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De verklaring, die door J.A.Zoltewicz et al. wordt gegeven voor het verschil in reactiviteit
tussen ammeoniak en water tijdens reacties met quaternaire aza-aromaten, is aanvechtbaar.
J.A.Zoltewicz, T.M.Oestreich, J.K.0'Halloran en L.S.Helmick, J.Org.Chem., 38, 1949 (1973).
Dit proefschrift.

De bewering van J.W.Bunting et al., dat adducten van quaternaire aza-aromaten met de methoxide-
groep geen ringopening kunnen ondergaan, is convoldoende gefundeerd.

J.W.Bunting en W.G.Meathrel, Can.J.Chem., égj G17 (1972).

Het door A.Kreutzherger et al. wvoorgestelde mechanisme voor de vorming van pyrimidine- en pyri-
dinederivaten tijdens de reacties van s-triazine met actiewve methyleenverbindingen is aan be-
denkingen onderhevig.

A.Kreutzberger en D.Abel, Tetrahedron Lett., 53, 4711 (1969).

A.Kreutzberger en D.Abel, Arch,Pharmaz., 303, 715 (1970).

E.A.Costveen en H.C.van der Plas, Recl,.Trav.Chim.Pays-Bas, 22, 233 {1974}).

De invloed van de aard van de C(4)-substituent in 4-X-6-methyl (of fenyl)-pyrimidine-l-oxiden
[?=Cl, Br, I, SCGHS' 0C6H5' N+(CH3)3] op de ccmpetitie tussen ringtransformatie en aminering

tijdens reacties met vliceibare ammoniak of kaliumamide in vloeibare ammoniak kan op een andere
manier beschreven worden dan met behulp van het "leaving group" karakter van deze substituent.

R.Peereboom en H.C.van der Plas, Recl.Trav.Chim.Pays-Bas, 93, 284 (1974}.

Tegen het mechanisme dat door S.C.Welch et al. is voorgesteld voor de vorming van 3.,4,5,5a,
8aa, Bba - hexahydro-2aa, Safg-dimethyl-2H-nafto [1,8—b,c1 furan-2,6c(2aH) -7-enedion uit 7g,
88 -dibroom-4a, 10B -dimethyl-trans-9-decalon-4f -carbonzuur zijn bezwaren aan te voeren.
3.C.Welch, C.P.Hagan, D.H.White, W.P.Fleming en J.W.Trotter, J.Amer.Chem.Soc., 22,-549
(1977} .

Het kleine effect, dat het toevoegen van stoffen die de waterstructuur belnvlceden, heeft op
de hydrolysesnelheid wan bis(4-nitrofenyl)carbonaat, rechtvaardigt niet de aanname van F.M.
Menger et al., dat veranderingen in de micro-omgeving van het actieve centrum van hydrolyti-
sche enzymen geen aanzienlijke bijdrage leveren aan de enzymkatalyse.

F.M.Menger en K.S.Venkatasubban, J.Org.Chem., 41, 1868 (1976).



7) Het effect van een toevoeging van een kleine hoeveelheid ethanol op de kritische micelvormings-
concentratie en op de micelgrcotte van natriumdocdecylsulfaat kan beter wverklaard worden door
water/ethancl interactie dan door solubilisatie zoals voorgesteld door H.Suzuki.

H.Suzuki, Bull.Chem.Soc.Japan, 49, 1470 (1976).

8) 1I.Alkcnyi et al. maken voor de verklaring van de remming van pyruvaatdehydrogenase uit duiven-
borstspier onvoldeende gebruik van de door hen verkregen resultaten.

I.Alkonyi, I.Bolygo, L.Gyoesi en D.Szabo, Eur.J.Biochem., 66, 551 {1976).

9) De wijze, waarop H.Thaler et al. de samenstelling wvan de polysaccharidefracties in groene en
gebrande koffie hebben bepaald en weergegeven is onvoldoende om tot een goed inzicht in deze
samenstelling te komen.

E.Thaler, Septiéme colloqug international sur la chimie des cafés, torrefiés et leurs derivés,

Hamburg, 9-14 juni 1275 en de hierin vermelde referenties.

10. Bewoners van verpleeghuizen bezitten nog steeds onvoldoende privacy. De coplossing van dit probleem
moet niet alleen gezocht werden in veranderingen in bouw en inrichting van deze huizen, maar ver-
eist tevens een verpleegwijze, die meer rekening houdt met het totale menselijke bestaan van de

bewoner.

E.A.Oostveen Wageningen, 8 juni 1977
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ERRATA:

Page 13, Table II

Compound u4b:

C(CHs)NH3 2.95. should read 1.89
Compound 4c:

Cu(CHa)NH3 2.94% - should read 1.9

E.A.Qostveen

Wageningen, June 8, 1977,
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Introduction

The study of the behaviour of aza- and diazaarcmatics tcowards nitrogen-containing nuclecophiles is a
subject of continuing interest in the Laboratory of Organic Chemistry at Wageningenl. A number of differ-
ent reaction pathways have bkeen discovered during this study, among which those leading to ring transforma-
tion are of considerable interest, since they may give products which are ctherwise difficult to synthe-
size or even inaccessible.

The ring transformations which are cbserved when aza- or diazaarcmatics react with ammonia or its con-
jugate base, the amide ion, can be divided into three main categories.

1} Ring transformations which yield azaaromatics in which the heterocyclic ring contains the same total
number of atoms as the starting material, but in which the number of nitrcgen atoms is reduced by or
augmented with cne.

2) Ring modifying processes in which one nitrogen atom in the ring of the starting material is exchanged
for one nitreogen atom of the nuclecphile, leading thus in fact tec the same hetercecyclic ring system. We
refer to this type of ring interconversion as a degenerate ring transformation.

3) Ring interconversions which yield products in which the heterccyclic ring contains cne atom less than
the starting substance.

Some examples, demonstrating the general principles of these different types of ring transformations,

are treated below.

Category 1. The results of the extensive investigaticns by Den Hertog and coworkers2 on the behavicur
of halogenopyridines towards potassium amide have revealed that these compounds generally undergo sub-
stitution reactions withcut ring-opening.

An interesting exception was found however with 2,6-dibromopyridine (1) ,which with potassium amide in
liquid ammonié at —330 undergoes a ring transformation into a pyrimidine derivative i.e. 4-amino-2-

s 3 . -
methylpyrimidine (2})7. In this and similar transformations the number of nitrogen atoms in the ring are

NH3
o’ N>
— |
X \N X H3CJ§N
1 2
X=Cl,Br
Scheme 1

thus augmented with one and one carbon atom of the pyridine ring becomes exocyclic., The formation of 2
has been explained by an initial addition of the amide ion to C(4) followed by a cleavage of the pyridine

ring between C(3) and C(4).



The reverse ring transformation, that is of pyrimidines into pyridines has been discovered indepen-
dently by a research group of the John Curtin School in Canberra {Australia) and in the Labeoratory of
Organic Chemistry in Wageningen (The Netherlands). The Bustralian group found4 that when S-aryl-2-

methoxypyrimidine (3) was heated with ethanclic ammonia 3,5-diarylpyridine (4) is obtained. The Dutch

X
N/ X o X N/ / CaHs
N T~ S
H3CO N N N H3C \\N

3 4 5 6
X=CgH4-p-R

Scheme 2

group discovered5 that pyrimidine (5), when heated with agqueous methylamine or aqueous ammonia at 1900C,
was converted into S-ethyl-2-methylpyridine (6). Insight into the mechanism of this last-mentioned remark-
able ring trancformation was obtained by an extensive study of the reaction with the labelled compounds
B,B—lSN} pyrimidine, [4,6*14?] pyrimidine and [5—14C] pyrimidine. The results of this study are published

in paper VIII

Halogenopyrimidines are more inclined to ring transformations than halogenopyridines when reacted with
potassium amide in liguid ammonia. For example treatment of 4-chloro derivatives of 2-methyl-, Z2-ethyl-,
2-phenyl—,’2—N—methylanilino—, 2-N,N-dimethylamino-, 2-morpholino- and Z-piperidinopyrimidine with
potassium amide gave reasonable to good yields of the 2-substituted 4-methyl-s-triazines as compared to

7,8,9 1 N
only traces of the corresponding 4-amino compounds . By means of H—NMRlO and 13C—NMR“ spectroscopy,

in combination with the results of tracer experiments with 4—chlor042*phenylpyrimidine—l4C {7), convinc-
ing evidence was obtained that in these ring transformations the initial attack of the amide ion takes
place on position 6. The aniocnic l:1 o-adduct (8) being formed, undergces a subseguent ring-opening by
cleavage of the C(5) - C{6) bond into the intermediary l-aminoc-4-ethynyl-diazabutadiene derivative (2).
Recyclisation into the s-triazine (10} then cccurs by an internal nucleophilic attack of the amidine

nitrogen at the sp-carbon atom cof the triple bond.

1 CH CHj
> /:Eéz /}i\\
N N7 NeINH, N2 N
I Ay
HsCs ™N HeCE ™SNZ H HsCE \N
7 8 9 10
Scheme 3

Category 2. The 4-X-6-phenylpyrimidines (11, X=F, Cl, Br) also undergo easily addition of the amide ion
- 13-1 .

at the "free" position C(2} 6. The anionic c-adduct {12) can undergo ring-opening into 13. An

interesting difference between the open-chain compounds 13 and 9 is that by ring ¢leosure of 13 a pyrimi-

dine ring is formed again. That the formation of the 4-aminopyrimidine (14) can indeed proceed according
te the pathway 11 —» 12 —» 13 —= 14 and not by an SNAr substitution was proved by 15N labelling (See
Scheme IV). This reaction presents an interesting example of a degenerate ring transformation, leading

te a nucleophilic substitution. This substitution mechanism, referred to as an SN(ANRORC) mechanism, is

. -2
also found with the 2-X-4-phenylpyrimidines (X=F, Cl, Br, J, SCH )17 0 and with 2-methylthio-1,2,4-

3
triazineZI.




Category 3. When one of the nitrogen atoms of the ring in 4-X-6-phenyl (methyl)pyrimidines is quaternised
by oxidation, the reactivity towards liquid ammonia (*330C) and potassium amide (—TSOC) is changed
considerably22'23. The 4-X-6-phenyl(methyl)pyrimidine l-oxides give the ring contracted products 5-amino-
3-phenyl (methyl) iscxazoles, besides the corresponding 4-amincopyrimidine l-oxides.

An investigation of this reaction with the 15N—labe11ed substrates (15) revealed23 that the conversion
into the 4-aminc-6-methylpyrimidine 1-oxide (19) does not occur according to an SN(ANRORC) process.
Furthermore it was established that in the S5-amino-3-methylisoxazole the nitrogen-15 is present exocyclic
as well as in the ring. Apparently a mixture of 18 and 20 is present. The formation was explained by two

concurrent pathways. One involves addition of the nucleophile to the C(2) atom i.e. 16, which by a

Ct
‘N/
HaN |
H *|\Il CH3

cl / od 18

N 16

N | NH2
»

L\‘*N+ CHy NZT

*| L\\ |
(o s
\ cl NH, N CHs

15 . ,f”’///' "I

N 0"
|L [ 19
JIQ CHs T — CH3
OH / \N*
17 HoN o~
Scheme 5 20

number of consecutive steps is converted into the isoxazole (18). In the other route an addition to the

C(4) atom is the initial step, leading to 17,which finally gives 5-amino-3-methylisoxazcle (20).

The above-mentioned examples show that the ring interconversions of the pyrimidines require drastic
conditions when weak nucleophiles (aquecus methylamine, agueous ammonia) are used and mild conditions
with the strongly nucleophilic amide ion. Thus, the ring contraction of 4-X-6-phenyl (methyl)}pyrimidine
l-cxides into 5-aminc-3-phenyl (methyl}isoxazole can already take place in liquid ammonia at -33%¢.
Apparently the electrophilic character of the pyrimidine ring is enhanced by the presence of the N-oxide
function which is known to have electron-accepting and electrcn-donating properties

A similar enhancement of the reactivity of the pyrimidine ring towards nuclecphiles has been observed
when one or two of the nitrogen atoms of the pyrimidine ring are guaternized, Whereas hydrazinolysis of
pyrimidine to pyrazole requires high temperatures25'26 the same ring ceontraction can be performed at room
temperature, when a l1-methylpyrimidinium salt26 or N-aminopyrimidinium sa1t27 is used as substrate, The

reaction with the N-alkylpyrimidinium salt (21) can be described te occur by an initial addition of the



nucleophile to position 6, yielding a 1,6-dihydropyrimidine derivative (22) which after ring fission
between N(1) - C(&) gives a functionalized three-carbon fragment (23). Recyclisation and elimination of

the N(1) - C(2) - N{3) fragment gives pyrazole (25).

H C H
N7 NS H3CN=C —NZ" \(I:I/
() — Bk ="
$+ 4© N

|
CHy CH,

21 22 23

H H
HCN=C~N_ _H

24 25

Scheme 6

analogously, l-methylpyrimidinium iodide or 1,3-diethylpyrimidinium tetraflucrcborate on treatment
with hydroxylamine at room temperature give isoxazole28 while with pyrimidine itself a temperature of
about 1257 is neecded.

The recognition of the general principle that quaternisation of the pyrimidine ring makes the molecule
more susceptible to nuclecphilic reactions, induced us to study the reactions of N-methylpyrimidinium
salts and their C-methyl or C-aryl derivatives with different types of nucleophilic reagents in detail.

The results of the reactions of pyrimidinium salts with liguid ammonia and with carbanions are
described in paper 129 and II30 respectively, and those chbtained with bhenzamidine, pivalamidine, O-
methylisoureum, S-methylisothioureum and cyanamide are brought together in paper 11131. From these stu-
dies it became ewvident that it was worthwhile tc undertake a study of the reaction between ammonia and
N-alkylpyrimidinium salts, which contain substituents different from an alkyl and/or aryl group.

The syntheses, chemical and physical properties of pyrimidinium salts derived from 4d-alkoxy-, 4,6-dialkoxy-
and 4-oxcopyrimidines are described in paper IV32. In paper V33 the results are given of an X-ray study
intended to establish unequivocally the structure of the pyrimidinium salts 4,6-diethoxy-1-ethylpyrimidi—
nium tetrafluoroborate and the iscmeric 1,3-diethyl-1,4(3,4)-dihydro-6-ethoxy-4-oxopyrimidinium tetra-
fluorcborate. The behaviour of the 1,3-diethyl-1,4(3,4)-dihydro-4-oxopyrimidinium salts, and the N-ethyl-
alkoxy- and N-ethyl-4,6-dialkoxypyrimidinium salts towards ammonia is described in paper V134 and VII35

respectively.
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E. A. Qostveen et al.{Ring transformations in reactions of heterocyclic compounds, etc. Vi1

Ring transformations in reactions of heterocyclic compounds with nucleophiles [VII]*
N-demethylation during the reaction of N-methylpyrimidinium salts with liquid

ammonia’

E. A. Oostveen, H. C. van der Plas and H. Jongejan

Laboratory of Organic Chemistry, Agricultural University, Wageningen, The Netherlands

{ Received October 16th, 1973)

Abstract. On treatment with liquid ammonia at —33°C, the quaternary pyrimidinium salts, ie.
l-methylpyrimidinium methyl sulfate (4a), 1,2-dimethylpyrimidinium iodide (4b), 1,4,6-trimethyl-
pyrimidinium iodide (4¢) and 1,2,4,6-tetramethylpyrimidinium iodide {4d) demethylate yielding pyri-
midine, 2-methyl-, 4.6-dimethyl- and 2.4.6-trimethylpyrimidine, respectively. {t was observed that
under these conditions 1-methyi-[1.3-'*N]-pyrimidinium methyl sulfate vields [1-'*N]}-pyrimidine.
By measuring the PMR spectra of above-mentioned pyrimidinium saits in liquid ammonia 1t is shown
that these salts undergo covalent amination on the 1,6-azomethine bond. These results indicate that
the demethylation reaction occurs vig an Addition-Nucleophile-Ring-Opening-Ring Closure mecha-

nism.

There isacurrent interest in this laboratory on the occurrence
of ring transformations, which take place in reactions of
pyrimidines with hydrazine' and hydroxylamine®. These
ring transformations, leading to pyrazoles, 1,2,4-triazoles and
isoxazoles, are postulated to be initiated by an attack of the
nycleophile at position 2 or 4 of the pyrimidine ring. That
addition of a nucleophile to an azomethine bond in diazines
can easily take place has recently been proved by PMR
studies, showing the formation of anionic o-addition
complexes between an amide ion and pyrimidine (1},
pyrazine*, pyridazine*, 2-substituted 4-chloropyrimidines
(2° and 2-chloro-3,6-diphenylpyrazine (3)°.

Hs (g I
N Hz L

Ci

N7 N
N J\
N NH2
1

In extension of our work on complex formation between
diazines and amide ions we became interested in the reac-
tivity of quaternary pyrimidinium salts towards liquid
ammonia (thus free of amide ions ).

When 1-methylpyrimidinium methyl sulfate {4a) is dissolved
in liquid ammonia at —33° and this solution is kept at this
temperature for 1 h, pyrimidine (5a) is formed in a yield of
55-60%. A similar demethylation reaction also occurs on
treatment of the 1,2-dimethyl-, 1,4,6-trimethyl- and 1,2.4,6-
tetramethylpyrimidinium iodides, (4b), (4¢) and (4d), respcc-
tively, with liquid ammonia, the corresponding alkyl-
pyrimidines 5b, S¢ and 5d being formed in yields of 10-15%;
45-50%, and 65-70%;.

See part V1 in these series: H. C. van der Plas and H. Jongejan,

Recl. Trav. Chim. Pays-Bas 91, 336 (1972).

Part XXXVIH on Pyrimidines from this laboratory, see for

Part XXXVII A. P. Kroon and H. C. van der Plas. Recl. Trav.

Chim. Pays-Bas 93, 111 (1974).

* Unpublished results.

4 I. A Zoltewicz and L. 5. Helmick, ). Amer. Chem. Soc. 94, 682
(1972).

3 J.P.Geerts, H. C. van der Plas and A. van Veldhuizen, Recl. Trav.
Chim. Pays-Bas 92 (1973},

¢ P.J. Lont and H. C. van der Plas, Recl. Trav. Chim. Pays-Bas 92,

449 (1973).
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N | MKy Nq
H;K\ Rg RQQ\N Rs
(I:H] xe 5
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The occurrence of a demethylation reaction under such
moderate conditions is quite unexpected, but can be under-
stood, when one bears in mind that the formation of o-
complexes of compounds like 4 with liquid ammonia is
casily possible — due to a strong polarisation of the azo-
methine bond in the quaternary salt - leading to covalent
amination of the N(1)-C(6} bond. From 4a 6-amino-1-
methyl-1,6-dihydropyrimidine (6) is produced from which,
after a subsequent ring opening — ring closure sequence the
2-methylamino-1,2-dihydropyrimidine (7) is formed, which
aromatizes into pyrimidine (5a).

H
|
¢ H
RS N
k T @‘* é g—u
(N> kg e
e CH30507 éH; éu; NH;
4a
HaC— NO /j
Scheme 1
Table I
Inlensmes of the M + 2-, M + 1- and M-peak in the compounds
8and 10
Compound M+ 2 M+ 1 M
8 6.8 : 0.0 100
10 0.6 {0.6)* 6.3(7.1) 100

* This intensity refers to a duplicate experiment,
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Tabie 1 Chemical shifts {8) of the H-atoms in the compounds 4a, 4b and 4c in D,0 and their corresponding G-amino-1.6-dihydro compounds
in NH,
Compound Solvent 2-H 4-H 5-H 6-H Others
4a D,0 9.60 ] 9.39 8.17 9.21 N(CH )D () 4?7
A =266 = 3.12 A= 326 A= 4.64
NH, 6.94 6.27 491 4.57 N{CH,) NH,: 295
* *
4b D,0 90% 5 _ 54 BOL, 1, 92% _ 4% (CHx)D 0:4.30
NH, 6.15 4384 442 N{CH;) NH,: 295
C(CH,}D,0:3.05
(CH,)NH :2.95
dc D,O 9.34 8.00 N(CHJ) D,O: 42()
A =252 A =352
NH, 6.82 448 N{CH,)NH,:294
C,(CH,)D,0:233
C,(CH,)NH,:294
Cy (CH;) D,0:2.79
C, (CH,)NH,: <1.8

* The position of these peaks cannot be measured accurately because of overlap between the 4-H and 6-H signals.

In order to verily this hypothetical mechanism, we syn-
thesized the double labelled t-meihyl-[1,3-'3N]-pyrimi-
dinium salt 9. If the above-mentioned mechanism (see
Scheme 1) is correct, the pyrimidine formed must contain

only on one position '*N ie. 10. It was found that this is
indeed the case. Mass spectrometric measurements of the int-
tensity of the M + 2, M + 1 and M peak in 8 and in 10
showed that the intensity of the M + 2 peak in 10 was nearly
decreased to zero while the M + 1 peak was considerably
increased {see Table I). These results fully support the

mEChanism gi veén in Scheme ]
@
K“
N

.Nf] /j
k\’i e
8 CH 10

9

CH30503

Evidence for the intermediary formation of the dihydro
compound 6 in the proposed mechanism was obtained by
measuring the PMR spectrum of the solution of the quater-
nary salt 4a in liquid ammonia. A solution of the cation 4a in
liquid ammonia at — 33° showed a PMR spectrum in which
the protons 2-H, 4-H, 5-H and 6-H appear at a much higher
field than those observed in solutions of the cation 4a in
D,0*. As can be seen from the data in Table I1 this upfield
shift is the most pronounced for 6-H (about 4.8 ppm). Also
the coupling pattern has changed considerably. The multi-
plicity of 6-H — being a double multiplet in solution of 4a in
D,0, due to coupling of 6-H with the 5-H, 4-H and 2-H
proton — is reduced to a doublet in liquid ammomia; the 5-H
is now coupled with 4-H and 6-H with different coupling
constants (7 and 4.5 Hz, respectively) {(sce Table 1I1). This
change in multiplicity combined with the considerable
upfield shifts can only be explained by a o-complex formation
between ammonia and 4a, leading to 6, in which the hydro-
gen, attached to the tetrahedral carbon atom is apparently
coupled with 5-H only and not with the hydrogen atoms of
the amino group, attached to the same carbon; this is pro-
bably due to an ammonium ion catalysed proton exchange
between solvent and amino group, leading to spin

* Changing the solvent from NH, to D,O has no influence on the
chemical shifts of the ring hydrogens, as was established by
measuring the PMR spectrum of pyrimidine in NH,and D,0O.

decoupling’. The coupling constant J, ; = 7 Hz for the
vinyl protons 4-H and 5-H in the non aromatic ring fully
confirms the proposed structure 6.

v = ’”/1 Q

4a 6 11

Measurements of the PMR spectra of solutions of 4b and 4¢
in liquid ammonia also indicate the occurrence of a covalent
amination at position 6. That in 4c position 6 is occupied by
the methyl group does not prevent addition to that site; no
indication for the presence of the free cation 4e in liquid am-
monia is observed.

Table I11  Coupling constunts (Hz) for the ring protons of the
compounds 4a and 4 b and their corresponding 6-amino-1.6-dihydro

compounds.
Compound PSolvcm Jas Jse
4a D,O 5
NH, 7 45
4b D,O 5 }‘ 5
NH, 7 45

Covalent hydration with pyrimidinium salts has never been
observed, but is well-established in bicyclic systems con-
taining the pyrimidine ring® (quinazolines, 1,3.x-triazanaph-
thalenes, pteridines, etc.). Apparently pyrimidinium salts are
more inclined to covalent amination than covalent hydra-
tion. This phenomenon has been discussed, ascribing to the
polar covalent adduct a higher stability in the moderately

7 R. A. Ogg Ir., Discuss. Faraday Soc. 17, 215(1954); D. R. Cluther
and T.J. Swift, J. Amer. Chem. Soc. 90, 601 {1968).

® W.L.F. Armarego, Advan. Heterocycl. Chem. 1, 253 (1963);
A. Albert and W. L. F. Armarego, Advan. Heterocycl. Chem. 4, 1
(1965); D.D. Perrin, Advan. Heterocycl. Chem. 4, 43 {1965);
A. Alberr, Angew. Chem. Int. Ed. Engl. 6,919 (1967).
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polar ammonia than in the very polar solvent water®. When
this work was finished a publication of Zoltewicz appeared®,
in which by PMR spectroscopy the covalent amination of a
number of quaternary salts derived from pyridine, quinoxa-
line and 1,4,5-triazanaphthalene was proved. These results
are in excellent agreement with those discussed in this paper.
It was further reported that 1-methylpyridinium iodide does
not show covalent amination and that those pyridinium salts
which contain an electron-withdrawing substituent at posi-
tion 3 (NO,, CCCTH,, SO,CH,) give, when reacted with li-
quid ammonia at room temperature, a 3-substituted pyridine.
A similar behaviour was observed by us with trigonelline (11}
which demethylated after treatment with liquid ammonia at
— 330 into nicotinic acid (yield 30-35%). The demethylation
reaction cbserved with all these pyridinium salts will very
probably occur by the same type of mechanism as given in
Scheme | for the demethylation of the pyrimidinium salts.
The primary step ts addition of ammonia to the N(1)—C(6}
azomethine bond®.

Experimental part

All melting points are uncorrected.

The measurements of the !*N-contents were carried out on an AEI
902 mass spectrometer. The PMR spectra were recorded on a Jeol
INM-C60 spectrometer, equipped with a JES-VT-3 variable
temperature controller. If D, 0 was used as solvent, 2,2-dimethyl-
2-silapentane-5-sulfonate (DSS) was the internal standard, in liquid
ammonta trimethylamine {5 = 2.13) was used as shift standard.
GLC analyses were carried out with a Becker gaschromatograph
(Delft, The Netherlands) using a copper column, length 200 cm,
internal diameter 0.4 ¢m, containing FFAP on gaschrom Q 60-80
mesh, weight ratio 20: 80.

1. Preparation of the starting mateiials

a. [1,3-'N]-Pyrimidine was prepared by a procedure similar 10
that described in the literature for the unlabelled compound '®' 12

b. Pyrimidine'?, l-methylpyrimidinium methyl sulfate'®, 4.6-
dimethylpyrimidine' *, 1,4,6-trimethylpyrimidinium iodide'?, 2.4.6-
trimethylpyrimidine'!® and trigonelline’” were synthesized as
described in the literature.

* J.A. Zoltewicz, T.M. Oestrich, J. K. O’Halloran and L.S.
Helmick, J. Org. Chem. 38, 1949 {1973).

10 . B. Dickey and A. R."Gray, Org Synth. 18, 8 (1938).

' J. Baddily and A. Topham, J. Chem. Soc. 1944, 678.

V2 N. Whittaker, J. Chem. Soc. 1951, 1565.

'* H. Bredereck, R. Gompper und G. Morlock, Chem. Ber. 90,
342 (1957).

% H. Bredereck, R. Gompper und H. Herlinger, Chem. Ber. 91,
2832 (1958).

c. 1,2-Dimerhylpyrimidinium iodide. A solution of 4.0 g of 4-chloro-
2-methylpyrimidine'® in 30 mi of ethanol was refluxed with 7.7 g of
benzenesulphohydrazide for 1-2 hrs. A precipitate was obtained.
This whole mixture was evaporated to dryness, after which the
residue was boiled with 260 mi of L N-NaOH-solution for 6-7 h. After
perforating the solution with ether, drying with MgSQ, and
evaporating of the ether, 2,3 g of crude 2-methylpyrimidine were
obtained.

2.0 g of this crude product were heated under reflux with 10 ml of
methyl iodide for 6 h, 3.3 g of a precipitate were formed which was
collected and recrystallised from ethanol. M.p. 173-174> (with
decomposition).

Analysis: C,HgIN, (236.07); calc. C 30.52, H 3.84; found C 30.54,
H 4.30.

d. [,2.4,6-Tetramethylpyrimidinium iodide. 1,0 g of 2.4,6-trimethyl-
pyrimidine was heated under reflux with 9 ml of methyliodide for
20 h; 1.0 g of a precipitate was collected. M.p. 257 -258¢ (with decom-
position) (recrystallised from ethanol). C;H ;IN, (264.12); calc.
C 36.37, H 496: found C 36.53, H 5.10.

2. Demethylation of the quaternary salts da, 4b, 4c, 4d and 11 on
reaction with liquid ammonia at - 33°

1.0-1.5 g of the quaternary salt were dissolved in 60--80 ml of liquid
ammonia. After one hour the liguid ammonia was evaporated, and
to the residue obtained 30-40 m) of water were added. This solution
was perforated with ether for 24 h. After drying the ethereal extracts
with Mg8QO,, the solvent was distilled off and in the residual oil the
yields of demethylated products were determined by GLC and by
weight, after isolation by column chromatography. In the case of
trigonelline the residue, which was obtained after evaporating off
the liquid ammeonia, was dissolved in a small amount of water and
the pH was adjusted to 3.4. By cooling at 0° a voluminous precipitate
was [lormed, which was collected and recrystallised from water.
Yield 30-35%.
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Y7 A. Hautasch, Chem. Ber. 19, 31 (18%6),

Y8 H. J. den Hertog, H.C. van der Plus, M. J. Pieterse and J. W,
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Ring transformations in reactions of heterocyclic compounds with nucleophiles (IX)*
Conversion of N-methylpyrimidinium salts into pyridines by carbanions’

E. A. Qostveen and H. C. van der Plas

Laboratory of Organic Chemistry, Agricultural University, Wageningen, The Netherlands

{ Received February 18th, 1974 }

Abstract.

On treatment with active methylene compounds in basic media the quaternary pyrimi-

dinium salts, i.e. methyl I-methylpyrimidinium sulfate, 1-methyl-4-phenylpyrimidinium iodide and
1-methyl-5-phenylpyrimidinium iodide are converted into pyridine derivatives. The mechanism of the

reaction is discussed.

Recently® we reported that some quaternary N-methyl-
pyrimidinium salts on treatment with liquid ammonia
demethylate into the corresponding pyrimidines. Strong
evidence, based ou the results of PMR-spectroscopy has
been presented that these N-demethylation reactions are
initiated by an addition of the nucleophiie ammonia to the
C-position of the strongly polarised N, —C, azomethinc
bond. A subsequent opening of the 1,6-dihydropyrimidine
ring, followed by ring ¢losure and aromatisation through loss
e
of methylamine explains how the /N—CH3 moiety of the
pyrimidinium salt is replaced by the N atom of the ammonia.
In the present work we report-on the generality of this re-

: . e
placement reacticn on showing that the —C,~N—CHj; part

of N-methylpyrimidinium salts can be replaced by a two-
carbon fragment, leading thus in fact to a ring transformation
of a pyrimidine derivative into a pyridine derivative.

Ry ® R . COZH
NI 1. HCIC02C:Hs )3 T
B LA LT LT TN

“\ R 2. Ma(H ‘

W 3 HCI Ry ﬁ ]

CH;

1 2
al Ri=Ry=H b} Ri=CgHs , Rp=H e) Ri=H , Re=Cebis

Scheme 1

Methyl 1-methylpyrimidinium suifate (1a), I-methyl-4-
phenylpyrimidinium iodide {Ib) or [-methyl-5-phenylpyri-
midinium iodide (1¢), when reacled with the carbanion of
diethyl malonate, gave products, which after saponification
were ideptified as 1,2-dihydro-2-oxonicotinic acid (2a), its
6-phenyl derivative (Zb} and its 5-phenyl derivative {2¢),
respectively. A similar ring transformation was observed,

' Part TX in these series on ring transformations, see for part VIII
H.C. van der Plas, Miss M.C. Vollering, H. Jongejan and
B. Zuurdeeg, Recl. Trav. Chim. (Pays-Bas) 93, 225 (1974). See for
a general review on this subject, H. C. van der Plas, “Ring trans-
formations of Heterocycles™, Vol. I and II, Academic Press
(London and New York) 1973.

when 1-methyl-4-phenylpyrimidinium iodide (Ib) is reacted
with the Ldrbanions of malonodinitrile and ethyl cyano-
acetate,  2-amino-3-cyano-6-phenylpyridine  (3a) and
2-amino-3-{ethoxycarbonyl)-6-phenylpyridine (3b} being ob-
tained. Surprisingly, in the reaction of I-methyl-3-phenyl-
pyrimidinium iodide (le) with the carbanion of ethyl cyano-
acetale not the expected 2-amino-3-(ethoxycarbonyl)-5-
phenylpyridine (3¢), but 3-cyano-1,6-dihydro-2-oxo-5-phe-
nyipyridine (4) was obtained

R HsC, CN

Eﬁx 5 6@

Ry~ N o
3 4

a) X=CN ; RymCgg 5 Ry=H

b} X=C02CzHs ; Ri=CeHs ; Rp=H
c) X=C0CHs ; Rp=CgHs ; Ri=H

-

Scheme 2

All the pyrimidine-to-pyridine ring transformations, men-
tioned in this paper, show the characteristic feature that the

Ry
N /E N
) T
|;q® 5 CO2C2Hs )y E[C02C2H5J2
CH3 CH3 éHi
. 5
X B R
H3EN:?\ﬁ/c§\\c/R2 HECN:E\N L Hs?ri\E\N 1 R2
— P é _— ©0CoHs _ ch;oJ\ _
HECZ@_\*%M%%’ o =
0 COxCals COaCHs CQ2CzHg
7 8
R
N =R 1. NaOH
2. HCI 2
D /
CO3CeHy
Scheme 3

* Part XLIII on pyrimidines from this laboratory, sec for part
XLIl J. P. Geerts, C. A. H. Rasmussen, H. C. van der Plas and
A. pan Veldhuizen, Recl. Trav. Chim. {Pays-Bas) 93, 231 (1974).

* E. A Qostveen, H. C. van der Plas and H. Jongejan, Recl. Trav,
Chim. (Pays-Bas) 93, 114 (1974).
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Table I Physical properties of the pyridinederivatives.

Products
Starting | Struc- | Yield [Recryst Observed Lit. PMR spectra
Substances | ture ios from m.p. (¢C) m.p. (°C) Chem. _shifts (6 values) and IR spectra
coupling constants (J
of the pyridine ringprotons
- . [ S - ——
la + A" 2a 40--45 x* 256 258 (dec) | 255'° (dec}) 733(dy; T, 5s=J,,=60cps | C=0 1720 1730cm™’
6.50 (t)
I 4 A® 2b 45--50 xX° 305--306 (de<) 302 303'%(dec) | 6.86(dy¥J, ;=7.5cps C=0 1750cm™'
lc + A* 2c 45-50 x® 296-298 28311 7.95(d} J,=30¢ps C=0 1710cm™’
8.23 (d)
Ib + B* 3k 35-40 Y 107-108 108'° 7.02{d) J,s=T6cps C=0 16%0cm™'
8.13 (d) 3380 cm™ !
NH, 3500 cm ™!
Ib + C* 3a 55 60 Y 149 -150 7.10(d) J, s=T6cps 3400 ¢cm ™!
- NH, -1
7.72 (d) 3500 cm
Ie + B* 4 45 -30 z" 241 -242 232 233! 807y J,,=30cps C=N 2220cm™’
8.32 (d)
L —— O

* A dicthyl malonate; B: ethyl cyanocacetate; C: malonodinitrile.
® X: glacial acetic acid; Y : ethanol (abs}; Z: methanol.
¢ Mixed melting-point determination gave no depression.

9 The position of the other doublet cannot be measured because of overlap with the phenyl protons.

N,—C,—C;—C, fragment of the pyrimidine ring forms the
N,—-C,—C,—C, part of the new pyridinc ring and the
N,—C, fragment of the pyrimidine ring is replaced by two
carbonatoms of the active methylene compound.

The fact that quaternary pyrimidinium salts are capable of
forming addition complexes with nucleophiles at the
highly electron-deficient position 6 indicate that a 1,6-
dihydro compound, ¢.g. 5 in the reaction with the anion of
diethyt malonate, i1s a reasonable step to initiate the ring
transformation. When the methylene proton is sufficiently,
acidic to form the carbanion 6, ring opening can easily occur,
yielding a non-isolable open-chain product 7. Ring closure
by an intramolecular nucleophilic attack of the nitrogen at
the ethoxycarbonyl-group gave 8. Degradation of the ami-
dine side-chain in 8 can be easily envisaged in this basic
medium by the way indicated.

In the cases, where the anion of malonodinitrile or ethy!
cyanoacetate reacts with [-methyl-4-phenylpyrimidinium
iodide, as intermediates are proposed 10 (X=CN or
CO,C,H,). The ring closure can now easily take place by
addition of nitrogen across the C=N group. The question,
why, in the intermediate 11, which is proposed in the reac-
tion of the 5-phenyl derivative le with the anion of ethyl
cyanoacetate, the ring cyclisation takes place mainly by loss
of an ethoxide anion and not by addition across the C=N
group, is not quite clear at the moment.

CeHs
H |
_ H H
HACN=C o - HaCN=C.  -C
=C —~Cx
- ?H ’ NNy
f [
L e
P CH
NEC*CI/ M5Co0~-C -7
o
o N
10 1
Scheme 4

When this work was nearly completed several papers*?*-°

appeared in the literature describing conversions of pteridine

16

and 8-azapurine into pyridopyrazine and triazolopyridine
derivatives, respectively, by the action of active methylene
compounds, thus without the use of a basic catalyst. Both
molecules are characterised by a strong tendency for addi-
tion of nucleaphiles; across the N,—C, bond in pteridine
and across the N, —C, bond in $-azapurine.

The transformation of pyrimidine and 4-methylpyrimidine
into the corresponding pyridine derivatives during the
reaction with malonodinitrile in the absence of a catalyst, was
also mentioned. We have observed that ethyl cyanoacetate
and diethyl malonate do not react with ron-quaternised
pyrimidines even in the presence of sodium cthoxide. So,
our method of activating pyrimidines by quaternisation and
then reacting them with active methylene compounds in
basic media seems to provide us with a useful extension of
methods for converting pyrimidines into pyridines.

Experimental part

Melting points are uncorrceted.

The PMR spectra were recorded on a Jeol INM-CG0 spectrometer.,
using tetramethylsilane (TMS) or 3-(trimethylsilyl)propanesul-
fonate as internal standard.

The IR spectra were recorded with a Perkin Elmer-spectromeler
(model 237).

A. Albert and H. Mizuno, ). Chem. Soc. Perkin 1, 1973, 1615,

A. Albert and W. Pendergast, 1. Chem. Soc. Perkin 1.-1973, 1794,
A. Albert and H. Mizume, J. Chem. Soc. Perkin I, 1973, 1974
H. Bredereck, R. Gompper and G. Morlock, Chem. Ber. 90, 942
(1957).

H. Bredereck, R. Gompper und H. Herlinger, Chem. Ber. 91, 2832
(1958).

W. H. Davies and H. A. Piggott, ]. Chem. Soc. 1945, 349

"9 A. Dornow and P. Karlson, Chem. Ber. 73, 542 (1940).

' M. Julia, H. Pinhas and J. Igolen, Bull, Soc. Chim. France 1966 (7),
2387,

L S
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1) Preparation of the starting materials

a) Pyrimidine’, methyl 1-methylpyrimidinium sulfate® and 4-
phenylpyrimidine® were synthesized as described in the literature.

b) I-Methyl-4-phenvipyrimidinium iodide

20 g (1.3 x 1072 mol) of 4-phenylpyrimidine were heated under
reflux with 8 ml of methyl iodide for 3-4 hrs; a precipitate was
obtained, which was collected and dried. Yield: 2.6 g (677,) M.p.
167-168°C (dec) (recrystallized from ethanol).

Analysis: C, H, IN, (298.13}; calc. C44.31, H 3.72: found: C 44.59,
H 3.78.

é) 4-H ydrazino-3-phenyipyrimidine

A solution of 6.3 g (3.3 x 107? mole) of 4-chloro-5-phenylpyrimi-
dine’ and 8 ml of hydrazine hydrate in 50 ml of absolute ethyl
alcohol was heated under reflux for 3 hrs. The solvent was distilled
off. The resulting solid residue was washed with water and dried.
Yield: 5.2 g(85%,). M.p. 141 143°C (recrystallized from ethanol).
Analysis: C ,H,, N, (186.21); cale. C 64.50, H 5.41; found: C 64.71,
H 5.41.

d) I-Methyl-5-phenyipyrimidinium iodide

To a suspension of 42 g (2.3 x 1072 mole) of 4-hydrazino-S-
phenylpyrimidine in 85 ml of water were added, portionwise, 200 g
of silver acetate. After addition the whele mixture was heated under
reflux for 3 hrs. The precipitate was removed by filtration. After
extracting the filltrate with chloroform, the extracts were dried over

MgSO,. Evaporation of the chloroform gave 2.2 g of crude 5-
phenylpyrimidine. 1.0 g of this crude product was heated under
reflux with 8 ml of methyl iodide for 6 h, 1.2 g of a precipitate were
formed which was collected and recrystallised from ethanol. M.p.
194-196° {with decomposition).

Analysis: C | H | ;IN, (298,13); calc. C44.31, H 3.72; found: C 44.06,
H 3.30.

2) Reactions of the N-methylpyrimidinium salts with the active
methylene compounds diethyl malonate, ethyl cyancacetate
and malonodinitrile

A solution of 1.0 g of the N-methylpyrimidinium salt, the methylene
compound {1 equiv.} and sodium ethoxide (2 equivs.) in 30 ml of

ethanol (abs) was heated to 90-110° during 3-4 hrs. In the case when
ethyl cyanoacetate or malonodinitrile was used as active methylene
compound, after the reaction, 30-40 ml of water were added to the
reaction mixture; upon cooling a voluminous precipitate was
formed, which was collected, recrystallized and dried. In the
reaction of 1-methyl-3-phenylpyrimidinium iodide with ethyl
cyanodcetate the precipitate was formed after the addition of 30 40
ml of 6N-HCL The reaction mixtures obtained from the N-methyl-
pyrimidinium salts and diethyl malonate were basified with 30--40 ml
of concentrated potassium hydroxide solution (100 gfI}; this solution
was heated to 110-120° during { h. Acidification of the resulting
reaction mixture with concentrated hydrochloric acid gave a preci-
pitate which was collected, recrystallized and dried.

The yields obtained in the several reactions and the physical data
of all products formed are summarized in Table I; the elemental
analyses of these products are given in Table [L

Table 11 Elemental analyses of the pyridine derivatives

Com- Empirical Mol. Calf}]]a[ed Found

pound formula weight C H C H
2a C.H,NO, 139.11 | 52.00 | 3.62 | 51.80 3.59
2b C,,H,NO, 21520 | 6697 | 4.22 | 66.40* | 421
2c C,;HyNO; 21520 | 6697 | 422 | 66.51 4.46
3a C,,HgN, 19522 | 73.83 | 4.65 | 7392 | 4.62
3b C,.H4N,O, | 24228 | 6540 | 582 | 69.53 592
4 C,,H,N,O 19621 | 73.46 | 4.11 | 7318 | 4.22

* This compound easily loses carbon dioxide, giving 1,2-dihydro-
2-oxo-6-phenylpyridine; this explains why the carbon analyses
are somewhat over error limit.
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Ring transformations in reactions of heterocyclic compounds

with nucleophiles (XIII)!

Degenerate ring transformations of N-methylpyrimidinium salts into 2-substituted
pyrimidines®

E. A. Oostveen, H. C. van der Plas and H. Jongejan

Laboratory of Organic Chemistry, Agricultural University, Wageningen, The Netherlands
( Received February 23rd, 1976 }

Abstract. On treatment of the quaternary pyrimidinium salts i.e. 1-methyl-4-phenylpyrimidinium
iodide and 1-methyl-5-phenyipyrimidinium iodide with cyanamide, O-methylisouronium chloride or
bis[ S-methylisothiouronium] sulfate in basic media, 2-amino-4-phenylpyrimidine and 2-amino-5-
phenylpyrimidine are formed respectively. A ring transformation is involved in which the two-atom
fragment N(1)—C(2) of the pyrimidine ring is replaced by an N—C fragment of the reagent. On
reacting 1-methylpyrimidinium iodide with benzamidinium chloride or pivalamidinium chloride in a
solution of sodium ethoxide in ethanot, 2-phenylpyrimidine and 2-tert-butylpyrimidine are formed
respectively.

It is proved by '*N-labelling that this nucleophilic substitution occurs vig a ring transformation in
which the N(1)—C(2)}—N(3} fragment of the pyrimidine is replaced by the N—C—N fragment of the
amidine. These reactions are new examples of a nucleophilic substitution occurring according to an

SMANRORC) mechanism.
Introduction

The dominant characteristic of the chemistry of pyrimidine
is the susceptibility of the ring system to addition reactions
by nucleophiles. Among such nucleophilic reagents the
strong nucleophilic amide ion has received considerable
attention®® We observed that activation of the pyrimidine
ring by quaternisation enables addition of carbanionic
reagents’ and of the weak nucleophiles, ammonia'®,
hydrazine!! and hydroxylamine!? under very mild condi-
tions. The addition takes place to the strongly polarised
N{1)-C{6) bond. After addition ring opening can occur af-
fording an open-chain intermediate, which gives, after
recyclisation and aromatisation, a heterocycle in which the
atoms of the ring skeleton are different from those present in
the starting substance.

The ring transformations of pyrimidinium salts with
ammonia have led to the concept of so-called degenerate
ring transformations. It is proved, for example, by '’N-
labelling that the N-demethylation which occurs on reaction
of methylpyrimidinium salts with liquid ammonia'®, acts
in such a way that the =N*—CH, moiety of the pyrimidi-
nium salt is replaced by the N atom of the ammonia. Thus,
though the starting substance and product have the same
ring system, in fact a ring transformation is involved We
refer to this type of ring transformation as degenerate ring
transformation.

M
c
N Ny R Té \ﬁu
_NHy
(o mwem MGy, €
e x©
CHy

Fig. I

In this demethylation reaction it is evident that the ring
opening, which takes place by fission of the N(1)—C(6} bond
in the adduct, must give a formamidine derivative as open-
chain intermediate. It occurred to us that i amidines were
used as nucleophiles, instead of ammonia or amide ions, the
addition to C(6) of these nucleophiles would also occur
readily. After the ring opening a diamidine derivative would
be obtained which could recyclise into a 2-substituted
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pyrimidine. Examples of similar degenerate ring transforma-
tions had already been found'* with s-triazine and proved
to be an excellent synthetic route to the preparation of
substituted s-triazines.

Results and Discussion

The reaction of N-methylpyrimidinium iodide (1) with a
solution of benzamidine in basic medium has been found to
yield 2-phenylpyrimidine (6a, R = C,H,} {45 %) (see Table I).
The reaction of 1 with aliphatic amidines is less satisfactory.
With acetamidine a complicated reaction mixture was ob-
tained in which, i present, only a trace (< 19%) of 2-methyl-
pyrimidine was found. With pivalamidine, a small yield
{(10%) of 2-t-butylpyrimidine (6a, R = {-Bu) could be
isolated.

See for part XII in these series: £. A. Qostveen and H. C. van der

Plas, Recl. Trav. Chim. (Pays-Bas) 95, 104 (1976). For a general

review on this subject see: H. C. van der Plas, Ring Transforma-

tions of Heterocycles, vol. 1 and 2, Academic Press, London and

New York, 1973.

2 Part LIV on Pyrimidines from this laboratory; Part LIII: see
reference 1.

3 J. A. Zoitewicz and L. S. Helmich, J. Amer. Chem. Soc. 94, 682
{1972).

* A. P. Kroon and H. C. van der Plas, Recl, Trav. Chim. (Pays-Bas)
93, 227 (1974).

5 A. P. Kroon, H. C. van der Plas and G. van Garderen, Recl. Trav.
Chim. {Pays-Bas} 93, 325 (1974).

¢ J. P. Geerts, C. A. H. Rasmussen, H. C. van der Plas and A. van
Veldhuizen, Recl. Trav. Chim. (Pays-Bas) 93, 231 (1974).

T I P. Geerts, H. C. van der Plas and A. van Veldhuizen, Recl
Trav. Chim. {Pays-Bas) 92, 1232 (1973).

8 1. P. Geerts, H. C. van der Plas and A. van Veldhuizen, Org. Magn.
Reson. 7, 86 (1975).

9 E. A. Oostveen and H. C. van der Plas, Recl, Trav. Chim. (Pays-
Bas) 93, 233 (1974)

10 E A, Qostveen, H. C. van der Plas and H. Jongejan, Recl. Trav.
Chim. (Pays-Bas) 93, 114 (1974).

11 H. C. van der Plas and H. Jongejan, Tetrahedron Letters 44, 4385
(1967

12 H.C. van der Plas, Miss M. C. Vollering, H. Jongejan and
B. Zuurdeeg, Recl. Trav. Chim. (Pays-Bas 93, 225 (1974).

13 F. C. Schaefer and G. A. Peters, . Amer. Chem. Soc. 81, 1470

(1959},
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Table I Reaction of N-methylpyrimidinium salts with amidines, isouronium- and isothiouronium salts end cyanamide.

Pyrmsl:]i: fuum Equiv. of Reagent Base Reacuﬁ n time R"'a“t‘f(’:‘ temp. Product Yield %,
1 4 equiv. D* 4 equiv. I® 5 110-120 6a(R = C,Hy) 45
1 5 equiv. E? 12 equiv. I® 1 210 6a (R = t-Bu) 10
9 1.3 equiv. A® 2.2 equiv. IT* 3 110-120 11 60
10 1.3 equiv. A* 2.2 equiv. [1® 3 110-120 12 15
9 2.0 equiv. B* 10 equiv. 1® 6 110-120 11 35
10 2.0 equiv. B* 10 equiv. 1® 6 110120 12 15
9 2.0 equiv. C* 10 equiv. I* 3 110-120 11 70
10 2.0 equiv. C* 10 equiv. I® 3 110-120 12 40

* A:cyanamide; B: O-methylisouronium chloride; C: bis[ S-methylisothiouropium] sulfate; I3 : benzamidinium chloride; E: pivalamidinium

chloride.
® 1:sodium ethoxide; I1: potassium hydroxide.

The following mechanism (shown in Scheme 1), involving
a degenerate ring transformation, is advanced for this
reaction, which may also, in fact, be regarded as a nucleo-
philic substitution at C(2) of the pyrimidine ring,

H
H H 'Ng:ﬁcna
o
Ch =) =0 N = 7]
k n _ _
N
: X N NH HCQ‘.N HC\NH R \N
| ]
CHy CHz NH CHy é=~n
& R
1 2 3 4
» -
”b J—Nmm:m:u:.
»H
-Nl Y HsCNucxﬁ/ﬁ "/ﬁ
-— e— — HaN Jl\
RJ\N/ R N/ R N/
&b 5§ 6a
Scheme 1

The transient intermediate (2) formed by attack of the
nucleophilic nitrogen of the amidine at C(6) is in a tautomeric
ring-chain equilibrium with 3. This can revert either to 2 or
cyclise to the dihydropyrimidines 4 (route a) or S (route b).
Aromatisation into the 2-substituted pyrimidine (6} takes
place, by a base-catalysed loss of N-methylformamidine.

In order to decide between the two possible reaction paths,
a and b, we synthesized the ! N-labelled N-methyi-[1,3-'*N]-
pyrimidinium iodide’?, containing an excess of '*N (5%).
We observed that after the reaction with benzamidinium
hydrochloride unlabelled 2-phenylpyrimidine is obtained.
From this result we have to conclude that this degenerate
ring transformation proceeds via the pathway involving the
reaction intermediates 2, 3 and 4. In the conversion of 1 into
6a (R = C;H;) we have thus encountered the first example
of a nucleophilic substitution in which the N—C—N fragment
of the nucleophilic amidine replaces a three-atom N({i)—
—C(2)—N(3) fragment of the pyrimidine ring This nucleo-
philic substitution reaction represents an interesting new
variation of the S,{ANRORC) mechanism, which is already
well-documented to occur in the amination of halogeno-
pyrimidines!*'* and halogenopyrazines!® with potassium

14 J. de Valk and H. C. van der Plas, Recl. Trav, Chim. (Pays-Bas) 91
1414 (1972).

13 I de Valk, H. C. van der Plas and J. W. A. de Bode, Recl. Trav.
Chim. (Pays-Bas) 92, 442 (1973).

Y6 pP.J1. Lont, H. C. van der Plas and A. J. Verbeek, Recl. Tray. Chim.
(Pays-Bas) 91, 949 (1972).

>

amide in liquid ammonia, but only involves the replacement
of one of the ring nitrogens by the nitrogen of the amide ion
eg. T8

CeHs CeHs
W N
o T
\': ol WE

? 8

Fig. 2

Compounds in which an amidino group is attached to an
element other than carbon have also been investigated. We
observed that 1, when reacted with O-methylisourea or with
S-methylisothiourea in basic medium, does not give a sub-
stituted pyrimidine. Reaction of 1-methyl-d-phenylpyrimi-
dinium iodide (9) and 1-methyl-5-phenylpyrimidinium iodide
(10) with O-methylisourea leads to a complicated reaction
mixture from which we were able to isolate as main product
2-amino-4-phenylpyrimidine (11) (35%) and 2-amino-5-
phenylpyrimidine (12) (15%,). respectively (see Table I). The
corresponding reaction of  and 18 with S-methylisothiourea
also gives 11 and 12, respectively; the yields, however, were
much higher (70%, and 409%;). Careful investigation of the
reaction mixtures obtained after the reaction of 1 and 9 with
(O-methylisourea or S-methylisothiourea indicate that no
detectable amounts of 2-methoxy- or 2-{methylthio)pyrimi-
dines were present.

It is evident that both amino compounds are formed by a
displacement of the two-carbon C(2)—N(1) fragment of the
pyrimidinivm salt by the N—C fragment of the nucleophile;
again a new variant of the S (ANRORC) mechanism. It is

Ry Ry
NSy N%\/I[Rz
u o [9 " HIN&N

9: Ry = CeHs; Rg = H
W0: Ry = H; Ry = Cghsg

M:Ry = CgHg; Rz = H
12: Ry = H ; Ry = CgHg

Ry
1 " ]
H =C. R HiCN=C Ry
HECN=C-N < -RH NTR 1
NJ\ 1
o o
NH
3 1%
Scheme 2
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convenient to consider the formation of both amino pro-
ducts 11 and 12 by a ring closure of the diamidine 13 (R =
OCH,, SCH,), due to loss of a methoxide or thiomethoxide
ion into the 2-imino-1,2-dihydropyrimidine (14) which loses
the N(1} side-chain by a base-catalysed fragmentation of the
N(1)—C bond. Attempts to prepare 11 or 12 by reaction of 9
and 10 with guanidine failed With cyanamide however
reasonable yields of 11 and 12 were obtained (609 and 359
respectively).

The above-mentioned results are quite different from those
obtained when s-triazine is reacted with O-methylisourea and
S-methylisothiourea and guanidine. Three different products
ie. 2-methoxy-, 2-{methylthio}- and 2-amino-s-triazine are
formed respectively. Why in these reactions the intermediate
11 (replace CR, by N) always recyclizes by loss of NH, is
unclear at this moment.

Experimental part

Melting points are uncorrected.

The PMR spectra were recorded on a Jeol JINM-C 60 spectrometer
using tetramethylsilane (T.M.S.} as internal standard. The *N
contents were measured on an A.EL MS 902 mass spectrometer.

1. Preparation of the starting materials

a) 1-Methyl-4-phenylpyrimidinium iodide® (9) and 1-methyl-5-
phenylpyrimidinium iodide® (10} were synthesized as described
pteviously in the literature.

b) 1-Methyl-[1,3-'*N]-pyrimidinium iodide (1)

2.0 g (25 mmoles) of [1,3-'*N]-pyrimidine'® containing 5% "5~ in
excess, were heated under reflux with 10 mt of methyl iodide for 8 h;
a precipitate was obtained, which was collected and dried. Yield
4.5 g (81%) M.p. 135-136° (dec.) (rectystallized from ethanol).
Analysis: CsH,IN, (222.04); cale. C 27.04, H 3.18; found C 26.83,
H 3.14

2. General procedure for the reaction of the N-methylpyrimidinium
saits 1, 9 and 10 with benzamidinium chloride, pivalamidinium
chloride, O-methylisouronium chioride, bis/S-methylisothiouro-
nium] sulfate and cyanamide in basic solution

1.0 g of the quaternary salt were heated in 40-50 ml of a solution of
the above-mentioned nucieophilic reagent and base in abs. ethanol.

In Table I are summarized the number of equivalents of the nucleo-
phile and base used, the reaction time, the reaction temperature and
the vields of the product obtained after the reaction. The work-up
was usually performed as follows: the solvent was removed in
vacuo and to the residue obtained, 60—70 ml of water were added.
This solution was extracted with chloroform. After drying the chloro-
form extracts with MgSO, the solvent was distilled off From the
residue obtained, the desired product was isolated either by column
chromatography (using silica gel and ethyl acetate as eluent) — such
as 2-phenylpyrimidine (6a, R = C,H,) or 2-tert-butylpyrimidine
(6a, R = t-Bu)— or by crystallisation — 2-amino-4-phenylpyrimidine
(11) and 2-amino-5-phenylpyrimidine {12) - in abs. ethanol.

a) 2-Amino-4-phenylpyrimidine (11). M.p. 163-164° (Lit. 17 164
165°); mixed melting point determination with an authentic speci-
men gave no depression.

b) 2-Amino-5-phenylpyrimidine (12). M.p. 162-163° (Lit, '¥; 161-
163); 'H-NMR (CDCl,): § 5.4 {N—H broad), § 740 (C;H,, s),
6 8.47 (H, 4. 5).

¢) 2-tert-Butylpyrimidine (6a, R = t-Bu). 'H-NMR (CDCl,}:
6 1.43 (t-Buy, s), 8 7.04 {H,, t), 5 8.65 (H, ¢, d); mass spectrum, m/e
136 (M*), 121 (M* — CH}), 57 (--C,H.!).

M.p. of 2-tert-butylpyrimidine chieroaurate: 146-147 (from aque-
ous ethanol) Anpalysis;: CgH,,AuCI,N, (476.23): calc. C 20.18,
H 275, Au 41.41; found C 20.45, H 2.84, Au 41.34,

d) 2-Phenylpyrimidine (6a, R = CzH;). 'H-NMR (CDCl,):
§ 7.10 (Hs, 1), 5 7.52 (3 x H C4H,, m), 5 8.52 (2 x H C,H,, m}),
8 878 (H, ,, d); mass spectrum: m/e 156 (M*), 120 (M* = HCN),
103 (C,H,CN*), 76 (C,H,CN* — HCN).
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On the N-ethylation of 4-alkoxy- and 4,6-dialkoxypyrimidines with
triethyloxonium tetrafluoroborate’

E. A. Qostveen and H. C. van der Plas

Laboratory of Organic Chemistry, Agricultural University, Wageningen, The Netherlands

{ Received September 6th, 1976 )

Abstract. Reaction of 4-alkoxy-(1-4) or 4,6-dialkoxypyrimidines (5-9) with 1 equivalent of triethyl-
oxonium tetrafluoroborate yields 4-alkoxy-N-ethyl (13-15) or 4,6-dialkoxy-N-ethylpyrimidinium
salts (10-12), respectively. With two or more equivalents of this reagent, rearrangement of N-ethyl-
alkoxypyrimidinium salts into 1-ethyl-3-alkyl-1,4(3,4)-dihydro-4-oxopyrimidinium salts (16-22)
takes place. These rearrangements can also be performed by heating. The mechanism of these rear-

rangement reactions is discussed.

In connection with our studies on ring transformations of
N-alkyl-, C-methyi- or C-phenylpyrimidinium salts with
nucleophiles®™®, we became interested in the preparation of
N-alkylated pyrimidinium salts derived from 4-alkoxy- and
4,6-dialkoxypyrimidines. There are only a few reports”%*®
in the lterature dealing with the N-aikylation of these
alkoxypyrimidines. This is in contrast to the A-alkylation of
2-alkoxy- and 2,4-dialkoxypyrimidines, which has been stud-
ied in more detail due to its potential use as a synthetic tool
for the preparation of various 1,2-dihydro-2-oxopyrimidine
nucleosides, when protected glycosyl halides are used as
quaternisation reagents (Hilbert-Johnson procedure)!® 12
In these reactions, initially alkylation of the nitrogen atom
M(1) takes place. Since the alkoxy group in 2-alkoxy-
pyrimidinium salts is generaily unstable at room tempera-
ture, conversion into l-alkyl-1,2-dihydro-2-oxopyrimidines
takes place readily. N-Alkyl derivatives of 2-oxo- and 4-
oxopyrimidines, respectively, can be formed also by rear-
rangements of 2-alkoxy- or 4-alkoxypyrimidines in the
presence of organic bases, functioning as catalysts!® 1413,
However, in these base-catalysed rearrangements it is the
alkyl group attached to the oxygen atom which migrates to

oR' OR'
n’gu R RIJi\N OR'

:R'=Cyhg ; RI=H

s R*=CzMg ; R=CH4
: R =CyHg : R2=CgHs
:R' =CH3 ; R?=CH,
:R'=CH; ; R¥=CgHs

© R'=C3Hg ; R¥=R¥:=H
:R'=CHy ; R?=R*=H
D R'=CyHs ; R?=H ; R*=CgHg
. R"=CyHs ; R¥=CgHs ; R*=H

W R =
G~

Figure 1

the neighbouring nitrogen atom. In our study we chose as
alkylating agent Meerwein’s triethyloxonium tetrafluoro-
borate (TOF)!5. This reagent has already been applied to the
alkylation of pyrimidine and 4,6-dimethylpyrimidine and
was found to give di-quaternary pyrimidinium salts when
two or more equivalents of TOF are used?!”.

In this paper we report on the reaction of several 4-ethoxy-
pyrimidines (1, 3, 4), 4-methoxypyrimidine (2), the 4,6-
diethoxypyrimidines (5-7) and 4,6-dimethoxypyrimidines
(8, 9) with one and with two or more equivalents of TOF.

! Part LVIII on pyrimidines from this laboratory; See for Part
LVII F. Roeterdink and H. C. van der Plas, Recl. Trav. Chim.
(Pays-Bas) 95, 282 (1976).

4,6-Dialkoxypyrimidines (5-9)

We will discuss first the alkylation of 5, since this reaction
has been investigated in detail, the structures of the products
obtained have been unequivocally established by X-ray
analysis and the results are applicable to the other com-
pounds investigated.

Reaction of 5 with onre equivalent of TOF in the solvent
dichloroethane gave a product A, m.p. 97-98° (yield 74 %))
and treatment of § with two equivalents of the same reagent
gave product B, m.p. I81-182° (yield 55%). Elemental
analyses showed that both A and B have the molecular
formula C,,H,;BF,N,0,. Product A could be converted
into B by treatment with one or more equivalents of TOF or
by heating for a few minutes at 230°. In the IR spectrum of B
a strong absorption is present at 1730 cm ™!, probably due to
the presence of a CO group, which is absent in A.

The 'H-NMR spectra were as follows: compound A 8 9.05
(s), 8 6.92 (s), 8 4.3-4.9 (m), § 1.3-1.8 (m); compound B
8 9.50 (s), & 6.14 (s), 5 4.0-4.7 (m), & 1.3-1.8 (m). These data
indicate that A and B are pyrimidiniurg salts containing
three different ethyl groups, but unfortunately they did not
enable us to make a conclusive structure assignment. In order
to establish the structures firmly an X-ray study was under-
taken, showing that compound A is 4,6-dicthoxy-1-ethyl-

2 H.C. van der Plas and H. Jongejan, Tetrahedron Letters 44,
4385 (1967).

3 H.C. van der Plas, Miss M. C. Vollering, H. Jongejan and
B. Zuurdeeg, Recl. Trav. Chim. (Pays-Bas) 93, 225 (1974).

* E. A. Oostveen, H. C. van der Plas and H. Jongejan, Recl. Trav.
Chim. (Pays-Bas) 93, 114 (1974).

5 E. A. Oostveen and H. C. van der Plas, Recl. Trav. Chim.
(Pays-Bas) 93, 233 (1974).

& E. A. Oostveen and H.C. von der Plas, Recl. Trav. Chim.
(Pays-Bas) 95, 209 (1976).

T D.J. Brown and T. Teitei, Australian J. Chem. 17, 567 (1964).

8 M. Prystas, Coliection Czechoslov. Chem. Comm. 32, 1298
(1967).

? M. Prystas, Collection Czechoslov. Chem. Comm. 32, 4241
(1967).

10 J. Primi and M. Prystas, Advan. Heterocyclic Chem. 8, 115
(1967).

14 T, Ueda and H. Nishino, ]. Amer. Chem. Soc. 90, 1678 (1968).

12 T, Ueda and H. Ohtsuka, Chem. Pharm. Bull of Japan 21, 1451
(1973).

13 D J Brown and R. V. Foster, ]. Chem. Soc. 1965, 4911.

1+ D.J. Brown and R. V. Foster, Australian J. Chem. 19, 1487
(1966).

1% D.J Brown and T. C. Lee, Australian J. Chem. 21, 243 (19683}

16 H. Meerwein, Qrg. Synth. 46, 113 (1966).

17 T.J. Curphey, J. Amer. Chem. Soc. 87, 2063 (1965); T.J.
Curphey and A. S. Prasad, J. Org. Chem. 37, 2259 (1972).
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pyrimidinium tetrafluoroborate (10) and compound B
1,3-diethyl - 1,4(3,4) -dihydro-6-ethoxy-4-oxopyrimidinium
tetrafluoroborate (16). A detailed description of these
structure assignments will be published elsewhere!®.

OR! o
)
N/ | \N,
k /&@ |
R! R3 R? N Rl
' o ' BF,
CzHsg CHs 4

10) R'=CyHg  R*=H , R?=QC3Hg
11} R'=CH;, R%= CHy,R= OCH3

12) R'=CHy, R¥=CgHg, R*=0OCH;
13) R'=CyHg Rz R¥=H

14) R'=CHy  R¥=R%=H

15) R'= CzHg , R?= CgHg |, R?=H

16} R'=CgHs, R'=H, R’= OCzHg
17) R'= CaHs , R%= CHy, R* 2 OC3Msg
18) R'=CyHg, R?=CgHg, R= OC;Hg
19) R'=C3Hg , R¥=R%=H

20) R'=CH; , R¥=R=H

21} R'= C3Hs . R?=CgHg , R*= H
22YR'= CyH5, R¥=H, R?={gHsg

Figure 2

The above mentioned results are quite different from those
obtained when 4,6-dimethoxypyrimidine (23) is reacted
with methyl iodide™® (Scheme 1), The 1-methyl-4,6-
dimethoxypyrimidinium iodide (24) is formed initially but is
further demethylated by the iodide ion to 1,6-dihydro-4-
methoxy-1-methyl-6-oxopyrimidine (25). That 10 is stable is
due to the less nucleophilicity of the BF; jon.

OCH3 QCH; OCH;
@ e | L T — "ﬁ
Ry~ 0CH; ,:,’7’6\— Fiy k'f o

CH; My

23 24 25

Scheme 1

Similarly, reaction of 4,6-dimethoxy-2-methylpyrimidine (8)
and 4,6-dimethoxy-2-phenylpyrimidine (9) with one equi-
valent of TOF in dichloroethane gave 4,6-dimethoxy-1-
ethyl-2-methylpyrimidinium tetrafluoroborate (11) and 4,6-
dimethoxy-1-ethyl-2-phenylpyrimidinium tetrafluoroborate
(12), respectively. The structural evidence of both com-
pounds is based on microanalytical dala, the absence of a CO
absorption around 1720 cm ™! (ruling out the possibility of
an isomeric 4-oxo structure) and on the 'H-NMR data

(see Table I). The 4-oxopyrimidinium derivatives 17 and
18 were prepared directly from the 4,6-diethoxypyrimidines
6 and 7, respectively, on melting with the TOF reagent.
Both compounds show the characteristic CO stretching
vibration at 1710-1730 cm ™.

4-Alkoxypyrimidines (1-4)

Interaction of 1 with one equivalent of TOF in dichloro-
ethane, leads to ethylation at N(1), yielding 4-ethoxy-1-
ethylpyrimidinium tetrafluoroborate (13). The structure
assignment is based on the '"H-NMR data (see Table I).
Essential in this assignment is the argument that the H(2)
and H(6) hydrogen atoms are coupled (J, ¢ 2.2 Hz)}, indi-
cating that they are located adjacent to a positive nitrogen.
A similar coupling has been observed in aromatic N-oxides
and quaternary salts derived from pyrimidines; it was
usefully applied for structure identification!®. The occur-
rence of this small coupling constant rules out the possi-
bility that the isomeric 6-ethoxy-1-ethylpyrimidinium tetra-
fiuoroborate is formed in the ethylation of 1. Also ethylation
of 4-ethoxy-2-phenylpyrimidine (4) gives substitution at
N{(1), the pyrimidinium salt 15 being obtained. Surprisingly,
ethylation of 4-ethoxy-6-phenylpyrimidine (3) occurs mainly
at N(3), 6-cthoxy-1-ethyl-4-phenylpyrimidiniuom salt (26,
R2 = H; R? = C,H,) being formed. The structure assign-
ment of 26 was made on the observation that the methylene
protons of the ethoxy group appear at a lower field (about
0.3 ppm) than those in the compounds I3 and 15 (see
Table 1). We ascribe this difference to the fact that in 26 the
positive charge at the N(1) atom has a deshielding effect on
the neighbouring ethoxy group. OCoHs

H5c2\ﬁ o

ZK | 3
ard R R

N

Figure 3
26

1% D, Heijdenrijk, C. H. Stam, H. C. van der Plas and E. 4. Oostveen,
Recl. Trav. Chim. (Pays-Bas), submitted.

1% M. Ogata, H. Wianabe and K. Tori, Tetrahedron Lett. 1964, 19;
K. Tori, M. Ogata and H. Kano, Chem. Pharm. Bull of Japan 11,
681 (1963); S. Casteliana and R. Rostelnik, J. Amer. Chem. Soc.
90, 141 (1968): R. A. Abramovitchand J. B. Dgvis, J. Chem. Soc. B
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Table I  Chemical shifts (ppm) and coupling constents ( Hz) of 10-15 and 26.

o Ha) H(a) H(b) H(b)

Compound* | H(5) R? R? OCH,; | Js6 Joe
N*CHCH, | OCHCH, | N*CH,CH, | OCH,CH,

13 745 | 9.36 $.90 4.65 4.75 1.50 1.65 - 72 22

14 747 | 9.36 8.90 4.63 - 1.64 - 48 6.8 1.8

15 744 | 777 m) 8.90 4.46 4.68 148 1.50 - 15 -

26 820 | 9.3 g gg; 4.63 5.00 1.64 1.68 - - -

11 684 | 295 435 4.45 - 1.46 - 4.16 - -

12 705 | 7.7(m) 445 43 - 1.41 - 4.18 - -

10 692 | 9.05 - 4.3-49 1.3-18 _ - -

* Compounds 10 and 12-14 were measured in acetone-ds; compounds 11, 15 and 26 in a mixture of acetone-d; and D, 0.
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