- " - i 3

. &

- THE MECHANISH OF BROMINATION OF 4-QUINAZOLONE,
AND ITS N-METHYL DERIVATIVES

v
) L} .§ .
hanshyam Vithal Patil
) . . . 8 B

A Thesis
in
The Department

~

of

isfmistny S

Preserited” in Partial Fulfillment of the Requirement
for the degree of Master of Science at
Concordia University
) " Montreal, Quebec, Canada
. . H \
P ' v
April, 1975 .
s .
[ [ ' v - Tl mw—«:---'- \. i

\ -° é @ Ghanshyam Vithal Patil 1975 . o e



™

.

To my e, Prabha

-



° -
J
-
_—
.
AN
-
.
.
b
L] e
Y .
T
§
o
.
.
A
[}
b 3
"
]
° 3

1 - ACKNOWLEDGEMENTS T

- . .

. -

€

The author wishes to express- his sincere. appreciation to.
Ll

Dr. 0.S. Tee for his guidance, encourageﬁgnt and advice th?oughout

\

the course of this work. ’ \ ; e

s are also due .to Mr, Hemant Powale for his'assistgnce

»

in the prepakation of graphs.

Finally, the author wishes to ‘thank his wife, Prabha, fdr

"her understanding and eficouragement.

aQ .
' ’ 2
[}
1] <
F 4
]
4
1 “{l )
A . .
.
) - ’) .
Lo, , ,
; N
A i
"
+ t M
» i S ¢ N
° . .
. -
v ~ \ o
A\l Y -
i a
- K .
s . .
'
LEN
i ° .. o
*« B B B "
o
i N
L4
.
!
.
1 R .
2
- ) L]
o
e ‘ \T
¢ -
- D n hd
a . N S
~ 4 S
‘a -
v
. \ 3
~ \ ‘
& ~ . o
P 4 T .
« .
: v
l
r N
' . N
¥ ° P
‘£ - r
t b N . 5 .t
\ .
. / /
"
o ° . . “
-
(84 [
‘.
i
{ - t “
L3
o 'y © .
iii ‘ : :
; - ~



\ . mstmcT. . @

S \ v -~ ]

“GHANSHYAM VITHAL® PATIL L )

“THE. ME‘(:HANISM OF BROMINATiON OF 4-QUINAZOLONE 'ANb ITS N-METHYL DERIVATIVES

. R ;
\ - - ;

The k1n£t1cs of bromlnat1on~of 4-quinazolone, -methyl 4-qu1nazolone,

and 1 4~d1hydro~1 3= ~dimethy1- 4-oxoqu1nazo1in1um perchlorate have been

Y

measured in dilute equeous acid ned1a. For the three substrates second,-“

t

' order kinetics are obeyed;’fi}st order in supstrate, first order in ' o
bromine. iCdnsequenf]y, pseude-f1rs; order rates werevmeasured using

.excess substrate, the decrease in bromine concentration being followed
tftrimetrica]ly On the basis of the order of reaction and the ac1dity

dependence of the rates it was coneluded that reaction proceeds via

K] v ‘

'slow attack of bromine upon the cova]ent hydrate (or pseudo base) of
. o R ’ -
- the'substrate leading, by proton loss) to the corresponding 6-bromg=

product. .
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. azo]one have been found to be active ag;mst protozones and

‘investigate the mechanism of, the \iin‘omination]3 of 3u1‘nazolones, Zartly
1

R -
- » A

: . . \ -
GEMBRAL INTRODUCTION .~ '

-
82
T

B - N » Lo ™ sy - y
There has been.much rgsearch done on the medicinal aépects of -

.quinazoh‘nes and theiraderi atives. Surpmsmg]y though very ]1tt1e ) "'

has been done @n the mechanistic aspects--of then' chem1§try

Several quinazolones hav
A\
molecule in place ofé the 5,6-diﬁethy1benzimidnzo]

v v

.moiety The e

- £
resu]ting compounds possessed cobalamine a'ctivity.] -4

3 Hydroxy -4~ Sa
quinazolone was found to be useflil in protectwn aga‘mst X-ray

irradiation damage.s’6 Furthermore, severa] der1vat1ve$ of 4-qum-

* 4

’

7-12 M :
"influenza. , .

<. The object of Mbed -in-this thesis was to | e

~

-16

for comparison with their n()n-benzonoid analo es " pyrimidones..

. The Kinetic expemments on 4- qu1nazolones descm bed- herem suggest that

a covalent hydrate (or pseudo-base) is thHe reactwe spec1es involved ° » S
in the br‘ommatwn in the aqueous acid so]utmhs. v .

-

. ‘e P 0 N .
Such _studies may throw light on the importence of covalent

.

: hydration in enzjme catalysed oxidations, since covalent hydrates

(= - ~

behave as secondary alcohols wh1chay easﬂy undergo oxidation. For

example, the enzyme Xanthme oxidase cata]yses the oxidation of _ =

NEEH

a1dehyel,es to acids, purines to hydroxypurines and pteridines to . -

17,18~

hydroxyptem dines s and it is a reasonable hypothes1s that covalent

hydr'ates are 1nvolved in these ox1dat1ons.
A~

— . "

[y




mgs are potenhaﬂy aromahc.zo 21

* the 'n—e]e.ctron .1ayer S0 s Ty that noma\eromat1c stab111ty is

’ . A reduced 22, 2:’; The overr1d1 - delocalisation of the eitached benzene

o e]ectrons of the_#3,4 doube bon makmg 1t b?ave more like ah 1solated ‘ '. )
A ..// ’ doub]e b0nd' As -a reSJ{t, a wea nuc]eophﬂe Tike wateyr adds eastkly
! - /across e 3 4 doubTe bond to pro uce the catwq of structure (g_) 20 22 O
3 " Electropiii¥ic Subst1tut1on . _ b - f; .
B S Sihce qumazohne (-1) has an eleét n def1c1ent ﬂ-systc‘-:m,24 |
’ e]ectrophﬂlc subst1tut10n occurs with difficulty. Theoret1ca1 s'cudles25 -
based on 1oca11sat10n energ1es- 1nd1cat that the expected or‘der of ! .

T

react1V1ty of: the pomtwns is 8> 6>5 >7 > 4 >2. Asimilar i

. v . 3 .
Voo . s . . : s .
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treatment by Brown, 26 y§rng elect,ron dens1t1es revea]s the shght]y

“~

d1fferent order of reactgwty, 6>8>5 > 73 2> 4 Nitration is the L
"\ 5
- 5 s D

on'ly known electrophilic subst‘tutmn reactwn lof qu1 nazoh‘ne and 6- ,
O mtroqumj«ﬂme is fthe only isomer reported from the nitration” ¢ )
27-29 .30 .

reacfien 'in concentrated sulfurie acid. It was suggested,”™ that

the nitration proceed via hydrated cation (2), bu't: now 1t is known that o

the qumazohne exists as d1cat1on in concentrated sulfumc ac1d 3 and

],f , 3 :
. . so thii dliggestion may be wrong. i - /\
.. g o ' oo -

-~

~ Covalent Hydratjon _ T

éuinazo“h‘ne (1), and its catmn,,( )y rever\§1‘b-1~y add water across A

| : jthe 3,4~ NC doub]e bond 20 21. Such an addition is describeci as covalent ., <

hydration .2~2 ’ . ' | S ."

[+

A]bert and cox"rorkers32 .found that quinazoline is a tenfo]d . . .

-

‘stronger basa than 4-fqethy1qumazolgne Th1gs.°re$g]t* was uns:xpegted since |

- < a methyl group" is base- strengthemng The anoma]y‘was explained by
N .
“the equilibria (eqn 1) mvolvmg cova]ent hydrates (3 and 2) of, -

q‘ui‘nazo'lineo(i)” and its gt‘lon (_{ .




4
Interestirig]y, quinazoline hydrochlori de, (f_)., .whicﬁ adds water

© .

to produce the covalent hydrate (_?:_), undergogs mild oxidation with
acidic hydrogen peroxide to produce 4-quinazolone (22) in high yie.]d.'zo

| ) .

| ) 30

\ ; Il

NH

B N/)

|

|

(%3)

* A necessary feature for cova]ent hydrat;on is the presence of
powerfu] electron withdrawing centers whlch are capable of depleting
the -electron layer so that a highly po]amsed bond is isolated from

Keku]e type conjugation, and its .reactivity is enhanced Thus the 3,4

V<,

double bond in Z-hydroxyptemdme%a' and 2~am1noptemd1ne ~‘aad:manx
nucleophilic reagents. . _ _ o

R ' " It has been demonstrd‘cedn'

thq't‘the neutr:al species of 2-quig~ -
azo]one(S) ih aqueous solution adda\w@er across 3,4 N= € bond, so that -

| /f’ Y about 25% exists as 6.’ S1m11aMy 6- ch]oro 3-methy1 4-phen_yl-2-




5
quinazolone (Z) adds water and methanéﬁ po?a]ently acroés the 1,4
positionsi35
» N

,

Nucleophilic addition

4

In addition to water, nucleophilic reageQEﬁ like sodium
biéulfite, hjdrogen cyanide, alkyl or éry] magnesium-halide ;Rd phenyl
Tithium add to quinazoline (l) to give the corresponding 4-substituted-

3,4-dihydro-quinazolines (9, 10, 11, 12).

-~ &//_

. The presence of electron withdrawing groups ( -NQZ, —CFS) in
benzene ring of quinazoline assist nOc]ebphi]ic addition,33 but such

substituents An the, 2-position in-the pyrimidine ring of quinazoline
\ o ' . <




i , _ German workers

wr

dhtggonise addition. In the posftion.Z, the substituent attracts

-~

electron density'from N-3 and so the polarisation required for addition

is diminished.>° | C - 2 1
, d+
/ - L .
‘ v
- . 4 9 -+
: )

Pseudo base formation in quinazoline and related compounds
37

<

observed that crysta]lﬁsation of the quatéxﬁ;;;\\\
iodide (13) from methanol-ether affords the methano]ate‘Qlﬂ). Similarly,
aqueous ‘alkali upon 13 affords the pseudo-base (15), which in aqueous

acid is converted to the cation (lg).z]




' A1so;'1-methy] 2,3- dlphenyl qu1noxa11n1um chloride (17) upon

')eg action of dilute alkali affords the pseudo-base (18). 9 ' ;
. NaOH=
+/
vk T e CI . - e OH n
'(11)‘ - (18)
, Z .

-

4

The iniermediac& of pseudo-bases in the H-D exchange and ’

“

B ) bromination 6f some quatern1sed pyr1m1dones has been- 1nvoked by &
s . BanerJee and Tee. 14,15,16, 55 56 60 Als& 1t appears that the brom1nat1on
- . |
\Tjﬁf the N-cyano-quinolinium jon (19) occurs wa its pseudo-base (20) - - - S
giving (21) which upon elimination, produces 3-bromofproduét.4o , l
"\
llll' Xy HO
err——ga—
(:::> + . <
8 © N
1 : CN
(19) ¢
- S g" e o A
| = j
< 1 ,
‘ . o (] § kY \
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‘4-QUINAZOLONE

Téutomerism Y — - . . Lt
’ < . , L
N <
NH —_ =
) ) )
(zz) " -~ (23) . (24)

- &
,

¢ 4 Qu1nazo1one (22) ex1sts in- three tautomer1d forms shown

. above.4]

From a detail exahination of u1trav10Tet spectra of 4-
quinazolone (22), 3-methyl- 4-qu1nazo]one (36), 1-methyl-~ 4-quinazolone (25)
and 4~methoxyqu1nazollne (26) (presumab]y in ethanel since the .solvent.

is unspecified), Hearn and coworkers4] concluded that (22) (23) and |

(24) exist in ratio 7:2:1 respectlvely. =




.
—~—

The predom1nance of 0X0- tautomers 15 also shown by the presence of

' 42,43

strong C=0"and N H stretch v1brat1ons in the infrared spectra.

Since th&oxo forms are the predominant tautomers, the name 4-

quinazolone-is adopégh throughout this thesis,

Theoretical aspects

3w
I3

o - SRR

0

R}

-

=~

3 , : ] .
The charge densities of (22) obtained by a Huckel molecular orbital

treatment indicate that the carbon betwéen the two nitrogen atoms is-

positive.‘&This makes' the 1,2 Boﬁd very polarised and thus position. 2

.18 -susceptible to the nucleophilic attack.

Nitration

qu1nazo]ohe (22) produces the 6-nitro der1vat1ve

950 47

- Electrophilic substitution' e ‘ i K

s o
Reaction of fum1ng n1tr1c acid and sulfuric acid W1th 4-

45 45 The y1e1d of

this react1on may be 1mproved by keep1ng the ‘reaction temperature below '

1-Methy1, 2-metny} and 2,3-d1methy]74-qu1nazolone also give
) : /



- 6~-nitro products upon njtration.

10

N

48-51 -

) . ”

Chlorination . LT
52

Chiang et al™" carried out the chlorination of 4—qufna;o]0n&\,,//

~in acetic acid with FeCl, at 100°," They noted that absorption of ,
chlorine was relatively fast in first ten minutes upto a mole ratio of
1:1 and that beyond this ratio the rate was considerably decreased. The

6;8-dich1oro”derivative was isolated after an hour, but direct
4 4

chlorination of the 6-chloro product was unsuccessfull

—

Sulfonatien - .

=
3

4-Quinazolone (22) upon treatment with ch]oroiulfonié acid yields

a 6-chlorosulfonyl derivative. Similarly 2-methyl and 7-chloro-4- .

quinazo]éne in breéence of Hg0 and 10% oleum give§~6-§u1f0nic acids.53

Bromination .
Bogert and geiger46 reported that all atteﬁpts to brominate
4-quinazolone with the bromine in aqueous potassium bromide solution,

in glacial acetic acid or in acetic anhydride failed. Howevef} ghey

\
P

obtained a moﬁobromo product ;? 4;quinazo16ne and its 2-methyl P
der{vative upon bromfnatjon in concentrated sulfuric acid. Thg position
of the brémine in their produgt was not specified.
Contrary to Bogert and'Ggiger's findings, in this. work 4-
- | .

quinazo]dne (22) was brominated-by aqueous bromine solutions containing

potassium bromide and the 6-brom6 product was isolated in _high yield.

<

‘The action of bromine on 2-styryl-4-quinazolone péve rise to /.

_substitution and not an addition product.54




W

‘covalent hydration,

Qumazohne (1) and 2~qu1nazo]one (5) are’ known to undergo
20,23 but therdtis no.-direct ewdence for it
och);rin‘g. witb 4-qu1‘r3azolone (_g_z_).. However, it 1s mterestmg to nite
that ‘4~-‘qu1‘nazd1one (3,2_) upori oxidation with potassium ,pemanganaﬁe

yields 2,'4-qu1'ngzolined1‘one (47)--which may possibly occur via the

‘covalent hydrate: (27). S . Y




N

- B

24

o~

Pseudo base formation

'Mprley and Simﬁson48‘treafed the qua erﬁary.salf (gg)‘with cold
2N sod1um hydrox1de and obtained an oil, Since the picrate of this 0il
was found to be different. than that of the q aternary salt, they

asuggested that this mlght be the pseudo-base (29),

Later it was shown® that the ofl Morley éna Simpson assumed was
the pseuao-bésé'haé the open-étructure 31. It was suggested that the

quaternary sa]t (28) w1th a]ka11 gives pseudo-base (29) which on ring

opening yields (gg).and then the formamido group hydrolyses to g1ve (31).

B

e




N

,"’Electfpph111c substitution of pyrimidones . j' , S '

55,56 studied the Jhydrogen exchange at °

\ K?tr1tzky and coworkers
5-pos§tion of Zlbyrimidone (32). In v1ew of abnorma] reactivity of
(32) as Compared to thg} of 2- pyrldone, they postulated that thé

efﬁﬁj;ge at 5- positxon occurs via a cova1ent hydrate (34)

R

[

| l\\ A ; S
- | o —= -(:JD
N B %o'q-/-. LN, . e

,#v | ¢ | 4’0(33) |
/“7“‘ R (3, o ozo o !
DA
| 1l :jjr « — [E><: S °
o - '_
S W ¢

e

4-Pyrimidone and 1,4—&ihydro-l,3-dimethy]-4-oxopyrimidiniuﬁ

59 and are more

60

"iodate are found to undergo facile exchange ét 5-position
"reéctive than'4-pyridone. It was therefore suggeéted by Tee ihat‘a
§1mi1ar mechanism invo]vin§ covalent hydrat%on may be ppe?ative”there' . .
‘atso. , “

58

o The nitration study”™" of 2-py§imidbné, ]~methy1-2-pyrimidone

" ‘{ndicate that they react via their’ free bases but l,Z-dihydro41;3¥

dikethyl-2-oxopyrimidinium ioh is unreactive. Heye, presumably,

reaction via the covalent hydrates or the pseudo-base is precluded

by the strong acid. ., ‘ oL

-L
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INTRODUCTION

. 4-Quinazolone (EE), 3-methy]-4~q&inazd]éne (gg), 3,4-dihydro—
],3-dimgthy]-4-0xoquinazo]jniuﬁ perchlorate (37) and fheir '
corresponding 6§brdmo-derivatives (38) (39) and (41) respect1ve1y >
were required for th1s investigation. (see scheme 1)

0f these compound% 22, 36 and 38 were prepared aécording to
Titerature procedures. }he pérch]orate 37 Qaﬁ easily p}epéred from
thé knoQ; 1od1d; 28. '

Attempts to prepare 6 bromo -3-methyl-4-quinazolone £39)”e1théY
by methy]at1on of 28 or by cyc11sat1on of 42 with. N-methyl for&am1de

fa11ed but it was obta1ned in h1gh yield by d1reet brominat1on gf 36.

'Methylat1on of 39 w1th 1odomethane afforded the 10d1de 40 which was

converted to the perchlopate 41. This material was ide t1cal to that

obtalned by the direct bromination of the padent perchlorate (37)

L)
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quinazolone

Preparation of Compounds

&

" The melting points were obtained on Ga]]gnkamp m.p. apparatus
and éég uncorrected. E]ementa])ana]yses were performed by Galbraith ‘ \
Laboratories, Inc., Knoxville, Tennessee, 37921, U.S.A,

The u.v. specérd in Table 1 were récq;ded~on Ca?y Model 14
spectrophotometer. The p.m.r. data in Table 2 and below wére taken on
a Varéaﬁ A-60 instrument iﬁ DMSO-&S, DC]/DZO, CC]4 and the data are
quoted as & va]ues.relafive to §MS internal standard. The i.r.
spectra were obtained on Perkin-Elmer 425 spectrophotometer using
fBr. discs.. |

4-Quinazolone (22) was prepared by the reaction of anthranilic

acid with formamide.64

Methylation of 22 gave 3-methyl-4-
46 ( '

§§). B-Bromo-4-quin§zo]one was -prepared by cyclisationss,

and by direct bromination of 22 (vide‘infra);
N '
5-Bromo-anthranilic acid (42)

14
~

This compound was prepare& By modification’ of method descrﬁbéﬂﬁaa eyt
by Wheeler and'Oates.sQ
Anthranilic écid,(13.7 gy, 0.1 mole) was.added to glacial acetic

acid (120 @1) an%}the mixture ¥s stirred for 1/2 hf.°until all the

ﬁsoT?d had dissolved. To the fesulEing solution was added dropwise

bromine solution (16.0 g, 0.1 mole Br, in.50 ml glacial acetic acid)
over the périod of 1.25 hr. The resu]fing 1ight yellow colored slurry
was M1tered off, washed with water and then with benzen.

Recrystédllised from 95% ethanol resulted in a crysta]ljne solid {yellow

lates), weight = 15.4 g, yield = 71.4%, m.p. 210-13° FLit.67 213°)
p 3

I.R. spectra: Identical to that in the Sadtler index.®’ (No. 39347)

., \

AY
»]8 -
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I3,5-Dibromoanthrani1ic acid -

To-antwranT{ic acid (13.7 g,+0.1 mole) dissolved in glacial
acepi& ;cid (200 m1) was added dropwise bromine.so1£tiop {32.0 g,

- 0.2 mole in 50 ml g1a§1a1 acetic écid). The resultant slurry was - -
stirred for 40 hrs., and theﬁ heated on waterbath for two hrs. The

' yellow colored pré&ipitate was filtered 6ff,°washe& with benzene and

dried at 750.- This solid was Yecrystallised fram ethanﬁ?-wéter N

(80:10) " Weignt = 21.9 g, yield = 74.5%, m.p. 229-31 (Litd7.

230-32°). <

I.R. spectra: Identical to that in the Sadtler index.GZ(No. 43810)

L i
v

4

6—%r0m014~qyinazo]one (gé)ﬂ (By bromination) )
To & bromine solution (1.6 q, 0.0]imgle Br, in 30 ml water‘:
containing 1.19 g kBr) was added 4-quinazolone (T,4§ g, 0.01 mole)
and the mixture was -stirred overnight. The resulting ofange:white |
slyrry was heated until the orange color  of bromine had disappeared.
\  After cogling to room temperatgre, the';recipiiate was filtered off,
washed with little acetone and dried"at 75°. Recrystallisation from
methanol-DMF gave, fine, white cpy§}§1]ine substance. Neight =2.1 49,
yield = 94.0%, m.p. 260-64° (Lit.%°7 261-73%) © |
\ .I.R. spectra: (cm']) 3198 (wegk), 3030 (weak,~bondéd, NH) 1672 (strong,

' broad, C=0), 1600 (strong, -C=N). Identical to that of .the matem‘af~~
obtained by Baker's cyclisation.% ]

g

6,8-Dibromo-4-qu{nazolone (44) . ! o

3

3,5 Dibromoanthranilic ghid (14.7 g, 0.05 mole) and formamide
(675 g, 0.15 mole) were heated together at 210° for 30 minutes. After

. cooling $he crystalline slurry obtained was fjltered off, washed with

&

=

. .
. . . - \




oy

" LR. spectra: (cm™'), 17Q0 (strong, broad,, C=0) 1igo (strong, C=N),
1360 (medium, N-CHj).

N.M.R. spectra; See Table 2 (p.17 ).

lLA-Dihydro-l,3-dimethx}-4-g§oquiﬁazdlinium iodjde (28)

~ product was recrystallised from methanol-water. Weight = 13 09,

1

water, then w1th ethano] and recrystdﬁ]1sed from DMF-me;hano] : o

" Weight = 16.0 g, yield = 86.3%,.m.p. 340d (Lit.57: 337°)

67

L.R. spectra: Identical to that of Sadtler spectrum No.45518.

6-Bromo-3-methy1-4-quinazolone (39) (as HBr salt) . )

To 3-Methyl-4-quinazolone (0.80 g, 0.005 mole) dissolved in ’

v

methanol-water (80:20, 10 ml) was added bromine so]ution'(0,80'g, =

"~ 0.005 mole in 10 ml 80 20 methano]-water)

This yellow solut1on was st1rreg\at room temperature and :
within 5 hrs., the white precipitate obtained was .filtered off, “ ‘
washed with water and recrystallised from 95% éthanol.' Weighf =1.14g,

yield-= 68,8%, m.p, 338-40°. ‘ .

4

U.V. -spectra: See Tab]e 1 (p.16). _ ,

Aﬁalxsis: CyHgN,0Bry Requ1red C, 33.78%; H 2,52; N, 8.75
Found  C, 33.79%; H, 2.67; N, 8.76

I'e . ‘o

" ‘This was prepared by slight modificat%on of the method deécribed
by Bogert and Geiger.68 ‘ " '} :' ‘ )
3-Methy1-4-quinazolone (11.6 g, 0.072 mole) an& 1odomgth;ne”
(}4.2‘9, 0.1 mole) were heateq ip sealed tube at 100° for 10 heurs .
The brownish-yellow crystalline substance obtained was washed thoroughly -

with methdhol to give a creamy colored substance upon filtratiom. This




yield = 59.4%, m.p. 270-73° (Lit®8: 2739).

~

N.M.R. spectra: & 4.17 (s, -Ny-CH3), 4.57 (s, -N;-CH;), 8.48-9.11 .

.{m, aromatic H's), 10.09 (s, 2H). (D,0/DC1, TMS) (Compare spectra of -
37 in Table 2). |

1,4~ D1h_ydro- -d1‘methy1-4-oxoquinazo11‘nidfn perchiorate (37) \

{ To a solution of 1,4- d1hydro 1,3-dimethy] 4—oxoqumazohmum
*jodide (5. 04 g, 0.02 mole) in warm absolute methanol (40°, 200 m]) was
added silver perchlorate solution (4.15 g, 0.02 mole in 10 m] absolute '

" methanol). Upon‘addi tion a yellowish precipitate of silver iodide was

jmmediately obtained. The mixture was stirred for half an hour!at 400,' o,

cooledtto room temperature and the Agl was filtered off. The filtrate
was e;/apgrated and the residue obtained was recrystal]‘ised‘ from
ethanol-water. Weight = 4.67 g, yield = 85 0%, m.p. 254-7°, ‘
I.R. g.pectra:' (cm']) 1715 (br:oad, strong C=0), 1654 (broad, bstmng.

C=N), 1386 (strong, N-CH3),]]10-1060(very br. %.fi, stmng, TC10,).
U.V. spectra:’ See Table 1 (p.16 ).

N.M.R. spectra f Table 2 (p.17 )
 Analysis; N,0:C1 Required C, 43.73%; H, 4.04:-N, 10.20

10 1172
Found C, 43.90%; .H, 3.91; N, 10.20 .

. '1,4-Dihy'dro-6-bromo-],3-d1‘meth_y1-4-oxoquinazol'iniu;n jodide (40)

6- Bromo-S-methyl 4-quinazolone (1.20 g,‘Q\OOS moles) and
1odomethane (1. 0 g, 0.704 moles) were heated together in the secﬂed tube

at 120° for 12 hours. The crysta]]m{a mass was washed with methanol and

recry%ta]lised fr()m ethanol-water (80:20). Weight = 1.64 g, ’

F-4

yield = 86.3%, m.p. 207°8°, | ¢




(b) By bromination of 37.

I.R. spectra (cm ) 1700 (strong, broad, .C= 0), 1645 (strong, broad,

C=N), 1375 (strong, N-CH )

N.M.R. spectra: & 3.66 (s, -3N- CH3), '4,08. (s, -lN-CH3), 7.96- 8 .49
(m, aromatic H's), 9 .99 (2H). '(DMSO~d6, T™MS) (Compare spectra of
41 1in Table 2).

Ana]xs1s. IOHIONZOBrI Requ1red c, 31 52% H, 2.65; N,-7.35
- Found~_ C, 31. 58%; H, 2.62; N, 7.32

\‘1,4-Dihydro-6-bromo-1,3-dimethy1-4-dxoquinaiolinium<perch]orate (fl)

(a) From th;;1odide 40. |
1,4-dimethy1-6-bromo-],3-dimethyil4-quinazolinium iodide

+(0.381 g, 0.001 moles) was dissolved in hot aqueous ethanol (25 ml).

To this was added s11ver perchlorate solution (O. 207 g, 6001 moles in
30 ml ethanon), and the silver fodide prec1p ate that resulted was
filtered off. This clear solution, upon cooling to room temperature,
yielded wh1te need]es which were recrystallised from aqueous ethanol.
Weight = 0.332 g, yield = 94.0%, m.p. 395-7°, T D
I.R. spectra: (cm']) 1708 (broad, strong, C=d$, 1650}}strong; broad,

C=N), 1381 (medium, N-CH3), 1100-1050 ( strong, very broad, '0104). .

U.V. spectra: See Table 1 (p.16 ).

N.M.R. spectra: See. Table 2 (p. 17)

Analysis: C]OH]0N205BrC1 ReqU1red C, 33 97%; H, 2 85; N, 7.92,
’ Found C, 34.23%; H, 2.71; N, 7.94,

1,4-Dihydro-1,3=dimethy1-4-oxoquinazolinium perchlorate (1.37 g,

-0.005 mo]e) was added to & methanol-water mixture (80:20, 20 ml) and

was warmed to dissolve. To this was adued bromine solution (0.8 g,

-

———
——

~
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a0

0.005 hole, in 10 mliméthanol}xand the mixture was stjrred until the
yei]ow‘color djsappegred. (About 2'h09rs);” The crystalline substance
which hdd appeared was filtered o f; washed with methanol and'recf&stalT-
ised from 80% ethangl. MWeight = [.62 g, ‘yield = 91.5%, m.p. 394-97°.

Spectral properties: Identical to those of the compound obtained from

" the iodide (see (a) ebove). | ’

N-Methyl-o-methyl-aminobenzamide (31) \\;YS

s
(a) By action of diiute.sodium hydroxide on 1,4-Hihydro—1,3-dimethy1-4<
i o oxoquinazéﬂinium~ﬁodide.48:69 ‘ .

To a solution of 1,4-dihydro-1,3-dimethyl-4-oxoquinazolinium
iodide (1.51 g,~0.005 mole) in 20 ml water wés';dded 20 m1 2N sddiuﬁ ‘
hydroxide solution and tﬁé mixture was stirred at 40° for 1 hour. The

“solution was altowed to cool to room temperature, and the white shiny
precigjtate obtained was -filtered, washed with water ?nd recrystal]i;ed,.
from cy¢lohexane. Weight = 0.80 g, yield = 97.6%, m.p. 83-85°

(Lit. %89, 43.45°, 70-729).. ” Yoo

Spectral properties: Identical to those gizfn bélow in (b). L

P

o

"+ (b) By action of methylamine on N-methyl-isatoic anhydride38. ﬂ |

To N-methyl-isatdic anhydride (11.7 g, 0.066 moles) was added ’ i
water (30 m1), methylamine (30%, ]5°m]) and the stirred mixture was ‘
heated for 30 minutes. The clear top ldyer was decantéﬁ of f and ono:

cooling white needles.weére obtainéd which were filtered off and

" recrystallised from cyclohexane. uweight = 10:2@:;, yield = 94.7%,
m.p. 84-86° (Lit.38. 43-459), , o !
i " I.R. spectra: (cm)) 3280\<if:oh§,‘L3-NH-), 2870 (weak, N=CHj), A }
L, © 2800, (Veak, N-CH3), 1610 (stror |

Q\Siii; Spectra of ;dmpounds"obtained‘ .

o



by both methods were identical.
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'N.M.R. spectra: & 2.87 (s, -NHCH), 2.78 (s, -CONHCHz), 7.60 (s, “NHCH
. 8.17 (s, -CONHCH,), 6.27-7.32 (m, ring protons).
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Measurement of Rate Constants

- fa
Initial experiments using a titrimetric methéd of determining

brom1ne cong ntrat1ons indicated ‘that second order kinetics were be1ng

fo]]owed in thé ' minations of 22, 36 and 37. Consequently, it was

+ desirable to carry but experiments under pseudo-first order €onditions
to simplify both procedures and the calculation of rate constants.
. ‘ . " »
Under such conditions, however, the u.v. spectrophotometric method

16

used eariier in this laboratory . was not applicable. The'substrates
and products haue very.similar absorption .curves, and the bromine
absorption maximum lies in the same region. Therefore, the presence

of an excess of supstrate, as requ1red for pseudo-f1rst order-kinetics,

obscures measurement of e1ther product increase or bromine decrease

4

by u.v. spectrophotometry.

] R L4

Attempts to folldw the brominations by potentiometric methodssz’63

also were unsuccessfu1 1arge]y because of instrumental problems.
Surpr1s1ng1y, it was found that the titrimetrig method could

be used conveniently and that it afforded tolerably accurate results.

Kinetic Procedure

\ - A stock solution (1 1litre) conta1n1ng KBr (1.0 x 10' M) in the
‘ desired acid or buffer‘solut1on was prepared. Using this medium separate
L. 50 m solut1ons of bromine (1.0-1.6 x ]0 . M) and of substrate -
([.0 X 10 -2 M) were then prepared. The pH of the substrate so]ut1on was
Arecorded The flasks conta1n1ng the\substrate and bromine so]ut1ons
were wrapped in aluminium foil to prdvent deter1orat1on due to 11ght,
and were then equilibrated in a constant temperature bath at 30 * 0.2°C

< ' e

for at jeast 15 minutes.



7 26
o - " °
A timer was started as the suQstrate solution was added to the

broming solution, and the m1xture was\thorough]y shaken. (N.B. The

“~y

A
concentrations of substrate and of bromine in the reaction mixture -
are thus half what ‘éhey were in the_ initial solutions). At
appropriate iptgrva]s 5 ml ah';]uots of the reaction mixture were :
. withdrawn and added to 20 ml of 5% KI." The liberated icdine was
titrdted inmed'iatél_}‘/ against standard sodium.thiosulfate solution
(1.0 x 1072 M) contained in a Metrohm No. 8274 semi-automatic
:nicroburette (5 m1 capacity, graduated in 0.00§ m]A) using 1% starch
‘indicat'or’. Altogether between 7 and 17 ah‘quot)s were taken over a
period extending well 'beyond one“half-]ife.

Fo;' fast runs, where time did hot allow titration of each
aliquot as drawn, the ia]iquofs were quenched with 5‘3@ KI soTu’gion‘ as -
~befc‘)r'e, and then stored in the dark. VJhen time permitted they were.

, ‘ o
titrated in sequence as fast as possible,

¥

From the titration\of each atiquot drawn at time t .the
concentration of bromine [Br2] - was calculated, énd ]n[Brzj was
pl’otted versus t . Suc a plot is shown in Fig. 1. Least square
analysis of the data by the computer: program TITR was.used to obtain
the pseﬁdo—ﬁ‘rst order rate cor{sfan'ts k] cofresponding to t!le '

equation .

f -

D '1n[B(32q b 1n[§r2]o - ket

e

ANl k"rneticjruns were carried ouﬂt\&f“‘}east‘t\wge, and ‘only

~..

4
those -were accepte

which gave correlation coefficients > 059998 e
in the least square analysis. ) , B



¢ ’

. . v Figure 1

_A plot of in (Br,){ .against time for 4-quinazolone
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A1} the inorganic reagents used were of anafytica] reagent

o grade. Sulfuric acid, sodium thjpsu]fate and starch solutions were

prepared from standard volumetric c6nc°entrate_s. Bromine in the

o ' 5 IS

, aqueous sulfuric acid solutions was est{moated by tit'r:aﬁon against

standard sodium thiosulfate. ', . .
I3 b V

" Buffer so]utwns (0.2 M) were prepared as descmbed by Vogel7

79

<,
i

and Permn.

Aciditx . ) . .
The ac1d1t1es of all éubstrate solutions were measured using -

a Beckmann Expandomatw pH meter. The pH va]ues thus obtamed for

@

su]fumc acid so]ut1ons were, wi thih expemmenta] error, the same as .

‘those calculated on the basis of the known PK, values’ of_2_2_ and of
I S 7 i ' -
' 36 where applicable. L '

- The hydr‘omum.lon concentratmn of sulfuric acid so]utwns was

. ca]cu]ated as described prev1ou3~1y The efjeet due to the
o ‘ .
substrate &S then calculated using

v (B JoIH I K) +([8,] - tH 1+ K% + akIH;]

. . .
[H0°1 = — = - (@)

where [BO] is the- substrate concentration, K is the dissociation . ' |

LY

’ . " + . . '
constant of substrate conjugate acid, and [H ] is the hydronium ion

.
. , A

of the acid solution before addition of the substrate. ) N
+v  The necessary comput?n ons were carried out using the program

> PHCAL. N

‘ Second-Order Rate Constant

g - . ¢ ~ T, ‘

v The reaction being following is"of the form o

' AP Tk, ., " T
' ) e S + Brz-—-» P

., o

o



o ‘
¢ o Rate = k; [S][Br,]

. \ [N
For a-large excess of the-substrate S, this becdmes pseudo-first -

. . . . ! ) LN '1
order situation in which , . ‘ )

- "
Rate = k][BrZ] L

and ° - v
a

‘]n[Bré] = 1n[Br2]o 7‘k]t R B

Thus, by fo1low1ng the decrease in bromine concentration,
the pseudo figst order-rate constant k] may be e&’ﬁ]y obta1ned

Strictly speaking, the second order rate constant k2 shou]d be A
¢ Q
3 )

obtainabie from k, ~31/[5]. However, following Be1162,c the

K . 1
J * . .

expression

“*o

w

kz ' k],/([S] [BY' ] ) = B j‘

was used to give'a better estimate of k,, since the excess of
: ’ { : . ’

"substrate S is not exceedingly large. ' . - ‘.o‘

!

- Computer Programs

A Hewlett-Packard 2114 \computen was used for yarious

calcu]at1ons using the fo]]ow1ng programs Written either in BASIG’or

_ FORTRAN by Dr. 0.S. Tee, Dr. S Bane;Jee, and by the author. o

e

TITR- This program does the 1east square calcu1afions on. g1ven

A

»

t1trat1on data points and computes the first order rate constant (k )’,

its standard deviation, the initial brom1ne concefitration [Brzlo, .}

"

the second order rate constant (kz) andkthe corre]ation'coefficient

. for the plot of In[Bry] versus: time (t). An example of the output
. RN . .

of this program is shqwn on page 31 ﬂni
o ' N
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. eqﬁafibn 3

ESQ A h@ast

. obtained using. this pr

re treatment g1ven data points can be
I p &
o' r

It" was used for the substrate -
dependence and for gbe potasslum bromide dependence of the rates of *

brommatwn of 22 and acidi ty dependence of the rate of brom1 nation

amof” compound 37 e “

CONT- Th1s program is written to obtam the best cyrve fitting for

2 log rate pH profﬂes for compounds 22 and 36. -

¢ 1

o v ok K' . Consta t
Eiobs o - 2 &
2 -

¥ F . ~
Ta CE . _/6‘ * 51. i ' K + H o .K+ HV\\ ¢

[ IS
' b

. Constant = kZObS(K fH+)
S ‘ : >

EN ' )

k obs

. For a gwen/pK , using sets of and. pH, this program

N
calculates the constant fr-om the equatiop 3 ., Then)t averages "cne
< :
cqnstant va]ues obtained at each pH and omputes the standard

devi atlon. 1

H?orporatmg tms average«constantilue back into K

»\it calculates the seeond ordersrate constarft'

(kzm)

the best pKJ va]ue is chosen such that the standar‘d dev1at1on of the
‘ \,.
v ' . ‘ \

‘Th1s r'ocedure 1s repeated for, various ‘values of pK , -and.

donstant value is a mmmum.
PHCAL ;
‘(p.

DMAOR - Th1s program was§p9c1f"ica11y wr1tfen for ana1y51s of the
obs ‘ -

Used for pH calcu1ations using the quadratic equatwh 2

L L
28 ). ~

)
N

data obtamed ﬂzom the quaternary salt 37: Assummg k2

kK/{H+j, it cﬂculates k Obs[H 1= kK consgan for each H It .
hen avepages these constant and from th1s ca]cu tes kzca for
a‘each pH an‘d hence’the d1 ffenence between k2°bs and kzeal. &
° et oo R }r" '
S \ 1 ' oo , . ;
i P ’“1‘ b ¥ . \915

1

R




Examp]e of a Kinetic Run (No. A64)

ISubstrate.

Substrate concentratwn =5.0x 107"

4 ~Qui nazo]one (22)

Bromine concentration = 4.6 X 10™% M
KBr concentration x 1072 M
" sulfuric acid: 1.0N, pH = 0.29
Time (Min)  [Bryl, x 103(m)
40 0.432 "
80 ' 0.405
120 0.380
160 " 0.356
200 ! 0.334
L. 240 - 0.313
T 280 0.294
320 1 0.275
350(. 0.260
. 400 10.243 .
. 440 © 0.228
480 * 0214
©. 520 0.200
° 560 - 0.190
600 0.176
. 640 0.165
680 0.155

: A S
These data are plotted in Figure

Leas§-square én’alySis gave' the fo]]o{ving’:

© 5.0, =-0.004 x 1073
" [Brly

Half 'er )
obs = k /([S] - [Brz] ) = 0,352 M ‘mm

2

Ini:ercept = ln[BréJo =

Y2t

446x104t.

434 min.

S

N

(P.27 )
"k

1n[f§r2]t

-7.74708

-7.81162

~7.87534
" -7.94058
-8.00437

-8.06931
-8.13193
-8.19874
-8.25483

-8.32245

~8.38616
-8.44953
-8.51719

~8.56849,

-8.64503

%8.,70957
-8,77209 /

-1.60 x 10 “min~
-7.684 $.D. =
Corr, Coeff %.0.99995




k]

2 *. - (@ (37)

3

(a) On synthetic scale: Bromination of 22, 36 and 37 in
aqueeus methanol afforded the corresponding 6-bromo—derivative
(see pages 19, 20, and 22 respect1vely)

_{b) In the react1on flask: Ifa high substrate concentration

‘(b.Ol M) is used the 6:brqmo-products’precipitate from solution and

can be isolated in quantitative yield from all.the three substrates.

(c) I@entff?sgtion by u.v. spectra: The fo]]owiﬁg stock

solutions Wi;;dmﬁf. ' ) ' . T

A o0 ml-of 1.0 x 1074 u substrate in o 01 M 1,50, ‘contains

IS

_0.01 M KBr o ,

B 100 ml of 1.0 x 10 4 M brom1ne in the same medium.

Solution A and B were m1xed thorough]y and the” react1on was

a~

carried’ out well beyond 10 half 11ves. ‘The u.v. sggc;ra of resu1t1ng'

-solution was identical to that of corresponding 6-bromo-product

o ’

+
¢

(5:0 x 10™ M in 0.01 M H,S0,/0.01 M KBr). - e

ﬂdigi U.v. spectral data for the substrates and their bromo derdivatives
. 4

re bresénted in Table 1 (P. 16)

+




Pseudo base 'Forrﬁati‘on (32

@ NMe
NH

Me
. (31)

® °

Later in this thesis it will be postu]ated that the bromination
of 37 occurs via its pseudo base 29: d'_nsequently attempts were

made to observe 23, and to measure the equilibrium 37229, .

The p\er-ch]'orate salt 37 is not soluble enocugh in D,0 to obtain
a reasonable p.m.r. spectrum and therefore to observe the equilibrium
'37+29. The salt is, however, soluble in dﬂuj:e”NaOD solution, but

in this medium ring oplem‘ng occurs irreversib]y' to give 31.
47 . :

J(cf. Morley and S1mpson ). 5

Oh the bther hand, the solubility of 37 in.water is sufficient

to permii: the study of the equﬂibrium 3729 by u.v. spectrophoto-

-3 M in water was first recorded.

-5

. met}'y A spectrum of 37 at 1.0 x 10
To this so]utmn was added 0. 025N NaOH (to g1ve 8.3 X 10 © M NaOH in

the cell) and-immediately a peak at 330 nm appeared. On addition of

an equjva&amount of dilute HC1 this peak dis-appear:éd and the

v

33 - - -




)

' { ;
~ ‘ ! /
original spectrum of 37 was retraced .
/" ' '
- * O * {
‘NMe
‘ /VH
I

{46)

»
>

SinEe‘the u.v. spectrum of 2,3-dihydro-3-methy1-4;quin-

azolone (ﬁﬁ) (in methanol) has an absorption band80

band at 330 nm suggests the eXistence—Bf the pseudo base (29) in

..the'solhtion Moréover, the d1sappearance of.ﬁhe band at 330 nm*

upon addition of d11qte HC] conf1rms the revers1b111ty of the .
equilibrium g:i-*zg Note, however, that, the add1t1on of excess:

ditute NaOH solution again rgsu]ts°in~szeyersib]e ring opening,

" “and the formation of 31, o :

Potentiometric titration of 37 with dilute NaOH after the

8l suggested that the equilibrium

method of Albert and Serjeant
constant K = [293[H1/[37] = 1022234 (i.e. pK = 7.54). However,
. ' . M N .

value is suspect since towards the end of the titration there is

‘

probably sufficient base present to promote/irreversible ring

opening‘tolgl.

7 at 338 nm,\the‘

this
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* Introduction

Previous stﬁdies in this laboratory by Tee and Banerjee14’15’]6
pointed to the involvement of covalent Hydrates in the brdmination ;f
2-pyrimidones and 4-pyrimidones carried out in aéuecus acidic media.

| The object of the present work was to study the brominaﬁfég of
'the benzo analog of 4-pyfimidone,~name1y, 4-quinazolone (gg), and, if
possible, to arrive at a mechanistic scheme consistent with the kinetic
results. The .involvement, or otherwis;, of a covalent hydrate in

this reaétion might have ramifications with respect to oxidations

such as those catalysed by Xanthine oxidase. (see pagel ).

|

Product of Bromination ' _ ’ : 1

. ‘ \ ‘

The most Tikely products formed from the bromination of |
4-quinazolone (22) are  6-brome-derivative (38), the 8-bromo-

derivative (335, and the 6,8-dibromo-derivative (Qé) shown below.

"Br:

@ (a0 ws)

Synthetic scale bromination of 4-quinazolone (gg) in aqueous
solution gave only the—ﬁ-bromo_compoynd (§§) in high yield (94%-
gj}gr.%ecrysta]]isation). Moreover, the u.v. spectral changes
occurring during a bromination carried out in dilute so]utipn were
'completeiy consistent with the simple conversion (gg)-—>(§§).

Figure 2 shows spectra traced’'at various times following 5

35
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" out with about a 10-fold excess of 22 over bromine.

the mixing of equimo]ar quantities of 22 and bromine. The absorption

A}

due to both of thege substrates gradua]]y diminished and new . |
¢ - L
absorptions appeared, most noticeab]y above 310 nm. ~After 1 week the

spectrum traced was identical to that;of an authentic.sample of
.

6- bromdﬁ4 qu1nazo]one (38) of the appropriate concentration In

[
neither the synthetic work, nor in the spectra] studies was there any
evidence of the formation of* the 8-bromo-compound (&3).

The possible formation %f the 6,8~dibromo-compound (ﬂg)'during.r»,

the bromination 22 was also considered. However, it was found that ™~

\ . .
the apparent ¥ate of bromination of 38—>45 is very. much slower than )

N

that of parent'22y For examp]e at 30 38 did not decolorise ?fj
equivalent amount of_bromine, even after 4 days. On a synthetic .
scale, attempted dibromination of 22 (at 85%; 10 hrs) was ' ’ .

unsuccessful, and only the~6-bromo-product (38) was obtained The

-dibromo-4- qu1nazo]one (45) was obtained however, by prolonged
ating of 38 and bromine for 1 week at 50°. From the above O
obserations the possibility of, significant formation of 45 during

the cou e of the kinetic studies of the bromination of 4-quinazolone

h (gg) can be safely eliminated, particularly since these were carried

Similar observations for 3-methyl-4-quinazolone (36), and the
1,3-dimethy] salt (37) also exclude the formation of é-bromo- and . )
6,8-dibromo-derivatives during the course of bromination of these

substrates. -

Order of Reaction

"~

e Initial titration kinetics suggested a second order reaction;

first grder in substrate, and first order in bromine. For

)

-~



i o , N Table 3 -

“

,«~ S . .
Vamatwn of thé’ rate of brommation (k ) of 4-quinazolone (22) - . f
with substrate concentration ' . : }

. KBr concentration = 0.01 M’ ‘ ‘ ) ' o ;
" Acetate buffer pH = 3.?7 - ° - ¢ |
'Y t g « |
, Run No. [22] [Br ' X 10 . Ave ky 7
- ' X 103 M 51 mm"] X 103]m1',_n‘] “
A-72 5,0 4.91 - 114 115
A-73 o 6.51 118 g )
's20 . 40 4.9 93.7 . 94.0 A .
S-21 ‘ " 5.20 94.3 o
s.30 235 2.91 56.5 ]
¢ 83l i 2.27, 5640 56.3
$-40 1,25 1.2 - 30,9 GO
5-41 v 1.33 " 28.4 8.7
i K Lt - < * . P
/ Slope = 2nd order rate constant = 23.07 M']m‘in“.]_ Sh-= 0.58
" Intercept ='0.20 SD = 0.83 ~ - a ”:>’ ;
" . Corr. Coeff. = 0.9994 | : B P
N -
N . '- ° ‘ - ‘
h ~ v e ' )
S . [ . ,
4 o ' °
\ ' LT
i : i o
a‘;.t; . LA ‘
»,‘\‘ ':;*— /X A v
e t .
> \ '
) ¢ T o
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- e " Figure 3

Variation of the pseudo first order rate constant (Ky)

. with“;substrate concentration ol
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. : .
. o convenience, therefore, subsequent kinet{cs Qere measure& unde; .
pseudo-first order conditions, with anaapproximate ten fold excess qf"
- . substrate over bromind Rate conftantsh(k]),thus obtained ané fon;the
, - pseudo-first order disappearance of bromine (due to the.reaction
2—3), o
. That ‘this reaction is truly second order is-shown by tﬁe data
in Tab]e 3. (plotted in Figure 3 ). 'Thé pseudo-first order .rate v

constgnt (k ) diminish 11near1y with the substrate concentrat1on, ’

and within exper1mtnta1 error, the Teast squares ling in F1gure 3 .

-
-

goes’ through the oragxn. : -
Noté also from the data in Table 3 , that_the pseudo first

order rate constant are independent of initial bromine concentration,q~

R
.as they should be 1f the reaction’is first order in brom1ne.
| Bromi de Iom’Dependence ‘ ‘ )
o Brqmination of the type being:studied i.e. ArH + Bré-4—-h —_ '
’ ArBr + W'+ Br” produce bromide ion which compticates the observed
' kiﬁeti;s since there is reduction in_the bromine concentration due to
© T the formation of tribromide ion. o . ‘ B ’
- - Al
Br2 + Br ;::2 Brs,

| While tr1brom1de ion is generally a very poor e]ectroph11e, there are .
|
{ v ., examples known where 1-3% of brom1nat1on occurs via th1s ion. 74,75 N

To swamp the effect of bromlde joil produced during k1net1c runs

L T an approx1mate 20 fold excess of KBr was present in atll so]utlons

I

used. A]so, to check that molecular bromine (Brz) is the sole 1 ‘ g
brom1nat1ng agent the variation of rate with bromide ion concentrat1on

E | was studied. \ . : <7 )

i T (W B I
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[4 y
For the equilibrium ’
, - &f
. oo Brze:pﬁfgiﬁj‘_..}}r - : ‘-
! B SR ’
i we deﬁne the d-1ssoc1at1on constant . , ) oo
- Sow R
\ - K= [Br, ][t el ()
For the reaction bejng followed by a tiytrim‘e,i:ric determination
SR . of bromine , - " o R
T . . obs T , .
) | E rate k2 . [S][Brz]s kzl;][Brz] _ | (5)
 J ) ' ‘
and so . |
7 - . "
; . ohs _ - : o |
,‘ S . kz =y [Bry1/[Bry ] e (6) : |
.7 . | where k obs is the observed 2n3 order rate constant »
M, .o, e 4 -
. k2.1s ‘the true 2nd order rate Constant :
s , | . o ,
- 2 [Brz] is tﬁe.stoichiometric concentration of Br,.. .
’ [Brz] is the true concentratmn of Brz T ° ,
- Now [Brz] [Br ] + [Br "] ’ . ‘. o MWWW
’ and since Br™ is present in largé ,e:'(cess,
L [Br Tg= [8rl ¢ [Br 12 87T
5 " i 9 d
then equatf(ii (6),mdy be replaced by
s . 3y o ' i s . ' .-:' -
k = k,K/{K+ [Br]) . o (7) T
2 2 - . e . 4~
. , . . ' %«_: L.
- ’ R .4
. *Thus {the apparent rate of bromination should diminish as the
3 ' e ° - °
b concentration of bromide don is,._irxlcreased. This trend is eviden} in )
the data” of Tab]e 4a. . . . ' 2“ .
_ A more accurate analysis of the validity of equatwn (7).
‘ . “requires a value for the d1ssoc1ati on constant K. Several such values
. : | | l ‘( ’ A
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¢ _Tablé 4 ' ;

‘o -

Variation of. the fa;é of'bromipagidn of 4-quinazolone (gg)awixho[ﬁr']

Substrate concentration ='5.0 x 1075 M .
Acetate buffer pH = 3.55 -
I .

-
)

Run No, [KBr1(M) [Brsz(’]o“M X 1

1 X 103m1'n,'

A-230 0.0l 5.26 T 25.9° ", .

d A-231. L Y S | I © » 255 - ‘

’_}7,‘56 ¢ ) . L g A o |
KB-20 , 0.02" s.és. 96.4 21.8 2 ;
_KB-21' 5.63 98.7 22.3 - .

°KB-30 ° 0.03 - 538 .. 869 19.5 :
KB-31 . " . - 5,06 88.0 19.6
. ‘ s - Q
KB=40 0.05 5.81 1706 . 16.0
Q KB-41 " 540 - - 7007 15.9
KB-50  0.10; 5.39 47.8 10.7 |
L KB-5T 4.94 T 48.8 10.8 ‘ :
KB-60  0.15 .. 6%23 . ; 35.8 - 817, -, ;
KB-61 " U567 T L B 8.14 . x -
;,.‘ i ) . i ’
< (9 ‘,’-"’,‘} ’ . . ° ] '
- IS ' ‘(i ; . c :.\'i .
‘ || . ) ’ '“ ‘ 0 “" . - .’\\]
' . - . ‘. Yoo " ‘|/ 1
__“:__’«ﬁ___._\g______:‘__;'_‘wi., ‘ - 1Y < .




-\

N e ' : . B
, 4}» oy < <] ). % & | - -
| < ke ) 0 T 1S kS (kefBrT]) K(Ke[BPT])
- “‘"“f}’w : - T —F
. - ¥ ) "
0.01. "’ 25,7, 0.,03893 1.701 ° 0,849
- | 0.02 © 20" 7 0.08525 1.684 0.738
h 0.03 - . 196 p 0.05102 1.680 o - 0.652
. o.os ' . 16.0 " 0.06250 1.699 0.529
- 040 0.8, .. 0.00259 , 1.687 ' 0.360 .,
0.15 . " 8.16 0.12255 ' 1.682 . 0.273
: L - Ave T.691 - . -
) ) o = : - < ] = '
3 An ave-rage of two determinations (see Table da ) \
Least squares for kz0bs '3 K/(K + [BrT]) gives
oy - L - .
o sidpe = ky = 30.2% 0.2 W T c .
. . \ , <
) % ° Intereept’= -0. 06 £ 0.04, Corr. Ceeff = 0.9999%4 i
‘ / . Least squanps forx]/k obs Vs [Br 1 gives
oy o k, = V/Intercept = 30.3 K 'min™ ; L
R : ‘ oy o
. : K - Intercept _ g ggsaym » o 7 B
slope v
o . e o
' ' , ° - -
,)u ‘ * o L4 I . v s \".,- 1
- r "y . o . "m‘ ".h ..
L] -~ * » . . ’.. ’ ,
. ¢ y oo - = .
. v ] . ' ¢ . - . o.
¢ . /- o ;
. . . N, ,o ) " * G - i
o . '/" Y N e - * . -
. v * - R + ’
| / ! ) T & . N ' ’ . : qu'
' v ™ ".'r . ' . ‘. Low 0

~ ' + | Table 45

' Variation of the rate of gromimation of '4—quiha;o¢lone‘(22) with [Br”™]

i /\ ‘

. 4
- G,

K = [8r,1(Br"1/[Br;"] = 0.0562 "




‘ . * Figure 44 ) .
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ks versus K/(K + [Br ]) gives a straight line of zero “intercept.

* which is plotted in‘figure 4a. least squéres analysis, gives

slope = k, = 30.2:% 0.2 M min"", intercept = -0.06 +0. 04. : 7

-~ i

62,76

are to be found in the lvterature, but that ‘most appropriate for .

the present‘study is the value K = 0.0562 M dué to‘Be1] and Ramsden.62
Clearly equation'(l7) requires tHat tneuterm kZObS(K'+ [Br*]) =

sz constant Values of this terh'€;1culated using Bell's value of |

K are shown in column 4 of Table 4b >, and are essentially constant

as requ1red. Similarly equat1on ( 7) requ1res tngt a plot of - ; ‘(,ﬂjég S

K obs

and slope = k2.°aghis requirement is also met by the data in Table ©o-

]

Thedata may be analysed in another way such that a value of

K need not be assumed. Inversion of equation 7[ yields . S

[N

] _ 1 [Br] L (8)
 obs "EE' * 5 , ' .

2 o hr " —~
and thus from the slope and intercept of a plot of 1/k2Obs

-

versus

[Br~] one can calculate both':k2 ané K. "The present data plotted in

this way is shown in Figure 4b. From.the least squares slope and

intercept k, = 30.3 M 'min™', K = 0.0554 M. The value of k, from this <>

analysis hardly differs from that given in the previous paragraph.

62 Lowever, the j

The value of K is ve;y close to that of Bell.
difference between the two numberé (0.0562 ve#gﬂs 0.0554) may be feal,
sihce the former applies to 25°C,:the fatter to 300. . ‘
The very good stfaight lines shown 1n Figurds 4a and 4b |
Jand the consistency of the above analyses means that the bromination

by Br3' is not significant in the riaction being studied.
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_ Obs . - ° . . .
- rate =k, [S] [Br,] = kz[S][§P2_1 ‘

bs " S , R ] ‘ﬁ \l
-and k%% =k H—-— where [8]. = [S] + [SH ] ;o
| 2 2 SIS, s -

i . ‘ ' y !

é t o

Acidity Dependence. of the~l§rom§'nat1’on 6f 4-Quinazolone (22)

The rate of bromifation of 22 was studied at various acidities
in ’,diljte sulfuric acid and in the_buffer solutions (chloroacetate and

acetate buffers). The data obtained is presented in Tables ga and 5b,
and is plotted in Figure 5 as Tog kéObS versus pH.. Since the knawn
72 ’

»

pKa\ value ™ for the protonation.of 4-quinazolone 1s 2.12\(at 20°C),
A

the shape of the rate_profile in F.iguré 5 suggests that reaction is

occurring on the free base form of 22,

‘ For the scheme N '

p {
‘ - o
+ Ka B 'kz . i
W == W+ S—— Product ‘
\ . .
. v 2

L4

is the stoichiometric concentration of the substrate (here 4-
duinazolone). From the definition of the dissociation constant ' o

K, = [S][H+J]/[SH+»] jt can easily be shg'.mm56 that [é]/[s]s =

/
7

K /(K + [H]) and hence .

.

c0bs o ' kZ’Ka \ (a )
2 + : ,
(K, + [R]) . :

s

The logarithmic form of this equation is

- + - s .
log k,% = Tog koK. ~ Teg(K; + (WD) - Ob )

which describes a curve such as that shéwn'in Figure 5 . The solid '

curve drawn through the exper\%nienta] points was calculated from

- \ ¢ .
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- Table 5a
i I - ’ to-
Variation of the rate of bromination of 4-quinazolone (22) wi'th pH S

"

- .Substrate Concentration: 5.0 x 10™3 M
4

KBr Concentration: 0.01 M \

i
.

°

Run Noi  HpS0,(M) pH  Br, x 10%(M) Ky x 10%(min™!) &, %S (M Tmin"")

2
A6 1.0 0.29 4.49 et Y7 0.309

A-63 " " 4.87 1.53 0.339 I
A-64 n " 4.60 1.60 0.352 -

A-51 0.5 .0.59 . 4.55 3.06 ‘ 0.673 \
A-53 oo " 4.89 3.06 " 0.678

A-54 o " 5.41 3.14 0.705

A-41 0.2 0.98 - 4.99 6.90 1.53 L
A-22 " 5.06. 6.90 1.54 .

A-43 - " 5.42 7.10 1.59

A-32 0.1 1.27 . 5.08 <« .10.7 2.38

A-33 weeow - 5,25 10.8 2.4

A-34. oM 4.8 107 2.38

A-200 ° 0.03 1.66 8.80 27.5 6.64

A-201 " v 5.04 28.5 v 6.33

Af1Y 0,02 1.94. 4,28 2.9 9,38

A-12 " M . 4.31 | 42.5 © 9,29 .

A-13 Lo " 5.13 41.6 9,28 ‘

A-3 0.01 2.23 5.11 .73.2 16.3

A5 "o u 4.41 70.5 155

" Buffer ' .
A-214  Cl-acet. 2.63 4.76 96.9 21.4

A-215 " " 5.07 - 91.8 - 20.4 a
A-216 " " 5.41 95.4 - ©21.4

A-242 " 2.80 4,81 94.8 . 21.0

A-243 "o u 5.38 . 95.1 - 21.3

A-220 v 3.07 . 5.72\ 113 ' 25,6 -

A-221 weooo 5.34 - 12 C . 25,2

A-230  Acetate 3.55 ' 5.26 116 25.9

A-231 " " 4.84 N6 .. 25.5 ‘ !
A=72 " 3,97 4.91 114 25.3

A-73 LR 6.51 115 | 26.4



. Table b .
Variation of the rate of‘tsemination of 4-quinazolone (22) with pH

’

~ | . S ‘
H,S0,4(M) pH 50 S( ) Tog k™ 1
1.0 0.29 '0.333 | v 0.476 :
0.5 0.59 ~  0.685 . -0.164 - SR
0.2 . 0.98  1.55 - 0.190 >
~ . 0.1 1.27 - 2.39 . 0,378 P
0.03 ~- ' 1.66  ° 6.49 o 0.812 S ‘!
©0.02 .94 - 9.32, - 0.969 Y
0.01 . 2,23 15.9 o 1.20 -
Buffer | N : .
A=t \ﬁ ;e . ' i .
ClgAcet.  , 2.63 © ~ 21.1 - 1.3
o 2,80 - 212 . U133 e
oo 307 2.8 - 1.40
' Acetate” 3.55 25.7 1.4
o T 3y 25.9 - . L8
-
— h. " 2
f An average from 2 or more determinations. (see Table 5a .). '
* In acetate buffers with higher acetate concns. {and thus pH > 4)? ._ 3 ‘%«
. the rate decreases due to the formation-of acety]hypobromlte :
g (see Appendix p. 66). , - L
. e o -
’ i s ke ‘°
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1 1

min~

e 107221 (&
» and K. = 10 (pKa =

equation ( 9b) us%ng k, =27.79 M
‘2.21),‘the§e values being obtainéd from the program CONT as
described in the experimental section. fhé agreement between the -
calculated. curve and .the experimental points is excellent. The
difference in va{qg between the pKa used hre (2.21) and that
determined72 experimental y~(242) is probably a reflection of the \
difference in temperature (30° versus 20°C). | .

The observed rate profile, then, is consistent witﬁ the
bromination of 22 takingoplace on the freé base form. However, it is
also consistent with the reaction taking place on any species (;uch as
a covalent hydrate) éﬁat is re]atedkto thé free base in a manner that

is independent of acidity.s6

°TTd

Acidity Dependence of: the Brominatiog o;'3-Methy1-4-Qu{nazolone’(§§)f
i Ana]bgéus bromination data which was obtained for 36 is shown
in Tables 6a and 6b and plotted in Figure ¢ . Agaiﬁ the
:shape of the rate profile is consistent witp equations %a and 9b . '
- The curve drawn through“the experimental points was calculated using |
Ko = 41.47 M min ™! and'pk, = 2.21, (Literature pk, = 2.18 at 20%) 7.
The curve in %igure 6 is slightly displaced from that shown
in Figure 5 for the pa;ent compound 22. This is due to the
slightly 1arger value of k2 aqd is in the direction expected for the

effect of a methyl-group upon an eféctrophi]iéjsubstitdtion.

) - £
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Table 6a

., . .
Variation of the rate of bromination of 3-methy1-4-quinazolone Q_ﬁ_) with pH

'52" s

Id

Substrate Concentration: 5.0 x~10"3 M .
KBr Concentration: 0.01M _
Run No. H,S0,(M)" pH  Br, x 10*(M) K, x 10° (min™! ) KPS min™!) @
\ [
Z-1 1.0 ° 5,47 “Z.30 - 0.516
Z-12 NU 4.94 - 2.29 . 0.507
i Z=21" 0.5 5.14 4.13 0.921 O
722 " 5.54 4.31 0.969
Z-31 0.2 4,91 . 10.3 2.29 .
Z-32 " 5.13 10.6 " 2.35 '
Z-41 0,1 5.06 19.9 4.42
z-42 - - 5.37 i9.4 . - 4,35
Z-51 0.05 5.77 36.5 -8.25 :
Z-52 " '5.60 37.8 8.51 *
Z-61 0.03 535 57 .6 12.9
Z2-62" " 5.13 56 .1 12.5
Z-71 0.01 5.38 87.0 19.5 -
Z-72 pe 4.87 86.3 19.1 S
. 4
4 {Buffer .
Z-81 Cl-acet. 2.40. . 5.19° nz - 26.2
-8 " " - 5,35 m . 25,0
2-91 " 2.82 .5.24 132 29.5
7-92 " n 5.06 - 139 31.0
Z-101" Acetate 3.14 5.24 . 161 + 36.0 .
Z-102 "o " 4.80 - . 165 36.5
Z-1M n" 3.38 5.68 183 0.3
Z-112 n " . 5.26 182 40.8
Z-121 n 3.61 5.36 176 39,5
z-122 © ® a 5.04 184 41.0 .
, 1
4 \ ] 1]
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\. . Table 6b ’ \ w N

- *
. [

Variation of the rate of bromination of 3-methy1-4-qu1‘nazo]on‘e with pH -
Q ) : ” t - e

obs

HyS0, (M) N T log.k,

. 0. 030 " osiel -0.291
05 0.60 ~ . 0:9457 © -0.025
. Coo02 . 0.9 2.32 ' 0.365 o
o 0.1 SRR K7 B %I  ose2c i/
/\/hs 160 | 838 0,923 . |
o C 0,03 '\Lia v !12.7 T 10 | 's
S EN R 7 N I S I
_ Buffer C 4 b
Cleaet. | . 2,40 - ®6

Y 30.3 N
Acetate AT .3,5'.::J N
o ,.ta.aa w0 e e
e ael 0.0 - 1.61 -

4 \
i
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"¢ - The ra data thamed for the bromination of-the perch]orate (37) ~

) taking p]ace upon a. spec1es ‘whose’ concentratwn is related to.that of -

4

The methylation of 3-methyl-4-quinazolone (36) withmethyl- , - -

iodide produced the quaternary iodide (28). _In the bromination of . -
such .iodide salts comphcatmns may' arise due to the form,atmn of .
82,83 7

mterhalogen complexes. To avoid all such comphcatwns, ‘the -

"quaternary iodide salt (28) was- converted to the correspording

. : {

o : 5 C , . . "
pérch]orate (37). —/ v ‘

are shown in Tables 7a and 7b and p]otted in Figure 7 . The ratg ,' T

mcreases 11near1“y with bH in the man,aé‘r requ1 red for brommatig/n

the ca’mon 1n"377through an acid dependent equﬂ‘ibmum. Th1s Spemes LT
is most probably the pseudo base 29. - e, o T

- - \ Led

For the schemg

. . .
e . !

L : Kk k ST
- : _7-+‘H20 —— Ht o+ 29 -——-E%——> Products 3 - :
ﬂ e ‘.

one can easily derive the expression ’ e e .
A . AR € ') =
" 2 ety -, ‘
K T . b . . . |
. ' ; N N . . . . ‘
_ﬁ e ., '. . - |

T b5 e v . g

. Ll
~ o 4 { S .
o .



Variation of the rate of bromination of 1 4-dihydro-1,3-dimethyl - 4-
oxoqumazohmum perch]orate (37)

Run No. H,S0, (M)

, Substrate.Concentrgtioﬁ :
*Substrate Concentration :
KBr Concentration: -

s/

5.0 1x 1073
2.5 x 10™
0.0 M

. s

Br, x ]04'(M) ky X 103(min™1) kZObS(M']min'])

é ]-53

DM-10 1.0 . 7.08 1 6.57
DM-11 i 560 705 1.59
M-12 " 5.44 7703 1.58
DM-14 " 5.00 .96 .
DM-20 0.5 491 - 159 3.52
DH-21 i - 51 161 3.
DM-22 " . 6.01 15.4 3.50
DM-23 " " 46 16.0 3.54
‘mE30 0.2 w4.35 .- 32.5 7.2
DM-31 i 5.68 34.2 71
DM-40 0.1 8.23 £2.7 " ]5.0.
. D41 i 850 -62.2 - TR
“OM-50  0.05 "3.06 - 60.6 2%.6
DUET 1.38 60.4 . 29.3
XDM-60  0.02 3.72 147 69.1
*DM-E1 : 5 3.05 137 62.4
DM-62 " 2369 . - 185 72.7
“DM~63 " 4,32 RLE 68.3 ~ -
K“W?O v
. ;



Table 7b

° ° S < i
' A
Vamatwn of the n”ate of brommatwn of 1 4- d1hydro 1,3~ d1methy1 4- "

. . oxoquinazolinium' perch.]orate (37)- ' . : S

° ' { .) o' l"« . r"‘- « . ~ ! . .
Y Hyso . pH 0T ) oy kzobs L
& . A . A

L5

1:0 \ ;n
s

o '3 , - >

0.2

0.29
058

o

3

1,56 -
3.53
LY

741"

0; 193 T
" 0548

0:96" L 0,870 . .
1:18

1“46 -%

:“ - - . P * q . .
o’ - ~ P 4,23 g,
" 1.50 0

R . 0.05 28,5 -  »

1484 “68.1,° ‘

¢ I '

i 0w
¢ < @ ~’ - '
- . . x ’ . MR .
[l & “0' ) ' S
[ Q‘y\ s iy d : — /
>
. . \ : —1 -
s . B P

’ - o .
S % aVerage of 2 or more d/e/tyv-minations. (\‘s:ée Table 72 ), .. St ,
' ~ ' " ~l11° ‘ ' o . ¢ . . o [P - e
’ - - - » ~ o o ? s ° [ R
A S . L. N

. SR Least square for Jog k2°bs Vs PH gwes L. ) : .
| 1.04,

! A JM ’ T o Y - -
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in.a ‘similar manner to that qutlined above.(see p.47 ). Here

.

k% r2o1wty/Lan. - ) S .

\ As was discussed in the EXperimenta] Seation (p.34 ), the value

7

of K seems to be about 10” Thus, in the region of acidity.- stud1ed

becomes\) z°b§ = kZK/[H ]; s1nceé[H ] > K. A]ternative]y L

R ’
| Iog kZObS“ = log KyKé + pi ~ : oo

obs

) Therefore, for the scheme above a plot of Tog kz versh; pHshould

L give a stra1ghﬁ line of slope 1, Least:squ:res ana]ysis‘of the data

. ., in Table 7b and b]ottedain Figure 7 gives a'slope of 1.04 (standard -

¢ deyiation 0.02). . / A "
In summary; the rate dqtf obtained for the’ brominatidn of the ‘

quaternary salt QEZ) are consistent with the reaction taking place on. -

o, . * B * . - T . R I
its pseudo base 29 ., : _ :
. - v h . %

~ . . ,
a s i
e R |
LR ®
u‘o - ~ ) \; \‘, '4 v
.0 T
f . . N
3 T A/
¥ " \ [ [ . .
I g') °
t. o * * « \ 5 \ : . ‘.;
\.. ‘u‘ ° ' ‘. e . ~'\>. ,,‘ "‘il i "‘a\‘
: . . ~ ) - N . ' N . | .
R i Attemptswto obtain rate data for a compound to act as a model for 29
‘ are descv1bed in the Append1x p 70"
' * . ' ° I
\ a ) - -
o T .o R
_\- hd +

(pH 0.29-1.84) 37 1arge1y ex1sts as the cation and equat1on10 ’ .

)

L S
A S




»

o (22) (36) (37) .

9 AL

The three substrate§tgg, 36, 37 brominate at very similar d

ratés in tie region where all exists predominantly as cations.(see Figure 8).

i

For.exa@ple'at pH = 0.29 . ) l

Substrate 22 36 v 37
kzObs - 0.333 + 0,512 11.56'M'1min'] :

-These simi]arities are strongly suggestivé that.the three substratés

react v1a s1m11ar mechan1sms,w1th the sma]] rate enhancements of the

; .methy] der1vat1ves being attr1butab1e to the normal activating effect

of methyl groups upon electrophilic substitution.

. Since, in the previous section, it was conc1uded that the
quaterpary cation 37 reacts via its pseudo base 28, it is now °
suggested that the substrates 22 and 36 react via their covelent

" hydrates. These conclusions may be presented in the form of one
overall scheme, as shown on page 62 . X !
In this scheme, the cations 51 in equilibrium with the covalent
hydrates..or pseudo base 52 react with bromine to nge the 1ntlrmed1ate
53 in the rate determining step Proton 1oss'from §§ gives the
covelent hydrates or pseudo base 54 of the final product cation 55;

84,85

"By enalogy with most aromatic brominatjon, the proton loss

.
. .
- - .
. . .
. N
R ' ' . ! .
. ¢ o " . &
’ . . 60 ' A
. R ¢ i N .
s * - .
. B . .
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(H=4H})
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+
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fast

" ‘ 53=>54 is probab]y qu1 te fast, and S0 no attemp; was made to . -
) determine H-D 1so»tope e‘,‘fects in thesé‘ brommatwns. l
g ' . _ ;" - for the .sequence . ‘ S . -
° , " "y Ka LI < " + ' kz,Br'2 - '
}b ' - _5.9.'*'“ \"-—"'—/'.5..1\————- H + 52 <o /—3-_""’""",5&

rate = k °b5[51] J[Br,] = 2[52][&r ]

where [51] is. the sto1chlometr1c concentratiot of the _cation, , °

7 :
~ (=[50] + [51] + [52])..- r , ,
00 kZObS = k [52]/[5]]‘ : 6 . 4 . - . ( 'l'l)
Define K, = '[50][H" ]fES]], and K = [52][H ]/ES]] L
« - . . Then B u SR ! , * » ¢
: - [51],  [50] +°[51] + [52] o
‘ [s21. - '”‘“[52] ’ SR
- Ka [H+] e ) .
, . - — ": + '| : ) . ) S
- u . K KoL * ' ~
o o : ] Ka+[H+]""_K o . o <
-—:)’ ’ a . * .‘K | | "

' Thus the equation 11 may be rewr.ittgn as ' | LT

obs - +q- o . , |
- \j .kz = K K/(K + [HT'+ K) | (12)
(é) _For the quaternary Eatibn 51 (R = R' = Me), the equilibrium
f
50251 does not'exist and thus equation 12 ;?ses the term Ka‘

Moreover, the equilibrium constant Ka=10"7 ¢ - this cation, and so |
in, the region of observation equation 12 becomes : \
obs _ + .
kz - sz/[H ] . ) . . _

/(( or yl0g k2°bs = h’kZK + pH ' .

_‘as the observed data support (see Figure 8) ’ ’ .
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(b) For the substrates 50 (R = H, or R = Me), K== 1072, Since for

the dimethyl cation 51 (R = R' = Me)4<C=]O'7, here it is probably -

]0'5-10;6, i.e. K<< Ka. Thus equation 12 nhw yeduces to
+
k% = KK/ (K + [H'D) (13)
.or Tog k,®° = log koK - log (k, + [H']) . - (14)

¢

_This equation %enerates~curves such as observed in Figure 8
for the substrates 50 (R'= H and R = Me, respectively). In the region
pH <»pKa (6r [H+] >> Ka) equation 14 approximates to: o

obs

- \ v
log k2 log kzs + pH

-

and so the rate increases linearly with acidity. However; in the
region pH >pKa {or Ka>i>[H+]) equation 14 approximates to

.obs
log k2

.

= log sz + pKa = consFant

and so the rateé is éssentia]ty invariant with acidity.

c {n summary, then, the observed kinetic data are entirely
consistent with the\subs£rates 4-quinézo]one (22 or 50, R =\H) and
3-methy1-4—quinazo]oné (36 or 50, R = Me) reacting with bromine via
the;r tovalent hydrates 52 (R = H or Me,.R' = H), and the diﬁethyl
cation 37 (or 51, R = R' = Me) reacting via its pseudo base 52 |
(R =R' =‘Me). Similar conclusipns were arrived ét

14,15,16,55,56,60

~ earlier for the H-D exchanges anhd brominations of

[

2-pyrimidone§ and 4-pyrimidones.
As .a final po%nt, the rélative reactivities of th three
substrates aré again considered. In equation 12 the numerator ter
kZK is npt separable except for the dimethyl cation 50 (R = R' = M;).
However, this composite term may be obtained and compared for the

[



'introductfon of R = Me at N-3, This will principally affect the

thrée sdbstrates.

9 [

50 (R = H) - 50 §R Me)

Substrate (R=R"'= Me) ;
koK 0171 %=, . 0.256 0.886 min™' ‘
SRS Y A 1.50 5.18
“Note that there is-only a slight increase due to the . o

equilibrium constanf K (for 51&252). However, the introduction of

“ R' = Me at N-1-causes a more substantial increase. Here the effect Bl
is not only to ‘affect 5152, but also to stabilise the . ’
- intermediate 53 and hence to increésé.kz. Iﬁ short, the observed
.relative reactivities are readily rationalised in terms of the 5\
proposed mechanism in scheme 2. ;
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A} <v
- d © )
N |
. ‘ & ;
Oa ‘ 'A -.
- i A . . \
i r'd ¥ A
N \
Ky N . ) < L
N ’




Y

& \
x
R . I
o
- « N
.
N At
~ . T - A -
.
. |
S
' . 0 N . .
J v
. *
- o
\
° . -
o o
. °
M .
\]
° - ,
2
%
- .
. ..
N , .
N .
4
. . . B . -
; 4
+ B
B
‘ +
. N
. - . . . .
o= ‘
’ [} "
N\ " o o
- s M
'
. . -
N .
. . .
" I . ©° B .
> < . -
- -
. .
v - . s '



Acetate jon dependence

S . Inspection of Table 8 re;eéls that the rate constant for
- bromination of 4-quinézolone (Eg) gradually.fa11§~beyond pH = 3.97..
" This may be due to the increase in the acetate ion concentratiord in

the buffers used in that region. | .

¢ . | . . . . ) ’ .
To confirm this suspicion, a few kinetic runs were obtained at

-
]

0 constant pH (5.32), where the relative concentration of acetate ion

b
is quite large. .The rate of bromination is found to decrease with

the increase in acetate ion concentration(see. Table 9 ). This

' . decrease in rate may possibly be due to acetyl hypobromite fdrmation

according to the equilibrium ‘

4

AcO + Br2 = AcOBr + Bf~

.

No va]ues for an equ111br1um constant were found in the 11terature.

86

In one. instance™ it is reported that the addition of acetate ion to

‘ a regction solution lead to a decrease 1n the bimolecular rate
constant for bromi nation. . |
A simtlar, but different, reduct1on in rate was obtalned for
brom1nat1ons carried out in- a phosphate buffer (Table . 8 :, las¢

entry). The second order rate constant (k2°b5) obtained is higher
: : ‘ N
;. than thgt obtained in acetate buffers, But is still lower than

87

expécted. H&pobromous acid—is known™" to-react with buffer_sa1ts to

~ produce complex brominating agents as in

<

HOBr + H2P04 p et BrHPO4 + H,0

2

f
Ihis may account for the pbserved Tojer rate. ‘Alternatively, in the
. present case, it may be due to
. B

. .
) - Br, + H2P04 - BrHPO4 + 1+ By

v
v
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Variation of the rate of bromination of .4-qu1‘né-zoﬁne (22) in buffers
KBr concentration = 0.01 M . ) ' v '
. N\ i )
pH * . ° k2°b5 (M min~T) '
. s\ : . - i s
3.97 ' . 25,9%  ° .pdetate buffer o
. R , . N /
"4.53 SRVES o : - . )
3 . g .
, . 4,91, . 12,2° cow R
5.2 5,88 e , F
5,76 " ,I.7% . Phosphate buffer . '
. 7 — g e ‘- - ® :
@ = fn average of " two. deteminatibﬁ:' ) .
b+ Sing. o PR c ‘ f
= Singje run. . : ' ,
] \ . 4 R . ' , ’ . i . ) :_’ -
¢ " ' °
. ~ . M.
. - . v
boo
‘ , v
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; / - 5,
1 T TSupstratd] = 5.0 x 10
;‘ - kgl S =001 .-
{ , s pH = 5.32 ’
T -
[\ - \ ! .
, - AOH  AcoNa  Bry x 0%k x 10 g, " ve. k%08
e - ’ -
‘ ' ) (N) (M) (min- ]) (M Vi ) jM mm}]) : ) f
\ ' ¥5.34 25.4 . 5.70 }
0.03  0.17 490" . 262 58 O l e
A . , N ' »L ! . * e ‘
‘ ' 5.30 36.7 9 8.20 ' -
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+, since the formation of HOBr from R \
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- ~was stud1ed

(52, R = R' = Me)e

‘e e . \\\ : \ Yy . . g l"
- : In order to obtam fy’rther; suppory, for mtermed1a¢y of the
pseudo base (82 (R R‘ = Me) in. the brommatwn of the QUatemary oot

sa]t 37, the brommatwn of N~me‘th_y] o-methy]aminobenzamde (31)

In the pH region., the rate of‘ bromma’mon,of 31 was \
. \ e

found twe tog fast ‘to be fodlowed and therefore the . rate
Pt

measurements were made in 10N H2504 where 31 1s predom1 ant]y /
/
protonated (Table 10 ; P. 73 )~ , - .

In order 'to mtérpret these results the pK for 3] 19

y requ1red Th1s was measured spec&:rophotome"trwaﬂys]

ﬁ»
3¢37 + 0. 04 This, va]ue appear‘ed ‘to b;reasonab]e sfnce it 11gs -

between the pK- . of - benz‘am1de (-2. 16) and that of N-methy]amhne

(’4 85) 8] ﬁr‘thermore,ﬁsmce 31 a]most certam]y uWergoes o

protpnatmn on the n‘on-amldlc mtrogen the use of the ac1d1ty

\ functlon Hy is Justg,ﬁedv The value of HQ for 10N H2504 (= -2.47) was

1nter‘polaf.eg from the curve obt.,amed by p]ottmg the valuesm ofy
i" H agamst N HgSO4, in thgj V1c1mty of 10N ac1d e T N 7,
N " o - “In. such strong ac*td S a]most comp]ete]_y protonated and o
( f‘& 6. . . . AR
;here,forg for the scheme A . . C
;' LE J N ‘ * o ‘ s \\
« te .o t L ] ) ©
A. 3 ' \‘ ' ' \
P ’ 1] L
. ] ) Tom L ,"_“ r 2 " '
{ A 0 . e
. ' . 5 -
', l\ - Y ry * L 34 ’

nd found to be * - .




< " obs B ? '
y ..°  rates 2 /[47][Br~2}] I&[31][§r2] ' LR '
° : obs * SR I . oy
. gand’ K, = 2[31]/[47} L L-“,, L (s)
o ' % For the protonatmn of 3 in strong ac1d one writes } o
s [4 L ., \ : ‘o P '
\ j g : [31] (;m [31] Y oo
“a ' B ' 0. J—
& s 00 ° equatmn 15 may be rewritten as g '
e A oS kK7 ~ | o
. . - k20§§ - _n..z_._é_ e . : ‘ (n\e )
- “ h . ) : 3 Y
. - : ¢ ' o \ib :_? [y

thus K = 10"3 37 ince from the data in Table 10 , kzObs =
. & 40 8 M ]mm ], one can catculate 7 T
/o : \ R :
o k2¢24.5x106M]min] , (17)
i ~ e . 2 I
\ For the sequénce (see Scheme 2 , P. 5'2 ) \
z \ ; . . k, * .
N 51 (R=R'=Me) ===252 (R=R'=Me)~——"—product
' : Br.
. 2

. . © ‘ * , ot
it was p}'eviously"ca’lcul‘a_ted (R. 63) that k,K = 0.886. - Sincgi‘
-7.54r )

K = 10 .» then for ‘the, pseuao base 52 (R = R' = Me) "~
. -, N , . : Y .
. . - %, - 6 -1 . =1 . ® )
. | ) k2 = 30.7 x 19 M min " G. .
$ Ty . 2 ' e
' ‘ ] v s ' . . s . - . ’ . , » o
o N TR P S e i,
v o . .

’l C o . : ‘
@7 Lk so4 Hy,= -2.81, thus-h X 1024, The measured pK, = 3137,
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S

" Br.,

, unsuccessful. = -

4! The c]oseness of this number to that for 31 aga1n supp0rts the
1nte7med1a9y of the pseudo base 52 in the brominatlon of 51. '
' ‘The val1d1ty of th1s compar1son~1s weaLened‘by<one poss1b1e
comp]1cat10n. In the ION ac1dc§equ1red for study1ng the bromination
of 31, it may a]so undergo acid cata]ysed hydro1ys1s to N-methyl- 2

anthran111c ac1d (48) If this hydro]ys1s is ds fast as or faster

3
A\ S
e

than the obse ved brom1nat1on the 1atter may’be .due to the bromlnatlon
of 48,° not of ) R o .'L o {

In separate experiments' (Table 11 , P.. 73 1t/ﬁ?s obseryed

c ®

faste/ ‘than 31. Thus 1t is poss1b1e that the observed “eact1on oi’
- 31 with brom1ne is due pr1mar11y to 31——>48 which then réacts with

o+ Attempts to obtain & measure of the ¥ate of §1~—>4§,were
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Table 10 ° ° } >

The rate of br;or'zﬁnatio'n_of N—Hethy]io-mefhylaminobenzami de in.

10N H,S0,°

P

\ ’ o ’
- PR

e,

g

o

Substrate _Br, x ‘104 ks . - ' k * - Ave k.
. 3 2 14 B -12 4
x 10°(M) . (M) (min™") (M"'min"") (M 'min )

p—

[y

5.0 o500 . 18 40.7 : o
R ‘ , - 40.6 , ]
. 5.0 ., 420 M 185 40.5
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Table A1 . L e

w ‘\ o _'.:-——-H-—.
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3 2 1o TS NN
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. and its é-ch]oroderiva‘tive is well estabh’shed.23’35

" 2-QUINAZOLONE (5)

/
24

he existence of the °’c'0\\/a"lent hydrates of 2-quinazolone (5)

. Therefore it

problems precluded.s

%study. \
R ) co .

COK -
xi, NHpGONH,

» / s
H o
. —~ |
C ‘ \ [ . ) c’_ C
Ip the last step (49~>5); the decarboxylation failed,on
' severd] Bt_empts and therefore this method was ﬁaba,ncvlohed. * °
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Model compounds

. The foHowmg phenyl urea derwatwes were made ®S mode] . , #

“compounds for 5 by ¥iterature procedures

H

. . . . - ’ i ?
. N v - °

— NHCONHZ ‘-.—NHCDNHz .—‘—NHCONHMe

- .' ’ . - 0 Y L‘\
. ' MCONH: '—NCONMe2 .—-NCONHMe x '
Solubi 11ty N
i ~ \ . ‘.z:quinaiolone @ 18 ver:y poorly soluble jn wéter, ari'd'e,ven
in 4N 1,50, its maximum Solubijity is 1,0 x 107" The rate’of its
s 4 ‘ — . - L
,. , o e
1 ‘ ) 2 ; ; ) [] “‘
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4

‘ quinazb]inediones were prepared by modifications of literature

3

procedures.

= b

L]
3 3

‘bromination ¥n this medium is extremely slow and, the bromination e
x

product (presumably the:6-bromo derivative) precipitates out from

the solution. Because of such complexities the study of the

~

bromination ‘of 5 was not pursued. | ' .

2,4-QUINAZOL INEDIONES . ' . -

° 1 -
»

" These compounds were also of interest sincé the mechanism
of bromination of their non-benzenoid analogues (uracils) have been

extensjvé]yostudied in this lab'orator:y.16 The following 2,4- T

~

'T) o o 0 | o
NH
N ﬁ% <=§2)
H
The fo110wing‘ureido compouﬁﬂé'were‘prepared either as e

-, . ‘
models or as intermediates for the synthesis of a particular

A

2,4-quinazolinedione., - ) . :
‘ v
L ]
. [ - - \. .‘ ..
' . } 4. °
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NCONHMe.

The brommatwn study of 2 4-qu1nazo]1n&d1ohe was not

pursued becad@e of 1ts very poor solubility in aqueous and acidic

e

o
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