-

N "o ) \
Ll ~ Pl . r‘. N
. . ' P » . ; -
\ ‘1 \ L , -‘ . ‘“\ / . -

_— Nl

. ; e -

' . S \ T . A

[ ‘ - N

N . N

Masaki Endo \ o 4
L3 ’ * - - v \
. - R T N K \ . I
- . N
- ' N \ hd M e
. R . .
@ b . -
f B o . T .
Vs . - A THESIS L o,
e “\;‘b . N N . L.
» - : et ) o
. The Department -

. N

. of .° ' . -l

. "C};emis'try“ . AN S

s \ . N N . . - ~
- ] - i

" Presented in Partial Fulfillment of the Requirements for R

) ) : ' M ~ J
the Degree of Master of Science at Concordie University, |
* ) g - . . { . -
' ) \ f 1
Montreal, Cahada. B . 1
- . t . - |
N . ¢ K ” . ' , ' . ’ -
SR S S November 1974 ’ =
T - ' i .
- . > -~ 9. N
-~ - ’ o o0 ~ = v » 1} YA .
A - ‘ . e w
\s f \\ . i T * ’
< 'Y N ~ : i
a ~ - ]
3 . - ! -3 * y 1 '
. . ‘ R ( Y |
2 . - ' A .
- ‘ . s
- VRO o e .

(® -Masaki Endo . 1975



o . aesmmcr ., ! a

Masaki Endo

. ) . M . ’ " f “’ , i . ‘ . a'. . - Lo . ‘ . \
< 1, 3-DISUBSTITUTED—1,2-DIHYDﬁO-2-OX6~PYRIbEPINIUM CATIONS | S A

@
-

Quaterna.ry salts oi‘ py'n{.mldlne compounds are normally made by.
a.lk;vlat:.on of thelr parent bases. However, t.here are llmitations to

' this type of synt.hesn.s in that quaternary salts having\‘.& variety of |

N-substltuents are difficult to obtam because of the suitability of P

only a few alkylating agents., - ) . RS

04 A
. t

It was found, however, .that 1 3-dlmethyl-2-oxo-pyr1_m1dine ' .
quaternary salts could easily be synthesised by direct cgclisation.5 13,
" Thus f;r this thesis various 1,3-dialkyl(aryl)-2-oxo-pyrimidinium = ‘\‘ .
salts were made by direct cyclis\a.tioﬁ_of malondialdehyde a.nd appropria;;e .

. ured8. These quatérnary salts underwent pseudo-‘base formatidnl and oo

the equlllbrlum consta.nts between the quaternary cations and thelr N '

]

pseudo-bases were defk{znm In addition, UV and NMR spectra of

these quaternary salts and then,r pseudo-bases will be discussed in "\ o
this thesis. - . : oc .

@cidati’or} of 1;2~dihydro-1, 3-dimethyl-2-axo-pyrimidinium b‘isulfate‘

sby‘ hydrogen peraxide caused ‘a ring transformation giving 3-methyl-

~  axazolin=-2, L-dione in géod yield. . \ . :
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. ghaving a suitable polariza.ti:.on.l ' In the resulting cation the

~ of which primary alkyl halides are the more reactive;

1) Quaternary Compounds R

PO

7 N -

i

i A nitrogen‘atom in a heterocyclic ring possessing & lone pair

of electrons may form a bond between the nitrogen and a carbon atom:

'nitrogen'is said to be quaternized. N-Heterocyclic compounds are

normélly quatgrnized by alkylation of the parent btauses.1

* B R-x_k._..;'~ '\ERx R
~ i+ ' -
“\’/: R ‘\/ ;

~

. | .
The ¢ommonest reagents used for qua.t,ernizatifon are alkyl halides

2

a5

®

lThese .
©
reactions presumably: procge'd: via SN2 mechaniems which are strongly

affected by steric effécts, but much 'less'.a_ffec'aed by electronic
effects., St;condai‘y alkyl halides, therefore, .are less reactive, ."‘:

and tertiary alkyl halides do not react at all to give q{xa.ternary‘ - : _)

: , /s
salts, but. undergo el:imjnation.3 Also the longer cha:i_n primary .
alkyl halides camonly undergo ellminatlon rather then quater’nlzation. L
For example, n-octyl and cetyl iodides give only elimination products

when heated with 9-4am:$.n'¢.>a.cri'd:i.ne.lF ., Therefore, ;c.he allqua.tion

| ‘

method has considerable limi%a.tipns as a synthetic route to qua.ternary

* —- '

compounds hav1ng various N-substituents.

- Quaternizations using methyl iodide are well lmown.l For &

example, py/ridine(l) readily rea.cts at room t.emperature with methyl
iodide to give l-methylpyridinium iodide( 2). ' ‘Also, 1, 2—dihydro-
l-methyl-z-axo-pyrimidine(B) re&cta with ‘methyl iodide in a aealed

- '

| S 2,

‘\q .



tube at’ high temperature to glve 1 2-d:.hydro-l 3-dimethyl-2-oxo-

pyr:unidmium 1od1de(h) in good yield 5 This seme compound may

: ' also be obta:med from the methylation of the soMlt of 2-hydroxy-
| pyrimidine(5) S:.mila:rly, methyl iodide reacgs with qpinazonne7

. - : .o .
’ . to give a mixture of the isome;-s(é) and (7) ir'x, the ratio of 5 : 1.

ON

Moreover, 1, 2-dibromoethane reacts with 1, &naphthyridina to give

 the diquaterﬁary salt(B) s

*y -

LI
.
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s N .
o Et T ‘Bt
(=) . - (13)
. C . '
, ! ' ' ) K N * .
Jeterocyclic compounds which readily react with alkyl halides
may also rea.ct with suifably activated arylhalides to give qua.terna;ry>

salts. Aa an example pyridine reacts with l-chloro-2, b-dinitro-"

). ,

benzene to give l-( 2 l:—d:nitrophenyl)pyridinium chloride(9)

: As other reagents for qug.termzatlon, dimethyl sulfate and .

-
d

triethyloxonium “tetrafluorohorate ~have &lso been used. . lFor~ exampld,
dime’th’yl sulfat;e reacts with 'gyric;{ne mder-r;flux to give l-methyl-
T : .pyridinium methyl sulfate( lO)lOana with 1 S-na‘.phthy'ridine to give
a diquaternary salt, 1, 5-dimethy1-l S-na?hthyridinedl-ium dimethyl- [
..sulfate(ll) Trlethyhxonium tetrafluorpboraﬂe readlly I‘eacts
‘ ' with pyrimidn.ne to give & dlqua‘ternary salt, 1 3-dlethy1pyrim1dinedi-
)11

ium dif.luorcborate(lZ and with «2-chld‘roqu.1noline to g:we 2—chloro- .

L l-ethquuinolinium fluoroborate(lB) 2 , :
. . i -~
C Most heterocyc;ic qugternary compounde ‘have been synthesised

\




{

) ‘o y ' . ' L
by. alk’ylation of the parent bases as shown above'. Recently, however, LT

e.xa.mples of the formation of quat.ernary salts by dlrect cyclisa.tion

g T, . L=l e
have appear‘éﬁ * K . T _— ) . ' .

» The condensatlon of malondialde‘hyde(lh) ard dlﬁthylurea(ls) 1n L .
ethanolic hydrochlorlc acid gives l 2-dihydro-l 3-dlmethy]‘—2-oxo-- '

*

5
. pyr dinium chlorlde(lé) in good yield, This chlor:.de may be

converted to the cq;respondlng blsulfate(l'Z) :ma.n aqueous silver sulfate

solut10n.5 However, a.better‘ synthesis of this bisulfate(17) is

. 1
‘ ’ » . ”

"'5 . *
: a.ffbrded by diregt cyclisation in ethanolic sﬁlfuric acid 1 \__‘As'a . .

b . ‘

! another exa.mple 2-&minopyr1dine(18) readily reacts w:Lth various
B-dlcarbgm_gomwtmds(m) in th& presence of: perchlorlc acid to give

. |

the pymdo[l 2-a]pyrmidinium perclﬂorates(zo) 14,15 N S .
|

\

|

|

|

|

o
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> L One of the objecblves of this thesis was to explolt the synthetic
. possa.bllitles of the direct cychsatlon method to prepai*e va.rious . ‘ .o
LR e quaternary ,salts related to (16) and (17) but in which N]_ and N3 carry ', -’

a variety of substltuents. \ - - ‘ - -_ .o




2) Pseudo-base formatien

3 ] . ¢

( . . » .
\ Iﬁ 1899, Hantzsch16 i‘ound that when a cold aqueous solution of

R . N—methquulnolinium chlorlde(2l) is baalfied the initial high alkalgplty
slowly decreases, and there is a para].l% drop in conduct&nce. -‘The
product, 1, 2-dlhydro—2-hydx‘oxy-N-methquun.nol:.ne(22) which he tefmed

. the "pseudo-ba.se" of - (21) is formed by a.tta.ck of hydroxide ion at the

2-p031t10n of (21). Moreover, the pseudo-base(zz) is eauly axidized

by potassiuft ferricyanide to 'N-methyl-2=quinolone(23). 16 Since the
- - 3y il » L4
% - work of Hantzsch, the phenomengn of pseudo-base formation from nitrc;gen

* v

A het.erocyollc quaternary salts has generally been accepted 17,18

and

the structures of t.he pgeudo-bases have been discussed in theoretical
) - N

organic c_:hemi_stry.19 However, in megst instagces their Lexistence

. L I
wes never actually demonstrated, and 'only recéntly has evidence of

‘pseudo-base formation been demonstrated by Albert 20 Katritzky,5 Buntlng,zl_

and other.sxz/2 for a variety of¥systems. : !

)

. ; . ’ . ’ ’ N °
/ In 1955, Albert et al. showed that water can add across the C-l

. : + . Ho0 * H OH e
{ ’
o Ny L 2L N
. - ' ) R ' l A —— t l
Y- ’ ‘ N p; . N ;
’ . \ﬁa; \’_-',
e N N )
¢ - " ’ \ .
- .
1 ’ .
t
N - - +
.
' 1 LS v .

-

_double bonds of certain heterocycles to give covalently hydrated fOI‘IIiS,zB 12k

P




« ™ to be sugceptible to co aJ.en.t, hydration.

P Co s , -

Cle"arly,: systems whosé quaternary ions readily undex_'go pseudo-base"

formatlon are lJ.k.ely ’ H OH .
M “\‘ v . - \ . /

Vaa e S -
b -

1

R :
- The eff@#t of substitution ori the equilibrium between substituted
N .

Cooksey and Jc:hnson.22 . 'Aqéording to their studies, su stituents at

=) . (8 | (26)
the 3~,5-,‘6--,7-:,and 8-positions have af’ 1\Arge' effect on the position of
equilibrium, and subst:':'t,uents ‘on the r;it'rogen ‘have an e'ven.'larger effect.
The* substd tuents effects— are so large that hydroxide ion addition is
praferred. to loss of & proton to give a nucleophilic carbene(26)
¢ Also, in 1968 Ka.trltzky et al. d suggested that 2-oxo-pyrimidine's
mlgéa, undergo’ isotope exchange at thef *S-position via covalent hydra.tes
and it vas shown that 1 ,2-dihydro-1, 3-dimethyl-2-oxo-pyrimidinium ion( 27)
readily formed the pseudo—base(zs) I rL
Recent.ly, equilibrium ¢onstants of the pseudo-base formation for

several naphthyridinium, quinolinimn, phthalazinium and ( iao)quinolinium
21
catlons were determindd by Bunt.ing and Meathrel. Ionization

o

x

constants for-ionizatioh of some of tl}ese paeudo—basés to alkoxide

o




e 9 NM° »®
v—-—-——'—- i

> S (27) ) S (=8) ,

- i ‘anions(e.g. 30—»31) were also determined. One of them, the pseudo-
1 . base(30) of the l—methquumoxa]:lnlum :tlon( 29), exists in equllibrium
with a considerable amount of its covalent hydrate( 32) which is formed ' .
by addition of water across ‘the CB‘Ch double bond of (30). In other

cages, however _only one major pseudo-base is present in solution.

P 1 ‘ ? -

N | N
Y= O
. N “H N H
Me

) ' Me ' .Me
e @ ) (30). (31)

. ' . N . N S~
.- e, L, ™~ N ~
~
~
° ' 9 .
. .
o . _
P
. .
s s '

-

(32) .

i

. Bunting and Meathrel have also reportedg5 gcomprehgnsiv‘é kdnetic¢ -
studies of the pseudo-base formation and decomposition of 'quatemary' »
N-met;xyl heterocyclic,catio;ls(BB) and £35). . “According to the ph-rate
studies‘ ‘pseudo-base'for.ma.tion(.e.g. 33— 34) may kinetically occur -
thrcugh either a.tta.ck of a Water molecule or of hydroxide ion on the

heterocyclic ca.tion depending upon the pH of the reaction medium,

. Conversely, paeudo-ba.se decompqaition(e.g. 34~>33) may occur through @ = - \/_*




S Co -7
Y (. ‘ . ReH,Ph.
° . ’ , : o .
T either the neutral or protong'ted pseudo-base- species or their kinetic

equivalents. .
" The pseudo-base formation of dﬁsqué.temary salts was very receni‘:.ly

. . 2 . .
reported by Pokorny and Paudler. 6‘ 1,8-Dimethyl=-1, 8~-naphthyridinium
2 : : N
dication(37) undergoes pseudo-base formation(37 =238) at the 2-position

more easily than other naphthyridinium dications give their pseudo-bases.

Ky '

|
B - = ~N +
i HD + \+l LB+ H
. - SNTSNS R o

. Me Me

| . \~ : .(58) \ -

' .However, Summers ot al.zvstudiethhe pseudo-base formed from the dication

P4

.(39) and concluded that it has a' different.type of atructure;, namely,
(40). 7 The difference in the structure of the pseudo-base(38) as

compared with (40) is presumsbly dus to the presence of.the two methyl




.J‘ . - Lo .o o ,
} e groups in¥(38), which stbrically hinder the formation of the fully "
| :

con.)ugated tautager analogoua te (40). 2T,

R 2 ~ (40) o
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" 3) Oxidation of pseudo-ba.ées ' ) T ‘ N

4

Oxidation of quaternary caf.\ions might lbe a useful methzad ot.‘ ‘
proving the strycture of pseudoébaées since such’ oxidation to keto- )
tompounds can be normally expected to oceur at the position in the
pseud.o-base bearing the hydroxyl group, For example, it was alrea.dy
mentioned(p 6) that the pseudo-base(22) of l&nethquuinolinium chloride
(21) is easlly oxidized by potassium forrlcyanide to l—me.thyl-z- . } !
quinolone(23). Also, well-known is the oxidation of l-methyl- ”

‘pyridinium methyl sulfate(lO) 'by(alkaline potassium ferricyanidé B

which gives: l-methyl-2-pyridone (AZ). The mcachan:lsm28 proposed o

for this reaction requires the formation of the pseudo-basa(4l), which™
. ' \i “

18 in cequilibx.'ium with the pyridinium salt(10). Similarly, the pseudo-
N Q Q ' ; '
MeSOh

‘@ (1)

-




.

v media,

since reaction of quinazoline wi H202 in dilute aqueous’acld glives

3,4-dih o—a—quinazolone(h-{\::. ood yield. Tzﬁs oxidation may

proceed -via the covalent hydra (45a) or the hydrat cation(kés).

since the latter .is known to be the predominant cation in aqueocus

§§2+ . <y '
H : :

1

H20 .
o ot 4 ’
’ - ' OH . R e
- + . M -
H ;)NH
== QI
N
. H
0] (46a)




4) Synthesis of 2-pyrimidones

'1,2-Dihyt‘iro-2-oxo—pyrimidine deriva.t.‘ivve's are commonly s'ynthesise-d ' . e
by dondensation of ureas with B-.dia_ldehydes, B-ketoaldehydesTc;r f-di~
ketones in the ;regence of an acid catalyst in alcohol.’  For ex;mple.,
the reaction of mlonﬁﬂdehﬁe tetraethylacetal(48) and urea(49) in
ethanolic hydrochloric acid gives 1 2-dihydro—2-oxo-pyrimidine hydro- Q

cmorlc acid salt(50), which. magr be neutrahzed in an aqueous solution

t.o give the neutral species( 51), 30 the pa.rent base of 2-oaco-pyrim1d1ne 7
!
~ derivatives. AN
N e ~ \
B CH(OEt), . .+ CHO . BN
. Oy / |
(l;}]z ., — >. (l:Hz + /C:O .
. ’ . H
~ CH(OEt), | \CH,O ML
~ .

— /L —{1

Sk\ - h?.k .<51)-: . .

Q

N-alkyl(aryl)=-l,2-dihydro=~2-oxo~pyrimidines(52) are’
obtained as salts from the reaction {)f (48) pand i—a}.]qu?aryl)ureas in

Similarly,’

alcoholic hydrochl"orié acid, and those\salts g_;r"e converted by neutral-

ization to their neutral forms( 52).31 klso,ﬂ the reaction of acetyl-

acetone with ureas gives- l,2-dihydro-l+,6-dim’eth§l-2—mco-i)yrimidines(53 H

2,33 .-
R-==H.Ph).3 4 and the reaction of 2-methylmalondialdehyde tetraethyl-

geetal with l-methylurea gives 1,2-dihydro-l,5-dimethyl-2-oxo-pyrimidine

- v . © . . , ©
e

-




L frq ‘ Meo
N ' ¢ . /k Q Met }O * ’
. N 0 0 ’

. (52) (53) Ty 54)

(54) 31 These reactiong’ dd not résult in any isomers, since the
2-oxo-pyr1nﬂ.dine molecule is symmetrical about the 02-05 axis,

. However, the- reaction of formylacetone with l-methylurea in alcoholic

hydrochloric acid give two isomers of (55) and ( 56) * of which (55)

is the major product.

-

lé_eo “ow HNMe '}

W I HCL . ’
27/”+H2N/C°'.Etou ~ /L -

4

CHO

,—

S . o (55) = (56)

-

e

N-—Ajkyl-z-oxd-pyrimidine( der:!t.vatives are -als.o c;btained by alkylation
of- z-hydroxy— and alkoxyp&rimidines The reaction of either 2—hydroxy—
_or methoxypyrjsnidine with dlazomethane gives 1 2—dihydro-1-methyl— ‘
2-oxo-pyr:!.midine(52 R=Me) 35 which is a.lso obtained by the alkylation 9 ..~

.
N ~

of 2—hydrcncypydim1dine using methyl sodide in a1cohol.36
Brc:wn31 37 ﬁas studied the amine-catalysed thermal rearrang;ament

of 2-alkoxypyrimidin08(57) a reaction which may also be used to synthesize

, N-apqu—z-mco—pyrimidines. Electron-withdrawing subst.itﬁents(RnBr

NOg) at the 5;pogition of ( 57) enhance the rate of rearrangement,

whereas when R'ifMe, the rate is betarded (see overleaf). ‘

As mentioned previously(p.4), 1, 3~dimethyl~2-oxo~pyrimidinium _
~salts(16 and 17) have also been made, both bfr )'slkylation methods and '

\
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- ~ /|OR ~ g /L
. N/ N' 0
) : (57) ( (58), '

/\‘ o ReMe,Et, Pr, 180-Pr,Bu, 1s0-Bu B

. R'=NO5,Br,Me - .o .
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1) Introduction g - ) . ' "

. ' \

o’ As discussed earlier, quaternary salts of pyrimidine compounds ' ' 3 \,l
* 4 are\lorma.ll?} made by alkylation of t.heir parent bases. ' However,
N
. there @are_ Témitations to this t.ype of synthesis in that quaternary o

e salts having a varlety of N—substltuents are difi‘ycult to obtain,
’ X

because of t,he suitability of anly a few a.lkyla.ting agents. 1
It was found however, that 1, 3~dimethyl-2-oxo-pyrimidine quat- " —\

erna;y saits-could easily be synthesmed by dlrect cyclisation. 5,13

“

The ease of these syntheses suggested tha.t. the method might be extended

Thus for this t.hesis various 1l 3-dlaDcyl(aryl)-2-mco-pyrmidinium salts - J
v
weg'e made by direct cyclisation o‘f malendialdehyde and appropriate i
v Y ) . . ° . : '\’:
ureas. . Thése quaternary salts undergo. pseudo-base formation, as
‘

o _
was confirmed by UV and NMR speptroscoples. In addition, equilibrium

constants(K) between the quaternary cationg (Q*)And their pseudo-bage

(QOH) were #etermined by potentiometric t:i.tra.t,ion..3 8,

‘ : a < - ' N . ) N\
/ Q" 4+ HO == QH + 1t ' )

. Ny
4 N -r

These equili-

4

+
Q"3

.
M .
¢ * = H

H AN

PR

brium constants were expressed as pK values following eqn 1, ‘and which

denot.e the pH at which the qu/ernary cation and its pseudo-b&se exist

.at equal concentration. . {

iﬂ{ - w - log %{% . cessse ow'o' (1) . . ’ “ ‘ R ‘

Oxidation of 1,2-dihydro-1,3-dimethyl-2-cxo-pyrimidinium bisulfate -

‘ . . @ .
< . ] _“\\‘., ,
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Yy pot’.a-ssium ferricyanjde in an’ alkaline’solution was:expected to
‘g;i.ve 1, 3-dimet(i1yluracil,, but gave only intractable oils,' .However,

28 :
oxidation by hydrogen peroxide in”either alkaline, acidic or neutral

. . 14 0
1

- 'solution ceused & ring transformation giving 3-methyl-oxazolidin- - . ¢
P L R

2,4~dione in good yield. . . ¢ ‘) ; ] .
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2) Sy thesi . ‘ ' © . '3

\ , As dlscussed earlier, the synthesis of quatemaryr,heterocycllc

compounds by alkylation methods is limit&Q by the relatlvely few suitable

1
" alkylating agents. In some instances, however, thls limitation may
_ - . -

-

pdssibl& be avoided by use of a direct \'cyci_isa.tion route.

p__BI;?WDBl and eariier workers showed thatj l,2—dihyd1:o-1—allgyi—2-oxo-
pyrimidinium salts(62;R=alkyl,R;=H,X=C1) may be made from malondialde= ./
hyde tetraaucy; acetals(59;R=Me,Et) and N-.ancylureas( 61; Rl—alkyl R2-H)

5 3

in ethanolic hydrochlori¢ acid. _ This suggested to Tee that

‘ CH(UR)2 CHO
| N , N : , L
(59) . (60) -(61) - . (62) e
' 4
1,3-dialkyl salts(62;R),Ry=H) might be made similarly from 1,3-dialkyl=

; % R2=H) Indeed, reaction of 1,1,3, B-tetraethoxypropane
(59;R=Et) 1w:.th 1 3—d:unethylurea in ethanolic hydr’bchlorlc acid(or sulfurlc
" acid) gave the de;1red chloride (or bisklfate 3)( 62;R=R,=Me ,X=Cl or HSOh)
. - in very good yield.
- For this work the’ l,g;-dihydro—l,B-disﬁbstitute@-z-mco-pyrimidinium
' .o salts(62) shown in Table 1 were syntheeised in the @;mer outlined a.bove

(eqn. 2). . - Most of the compm(i-ds were prepared relatively easily‘ﬁin

good y:Leld and without apeclal dlfflcultles in their isolation. It

is significant that quaternary sa:lts having tertiary alkyl, phenyl or

) other bulky subat.ltuents were made, since these substituents are VGI‘Y

\

. CH(OR)2 ) CHO HNR2 )

13 . ) l . + l NR2 -
| , CHo _._}.{_a, CH§ (eqn 2) . |
o 12 Y | EtOH T



......

_ R Table 1 - - o .

A

T

i, mluubudu.olw wlnwucvmﬁwﬁcdmnlmnoﬂqmﬂwdﬁgwg uw“_.em .
‘mafie by direct cyclisation(eqgn.2)- -

r -

- . : . : N
- v P n
~ X Temp. Time(hr) . Yield(%) = M.p.(°C) - . Remarks R :
) } ! ' k to-
Me \ Me c1 - o 1 85 24,5-50(dec. ) ref: 5 . R
Me Me. HSO4 50°c - 0.5 . 95 = 2046 ref. 13 S )
Me _Et c1 reflux 4.5 ,F 2¥7-9 - hygroscpic -
Me Et HS04 .. n 2 - . - ' mmu.u.aﬁaungﬁ
Me Et I " . 2 \m . 210-3 | . -
- Me i~Pr  HSO4 room 36 136-7, . oo
- Me A-Bu - H3Q4 n 96 mb WL5-7 . . . L .

Me gcHex - T reflux 2 88 205-8 ) o

Me + Ph - C1- © 9- &l . 109-13 " hygroscopic ) °e
za ? H v ) n ) Qﬁ . HN@‘WN . ,_ ] .

tMe |  PnCH, HSO, " 96 ao..x%?v b ; .
Et ‘ 'Et ‘C1 n -2l hygroscopic . -
Et Ev HSOy, ~ " T2.8 40 m.?wb v hygroscopic . )
m.ﬂ m.ﬂ H ! n P mur NO@‘HN, ) . - e ' L

. P Pr ‘Cl o 1. 85 - 138-41 hygroscopic = ‘
Pr Pr- I o 6.3 69 . 153-5 DU ) . .
i-Fr, i-Pr EtSO, =~ g 6 73 209-12 oo ) T .
n-Bu n-Bu- Cl 1 3 91~ 122-52 hygroscopic ° _ .
n-Bu  n-Bu  HSOR, . 2 99 108-9 Vo Lo .
FnfHp © PnCH,  HSO, " 4 L7000 - 1757 DR - £
c-Hex - c-HeX £ EtSOy - o 52 9% 177-9.. : . S 3
S - P N — ” e _
a. sealed tube N .. o . Y “~
f - .




: o : -
difficult to introduce by ~a]71cylation}.’

- Attehpts to prepare the 1,3-diphenyl- and the 1,3~di~t-butyl-
2-ox.o—pyrimidinium salts( 62;R1=R2=Ph,_fi—Bu",X=Cl,HSOh or I) were .not
,ﬂ'(ﬁssful The dlfflculty in preparing the l ,3-diphenyl compound
‘ probably due to t.he low nucleophilicity of the PhNH- group of the

urea(él;Rl=Ph,R2=Ph). The easy preparation of the l-methyl-B-phenyl—

é—oxo—py::'imiqinium salts( 62;R1=Me,R2=Ph,X=Cl,I ) from the urea(6l;Ry=Me,
R‘2=Ph) suggests that in this case the cybiisatioﬁ may begin by attack

of the MeNH- group of the urea upon & carbonyl group of malondialdehyde

(60): rather then by initial attack of the ArlNH- group. The reason
why 1,3-di-t-butylurea did not react"with%\alondialdehyde( 60) is proba~

bly steric hindrance.

o

s - For nreas having larger alkyl and aryl substituents, the rate of.
. . Wy ~ ]
the condensatiod is apparently slower (See Tablg 1), so that higher

reaction temperatures and/or longer reaction times were required. .

”» -

Under these conditions, however, the reactions often resulted in t%rry
&

and dark-colored products Which were more difficult to purify and to

N\ reCrystalllse. This is almost certainly due to side reactions and/ ’

3

or self-condensations of;malondialdehyde. ' '

- - . l :
When either hydréchloric acid or’ sulfuric acid was used as an

acid catalyst, those pyrimidinium chlorides or bisulfates o'bt_lg.ned

;S

were often hygrosqopic" or éven deliquescent, so that it was hard to

purify them and to completely remove water from them.  This -cirawback

was later overcome by using hydriodic acid, ih that none -of the iodides .

so obtained were hygroscopic. v Also the reactions resulted in much

less tarry materials which were easier to recryaté]l:‘fse. Therefore,

| ) . N




I
A}

F e

hydriodic acid should be used in the condensation(eqn.2) a&s the acid
catalyst of choice. ° ' oo

/
e

Cyclis&tion‘ of 1,3-di—isépropylurea and 1, 3-dicy5:lohexylurea with
- 'malondialdehyde tetraalkyl acetal(59) was carried out using conc. sulfuric
acid, 'However frc;m the analysis, IR spectra, 'NMR spectra and \ chem~
ical reactlons of the product s(62;Ry=Ry=i-Pr, c~Hex X=EtSOA) it was
apparent tha.t the anion in these salts was ethylaulfate(EtSO =) and not -

bn.qu.fate(HSOA ). For example, the NMR in D,0 showed peaks of ethyl -

. group(§ 1.30(Me), § 4.08(CH)) which were identical with those of ethyl r

potassium sxfi\fate(EtO‘SOBK)'.SS Als; theaé salts did not give a white
O precipitéd;e of barium sulfate with éql}eoua barium chloride solution,

“ as is the case when the anion 1s bisulfate ior:r. The ethylsulfate
EI anion in these salts is obviously derived from ethylsulfuric acid which
'is easily produced by the r.eaction of ethanol and conc. sulfuric acid.

Ax{e.logous‘ condensations "have pre'viquaiy been carried out with
&'3—dﬁnethyl{1rea and either acetyl.acetone or 3~k3§obutyrald hyde3 ? but

the cited literature gives scant details and no physica.l operties of -

the salts. - Therefore thése condensations rrded out again

to give the salts(63;R=Me,X=C1,HS0, ;R=H,X=HS0,) in goodyield,

!

,J§ @NMe o
+ : 0. X~ :
) - ‘ EtOH
. , © Me : M& '
* . ’ + 14
] o o /' - t ) (63)
v o o Reif, Me, ,xgﬂso4,01) |

. Lo 4
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3) Spectral data

‘y N

i) v lspectraf '
As with many heterocyclic campounds,pyrimidines may possess

- ‘ baa;ic centers(e.g, 65-»66) ar}d/or acidic hydrogens(e.g. 65;—)64) -and/

A . or be po'tentia]is; tautomeric(e.g. 65$§7). Tperefore, in taking .

"spectra of such compounds, it is ix;xportant to know in what form th‘_e/

molecule eaiisf.s, and to chooée solution conditions such that one form

predaminates. For example, 2(1H‘)-;pia'imidone in-neutral aqueous”

o

solution exists potentially.in the tautomeric forms(65) and (67).

. E\N e @ W E%;H ..
L L= L
e S N“o - ' N 0

L ' . Dges 4

S .. (64) L (65) - - (66)

< . . * B
. . R 4
- R .
. . .
. N . -
. ’
o

H e aen L T AR ek b

7 c, . ¥y

r
| . . . ‘ -
| ‘ . : . Xem) )

el ' vored 35 AL o “
.. Of these, the oxo-form(65) is largely favored?? ' since its UV

a,pect.;ra. resemble those of N-methyl-2(1H)-pyrimidone(68) more closely

"than those of 2-methoxypyrimidine(69)2°  On the other hand,the
;- anionic form (64) exists in basic solution, and the cationic form(66)
exists in acidic s’o:l.m‘d.an.l’2
o \'
o \
t ' . ‘~ \
< A . . [

L ﬂ:fiaN ~/, 4 .
N . \\‘ N/J\OH | B

<

]
<




. - .
N/ko N//Loue ‘
Me

: 68) . " (69) " (70)

i . S

UV spectra of 1,2-dihydro-1,3-disubstituted-2-axo~pyrimidinium
8alts were measured in an acidic sélution(lN.stoh)(See Table 2) in
) which they exist in a simple cationic form(71). . For the strictunes

of the xcat,ic'm's, we can write two Gprincipa.l canonjical struc%ures(?la)_\
. - , , N 8

' ) . m:ﬁz

N - 1
Ry )
- (718) o) () S~
and ( 71b). However, do long &s Rl~and Ry are either the “same or .

[ L}it.e simlla.r, the contributions of these two will be essentially

‘ equal and 80 in genera.l we prefer to write the structure as (71). R
The absorption spectra.l'2 oﬁ the 2-oxo-pyrimid1nium catlons(See .

Table 2) consist of t,wo bands: an intense “band below 210 nm due to’

Pd 4

the .n-.n transition, and a less intense band ~BZO nm due to the n-m* vl

e
R *

transition(N.B. Iodide"sa.lts also have a band at 225 nm). The
" effect of met,hyl substitution in pyrimidines is generally to causs
. bathochromic shii‘t.s and t causé an increase in :Ln'(.ens.'d;:,'.l’2

A

These effects are well shojm. by the cations (66), (70) and (71) (see p.26)
| The UV spectra of 1, ihydro—l, 3—disubstitutede2-oxo-pyrimidinium

salts were also measured in basic solutions of pH 9.18(See Table 2)..
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OHC
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(738) (73b)
Me Me T amex loge . solvant' ref
| tn L. 23%mm 3.51°  _ . MeOH 52
- H o 246 ' ¢ 3,28 pH 5 51,
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In this medium the cations(71) exist as pseudosbases (728) or (72b), o
Y o .

rather than the %op,enéd/f;;ms (73a) or (73b)(see p.26). This contention
s supported 't;y NMR spectr&'t(See next section) and by the UV data in

Table 2. ) The pseudo~bases(72) all show a band’ atn.238 nm(logen3.70)
Nexcept where masked by an iodide band at ~225 n, The 23&nm band -

is con31stent with-the proposed structure(72) in- tha.t the com;pund(?h)
shown above (see p.26) has & very sn.mila:r uv. -

The ps'eudo-basés(“]z;Ri =Ro=c-Hex or PhCHg) precipitathﬂ aqueous
solution and so their UV spectra ;rere ta.lgen in 95% ethanol. . The
isolation of these pseudo-bases(é.s oé.ly, glassy materials) ‘enabled other
evn.dence for th‘;lr structures to be obtalned(See Ebcperimental)

The problem of orlentatlon whlch acerues when in (71) and (72)
Ry¥R,® is discussed in ‘the next section’ (on NMR).

* In bagit solution the C-Me cations(63) msy form pseudo-bases(75)

. a.nd/or a.nhydrobases('?é) The Garman worker53 9 who previously made ‘
————salts of (63), claim to have isolated the anhydrobaséé(ys;aaﬂ,ne), but
offer no physical data ‘to support this. . Their claim seems to rest on
the basis. of various chemical rea;:tiongs involving condensations .at the .

exocyclic methylene of (76). Since it is not inconceivable that they

had in fact isolated the pseudo-bases(75),it seemed necessary to try to

.
A S




_repeat their isolations and characterise the materials obtained.

'Chloroform(or CCl,) extraction of a basic solution of (63;R=H,anion=
HSOI;-) provided an oil for whi;:h UV and NMR apectx"a(Table 3) yore obtained
and to which is assigned the anhydrobase atruc"t.ure(’zza). . When the
tetramethyl salt(63 ;R=Me,az{ion=ﬂsoh‘) 'yas “dissolved in a solution of KOH
(or NaOH), & white precipitate was forx:ed and for which UV,NMR,IR, and
mass spectral.data wer‘e also consistent with the anhydrobase strutture

- - 4
(73b)(See Table 3). Both the -eiy3&) and white solid (73b) are

" difficult materials to work with, since they are very sensitive to oxix

dation in air, and give rise to[ deep red—~coloured products. ..

: The relative ease with which a C-Me proton*may be abstracted from--
(63)—>(76) may be observed in another way. " Solutions of the cations
(63) in D0 show e.;cpectgd NMR pgaaks‘,- but with time the signal due to.
the C-}e protans decr;ases in intensity due to exéhg.nge with the deu-~
terated solvent. - Similar observations have been made by Batterham

- hE P . . .
et al. for various other pyrimidines bearjng methyl groups at 2~ 4=,

w

and 6-positions.

s




¢ ) v . Table 3 ‘ g

Spectral properties of Anhydrobases(76)

)
-~

W(95% EtOH) awmix _(loge)

(768) - 250 nm (3.85), 297(3.53} = - ; ,
b)) - A7 m (3.95), 2203.33) A
WR(S) - aCMe _ NMe  _=GHa_ 5B LR " s
t . N ¥ ' 6 A-L *
b ) (7§a)(CGll+) - 3.08,3.10 3.62,3.65-.5.38 6.06 8Hg °

(76b)(CD013) 2.00 3.13,3.20 . 3.63,3.68 5.40 ° \; . 8He
_I_R_(KBI‘) . .
(76) No significant -OH bands o

(7Y m/e 152,137, 124,109,9%
: ! 4 ’




L
‘ ii) NMR epectra ' _ o '
| Further evidence of' the structure of the .salts synthesised in this '
& C ' work, a.nd of the structure of their ‘pseudo-bases is provided by their -
' NMR spectra, = 4 . ' . : ' -
. " The ring protons(4-H, 5-H and 6~H) of she’ 2-oxo-pyr1m1dinium -
' cations give characteristically simple sifnals. When Rl==R2, the

{ / L
] A L °

S S
(1)

c&tipn(?i) is symmetrical about on a Cp~Cs axis, so that the 4-H and
6-H are mégneticﬁ]:ly eq_uivalerit to each othef, and so the NMR showse ' ' .
.' : a first-order spectrum .consisf.:l'ng of & doublet for the 4,6-Hs at about | -
8;7 and & triplet for the 5-H at about 8 9(See "I'able‘ L). If Rj¥Rp,
the cation(71) is not symetfic and so more complex spsctra would be

-anticipated(See Table 5& However, in jhe cases where Rp=Mé, Rj=Et,

. e T
PhCHg the efi‘ect. of the différent alkyl fgroups are so similai that the .
X
spect.ra resemble thosd of the 3ymmetr1 al cations. In the cases

where Ro=Me, R1=_j_._-Pr, t~Bu, ‘or g—ng the 4~ and é-Hs are no longer
equiw;a).;nt and so they appe;ar as a complex multiplgt at~§9.
‘However, the coupling constants J 4,5 and J5 ¢ are still so ‘Bimilar
" that the 5-H appears és & tfi:plq;c.. For the case where Rg=Me, Ry=Fh
‘the signals of the ,4- and 6-Hs are well sep&rated each appearing a.s
a doublet of doublets wiih J,,,5=J5,§-6Hz, Jj6=2Hz, and again gt:he 5-H

as a triplet., . o 4 °.

g
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The formation of pseudo~bases from‘thé' cations(7l‘) ‘was clearly
observed -by NMR, since 1n the pseudo—bases(']zaf and /or 72b) the s1gnals
due to the l,—H 5-H and 6—H are Well separated and to higher field f
than those of the catlons(']l) Q,Also upfield shifts are appa.rent

for the groups Rjy Ro, part,lcularly for thosg protons~on the carbon

bgirg,ded to nitrogen. The spl,lttlng of the 4-H, 5-H gnd 6-H signals
A . _
H OH . \ ot -
NR *
G 2 d a.nd/or “ o
N0 Ho”
Ry ‘

/ ) , "o N
S (72a)-, (720) \

N

iS aELso consistent with the structures(?ﬂj For the synunetrlcal N

' nanno('Tl ~) nn]v ome 'nqm)dn—base(’??c) is '00331ble a.nd so simple NMR -

A il

spectrg, are obtamed.(See Table 6) .The 4-H appears 48 a doublet

(J=7+ 5 Hz) ataS 5. 3, the 6-H as a doublet(J 8Hz)at ~86 4, and the

N
5. as a doublet ofs doubletﬁ(g=h.5, 8 Hz) at A § s.o.‘ * Appropriate
- signals are obtained ch‘ the groups R.
. . - N R . h
’ .. H'OH ) -
N - e . - 5 H % 2% . - o
T, NR " OH . I NR 2 L -
| L= AL T
. ) @ g 0. . 6 H N 0 . , \
” i oo oR . - 2

PO - (71e) SR : *Q.’Zc) | “

(g

+ b ‘The spectra of the pseudo-bases(72¢c;R=i-Pr or PhCHz) are :Ln’c.erest- .

ing in tnat they shaw d:L&.sﬁ*.ereetopisim.5 6 In the case of (72c R=
PhCH2) one benzyl CH2 group appears as a\smgleb(area 2) at §4.67,

T , Wfle!‘eaa the other appears as two separate’ aigna.ls {84. 20 h.45).

- . L4
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Presumably, the latter is due to the PhCHs group closest to the asymm-~

e‘tric centre(C-4). ~ Clearly from structure(72d) the environment of -

ghe tw'o.be‘ngylic ‘protons ‘is quite t{ifferent N

: H OH S H. .
P L 1,\ICH2Ph  PnCH _OH .
, N0
CHpPh Ph
© (72q) S (72d) B g .
' ; - For the diisc;propyl pseudo-base(72¢;R=i~Pr) it is in the methyl |

'

signals where the dié.stereot.opism is evident. Each  isopropyl m:athyl
doublet. shows further splitting, one by about jHz, the other by about
.2Hz. Presumably the larger of .these spln_ttmg is associated gith
the iscpropyl proximel to the asymmetric centre, while the smaller is'
} that of the c}istal isopropyl éroup, This latter éroup, though some

>

way removed from the asymmetric centre, should still have diastereo-

Jopic metkiyfs(See 72e). p H . .
. ’ H OH R #lon

' Ni-Pr ; g Co.
\ ~ '
: | ‘ . Hol H o “CH,-
&H : : Hg 3
HBC, o CHB . ¢ . . U
3 T , (72e¢) . . “

! - -y

(72e)

Ki . For the unsymnetrica.l cations(71a) two possible pseudo-bases(72a

. and 72b) may be formed. Indeed, from the NMR spectra(See Table 7} -
- N / . 3

obtained after adding NaOD to D0 solutions of ( 714) it is evident that

in most instances, both pseudo-bases are formed, though in unequal

‘amounts. The problem is to decide which set of signals belongs to SO
S s S
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_HOH

N
R

l ' ’

(718) © ¢ (72a) (72b)

H- NMe ' 7~ “iMe
(\NMG O /L a.nd/or . /E
L ——— H

~ H O

which pseudo-base,.
’ ¢
If we assume that NMe protons adjacent to the hydraxyl position

v
o ‘ ¥ .

H OH
| NMe <«—2.97 §
N~ 0 , ) p
Me.
- R—3.a4b

~

£AY e A)
always occur to higher field thédn those adjacent to the 5,6~double

gnd a consistent pattern of behaviour emef'ges. Given tlhis assum-

ption it ‘appears that the predomina.nt pseudo-base is alwa.ys the one

" (72a) in which hydroxide attack on (7la) fxas occug‘red preferentially

next to the less bulky methyl group.

For example from the ca.tion(7la,RPEt) the ‘major pseudo-base(72a;
R=Et) has the NMe signal at §2.97, whereas the minor pseudo-base(72b,
R=Et) has it at § 3.04. From the cation("7la;R=i-Pr) one psoudo~
base greatly exceeds the other, with the major one having the NMe at
8§ 3.02, the minor one(rv6%) ha.‘ving the NMe at . § 3.08. Added confir-
x;xation of the structure of the major pseudo-base as (72a;Rwi~Pr) is
afforded by the splitting Iféf the iaopr?pyl Me signals due to diaste;'eo—
topism(_See; p. 33 and 35). The magnitude of ‘this splitting(A2Hgz)
is conaiétént with the iSopgopyL gx:oup'b‘eing distal to the hydroxyl

[ M ¥4

*



© (728;R=t-Bu, c-Hex).

38

-
. -

group(c.f. p.35). » .
A sj{?ilar situation arises for the pseudo~bases derivec} from the L
methyl-benzyl catioﬁ( 71a;R=PhCH5). The, major component (72a;R=PhCHy)
shows the NMe 4(5 2.90, and a singlet(Sb:.GB) for the benzylic protons.
The minor component(72b;R=PhCHp) show{ its NMe at 5 3.03, and the Benzy—'-
lic protons as Pi’.‘l sigﬁals at 8 4.13 and 4.38 due to the diastereo-
topism induced by the adjacent asymng‘ég'ic, centre{;J.‘ p.33 and 35).‘
. H OH
l NMe
N 0
CH?Ph

(722 ;R=0H2Ph_)

(71a;R=Ph), the major one has the NMe at § 2.90 and is, presumably,
(728;R=<Ph), while the minor one(72b;R=Ph) has its NMe at § 3.03. L

The remaining unsymmetrical cations (71a;R=t-Bu, c-Hex) each giiie

- only &ne observable pseudo-base whieh presymably have the structure o,

v - -

' In summary, then, it appearé that where two conceivable pseudo-" .
bases may arise, the preferred one derives froﬁ hydrcn{ide attack

adjacent to less bulky substituent(i.e. 72a rather than 72b).




L) Pseudo-base Equilibris o o A

In aqueous solutioh the cations(71) behave as weak acids due to
their equilibria with their pseudg-baseé(?Q), evidence for which is

presented in the previous section. For these equilibria we may

C‘_‘\ NRy 0
RfL | :

(71) . | (72)

_[72)01) - [72] L o
define  K=*En3 ’andpxpﬂlqgt'zl] » o

'Values of pK for various cations(71)’ {:ere’ determined by the poten-
tiometric method.of Albert-and SérjeantBS, and are presented in ?able 8.
The trends evident in these.data are easily rationalized in terms of ’
electronic and steric‘effects. o '

D For progressively larger alkyl éioups(Me Et i-Pr, t-Bu Me,Et,n~Pr,
.n-BB)/two effects are ﬁntlcipahed. Firltly, the increasing electron-
igleasing capability of the aﬁbstituent should stahilize the cation(71),

- and so increase the pK value. Secondly, the increasing steric bulk
of the substituen%_shqyld destaﬁilize the pseudo-base(72) if the OH
group iséadjacent to that substitpent, since from NMR evidénce(previous
section) it was concluded that the preds antfpseudo-base formed from
non—symmetric cations(71;R1#Rp) /is that in which the hydroxy group is

adjacent to the ‘least bulky N-gubstituent. A bulky group, then,

should also contribute to an increase in the"value of pK. -

These trends are amply demonstrated by the data in Table 8.

-

l
s
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Table 8 - -
pk-values of l,2-dihydro-l,3~disubstitutedlz-axo-pyrim;diniumé salts

. _ i
\\\§§§§ﬁ/;; : .temp?ratur8223-h°

*

Ry - - R x K . spP 3 points
Me Me 01 . | | 7.03° — —_—
Me Me HSO, 7-12" 0.0 10 N
Me Et I 7.20 0.03 .13 |
Me i-Pr  HSO, 7.49 0.03 12 {
Me  t-Bu HSO), 8.41 0.07 ¢ ' 18
Me  oHex I 7.62 - 0.03 7
Me©  Pn 1 he87 0.01 8 o
Me Ph I 486 0.02 10
" Me- CHgPh  HSO, 649 0,02 6
. Et HSO, . 7.49 0,03 12
Rt e .1 7.50 oo U
Pr Pr I AT 0.03 .
i-Pr  i-Pr  EtSO, 794 - © 0,01 I A *
i : nBu . nBu _ HSQ, 7.5 . 0.02 "1 ‘
| 3 : CN '
“‘ . a.  pK values could not be obtained for: ‘Rj=Rz=c-Hex and Rj=Rp=CHoPh

since the corresponding pseudo-bases preclpitated from solution
during attempted titration,

. - b. SD=gtandard deviation from least squares analysis.

c. ref,5, at 20°C




NMe ‘R= Me Et i-Pr c-Hex t-Ba o
+ . - , ‘
=0 pK = 7.12 7.20 7.49 7.62 8.4,1

¢ & '- . )
- (Ma) . .

4

] . N

/ For the lcations(?la) the value of the pK increases as anticipated.
The effects are less weil shown by the gyxmnétrical cations(7lc) sinceg
.;’: the alkyl groups cover a sma.lle.r ré.nge 'of electron-releasing abil:it&
- \

—

and steric sige.

1 : ! .

| o NR ° R = Me Et . .n-Pr n-Bu i~Pr

| B ' /& o 7.59

b o ) o “pK o= 7.2 7.50  7.42° 7.59 7.94

‘ _ R - .- . ‘

C(Me) Y

o

~ ~ The | effect of a phen;}l substituent is 'evide.ntly to destabilize
thé cation(?J:a';R=Ph), since itslpK ig reduced to 4.87. N This may Y
_be aptributed to the electron-withdrawing ability of a phenyl ring, .
as Ae:ipréssed by canonical strﬁctures such as - . . ; .. b
. ' E‘*&m o ,, °
+ A . |

etc Cm———p . N ey atc . ,

A benzyl substituent is also slightly e;Lectr'on-w:ithdrfm:l.r.xg5 ( . and so c )

the pK value of the cation(7la;R=CHgPh) is also reduced (to 6.49).
. The sterid effects of thess substituents(R=PK or CHpPh) which are dis-

cernible from NMR spectra of the appropriate pseudo-base mixtures(vide

il



. b- -
o ‘ ‘ ° r

~ . ' .
. . , . . )

at

suprélp.jé) would tend to increase the valus of the pK. ~ However,
in view-of--the cbserved pK values, it is evident that the electronic.
effects of these substituénts( which affect the overall electroﬁ‘c ,

structure of the cations),ipveride their steric effects (which are

site specific). ¢ ‘ ;

L] M ’ ' : .

The presence of an electron—ﬁithdrawing substituent at the 5-

1

- position of a cation also serves to destabilize it, and hence to
reduce its pK valie, Here the reduc%ion is quite dramatic, perhaps.
because the effect is totally electronic in nature, and lacks a

) R ; -
countervailing steric component,

%< NMe J’(-".H B . . , - /

0 pK= . 7.12 3.08 ” o \

,..__
S
-
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5) Oxidative ring transformation B

N-Heterocyclic quaternary salts with the potential for pseudo-

-

- base »foi'mat.ioh are- often easily axidised by potassium ferricyanide
- in alkaline solution to the oxo~derivatives, presuma%ly via pseudo~

base fdrmat.ion.rz . y

L]

>

! Therefore, alkaline oxidation of 1, 3-dia].§cjl—l,2—di r,b;2=-oxo-' .

' 'pyr’imidinium‘salts(éz) was expegted to give 1,3-dialkyluracils(80a or

: » ) X :
_ . . %Q. However, attempted oxidation of the I,3-dimethyl cation(62;°
‘;: . . .’ v o \‘3.
. : @NRz ‘[0) NR, . Z “NRj’
S G (L - LT
e N o © N0 0% N0
. Ry ¢ - R : “Ry
(62) . (80a) (sob) ' °

R1=R2=_Me) using alkaline potassium ferricygnide géwe) only intractable

oils, '
4 . ] .
: . Hydr\ﬁgen peroxide is a useful r\eagent for axidation of some hetero-

a y

" cyclic compounds. . For example, quinazoline(8l) is oxidised to 4-
i ) 7 - .

) quiﬁazoloﬁe(SB) by hydrogen( peroxide in acetic a.c:l.cl.29 Presumably

: . HOH -
‘ S H H HC
L ot it
) = 2
‘ N ‘ .
.. (e  (82)
’ . J . ) . .
the easy formation of the covalent hydrate(82) facilitates this oxi-
¥ s ) )
dation.

The exidation of 1,2-dihydro-1,3-dimethyl-2-axo-pyrimidinium

Y




| -

w—

. bisulfa.te(62;R1=R2='Me,X=H804) by‘h.ydrpgen peroxide(2.3 equiv&lents)
in acetic ac;fd ‘at L‘;O—l65o for 2 hours gave & sublimable whit:e'powder
in ‘good yield. This, howéver, was not’ 1, BFdimethyiuré.cil as ,“ o
expected, bu_t;B-methylmcazo;lic;ine—Z,h—dione(84) which was identified

' o, ., - | S
T ——NMe ;

from its elemenial 'anélstsis, IR, NMR and masa‘apectra, and by compa-'
. rison with an suthentic saméle synthesised by a literature method.*3
| The same product(84) was obtained’ from oxidations carried out
using 2.3 equiv. hydfogen peroxide in water or in bAsic‘s'pluti‘bn(;ﬂ,
~9).‘ However, if only 1,15 equiv. of peraxide were used no.
product was obtained, even though, the reaction time was considerably
exterided(from 2 = 21 hours).

The oxazolidine product(84) is not derivéd from further ax;ldé.t-
ion of the expected product.l,B-dimethyiura;:il( 85), since, tr;e'lattér

is unaffected by hydrogen peraxide under the’ same ' reaction cond:itibna.




S:!.nﬂ.la.rly, another pot.ential axidation product 1 3—dimethyll;arbit ie -

4,0
ac1d(86) when submitted to the oxideation condition did not give \(BA)

\ It appea.rs that the stoichiome'qry of t.he oxidation of (27)\13.

”

Me: ) NMe ‘HCOZH 2
—_—— /L + 2H202 ——> 0% + MeNH2 -
v “ Me

\ (27) (28) ‘ E . .
- ‘I )

MR spectra of rsaction mixtures show/a/ peak attributable to formic

‘ ~

acid. Moreover, oxidation of the ‘trimethyl ca.t.ion(63a) in wat.er

. ] ' '®. ) . . "
~ - - Me ‘ Me OH . ,
MeCO2H

NMe _ '
G\ f( + mzoz .__.-.._-> (ez.) + MeNHz
N 3 H0

(638) -!753) L “ S



t

.

A ) : ot

gives the same oxazc;i!.idir'xe(&) nd NMR spectra show the presence of
acetic acjid. These observations suggest that oxidation of these
c;apions(27) and (63a) proceeds in Bome way upon thé pseudo-bases(28)

and (75a), even though'uracil derivatives-do not appear to be involved.

Somewhat surprisingly the.tetra.methyl‘cation( 63b) does not undergo oxi- -

. dation under t‘he conditions -used for the. dther catlons. A1l the
qxidatlon experiments are sulmnarised in Table 11, p.5h. P
d A
NMe }120”' <o R -
2 .
—. . S no reaction
HP0 oL
N -~ o . - )
’ (63b‘) i -‘ ot ’ ; . 3 o~
" The elucidation' of the mechanisms of these ‘interesting oxidations
"must®await some future detailed study. ‘ , ¢
v 7 . ¢ . .
. ;
A ) v
. , Lo
1 ° )
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Experimental . o ’ - N

&

A1l melting points given below are uncorrected. -- UV spectra

v.?qre taken in solutions of pH 0.29(1.0WN, H3S0,) and pH 9.i8(éodiu;n e
borate Obuffer) on a Cary 14 instrument. . NMR) spectra were obtained
from a Varian A-60 spectrometer. IR spectra(KBr) were 'obta.ine.c‘lw
from a Perkin-Elmer 457 model, Mass spectra were run on a Perkin-
Elmer-Hitachi RMU-6E mass spectrometer by Dr.R.T.Rye and Dr.T.J .Adley.
The following compounds were commercial samples used without
further purification: malondia]!dehyde tetramethyl é.cetal, 1,3-di-
methyluracil, acgtylacetone, acetylacetaldehyde dimethyl acetal. ) j
The following ureas were also commercial in orig;i.n: l,B—dimeth;yI.
‘1,3-diethyl, 1,3~diphenyl, 1,3-dicyclohexyl,l,3~dibenzyl J
Commercial isocyanates used were: methyl, n-propyl, iso-propyl, n-

butyl, t-butyl. ‘ -
utyl, t-butyl. .

The following compoun?.s) were made by literature methods: l,_3-'
dimethylbarbituric a,c:i.d,s8 3-met;hyloxazolidin-2,l;"-dionp,1*3 l,?-di..

, [ 1
hydro-1,3~-dimethyl~2-oxo-pyrimidinium bisulfate; 3

L

5-Bromo-1,2-dihydro-~1, 3-dimethyl-2-cxo-pyrimidinium bromide was
kindly supplied by Mr.S.Baner jee. -

e

- -
1 .

Synthesis of ureas , ey §

‘The other ureas required in this work were synthesised from

isocyanates and amines(See Table 9). The general method used
was as follows: ) ’ '
; ) - . L e
In an ice-cooled 100 ml 3-neck round-bottom flask fitted with
\ N > !

.& dropping funnel and CaCly tube was placed 0.05 mole amine in .20 ml p

of eithet dry ether or dry benzene. To this was added dropwise
» : - ' . .
- . .
%, .
5
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" ethanol or methanol was added conc. acid(0.03 mole of hydrochloric

’

with stirring 0.05 mole of the isocyanate in 20 ml dry ether(or dry
benzene). In most cases the urea started to precipitate from
solution after a few minutes. To ensure complete reaction the

mixture was stirred at room temperature for severals hours(See Table 9). .

After thisgdime the precipitate was filtered off, washed with ether

and then dried. ' -~

“

" ALl the reactions proceeded readily, and good to excellent ylelds
Qf the ureas were obtained(See Table 9). ﬁec;'ystaniéation was
usually from ligroin/benzerie.
The.only urea which was at all pxjob‘lematicﬂal was l-ethyl~3- - ' .

methylurea, which is hygroscopic.’

.
Preparation of 1,2-dihydro-1l,3~disubstituted-2-oxo-pyrimidinium salts <.
General metﬁod:‘ to a mixture of a 1,3-dialkylurea(0.025 mole) ) ‘ﬁ

and malondialdehyde tet'ra.methyl acetal(0.025 “nole) in 25 ml either

acid,sulfuric acid or 47% hydriodic acid). When the acid used

was sulfuric acid, the mixture was precooled in ice-water. .° After
addition of the acid.the mixture was.stirred and heated at, the
temperature shown in Table 1, 'and the solvent was then removed oﬁ a
rotary evaporator, The residue was recrystallised from app:fopr'ia.te
sglvents. '

" The NMR Spectrﬁ of those salts showed the Sxpected results
'(See Table 4 and 5). Also, the .elemental analyses gave satis-
factory result’s(See Table 10).  The l-methyl-B-:phenyl-2-qxo—
pyrimidinium chloride cpr;taiﬁs one molecule of water of crystalli-

sation, Also, 'the 1,3~dibenzyl-2-oxo~pyrimidinium bisulfate
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contairis 1/2 Hp0.  On the other hand, the 1, 3t ethyl-2-aro—
pyrimidinium chlorlde the l-ethyl—B—methyl-2-oxo-pyrimidinium bi- -
sulfate, the 1 3-di—n-propyl—2-oxo~pyrimidinium chloride and the 1,3~
di-n—butyl—'z-oxo-pyrmdlnlmn chloride are highly hygroscopic and

were not submitted for analysis.

Preparation of. 1,2-dihydro-2~oxo-1,3.4-trimethyl- and 1,3.4,6-tetra-

-

methylpyrimidinimn gsalts

39

These compouncis were mede in the manner outlined by Bauman et al.
Reaction of 1,3-dimethylurea and acetylacetaldehyde dimethyl
acetal in the presence of conc. sulfuric acid at room temperature

for 22 hours gave 1,2-dihydro~2-oxo-1,3,k~trimethylpyrimidinium bi- .

sulfate. One recrystallisation from ethanol/acetone gave colourless
needles, m.p. 120-121°. . Second recrystallisation gave colourles,g
plat\es, m.p. 106-1070. ‘Analysia of these plates co‘rreSponded to a

hydrat.e C7H12N205S H20 Calec. C,33. O7,H 5.§5;N,11,02, Found: C +33.34;
- H,5.73;N,10.78.  NMR(Dz0): & 2. 75(0Me) §3.74(Ne), § 6.96(5-H), & 8.66
(6-H) See Table 2 for UV data.

From the reactn.on of acetylacetone, 1 3-dimethylurea a.nd conc,’
hydrochloric acid at 70° for 5 hours was obtained 1, 2-dihydro-2—cxo-
1,3,5_,6-tetramethy;lgxginﬁ.dinium ch'loride.' ' Yield 85%. Colourless
needles from ethanol/a;:etone which up;an heating became semiliquid at
80° and appeared to lose water, The material remaiping melted with

decomposj.tion at 209-211?. Analysié of these needleés appraximdtely

% The C-Me groups underwent fagile H/D e,xchénge with the solvent..h6

[




corresponded to & hydrate CgH13N20CLe2,5H20: Cale. C,41.12;H,7.77;
- N,11.99. Found: C,41.07;H,7.08;N,12.23. A second recrystallisat-
which analyzed for & different hydrate CgHyNAO01%1/2 Hy0: Calc.
" C,48.61;H,7.14;N,14.17. Found: c,as.'?z;u,mm,;N,u,.o'z.l NMR(Do0):
.§ 2.70(CMe ), & 3.70(NMe), & 6.92(5-H). | The corresponding tetra~
methyipyrimidini:um pisulfate was obtained in 64% yield from rea.‘ction'
in the presence %f." ¢onc, sulfuric acid gt room temperature for 21 hrs.
Colourless needles' from ethano,l/aéet.one, m.p, 144-145°. Analysis
for csnmNzoss-izzo: Calc, c,35.82;é,6.01;N»,1o.4A. Found: C,35.75;
H,5.98;N,10.39. This material is slightly hygroscopic. NMR(Do0):
| § 2.69(CMe), § 3.72(MMe), § 6.92(5-H). - )
. ' The UV data \rox: these éompounds may bq found in '1"able 3. ’

Oxidation of 1,2~dihydro-1,3-dimethyl—2-cxo-pyrimidinium bisulfate
To a solution of 2,22g(0.0l mole) of the pyrimidinium bisulfate

in 20 ml of glacial acetic acid was added 2 ml(0.0Zi mole) of 30%
hydrogen peroxide at room temperature, The solution was then
warmed at 60-65° on & water-bath for 2 hours. Acetic acid was
evaporated on & rotary ‘evaporat.or and to the %esidue was added 10 ml

\\\ . of water to remove the solvent completely and evaporated again. .

\ White crystals were filtered off and dried oin a desiccator. Wt.
0.8g(70%). Recryst”allisedo from ligroin/anhyd. ethanol and sub-
limed under 20 mmHg at 1107 m.p. 130-I33¢  Analysis for G} HsNO,:

&:. C,41.75;H,4.38;N,12.17. Found C,41.803H,4.42;N,12.30, .

AN

R

IR(KEr): voo, 11823,1711 em™:.  NMR(D20): § 2.94(NMe), 8 4.70(5-H).
| . s . .
| Mass spectrum: m/e 115.

\

ion follom;d drying in vacyo over silica gel gave needles, m.p. 2lO°, »




»

' (o)
~Thi§ material was identical to 3-x_nethyloxe.zolidin-2,h-dione.h
Reactions. in~water or alka]jJ;é'aqueous solution(~s pH9) instead

of acetic acid gave the same product as above.

Oxidation of 1,2-dihydro-2-oxo-1,3,;-trimethylpyrimidinium bisulfate
A mixture of 2.36g(0.0L mole) of the pyrimidinium bisulfate in
10 ml of water and 2 ml of 30% hydrogen peroxide was warmed at 70-75°

¢
for 6 hours. Water was evaporated under reduced pressure and

the residue was distilled mth benzene added’ in order to remove wat\ém\

Benzene was, then evaporated on a rota.ry eva.porator to glve oily cry-

stals, which were recrysta]l:_tsed from ligxoin/ethanol. Yield 0.5g
(43%) m.p. 130-133 The compound Ws also identical with 3-

A\
methyloacazolidin-z L-dione.

) . 0 -
Preparatidn of 3—methyloxazolidin—-2,h-dioneh

A mixture of 3.5g(0.034 mole) of ethylmethylcarbamate and 3.9g

* (0.035 mole) of chloroacetyl chloride was heated at 180-190° for

1 hour.  The reac{;ion Iﬁixture solidified on ‘cooling, and was washed

with ligroin and then filtered.  Wt. 2.6g(66.5%). Recrystallised

from ligroin/ethanol,—;'hite ﬂt.riangula.r plates, m.p. 133-131,?

Isolation of pseudo-bases of 1,2-dihydro-1, 3-disubstituted-2-axo~

pyrimidinium salts .
The pseudo-bases of 1,3-dibenzyl- and 1,3-dicyclohexyl-l,2-

- ' @ i L]

dihydros2-oxo-pyrimidinium salts were isolated-as glassy solids from

aqueous, solution by the addition of alkali.
Genera;l‘_method: to a concentrated aqueous solution of the pyrimi-

I e .-
dinium salt was'added IN. sodium hydroxide drbpwise until the precipi-

>3



Table 11

e <
\

Oxidation reactions of pyrimidine derivﬁ‘tives

©

_ SRR (hr)  (°C)w (%) | o
compound reagent solvent time temp yield remarks
#
Hpo(2.3) AcOH 2 40-65 70° (&)
o n (1.15) AcOH 2 60-65 .no reaction
/ -n-(2.3)  AcOH 1 60-65 b4 - (84)
/ o n (1,15) © AcOH 21 60-65 no reaction
@ I8 - ‘ . b 2
N 0 n (203) .H@ l]. days R.T. ¢ 100 (81{,) ‘ -,
Me - . . ( , .
°Hsoh_ ' (2.3) . HO,pH9 3 60-65 ° 52°  (ay)
' w(23) HO 6 70-75 61° (&)
‘) ‘ K 3F e( Clg% 6 NaOH: ' 6 R,T . j.midentified
‘ . m (L.1)  NeOH 6 R.T. ‘ pmdue,ts_ .
NM . & .
E\ % H202(2 3) Ho0 6 70-75 43 . (&) ,
—-\ ’ . .
} no reaction ?
C " HO - °6 7075 - recovered start-
Me N — . , ing material
) . Me Hso,+ _ :
0 ) —
N | O p T . [ no reaction ?
. 0w . -AcOH 2" 60-65 recovered start-
. /L ing material vt
N7 S0 . ) i
Me i ‘o ,
0 ' N )
NMe w 7 AOH  2.5".65-70 . unidentified
N /LO . - : product
Me ’
. ¥ equivalent; a. after recryst,allisatlon 3 b.crude
( 8,) is 3-methyloxazolidin—2 4-dione.

= L)
~
(\ - |
:
£
£ .
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tation was complete,. The pale yellow sticky precipié.te was

" collected and drfied in air to & glassy solid.  They could not be

recrystallised,

The pseudo-base of 1 3-dlbenzy1-l 2-d1hydro-2-oxd-pyrim1d1nium
bisulfate: mm(nmso-de/Tms)Ss L2(6-H), 85 21(4-4), 8. 93(5-H),
S 7.25,7.28(Ph's). UV(95% ethanol) \max 241 nm. Mass spec,"
m/e 292. ' ’ |

The pseudo-base of 1 3-dlcyclohexyl-l 2~dihyro-2-axo-pyrimidinium
ethylsulfate: m(acetone-de/ms)éé L1(6-H), §5. 33(1+-H) 5. 99(5-H).
UV(95% ethan!) \ max 239 nm(log 3.73). Mass speé, m/e 278,

The other pseudo-bases were not isclated except those of 1-1

benzyl-l 2—d:[hyro-3—anethyl-2—oxo-—pyr1mid1nium bisulfate and 1,3~ .

di-n-butyl~l, 2—dlhyro-2-oxo-pyr1m1dinium biguli‘a.te which were obt.ain d

as oils., The NMR spectra of those oil products gave the satis-

L3

factory results(See Table 6 and 7).

Isolation of the anhydrobase of 1,2~dihydro—2-oxo-l,3,4,6~tetramethyl-
: .

m dlnium bisulfate

As soon as 1.0g(0.004 mole) of 1, 2—dihyrg12—o:m-l 3,4, 6-tetra.—
methylpyripidirntium bisulfate was dissplve'd,_;':p 40 ml of 1N, potassium

hydroxide or sodium hydroxide Bt room temperature, .the solution became

turbid and’deposited a white predipitate, which was filtered off,

.washed, mth water and dried in a 8acuum desiccator, Yield O.442¢g

(73%). The anhydrobdse is very unstable in air, in that it
becomes ;ed and sticky. NMR(CDC13) 5¢5"*°( 5-H), & 3.68,3.63(=0§2),
& 3.20,3.13(NMe), § 2.00(CMe). - Mass spec. m/e igz; IR(KBr)
did not show any hydroxyl'banda.i

««««««
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. suitable standard buffer solutions.

‘then calculated by using & computer progran(See Appendix). -

ot

Measurement of pKs . R

Tonization constants of the 2~cxo-pyrimidinium salts were -
¥ . . 38
determined by®the potentiometric met,hod:3 25 ml of & solution(0.0l
mole) of the pyrimidinium salt was titrated against a standsrd

potassium hydroxide solution(0.05N. or 0.0IN.) at 23-2.4% by using

" a Potentiograﬁﬁ “E43'6(Met.z‘ohm Herisau) previéusly calibrated using

Back-titration was carried

'

" out using a standard hydrochloric acid solution(0.0IN.). From
: &

the titration curve opflined, volumes of the titrant and pH corres-

'p'o‘naing to the vojume of titrant added were read, and pK values were

.

Y -
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- The following co'mputéﬁ programs(in BASIC) were written by .
’ P ) = « 7 . N o
Mr.5.Baner jee/and Dr.O.S.)i‘ee, and utilise the msthod of calculation - v N
- , B o . “ B ¢
- . Lot .
suggested by Albert and Serjeant,>® . ,;5' -
e/ .\ . ) 3. . L] .
PK (without correction for bis lfate) - C o R

pIM F[SO] BN - P ! ‘ - o ‘
PRINT - - ¢ g & , . :
PRINT- B ’ . - ! ) J\ . .
PRINT l » , ‘ o b ‘ S ) -, N )
6 LET S=0 oL LT Y ) o
10 DAY, C < A L. -
11- DATA n BN N, i N\ N
29 DATA -1,-1 = ey e o S
31 LET T=1 C- e : , A
- 36 LETV=25 v S - e v
. 40 -PRINT "CONC.' OF TITRANT SUBSTRATE (N) ";- R N
" 41 INPUT QN1 . T '
¥y 43 PRINT "PH/DIV BASE"; . :.} B
Lely ggg I?B . e T SRR '
51 PRINT - , A
.52 FPRINT E - ‘
60 PRINT "MLS, "~TAB(16) "PH" (20) "PL(" T S
65 PRINT , 3 -
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L 70 I.EI' N=Z=QJ.=O . . ) 0 ° . "’ . ,,' -

100 FOR,I=1 TO 100 . : . .

105" READ-M,P - - . ;o _
106 LET P=P¥D+B ° . o e, [
]1;O "IF M<O THEN “300 W ) .
20 Lmn.eén‘c»aa/(mv; o o

<125. . LET N3=NL¥V /(VH)-N2 - .
126 IF N2=0Q THEN' 105 < s . . .
127 IF N3<=0 THEN 105 % - .. Y
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.~ 130 IET H=EXP(~EQO(10)2P) . &) ... Y e T T T
' 232 IET 0=1.00000E-1, /H ol . _ N e

135 - IF S30 THEN 180° : l e oo ]
1,5 IF T<1 THEN 160 S o y
2150 LET Q=(N3-H+o)/(N2+H-o) T - (
155 GOTQ 250 / : L ,
160 GOTO, 1. - o N . ‘ a@(
180 IF T>6 THEN 150 . AN 4 - - &
.190 LET Q=(N2-H+0)§(N3-O+H) s A o : .
250, LET-P[I}=LOG(Q)/(LOG(X0))+F . _ ) . ‘
ob PRINT M,P,P[1] o s
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, 270 NEXT I S o k
280 PRINT . :
281 PRINT ”

4

® 300 FOR J=L, TON . ' ' *
- 301 1ET PLJI=EXP(~P(J ]“10(}(10’)

305 LET 2=2+P[J)

10 NEXPJ

15 LET P=Z/N -

. 320 FOR I=L TO N '

330 LET Ql=Q1+Qt2 .,

335 NEXT I [ C

. 339 PRINT PO S

34,0 IET S=(Qu/(8-1))(.5) -

341 LET S=-L0OG(P-S)/LOG(10) :
o~ 343 LET P=-LOG(P)/LOG(10) ,-.
; 344 LET $=S~P ] '
. 345 PRINT VAVE=";P;"SD=2;S =
» 350 PRINT- : ‘

s 351 PRINT o .
K 999 END . . |
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PRINT "+ .

PRINT < .
PRINT, N ;
LET 5<9 v

DATA S S
bata - : ' .
"DATA -I,-1 ' :

CET T=1 -

LET V=25

PRINT "CONC. OF TITR’ANT SUB.STRATE (N)"-

INPUT NO,N1 '

LET V—V+2507Nl o -

PRINT “PH/DIV,BASE";
INPUT D,B + -

PRINT . :

PRINT . e {
PRINT «

PRINT "™LS, ", TAB(16), "PH ,TAB(20), "PK"..
PRINT o

. 70" LET N=Z=Ql=O ' oo o ;
"’ q 100 FOR I=1 TO 100 _ )
o 105 READ M,P ° ' { e
¢ . . 106 LET P=PiD+B . _ . i
© . 107 IET MeM-250%N1 , \— . .
~+ 110, IF M<O THEN 300 S .
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120
125
126
127
© 130
132
135
\ 5.
150
155
160
180
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.. 250
< 260
265
270
280
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301
305
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343
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345
350
v 35l

© . %2
999

LET N2=NO*M/.(M+V§

LET N3=N1#V/(V-+M)-N2

IF N2=0- THEN 105

IF N3 <= O THEN 105

LET H=EXP(-LOG(10)#R)

LET O=1,00000E~14/H

IF SS0 THEN 180

IF T<2@ THEN 160

LET Q=(N3-H+9) /(N2+H-O)
GOTO 250 |

GOTO 190 _ .

IF TS0 THEN 1 ‘

LET Q=(N2-H+0 §(N3-0+H)
LET P[IJ=10G(Q)/(L0G(10))+P
PRINT ‘M+2501,P P[I]

LET N=N+1  ° .
NEXT I ' ‘
PRINT S

"PRINT ’

FOR J=1 TO N

LET P[J]aECP(-P[J]*IDG(lO))
LET Z=Z+P[J]

NEXT J C .
LET P=Z/N
FOR-I=1 TO N .
LET Q=P[I]-P- |, o
LET Q1=Q1+Q¢2 . ,
NEXT I .
LET S=(Q1/(N-lg)'r( .5)

LET S=~LOG(P-S)/LOG(10) .
LET P=-LOG(P)/LOG(10)

IET S=S-P

PRINT WAVEs=";P; nSDa='; s ' t/ '

PRINT
FRINT
FRINT
END
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