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Fhe kinetics ul bromination of mono- and dioxe-pyrimidines have been .
stuaied:. 2-0xo- and weoxo-pyrimidifes are bromina: zed Througn L‘q*

covalent hydrates or pseudo-bases to form adductsd whic‘u undergq acid-—
aependent ellmx/a*ulon Lo give the corresponding 5-bromo-preducts.

’

Similar adducts have been identified ‘during the bromination of a

\

. . )
nutber of diaxo~, amino- and oxo-amino-pyrimidines. The reversal of

' : - .

< . ,
. . . v s . 4
these derivatives ‘in the presence ¢f iodide ion has been noted. '
- o N .,
L . . . i . ./\

The uracilé re;act wi;.;. bx“omi'n‘:e goagiVe addition 'p:'c;duct.s whigk;;' dehf,dra::e
under acidic eonditions via rat e—detemmng depxSfov'a mn'ol )H In
the presence of bromine, ',lhe adducts obtained i‘rom x:~l, unsubshitut,ed
) ~ h'd
uracils may rapld‘" arcmatise Lhrough a novel "wromine cat.al_,'sed"
- /

4
process. The diastereomerisation &f these addqcts have also been mted.v.
{ RN . : ve

* , [ '
e

. . , . -
3

4, 6-Dikydroxy=pyrinidine and}6-ethyl-uracil may be directly brominated -

e &

to 5, S—dlbx‘omo—derlvatives These' product,s are debrominated to S-bromo-

compounds upon reaction with the parent, pyrmidmes in Lhe presence of ~

AN

bromide ion and acid. v
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The occurrence of the pyrirddines in nucleic aﬂlds.a.a.s stimulated )
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considerayle interest into tie: t,xw,nre ard reac’ivit ool these, | . , .
! ’ l. ! ‘. - ) S '
. * 4 N * ~ k) i -5
derivatiges_. [je influence of Line ring reverd=as, '“\ f‘adsﬂs sirm r leant’ Co
- =y \ [ ’
E - . > . . -
o - . _ . -,
devigli’ /.roi.\ €iassircal arumdatin rerailoir, an oSl ALY wileh ran” ‘
;o © '2 [N
be obt '1 ed from studies on reacticn pathwass . unis V.J!‘r\\\l\a ' s

_extension of tue a}ztx?or's previous

: -3 ‘a ' - . \\
ot 2-pyrimidene & clrer mono- ane diaco-prrimidites. o
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Pyrl. ddones are x’ap-du' brominated in a,hzers acid ta statie .inter- '
- —l * .
v medlat,es which Tounvert o the corresponding :'=oromo-produ CLs the rates .

"

¢ @

‘of aromatisation being markedl; depende:r.t upen ac:d strengtii.. Spec:%oséopic e

A
. ~ . . J, ¢ .
identification of these mter'r.e:iiazes, /ell as *:ose der_ved from

2
- -
model substrates, and analysis of their decayr kire-ics as a runction ofv
: , - . ot . .
13 ! . » b
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The presence of potentially tauty cmeric groups in the pyrimidones has '
"led to extensive studies on their line ‘syructure . Q-F,\'x‘?midone,(g)’as-

N . 4 . .
N . e . 5 3
bee)/sT\‘Jan"tm ‘exist in its keto form.by comp:.Cison.’ox‘. its u.v. and p.m.r, °
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specira , ayd lconisation data with those of \fixéd model compounds
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(eg. 2—me&hox;:,-p;n‘i;&idixi-). ror L=pyrimidone, p.m.r.‘}ésults,sug,geu,
- ' L . : a \. .« ©l Al
the predomirance of 24, With the vautomer 28 bdin;/present as a minor
. .. - ‘:: . * -
. cdmpone.\g ,» vracil occars in the xeto form 3 both. in the solid s-ate
5~ e . - . R o~ CT 0-13
(as derived from X-ray diffractizr. studies ) and %y golution -
i e ‘ - . ) W3

conélusion in agreement with that arriyed at rrom molPeular ortital
. 1“" »p *”“B‘“‘:' )
&a’ caleulations . However, recent evidence tased g €he correlation of \

time-averaged tlucrescence spectra’Wijh photochemical triplet yields
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has pointed to the tautomer 4 as veidy the fluorescing species ..°
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: ’ ot df’
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established &t present. An early speckal (].I.) assignment of 5 as* '/
. 1,17 SR N A
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and 2.1..,.(—tehafmo-rﬂlmdme lallaxan) e.ms' nrefex‘ent.xally in t.helr*
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taxo forms \? and li res;pecwwl ba = -

v
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- Tautomgrism of' tnis type has contributed greatly Lo the present confusion g
) 3 L0 ’ R PO ' .

in the norenclajure of “these é‘gmmmzds. Thus, g' has ~een referred to R
a3 Lehydroxy-p; *mmjdme L,—pyruudmol A-np_,mlmdone t.-»p_;mmd).mne
T .A(x.)~p)rmudu e, Z.\,i)-p.«rlmxdoae 1, &—dlbjdro-h—oro—pnm.adme and
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o .
3'.A-—dx‘n;,'dx'o-l.-oxo-pyrim.d‘ine . in this thesis, the 'dihydro' prefix
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. has fbeen droppéd, and the above compeund is referred to a; A—pﬁi.midone
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or L=oxbv-pyrimidire. Similar simplifications in nomenclature have been
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employed for “other Sxo-pyrimidines. - !
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Solvent add¥tion ib n-def‘c1en{ arosatic and netero-aror 8‘1C systems is '
. . 23~2% . : . 27
- well establishud ., and has been shown io apply to the pyrimidines . .
2e ‘ ‘
[ , : s . _ ) . :
Fox et al. ‘hLave fdentiriedradducts 11 (R=D or xt) ggﬂerated from 5= L
- 2. - e
" nluro—Z-pVPl. ddore, and Tee has cuserved sixilar tehaviour {qr the quater- el
) ' s 20 » . N . ‘ . B
. nary salns of Z-pyrimitone (12 = _l) » The preserce ofrhydrates, even -
) ' ! ¢ -
in small pgoportlons razy greatl influence the reactivity-of-these systems . -
L4 »
towards élecnrophilic substitution, and the{r formatiof has been. .
. ) 3(“ 2 3 . « L
postulated in isotope excrahge and in brnmination_. Recent work has_ ¢t
shown that covalent aminaticn &7 h~heterocjcllc conpo“ﬁds may also occur
) . 31,32 LT R - R
in ljyguid ammonia solutiorns . T, L
t - »
. . N ’
. - a . - *
Hydrogen—-Deuterium kxchange .
™~ . ° .
Lo ) ]‘
& i
B * e . - 8 . |
< - “ |

The*aciq;catalyseﬂ'deuteéiaaiog.ﬂtgthe S=-position of the Z-on-\\\ ‘ .
. ) . . \

| pyrimidipium ion (12; R1=HQ=H) proceeds by way of its covalent hydrate
;3 (R1=R2=H)} ag sugpested by'{ts increased reactivity w{thvreapect to ‘ )
2-pyridone, and its similarity in'kineaic behaviour,io Lhat‘éf-the' ) '
. S ' i ‘ ~° . '
. > . .
o ‘ T
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quatersiary ion 12 ( nl-wizz‘@e)» Y &y
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‘The rates of excrange at the QJ-position of l-pmetliyl~4-pyrimidone (14)¢-
. o

‘ .
; . : P . . 4 . ; :
and 3-methyl-i-pyrimidone (1) are invariant with changes’in pD, whereas

» 4. ¥
«

_the 1,3~dimethyl~derivative 1tC shows & rirsi-ordet defendence ‘on base

33 .’ \ .
. 1t has been suggested’ that this arises from rapid pre-

. o Do .
equilibrium pro\gnation of substrate 14 or 1Y, \followed by raté- deter~’

W e Yiids have also

L4

- ) -
mining ylid formation and subsequent deuteriatil
. . [} .

bee thwn to be of importance in the hydrogen~d
36 . o

ut exiaen exchange of °

py’fimidine NfO)CidéS * /. =~ | * ' v 1
o \ . '
v o
v . i - L)
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Kinetic studies have revealed that uracnl (_‘3; :Ll=§ 2~H) exghanges its OH

,. whereas in basic medla deuvteriation occurs at
30a ' . . .
". The acid-catalysed pracess is ascribed

ir acidic D0 solutions

both the 5 and the 5 positions

to x"eactio via the caticn 20, whereas t'.he,carbaniom 21 i% invoked for:
. ! '

the basé-mdaced aychange of £, mss 01 L m alkal; e mpdla is presxmed

to take pl»ace via the hydrate 22 (‘H —R ~2'§e) and has been mdepe dently

j"‘h—
. confirmed and eyterded t.o l-meth., L-uracil (19; ‘Ll:l e, .,R2=h) .
S vl - 7 lJ ) ' ’ ‘ \‘ . < * . )
5 ‘Rate pi"ox'iles for, the base-catal r'sed dedeuteriation of j-meth l-uraml—

P

5d ()d-_};& P H ;“L Me) apd uracil-’d ()d SCH Rl =R, *h) sug,&pst. pa.rt.-— B
A\

icipaticn of the anion _} f'or t,he i‘omer and Lhe dlar.iox ’1, E'o: t.he \
37 ’ ’

-

L latter . Neightoring group ‘effects have been noted during the e.xckzange
= N N N \ . . . .}\’ ‘.‘
. Exchan ge of the pyrimidine ring protons in nucleusides has recently A
. 38 . .

-

been observed -, -
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of 54 in 2, 31-0-isopropylidene-uridine \[25; F=_§). ‘This compound .
: . o . @ Co .
: : s < i N ] VT ~
undergoes reaction by anchimeric assistance of the Hrioxy-aiion 2€: -
. X Yv . f 9 \
. . . -
as demonstrated by the stability of its deaxr derivative 2i (R=H)
¢+ under similar conditions . * . . - R
) . - T ’e )
{. ' : , » B e ,
: - ¢ . . : N . ) - [
Acid-tase catalysis has teen qualitatively shown,.te be operative for .
. ' 2 . 2 .

&
isotope

~ v

ard the L,3~dime.hyl-derivative 27 .
' f

. { -

2,21

change 8L- the S—position of 4,é~dinydroxy-piTimidie ™. (3);

21 .

b ' "‘ _;

!

adrratadn

Y

A

.
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~

A
.7 reorresponding Y~nitro-derivaiives,

a . . A(\ . .
base spdcies .

*
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.
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2-Pyr{midore and uracil are nitrated in strong dcid td their =~ . . -

~ ‘o

the-reaction occurring through free . ‘
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dydrolysis | -

Garreti's investi L ations-igte the hydrolysis of

B
JArll)  and of the correspo ding urid¥523~§fﬁfﬁéiibosyl, .
o] \
X=Cl,br31) na.e Shownt Lnal whereas S-chiloro=- and 5-fluoro=-uracil
: , ‘ . { :
are degraded direcily Lo ron=-chromopnoric products, the bromo- and iodo-

derivatives are initiallﬁ.n;ﬁroaysed to bartituric acid and uracil

N . N

respectively i eliminatifn of, h¥ or huX rrom internediales such ags.
‘/( B ’ ' -.'

7 ..
2> (X=3r,I). Lelodination in the conversion of 20 (¥=1) to uracil
5° -

,involves loss o a poisitive iofovium ion . limdlar werk on S-trifluoro-
-

mezhyL—uracil’{;i; R=h X=CF.) Las sugpested thal reaction proceeds

. .
A -

‘ 2
“throtgh rre,attack of nydraxiyl ion on totlrn, the neutral species and the.

mont— 1o to vield L-carcoxy-wracil wrnicl is st bscqaﬂw*] decarbaxy-

’ - . ’—— LL .

' lated ai elevated emperatures by tle action of alkali . {%
g !
] ' M -

’

The kiretics of ctase-catalysed cleavabe of barvituric acid and it% .
L5 L b

derivatives |, cytosire (30; & H) and cytidine (30; R=ribosyl) , , - o
. ) e’— : r
have also been rep>gied. ,; : ~o <

] 5 - ;S

Sromiration . . : . I
' ¢ - aff-
[
¥
v

The salts of Z-p,rimidone (12 nl‘=r«.2=si), its ligmethyl (12; R =Me, R,=H)

ard !, ll~dirmethrl (12; il E2 =Ne) derivatives, react rapidly with bromine .
- o , \

'in agueous acidic solutions t yield in{ermedigpes which are converted

to their Y=bromo-products 3% ( 1r.; P- 0) . Initial attack of Bromine

occurs on the covalent hydratesiiy (b, =: =H or R nde, R*EH) or pseudo- i

.,.

base ;3'( Rl=Ré"“°) as cont'irmed by Lhe thibxtory effgct of acid on the

‘ .
. N . L ‘ \ o
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reactivity of the cation 12 (R =i

. i 2
Y
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Evidence for the assignment of the haxah;dro—pyrimi ines 34 as the

reaction inbtermediates is aval lable from p.m.r. stydies (p. jO) as \ ,
L

have isolated intermediates 37 (ﬁ,=Me. H'=H ,=H)
J

d 30 (R =R2=R-=H)
from tne brqmina ion of 2-~uliOﬂamldo-pyrxmld;nes 1n"mndﬁ&nol and acetlc

. . LT.48 . ) »
a01d—water solutiohs respectively . Similarly, 2-sulfonamido-’~ ﬁ

1

methyl-pyrimidilie rields 20 (Rl K -’e, §Q=H) in aqueogq media, and 39 -

40 7 ..
s0 [

he&haxol . wnile methanolic solutions of 2«
R =H)
3 -

(31=R2=He; R3=H) in
sulfonanldo-a-neth»l-p;rlmldlne asé brgmlnated (R =N =Me,
. Orotic ac1d (5_, it =COOH,

fi%&
l o
(B)=<COCH, R =H) and uracil (40; R1=R2—H) and thymine (R =H, R,=Me) ¢

£2

i's known to form the isolable adduct 41 AN

glve rise to ihe product s / 1 (F By =i, R =Br) and 41 (R "H Me)

respectlvelj on treatment with ercess bromine. IL has allo been proposed
53.54
that uracil reacts with one equxvalenL of bromine Lo give 5_ (R mﬁan) .
., ‘-—~‘
. The rates of formation of
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order with respcdg to acid, and involve rate-determining déprotonation
@

- L3

of 5H ih the cation 32, as irdicated by a large primary isotope effbct

=it =\
=i, 7re

2

-\”
Lnese systems, and saggest.

1

s

}. Jecond-order rate - .

§
. .

for the quaternary salt i—deuterio-l2 (i,
constants are comparable witiiin imilar

J » - N , . v
mechanisms . The 5-trano-products (1;) uﬁdergo fuygper brogination to | »
X \ . - ) \ X

. . [ L » . . P N -

give the stable §,.-dibrbmo-subtstituted pyrimidines 3° .
\ * . . ’ . . . K
'\ s - E ' .

. . z A f

Fhotonhydration and Photodimerisation | ' , , ;

)

o

Pyrimidones may undergo hydration

SL=57

or dimerisation under the infIuence of

. ultra-violet radiation . This phenemenon nas been linked to geneviec,
rutation and has consequently bteen examined in Scme detail, , o '
Irradiation of aquedus solutions or uracil (19; nl=H2=H) and 1,3-dimethyl- | ,
Y ’ -~ . - ¢
uracil (19; R;=R.=!e) leads to the hydrates 42 (i) =R =) and %3 {R,=R _=Me) :
sho¢? 12 102 .
. ’ \
raespectively , whereas similar treatmeht in frczen matrices results -
. b _éé . L‘}'f—'.‘{\ 4

+ in dimerisation . The kinetics of nydratiuon . , as well as the

56

ingsensitivity of the proaesé towards triplet quenchiers , suggest the

o
. v v
singlet .state to béX&hé reactive spacies, The rates of dehydration are
¥ : & .
- ",‘ . . - ot S -

. ) . n o #H A

b 2 . ’ [} .
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-~._ The substrates siudied give rise 12 strong absorpticn bands in the middle

o

n

b ‘u.v{\region {Table 1, p.lg)". Additih of brominme results iq'tﬁe rhp%d%

' g

vdecrease f. LhesSe peaks and the slow appearance of abSorptions appropriab€ |

. b o ' . , 3, - . I .
to the correspunding L-tromo-pPyrimidones {Table 4ctﬂ.;5). nates of
& v Tl 3

e

«w  product formation are of the first-order uhider the conditions emplcyed, 4,
- . P
and may be analysed by the egquatinn . h .
T - ety
. R %
, .
- ] Fad [y - ‘-
. A& — » 1 .,
) L4 (A“ - AL) = In (""m = “c) -y === (l)
- ‘ ’
Y 1 . .
. ’ . -

.o ) . N . e
. where AO and,éﬁo represert anorbances at time ¢ = 0 and infinity

respectively, k being the first-order rate constant. it can be shown
[ toe . .

that g first-order reaction is complete £0 the extent of ©0.9% after
! ' ' 1

’

9.97 talf-lives, and therefore for kinetic purposes it mdy be conSidered’
. - 1

« Lo be over‘alter ten half-lives. - n AR "X
\ )

v /: - |3&

Kinetic procedures were essentidlly similar to those described earlier ' .

t

[ ' -

All measurements were made on a Cary model 14 recording spectrophotdmeter

with a slit heighi of 20 mm,. Temperature was céntrolled,by circulating

N ‘] + Y -'--— C = N . ~ »
water-from a iieslab mod€l (k9 constant temperature batlh maintained at
- i N .

© 30.00 ¢ 0.023%, through the cell holders, which were found to be at a '

Y L]

Lemperatq%euof 25.3 1 0.05°C. For the slower runs, aliquots‘of substrate

‘and bromine sulutlon, (estimated by addition of potassium i%dide and -
g . J . DN

\. . titration of Lhe liberated iodine wiuh 'sodium thiosulfate) were rapidly

\\ s .
. ™~ ) ) .
- . \ \.\’\.1\\_
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/_A_“/_, ) ' o
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.Q-P\frimidone .
“l-Methyl-h-prrimideo 1;;

~

J-Metnyl-4-pyrindidone |

K

1.4 (2.4)-Ditrdro=1, 3~

" dimethyleh=oxo-

.pyrimidinium percr.iorate
Uracil
; o .

lé}@'ethyl-uracil
A

3-Methyl-uracil

%
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Y a lable 2 . _
'\Z‘; . . :\.: . ] . @ éf.,, v
" . ’ . . ) N ) ' B 3 Vo,
* . V.v. spectral parameters<of the S=bromé-fyrimidones -
’ ' o
- < . . l _.’
P ref.
o L~bromo=- H or H. o ° Amax (1.p€ D)
. 1. v .
i ) , 77
A, L~Pyrimidone 4.0 30 {3.0°), 283(3.67)
'.r *“ M 3
O ;\,’ b4 (3,4)=Dihydro=i= e 0.0 T26903.70) 0 246(3.01), <200(34.0)
B v Mmethyl=f=oxo=- . e
s " pyrimidinium bromide - - ' .
. % . Y ?7
Y "3-Methyl-4~pyrimid;ne 4.C 28303.77), 234(3.60) o,
. . . x M ‘{_. . +*
L4 (3,4)-Ditydrog 3= - 0,20 277(3.72) . 245(3.84), <200(=4.0)
dimethyl-f-—oxo= ) : . P
pyrimidinium bromide . . . .
" Uracil R I B T PR
N . T - 5
l-Methyl-uracil 40 22,{3.05), 21:(3,97) -
' L) ‘L : M - 3 N 5 *
3-Methyl-urdcil ) 4.0 < 275¢3.9%), 215(3.99)
o - ‘ - . ’ * -
!‘46-Met,hyl-uracil 0.0 27¢{3.05\ 213(3.96) .
¥ ’ g . ¥ o
Wi, 3-Dimgthyl-uracil 7.0 282(3.00) N\ .
; 2 . Lo S
14, 6-Dihydroxy-psrimidine 0,20 261(4,.C5), 2("(:'{.3,.)
2 N l' [+3 - T
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mixed, ard the mixture introduced into the sample cell, owe cm. cells
being used in all cdses. The faster runs (half-lite of three minites or

. . - \ ° ' - '
o - less), reqii roo. pre-equlllbratlo of a measured volume (usually 2 mis.)

e sample cell, and tle addition of reactant
A}

: . ‘ o
f

solution in migrolitre huan ities. lhe absorbance wag continously recorded

of substrate solnt*on §$.

against a solvent reference
- - ~
and several half-lives fér die faster runs, fige beity measurea after ten
G . < -
halt-lives. Data were fitted to eqn. (1) using leasl squares technigues.

or at least one Lal{—life for the slower,

Correlation ccef{icients generally exceeded (.97 for the slewer runs,

*and C.5¢96 for .the fister reactions.

.
. - -y . , .

« e -
* B O :1«:*’*'; . G
A1l kinetic runs were carried oul in sulfuric acid solutions in the
- L4 - ko 1]

concn‘tra .ion range 01 0ACd o j.Oﬁfﬁﬂ$eaker acids werg not used

. & . .
ince a‘ acidities less than f’l((P m?cu . the hydrobromic acid formed

¢ -~ [ T (AL S N

by the reactlon of bromine Wl h Substrate WOuLd haveﬂgq he taken and

. "\ ’ v
accoug Av aﬂlg‘mes outside t}.e pH scala (1 N I N H S-J ), the Hammeft
v /g | N ‘ “ . .
tie was used as a measure of acid strength. However,

.

. 3
“since tne' ionisation %Earacterisnics of the suffstrates studied were not

determined, siopes derived from lcg (k) ksi“ﬂp,plots are compared on g’,

N

or structiirally relaled compounds. It is emphasized Lhét‘correlations
5 S ' ‘ 20
with othegQSystems using ‘techniqueB such as the Bunnett treatment  have
. .. » ) . {’ ) . " LI R .,
. - 4
not been attempted. It might be mentioned in this conLeXL that the intir—
] + ~ ‘ a

pretab%pn of reaction kinetics in terms of- mcnhanlsw in strongly acidic

\ ' ~ N, 62 o

or bgsic media has rqcently been reviewed by Hochester .

-, . % ! . L ‘

r Hydronium ion concentratieons in ‘sulfuric acid solutions were calculated
! . -2 , "‘,‘ L

from normality‘uéing"lazf§ 10 for the second dissbciation constant of
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N g . . S - .
sulfuric acid . In the high acid regzion (above .L: H?bt)l‘)’, Wt. % acid

_:‘ ’ ¢ ° i .

Bl -

o, Ly : Co o
at 2,6 wag cunverted o normality usinj appropeiate density values , and
- . ! Rr b . °
. y)

corresponding values ot \11(\ for the latter wWere fi“ted to a power series

N . . \ 3,
wiiich then allowed dirvec! conversion of nOl’?f‘.&li‘u]{ Lo iin. .
. - o o ~ i b
e Rl ¢
' 3t

. ' . ¥
© I3 . “ s .y - N v

. All calculations wgre carried out on a tlewleti-lackard ‘21144 compuyer

. . - - AL

. - "

using routines coded in eitner RASIC or FORTRAN., A brief deseription
s’ . -

¥ . ) . s
" of the prograrmes frequent.. used follow. A
" / ™ ) Kl .
Y * 1LY calculave’s least-squares corrected firs:-or\der rale c&'istam;s from | ’
8 : . .,
absorbance-time values. ine eguililrium er infinity value ray‘be
. 5’ . A o .
iteratlively ad’ugted t> give the best correlation eoefficifnt. _The- o
° output includes aPpiol of In{Age -~ A7) with tire, i )
. : ;‘ =
JULLIL -abtempls .o fit expuerirental data to)& given equati cr.. For‘an
— . ~ j
oy 4 b 3 o 4 3 - - -
. . - a_'quatml‘x ¢f the form 41'\clxj + iz(czx) + + fn(cnx),
the derivatives 9y'dc,, i+= 1 Yo n are required.
i 2 . “ | * ' 3
'v CEIT atlempls Lo it experimental aata to a power series. )
. A o 3 . )
. XYFLf is used with a digital plotter, and provides high resolution two- .
N / *
. . . .
i . .. dimensicnal plots of iYput data pairs.: A jariety of plotiing .
L \ _ . .
N symbuls are avajlablw, _ ,
s .. . . b !
> . ¢
R -y , ) ) 7 ) ] L
s ) Heactive intermediates wére generated by the ‘addition of molecular bromine

\ -

‘to 8 golution“(or suspension) of substrate in [

LR .

2~) or DZO. - DCL P.m.r.

spectra of the resulting ecluticns were scanned repeatedly on a Varian
s : . .

A=6OA instrument equipped with-a Ve@5A spin decdupling unit, until
. . : . . » ' J
cryst.all'lsation ol the S=bromo=-products occurred. Line positions were .

Sfound to be reproducible only to within 4-5 He owing to the vardation

a o

, in acidity caused by the formation of HBr, . . & - ‘

N




5-bromo-cyLosine, i}, 4-dimetr

"pyrimidone hydrochloride, o

The mass spectrun was measured on a Perkin-Elmer-tiitachi WU 7E

«

instrument at 70 eV, and at a

MATEAIALS

O
o

The melting poilits given belo

- 4

. : ISR,
source temperature of 170°C.

v

w are uncorrected. hlemental analyses

)

were performed by Galbraith lLabs. Inc.,\Inoxville, .ennessee. - °
v

i
\
The following conpounds w9ré

2~pyrimiden

L:
el
]
G
o
-
O
=
[
foN
@

— Y

use), 2-amind-pirisidine, urf

¢ 4
orotic acid (Aldroien), 4-pfi
o
(Het. Chem. Co. s

|

The following, compounds weile

s

. "

The follow1np compo oundd were

(‘1\

w?mmﬁmme .Tj%uwbwwﬂmi'me ,3ﬂm@ybw$ﬁrmmme s 1,4
L4

uracilt , ?—bromo-l,3-diﬁehhfl-uracil

“3

. ' m
uracil. , S=broru-f-hydroxy-dihydro-t nymlnﬁ 5-bromoé6-methylpuracil .

i+

5, )-dlbromo-ﬁ-hvdror;—d1hydro—orot1c acid . )

v

tlyl-uracii

. v
L, .
«trained commercially:
crysteallideq Irarm etrnanol-water before

r

[l

il, f-methya-uracil, thymine, cytosine,

gx.—p.'r_xud,L e, 4, ~ditydr uc"-—pyrim.dm{

midone. l-methyl-ut ac;l 3~-methyl-uracil

/

fUutritisnal Hiochemieal Corp.).
' ) .

f .
" L )
.

obbained v br. 0.5.Tee: l-methyl=2-

H
i
-

.,—b;s-trii uorumuthyl~2-pyrimidone. ,

«

-

e Ny S i
prepa"ed accord%ng.tengaLerabure methods:

cx Y 5 87

‘ ) \ 30a )
(3, A)-dlh;dro-L,,-dlmethvl-g—oxo-pyr¢ ddiniun 1ide . , 4, b-dimethoxy-
El ’2‘3 *
. pyrimidine i 7—d;ﬂjﬂ’u‘l ;-dkrethyl—Z-OXD-prrlmsﬁinium hydroged - :
' 37 e ' 37
*sulfate , S-deuterio-uracil , L-deuterio-l,3-dimethyl-uracgil -, 5-bromo-
' 53 v3 ¢

. .,—dlbrogo—é-hydrcxy-dlhydro-
52

v




. : 4 —bromo—f*—p rinidone '

v

. “ ’ .
‘ >

‘Bromine (1l,ég.. {.0lmoles) in 17 mls, of atsolute re }za ol was added to .

. & stirred solution of 4=pyrimidor.e U‘.‘}ég., 0.Ciroles Mls. of !
: : . S
. ™ . O .

- Y nu
. L . e e .
’ absolute metnanol, and stirring was contimued w.eil the Lromine g_o;*)r
. : - =

\

:disappeared. Solvent x'emov.szlwdr-r. reduced pressure and recr sta isation

g from ethanol pave l.u3¢ ( "?) oi Ahg hydrobromide. o -

‘ . ver oy 1 o T O .

K M 239-20,1 dec., lit. 21,5-.1.': dec,, iiv, o0 2=24% dec..
=, \-';« (DZO/I.;m ) 8 2,02 {d, arda L), B 2,97 (vr.ai s, area 1), ,=1.0 hHZ.

¢ - - ' <y 0T

Y - \‘\ P e
- AN .
\\

a

LHebromo-3-meLiil=g-Dyrividorne

¢ ! -
Ly . ’ - “ -
' Bromine (l.es., ™ (l ...Vles) in 20 mls, of absolute methanol was added to
) ¢t - a stirred solu'biu:: ol 3-metlyl-s-prrinidone {Loiv., 0.0imoses) in 0 mls.
o af absolute methan.l; and stlrmmr wag continued until the nrenine was \
P decolorised. »olve"u removal-under reduced presstur4s- and recrystallisation
; . from-water and then from ethanol-ligroin V(35 ) pave 0.5 oo of the
: .
! ; bmfno-p rrimidine. Concentration i tie fiitrate art'orded a further 7, 4g.
N "\ . * ‘ @ ‘ v ' \"’ﬁ’: ’ -
U of Lge product. Yield = A:.‘L . . *
AN B o a2 o ' ) ‘ .
Mep. 152-155, 1lit. 1885156, , '
- - 1 * -~y . v
' 3 r \ . . v )
, f".m.r.g {CLC ;/D‘ 5 ). compared favorably with literature values . .
\' _ - , -é ’( . 1 PR y
- . i . )
. 3 . -
e H ‘ :
° 3-bx‘om:b-l-xret.ﬁyl~&~pvmr\‘ dene hydrobrimide ’ o '
.. Bromi:fc (0. 1.19.. 0 (";amolt,s) in ¢ mls. of absolute methanol was added to o
, .
” ’ l-meﬁml-a-p\'rlmidom (0.: ’bg.. 0. 0025moles) in®lC mls. of absalute
- l\ . .
. ‘ meiha.nol. Solvert. removal under reduced pr‘essux‘e and recrystallisation -
- 'y
f ', from water gave O.Z’lg. (4CF) of the h‘ydmbromde‘. ‘
" . s - - . ., . v

mma'&a dec.. ' . . e -

-

,m, L (0 O/D“') S 3.85 /s, area 3), 6 8.38 (d, area 1), § 8.70 (d, area 1).

. “ -
. v . b
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\
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i /
’
n
()

i . ! g o 7 .
K s : ' ; . .“ ) ;
' Anal. Caled. for C.H N0 Brox C, 22.25; H, 2.24; W 10,398r, 5021,
'— i ———— . 9 > \ 7} . ‘
’, ! . ?
Found: C, 22.1%; i, 2.19; N, 10.31; Br, 59.47. LA
. . . ‘ s
S=bromo-4, 6=dihvdraxy-pyrimidine - « i
ANy
Bromine (1.6Cg., 0.0lmoles) im\l0 mls. of absolute methanol was added to
a suspension or 4,4-dihy dine (1.12¢., 0.0lmoles) in 10 mls.
of absolute metlanol. Solvént removal \erv‘ l"ﬁd\d,&d pressure, followed by 8
N Ny
recrysualhs‘é%"b_.;\{ cr\ watex‘ :Nrded 1.Alg. (24%) of uhe br'«ni"ated )
material, : g .
* . N - 80y -
Y.p. 2A1-243 dec., lit. 263-251" dec. . .
P.m.r. (DHSO~de,/TMS) © 7.82 (hyroad s, area 2), © .50 (s, area 1). * 7 :
- T v ) ‘
’ M . v ‘.. .
5 5-dibroro~i=nydraxy-~4b-methy l-dm_;dr‘o-araf‘l L R
* Bromine (3.23.. G.Oz@es) was added to a suspension of 4-methyl-uracil
(1,26é., 0.0lmoles) in 15 mls. of water. The reaction mixture was -
sglrred in a' s oppered flask for 30 rrins. . rei‘ri;réx‘a:;ed' and filtered. .
Recmstalhs&ilo" from acetone- llg,ro;m (35—-6,0 ) nave .v.2xg,. (R8%) of
. . Q3 . ‘
“he dlbromo—ocrrpound .. o ' . \
M.p. g32—231, after darkening abov&ZOO . ‘ ‘ S .
~ Bamor. (DUS0-d¢/15) B 1,73 (s). & singlet at § 2.22 with ‘appraximately .
,;:720,’5 of the integrated intensity of the peak at § ;.7? was also ;
" observed. This probably represents the isomer where theshydroxy group
adopts an equatorial position with respect to the ring. O
Vo ) . : . 4 -
Anal, Caled, for C,H N O Br :.C, 19.89; H, 2.00; N, 9,28; Br, 52,93} %
. ' Y623 2 ' ‘
.-Found: €, 19.,74; i, 188 N, 9.22; Br, 92,85, .
v . \ . R

\
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b4, 6=Ditiydroxy-pyrimidine (O.')(»g., C.(:O-,mglf:s) was sispended in 5-.mls.

. permanent colour was obtalned. Ine Lemperalure of tig mixture rose during

.

. some of the starlin y; naterial, Tne bromination pr cess was repeated %o ,

. s

5, 5= its ro,'no—._~ vt iox =l f=3diogo-hiexanydro~pyrinddine ”
. 3

L .

. .

of absolute mettans., ard .er_me ‘was added Wity SLl!‘I‘lﬂb un il a
4

' - +

.

addivion, and caruon diox;de was evolved, Hefrigeralion .of ;the mixture

v A ~

and filtration arf ol‘d“d @ pale veillow material wnich was found to contath

!
‘ N4 Lo \‘ . ;
give 1.23p. [221) of the product as white crysials wiicl, were : o
» © ’ < -‘ *
re¢rystallised from acetone-ligroin (35=607). _
l» ’» i O ) ' !
Ap. the i conpa d melled at 17¢-i7 with sirong eflervescence, -~ '
< ¥ ¢ ¢ .0 . '
reSOLidixied to a yeilow material whicl, darkened atove-22C and , \
v ) 0 hd N \
melted with deconposition at 2322077 . ’ o
. ,
P.m. by (L2 u_z-d") g,.._} {s, .area %) 8 ; ,, = (s, area l.>' 8 0,75 (d, area 2),
J o= 301 Haz, /tdditix-z: of I'n3 led to -ue cyllapse of Lre LOW rield signals
4 hd . ‘ ~
Lo a singlet. ‘\ - : N
\ - N . T LN
£ paryd . . - .y
.. Hass spdctrun (ruh at a soarce ferpe perature of 17C ) did nat show a s
' " ", . Lo
molecui%r ion p”&r. orrespo::di. : j;o m, e S’L‘R.i«‘g.\m sh.owed | triplets of . . '
I st !
. . s * - et % - a!‘!‘ TS ’ :
J.nt.exsx'li-: ratic L:2:l at m’e OU3, 271, 200 and ar 272, 270, 242, !
z : - L
- v i3 R} s N 3 !
Aral, Caled, ror ¢! }./\.r::r’). C, 1m.9; H, .2.00 2‘, Br, 52.93. ¢
i { . } < « - ; . v
. Found: ¢, 100073 H, L0 &, 9,20, Br, 2,02 . =
e
S | : ] . ‘ w . ,
™ .:‘t'ﬂ ? i PR ! ! M
’ A \ ,. . » . 9 .
Ledeutebio=l h(3,4)=diin ‘-L"U"-LAJ-dw thyl-f-axe-prrirddinium jodide | |
' A L csas f . . \ o |
l.a(j.a;)-’dmydx'o—l,;—dmm.hyl-l;-gxo-p:,*ru:n[dlz:nm icdide (C.ig., 0.002
. ‘ ¢ |
_moles) was refluxed in 4 mls. of 2i DCL for 27 hours. Solvent removal 2
R * ’ 'y . v
- v - A\
under reduced pressure-and recrystallisation from ethanol yielded 0O.4g.
(ack) 01 the deuteriated derivative. .
1
[} . ! .
P.n.r '(D 0) st d “the - )
o0, (U.J] showed no Lrace of the '5-proton, . -
by r ;o . o
) .
e e N N - . -
] . * -~ »
¢( ) "' ‘ e
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¢ a . - -
N B ! L)
) ’
'

S v
S}:A(\ﬁ, i )~dilivdro-l, 3~dine t.'::"l-a-.‘m*(o-x’;vri'nu'/dinium perchloratg »—!
| 0.5g. (C. LCZ:molcs) of the correspo"dlng ’;mdldc in lO mls. of water was :
stirred with siiver perchlorate (C.42g., 0.002x olﬂs) for 30 minut,es. - '
Solvent remcval under reduced pressure at room Lemperature gave a yellow
product which wWas r‘ecz:ystallised from meil‘na.nbl LQ &ivg Q.2Oé. . (65%) of
tne perc‘nlcrate. K ‘ .
L M.p. 133-134°. ’ ’ ‘ ‘ P
P.m.r. (D 0) was idertical to tiat of the startingderivative, : ”\jf
2 . - e , -
. f oS
Similar conversicn of the dodide salt of t'u;/ j~deuterio material. N
yielded tke parchliorate in 777 ﬂeld | - L .
' ~ )
5ebromo-1,4(3,4)=dinydro-1, ;,-dii:;e‘t;!u'i-li-axo—m;r ‘midiniun perchlorate
’ o Jt{.4 Lf';,t.)-di':zydro-l'fj—di‘m:ét,h;.'l-&-o:yc'v-p;rrimi;iinium p@‘r:,chlorahe (0.45¢.,
) O.CGZ';.;'}.QS)' in 10 mis. of z:k;solat@ maﬁh&’xdl was adided bromine (03324;. ,
) O;CO:kncles) in ¢ mls. of abs,olutg fne!,ha.nol, and the mixture was Qllowed T
-, to stand at roc: temi:erature for 1 hour. The’i\roduct.l‘(o.%g.‘, 71%) was
collected and recrystallised from ethanol., \ g o .
’ ¢
#M.p. darkeéns above 22}00', cranges into a semi-solid mate.rial which melts .

at 2¢0-270° with deco"xposnmn. )

?.m1~ (D O)S 3.77 (s area 3), 3 4.02 (s, area 3) % 8,72 (s area 1),
89.7‘) (broad s, area 1), ° - ’ -

,Anal. Caled. for ¢ 1M 0 BrCl: C, 23. Th; H, 2.40; ¥, 0.23; Br,.26.33.
H S

Found: C, 23.75; H, 2.60; §,.9.17; br, 26,49, | £

e I3
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-bron./o‘l NXER I,)-dlh 'dxo-l,;—dl.:e,ml—A o)'o-p.'x'lmdl'uu, rr&ide

To 1.4(3, &)-dmydro-— 3-dimethy l-q-oxo-p_,‘m"‘dmlm iodide (0.5
l .
moles) in }f* mks. of” absolute methanol was added bremine {C.4 g.. 0.003

*
]

(
N

v .
¢

. ) - .
moles) in 5 mls, of absolute methanol, and ‘he mixture was shaken ( ¢
]

vigorously fer b minutes. Ethet Has stirred into
' A .
solid materisl appnarej ihe prodixt was collected &fterirefriperaticn

} solution until >

and recryst alLsndN’"m metnanol, Tield # U lle. (157), ¢

7 X , N
N ; .y o . 0 . ‘ ! -
A lp. /331-2;,4 dec. .
. P.m.T, (Uzo) was idenlical vo that of the correspwding percilerate.
- !
,_-de.‘t,vr' o= 3=re bty Lmg=piramidone ' o, -
. - 3
) ;-‘t-iethyl—b-p;m..adope (My5g., .7 males) uas xea'ed in Z0 X1 a* 20 -
N 23 .
for 40 hours. Colvent removal under reduced pressiure yie:ded a red oil
s 3 e
which was dissolved in Lot openzene and Uiltered thte ".g. Tiorite!,
- ! A
- . ¢ ! '
Evaporaticn of the solvent yielded a pale "ellow aterial wnich was
' 0 ' . ) ' .
sublimed. &t 3¢ at smm. to yield 0,23z, (£27%) of tie deuteriated produc
H E’ - 9 A '
ete ia 1.33"'1‘3,’ . 3 . . -
Pom.r. %) snowed that isolope incerporaticn had cccured to an extent
of 927 at the Y-position, and 63% at the 2-pesitian, -
e i ’
,S:’tmilar attempts to prepare 5~deuterio-4-pyrimidone were unsuccesful,
and resulted in extensive decomposition of tile substrate,
- L
) ” ' ' : ' |
: z-deuterio-j-meLhyl-&-m'rmdone
3-dethyl-4-pyrimidone (C.5%. O.(\Oﬁmoles) was heat ed in 5 mls, of,Dzo
%
o33 T
for 15 hours at 80 . Solvent removal under.reduced pressure followed .
. “1 ’ N N .
~ { . F

- >y .

/ é ‘ | | \ |
. x - .
. : I

'

N
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& o
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1Y hd

v r

<. ‘}n

by azeotropic distillation with-benzene gave a white material which was
. T '

4

recrystallised froh benzene—to yield 0.4hg. (703) of the labelled derivasive. .

Lp. 128-130°, < . ' '

L]

P.m.r. (D20) showed that > 6,5 exchiange had occured at the 2-position.

~
A .

L)

. +

S~deuterio~f{-methyl-uracil -

?
r »
This compound was prepared ‘from &-methyl-uracil with a yield of RA% and

with an isotopic purity of > 053 by the rethod reported b} Santi et al.
~rsy [
) a1 4 s
for the déuteriation of uracil . '

1 !
.

¢ a

Complex formatien during the bromination of mono-oxo-pyrimidines <.
- - é) 4

The addition of bromine to solutions of 2-pyrimidone, its L-methyl-

'
and enll-direthyl derivatives, its Z~-bromo-compounds and 4-pyrimidone in

. ! , <
concentrated HCUl leads to highly cclored compounds. K.-typical experiment

L °

v -

is as-follows: » )
Bromine.(1.6g., 0L moles) was added tv 2-pyrimidone (1,33g. .Ol moles)
as the hydrochloride in 10"als. of concentrated HC1. A yellow solid

(0.57g.) gradually crystallised out of solution, The p.m.r. spectrum

in concentrated LUCl showed peaks corresponding to 2-pyrimidons. On ,
addition of D20 to the solution additional signals corresponding to 33
(R1=R2=H) (p. @) appeﬁred. The ratio of the area of these peaks to’

those of the residual 2-pyrimidone signals was 1:1. Thus, the comp{ex

-

~ -

consists of at least two molecules ef 2-pirimidons ard cnie zclenuls 2f

bromine.fn the presence of ﬁater, orie of the pyrimidine molecules -
reacts with the bromine to give 13 (leﬁznﬁ).

7
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Volumetric Solutions -
Solutions of sulfuric acid and sodium thlosulfat,e were prepared from

‘.-

‘
N

"y

conmarcial (Anachemia)..vélumetrlc concentrates.
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Previous studies.on the bromination of oxo- and amino-pyrimidines have

?

Yot
U‘
<
-
~

~

suggested that these reacticns may occur through addition-elimination
. b . e
mechdnisms . Parbieri et al. have isolated ‘*ezrah‘ﬂro-p:mmdme adducts
L4 . L7= 50
from the reaction’ of bromine witn sulforamido-pyrimidires in methanol

(p. 10), and orotic acid is known to add HUBr to form L =bromo-6=

h;;draxy-dihydro-orozic,a‘cid 4" (p. 10). In general howe.er, the reactivity

hd °

' . N
of intermediates, of ‘Ius type precludes their isolation and charact,er- *

.
i

isation, and their formation has not been directly demonstnated in most,
' - ; -

. . -
N -

instances. .- o -

// g - . K

L) o ¢

In agueous soluticns, thd u.v. spectra of the parent axo- and.amino-

pyrimidines (siructures on pp. 3C,33,3L: 38) are removed upon addition of
“ k] ‘ |

bromine, and are slowly repdaced by absorptions appropriate to the’

- . I d
corr‘esponding 5-lfrumo-produ 5. The rat,es of bror:wﬂfrimiaine appearance.

are of the fnst;order at fixed acxdltles and are discussed elsewhere

in ‘this t;hesis. P.m.r

-

and coupling censtants for these are reported in Tm; {p.

[} ’ L . . oo
lyf\ 28) and § (p. 29) respectively. ‘ - »

—

s
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] . - The kinetics of bromination of the 2-oxo—p;,rrlm1q).~n1qm ion (334 X=H),

P ] . - . Y ,:.s'-‘ N %
o y its-lipmetiyl (43%; X=H) and I'.N-dimethyl (438; :.;Ex)u derivatives to the
‘EV:" ey N " ' . : teo .
¥ - 4 < s o a » . . o 3 .

y s 4 S—pocmy-~prrimidines L3 (¥=Br) sucpest the irflermediacy of tke texakidro-

- v A K -, - -
X ) O Y o -
}';.‘f*-'i p_'frrmldme§ 33 (p. ©). These fmdmg*re substantiated by x.I\rr spectra,
1o ‘ o N Lo Ly . ~ 6 4 )
e wnich, for each ccompound show two setsof multiplets in Liegfd 4-r

» =L
‘.\,:,. ! . ~ ., - 5 R
-

e . . . . =~ ~‘ & ‘s
region, the Nemethyl resonarnces occurring at higher t:eld. For, i~deuteric~

+ g .

220, the multiplet a. lower field simplifies to a pair of singlets.

Similar simplification,is obtained by the'spin decoupling of either

o

xa S _ : . \

5'3.” multiplet which ca‘uses the other to®collapse to “wu sharp singlets (Fig. 2
‘.fail ' - * . N v N ! B N
Ao - , ~ . . . . ° ~
'_‘é}}} ’ p. 31). irese results are well correlated wiih structury 44 , and suggest
Ty . o ' N '
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Lpa wst in two major diastereomeric fvrms. Sigflarly,

o) .
xj}y , . P WA ) ; . =\ .
t{ - : 94.6-bis—trifiu omethyl-2-pyrimidone (§5) leads to an adduct whese -
il . MMl Lo u A |
33 1™ . { N o * 1 N . ) .
.}3 ,‘ spectrﬁ,‘n’copsis‘ts of a\multiplet centred at ) b. 64, and to which is \//
'."‘c“‘ . - o ° . >
p* e ) . s 7/ \\
04 assigned structure 4f. ) ‘, ° -7
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2 on, of bramine to ® 0, sblution of 2-amino-pyrimidine (47) gives a
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: P.m.r. spectrum bf the 5~proton in the intermediate obtained from the

- bromination of 1,2-dihydro-1,3-dimethyl-2-axo-pyrimidinjum hydrogen

.

v sulfate

- N P

3 N ’
2 \
g 1
-
N B
Ni
q
g
[ «
DI
I}
- ‘«5".'} H »

%
s
.
‘.
AR
¢ .
a . .
3
s o
- ’ -
&
s
—
} l , =
[
.-
t f
f' '
;
« ||
. -,

&

.



- Aa~ ..
R VI R S \J\\:\\:\%\?}\,\ . -

\

A: Rl=h2=x‘. . ‘ A:

B: R, =Me, R2='H S | ‘B
® .-‘ 0: Rl=ﬁ, 8.2:2!8 ¢ . e ) . C:
" .
b: ‘Rlaﬁ,'fl-ie \ Lo , . . Dz
KE .. i v s
i h ’ .




-
w
L

«
g, "
.’, ~:"“~1“" ~ i .’».
%, R S .
N 472 . . i A=
- e ;
= A HeH ¢ *
. B: R=Me ) d
’ L » + - '
‘precipitate which dissolves on treatment witn C1l. ire p.m.r, specirun
of the resulting solutdon cunsists essentially of a douhlet a S'p.&2
¢ : r R
and a triplet at ) 4,40, which is consistent witi, *te dexah dro-pyriridine
. Q\ * . . . ': .3 ‘
* structure 42 . Line positions compare well with those reparted &ty

o

Barbieri for the intermediates derived from the bromination of 2-

. L'{‘-: . )
o~ i PO v .
sulfonamido-pyrimidines in methanol .
\ .
. C ’ ‘ — N

P.m.r. spectra of adducts obtained from the bromiration of 4-prrimjdongy
.. (494, X=H) and its Nemono-methyl-derivati-es 458 (X=#) and :© (¥=H) show

AX quartets for-the ° . % protans, which {or f-~dewuterio- o4 {i=H) collapses
q ; 3

. \ . -
Lo a.singlet. The-2H sifmals which are absent for Z-deuteric-gd (X-H)

occwr.at lower field. These intermediates are likeiy to be‘the ‘etra- | \
x ;

" “hydro-pyrimidine gerivativeé 4l ,.and Kinevit data ﬁu~jz§ appearance of
Lhe'cérrospoeding 5-bromo-com;ouﬁd§’¥2 (X=Br) or :7 (¥=2r) ray te
rabfonalisgd in L;rms of these assionments. ‘ \\\ ///

. N
’ ‘/ ° \\

\
» - -
Structures on previodus page i .
:ril-‘*

’
A




S

W

>

. ‘ 2
I
) ‘ ' "
\
X , X &
X ¥
NR. 13} QR
¢ b
. . D)
n \ ’///Lgy p
}:{_ L\' ) ) "
l / d
' 52
' e R o=l a3 r
\ 5.,21 o5 H
B - By Ry=Me, H,=H
. C: Ri=H, :"-.2§~zte:‘
- - D: R =R_=Me ‘
) 12 .

L¢ ).

Di-oxo- and axo-angho-pyrimidines ‘

K] - ‘é 1
. . g
s .

f3tec

*

~
P L

- 7 -~ -
Wang has stuaied the bromination of uracil

(z2A, ¥¥H) and its 1,3-dimethyl-

\ -

{ o

derivative ‘2D (X=H), and has suggested the rapid_{ormation of adducts’
& “ Y ) ) M : Y Y ’ .
53, and tne subsequent conversion of these Lo the aromatic f=-bromo-

"y

¢ products 2 orb (X=Br) . Althougn independent confirmation is

it has been suggested thal uracil
2 ‘
. The kinetics

available for 1l,3-dimethyl-uracil,
. o .
itself is direc'lr brominated to a 5,%-dibromo~derivative

of afpearance of the 5-bromo—derivatives 2 {(X=Br) ovtained from uracil,

L=mono-me Lthyl-derivatives §2B (X-H) and 520 (i=H) and its 1,3-
o )
dimetnyl-derivative 520 (XsH) are similar (p.50), and suggest that these

are formed from strusturally related intermediates, P.m.r. spectra

\QQtained immediately after the addition of bromine Show two well resolved
\\ . | ,/,/‘ _ ,
doublets which simplify to singlets ‘Tor Y~deuterio=i2A (X=D) and %=
Qeuterio-ng.(xrb), implying that under these conditions, ‘reaction
R . #* -

prodeeds‘by way of the intermedigtes £l . Previous studies have shown

‘that dihydro-uracils exist in half-chair configurations, the'’ and

o \
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4 carbon asoms Leing outt of plane . 1he
-t .
E

ained frem 71

constants obt swrests that b
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and the spectral vaTues

compare clesel; B whose gcpw;?bd\ror Ly
G
4

NG

Ny
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mapnitude of the coupling

»

and ‘H aqopt equatorial

Pes
or £iU in the present study
py

. addints obtained

from the fluorination of uracilse cor {rom the p whiolydration of
i7s \ -

s-fluvra-urani shiow similar syeotra,

. v : ‘ \

.
. w :‘T i‘wf ’ -
‘ 55 . ’ '
ite conversiin of the il=metnylated addusts o or Uous 2 (X=Er) ds
accohypanisa ir. eact case by “he appearance of a new gigral 3-.1z down
\\\ o~ * .

fieid of whe i doisikt. Lie rasses lhro.gn a Fax irum

-

N PR
and then docréases {(Figs. 3

fiela, where a similar growth

an

al e li=re '“il iines 15

.
frun c ~dewterio-s o oor U

how 8 singlet for

- ' .
peax dowifield of »i whicn ijicreases to am
. .
manner descrited above, hepeated .ntepration

~varpes occur ab higher

giltioral singlet upfield .

. l:ermediales obtained

e A

well as an additional

imum ard decreases ‘in the

4 ——

with time shows %34 the

arearo!l the M sipral decreases rar more'rapidly tnan chat of the (i .
’ * . o ! .‘ \
s < . . e . N . vt
peak’ However, the vombined arsa of the /i signal and twhat of tie L

additional peak downtlield of the ¢l resonance

to the high fieid ll-methl sigrnals.

»

. raintains a -~onstant ratio

The (1 pregion Lhen consists of {hree peaks, a doubtle’ corresponding to ™~

¢

&l .n.‘4 as welx as a singlet at lower rield. It is erzxely Lrat Lte

v

latier peakxnrigiaayes ‘from ring-cpened products,

1D (X=H) with !rom‘nn'wnzch leads to the
¢ .

:

Labropno-der

since the reaction of

(X=Br) .

,

ivative 20
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has been shovmn to procéed essertiaily to completion . Also, the acid-

catalysed hLydrolysis of dihydro-uracil occurs via rupture of the NB—CL
1G4

bond. to give @ f-ureido-propionic acid  ~Hence, if the additional

singlet arises frcm a cyclic species related to 53, the likely structures

fo? the latter would be 34 or 55. . ~

2 N
) v ¢ \

Structure 34 is excluded since the first-order rate of appearance of the
S5~bromo-derivatives :2 (X=Br) is subject to an appreciable iéotope effect

for the S-deuterio-substrates (p.53). This observation is inconsistent

with any appreciable build-up of intermediates such as £4, The additional
peak is therefore assigned ‘o structure Lb.>This implies that conversion
o
of the trans-addutt 43 to~the aromatic pro&hcts is accompanied by slow
- ®

38

xl .
j ggﬂ
[ 3
oD /'
Br /’</j" .
;—A—— i / R, .
R ——— h . )
. 1. Q
Lo Rl \\ 0O
\\ © Br
. o) b
. E"‘ ‘R a
o : ~ i 172
(X=H) At Ry =RoH : TN
s ﬁl:ﬂe.'I{q=H . heg By o
C: Ry=H, R 5Me _—
D: Hy=R,=M& S 2
\ 17Hgee \ .=
y . ?'
’ © 53

"

diastereomerisation to the exchanged cis-adiuct % through the intermediacy

3

3

. The diastereomerisation of deoxy-uridine Shotohydrates has been repoé‘ed
¢ V‘} ' v -
ng". ( -

105




K However, a fourth peak appears micwa. bewween the +H doublel | reaches

- For the parent compound %A (X=H) excnange of :H cccurs to a lesser extent,
. 2

and the intensity of the low-fiela singlet is consequently minimised.

. .
.

a maximum inteusity, and decagss..ihis in all procatilivy
- N . -
arises from the trans-deuterio-prodact 2+, It is nyt entirely clear why

.

both cis and trams-exchanged products are odctaired from 94, °wnile the
. 28 P

“

. 5

> 4 » ) 0‘ v
H-methylated derivariwes tform tle trans-product exclusively. Although
v ' .
an attempt was made to follow the kinetics of exchangey the relatively =~
/ .

small differences in line position, and the ease wi
L)

-

;. which the 5-~bromo-

N

-«

products crystallise cut of solution prevsnted accurate measurement.

” v

/’ *
“ v -
¢ N .

B 1

The reaction of cytosine (57; X=i) with bromine leads Lo an intermediate

L

whose p.m.r, spectrum consists of a simple AR quartet, which is easily ’
o -

A ) : ; S . .
understcood 1in terms of structurs -2 (p. 32). Intermediate formation

however, could not be detected in the bromination of isacytosine'fég;
[4

X=H), which converted rapidly to the S-bromo~derivative 59 (X=Br),
’ * +
Fy 1]

Treatment of the adducts identified in theipresent study with potassium

. .

(4 ' ¢
iodide led to the regeneration of the siarting pyrimidires. Thus, the

X

reaction of LLD with potassium iodide gaQe 1,3-dimethyl-uracil (structures
. . ~
. overleaf). Precedent for reactions of this typ¥ hds previously heen

'ostablishéd.'For example, the 5.5-dibrpmo-derivéiives of barbit;gic-acid

¥

o
———D

-

P

P
’

in gy

P

s,
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be re»ersnajto uracil also with trans Lereocnemstry by the action of

" .base . lsotope exchange from these and other related adducts have

/

and upacil conver: easily to their mono-brome-derivatives . It was haped
. i . ‘ -0
A

tEat the reversal of the uratil addukts would confirm the occurrence of
< e -

. “ . Ces ‘2 . A
i%ctope exchange at the 5-position. However, f.!{ae Lrans—aaduct rever{ed—"\ :

at a much faster rate than did the cis isomer, 73 evidenced b" the f&st,er

2
Y

disappearance cf the cH double’. in 33 with a?‘“especl to Lhe sy wdet

A correlaticn ‘may te made between ‘Jhe the struZtu&'e and s:ercochemistry

attrabuted to ;’,_2
.

\ T~

cf these inte ..edla.t.es with those demved frm the thermal addltmn of
3 ;‘\ l("'a-IU

bisultite ion to uracil and cy 'toswe dnm Jat}lves T‘nus trans-

; < '
additién of s/du.m bisulfite tc v?xraﬂ eads t,o the adduct, 40 which may

1067

¢ 114 115,116
previcusly b“een recorded, The plhiotohydrates of uridine ‘snd‘c*.'t.idine

underg,o\deute r1atlon in heavy water, and Hajat.su has recently shown Lhat
c\eutew incorperation into Lhe bisulfite adduct. of cﬂ.idmo-ﬁ‘

: . 11¢C
phosphate occurs in neutral DZO solutions .

s
(9
\J

i ‘ .
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In aqueous solutifng, the long-wave

ekpil u,\. abscrption of 4=
™ ' '
sreases rapidly on additted of brdmine, two molé equivalents

. \
pyrimidone

\ ' ,  of the

tter bel..h requlned for compiete elimixation of all spectral

“ .
~, /~

7 AR TR i-‘ 3 i T 3 3 !
)b‘s‘\o? zs‘?j,\gx_.e 20N yrm. . Lnoasidic media
ulo{‘

AN H?S’{)L), the =
/ >
\read

acccmpan;ad Ly shifgs lgw.-,‘i;g:. wave. e*guns. leasurement of the
S, ¢ -

.

o v

dil‘fe,x‘{:ntiaf\ﬁyecEEI-,I:I—MM"”{}.e reacticn muxture by ush of a reference

~~~~~ ' - contarning substrate solution shows that the former contains appreciable
‘ 4 ';
quantities of the >-brome~derivative 3 (R, I*).:\t nigher solvent

, the (\;:,59rba::?e\§ecre35e corresponding to the

L3 h Q.
ast of ""J"?iudo’ e is rollowed by a relatively slow increase
‘ S - 5 _\
thg /;om k“\iv‘“a{lun of the product £3 (Rl=hq=ﬁ). Evidence
L N 7
- obtamed fram p.u.t. studies (p.3C) suggests Lle internediate for./:.ation
- = ‘
of the tetrahydre-pirimidine g2 (h) =R =‘{) and the reaction sequence -

8

may be outlired as shown cr2vhe follo wng page.

N\ ,~»~’////

, 3

Spectrophotometric titration of tie S;brmo—a-—p':rinidcne £3 (R ii{;-—}i) ’

with bromine shows a 1:1 relatioaship, and/alt.hou,,.. px‘\dug\dént%lcatlon
Y ~

was not pursued, the dibraminated derivanive ig l).r:el, to be the adduct

' #* - » : '
/ _@,(unu-n) | S ,

% o . » . . . ‘ . .
\

e --——-—~—-—~*__._
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The inverse dependence of the rfa‘c.‘é of bromination of 14 on acidity implies

N -~

that the sutstrate wergoes reactionyia a free base form. For the

ll

.quaternary ion 16 (R,=R

"3
1

e) t,nls is almost certa;r.lv the pseuda-base
}

_5_1 (F -FZ-.‘e) (pseudo-b foma.tlon from £3 is dlscussed in the Appondix)

2

b

ard tnus by analogy, for tfk}e parem. substrate 15 le=R2=H)aand the

.
A

Lo

;.—‘.‘oﬂo-rvethvi-demvat,lve/\E (8 =H.R2=Me), the covalent hydrates /%
=l

\ (Fy=Hl ), & (Ry=t,hy=lle Joand £ (Pl-Me Hy=i i) x'eSpect.zvel,,f. The
formation of £2 from _Q is then represent,ed b/y the pathway 16~ 6y
: . ]

> L5~ id 52 (p.4). ‘

,
= B il \

1

.

thus conplex kinetié behaviour for t,he formation oi'?'is encountered, -

&

: “‘}jowever in. the presbnce ol an excess of 14, t.ha rate ol"giisappearmce

V""x, . r . i‘ -~ v !
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T
3

of bromine is increased relative

Y

tu the rate of aromatisation of 62 to
i

v . .
analysed by -first-crder® procedures if -
° b
the initial haltr-life of the reac"_,j,o:‘. is nepglecied. Lata obtained by‘this
...I‘

HEGT =i,

=Me l=t),

63,.and the laltér process may be

technique for the parent compound 24 its i -mono-methyl
derivatives L5 (R /=il,R =le) (Rl
- - €

1% (hl-k =Me) are collected

]
and the/dimethyl salt

’

and plotied against the

and 1:

in Tavle » fp. L9),

MY
~~

acidity function H(Fin rig,
~N

(p- »fl)c -

* ' *

The reaction ot broemene WLL '. is rapid, and tre product 4G may -

——l
- b
either be depruto) ted Lo or be autacked by water Lo form the adduct

I ' .,

$8 . This partitioning of 10 is expected tobe governed by
AR 3

. . N
k“4k5, The 1ntermedxatu‘ cktajned Cron a=prrimidone,
z
. - . . L . D
. N, N-dimethyl-~deriuatives are prevereniially converied

',f\

the ratip -
its 3-methyl ard
Lo the dihydro-

s ! s - X ing . .
pyrimidine derivatives -2 via ;7, the direct forma&an of 7F being

immeasurably small. however, for tie l-mebhyl~compouvd two dlSu*nCLL
' - N

sorption

different processes are ubservable. A sharp incriase of ab
. - . ° o

r "LUC.U

ﬂd this is

L appropriate to 7l (R]=He) is noted immediately

I :
- followed bv a rclatxvely slow appearance oi The.rate constants

L o=Me),
¢ / . o . . ;
frmrnes SR k& and k TnsL.Lnereiore bs more compardtle for tte i-methyl-derivative,

° and althcugh accurate measurement of product distrivution is prevented by

the errors associated with mixing, it is estimated tLal their ratio ) »
» & ) .

4
”n

approximates unity.

n

- {

The. arcmatisation of §2 to 43 is inverse acid catalysed, 'and slopes -

‘

obtained from lgﬁ‘kobs fs. “O plots range from 0.35 for the l-methyl )
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Variation of the rates of appearance of*ihe S-bromo-4-pyrimidones with H -
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2,60+ ~0.55 10.68 7 1 22.2 T20.0 0 t L
3.20 -0.67 - 0.42 - ' : 17.8

ca §40 =078 BT e NJ2.6 17.5 16.0
L0 0.9, 2,03 1.4 LR ‘2 o~

. 4 . 1N .
Dy - W
5 -L16 o 9.52 : 1.1 1.1 s
. ) % N - : C|d . .
& d Co .
RS - 5.95
e G" . o
{é e A
a o _b . ! ) . :vm
Average of four determinations, eight determinations, six detéminations
. : i - S
. N by vied
wfers to the S-deuteric-substrate 5
0 .'S",'. /
"
\ - " .
-, C&‘;" . .
. ,
& * v ’
] 4 < \
. \
- - |
‘ ) \
i N
) J .
: I
’ . -
' »




-
-
°
o
. .
“
‘-
| "
)
|
|
|
|
|
|
|
|
i
7
|
|
|
.
.
3
PR
.
Ed
i
-

-

Variation o

withr H

~

{ -

"

t\%‘

r

ates

.

N

4

o

.

appearance of the “-bromo-4-pyrimideones

* § 1 ) |
!
~.1h r.en oL R
. v
A .
. i("
/:
—
e N |
-
. )
I




e
) derivative to Q.45 for the 3-methylated compound (?i;.é J.,These -
2 - '/, , '?'...
values camrnot, be interpreted q%.xtitat,ively since ‘“ie acidivry f i0n8
Sy, Y ¥ '
.appropriate to thesé derivati?es arenot available. iowe.er, -he/Sirilarity °
b ¥
LN .
in the e aCAdlL" dependence of ,the react<son rates suronpnly supgests tnal -
“ ! . . v ) “ .~
the parjent. pyrimidine and its li-mevhyl de*l 'a‘ ives underg' reaction by .
essentially theé same mechanism. : ‘
\ ‘: :
; Ty ' "
~ . . N C s T . - ' . .
. The alLsende of’a signiricant 1% .dpe effect {or tie contversicn of I-
,:.' . S e ¢ )
deuterio-+2 (R1=H f iei‘lk“/k: = 1,5°) ard i—deuveri -}2 fhl=h2=3e)
- \:s X J
(kH, - l.F?) o g (hl=ﬂ or Me® 12=K )~§*;ges€§ that yhe loss of BH )
[ 4 -
g 1

is either only partially rate-determinirng, or thav the Jdeprotonaticor las

an early transition state,, -Fu:'w;emcz-e. the rate of Urmatdion of 3

.

is signiricantly retarded in ujSJA {t1.e rave ¢ appearance o %3
N . -t
) . -1
(Hl-H.H)nHe) has & rate constant of 1.3%7 x 1f sez -in 2,100 uasu,
4 < S

s s \ 0 . . 4 L ~ . .
(average of four determinations), frox whieh ki, - ®  =1.%7), implying

« -’
that the rate ceptrolling step either invelves & soivent molecule, or Is
\ s ' Lo 117-110
\ preceded oy & kinetically important proton transfer, or pessibly both - .
. ) N s '

-
-

The most attractive rationale for these observaticns appears Lo invelve

-
-’ attack of water cn £2 to fom the intermediate i<, which, after

4

. ; protonation and dehydration to £3, conwerts to FC. For the mechanism '
shown in Fig,5 (p.ik), = © - ,
RS - ! ’
_ ) a . ; L :

. ale8] u - k(621 4 h 1593 -‘k» 2Ty = kg L)y a K
- , dt -

.&nd dd:" o Kyhglgad = (K + ko)ig2)




where hy and hy are defined by the equations q/’ -

. . - L4 N — d\. - 7 : »
hX f - log h and HY = ~ log hYZ’

)

x ’

and where HX and Hy are écidity, functions ap'propri'ate!t,o the conversions

£8 > $2, and &8 - £Q respectively, "
If &2 and pg are progtht in steady-state concentrations, =
4 o : /3*.' / ‘ ‘
' ~ -7 ky (621 + Kk, [£0] A . .
~l ‘z‘ » - N . N
gg- = . / A . \ -~ - (2)/
’ : Kby + kb Lo '
- zr'tx 3 1 : . . ) ~
: K hyl42] \ ‘
' and ' £ = 3f . -~ - = (3)
ok 4k :
( -7 L 5 - H \
T i “
\ 1§ the rate equation is given by - e
' . ' (V.
. ' N i ) * ' . \ = .
SN rate =k ((62] + [gLs) + fﬁ_’;]) = kglga) ---(4) -
// L . ’ . ) k h ' N ) -,
, . _ . Kykgkehy
or . k .= ) -~ - - y
obs - (5)

kJ:(kL+k5)+k (k, +k)+kh(k +k)

La
. .

Now,al 2hx >> ki, ’.f unéer.equilibrium conditions [£2) >? {522,

'\f
L kikk h . ’
S om ) l 3 5 Y ‘
and k, - = — . === (6)
e ) i KZhX(kA + ksy + k3hy(kl + k5) ' k . :
T A ' - -‘l“
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K . :
1f the acidity runctions ~appf6;§ria*,e Lo}f'yhﬁe formation of £2 and £9 from
o o 7 o,

P ‘ ’
ie. ly = Hy, the eqn. L4) reduces to

.

68 are identical,

%o Kok, ‘
ko= 1o : - = (7)
L8 ¢bs R ‘(' Y ) " {k + K ) ‘.‘
) €U, ¥ K5l * K4lKy + Ky .
' ’ b ° ) Toeos

.

, results, and

- M . . "l,_,-—:
~a e .« s . . - Sy .
On the other nhand, ¥ hv’ is more sensitive to cparges in acidity than is
) XL B A

* b N . .
H., am inverse dcpcz.iienc\e 2! rate on acidity is o te expected., A ,
¢
‘\\ ' - ¢
guantitative evaluation ¢ ‘the data in T;\ble " (p.b,§~) cannoi be made on

the basis of eqn. [r) sirce values for Hy and H. are unavailable.
q X 1

However, +the

above analysis gualitatively accounts for the observed

it is concluded that the reaction follows the mechanism

outlined in Fig. § (plad). -0 .

L Y

Thus, the bremiration ¢f 2—oxo- and 4-oxo-pyrimidires proceeds via

essenfially similar mechanisms, [pitial attack of bromine occurs
rapidiy on neutral covalent: adducts to lead to stable tetrahydro- or !

hexahydro-pyrimidine intesmediates, which underge slow elimination to

with bromine

yield the substituted products. These in turn react further

to give dibromo-pyrimidine derivatives. The kineties pf this
s a

Ry

e

L
n;hi't‘t‘er

5

reaction have been measured, and are discussed in the Appendix {p,30):

Y
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120 . .
v . Uracil . ’

.
b}

Owing to theiy biochemical importance, the reactioﬁs(of the uracils ’
3 : ' 121
(19) have ccme under extensive investigéﬁion . ‘Larly studies on the
bromination of these pyrimidines have suggested that the reaction .
122-12% .
proceeds tc the dibromo-derivatives &1 . 11 was subsequently
. . X 53,105
proposed that under s;rmthetic conditions uracil and l,3—dimgthyl—
53 , o ‘

» uracil react rapidly with bremine to yield intermediates proposed to
R - W , ) .

. 'bfe 147, D, widch convert to their corresponding 5—bromo-:zracils. These\

. ' r
- in turn react rapidly with bromine to give the 5,9-dibromo-derivatives
. * .
e "84, wnich revert tc the S5-bromo-derivatives under the ‘influence of
s : Sl
streng acid. This view was criticised by lMoore and Anderson  who -

) [y s - j - . ~ .
found that whereas ],3«dimethyl-uracil and uridine (19; Ry=ribose, R2=

. H) requ,re equ-,a ent quantities of bremine for ccmplete react,lon as

-
- ~

detem,ined b;: spestrophotetetric and potentionetric titration in an .
. : i S : .

s agetate :burfer sl i 4.76, uracil itself reacts rapidly with two mole

[

equivalents of breming, The difference in reactivity for the, latter was
]

attributed to the dlrew formaticn of the )—bromc-urac’l oA, and its .

@ iy

.

"subsequeni bromination Lo the di‘cror:o-—derivative BlA, the ultimate

conver'sio:} to 5-brom o-urac:Ll belrg aLtnbuted Lo the bromination of -
ur\acil by th e d&brcmo—denvau‘«e Pl.e‘\ %}nder m»re st,ronglj acidic

\\ / 3 . _
conditiors, howe ver, the mtermedla‘es _& traj be dquct,ly observed by :

p.m.r. spvc* ro&p_, (p. 5&) and it Seens lzkelv that rhe pxtent. of )

bromlnaumnf of uracil-is depemdent upon Lhe acidity of t.hg mdimn.

' ) \\ % . ~.0

,
( R '
-

* i

.
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Az by =it,=il; By R =He R=tl; C: R, =H R =Me; D: By=iy=le .

Confirmation of this is available from the titration heraviour of the

xY

uracils with respect to bromire in both strongly and weakly acidice
solutions. These measuremenls were made by addirg aliquots of a selution

of tromine tco measured volumes of substrate soluticn, ine @bectrum of the
resulting solution being scanned irmediately after mixing. The usual.

titration procedure which réquires increfentdl addition of bromine
. D .
to the reaction mixture could not te used, since any S-bromo-product
1

79 formed during titration would react further with bromine, Isis is

.

‘of particular importance at higher acidity, where tne rates of formation

N . .
of-74 are large enough Lo cause significant error. ‘ .
' N T 3

> ' \ ) .
Dats obtained from these méadurcments are surmarised in Table 7 (p.52).

‘For the N-l ‘substituted uracils, the long wavelength u.v. &bsorption bands

collapse smcothly on addition of equivalent quantities of bremire.
o L
For 3-methyl-uracil (as for uracil itself) . steryise addition of °

bromine in sulvents of'low acidity is accompanied by shifts to longer
. | ' ' —" .
wavelengths as well as by decrease in absorption, suggesting the rapid
: A . '
formation of 5-bromo=3-methyl-uracil, and the simultaneous bromination

ofb3-mephyl—uracil and S-bromo-j3-metnyl-uracil. At higher acidities, both

v o«
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Results for the titration of the uracils with bromine
- S
. ' \
ref, - ’ . i
- [Substrate]: [Br2] - , '
e Low acid High acid
. (< 0.1 N H50,) (4.00 N £,50,) a
., o4 b
Uracil T 1:2 1:1 - ' 4
\ 1-Methyl-uracil 1:1 - :
, ) N '
3-Methyl-uracil 1:2 o 1:1 |
« . 51* N LT .o s
1,3-Dimethyl-uracil } 1l:1 -
. - 51" { . 3
-Uridine trlel - "
6-Methyl-uracil T 12 - )
oef
' -
. 2 L
, | . . .
. = °
o :j .
!i 1
{ )
L ‘ I)i
;l *
A !
B i *
I f ) // { .
. ! . // ' e %
. . S ' " . ! '1, v
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.uracil and }-matuyl—uracil react with only one equivalent of bromine{'ni

s
&
.

change in wavelength beiny apparent.s This implies thaz{where K-l is

substituted, or in strong acids, where in some invermediate it may be

> : - ¢ s [ X 1 4 2 s
predominantly pretonated, rapid cenversion to the S-bromo-derivatives

is suppressed. - i

\

‘. ‘ K]

,
L ‘

~ B

The rates of Appearauce Of the S-bromo-products 72 from the adducts T4

were mﬁasuxed 3;echJp.o Lorgughcally. AL constant acid ¢oncentrations,

.

§ . . R nJ . .
first.-order kinetics were chserved, atd the rate ccnstantd listed in

Tables & (p.%) and & (p.% ) were ctiained. These data are plotted

against (H, u *7 in Fig. 7 (p.9%) and tre acidit, funetion HC in Fig. 8
(p.57) respectively, ihe lirear dependence cf‘the cbserved rate on
. I - -

! t

acidity suggests an acid-catalysed elimination from i Fnrvuermore?
the, observed iso.upe efiects {,.32 for deprh-guatlow-~r0w TLa and 3.42
for loss of 54 in 74D) identiry tie cleava e of tte O, = H bond in

the intermediatec 4 Lo te r Le—detunnining. N
( -.
These res“lts are in good genexal ayreement witn Lnose obtained for

the dchidra‘iou of uracil pﬂoto‘"dratcs. ihe reconstitution o
o

dimsthyleuracil from its photohydrate is acid-base ca:alysed , and
’ N '2 "‘l -~
in the acidity range of pH 1-5 oeccurs with k = 3,24 x 10 M sec at

. «C
20° agd with an activation energy of 22,4 Klal mole . Similarly, 5-
methyl=b=hydroxy-di! vdru-uracxl 82 (Xs ﬂ} which was prepared by the
2 ’ .
reductiyn of 22 (XsHr) , decomposed to thymine (*~methyl-uracil) with
,.': - . e

g3 s .
Structures on p, 58
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Variation of the rates of appear;:y‘of the 5~-bromo-uracils with [H30 ]

<y
¢

v .
3

K
./
/

. ) E-J )

H.SO (N) [HO'] (M) ‘ k x J_o3 (min™) '

2 4 3 y . \
uracil § - l-methyl _3-methyl 1,3=dimethyl
_ ©  ™uracil uracil uracil
A ’
) s & .
. s '

0.106 0.056  &]  C.483 ' 0.826

0.250 0.135 C.656 - 0.405

0.300  0.160 0.681 A W v 2 ,

’ e : ‘ A 4 . . . -’
. 0.500 C.261 C.e61 - 0.498 ; L6# & 0.907 :
- 0.700 0.361 ' JRRN 2.06

. . N . \ ) . .

0.750  * 0.38 0.987 0.809 ° o 1.5

0. 850 0.436 . 0.908 1.4,

1.0C 0.511 } 1.15 - 1.1 . 264 . 218

. ' }A

{ < —

- Average of two detersinations ' l

b od 1] .
v -]
_ . Ci N (‘(




.Variation of the rate of appearan

N\

K x 107 Wi

c\\of the S—br‘émo-ul'agils with H -

0.

~ -

uracil l-methyl 1, 3-dimethyl
uracil uracil
1.20 0.0 | L3c . 143 o ohes 3.1
1.60 | =005 | L7 C 5.08
’ A!; .
2.00 -0.3C 2.11 3.28 b.61 7.16
‘. i b’c
' 2.12,
2.40 ~C.43 2.5% et 10,54
3.00 -Ooéf 3-76 é { ié.q
3.60  ~0.78 4,83 114 13.1
— d
4.00 ~0,%9 5, B8 154 ° 17.7 37.1
‘' b,d b
1,36 . 10.6 5
F) X . ,
©a 4 Jb _ R
Average of two determinations unjbss otherwise specifiéd; refers to the
o . , ) q : d te, o
. S-dguterio-substrate; single deternmination; three determinations
4 \
N ‘
L] l ‘
» - / |
: »
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. :. cl ’ \ + 3
N o 2 ! . R -
: . K. v S . ’
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f’ ‘, : . P . .
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; "" N ' o ‘ . . . 12':( . : 3 -
T . a half-life ¢f approximately & nours at pi 7.2 . 's"hig finding appears , . .

to invalidate th€ propesal tha vre An&olht" Lo de'et‘t p}nct ohydrates of -

. ‘ - . - . 12. ¥
N R A- a . « o, -
o . thymine id a ca :sequence.of, the rapid reversal of the adduct rf’ ()\=h) .
. M . \ . ‘ , I ]
r ! Y ' N

A

. \ R .
ithe sirmilazities in fsorcope elfec ‘beuwee the del:; ticn of the -adducts
! . < .

L L . ) “&\:dl\“lﬁv‘av.-u,tg—_.v‘,_.i‘v “4““5“‘“ N t
.o wbtained' - from Drw‘qau{,.. ard 1rnas ﬂi‘%"& “t"""u f‘v’o“'anywa)mn Lurt,her
‘ .

illustrate the rela- e:d mechanisms involved in these Fr\:cesse.s. “he T

uridine  reverses 1.7 times as fast as ils rhotodeuterate °

L ’,20 . )
-+ P
av a pioof l.n “and k.o 'k, for the puetelydrate "Pacflo“ *is’ .
. x -~ — —~ ~ - -
' - T “2' - jc ljla - ) -~ r‘
f‘ 'Y measured to be (., . wacker ard vlrers. ¢ }av‘e observed signix‘icant

] .- -, ’

. igotope eifects, for wne aromatisation of ,«-deu,erm- or Lmuo-uraul
T < . S o - Y;:" ]

b photohydrates.and recen‘t, s:udives on b tasercatalysed ,desuu‘opatiou of

- .o

£3 k\ave Shown, Lnay 75 is couem ed Lo 1,3-~dimethyl-uracil 4.iC Ln.mes
1327 - %'

- 1as*e*‘ tﬁa‘ 'us )—deq?erlq—qerl.ahvs . . '
- ¥ < ot
t - s . . ‘ . . >
‘l( L . N LY ) ¢ - N ,
Coos L. . . ' 4 ’
4 I Examination of r.’t 5. 7 (p.5) ang * (p/"/) shows ths'. tiese rate profiles \
] ‘ 57 ' N o o P i 9 ¢

. . . 4 N . PN . %
nay be categorised inty two diffetent classes wnich are'differentiated
» i °

() ) # ad
,by the presence or ausence of a msethyl substrtuent o5 HN-i, £lass 1 J

. ' .

pmflles which are corpriged cf’ urag l and % S-tiethy l-uracil aré B e

b’.

T O
. ’,"L ‘..' A
-
.
£

L}

. f . 3

characterised by large pZsitive intercepts on the ‘[-’-a.xis as shown in

3
Ve
. w'e

Taly
Wy \ : »
o ¢ ¢ . - '
. “ . . » -
« - -
e v-‘ 2’\ R ¢ 5 !
L ’ . e .
" 1
. - ),
7 ‘) .
\ L] * o he [
N P




-

Fig. 7, "2nd have similar slopes (é.j}xf\or Winy and 0.4 {'or ‘_g_i_tC)

against-i_ in Fig. 8. The presence ‘of tbesa intercep S puggest.s

I - > . L s ’ ) )
an acid independent process e, S ' .

. [ Ny .
\ | ! .

.asc & proefiles appear Ly int e"sec‘, with b..e_posi':ive 'nydronium ion!
. Fi ~' ~ . "
axis in tig. 7 and tle slopes obvairned frbm i g g afea’ comparalle

K

':.agnitﬁdc e, l.l4 for _}‘_z‘z:’ aq.r.d 1.0 for Zav. The.apparert regldtiive
“k, . * - , . - .
intercepts ir Tig. 7 suggest a srall contridbution :x\:z a process*nav
' ; SR v TN
a nun-linear ratq dependenge on acidit}. iunls may easily e explalz:ed A"

- '

additicra ermediates such

s 3

raken into accaunt. Thus, : Cl

itf-eliminatiom™rom botn the cation if and tne dication
. ® .

corsidered, ‘then ‘ , : . ‘

. . - " N "~ “

T rate w kg (100 4 (253 (28004 1223) = kI 4 RpiDY) =

c e At - e vt / erut ’
i ) 21T F.‘ (" P 1o " (23 .
. where f., = : (n ™ " .
. 1 - ’ « - 3 :
TS T T :
. < *

. , . . ‘ . ¢
and kl and k.2 ;repg’e‘sont the rate constants deTined in Fig. g (p.t’z@)‘

=<
(V] - , - e »
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o . , . 5 +
N (761K, . f203 Y T76 ¥, TH 1) T kol 761 (HT] )
’ - + v, 4 = L, 1%
+ E . i == , L
& .
¢ \ kl' ?;3{}{+} + ’,-:22‘1“44"12 ! ( y
ie. k = - -9 (R
cbs o g WV T ‘f"‘ ¥ v l.).-&--z v ¢ +'{2- .
- . K&hguzgy ulhjlj T+ “2h3kn P4 ﬂl‘H 1 \
5 ' .
. e ’ ".."J o
1 " f‘ v )

. : ST 4 . ol g1
‘Now, Ky, Ky or hj‘ﬁgviﬂ jiéggnce wnder the present conditions of aciditys
NS :

: . y . : . X
P »e S —~ - . o . [l -
it is probable-that [7&] " (747, ?_._ﬁ} o land T e PR
*
o y . . !
< - ’ " . & T O _—
3Thusy LR S 0 P N R SR R S ) ‘
& - . :‘ g - S ~ s -~ e
" -
83 rd

- and k , = + " : N o (a}

L
.
1. -

\ ha N4
IO "‘ [ ‘:". . . Al
_ Rate copstants poverned bLy the above equaticn Would show.a linear as well
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maskeu by Lhe water reaction on /
The rapid fcrmation of the S-brorw-derivatives 744,C during titration /
with bromine i: weakly acidic media cannot te raticnalised by tne /
o /

R Con //”1
dehydratici kinetics of Jua,0 or THA,C, and ‘leretore, an a}Lﬁrrate Lo
pathway rmust be availatle. T“he absence ¢f sudl. Letavour ror the Nl
substituted derivatives suggests thas crversion to 73A,C
dnvlub titration, occurs hrougn inlesmediates sucn aifli‘ However, since
the decay&kinea;cs of TUY,C are o siow t- ac® it »Or such benaviour, -

. v . '
' >
the rapld cenversien to TOA 0 m dN o the breomine present s
2
during titration, Consequeldliy, trominewmust initlally catalys
deprotonation from A0 Lo lead Lo the f<hromo~corpownds 2040, and (Lher
A b £ b
react further with (24,0 to fopm the £ f-ditrome—derivatives #iA,C.
Although the nature of th%gggata:ysis is not ewident,from these studies, \
"1t seems likely t:rat tha attarck of bromfne cccurs on the nitrogen lone
Q@ -
. > : ~ oy . ) . [ ' AN vk y ’
pair of the enatmine 7' to give the transien® Li-bromo-intermediate 84
( ' > \.‘ 2 1
AL, wilch r&pidly armatrises to 7UA,C, owing to the increased-acidity
)
of the »! dr en aton, 8s shown in tne scheme on tne [ollewing page. s
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The ahsence ogBuch effects av higher acidivy fp. 52) implies that the
‘ £ Fe 2 3

intermediates 7\,C dare prodorinantly protonated, le,
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and Ky > K“, and the expected 1. titration resull is obtazned

Finetic measurenents mdde at 4. 00N \?T. under condxtxons where the
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concun;Latlon of bronune exceeds txat of 1A, snow a sloy decrease of
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the long wavelen;th bromine‘ab;orption band as *he exceds bromine is -
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consumed by 7ul as the latter is rormed. The rate of tromine disappedrance, ‘
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been pasLuLated in the gas phase bromination of pyrimidines
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lhese conclusions appear Lo te appllcaxxn'~u otrer prrimidine derivatives.
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Thug, both.wegtesine and orotic acia rapidly consuwme wwo mole equivalents
o a : ’

of trumine durln;)tlbra'xou in tutfered aqueous acids ~0 pu 4%
However, tie adducts initialiy fermed -n Mrominariom of tre
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“fhe introduction of a “=methyl group o *he uracil ringe considerablw
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compligﬁtes its mechanism of brcﬂlnatzon.~ndaz ion of bromine oo

sulutins of ~-methyl-uracil. . fp.+# ) in sl Lodrs > asid le 2add <o Lie
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forration of s=bremo-c-rethyl-uracil - %oy g“reg Qi irtily dirferent
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" uracil with bromine leads to e morno-bromo-derivatge ™ wnich is
sugééquently brominated tc 92, This @n turn sugresss tha% S-methyl-~
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s rapidly to be followed by n-aiventicnal speciroptotoretric technigues.
. * However, the ﬁ?c‘ud process leading o the formatie of 73 1s easily
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simplé parallel reactiors . flso, since [ﬁj?o = [ﬁi}c = (SQJO = O}

"Je. the initial ccmcentration

ku:k
K |
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k}, but leave k
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prcecess &2 >
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assvclated

L.
2.3%

.the 4-methypi-

philic substitutiion of aromatic and other unsaturated systems

¢

" and ir ®ll likelilced arlse from similar origin.
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is also expected todbe more reactive than 74 on.the basis -
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. may be calculated from
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rually unaltered. Thus the isotop@=effect for the
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cbrained trom =, the above sclieme may be treated as two

g}y te compared 1o similar sffects which are operative in the electro-
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egn. {1C). In spite of the errors
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Jhe qatacrepiried 1. the present, study enable & quantitative evaluation
e

<
- N 3

of Lt nechadism ¢! broginaticr. of mono- ard di~xo-prrimidines to be

) : ' . . e

maae, In agueous acidic media .t 2~ and L-pirimil res widerge halc-

. .
. N . ' . ' A - . s . 4
. g£enali-m ta way oI neutral c valtent hodrave ¢ropseld -r8se species
“presers in very low equllicrrum o ncentrat.ons. [ne crarged lrterrmediate
: . . , ) ¢
obrained inmediately aiter Lie &t tack of "eiectroyi.ie may deyrolcnate.
directly fas in the case o l-metyies-purrimiz e and femennliuracil) .
) - s
Lo e S=promo~denivative, or mac te acted upon browater Lo lela an ‘
3 S
- ; . ) ‘ . L A
identifiac.e adduct, 5o conciusians may ve drawn Urrove "..r_-a:.:xj.@id:'ox;:-
" ; .
® Ed . -
< prrimiding srstenm, where the © oAt pn o0t taneossoenodaceT OCCUrs LoD
e . [ .
K ¥
rapidily Lo aiilow reasuferen? L, oconvent,.ona, teri,.gies. o
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A eogoun A 'ty g o : ~ vogtyruer i dir 0'.:70 Py
A measure of tne antivence ol Lre - X0-e8ulgtltuch 1n A‘ECvlub LI ~
. ' ) . » .
reactivities of thege irtermediates may be obained by corparison of the
e S W i&le 10 fn o1) lis:
rates of formatich ot the f<brono-rroducts. idnie 1t {pl 93) lisus
9 ¥ T
representalive rate data for tie substrates studied under comparabie
. . ‘ .
cenditions o! solvent acidity. Aitiough @ guantisacive correlation .
L ar i ’, .
cannot be achieved cwinp tu the differ=nces in tt«w dependence of the
. L4 y . -
. - hd N . PIT— ~ .
observed rates on acidity, these values illusirate the stability of the s
- f
v / » . o 9.
intermediates relative to cne ansther within an order of magnirude. Thus,
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it is easily seenc tial the presernce of & carbonyl group alpnd o fH in
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7 (derived Irom o-p

s, ol

3
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. .(from 2-pyrimidores). . '. . - K

The similarity in the raves of formatidn of the l-Lromo-deriva&tives of [

1 ’ - - »
t

2-pyrimidone and uracil shows that the presenae of an ‘addi:iongl
» . . +
carbonyl group in 4_5 does not significarmtly aid tie dcm’dra‘t,’ion

step. This in part may ari;se from Lhe increased reac.ivity of ,3

over T4, by virtue of ‘s passnsam Lwo 5)0 emi*al sites of protonati‘ox. ’ -

o '

. ‘Homver,' such effecls &I"\klk"l}’ to e srall, ard 1t segems more.- probable \

o t,hat, the rate enhancwg effect 01 tne cartonyl greup in 74 is more than {

« -
. . . .
v 0 Py s 3 * s s . . . * ’ L

oif.set by its rate retarding contribution in raising tne equilibriu *

- Ll
‘e - [y *

constant ¥,. . _ ‘ .

a4 »

’ N N Q

rha above Lre)/ds are well ulusuated by t,he change in isotope effect .,

(kH/k for ‘aii)@mt,h al'\ezation- in st,ruct,ur-a. These va\lues ars) sucmarised

\ in Talrle lc (p. 24). ‘Ihe pol‘ahsat.lon afr forded to t.h§ «,5-:% oon_d by the .
. 3 . v ? , [}
carbonyl group in 48 tends to favour an early transition state for the o |
. ) : B .
». . deprotonation steﬁ, and thus the isotope éffect obtained for 42 is '

RS

L4

“c significantly less {han the corresponding value for ;3
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- -Isotope eifésts (at the 5-position) for the formation of 5-bromo- - -«
- pyrimidines from their corresponding monb-é@omo-pyyimidine adducts. - i
“'. . . ' . '\ ] .\' ."‘) =
SR o
t - ' -

4 -~ . : ' :
5=bromo- . kH/kD ' . adduct - . .

L4 - ’ -
-
LN
-

: . . *
132-dihydro-1,-dimet}iyl- , b.ol - : 23 (R, =R =Me)
2~oXo~pyrimidinium hydrogen, -, : .
sulfate L : e

& o “ ’
¥ # b

; N -v N ﬁ : s ' ! 4 . r‘
3-methyl-4-pyrimidone 1.58 sv 1 bR .(Rl-=h,R =Mg)

o *
H . -
1,4(3,4)-ditydro-1,3- dosr ‘ &7 (R =R =le)
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\\ - ' . v T .

A o

' 6-—me t’hy‘l.-‘d_‘r'acil b 2 . 33 g , ¢ §§ . o -
; ’ “ N g.‘ N £ Y
Y, o ) _é N N
. 1,3-dimethyl-uracil B N I S/ (qunzeme) o
N R X . L . e *

\ \ . ' , ,:, ‘
u N . & . :Lq . '
\ o ' . N ) :
N 3¢ A - s . oo ) .
Structures on p. ‘94, “p. 86 - o . : .
.y ’ A ’ * > © o
’ A T
& * . ' . © .
, . . .
’ »
. .
, s
L} .




' 3
Finally, the reversal of

»

the dlbrom-adduct.s a2 and G2 obt,alned from

6—methyl-—urac1l and /4, O-dlh jdz'ox"-p 'rlmdlne respecmvely are ;umllar

in nature

[§

'close.LV related rechanisms.: CO:“paI'lSOn of the

obtained in 1,00 1i 1,80, for t
-1 -1
and 98 (1190 M min

As in keeping with the *&-dikelo

) shiows ‘that

/

/

-1

Lo the deh;;drat.un mechams 3 dlBCussed above, and proceed via

umolncular rate const.ants

-1 ,°

debrc .J.nat.ion of a2 (0. 2/ M min )

the greater react,ivit,;»/f/ of the latter
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ine Z-oxo-prrimidini
3

2% and 37 respectiv

. -
accoumpanied by loss of the u.v. absorption bands of the substrates. In
tle former case, however, 33 undergoes acid-catalysed elimination to 35,

ard riretic-studies are oémplicated by the reaction of the ridal product

ested that the salts o;\i\ggfindqige 12 (p. 9)
. |
remine through the covalent adducts 13, A similar

ed to be operative in the bremintation ofwthe L-

»

1). A kinetic study of tlese reactions was

,disctissed in the mesent section,

~

1IN ’ .

L=

N o
.

Tl

* o . S

™~ . .
un sails 12 anq‘}; convert rapidlz to the adducts

'

ely on addition of bromine, the rfactions being

.

3% with bromine. Rate measurements were therefore restricted to the

conversion Qi 3, to 3

assumed- Lo be of kin

In media of acidity

K

betwszen 34 and bropine is not obtained. Consequently at thase acidities
9 .

o) -

3°, where the internediate 34 has previously been

.

2 ‘ »
etic importance,

greater than 14 1 ﬁzsoa, a quantitative reacticn

)
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1acidi_tly‘ function derived- from carbinu(- carboffium ion equilibria. , | )

.

1]
subsirate, !n vthe acidis
/ .

proveeds -to completiorn, and !
v .

crder rate law with, respect
<
excess, :

N <
P '\ -

s K . . . R ° : v .
The concentratiocn of i was maintained in 7-1Crcld excess of that of

-

13

bromine, and the 'initial sibstrate cocentration was taken to be
(1223, - [Br)]ﬁ) in order to more closely realize first-order cckditions.
Second-order rate constants &) were obtainsd fromplots of kots Vs,

([}i](\ - [ﬁr}}r), and these are presented in Table 17 {p. od). The

- 7 ' [

acidity deperdence of these ratesis l:kely %0 arise from the effect

.
.

of acidity on the bydration eguilivriwn g 2 5, ad the data in Latle

.- ~~ -~ - - - .8 [} -

12 are consaquent ly plotted against the aciditi»function % ‘(H  is the
q v p h ) A v - -
: - RERT a3 141

. 3

S M 3
A . ) '

in Fig. 17 (p. 100). ' '
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If the reaction proceeds via 34,

be apphed to 3_‘* (s:mce the equlllbnum 32A = 34A has pK=3 08 ) =Hence,

.‘ . ) r~ .
i oodlas] k1390 - (k(HT) + k 3(Bro 1) (4] -
' dt

: L k135

) ie. {3_&3 = T - = i
~ » ko[H' ) + ky(Br,7

~
1
¥

’
4

-if‘kz[u+] > kyliny],

T, .

" kq(35)  Kof35)

, [ﬂf] = = [
© T )
. . & .
N wher_e K2 = ~kl/k2' , { " \‘ j
N ince ~d[Er,’ Br,7J
s ‘ow,’ since |d€2_] - l’cBY}_A][ r»], -
s e oo @ k K. :“

. ° % N ) ‘P k ‘ 3 2[31.’ A
Dbs LH :} e . .

. A L 4 N

. K
‘ \f
.

a

o

dnd the obsérved second-order rate éop;t:&nt ko= k Kz/[H ]

L4

‘
, . .
* }

then Lhe steady state approximition may

The" e.xpermem,al results are consistent with t.hese equatlons and support.

" the meghanlsm pxk‘posed on p. 98 Extrapolation of t.ha data t,o HR-O for
\ 6 —l "l
the dmeth,/}z d“r‘ivative 34B ~zmlclzz: k3 =7.9.x 10 M sec . Rate constants
.0 1;52
. for the

bromination of arapatic amipes,

Ve,
Ve,
BV orv sy sy sy o

bf this magnlcude have ‘been obtained by Bell and Ramsden
' ; \ %
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N

+. 1t may be noted from Table 17 (p. 99) that the parent substrate 35h

is' mere reactive than 3.B by a factor of ca 20. Thevalues of k. (p. 92) .
v . 4
' ~
for tuese derivatives are likely to be similar, and sherefore, this

.
. ’

rate difference probably arises from a difference ffn pk for trg ”
v 4 . 3 5
. ”
equilibrium 35 & 24. Since, the pfl for the dimet:i#l-derivative 35B is

: v v

3.07. | the corresponding value for %%A is inferred to be X 2. A similar

.. - . ‘ ¢

effect has been previously noted in the hydropen-deuterium excrianre of

30 : - S
2-pyrimidones . ) .

<

—

4=Prrimidone ) ¢ - &)

. C% R
1t has been shown (p. 41), that the S-broro-deri-.atives 72 and £3
' ‘ . ¢ .
. o .

react rapidly axﬁ}- quantitatively with one gquivalent of browine to

_ give non-chromophoric products. Tnese are likely tc be the dibromo=-
. “ .

1 - .

derivatives g4, and p.m.r, spectra obtained after the additiqn of

- . . . . 7 v
bromine to solutions of &3 are consistent witl? the proposed structure Zi.

kS
~

h, a9

©

The &inetic$ of bromination of {2 were determined by measurement of the

» change in the bromine/bromide ion potential with 'a platinun redox
152 . - o
electrode . -Good first-order behaviour was observed in the presence of

an excess bf ‘substrate (10 - 100 Told), and second-order rate constants

(k) obtained from plots of k t;s vs. initial substrale concentration are
o R -

- . %
i

listed in Table 18 (p. 14). . Co
“ - ) .

. v

&

Rate profiles constructed from these d:>tg deviate considerably from

RN ]

# . : R T
. Sfructures overleaf ‘




ideal behaviour (Fig. 1<, p. lC‘ DR 'lha varlatzon of log (k) with pH

al't,hough linea}- for the dlmet,u;.rl-derivative £33, has a slope of 1.&8

* instead 3f wnity. Yurthermore, the 'log (k) - pH plot for 4£3A is curved
A i 72 . ®
a.ppr'axm%,\tel a{oW Lh° px‘ot.o“.,auon pK of L (measurad to be O, Aj) rs

but does xéo?, shcw the expec\.ed invariance Cf rate with acidity at

These effects do.not arise from ionic strength effects sincé -
o . Ly
are unchanged by Lhe additi on of

pH > C.43.

i}
1 HEQOL

0.3 M na.do,‘. ‘owe zer, the overal{. ‘shape of' the rate profiles suggest,s

rates obtamed fer 724 in C.1

reaction via Iree base, species, and is therefore quallt.atively con=-

sistent with the méchanism outhﬁ d above. Thus ar bmmi_natlon oceurs

~on the adduct. 70, it may be shown Lhat = v .

k3

ut ' + '
ky = BoKo/((H] +'xl) -

and

. / 1.

}(B = k3K2/[H+\§ y : " '
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q\ v
. 2 { o
. ‘ ¢ ‘ ‘ ) *
o "A
L +-Table 18 . S s _
. * /} - ' . 3 "
) ..‘:1\» ‘. 0 ) v )
{ 4 , .
Variation of the rate of bromination of S-bromoe-i-pyrimidore with acidity
- -+
A . . - .
’ A . \ .
’ a -2 b-d ., . -2 b-d
' { AN } : ~ - (‘ . e ‘{“l'
}20(.)[‘ ) pi k‘,(c 1 ) K‘: % iC
. . L) +
AN Q_‘ -
oy
0.020 S U - 1.73 . Lo .
C - 0,050 .50 . L.2e S
' . . . LN . . -
0.1C0 tl1.23 C L . 115
' : 0,200 C.96 ' 36,7
. . ’ » * 1” “
Y 0nd R n.R4 SN 22,
D
\ €. 500 5RO 070 , .’ 12.4
1 .2 ' Al
y . 0.8C0 . 0,39 C.470 * ‘
. - —_ _ - . [
©1.00 Ce20 C.h22 . C 4,30
' 4 N . . .
[ .t a o . b e N .
"Calculated from the normality; “k, and Ky, rerer to second-crder rate
. ) ' . -l =1 ¢ - I d
Q;X constants in M sec ; average of 4 - 6 debermlnaylcns;,xﬁ and Ky o,
- L R - . . . 3
inelude corrections for the formation of tribromi@e icn, ie. k;‘ or B.
v, m kogs/{Subatrat,a H1 + 16 x 9.39¢ x 10 ) where the concentration of ..
. - Br~ %as maintained at 9.396 x 10 M, and the ionisaticn constant for the
g . . ? "

Se

. -
e

3 ‘n» (

s
. Stormation of Br3‘ was taken to be 16

153 : .
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ps ]

wﬁére-kA and kB'afe second-order rate constants for the compounds 72A

éné ZQB‘respe§tively. l ) i . . . ’
The dewiationsﬁﬂf the rate profiles-in'?i&. 12 from the bghaviour:
. , o
predicted by the above equations appear Lo.originate from a shall i
P \ -
additional “inverse dependence of rate on acidity. Thus, if the adduct-70 :
« 0
exists in equiligriux?with aniﬁdié species»shch égwiéé, then the reaction
° ’ ~ ® r
of 10& with bromine céuid account f;r the observed inégnsistencies. >

It is difficult.however, 1o quanLiTy these arguments in view of the .

limited data ayailable, and justificaticn for the irvolvement of 108

[}

in the reaction is counsequently not presenied here.

N .
- v ¢
»

. o @ \ .
ov ) .,
3 ¢ .
Br ’
e
NR
. H 22 N
' HOS” N ” : :
Ry @ '
. . CH - S
» -t
. ’
. 108 U
s » hd R » [
. ' 5 R
I ’ ‘
s o )
) h 4 *
. . ’_ﬂ
. . . i
- 4
- . z ‘
' . » - . . .
]
. o s » .
o
. . \
-
¢ : :




REFERER

. G
t=
W

la) D.J.BrSwn. "The fyrimidines", Vol. lé(of "Chemistry of Hetero—“' {

cyclic Compounds", (A.Weissberger Ed.), Interscience, N,Y., (1962), %

b) D.J.Brown, 'The tytimidines, Supplerment 1",.(ds above)q (1970).

' 2) ALR. natxltzh. and C.D. phnson, Angew. Chem. Int. Ed.. 6, 60% {196/)

- 3a) S.4&%eriee. l.c&.‘tbesié, Sir George Nllll&gs Unlverslt,, (107?)
b)° 0.5.Tee and :.béngrjee. Chem. Copmun., 1032 (1?72). )

c) O.S.I‘e’c;a:;c!‘.f.‘.*aner,iee, Can. . Chem., %2, 4% (16874). " '
X L) A:R.Ka{ritzky and J.M.Lagowski, Adv. Het. Chem,, i, 368 (1963).

~

3

) 5) D.!.Brown., E.Hoezrger and's.¥.Mason, . Chem: Soc., 211,(1Q55)}

( 6) S.Gronowiiz awd,u.A “oklaan, Aargiv, Hemi., 16, 459 (1061)\

7) .0 .Brown, Lalure, ;&Q 1010 (1 5350). ‘ »

3

2) Y.Inoue. ..
)

.rurutachi ard «,llakanishi, J. Org. Chem., 175 (1066).

R.:.Stewart and L.H.'ewsen, acta Cryst,, 23
1

23, 1102 (1967).
Y
o, 10) "...Kokko, L.Mardell and J.H.5qldstein, J. _Amer. Chem, Soc., F3

»
2970 (1on1). : ‘ n _ .

. . ‘4 8 . Y - .. i
11) J.P.ENgho, L.Mandell and /.H.Goldstein, ibid., 24, 1042 (1962).

12) A.R.Tarple; and J.i.Coldstel, ibid., w3, 3573 (1971).

v * 3

13) K.llakanishi, N, Suzuki and b .Tamakazi, " bull. Crem. Soc. Jap., 3k, . ~—

53 (1963). S ~ . T
\ ) ~ .
14) -HiFujita, A,lmamura and C. Aapata ibid., IR (1069)
: . 15) M.Uanielé, Proc. lial. Acad, uCl. (U.b.A.), LQ, 2488 (1972)

16) L.H.Short and H.W.Thompson, . Chem. Soc.. 162 (1952).
17) E L‘Tanner Upec. Acta, 8, ¢ (1956). -
18) D_) Brown and T.Teited, Aust J. Chem., 567 (l?Ah)

19) A.R. Katrltzky, F.D. Popp and A...Waring, J. Chem, Soc, (E) 565 (1966)]. ¢ ‘\

~— Lot

3




N
N
s N . .
. , , N
* 0]
[ . 1 & ' !

20) G.M.Kheifet's, N.V.Khromov~larisob and A.I.Fol'tsov, Dokl. Akad.,

| % AUl
lauk. 5,9.0.R., 184, #35 (19i4), 3 ‘
R ¢, !
21) G.M.Kheifets, !}.V.}Khr‘omov-lﬁoz‘isov, A.I.¥ol'tscv and M.V,Volkenstein, | 4

. Tetrahedroyf, :f3, 1107 (1947). ‘
' 22) w.ABO_!LOH, . o

heta Cryst., 1My 176 (16¢43).

23) H.Foster and {.A/Fyfe, Hev, fure and Auplied 1":_(‘;::\,, 16, A1 (19665\ -

L 24) A.M}fe‘m and ‘»'&'.L.!“.Arm.ar‘ego, Adv. Het. Chem., g, 1 (19¢5). \
$ i , "25) D.D.Perrin, inid.,‘g_. L3 (1045), ’ o0 \ - \

©.26) AJAlbert, Angew. Chem, int, :d., £, 910 (19:7),

‘ . 2Ty X-i.E.C.iiil'I‘ix:. L. lsrown and 1.0, Llee, 1. Chem. Soe, (C) 573 (1967)." . ¢

.
- " 28) 1.Viempen, H.U.Blank' and J.J.Fox, . det. Clem., r, %63 (1949). ' S
! ' .29) 0.3.Tee, unpnbli shed result.s, . / . "
v 308:) 0.9.Tee, Ic'!x.L. thesis‘: Uni.vex'sity of East :;.Ilg:ii&.‘ (lOf;’f .
b) A:H.Kaw’iwg;:, !»!.Kirux,’;slandq and J.5.Tee, Cher. Jommr.. JaaS) -(1,95-:), . .
' c); A.!i.KaLrisz:.', M.K\ingsland and U.3.7ee, <. Chem. Jcc. (F), iP5 (1og2),
- ¢ ! *
"7 731) J.AZoltewice, L.S.lelmick. [.M.Uestreich, E.W.:ing and P.E.
’ | Kandetzki, crgr, cnem., 330 1047 (1073). '
‘ /2) J.A.Zoltewihcz . :F.M.Jesf,rc‘ich, '.,‘.E;\O"Hallora:: .and' L.5.Helmick, ’
R ibid., 34, 1040 (1073). |
33) G.E.Mright, L.Bauor and-C.L.Hell, Jo-liot. Chem., 3, b4l (1966). :
- * 34)  P.Beak and E.M.Monroo, i Orge Chem.. 34, S0 (1aga): ‘ o
" i )
. 35) P.Beak and H.N.Watson, 'i‘el,rahedrén, 20,93 (1971), ‘ .\ -
" 36) ‘S.A.Krueger and'w.w.i‘audler, J, urg. Ckem., 4132 (lb?..?). - I |
; ;7) D.V.santi, C.F.brewer ;md D.Parbe;x'. J. let, Chem., 7, 903 (197C). i

+

=t -t

' 38)  J.A.Rabi and J.J.Fox, J. funerl. Chem. Soc., 94, 1628 (1973).

&

39) D.V.Santi and C.F.Brewer, ibid., 90, 623¢& (196R). e
. : ' R - ) # L

' 40) C.D,Johnson, A.k.Katriteky, !.Kingsland and E.F.V.Seriven, '
. Al Fa ~




41)
L2)

O
43)

J. Chem. Soc. (B), 1 (1971).

E.R.Carrett. H.J.Nestler and A.Samodi, J. Urg. Chem., 3460 (19648).

-

5 '
a ! ¢

0

-

EiR.Garrett and G.J'.Vakatan, .. Pharm. ei., 60, 1145 (1971) . .

“E.R.Garrett, T.Suzuki and D..!.Weber, .!, Amer. Chem. Soc., 26, / .
1

Al
k] - ©

k60 (1964). .

~ H.Nestler and E.R.Garrett, .. Pharm. Sci., 57{ 1117 (1968). -

.

o . . ’
E.R.Garret:, .I.T.Bojarski and G.J.Yakatan, ibid., &0, 1145 (1971).

R oy s . % s .
E.R.Garrett and E.Tsau,” ibid., &1, 1C52 (1972). PRSI
3 ' .
1

W.Barbieri, L.3Bernadi, G.Palamidessi and M.T.Venturi, Tet. lett.,

(2031 (lees): T - ' ’ ’ L e
W.Barbieri: L.fernadi, F.Luini ahd G.Palamidessi, Farm. Ed. Sei., - '
24, 61 (1oes). , ’;J ’ | ‘ ‘
Vi.Barbieri, L,Bernadi, ,F.L\i.ini“m_and G.Palamidessi, itid.;” 25, 702 .
© (1970). L ' ' 3 .
W.Bgrbieri; L,Berradi, F.!Muini and-G,Pali?idessi, ibid., 25, 69 ‘
. , ’ .
(1970). o | { S \ ;
J,Mora&ek and L.leseticky,.Coll. Czech. Chem, Commn,, 33,-1352 (19§8). ) ‘
N R . LA
+0.Baudisch and D.Uavidson, J. Biol. Chem., AL, 235 (1925). b2 / |
= .
S.Y.dang, .. Org. Chem., g&, 11 (1957). | ) p . ) ?

]
A » /
A.M.Moore and L.M,Anderson, can. J. Chem., 37, 490 (1959).

-

1, 260 (1063).

— € o’

¢ N

v ¥ . PRITRY
A.Vlacker, Prog. llucleic Acid Res,,

1 b |

. " o

J;G.éurr,~Adv. Fhotochem., ﬁ, 193‘(1968).

A.J.Lomaat and J.R.F_reéco, Prog. liucleic Acid Res. and Mol. Biol.,

12, 1 (1972). e )

A.M.Moore, Can. J. Chem., 3/, 281 (19%8).

A.M.Moore and C.H.Thomson, ueience, 122, 594 (1955). "

A,M,Moore-and~cin:fkbmson; Can, J. Chem., 35, 163 (1957). é, k
‘ , ', ¢ £ *




L6

£7)
)
63)
70)
71)

~e
[P

Vi A Summers, C.knwall, J.G.Eurr and R.L.Le.sinper, Inofochen.

, e : Sy 110

« 0
. .
‘ . \

P
! ‘ L

ilotobiol., 1%, 290 ?1073). ' : ,

[ e

ii.Ishitara, itid., 2, 45 (1743), » 4 ‘
~ ~ -. --‘4 . ) Al \
Puo.Smdth, ibid., 2, 403 (lasl). ) R ,
N » ’ £ \ ] . -
- - » ) Ty T d l A} -~ - had
L.Adman, M.P.Gordorn and L.ii.-lensen, Cher, Cormun., 1019 (154%).
D.rlad, C.Erugér and 6., *.Ocimidt, fiotcecren. Eno*ohial.l'i,'
N . j L3 - *
ISYR AR B ’ 1
L9y (4)’,()0 . ~ A
. * Vg ten el
oy - P v e p )
Ao argiese, Biocrem,, 10.0MA2 (10T1). - Y
e - . ¢ |

Wy e - M « o R A s e (e “\
S.lJwan, rnetocraen, Fnon b ik S, v ol o),
R PN . . L N . W
3.7, wapg and J.Uainadi, Lrems lofmeo.., iler (1047, ~

2 : .

-~ . @

JorJturr ard E.fL.lark, Footociem, i

1 ~ < 4 + ~ . . . .
JousBarr, L.tllark andra.than, . aTer, Ciem. L.
5

{ R
e e ve. R P . . . . - _ - - PPN
F.L.owierzehowslks dand %up@ug r, ac2ta Sionrdm, rolon., 1.3 {19445,

) .
A Albery, "oputhetic .irocedures in lucleic Acid Jhemistry', Vol 2,

° .

Witey, Lew Ybr%,(l?"“)

(W.d. Zorbach ard i.J.

,3)0 ' b
.% *
5, 1o (i0:2). . i
L.u} ‘arshiall and A...walker, . Cnem, Soe., 1l%; (1051).
D,f'.Brown and T.C.lLee, Aust. '. Crem., o1, 243 (1942), .
N . Ct ¢ . : .
A.R.Katritzky and A.J.Waring, .. Chem. Joc., ibid., 1540 (1as2).

Ay b ‘v '
L.P.Harmett and A0, Deyrup, -, Amer. Chem. Joc., 23. 2721 (1032).
* f "}
- Faa

JoF Bunnett, irid.. . 49fe, 4067, L9730 4t (lal), - ‘
B !
K
C.hochester, -"Acidity Fqnctioxs“, Acadenic Press, lew York (1070).

@ -

C.Rochester, Propress it ‘Reac  ion hhnenlcs oy 145 (io71).

~

J.G.Dick, "Analytical Chemlstrv"\\hccraw dlll New York ('1073).

International ¢ rigical Tables, " 3; 54\{1Q R)




111
( | h B

85) C,D,Johnson, A.K.Katritdky and S,A.Shapiro, J. Amer.” Chem, Soc.,

»

e Ok, 6654 (1950).

86) D.d.Beswn, . Chen. Soc. Ind., $9, 353 (1950).

. 87) L.Bauer, G.B.Wright, B.A.Mikrut and C.L.Bell, ¢. llet. Chem., LL7
(1965).

'28) D.d,Brown and J.3.Harper, J. Cuem. Soc., 1208 (1961).

89) R.C.Elderfield and R.N.Prasad, J. Orj. Chem., 25, 1583 (1960).

90) J.Chesterfield, <.¥.W.NcOmie and E.R.Sayer, J. Chem. Soc., 3478 (1955).

91) C.Budesinsky, V.Jelingk and Y.Prikryl, Coll. Czech. Chem. Comm.,
e :

27, 2BEC (1ea2).
{
D

n

92) ' B.J:Brown and R.V.Foster, Aust. J. Chem., 1y, 232 (1966).

93} ' H.Behrend, Ann. Chem., 220, 1& (1285).
94) H.tim, 1. Chem. Ed., o7, 120 (1970).

95) A.R.Katritzky and A.J.Waring, J. Chem. Soc., 30uwé (1943).
L‘S

"96) P.Rouillier, J.lUelmau, J.Duplan &nd C.Nofre, Tet. Lett,, 4189

(1566). ,

97) P.Rouillier, .’.Delmau-and C.llofre, Buil. Soc. Chim. France, 3515
(1566). . - L - )

98) C.Hofre, M.Murat and A.Cier, ibid., 1749 (1065)“‘

@9) M Chabre D.Zagnaire and C.llofre, ibid., 108 (1966).
1oo) A v Katritzky, M.R.Nes it, B.J.Kurtev, M,Lyapova and I1.G,Pojarlieff,

Tetrahedren, 2 3&07 (1965). SN

! L)

101) °D.H.R.Barton, R.H. Hesse H.T.Toh and M.M.Pechet, ? Org. Chem,,

329 (1972).

102) M.J.Robins:\S.R.Naik and G.Ramani, Abstracts of the 4th. '

Internatlonal Conference of Heterocyclic Chemisiry, Salt Lake

Clty, Utah (1973). -\

L




-~

-
° -

, -
! ISP Ve oRPST SRS R R S et il ‘“ \

’ X03) H.A.Lozeron, M,P.Gordon, %,Gabriel, W.Vautz arn d i Du cnhinsky,

. 1 '

. biochem., 3, 19l €1944). . -

g i04) 1.G.Pojarlielf, letratedr:n, 23, 437 (1507),

: . \ .
‘ © 0 10%)  1.Pietrzykowska and D.Onugar, bicdh m, Mioprvs, hes. Tomm. . 37,

i 4 : . ’
) " 225 (1as3),

k4 ’ g -

v ) ~ mn“.,‘“}) - ' -, x e )3 MO A an . I . —~ o

- 166} K, Shapiyo, h.i.oervis and lwWelcter, ., -wer. Jtem, Joc., G2,

St ¢ v $ -

L (). L
P . . >
107) H,Hayavsu, ¥.wataya, r.rai and S.lida, Ziterer., -9, 2750 {i1a™)

10 ) 'n'.'riﬂ;;atsu. Yoharaya and ¥.ral, . wer, Cie-, Joco,, 22, 724 (1970).

109) H.Hayatsu and h.lnow, irid., Lo, 231 (Ismi), . .
. llO)c f.rai, Y.varava and H.Hacarsy, itide, Lz, 27 floml).

111)  iGw.Erickson and Loolearder, inid.,, 4, 27
] : Anole Im

. . . A ’ .

%aue ard MiJeicher, itid.,, -0 \4’7"..).

112) 1. Chapire,

113) I.H.Pitman, %.0.Cho and G.u0.Bori® siia., 10 (1774). |

‘114) " #.W.Chameers, ibid., 9C, 212 Ji3er), 1

. - . R

3

T15) G.Dercer, in.D. thesis, lniversity <f Toronta {1270))°

. < . . - |
s 1

I1s) -G.Detoer ard H.E.fonns, bioonim, Pioppgs.c vera, .S, 1F° {10"(‘)

. ©T

1u7) :’x."{;s/ge Pure .f'\pgl. Chern,, 2, &3 (1%:4,). ‘

v e

"11R)  ¥,Uold, Adv. Ihys. ‘,mg cher., 7, 20 (1a7a), .

LAl ‘ =
-

lownan, "lIsatope Lffects in Cnenmical Reactions',

119) C..1:Collins- ﬁnd“:i.' .

van lostrand, New.Yark (1970).

. \ .
. VR ,
. \ 120a) S.Banerice and U.0.iee, prosented at Ahe S(th. Canadian Chemical
; . O Conference, Montreal (1973). ’ : -

:-b) S.Banerjee and U,S.Tee, Uhen. Commm., 535 (lo74)/ -~ .

A

. ©7121) E.Fahr, Angew. Chen. Int. gd.. £, »7% (1949), C :

. 14
122) H.L.Wheéler and I.B,Jéhnson, (. Biol. Chem., 3, 712 (1040),

S 123) M.Soodak, A.Pircio and L.K.Cerecedo, d, Biol, Chem., £, 712 (To4e).




-~

124) T.B.Johnson, J. Amer. Chem. Soc., 62, 2269 (1940).

125) W.E.Cohn, Biochem. .., &4, 2@P (1956); . _
126) A.A.Baey, A.D.Mirzabekov, V.I Gorshko»a and T.V. Venksgiif, ‘
ku‘) v R
D“okl Akad. lLiauk. S.S8.5.R., 152, 331 (1963). “? Y

“127) «c. Nofre and M,H.Ogier, C.R. Acad.. Sm.., Paris) Ser. C, 263, 14,07
. kg NN
(1966). \ <

128) S. i.Wang, Kature, 1gh, 17%. (1959).. + ., ..

129} }\ L. Ulerzchowskl and D,Shugar, Acta Jlochm Ppdon., 3}(219 {1g%2).

" 130) - A Macker, H. I}ellweg,xL Trager, A.£ornhauser, E. Lodeman%\ G. T\zrck,
R.Selzer, F. Chau&dra and M.Ishimoto, Photochem. Photobiol., 3.

/ . | -

369 (1954).
f}l) A.D.McLaren and D.Shugar, "Phot,ﬁhemistry of Proteins ang Nuz‘:leic‘

i

., hAcids", Pergamon, Oxford (1964). . ° , .

132) R.Y.Erickson ar;:d E,G.Sander, /. Amer. Cnem, Soc., 94, 2036 (12972).
| \ - , .
133} J.J.Eisch, Adv. Het. Chem.. 7, 1 (1966).

. . . o
134) T.J.{ress and S.M.ccstanugpo, J. . Hey, Ghem,, 10, acg (1973)

135) *T. J. fress and L.L.Moore, ibid., 1C, 153 (1973),

e

N’ ,
136) A, A rost- and R.G. Pearson, "L(inetics and Mechanism", Wiley, New

Tork ( 9€1). ? L
1537)‘ M.J.S. Dewar "Hypercorlxjugat.io;i" Ronald, New York (1962) . s
1}0)\ R 04C. ’Jorm&n and R.Taylor, "Electrophilic Substlt,ut.icn in Benzeqoid n:
‘ Compounds" Blsev:.er Arr;b;terdam (2965). - O . K \Q ,
139a) S.Banerjee and 0.8. Tee, vpresented‘ at the 57th. Canadian Che % a
¢ - P‘ Conferenca, Regina (19714 ™~ o ' L ?
b) S.Baner‘)ez and 0.5,Tee, J, Org. Chem., in p\e\ss. ) . +

\ . .
140) M.Prystas;.(Coll, Czech. Chbm, Comm,, 32, 4241 (




14¢)

146) °

147)

14,8)

‘u9)

150)

151)

152)

153)

'(iqﬁz).

-

z

Elsevier, Amsterdam (1992) o

LY

R.Duschinsky. b.Pleven and C.Heiqglperger, J. Amer. Chem, Soc.,

hi

79, 4559 (1057).

M.Hoffer, H.Duscninsk',-d,d.ébx and !, Yung, ibid.
K g, ibid,,

C.Heidelberger and F.J.Ansfield, Cancer Res.

C.Heidelberger, Progz. Nucleic hcid Hes,,

ol Eiol., by 1 (1965)

7

R.Duschinsky, ;.uabrlel, r.‘aqtz A. russbaun M,Hoffer E.Grunberg,

\. s
J.H.lurchenal and f,J,Fox, J, Med,

/

£.G.5aunder and {.L.Deyrup, Arch. Biochem.

Chem., 1C, 47 (1967).

-

N .D. Harr1s Svﬁ{hesis, 625 (1972)!

R.e.Lx le and ‘.Kane. v, Jrg. Chem.,

L]

R.Eolton, in Vol, ¢ of "Comprehensive Chemjcal Kinetics™",

33, 3740 (1973).

Bamford and L.ﬁ%ﬂ:kipper ¥ds.), Eidevier, Amsterdam (1973).
] r A

AF.Cockerill,” ibid.. )

L

R.P.Béll and E.!..ifamsden, - l, Chem, Soc., lél (1058)

R.P.Bell ard D.!,Rawlinson, 101d., 53 (1001) N
. N

f

A\

A~

Tt

5;,‘4112 (1959).
. 23, 1926 (1963).

2iophys., 150, 600

(C.H.

)

11




