethanol yielded crystals of

2-chloro 4, 6 6-dihydroxy-3-(13-cyanotridecanyl)-pyridine (2.1 g.,

21%; d. 250°). ( Found: C, 64.35; H, 8.36; N, 7.84; C1, 10.17.

C,gH5qClN,0, requires: C, 64.77; H, 8.23; N, 7.93; Ci, 10.08%;
Ymax. (Nujol) 2230 (weak) 1675, 1640, 1595 and 1560 cm: -

LL

Preparation of bromomalonic acid:-

A solution of malonic acid (52 g.) in acetic acid
(250 mlf) was taken in a three-necked flask fitted with a
stirrer, condenser and a separating funnel. Bromine (80 g.) was
added dropwise., After the addition of bromine the bulk of
acetic acid was removed on a rotafory evaporator., The material
was dried in a vacuum desiccator over sodium hydroxide for six
days. Bromomalonic acid was recrystallised from a mixture of
acetone and benzene into colourless crystals (56 g, 61%. m.p.

112°).
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Preparation of bromomalonyl chloride:-

Bromomalonic acid (50g)and thionyl chloride (65 ml,) were
heated together at 50o for two days, After two days the
temperature was increased up to 80° and heated further for
three days. The reaction mixture was fractionally distilled

using small vigreux column under reduced pressure, Bromo-

21

5 1,5478) .

malonyl chloride distilied over at 300/0;35 m.m., (n

Reaction of bromomalonyl chloride with fluorocacetonitrile:-

A mixturc of bromomalonyl chloride (4 g.) and
fluoroacetonitrile (2 g.) was kept at room temperature for
three days., The reaction product was triturated with a
mixture of ether and dioxan. The product on crystallization
from ethyl alcohol yielded leaflets of 4-chloro-2-fluoromethyl-

6-hydroxy-pyrimidine (i.5 g, 50%, m,p. and mixed m,p. 193°),

Reaction of bromomalonyl chloride and dibromoacetonitrile:-

Bromomalonyl chloride (2 g.) and dibromoacetonitrile
(3.5 g.) were kept together at room temperature with the
exclusion of moisture, Lfter about two months the dirty mass
was triturated with acetone, The crystalline mass on

recrystallization from ethyl alcohol yielded colourless crystals
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of 5-bromo-2-dibromomcthyl-4-chloro-6-hydroxy-pyrimidine

(0.950 g., %0%, decomposed above 3000). (Found: €, 15,91;

H, 0.54; Br, 62,81; <C1, 9.46; N, 7.41%. Required for

CBHZBrBClNZO: c, 15.74; H; 0.52; Br, 62,99; C1, 9!34;
N, 7.35%), \) max. (Nujol) 2700 - 2000(broad), 1670, 1630,
1

1570, 1530, 1350 and 1120 cm,
45

Preparation of chloromalonic acid:-

To a solution of malonic acid (52 g.) in dry ether
(500 ml,) sulphuryl chloride (67 g.) was added dropwise with
constant stirring. After the addition of sulphuryl chloride
stirring was continued for another half an hour, Ether was
evaporated under reduced pressurec. When there was still
some ether the product was dissolved in a small amount of
water and extracted with ether, The ether was reduced under
reduced pressure, The solid product was dried in vacuum

desiccator over CaCl The colourless chloromalonic acid

2.
(56 g., 80%) was recrystallized from the mixture of acetonre .and
benzene and was dried over paraffin wax, Colourless crystals

of chloromalonic acid melted at 130 - 133?
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Preparation of chloromalonyl chloride:=-

Chloromalonic acid (25 g,) and thionyl chloride (40 ml,)
were heated at 500 for one day, Then the mixture was heated
at 70o for five days, Chloromalonyl chloride was distilled

at 50°/14 m.m,, %(CD013)4.51.

Reaction of chloromalonyl chloride and fluoroacetonitrile:-

A mixture of chloromalonyl chloride (5 g.) and
fluoroacetonitrile (3,5 g.) after keeping for five days yielded
a crystalline product, This product was triturated with a
mixture of dry ether and dry dioxan, On crystaliization

from ethanol this product gave fine crystals of 4,5-dichloro-

2-fluoromethyl-6-hydroxy-pyrimidine (2,48 g., 44%. m.p.

195 - 196°)., (Found: C, 30,73; H, 1.28, c1, 35.70; N , 13,83,
Required for CgH,C1,FN,0: C, 30,45; H, 1,52; C1, 36.04,
N, 1k,21%).

Reaction of chloromalonyl chloride and chloroacetonitrile:-

A mixture of chloromalonyl chloride (4 g.) and
chloroacetonitrile (3.3 g.) was kept with the exclusion of
moisture for seven days., The product after triturating with
dry ether and dry dioxon was repeatedly crystallized from ethyl
alcohol into colourless crystals of 4,5-dichloro-2-chloromethyl-

6 -hydroxy-pyrimidine (1.58, 32%, m,p. and mixed m.p. 216-218°),
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Chapter 4,

Attempted reaction of malonyl chloride with 4,6-dihydroxy=-2-

methyl-pyrimidine:-

A nixture of malonyl chloride (4 ml.) and 4,6-dihydroxy-

2-methyl-pyrimidine (1,0 g.) was kept at room temperature for

five days. After five days, malonyl chloride was distilled
over undcr-reduced pressure, The residue was triturated with
a mixture of dry ether and dry dioxan, The solid material

thus obtained on crystallization from ethanol gave the starting

compound-4,6-dihydroxy-2-nmethyl-pyrimidine (0.768 g.).

Attempted reaction of cyanoacetyl chloride and fluoroacctonitxiis

Fluoroacetonitrile (4 g,) was mixed with cyanoacetyl
chioride (3 g.)}. The mixture was kept at room temperature
under anhydrous conditions for several days. In the end a very
dirty tarry material was obtained from which mno solid product

could be obtained.,

L6

Preparation of fluoroacetyl chloride:-

Fluoroacetyl chloride was obtained by the action of
benzotrichloride on fluoroacetic acid in the presence of zinc

chloride, b.p., 71 - 72°



Attempted rcaction of cyanocacetyl chloride, fluoroacetonitrile

and fluoroacetyl chloride: -

A mixture of fluoroacectonitrile (3 g.), cyanoacetyl
chloride (2,2 g.) and fluoroacetyl chloride (2,5 g.) was
kept under anhydrous conditions for four days, but no solid

compound could be obtained from a very dirty product.

Reaction of fluoroacetonitrile and malonyl chloride in the

presence of tetrabutyl ammonium iodide:-

Fluoroacetonitrile (3.5 g.), and malonyl chloride
(4:2 g.) and tetrabutyl ammonium iodide (5,5 g.) were kept
at room temperature for one day. The product was filtered
and triturated with a mixture of dry dioxan aund dry ether,
The solid residuc was extracted several times with hot
chloroform, The chloroform was evaporated and the residue
on crystallization from ethanol yielded L_chiloro-2-fluoromethyl-
6-hydroxy-pyrimidine (m.p.'193, undepressed by authentic
sample) . Chloroform insoluble portion on sublimation at 100°
yielded colourless 6-chloro-4-hydroxy-2-oxopyran-3-carboxylic

acid (m.p..135? undepressed on admixture with authentic sample).
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Detection of chloroacetyl chloride in the reaction product

of malonyl chloride and chloroacetonitrile:~

The product from the reaction of chlorcacetonitrile and
malonyl chlqride was washed with dry ether, To the cooled
ether extracts aniline was added dropwise with stirring. The
solid product was filtered and washed with water, It was
sublimed at 110 - 120? The sublimate on crystallization from
50% aq. ethanol yielded colourless nceedles of chloro-
acetanilide (m.p., 134 - 135° undepressed by authentic sample).
(Found: ¢, 56.43%; H, &4,77; N, 8.18; c1, 20,8, Calculated
for CgHgClNO: C, 56.66; H, L4,71; N, 8.26; Cl, 20,9%) y V) max.
(Nujol) 3300, 3250, 3150, 1670, 1620, 1560 and 1500 cm?i,

T(CDC1;) 1.75 (1H, broad), 2.6 (5H, complex) and 5,85 (2H),
14

Experiments with sodium 1,1 -di[ " "Cl-malonate

Experiment 1.

Lobelled sodium malonate (0.05 m.c.) from the ampoule
was extracted with water, Combined water extracts were
mixed with the solution of unlabelled malonic acid (5 g.) in
water (10 ml,), Water was removed on a rotatory evaporator,
The solid mass was dried in a vacuum desiccator over anhydrous

calcium chloride for two days. This labelled malonic acid
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was mixed thoroughly with another 10 grams of malonic acid,
Malonyl chloride was prepared from this malonic acid by the
usual method as. described earlier,

/. portion of this malonyl chloride (1.5 g.) was
hydrolysed into malonic acid by the atmospheric moisture.
Malonic acid thus obtained was crystallized from a mixture of
ether and acetone, Crystalline malonic acid (0.8 g.) was
dissolved in methanol and was treated with a solution of sodium
hydroxide (O;B g.) in a minimum amount of aq, methanol, The
precipitate of sodium malonate was filtered and washed several
times with methanol and dried in a vacuum desiccator over
anhydrous calcium chloride., About 250 m.g. of this sodium
malonate was transferred to an agate mortar and 2 ml. of ethyl
alcohol was added, A fine slurry was made and then the
slurry was transferred to a pre-weighed planchet (22 m.m,
diameter, flat-type, nickel plated) placed in a glass dish,
The slurry was dried to a comnstant weight under the heat lamp
(150 watt spot light reflector), In the same way a duplicate
planchet was prepared, Radiocactivity of the sample was
measured on an end-window counter and scaler (2030 counter,
1805 II scaler,, Isotope Development Ltd., Reading, Berkshire),

and the results are shown in Tables 1 and 2,
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Working voltage of the counter = 1700 volts,

Mean background counts = 114 £ 10.6/100 secs,

Observed count rates of the samples were corrected for
background count by the following equation:

@ - i (2?5 p3E

A = observed count rate of the sample,

a = standard error of the count rate of the sample,

B = count rate of the background,

b = standard error of the background,

Planchet a:- Weight of the sample = 160,2 m,g,

TABLE 1
No, of Observed Counts Corrected Counts
Reading (per 100 secs.) (per 100 secs,)
1. 6854 6740 * 83
2, 6817 6703 ¥ 83
3. 6832 6718 £ 83
L, 6761 6647 I 83
5. 6726 6612 = 83
6, 6789 6675 T 83
7. 6769 6883 % 83
8. 6706 6592 * 83
9. 6825 6711 I 83
10. 6768 6654 * 83

Mean count rate = 6693 1 82/100 secs.

Standard proportional error = 1,2%
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Planchet b: -~ Weight of the sample = 153,6 m,g.

TABLE 2

No. Observed Counts Corrected Counts
(per 100 secs,) (per 100 secs.)
1 6858 6744 L 83
2. 6826 6712 £ 83
3. 6851 6737 < 83
L, 6867 6753 L 83
5, 6959 6845 I 84
6. 6846 6732 * 83
7. 6930 6816 % 84
8, 6950 6836 % 84
9. 6937 6823 % 84
10, 6784 6670 % 83

Mean count rate

6766 1 82/100 secs.

Standard proportional error = 1,2%
Mean count rate of the two.planchets = 6729 % 82/10C secs.
4-Chloro-2-fluoromethyl-6-hydroxy pyrimidine was prepared

from labelled malonyl chloride by the method described in
Chapter 1, A Slurry of the sample was made with a mixture
of carbon tetrachloride and petroleum ether (60% and 40%
respectively), Two planchets of the sample were prepared
and counted. Results of these countings are shown in Tables

3 and 4,
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Planchet a:- Weight of the sample = 156.6 m,g,
TABLE 3,

No.of Observed Counts Corrected Counts
Reading (per 100 secs,) (per 100 seccs.)
1. 6141 6027 * 79
2. 5960 5846 * 78
3. 6066 5952 = 79
L, 5987 5873 = 78
5. 5969 5855 = 78
6. 6105 5991 = 79
7. 6105 9991 = 79
8., 6020 5906 % 78
9, 6164 6050 % 79

10, 6155 6041 % 79

Mean count rate = 5953 : 77/100 secs,

Standard proportional error = 1,3%

Planchet b:~ Weight of the sample = 137,6 m.g.

TABLE k.

No, of Observed Counts Corrected Counts.
Reading (per 100 secs,) (per 100 sccs,)
1. 6090 5976 = 79
2. 6050 5936 = 78
3. 6089 5975 = 79
b, 6059 5945 = 79
5. 6089 5975 = 79
6. 6102 5988 % 79
7. 6137 6023 X 79
8. 6115 6001 = 79
9. 6115 6001 £ 79
10. 6123 6009 % 79
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Mean count rate = 5982 t 77/10C secs,

Standard proportional error = 1,3%

Mean count ratc of the two planchets = 5967 :
Calculated counts = 6147/100 secs.,
Discrepancy in the observed counts from calculated

counts = =-2,9%,

77/100 secs,

2-Chloro~3-(p~chlorophenyl)~-4,6-dihydroxy-pyridine was
also prepared from the labelled malonyl chloride by the
method described in Chapter 3, The slurry of the sample was
made with a mixture of ethanol and petroleum ether (80% and
20% respectively). Two planchets were prepared, The results
of counting are given in Tables 5 and 6,
Planchet a:-
TABLE 5,

No. of Observed Counts Corrected Counts
Reading, (per 100 secs.) (per 100 secs.)

1. 3819 3696 % 63

2. 3825 3711 = 63

3. 3845 3731 £ 63

L, 3830 3716 £ 63

5. 3870 3756 £ 63

6. 3832 3718 % 63

7 3848 3734 £ 63

8. 3785 3671 L 62

9, 3865 3751 L 63

10, 3870 3756 % 63

Mean count rate = 3724 X 61/100 secs.

Standard proportional error = 1,6%
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Planchet b:~ Weight of the sample = 133.8 m.g.

TABLE 6,
No., of Observed Counts Corrected Counts
Reading (per 100 secs.) (per 100 sccs.)
1, 3850 3736 T 63
2, 3940 3826 I 64
3. 3931 3817 T 64
b, 3895 3781 % 63
5. 3861 3747 T 63
6. 3872 3758 % 63
7. 3960 3846 L 64
8. 3877 3763 T 63
9. 3950 3836 = 64
10, 3938 3824 I 64
Mecan count rate = 3793 = 62/100 sccs.
Standard proportional error = 1,6%
Mean count rate for two planchets = 3758 ¥ 61/100 secs.

Calculated count rate = 3889/100 secs.
Discrepancy in the observed counts from the calculated

counts =-3,3%.,

Bxperiment 2,

The ampoule containing labelled sodium malonate. (0.05m.c.)
was extracted with water in the same way as in Experiment 1,
Water extracts of sodium malonate were mixed with the solution
of malonic acid (5 g,) in water, The resulting solution was
dricd, 0,8 gram. of this malonic acid was mixed with 49,2 g,

of the unlabelled malonic acid, Malonyl chloride was
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prepared from this malonic acid, A part of the malonyl
chloride was hydrolysed into malonic acid which was converted
into its sodium salt as described in Experiment 1, The
results of the counting of this sodium malonate are given

in Table 7.

Weight of the sample = 129,2 m. g.

TABLE 7.

No, of Observed Counts Corrected Counts
Reading (per 1000secs.) (per 1000secs.)
1, 4206 3066 < 73
2, 4170 3030 £ 73
3. 4261 3121 & 73
b, 5178 3038 ¥ 73
5. 4230 3090 £ 73
6. 4261 3121 £ 73
7. 4198 5058 T 73
8. 4215 3075 T 73
9. 4235 3095 = 73
10, 4165 3025 £ 73
Mean count rate = 3072 t 55/1000 secs.

Standard proportional error = 1,8%

Count rates of 4-chloro-2-fluoromethyl-6-hydroxy~
pyrimidine obtained from this labelled malonyl chloride are
given in Table 8,

Weight of the sample = 146,33 m.g.
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TABLE 8,
No, of Observed Counts Corrected Counts
Reading (per 1000secs.) (per 1000secs.)
1, 3842 o7ha t 24
2, 3849 2709 % 71
3, 3951 2811 + 71
k, 3925 2785 I 71
5. 3938 2796 < 71
6. 3851 2711 ¥ 71
7. 3909 2769 I 71
8. 3928 2788 t 71
9. 3917 2777 ¥ 71
10, 3827 2687 X 70

Mean count rate = 2757 - 52/1000 secs.

Standard proportional error = 1,9%

Calculated counts = 2806

Discrepancy in the observed counts from the calculated

counts = «1,7%.

Labelled malonyl chloride was also treated with
chloroacetonitrile and chloroacetanilide was obtained from
the filtrate of the reaction product, The slurry of this
anilide was made in a mixture of carbon tetrachloride and
petroleum ether (40% and 60% respectively), but the sample

did not show any radioactivity,
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PART II

Reinvestigation of the Reaction of Malonyl

Chloride with Benzoyl Acetone
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THEORETICAL

L7
Butt et, al had reported that malonyl chloride and

benzoyl acetone produced S5-acetyl-i-hydroxy-6-phenyl-2-pyrone(I).
This compound was found to resolidify after melting at 168° ana
the second form of this compound melted at 220°, Both these

forms had molecular formulae of C But their nuclear

13H1004'
magnetic resonance spectra and their light absorption spectra
were different from each other, Both forms on deacylation
with sulphuric acid yielded 4-hydroxy-6-phenyl-2-pyrone,
Similarly with ammonia both forus produced L-hydroxy-5-acetyl-6-
phenyl-2-pyridone, Therefore, Buk% et. al concluded that

both the forms had identical carbon skeletons and that they

were hydroxypyrone tautomerides(I) and (II) respectively,

JH,
7
( |
CHy — C— ~
T 1T

The nuclear magnetic resonance spectrum of compound(IX)
showed a singlet for the phenyl-protons whilst that of

compound(II) showed a complex signal for the phenyl protons,
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Butt et., al explained this difference by assuming non-
complanarity and complanarity of the phenyl group with the
pyrone ring in the tantonerides(I) and (II) respectively,
Ziegler et. afuieinvestigated this reaction and they
found that in the crude reaction product both these compounds
(m.p. 1680, 220°, respectively) were present. They found that
when each of these two compounds was dissolved in sodium
hydroxide solution and re-precipitated by hydrochloric acid
only ome of the forms was obtained. They argued that if
these two compounds were the keto-enol tautonersthey would
have given in alkaline medium the same ions and on reacidifica-
tion a mixture of the two isomers would have been precipitated.
They also studied the ultraviolet light absorption spectra
of these two compounds in alkaline methyl alcohol, They
found that the two forms showed different absorption maxima
(234mp and 2L9mp, respectively). Again they argued that if
these two compounds were keto-enol tautomers they would have
given the same ultraviolet absorption spectra in alkaline
medium, Therefore, on the basis of these results, Ziegler
et, al concluded that these two compounds were the positional
isomers (I and III, respectively). They suggested that in

compound(I) ring opening took place at its melting point giving
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a linear intermediate which recyclized to 5-benzoyl-i-hydroxy-
6-methyl-2-pyrone(III), Similarly they explained that when
these two conpounds were treated with sulphuric acid or with
ammonia hydrolytic ring opening took place forming similar
linear intermediates which recyclized into pyrone and

pyridone respectively, SUPE
o .
CH ' 3 o OH
C

o)

0 ‘

”)— \ H.C— (! vt C/ §C i ;é \
CH3~—C 166’ 3 - T CeHy T ’ |

T Y B |

N
C6H5’\r(;\ 0 06H5/ ~p N\ HBC/\O o
X I II1

L

Therefore, it was decided to reinvestigate the
reaction of malonyl chloride and benzoyl acetone, The
product of this reactioﬁ was seen under the microscope of
the Kofler hot stage melting point apparatus to comnsist of a
mixture of twé types of crystals melting at about 165° (with
resolidification) and at 220° respectively. The nuclear
magnetic resonance spectrum of this mixture showed the
percentages of these two compounds as 54 and 46% respectively,
With great difficulty, both these compounds were separated
from each other by repeated crystallization, Cne compound

melted at 1672 (with immediate resolidification) and the
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second one melted at 2240. Their infra red spectra resembled
those reported by Butt et. al. The nuclear magnetic
resonance spectra of these two compounds were also the same as
reported by Butt et. al. Both these compounds were dissolved
separatelymaquecus sodium hydroxide solution and reprecipitated
by hydrochloric acid. In both the cases only the starting
compound was recovered, The mass spectrum of the second
compound {(m.p. 2240) showed its molecular weight to be 230.
The base peak was at m/e 105. The intensity of the parent
peak was 12% of the base peak. The other important intense
peaks were at m/e 43(50%), 77(70%), 78(50%), 202(55%), 201(20%)
and 229(8%), The base peak at m/e 105 is most probably due

to the benzoyl fragment ion (C6H5CO+)° The peak at m/e 77

is due to the phenyl ion (06H5+) and the peak at m/e 202 may
result from a loss of carbon monoxide which is a characteristic
fragmentation of enolic conmpounds, The relative intensity
(66%) of the peak at 229 with respect to the parent peak
showed the loss of one proton from the parent molecule which
is a characteristic of aromatic compounds attached to a

methyl group. Therefore, it can be concluded that its

mass spectrum supported the benzoyl structure (III) for this

campound.
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The molecular weight of the first compound (m.p.167°)
from its mass spectrum (at 1200) was also 230, But in this
spectrum the relative intensities of peaks at m/e 43 and
n/e 105 were almost equal. The peak at m/e 43 is probably
due to the acetyl fragment ion (CHBCO+). It is interesting
to note that when the spectrum of the same sample was run at
240° the relative intensity of the peak at m/e = 43 decreased
to 50% of the peak at m/e = 105. Therefore, it appears
that this compound has the acetyl structure (I), but either
it is contaminated with compound (III) or it is partly
isomorised into compound (III) in the probe of mass spectro-
meter at \2 0°,

The corresponding pyridone was also obtained fronm
compound (IIT). The molecular weight of this pyridone from
its mass spectrum was 229, thus indicating the presence of an
odd number of nitrogen atowms, The base peak was at m/e = 228,
which might be due to the loss of one proton from the methyl
group attached to the nucleus of the pyridine.The parent
peak was about 17% of the base peak. The other important
intense peaks were at m/e 152(65%), 105(50%), 77(70%). The
appearance of intense peaks at m/e 152 and 105 might be
explained in the following way by assuming the benzoyl

structure (IV) for the pyridone,



- 176 -

OH
+
C6H ~
—_— \ +C6H5+
k\\N o (m/e = 77)

(m/e = 229, (m/e = 152)
base peak) / 0
1
C6H C +
(m/e = 105)

There is no significant peak at m/e = 43 (CHBCO+)
or at m/e = 214(013H11N03 CH )t which further indicated the
absence of an acetyl group in this cémpound.

Nuclear magnetic resonance results for compounds (I),
(IXI) and (IV) are given in Table 1.

The chemical shifts of the protons at C-3 in
compounds (I) and (III) are at a lower field for the solution
in trifluorc acetic acid than in chlorofor:, This change in

ehemical shift might be due to protonation of the oxygen of

carbonyl group to give the pyrylium cation:-

o M
CH i
6's —C1
(+)
H.C
3 o OH

The multiplicity of the signals of phenyl protons

in compounds (III) and (IV) suggest that the position of



Compound T
(1) 2.4l
(in CDC13+CH30H) L, 40
7.79
(1) 2.33
(in txrifluoro 3.88
acetic acid) 7.80
{(I1I) 2.10
(in CDC13+CH30H) 2.2-2.55
k.53
7.86
(IIT) 1.95
(in trifluoro 2.1-2.5
acetic acid) 3.7
7.7
(Iv) 2.0
(in trifluoro 2.1-2.5
acetic acid) 3.17
7.51
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TABLE 1

Intensity Multiplicity
5 singlet
1 "
3 n
5 "
1 n
3 11
2 quartet
3 multinlet
1 singlet
3 singlet
2 quartet
3 multiplet
1 singlet
3 singlet
2 quartet
3 multiplet
1 broad
1 singlet

Assignment

Pr(2H)
Ph(3H)

H(3)

CH3

PR(2H)

Ph(3H)

H(3)
CH,
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pPhenyl group is almost the same in both these compounds,

Moreover, the signal for the proton at C,_, in compound (IV) is

3
slightly broadened and it looks as if splitsinto a quartet

by the methyl protons at C-6, Therefore, from its mass
spectrum and the nuclear magnetic resonance spectrum it

appears that compound (IV) is 5-benzoyl-i-hydroxy-6-methyl-2-
pyridone,

It can be concluded that the reaction of malonyl
chloride and benzoylacetone produced 5~acetyl-k-hydroxy-6-
phenyl-2-pyrone(I) and 5-benzoyl-i4-hydroxy~6-methyl-2-pyrone (I1]),
Compound (I) isomerized into compound (IIX) at its melting point,
Both compounds give 4-hydroxy-6-phenyl-2-pyrone with sulphuric
acid and 4-hydroxy-~5-benzoyl-6-methyl-2-pyridone with ammonia,

So the pyrone(I) undergoes rearrangement with ammonia and the

pyrone(IXII) with acid,
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EXPERIMENTAL

Reaction of Malonyl Chloride with Benzoylacetone

A mixture of benzoyl acetone (10g.) and malonyl
chloride (8g.) was heated on steam bath for ten minutes.
After cooling the product was triturated with ether,. The
solid product (10g.) thus obtained on fractional crystalliza-
tion from the mixture of ether and tetrahydrofuran and finally
from ethyl alcohol yielded 5-acetyl-4-hydroxy~6-phenyl-2-pyrone

(m.p. 167°) and 5-benzoyl-l-hydroxy-6-methyl-2-pyrone (m.p. 224°),

Preparation of 5-benzoyl-i-hydroxy~6-methyl-2-pyridone

5~benzoyl-b~hydroxy-6-methyl-2-pyrone (1lg.) was
dissolved in aqueous ammonia (0.88)(40ml) and kept for two days.
Then the solution was evaporated up to dryness, The solid
residue after triturating with ether was crystallized from
ethyl alcoheol into coloﬁrless needles of 5-benzoyl-L-hydroxy~6-

methyl-2-pyridone (0.71g., 70%, wm.p. 322°d.).
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