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. Fragmentation patterns were oktained for the title

1
¢b,, CD

the substituents R=H, D, C§3,‘CD3,

3r CD,CD4  CH, 2CH5 3l 3057

Phcﬁz, PﬁCDz, Ph and Ph—2,4,6—d3.‘The primary f;aaméntation #/!

CH2CH CH CH (CH CD(CH CH(CD)3,

pathways for both (0 and 8) séf%eg involve ioss £ CS (X=0

of §) and loss of HCN. The main difference between the

series is that whereas loss of SH* is sionificant for the

thiones, loss of OH* frpm the oxvgen analogues is not

apparent. With increasing complex R the primary !
fragmentation pathways diminish in imoortance as other
modes leadina to more stable fraoments becoTe possible.
For all compounds M-1 ions are sianificant: Studies based
upon deuterium labelling and metastable trangitions in

the FFFR showed ;hat the molecular ions of both series

of compounds lose E* partly from thel4 or» 6 postiqﬁ of

the pvrimidine ring and partly from the N-substituent.
Intensities of those M-1 iqns\that origina&te by expulsion
of H* fror the N—substituent.deﬁend upon R and the- )
heteroatom (S or O). Attention has been aiven to the M-1w

ion of l-ethvl-2-pyrimidinthione. It has been revealed that

iii . . !
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7. the molecular ion ex s hydrogen atom from three site§, . ~

(3

namely from the rimidine ring, the methylene group'ané'the,._/

methyl group. Thé approach to obtain more informgtioh'about
the postuiated tQiazolium‘rihg structure which could result

when the methyl group is affected Ey the loss, has”been out-

lined: On the'basis of the experimental measurements .

and Iiterature gtﬁdy the problems"associatgd with pdésible

. future rpsearch work are discussed. .
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INTRODUCTION L

[

3 .
Many substituted pyrimidines occur in nature and several

of these play vital roles in the metabolism of living

cells,Uracil(1),thymine(2),cytosine(3) and, 5-hydroxy-

methylcytosine form'part of some nhcleosideg.Riboﬁiges .

of orotic écid(uracil-b-carboxylic acid) and dihydro-

N [

orotic acid,are known to be intermediates in the bio- .

syn%hesis of. uracil1.

) Y2
HN". H Hy z
07'\ | 04’(5" o’/@
o H H )

(1) - (2) (3)

Some_pyrimidines are biologically active and

k]

are widely ﬁsed in mediecine.For exampie,the barbiturafes,
which are derivatives of barbitﬁric acid(y),are used as
pypnotics.Z-Thiouracil was found to produce transient
improvement in chronic granulocytic leukemia and it
6-alkyl§3erivatives ére used to treat over-activity of the
thyroid gland.The highly successful antimalarial agent,
pyrimethamine,is 2,4j~diamino=6-ethyl-5-p-chlorophenyl=py-
rimidine,and the powerful oral diuretic,aminbmetﬁadine,

f

\
[

: Undoubtedly, the biological iMpo;tance of the

substituted pyrimidines stimulated the wide spread attempt

1

7 o>
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.or biologically altered pyrimidines can be comparéd to

. N o ’ ; oo
of many chemists to obtain morve iﬁformation about their

A

structure and reactivity%. ' \ ’
X v " ¢
Nucleosides are~base=sugar units of rmelseic scids, D)

o

whqre the bases contain pyrimidine and purine ring .

~

. T - .
system.The chemistry of nucleic acids is highly complex.

i -~

It is not eiactly known how many different nucleic acids

& .
there’ are,or in what segquences the-pyrimidiq&s,and purines \\\

are arranged, ‘ : '

, The mass spectra of substituted pyrimidines can

serve as useful models with which the spectra of chemically

assist in the structure elucidation. ) o

£
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I - REVIEW OF PERTINENT LITERATURE -

Mass sbectra of compounds containing the pyrimidine ring
were first obtained by(Fieman and McCloskey3,who*studied'
the naturally’occurring nucleosides by time of flight
mass spectroscopy.The main fragmentation occurs at the
bond‘Between§the heterocyclic Base and the sugar moiety

with accompanying transfer of one or two hydrogens to the

~base.These hydrogen atoms appear to originate from the

hydroxyl hydrogens of the sugar, judging from mass spectra

of the deuterated compoundsiPeaks occur also, at m/z values

_corresponding to (base + 30) and‘(M? - 89).The fragmentation

pattern of uridine(I-5) is a typical exampie for this class

~ of compounds(Scheme I-1).

.

. The mass spectra of the important pyrimidine
derivatives uracil(I-1),thymine(I-2),cytosine(I-3) and
some ‘N~-methyl-uracils have been determined by'Riceket al.u.
The main fragmentation pathway of uracil is loss of HNCO
byl"retro—Diels-Alder" cleavage,followed by expulsion of

~
HCN to form a ketene odd electron ion at m/z L2:

H + - ‘ ' .
- H
-HNCO _] —HCN _
'w A O %

(1-1) - | (1-2)



i
a
\
[
Q
.
“
-
-
-
L4
Ay
.
.
\
Al
o
. 4

el vt e

(I-5)

lf‘ " .
- H H
o _ transfer : ”N\Tro :

of 2H . N H

transfer of
\ 1H

H '\
[ P-ad
H c
H OH
| .
Scheme I-1 -

hs
. -
s
L)
>
* T
¢ ’
1S
[N

CH
T
.r

(base, + 30

4 -

ERSEATee UV A LR
3 -
"y 1

BENELS

« \\
1
’




-5
e rrmy w.»-A,f-*’—‘ o

+

~

TN T et

. .
T, I ORI
Fo

-3

! : . S o)
Th&ﬁine follows the same’f?agmentagion pattern, whiléftﬁe; Doy
mass spécérum 6ﬂ'cytosine/is muph more complei Itkis ’ o ,’ - 8
characterized by three distinct fragmentatlon pathways.

" namely loss of NH radical,loss of CO and loss of HNCO
from the parent ion. Of interest is the expulsion of * .
carbon monoxide from the molecular ion ,which does not

oceur 91gnificantly with the two dioxygenated compounds..

The spectrum of 1,3 -dimethyl-urécil is characterized by a

molecular ion peak at m/z 140 and intense fragment ion .
peaks at m/z 83,55, and.uZ corresponding to loss of CH3NCO,

CO and ketene radical adcordiﬁg to the following schemse:

S i : :

+' f“‘i:

HEN | ~CH,NCO -Co B , °

.2 l ——> n/z 83 ——> 'm/z 55 ' R o

o ? , N ) . X

c . . * . s - { ’ 5 -

% -choo . , " . s

m/z. 140 - S m/z L2 I '

ES t ' ‘ N ’ - t;»

o, Kato ‘et al, 5 studied the mass spectra of alkyl, ¢ - ’
phenyl, and chloropyrimidlnes and showed that prior to n /<

further fragmentation there are two 1ntermediate ions

(a and b),formed by X=cleavage:




| T (b)) - 5

The authors investigated mass spectra of eleven related

' compounds, having chloro, alkyl, . and phenyl groups
\

subétituted for RE’RA and Ré in various combinations,It

’

| / was observed that further fragmeﬁtation of the intermediates’
‘r . ¢ . . . 9 '
| , depends on their structures and on the character and ‘

- -

position of the substituents. ' : .

i - : / ) Nishiwaki enf”ﬁc.il"6 studied the mass spectrum. of .
. . N

- : ‘ Z-amlno-u-phenyl-é-MBthylpyrlmldlne(I li)}.The ‘molecular ion

-

, -at m/z 185,which is the base peakzazd amounts to 32% of . 1 i

r : thevtotg} ion pur;énéf/;jses hydrogen, gi@ing rise to S . g
}/ ’ » N la very intense ion at m/z'18h. This‘ig an unexpected o \/
‘{ : feature sin 6 for 2-amino-},6-dimethylpyrinidine the two T,

. main fragﬁents are due to 1;;3 of HCN and probably CH.CN e

3
_from” the molecular iohé. The fact that the spectrum of N,

“N 5= d3 2-amino-u-phenyl-6-methy1pyrim1d1ne also displays
- ' e H
a very prominent M-1 ion signifies that the phenyl ring is -

6 ) / >

R e e IR mt{x%"‘vﬂ?&ﬂ"a I e



invo}veq in loss of the hydrogen. A hydrogen in the methyl

group will not be affected in view of the behaviour of
2-ethy1pyfidine7. The particular M-1 ion may well be the
~ _ following cyclic ion(I-4a), the formation of which would

toe ' be an example of cleavage¥ to a heterocyclic nitrogen: - °

m/z 184

RSV -

" The only/previous study of hydroxy=-pyrimidines
. [] B

-

" gseems ix>§e that of l-hydroxy-6-methylpyrimidine(I-6).

et oR T tsow, - -

» ’-6 B
The mass spectrum of this compound showed Tittle loss of
"HCN from the mo}eéular'ion but marked loss of 008. This is

. \\, . . R
‘ . . ~ most conveniently formalized as arising from the keto form

LRP VR

of the molecular ion, and the rédsultant species(m/z 82)
can be.written ad the open-chain ion or the imidazole ion.

5 - ﬁoss'pf L0 mass units from_m/i 82 produces the intense ion

TR S YT ey

at m/z L2, and it has been suggested that the neutral

fragment is'methylacetylene:

, ‘ - ! ' ’ ’ /

PP TP ROy - R N
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m/zﬁué | . ) R 'm/z‘82 ' .

I3

Hvistendahl et al.9 studied mass spectra of some
dihydrothiazolopyrimidinium salts and zwitterions, 'The

investigated compounas uridergo structural or electronic

rearrangement prior to evaporation in the mass spectrometer

‘ - ®
to become covalent., Of some interest to our study is the spec-

trum of I-7, ﬁhere thermal decarboxylation first occurs with

/

V .

HLTSR - HaCJ\N s T
‘ : : b T

T4l N
R . , .
. -

(1-7) S (I-7a)

~e

wwd ooty o, o



4

ring obening "to form the N-vinylthionP(I-7u), which forms
the molecular ion'aﬁ m/z 168. The ion expeigwhydrogen to
yield a thiazolopyrimidinium cation at m/z 167, which is
_the base peak, The second fragmentafion pathway is loss
~ of acetylene from the molecular ion ta fqrm,a peak at m/z

142, whHich probably proceeds Qia McLafferty rearrangement:

| «— —_—
ﬂffL§ SH Hy q
CH
' |[ o,
CH, |
m/z 142 / ) m/z 168 - m/z 167

Another interesting spectrum is that of I-8, where first-

v

nucleophilic substitution by the anion takes place with

opening of the thiazoline ring to form I-8a: |

/ l » ; »* - N7 I , | s
—_— - . -
A N

S. ' ’
e

.
[ .
v e
‘Br

[

(I-8) — . (I-Ba)

e iah,

A



- "" ghown in the scheme below.

B -

—T

The molecule I-8a, upon electron impact, fragments as

N

» g : / ' Fs

i ’
{ . 4 ) »
. ~CH5CHBr P ; |
"~/J\\ — / . ; e
~ N J\ l . . E
. S V- ,
P H :
. -HCN ,, P
Br : s a :
o n/s 112 | : ,
M¥ of (I-8a) :
| . . J
H - //.
. ) * a +NH .
-BI" . _CS . . l s
v m/z 85
N/ l , ¥ ¢ .
A\ [ ! '
s/ L g : .
. i /H
m/z 139 m/z 68

Substituted alkylthio-uracils were investigated
by Wyrzykiewicz et al.To.Fragmentation pattern of twelve®

derivatives of I-9 was determined with different
H

combinations of R substituents. It has been found that on

the basis of,the,fragmentation patterns the position of -

uracil ring thiation may be deduced.The major fragmentation

]

~ “ 10
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IT - STATEMENT OF OBJECTIVE OF THE PRESENT WORK

-

}

/
L]

The present work investigates thekelectron impact

i3

fragmentgtion of another important series of pyrimidiné@,

the N-substituted 2-pyrimidinones(II-1) and their
2-thio-homologues(II-2).

S
A X
(II-1) (II-2)
R= H ‘ R= H
A
\\ CH3 y ) CH3
© \ - CHCHy B 1 CH,CHy |
\\cn(cn3)2r : . -
\SHZPh | ; -
- ‘ © Pn

.\ _

"The compounds were chosen in order to study influence )

of the vaq}qué'N—substituents on the fragmentation of the
|

‘oxo- or thio- pyrimidine ring and to inyestigaté possible

correlationy between the, behaviour of the  oxygen and

1

sulfur analogues.

"
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Their fragmentation'pattefns have been outlined °

: in the authort's M,Sec, thes‘is11

. However, the proﬁesges'
proposed therein were very often based on mere intﬁition.
To identlfy more closely the origln of the major fragments,
the follow1ng labelled compounds were synthes}zed and

their mass spectral fragmentation compared wifh that of \

i X'=H X =D : X =H X =D
R= D R=E R= D R= H
j _ . CD3 : ,QHB | CD3 . CH3
A . '
eD,CD 4 . ) CD,0D,
, S .. CH(cD,), CH,CD,
L ) CooDWHEy, N  CD,CH,
PhCD ) 1%
Ph-%u’ -d ' . Ph-Z’u’b-d3

unlabelled homologues. . - ) 5.

\
o
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ions in high m/z reéioﬁ were examined, The

Eofrespondihg dissociations in the first field free region Co

rise t

were jnvestigated using ‘the techniques hpscribed in the
experimental section.

- A?tention is given to justify the proposed
. structures of the M-1 ions. In order to do this, the
appropriate metastable processes were analyzed and kinetic
energy releases were measured from the metastable peak
shapesJ/Attempts to obtain Aﬁf of the M-1 ions were made
on the basis of their hﬁsearance energy measurements.

The previously unknown 2(1H)-pyrimidinselenone

Ll

- \
. 3

>
¥

' was made in order to compare the behaviour of selenium

with the same group elements oxygen and sulphur, under

o 7

the same circumstancas.
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' Basic theory of the mass spectrometry with ion fragmentétion-

mechanism.and*interpretatio& of the mass spectra was ,
expiained in the prévious study11. This section deals with
the theory relevant to 8 metastable transition and ioﬂ

_structure determiqation12.

THE MAIN ION BEAM

[ e 8 -

In the ionization chamber of a mass spectrometer ions are
produced -from a compound by bombarding the molecules of
the compound with a mono-energetic beam of electrons. The

' mass spectrometer then separates these ions according to
their mass-to-chargg ratios by Ehe action of electric and
magnetic fields.‘The ions leave the ionization‘chamber
under influénce of the repeller 'electrodes- and have
r;lative1y4litﬁle kinetic/energy,~1ev. vutside the
ionization chamber tﬁey are accelerated by the action of /
B strong electric field, corresponding to a potential drop
of seﬁerai thousaﬁd volts over a distance of the order of

"1em. In order to keep the relatively small energy spread of
éhe\priginal ion beam, high accelerating Goltages, up to
10kV are used, so that the kinatig energy of all ions will

be the same. The kinetic enargy of an ion of mass m and

charge e accelerated through a potehtial drop V is given by

s

15 , |

——



equation (1), where v is the terminal %elocity. The beam of

mv2/2 = ov ro (1)

ions that have a kinetic energy equal to the full
nécelerating energy is kriown as the ﬁain ioh‘beam.

If the energy of tﬁe bomba?ding electrons is
just sufficient to ionize the molecule, only the molecular
ion @ppears in the spectrum, If the electron-beam energy is
increased the molecular ion can be formed with excess
electronic’and viﬁﬁatioﬁal energy which can be high enough
to enable fragmentation of the molecular ion.

| ' ~

METASTABLE IONS IN NORMAL MASS SPECTRA
Nét all fragmentation processes take place in the source
of a mass spectfometeﬁa Some ions, called meétastable ions,
owill decompose during passage between the source and the
éollector ﬁnits in the séectrometera Of special interest
are the ions that debompoge in the.field-free region in
front of the magnetic sector anq those that decompose in
front of the electric sector ofia“double-focusing mass
spectrometer(Fig. fII-1) ié the so called first field free

q 13 »
region. Hipple et al. have shown phap.for the process

] ) l‘\\

m, > m; + neutral fragment,
!

the metastable peak is observed at mass m" which is related

-

16

f



Electric

seéctor . Magnetic
sector
&
N
N
\ ¢
N
N
AN
~
N
Collector
* Slit
’ Fig. III-1 - -
' ,L'\Yj
.
to m, and m, by the equation (2).
# -2, ¢ .
m.=m,/m - ' (2)
. 2" e

The velocity of the metastable ion m, entering the second

field-free region is given by eqn,’ (1) as

v =r(2eaV/m1)v“/2 L, - (3

‘ ' ’ 3
After. the metastable transitibnf the product ion m, will
have momentum " p

L
A

ER =rm2(29V/mT)1/2 ‘ : ()

. -
. . » '
-3 , N . B

*q

17" * . - <

.« o
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The radius followed by these ions in the magnetic sector

; is given by equation (5), where B is the magnetic fieldd
. e . - . ‘ 3
. ) « atrength : , .

. 4 kS
r =m2v/Be : . g(53

o e o e R

After substitution for velocity from. equation (3)

- N . ’

m

2
r= — (2eV/m1)1/2
Se N
N M ’ aﬁyl "".‘
1 I}
M - Thus "
: Vo :
, 2, O w, _l202
m, /m1e’— m /e =3%r°/2VA o (b}
5

The ddughter ions m2+ are transmitted through tﬁé'magnetic

sector with an appéfent mass m*, equal to m22/m1, éqn.(Z).

P FRAGMENTATION IN THE FIRST FIELD FREE REGION (FFFRy

. o
-Ions that decompose in front of the electric sector will

not Se observed in a conventionai mass spectrum. Under
Onormal operating conditions, only ion%s having the full
) ‘ acceleration energy will be transmitted through the electric _J -
\ﬁ”;ﬂmp* ‘sector, Decomposition in the FFFR can be degpgted by
special defocusing methods that invoive scagning either
the electric Qector voitage or the accelerating voltgge.

The kiﬁetic eﬁergy of the ions trapsmitied along

". the ¢tentral path through the electric sector is , =

. N
. .
) . 18 . Yo

a
o

T e
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»proportional to the elettric sector voltagef The~dagghter

». . ions m2+ arisin§ from fragmentatlbns ocurring in the - -
’ Ce FFFR will be unabie to pass through:the electric sector L ;
. of athe dou€1e focusing'?QSSJepectrometer. They”will hav'e

) '“ , lower kinetic energy: since upon, fragmentation the initial

kinetic energy of, K the main beam, MV, will be shared

between the ionio and neufral ffagments.cln order to detect A o

H
:
:
t
b

/the ions mg, it is necessary to lower the voltaéé across
the eleotric sector{by a fraction mé/{n1 of the value at

uwhioh,lons that carry‘the full‘accelerating energy are
irenemitted. If E is the voltage°at which the daughter

"ions m2 of the metastable transition are to be seen and

»

! R ‘E is the voltage corresponding to the main beam, then

o E,’ NG

1=m¥m1”{

3

,The other method, by which the above m, ions can

2
* be transmitted through the electric'sector, is to keép

the ®vlectric sector voltage flxed at the normal value E

——

/ "~ but to increase the maln accelerating voltage from 1ts

a

‘normal value\y to a new vdlue V1 and thus ‘bring the m,

" ions to a kinetic energy equal to the' full acceleratlng

anergy of the main béam. The daughter jon m2 will pass.
J .

? ©.through the eLectric seotor ir
'. , - . . ’ ,
' ? ~ . - ‘ . 4 ' . ‘ ‘ ‘ - . [
o .. vy .= Vm,/m, XU 5 ﬂB) \V/f
. . N N . ' . . "1 ~
—— :' / - 4 M ' . )
— ) ; . 19 , . ) , . *
: . o - /
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‘' gpectrometer, an essential censideration in ien kinetizs,

.

" KINETICS OF THE FRAGMENTATION

a

Figure III-2 illustrates the fimé scale of the mass

Data refer to ions of mass 100 in the.ﬁitachi‘RMH-Z mass
spectrometer operating at an ion-aécelerating voltage of'
16 kv'h, g -

- , Time Scale, Microseconds . }

v

<

ion source field free electric - ! )
. _region __sector __ tr - Selote fir coll .
10 48 44 43 35 43 oCtor <
;oo .4

Fig. III-2
. o

The fragmentation processes'ocgurring in most ﬁnalyticai

mass spectrometers follow firast order kinetics. Such
o LI c, :
unimolecular decompositions require first, the formation .

of tbe activated complex{(Fig. I1I-3),which isvthe result

of the accumulation of éufgicient energy in the appropriate

[y

. vibrational andofotatidnal modes and, secohdly, the

L

achievement of the apbropriate ggometry.nThdﬂeonditioﬁ for

+
an ion ABUD* to form an activated complex is that the ion

. bossesses at least the activation energy for the process

in.question. The greater the iq&gfpal energy the gréater

—

the probability that it will be correctly distributed for

the decomposition and the faster the unimolecular reaction.

The second condition for activated complex formatioﬁ;
gppropr&ate geometry, requires time, In general thé hore
similar the reactant and transition state geotetries, the

féster.the reaction. Therefore simple bond cleavage will

T 20
. .
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T ' * . i
;o . IE vieeeseesidnization energy .
; Appearance energy of ABf(AE) = IEadiabatic + E0
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"< 'ion"in a mass spect

or,other,pfdcesses of comparable energies. The slow
reactions that give rifse to the metastable peaks are more
agten due‘to rearrangement processes, The abundance of a
fragment igp and a metastable ion formed from.a molecular
eter dépends on the rate constant for
the unimolecular reaction K(e), and on the probability of
the internal energy /[distribution P(e). Metastable ions -
that decompose in a/field free region of the mass A

&

spectrometer arise from reactions having rate constants

approximately 102 to 10° seQ: . The approximate Yormula for .

|
the calculation of the conatant K(e) is the follow ng15;

K(e) =V(E-E_/E)™" (9)
1).:....:......frbquency factor
B sieveseessesointernal energy of the reacting ion
E sesseescecescactivation energy

o
;)8 esessssssssssnnumber of vibrational degrees of freedom

P

v

If the molecules ABCD(Fig. I11I-3) are submitted
to 70eV electron bombardment, the produced molecular ions
ABCD- will have a vaRiety of internal energy values. The ¥
probability function Pie) is a description of the internal
~distribdtion of' a rgicting ion, in this case,

molecular ion ABCDo.
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RELEASE OF KINETIC ENERGY N e

The internal energy of the ionized molecule may be
clacsified as eithor “fixed; cr "non-fixed" in the ;
activated complex.Figure III-4 illustrates the relationsh%a
between these quantit}es. The non-fixed energy E |
corresponds to tﬁ; difference between the internal energy

E and the forwagd activation energy Eo' The term kinetic
shift r‘éi‘ers tofa particular value of  which is judt
sufficient to cause detectable fragmentation in the ion .
source(see Fig, III-2), It is thus some excess energy abové

the activation energy Eo necessary for a molecular ion MT

to produce detectable fragment ions in a conventional mass

.spectrum, ) )
._.7F.__.__ S .
. ” 7F— ‘Ijt_inetic shift
. AT T T = )
' E ) . ’ o )
e ‘ + X . |
E) E!in F + N 3
- uo . -
é & ’ ) -7 -
"
d .
bty ‘ Ve
5 ‘ e
g " . .
R mt B
, — =
Reaction Coordinate
- Fig. III-4 ™ .

N o
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Kinetic shift is of importance to metastable ion
decomposition’ since the average nonfixed ihternal energy
of a metastable ion is not much in excess of E, that is,!
" Fis smail.- " , | *
As pointed out befofe,‘métastﬁble peéks are
’ diffuge. The diffuse nature of the geaké is due almost
entirely to conversion of internal energy into kinetic
'energy of séparation of the fragments. The kinetic energy
T, releaseq in the decompositioﬁ of a metastable ion;, can

arise from two separate sources(Fig. [lI-5). The excess

Potential Energy

Reaction Coordinﬁte

Figo III"S



* : .
energy E of the activated compléx which is available for -

statistical partitioning between the internal energies of

the products and translational eneréy of their separstion,
and the reverse’acﬁivation'enérgymEg which is also

partitioned = but not equipartitigoned between the

dissociation mode and other degrees of freedom, ,

Knowledge of the kinetic energy reiepse.is

significant in the consideration of an‘ion structure

characteristic. Inothe present work the accelerating

voltage scan method was used, to determine the release of

kinetic energy, T, occurring in the field-free region

between the source and the elsctrostatic analyser, The

calculation .of T considers a metastable ion of mass m,

‘carrying x charges, that fragmen€§ to give a fragment M,

‘carrying y charges and a neutral’ fragment of mass m3 The

relationship between kinetic energy release T and peak

width, Av, in an accelerating voltage scan spectrum is

then12

2 2

' 2 .
r - XonZov oV - o

16ym1m3 V2

In arriving at equation (10) Beynon pt‘al.jz showed that
the maximum and minimum possible velocities v, of the
daughter ions m, travelling in the original direction of "

motion of the ions m, are

AN

1/2 1/2

v,(max)=v, +(2m,T/mym,) Ané vz(min)?v1~(2m5T/m1m2)

i
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‘en;rgy of these m, ions is

- = 1mv, IEZE * (mB?/mzer)"

|

o

,Thué the effect of a release of internai energy during

a m@tastanle transition is to cause the ién of mass m, to
be given a velocity increment additional to tha? of the

original ion of mass m, and velocity v,. The kinetic

!

. N
) ,/'11’52"22 = 1? sz’1 3 ‘2‘“3'1'("‘1‘"2’1/2:12 .
‘ = %mzv,lz[:i Ai (2m3’1'/m1m2v1 )1/ 2
2 m 2

1

-’ . -

{since %nhv12=er)

o O -
= xeV r—n:'z E + m3T/m2er'f/Z(mBT/maxevﬂ/?] {11)

)

@he radius of curvature of this daughter ion in a magnetic

sector is given by

r = m2v2/Hey ' (12)

\

_Upon combination of equation (11) and (12) and rearranging,

the extreme spread of the metastable peak in mass Units is

d =qun22/Y%HL(m3T/T21eV)1/2 or T = y“m12d26V/16im23m3~

¥

The maximum fractional spread of energy of the daughter’
ions m, can be éxpressed as a fraction AV/V if the high -

voltagé scan method is used. To a close approximation,

NN = u(m3T/m2xev)1/2 n ©(13)

~ 26
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the peak is observeh. ' : .

. precursor molecular ions by secondary fragmentation. It

s

wpere V1 is the accelerating voltage corﬂ%sponding to |

- 9

the center of the pe/ak and AV is, the range of HV values

From equation (13)

T =(amsv, Mbmy) VVOE ()
- Since V, = (m:y/mzx)v, ' .
- T =(x2m22eV/1 6ym.‘m§'.(AV/V)2 (10)

1

ENERGY RELEASE AS AN ION STRUCTURE CHARACTERISTIC ’S

The ise of kinetic energy (T) released in metastable ion
fragmentation as an ion structure parameter was initiated
by Mcf;fferty and co-worker%"S.These authors examined the

decomposition of 02H50+ ions arising ﬂroﬁ different

was suggested that the identical T values observed in

the metastable decomposition Of'CZHSO+ ions generated from -
) . e
various precursors imply a common transition state for the

fragmentation. This proﬂosal is supported by the

observation éhat th? metastable peaﬁ shape and intensiiy
was'independent of the precursor ion used to generate
CEH50+' Since the metastable pesk usually arises from

a particular-decomposition reaction, the ions identical in
energy that exhibit identical decomposition reactions have

identical structure. However, as pointed out.by the authors,

o

o .



-

metastable transitions occur with a relatively narrow

6 sec'1(seep.22), so -

raﬁge of rate constants of 10S to 10
that the measurements of the metastahle reactions
represents only a smalllsamp}e of the total internal energy
distribution of the czﬁso+ ion.

Application of this method was limited for
several years by the fact that most reactions oceur with
small energy relsases and T could not be rgliably measured.

' Energy releases of less than one milli~electron
volt were first measured by Beyndgtet'al.17 in’1970‘who
used ion kinetic energy spectroscopy(IKES),which involves
~ the var}ation of the electric sector voltage(cf.p.19).

18 gtudied the effect of

In 1972 Beynon et al.
experimental congitions and methods of ion preparation
upon the measured enérgy release, The authors concluded
that the kinetic ene;gy release accompanying unimolecular
metastable ion fragmentation shows only a small’dependence
on such parameters as source temperature, 'ione=source
~residence time and .acceleration voltage. Molecular ions
formed by electron impact have been found to release
sligﬁtly‘less kinetic energy on fragmentation then the
corresponding’ions formed via a fragmentation sequence,
These vériations in energy release with ion origin do not
prevent a valid comparison of ion structures,

From the above study and references therein18
ipﬂig apparent that the kinetic energy released by

metastable ions ig a characteristic of ion structure and
.

28
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is approximately independent of internal energy. ''his is
|

particularly so when the kinetic eneréy release is large,
kven when it is small and due not to the reverse activation
energy but to the partitioning of the non-fixed energy'of
the activated comple{ Qt variations in ﬁ=have a relatively
small effect upbn T, since the mass spectrometer selects
metastable ions having a relatively small and well defined
range ofsinternal energies. lhus, provided the reversé
activation energy EOr is at least anﬁégﬁtenthsof an

electron volt, the manner in which it is partitioned can

~ be determined.

£

''he importance of energy partitioning in studying .
ion structure and reaction mechanism héé been demonstrated
in numerous studies, and it has been suggested19 that a
large fraction of the excess energy(E* + Eg) is partitioned
intc translational energy of the products when a cyclic
activated complex of small ring size is involved.

Cooks et al.2o

measured the kinetic energy
release accompanying H* loss from g;HBT ion, generated
from différent compounds, The results are so similar, as
shown in Table I1I-1, that it is believed that the
reactive ions'have a common structure. Furthermore the
authors studied thg energy partitioning behaviour for this
réaction, considering cycloheptatriene as the reactant and

taking the appropriate heats of formations and éppearance

energies from the literature:

29
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Kinetic energy release for C7H8t—- c.H," + H- .

‘ 7

. . e

o Compound 3 ' T(eV)

)

Benzyl methyl ;_‘hher ' 0,172
Tropyl methyl etl:\xfr : 0.173
b-Methylariisole H‘A) ‘ . . .0.1"72. CoT.
m-Methylani sole : 0.1 71 .
o-Methylanisole 0,174
n-Butylhbenzene S T 0177 .
Cycloheptatriense 0.1 75
Toluene ' , | . 0.172

Table III-1

AHf(C7H7)+ = 9,06 eV(ionization energy of cyclohqptat\rienyl
radical plus AHf cycloheptatrienyl radical ’

. +
AE(071‘17) cycloheptatriene ~ 10.45 eV,

AHI.(cyxéloheptatriene) = 1,88 eV, and
AHf(H‘) =.2,26 oV,

o

The thermochemical relationship for the reaction is '

~

+ - A +
AE(C7H7) +AH’f(C7HB) = AHI.(C.?H?) +AHf(H-) + E

excess s

300 7 ‘ ‘

"

e
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\ Eaxcessié _
. CHY + W’ -
) ) |
v | \
N A
G N . ) . ' -
2 P E(CH,) . o :
w g : .
<5 . :
| / g ) : ;
o .
L) .
o .
) . ‘
+ e
- [o] °
[« W < .
. Reactiorr Coordinate R
; , " Pig. III-6
L] ‘l ) 1
‘ " ‘and theréfore . L . ., '
C Eoxcogs = 10:45 + 1.88 - 9.06 - 2.26 = 1.01eV(cf.Fig IIIZ6),
- B . . o _ . R
: . o Fgr an E xcess Yalu? of this magnitude, the approximation
N . I L r N 20 ' , 3
: s, o , Eexcesé\”E is valid It follows that'in this simple
: 3 \ " cleavage reaction only 18% of the re'v'ersem activation energy
N is partitioned as translational kinetic ‘eriergy.
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Potential Energy

ISOTOPE EFFECTS - . !‘ , C

Another criterion that can provide information on lonic

. . |

reection mechanism und ionic structures is the effect or
isotoplc substltutlon either on metastable peak abundances
or upon klnetlc energy release.

The isotope effect kH/kD is given by th? relative

* abundances of the (M-H)' and (M-D)* product ions(Fig.III-7).

kH/kD.fbr different H® loss metastable ion reactions can

vary, using the same instrument and the same experimental

conditions, from 5.9 for benzene to>1000 for isobutaneao.

\ -~

It has been suggested that these differences are Hirectly

e

¥
related to the differences in the non-fixed energy E of

v

the activated complexes (M-D)+ and (M-H)+as illustrated.

W%//M E- .u)*' S &

Heaction Coordihete

Fig III=7. _° = - . °

.

32
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in Flg 111-7, where single molecular ion Mo is considered
to lose D*or H'. Because of the dlfferences in zero-
-p01nt energies associated w1th C-H and C-D bonds
thHe non-fixed energy ﬁ?bf the activated complex for H*® ‘loss
is greaten than for D loss. As the 1nterna1 energy.E
1ncreases, the ratio of E(M 37 to é?M DT' will decrease
and k /k cwill approach unity. Thus, reactlons p0359331ng
\rate constants whlch increase rapidly with internal energy 2
E, give a large 1sotope effect while'in the processes o
whene the rate ingreases slowly, the kH/kD approaches
ﬁnity, as‘ind?cated in Fig.III-8a and b respgctively. .
Furthermore it is apparent fron Fig.III;Bb‘that/ions of
‘intefnal'energy such thEt’H‘ loss has a rate constant
correspondlng to metastable 1on ﬂrggmentat1on, undergo ’
D* loss with a rate constant which is ohily a little-

smaller, On the other hand, for regotion illustrated in

Fig.11I-8a the rate constants for H° and D* loss differ by

much greater factor. - . ' 0 ;

~

The isotoﬁe effect upon kinetic energy release
21

-
-

has been also observed and it has béen suggested that = -

H® loss should give'TH/Tﬁ=1. Table III-2 shows some . -

experimental data. The results.indicate that the above

.

.postulate is valid eﬁen when two different isotopicgliy . o\

- o L
substituted compounds are used to follow H® and D° loss, <
e.gs toluene and d8-toluene. However, not enough, #vidence /

. has been provided to draw any general conc1u81ons from

>u

these and other isolated results.
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The results can be

B T T mm—

understood by reference back

tp Fig III-7,where the same molecular ion can lose either

. H' or D' by simple C-H(D) bond cleavage. The potential

2

energy surface is symmetrical about the molecular ion

configuration and‘?nly differences in zero-point energies

are of concern. The 31mp11flcatlon is made that the

1nternal energy distrlbution appropriate to fragmentations

‘r“l

i

s+ in the fielé free region can be represent;d as a single

discrete value. The two sets of products (M-H)

and (M-D)?

the former being lower by approximately 1 Kcal.mole™ .

a -

Kinetic energy released in H°(D’) elimination reactions

b

e
>

35

Compouq? Reaction TH(meV) TD(meV)TH/TD
Toluene rowe 160
: . + >093
dB-Toluene Ms - D° - . 175
o,o'-dZ-Toluene MY - H*(D*) 175 183 0.96
%-d3-Toluene MY = H*(D*) AT 176 0,97
ring-dg-Toluene MY - H(D*) 179 180 0.95
‘Benzene MY - H* 60
d, -Benzene MY - D - o 6l
d.-Benzéne M - H*(D") 60 60 1.00
+
CH.0 Me - H* 5.7 -
3 ) 0.93
CD,0H M: - D* - : =,6.1::>
+ . T
CH,OCH, MY~ B 3.6 - > 0.9
CD3OCD3 .M- - D - o
Table I1I-2
J

+ D* differ only in zero-point energies of ions,
y

o

. Wwwﬁ.&;» FOTSRN
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‘strongeg or a ljittle weaker in the activated complex than

complexes slightly greatermﬁhan or slightly less tﬁan the

T da M LS

The two activatéd complexes différ in that one(in w?igh H*

A" B als
-

is lost) retains a C-D bond, the other retains a C-H bond.

These particular bonds, whether C-D or C-H, may be a little

-

-

in the prBducté and, hence will tend either to make the

differenigﬂéﬁ zero-point energies of the two activated

N -

P 1N e IR S A A e P v

difference in zbro;point energies of two sets ¢f products.
r + Y e Ty s . ~ 21 ’ .
Thus E_~(M-H) * = B~ (M-D),i.e.Tp/T, = 1°°. |
The above discussion does not cover cases where

. _ .
T is largely due to the non-fixed energy E of the activated

. complex, In such cases the ratio of TH/TD will depend on

the internal- energies of the metastable ions. If a single
Tolecular ion is consi ed to lose H®* or D°,then éFfor
loss of H® should be greatey than for loss of D‘(Fig.III-?)
and TH>TD' The magnitude of thq isotope effect will again
be dependent upon the rate.of increase of k with E.

However, the excess energies.for the two reactions will

differ mar%}nally if sampling-over the appfopriate

| —

distribution were different for the two cases,.

.

R

- >

IONIZATION AND APPEARANCE ENERGIES

Appearance and ionization energies in electron iﬁpact
mass spectrometry aré related’ to the energiés of the
slectron beams which are required to produce the'ions in
the masslspgctrometer.A plot of ioﬁsdﬁrrent against

electron energy is known as the ionization efficiency PR
' . » .

~

N P / ’ 36
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qurve(cf. Fig. III-9). The threshold electron voltage-’

is termad the appearance energyof the particular ion.

The energy at which molecular ions first appear is -

\
called the ionization energy. The initial curved portion -

is due mainly to the energy spread of the bombarding
‘electrons. Because of this energy spread in the electron

beam at the threshold it is not possible to determine

directly the absolute value of the electron beam ehergy

3 .
at which ions are first produced. Consequently ionization
and appearance energies are determined by comparing the

ionization efficiency curve of the unknown sample with

‘that of a standard substance, usually an inert gas, whose

ionization poteﬁtial is accurately known. The greatest

source of error in measuring ionization and appearance

. energies is in the determination of the origin of the
jonization efficiency curves since the curves approach

the aﬁscissaasymptotically. A common method to overcome

the difficulty is to plot ion abundance on a logarithmic
/

'scale against electron volts both"for the internal

J

Ion Current

Fig. III-9

|37
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standard and for the sample. If the two curves are
essentially parallel, the difference in appearance
energies can be determined as the current falls towards

[
ZQPQ.

/ o
HEAT OF FORMATION OF GASEOQUS IONS39 / .
Ionization and appearance energies can be used to n;
determine the heats of formation of gaseous ions and
thus give information about the ions characteristic, '
FPor example, an ion CzHSO+ can be generated from methyl'
ethers and secondary alcohols, but it is not known

whether\theee ions have the same structure. The appearance

snergy for C2H50+ generated from dimethyl ether is

10.70eV (247 kcal/mole). The literature values for L
AHf(CHBOCH}) = -4)i keal/mole andZXHf(H’) = 52 kecal/mole.

1ThPs

OH reaction = AHy(C,H.0") + OBy (H') - AH,(CH,0CH

247 kcal/mole

3)

#

AH (C H50+) 247 - 52 = 4L = 151 kcal/mole

The figune is different from a value of W1 kcal/mole
for the ion generated from a series:of secondary alcohols,
It is believed that the ion generated from dimethyl ether

does not possess appreciable excess energy at threshold

since the kinetic energy release accompanying the
fragmentation of the metastable ion is only 0.1 kcal/mole.

Hence the ions are indeed isomeric and the structures
CH§-5=CH2 and CHE*CH=6-H are suggested,The isomeric CPHSO+

-

. . L .- . b2a
ions were reviewed in later years by Lossing .

38
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i ' 2 - IV_- EXPERIMENTAL SECTION B R

1/ COMPOUNDS

»

} a/Origin’ ’ o
E | | The unlabelled compounds were prepared byt
"published prd%édureswhich, in some cases, were slightly
modified. Unless iﬁdicated otherwise, the starting
materials were purchased. The known compou%ds.wgre ' . -
} identified by melting points, IH and NMR.spectra. Somé\< S
; /’ compounds, especially those not found in the 1iterature,\\\§_,,)///if;
o | - /. Were submitted for microanalysis to Galbraith/Labs. Inéﬂ
» Knoxville, Tennesee. '

Synthesis of the‘labelled compouds usually
consisted of several steps from readily available labelled
sﬁarting materials., The individual steps basically‘involved . ‘<“
iiperature met£ods. Each overall synthesis Q;s repeated
éévéral times with the unlabeliedﬁstarting material in o ,
order to obtain a reasonable yield; However, once a
sufficient amount of the required ;ompound Xas obtained,
the yield was not optimized further, and the éyntheéis
D " was repeated using Qabelled starting material,. All
purchased labelled compounds were obtaiﬁga from Merck
Sharp and Dohﬁe, Canada Ltd. The sites; of deuterium
labelling were checkéed by NMR and the deuturium content

by mass spectrometry.

[ B

“"RMR spectra were obtained oﬁ_Varipn A=60A - | Lt

P
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- days)usfng 2x '250m1 of ethylacetate. After: vacuum

"o

. ;
’ ,.
. .

spectrometer, infrared spectra were @easurea on Pefkin
Elmer IR 457 spectrometer, énd melting pointé were taken
with a capillary Gallenkamp melting point apparatus.

e

~ ./,

The following compounds were prepared décording

b/Preparations

to the proceduresxdescribed in the aﬁthor's previous .
work11: ’ ) ¥
‘ 2(1H)4$yrimidinone, 1-isopropyl-2=-pyrimidinone, 1-benzy1-'
=2-pyrimidinone, 2(1H)=-pyrimidinthione, 1-methyl-2-
—pyrimidinthione,‘1-d1-2-pyrimidinone, 1-metﬁyl-2-
pyrimidinone, 1-(methyl-dB)-2-pyrimidinone,.1-ethy1-
=2=pyrimidinone, 1-(ethyl-ds)-2-pyrimidinone, 1=Phenyl-
-2-pyrimidinone, 1-ethyl-2-pyrimidinthione, 1-phenyl-

=2=pyrimidinthione

5-Deuterio-g-pyrimid;none22

Tetramethoxyproﬁane(TMP)(0.01m) and conc., DC1(1ml)
were mixed with Dzo(u.Oml) and gpirred at.room temperature -
for 5 min.. Urea(0.01m) was then added énd the yellow
solution was refluxed for71 ho;r. The resultant mixture
3 to .pH 7 and then |

vacuum evaporated: ''he powdered brown residue was submitted

was neutralized with saturated NaHCO

tosoxhlet extraction with ethylacetate for two successive
S
ev*p 4ation, the solid was recrystallized from benzene.
he NMH spectrum in quso-db did not show any evidence for |
| the presence of H in the 5 position:of the py;imidine ring. “
Wt. = 0.35g, xield e 367},, m.pt. 158° (lit. m,pt. for the

i

4o



unlabelled compound -160 '179-18J s N.ﬁ., this compound ‘
) ‘8

~ exists in two polymorphous formst). ‘ oo
22 *

24
*
-
T T Sl R S Bk AR

5-Deuterio-1-methyl 2-pyrimidinone

Tetramethoxypropane(O 01) and conc. DC1l{(1ml)

PRI, G WS -
s

were stirred at room temperature inADzo(uml) for 5 min,.

Mothylureal0.01m) was then addeg and’ the solution was

b e

refluxed for 30 minutes. The resultant mixture was

neutralized with saturated aqueous NaHCO. to pH 7 and .

3
extracted 5x with 20 ml of chloroform. The CHCl3 extracts
woro passed through activated alumina column, evaporated .

, and the res;due was recrystallizod from acetone-ligroin.

The NMR spectrum did not show any evidence for thowpresence

of H in the 5 position of the pyrimidine ring. Yield = 3%%,
m.pt. 130°(1it%4 :131-1329), -

[ - © - Aniline=2,0,6-d,

> The reference (23) was followed foFPF the

“w

synthesis, The mass spectrum of the pure product.showed

\
M‘o.- at m/z 96. ]‘
_BEEIL_Q;QL___32&2&2!222- cf. ‘reference (24)

Ammonlum thiocyanate(0,02m) and dry, freshly

distilled acetone(10ml) were placed in a 100ml throe

p—

s : necked flask. Through a dropping funnel, with stirring,
benza;l chloride(0.,02m) was dropwise added and the
mixture was refluxed for 5min.., The mixture was then

stirred under reflux without applying any heat for another

: }
» - 15 minutes. Slowly a golution of aniline-2,4,6-d4(0.02m).
; ,

in 5ml of dry acetone was added and then the procedure -




for synthesis of the unlabelled compoundl descriBed in
the reference‘(2h) was followed. D-iézsrporétion'NJO%,
based upon the comparison of the mass spectra of the
unlabelled and labelled phenylthiourea. Yield = 45%,
m.pt. 152° (1it)24:154°). f

1-(Phenyl-2,L4,6-d,)=2-pyrimidinthione —
. 2

The procedure described in the reference (11)
was followed for the synthesis, where phenyl-d3-2,u,6-

thiourea was substituted for the unlabelled starting

-~

n

material. D incorporation based upon, the ﬁbove synthesized

phenyl-dB-thiourea is ~70%. Yield = 38%, m.pt. 155° '
(1it.11:155°),

S-Deuterio-1-methyl-2-pyrimidinthione°°

| ‘
Tetramethoxypropane(Q.OOS&) and conc. DC1(0.5ml)

in D20(2m1) were stirred at room temperature for 5 minutes,
Methylthiourea(0.00Sm) waa then added and the mixture was
refluxed for 2 hours. The pooled solution was neutralized
with 20% aq. NaOH and thg resulting yellow precip}tate Qas
filtered, washed with water and recrystallized with aqueous
ethanol. NMR spectrum did not show any evidence for 5H.

Yield = 30%, m.pt. 188°(lit.u6:189-19j.5°). ) . .

5-Deuterio-2-pyrimidinthione22

Tetraﬂethoxypropane(o.O1m) and conc’, DC1l(1ml)
in Lml D,

0 were stirred for 5 minutes at room teﬁperature
Then thiourea(0,01m) waé added and‘fhe mixture refluxed

for 1 hour. Cooled, neutralized with 20% NaOH and

recrystallized with aq. ethanol. No sign of SH in

y2




j

’NMR spectrum, Yield = 75%, m.pt. 228°(lit.h7:2300).

‘1-d1-2—Pyrimidinthione - ¢f. reference (11) '

Q;Pyrimidigthione(0.1g) was dissolved in 4ml

“
/

" of D40 by applying heat. The solution was then vacuum

evaporated to yield the yellow crysfals. The NMR spectrum
in‘DMSO-d6 did not show any fraceuof the broad pesak
present in the spectrum of the unlabelled 2-pyrimidin-
thione, due to the N-H(12.25)

quzﬁl-“‘dg-alcohol - ¢f, reference (25)
LAD(1.9g) was placed in a 100ml 3-necked flask

equipped with a dropping funﬁel_and a reflux condenser,

' Anhydrous ether(15ml) was added and then a solution of

benzoic acid(Q.O1m) in 20ml of ether was slowly added

" from the dropping funnel. Then the procedure described

~

in the reference (ZB)was foliowed. Mass spectruﬁ showed

the molecular ion at m/z 110. Yield = 55%.

Benzyl--uaeéchloride - cf, reference (26)
The above synthesized benzyl-adaz-alcohol(0.025m)

in 5ml of dry chloroform was placed in a round bottom

" flask équipped with a condenser and a dropping funnel.

A solution of thionyl chloride(0.025m) in lml of dry
loroform was added dropwise while the reaction mixture
waé;stirred arid hdated to keep the solution refluxing

genﬁly. When the addition was complete, stirring was

°contiriued at room temperature for L hours, Chioroform_

was. distilled off and the residue was distilled under

vacuum to obtain the clear product, Yield = 53%.
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,1-Benzyl-ddhz-a-gxrimidinone - cf. reference (27) ' '

The literature method?’ was followed using -

benzyl-ce!d j~chloride as the g;kyleting agent.'The NMR L -

2

spectrum did not show any trace of CHZ

m.pt. 137°(11t.27:137-]38°), M¥ at m/z 188, ( 3

Methyl-d, isothi“ocx%gate' , o : .

The reference (28) was followed for the synfhesis *

protons, Yield=53%, C

using purchased methyl-dB—amine hydroghloride(min, 98%D)‘
| \
as the starting material.

Methyl-d;ethfeurea - c¢f, reference (11) -
)

All of the methyl-d. isothlocyanate prepared

3
ebove was dfied.over‘anh sodium sulfate and then refluxed
with conc. NHMOH(hml) in a water bath for 30 minutes. The
final solution was then gently evaporated on a water bath
algost to dryness, Upon adding aceténe to the cool

mﬁxtufe white crystals appeared.Filtered, recrystallized

2x with a small amount’ of hot water and dried at roéml

temperature. Yield = 35%(from methyl-d3-amine HC1),

m.pt. 118°(1it,’ 1+18-9°),

14Methy1-d,k2-pyrimidinthione - cf. reférence‘(ub) ‘ . ’
> .

Cyclization of methyl-dB-thio?rea and TMP was
carried out in the same fashion as described in the ebove
reference for the synthesis of the 1-methyl-2-ﬁyrimidin-

_ thione.NMR spectrum did not show any evidence for CHBA- |
protons. Yield = 4O¥, m.pt. 190°(15t.*° 1191-2%), u! at .-
m/z 129, D incorpora?ioan9B%(Ba§ed upon methyléuj-QMin;

, .
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Phenxl-z,u,é-d4-urea - ¢f. reference (29)
)

-

Aniline-2,4,6-d 23Tb.915m), nitrourea30g1.8g)

. 3
and H,0(60ml) were placed in a 50ml Erl. flask. Upon o
heating and stirring the mixture for one hour white

needles appearedl The resultant-was cocled, filtered and

dried at 100° ., D incogporation«»?O%: based upon the

comparison of the mass spectra of\the unlabelled and

labelled phenyl urea. MY at m/z 139, yield = 62%,

m.pt. 146°(1it.2T047),
1-srhenxl-z,g,é-dBg-2-pyrim;ginone - ct', reference (76)
" The above synthesized phenyl-2,L4,6-d

Jurea
(0.00?m), ''MP(0.00bm) and ethanol(bml) were set aside at
room temperaure for three da&s. The sq}uﬁion was vacuum
evaporated. fo dryness, and the residue was triturated

with 500ml of H20. The mixture was then filtered and the

filtrate neutralized to pH 8 with dil. aq. NaOH. The.

solution was submitted to ch}oroformoextrhction; altogether

500ml1 ofrCHCIBFwas used, The chloroform extracts were
S~ o

péssed through short column of activated alumina and
vacdum-evapor;ted. The residue was recrystallized with
’aceto@e-ligroin. Dlincorporation“70%, based épon.phenyl-
Z,Q,S-dj-urea. ﬂt at m/z 175, xield = 20%, ﬁ.pt. 15°

(1it.76:155°).'

Acetoxime d. - cf. reference 03{3
)

~

The procedure described in the above reference

was followed using NH,OH.HC1(5g in 10ml of D,0), NaOD

0(7.53. solution ub% w/w'ih,DZO) and (CD3)2C0(Sg). . R

=

hs o
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M.pt. 60°(1it3 :60°).

Iéopropyr 1,1,1,3,3, 3-d£-urea - .,¢cf. reference (32)

A solution of the above syntheq17ad aoetox1me-d6 ‘
1

)

(2. Sg) in 30ml of anhydreus ether was added dropw1se

from a closed system funnel to a mlxture ‘of LiAlH (3 Sg)

--in 30ml of dry ether, which was placed.in a three neck

flask equipped with a condenser and a drylng tube. The
three neck flask was immersed in an ice-bath throughout

the addition of the dcetoxime solution and tpe mixture (

was stirred magnetically; then refluxed for 5 hours,

- The mixture was then cooled in dry ice-acetone beth. A -

. condenser with dry ice-acetone was attached to the flask

£

and H20k20mi) was dropwise added from a closed system
separatory funnel. The mixture was then heated and thus
ether and the produced'isoproﬁjl-dg-amine were distilled -

over to a recieving flask immersed in a dry ice-acetone

bath. Nitrourea30(3g) dissolved in 180ml of H, O was

2
refluxea with the(ether-isopropyl-d6-amine'mixture,fo? .K
*.5 hours, The thereal layer was evaporated by 1eaving )
theﬂmixture exposed to air in the fumehood. Water was,

then evaporate& on rotary evaporator and the residﬁe
treated with acetohe and ether to obtain off white
crystalline powder. D, 1ncorporation was 99,5%, based upon
the comparlson of the mass spectra of the unlabelled and
labelled isopropyl urea, Yield = 62%,m.pt. 1&3 klit. -1uf)

1-(Isopfepyl-1,111L3,313-d5)-2-pyrimidinone7 ef. (1) \

Tetramethoxy propane(0,02m) and the above

Haw 3t Sy
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conc. HCl(uml) and 20m1 of ethanol for.3 days at room

- Na,CO, so utiop. The product was then extracted 3xX.with

‘nmaterial, isopropyl-N-1-df-urea, was prepared, by the

synthesized is@éropyl-ds-urea(o.oam) were stirred with

temperature. The mlxture was then vaecuum Avanora+9d and . .

: i X
the oily residue was dissolved in 20ml of Hy0. The ~

- ' Lo .

solution was neutralized to pH 7 with saturated aqueous

20ml. portions of;chloroform and the pooled chioroform
eztfacts were vacuum evaporated. The residue was
recrystailized first from?gcetbne-ligrhin, then from
boiling cjdlohexéne, D ipcorporationf~99.5%, based upon T
the isopropyl-d; urea. Yield = 20%, m.pt.,86°(i1t}”:90°). ]
M.at m/z 144, ‘ . o b B
_:l£§22£221l_£:2 )- 2-pyrim1dinone" - D

The same procpdure was followed as for thé

above 1=-(isopropyl -N-db)-Z-pyrimidinona. TH% stafting

) reduction ot acetoxime with LAD to obtain %gg% isopropyl- v

d,- amine which was then submitted to the reaction with

isopropyl-d6 ursa, D incorporatlon based upon the
Ve S

isopropyl-N*df-urea’»99.5%.Yield‘- 15%, m.pt. 85°

-

(11t.87::90%), MY at m/z 139,

Ethxl;dS-amlne-hxdrochloride33 .

Acetonitrile-d3 in 80ml of anhydrous.ether was -
dropwise added to the mlxture ot LAD in 80m1 of anhydrous
ether in a 3-neck flask equipped with a' condenser and

cooled iqjan ice=bath." Aftar the mixture was refluxed

S ~
' *

”~
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nitrouresa as described for the syithesis of the ' o
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’for 3 hours, it was coolea in a dry ice-acet;ne‘bath
‘~and the water condenser was cnanged for ; éry ice-acetone
» one. The'three neck flask was connected with rubbefland
g(fﬁﬂ tubing to an Erlenmeyer flask containing anhydrous
ether and cooled in dry ice~-acetone bath. Then water
(10.8ml) was slowlé-added to the'original mixture L
from & pressure {eqﬁalizing funnel. The ethylamine
p;oduced partly bubbled into the ether and partly s;ﬁyed
dissolved in the original mixture..In order:to obté&n t@e
latter, the original iixture was heated and tﬁe resi?ual
ethylarine plus ether was distilled over into the second
kflask containing the first portion of the prdduct. ,
Hydrogen chloride was bubbled through the product“solukion
;nd the white precipitate which aeveloped was suction
filterdd and washed 3x with’ 20ml portions of anhydrous

ether, NMR spectrum in D,0 did not show any sign of ethyl

hydrogens. Yield s SuE, ‘

Ethyl-1-d —amine hydrochloride ' y

_ Acetonitrile was reduced with LAD according
to the procedure described for the above synthesis of
ethyl-d& amine hydrochloride. NMR spectrum in D50 did not

show any trace of the methylene hydrogens.

]

| Ephyl-z-gj-'amine hydrochloride ,

Acetonitrile-d3 was reduced- with LAH according
‘to the Lrocedure described for the above synthesis of
ﬁétﬁyifdsvamine hydrochloride. NMR spectrum in D,0 showed

Bust methylene hydrogens.

.

7

[ 4

A

PO

- Tead Gtp b P

AT e S bk st ke .




v
R R T g

Y

1-Ethyl-d. thiourea, 1-ethyl-i-d, thiourea, 1-ethyl-
P (4

-2-d3 thiourea.

The literature method11 28

for the synthesis
of methyl thiourea was.followed to’produce tge three
differently labelled thioureas. from the above

appropriately labelled ethylamine hydrochlorids.

_ 1-fﬁthxiedsl-z-gxgimidinthione- cf. reference (11)
' The literature method for the synthesis of ' # |

»

1-ethyl-2-pyrimidinthione was followed, startiﬁg with PR <
the.abovglsynthesizgd N-ethyl-ds—thioufea. NMR spectrum
in acetone-d6 did not show any trace ofhethyl hydrogens.,
Yield = 50%, m.pt. M

102°(1it. ' ':102°), »

1-(Ethyl-1-d2z-z-pyrimidinthione - ¢f. reference (11)

/ - " The literature method for the synthesis of /
1=ethyl=-2-pyrimidinthione was followed, ‘starting with
B ' the above synthesized N-e€§y1-1-dé-thioureg.wNMR

spectrum in acetone-d, di& not show ané trace of the
-102°).

gEthxl-2- 32 -pyrimidinthione - cf. reference (11)
. — : The literature method for the synthesis of

‘ methylene hydrogens. Yield = uO%, m.pt. 1620(111:11

1-ethyl-2-pyrimidinthione was followed, startingAulth
the above synthesized N-ethyl-2-d- thiourea. NMR '

: | . spegtrum in acetgne-d6 did not show any trace of the
102°(11t. "

methyl hydrogens, Yield = 35%, m.pt. :102°).:. -

2(1H13?1rimidinselenone - cf. reference (u1)

The purchased selenourea was submitted to the\

’ cyclization with TMP according to the literature method

¢ ._‘ ' )4.9 . ) ' [
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for thefsyntﬁesiéﬁb{s?(1H)-pyrimidﬁﬁthionﬁ..iiela = 38%,
m.pt. 175°, ¥ at m/z\160(corrasponds to Seeo). '

NMR spactrda:msa,ms : §7.3(T,1 ),88.5(D,2), J=bHz,
Analysis: i |

chHhNZSe ~cale. C 30.20; H 2.53;‘N 1?;61;»50 49.64 %

found C 29.99; ﬁ é.SB; n j?.S%: Se 49.62 %..-
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/ / }
. 2/ INSTRUMENTAL METHODS '

~~ e | a/The x;}ass spec:trometex;
‘ The conventional spectra were obtained on
.a HITACHI RMU-7 mass spéctromet;er, a double ‘focusi/ng
mass spectrometer with Nier-Johnson g’eornet;ry‘l‘z’y“La
e ~ (Fig. III-1). In this configuration 1’the electric
sector precedes the magnetic sector, the former giving
/ energy, or velocity focusing, while the latter separates
the monoenergetic beam of ions with respect to their
- - mass-to-charge ratio. By increasing the maénetic field
the. positively charged ions are brought to focus an a
éoll’ector plate in increas'in/g m/z., When the ions strike
the collector plate, secondary electrons are emitted
from the metal and are multiplied by 16 dyl:iodesy"'b. The
yield ratio y for this emission is expre;ssed as the
numi:er of emitted secondary electrons,divide,d by the
- ] number of positivély charged ions. The amplified current
5 is transferred i‘r;to 'a pen recorder or a visirecorder.At an‘
: : accelerating voltage of 3.6 kV and a multiplier voltage‘ of
) 3.5 kV, current gain of the electron mult:iplier is 5x 4_07.
Depending on the ac,:celerating voltage V, the b

o "RMU=-7 covers the following mass/charge ranges by scanning /,

the magnetic field: i ,

;: , m/zmax Va ’ m/zmax " Va

' . 300 3600 900 1200

o o 2400 1200 900
= 600 1 1800 1800 00

e o b
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"by the maximum and minimum deviation, r, and r,‘,(from
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b/The energy analyzer

The ~r'elationsh:lp between the accelerating
voltage Va and a"lectric sector {voltage Vo is determined /
the éentrjal arc of the electrostat?ic field having radiué
re(Fig. IV-1). Focusing of the ions with the appropriate
kinetic energy is achieved by placing two cylindrical

segments in a cylindrical electrostatic field, which

—

. Positive Electric 3
Sector Plate at

N . y
Negative’ Electric
gﬁt"ce ' \\ Sector Plate at Ph /ﬂ‘s"t
L \ Potential -v,/2
. 'Y
) \\ ’inlxs o
T~
\|/
$ \ -4
N e t 1
A l -
- Fig. IV"1 v

function as two electrodes. If a voltage V, 1is

impressed between these elqctrodes, an electrostatic _
field E given by the following equation is created

in the radial direction of the cylindersBL"a.

-~

(2f0y 470 (Y, /1n(r,/r,)) (1)

w
-
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If a beam of ions with.a range of kinetic energies enters

this field, there will be some ions 7av1ng klnetlc energy
o mv 2/2 such that the electrostatic férce Eex 1mposed

upon the ions 1is exactly balanced by the centrifggal

—

force mv2/re. . , ;

Thus ,

mv2/re = xoE o (7)
where
r = %(r1+r2) - (18) .

= radius of the circular trajectory of the main beam

of ions, and it is a line of equipotential(Fig.IV-1)s

L2

E

field strength,

I asn

S LR it Saei

.
ORI W

e e —

"X

number of charges, carried by the ions.

" From equation (1), section III

mv2 = 2xeV_, ' (19)
By eliminating velocity v from equations (17) and (19)
r, = 2Va/E, | {20)

The mass m and the number of charges x' carried by
the ions do not appear in equation (20), thusflons of
all masses carrying any number of charges will follow
the. same radius through the electric sector, provided
thaahfhey have been accelerated through a voltage V a’
Substituing E and r /ﬁrom equatlons (16) and (18)
respectively ' |

- v = 2Valn(r2/r1) ' (21)

For the Hitachi RMU-7 ' -

r, = 25,.0cm, r, = 25.6cm, ry = 2L.l4em,

53
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Vo/Vg = 2 1r'1(25.)6/2h.h) = 0,09602
or "

V, = V10414

. ¢/The ﬁaghetic analyzer

‘The monoenergetic beam of ions that emerge
from the energy analyzer is sorted by_scanniné4¥he
magnetic field. The m/z value of the collected ion is

proportional to the square of the magnetic fi€ld strength

B and inversely proportional to the accelerating

voltage V . This relationship is derived as follows:’
The radius »r of the circular trajectory

described by a particle of charge e and mass m in
a ﬁ;gnetic field depends on the‘Qcéelerating voltage Va
and the strength of the magnetic figla B, In the
magnetic field, the particle with the velocity v will
experience aicentripetal force Bev, which is counter=-
balanced by aicentrifugal force mve/r.
Bev = évzlr, .. r =mv/eB, ' (22)
but ’ ' -
ev, = %mv? cf. (1)
thus elimination of v from the above equations
rqsults in

m/e = 52r2/2va= m/z(for singly charged ions). [(23)

d/Sample handling

All measurements were made using 70 volt

J

slectrons, unless indicafed otherwise, The solid

| o

i
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.samples were introduced direétly into ion source of the
mass spectrometer. The liquid samples were placed in a
samall viel, éttached to the glass tubing assembly by a
ground joint, The vigl eontaining/ﬁhe sample was cooletl
with liquid nitrogen, while the sample was degassed,
When the system reached roém teﬁﬁeréture,.the vaporiz?d
sample was introéuced into the source through the |

Granville Philips valve35. The pressure ip the analyzer
tube was nominally 10°7 : '
chamber was probably an order of‘magnitude greater thén

12

this . The source temperature was ;djﬁsted according ¢

to the physical properties  of- the sdmple.

" e/Defocusing techniques

To detect decompositions occuring in.the

first field free region, two methods were used.
The electric sector voltage variation method

developed by Kiser was used as follow336:
Focus adjustments were made in order to find

the sector voltage Ve for the main beam of ions/using

®

\ylthe.électric sector voltage supply and keeping the

accelerating voltage at constant value. Then a survey
was made in the region close to m" by successive

magnetic scans of the spectrum, in which the electrié

- voltage was each time decreased by 0.2 V increments,

starting ~1V above the theoretical voltage Vé, at which

_the expdcted metastable transition was to be observed.

If the expected transition was observed, each scan -

'

55
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produced a diffuse peak.Heightg of the successive peaks
first increased tiil the maximum‘was reached and then
went down again. From these data a graph can be
constructed of the metastable peak intensities as a
function of sector voltage(Fig. IV-2). The V; value

that gave the maximum intensity péak corresponded to the

‘center of the metastable peak and should be the same as

the V; theoretica¥. Finally, the mass position of fhé

metast?ble peak was evaluated comparing the center with

peak positions of the normal mass spectrum, using a

marker.,

e:g. The molecular ion of 1-ethyl-2-pyrimidinone at m/z
124 loses methyl radical to form an ion at m/z 109

: -15
12y ——> 109"

m .m

1 2 ‘o

The metastable peak for loss of 15 mass units from the

)

molecular ion appeared in the conventional spectrum at
I

m*= 95.8. The electric sector voltage for the main beam

of ions was

Ve = 22,7V

The theoretical sector voltage for observation of the

metastable process in the first field free region was

)

va theoretical

=V my/m, = 242.7 x 109/12} = 213.3V

The electric sector voltage, corrésponding to the

maximum intensity peak was

. 56

>
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! =
) « ° measured 213.9v

At thigs Vg» the masd calibration confirmed the value
/ Of,/frﬂ* = 95 . 8 .
¢ ‘/I

7’ . 1 A
\ / / * '
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et
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Intenéity

)
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213.0  213.5 214.0  214.5

Electric Sector Voltage

\

~Fig. IV-2. Defocused daughter_ ions arising in the FFFR

for the process
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oo Jenhings 37  geveloped another method for
) . . é

observing the metastable transition in the FFFR, which

N

is based on scanning the accelerating voltage(b.]9).

2

To make use of this method a separate scanable power

o

supply(SPS) was built following McGillivray et a1.38

A ey

4
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'RC time constant present in the network,~§ﬁch.a direct

SPS voltage was adjusted to ~30V. Thus, with the SPS

.in the operating mode, the acceleratingAvoltage was’

. the magnetic field as for any conventional spectrum.

i

The SPS consists.of a scénner, which generates a ramp .
e

voltage, and of an off-set amplifier with a digital

voltmeter. The amplified output rdmp voitage is '

connected befween the common end of the floating "

acceleration potential and ground. This connection is

necessary ‘to avoid difficulties caused by thehdirect,
connection of the ramp voltage to the control éircuitry

of the égcqleration power supply. Due to a very long
connection rules out a rapid sweeping of the

acceleration potential.

At the beginning of the measurement the

enhanced by this initial SPS voltage value. Ions that
emerged frém the source were brought to fhe focus

< a

by regulating the electric sector voltage as usual.

[

Then the daughter ion of intezgst was found, scanning

The SPS voltage was then slowly increased until the
desired metastable'ggak appeared. The vgltage,
cornesponéing to the center of the metastable peak
was recorded. On the basisaof the relationéhip
described before(p. 25 ), the following calculations

were performed,’ B . ®




e -

8.8, Consider -the metastable peak fof the process

CoHg: —— G+ g
92 91 - -
, o
- m, m,,
. ' 5 1
‘ .that occurs in the mass spectrum of toluene. The ’

electric sector voltage with the initial SPS voltage

of 30.§V was

‘ AN B ) ) A
. ve = 2L’-909v e "

i

The SPS voltage at the center 'of the metastablerpeak

was
N - . =

Vgpg = Sk.OV .. )

e

- !

The real SPS voltage at the center of the metastable
peak was obtained after subtracting from the above value
" the initial SPS voltage that was already included in

the totallaccelerating voltage, when the focus adjust-

oy ments were performed.

. ) !
- Vepg = 54.0 - 30.6 = 23.4V
® . 5 ‘
The accelerating voltage for the daughter ion arising \

in the source was

,. V=V x 10,410 = 249.9 x 10414 = 2602.LV
- “} . ' —

The measured accelerating voltage for -the daughter ion

\

arising in the FFFR was:




kY .
- . .
. N

¥

T = 2602.1 * 23.1 = 2626V | ‘ !
ho* 234 | B

ki

-~ . : a measured

The ‘theoretical accelerating voltage for the -

i
- o

daughter ion arising in the FFFR was

Va calculatea = 20602.4 x 92/91 = 2631.0V, . ' _

(v v = 5V = 0,2%)

calc,” 'measured

"The high voltage séan method" was mainly used for the

evaluation of the kinetic energy T, released as

a result of a metastable decomposifion(cf. p.2l ).

First, measurements were tried, using the metastable -
T tra;sitioh for loss of hydrogen radical from the

‘mSIBcular ion of toluene. The kinetic energy release

accompanying this metastable transition is ‘well defined

) in the litqraturezo.
Considering the same value of‘Ve with the

SP3S in the operating mode as above, the accelerating -

voltage for the main beam of ions was 2602.4V. The I

[ S

Fay e

i . metastable peak width at half maximum was 9,1V, This,
had to be corrected for the main beam width, wh?ch was
3.3V.’ﬂhe corrected sgquare o§}§he metastable peak width

sz was iAV'2 -Av2 )12“' = 71.9\12 ;

metastable main beam

~  Substituing: gn the equation (10)
(91 x eV/16 x 92 x 1) x 1. 972602, u2 =

f Toig = . o
: J ' = (912 x 2602.4/16 x 92 x 1) x 71.9/2602. 42 = .
3 - , . = 0.16 eV'\ (lit.zO: 0.17eV). ‘ ) " . “ B
- ' ' i
A : 60 L
| I
i‘ - ¥ 'f
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‘sample 1ntroduction(cf P. 55), and the desired amount was

f-/Appearance energy measuyrements - , ' .

Xenon, which was used as the calibrant gas

~

was connected tc the glass tubing used for & ligquid d

introduced into the source through the Granv1lle Phillips

val‘goBs;. A digdtal voltmeter (DVM) was introduced into the

I4

v‘emis‘sion regulator circuit so that the chamber voltag'e‘

/ ! -

could be continuously measured, For safeuty reasons the
DVM‘was gl‘acedi in a plastic box and operated with a glas's
or p‘lastic rod. Since the 'samples were all solids of *
various volatil{ty, the sample heater had to be applied

accordingly, Glass tubes commonly used for introduction

of solid compounds into the source are made to carry onljr )

a small amount of sample which is usually vaporized .

relativeli fast, These were not adequafe, gsince akppearia.nce‘

. "
energy measurements require more time than a record of an

ordinary mags epectra or a.detection of a metastéble‘pealo:.

.

Therefore; auxiliary samplé glass tubes were made, which
were sealed on or\i‘e side and when filled with the sample,

were almost sealed on the- other end, to prevent a quick

-

evaporatiop._ The measurement of the ion beam intensity

o

. . ‘
started at 20 eV, '*I‘he electron energy was then gradually
. decreased untill the measured peak d:Lsap;Seared. The .

peak intensities were recorded each 1.0 or 0,5 eV,

-

C )

"' “For interp‘retation of the results the semilog
—ropame- ) t
{ “o S 4

.61
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Log 1 (IEOeV = 100')

z

2

'® I.E.=12.13-3.5
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’,-

plot methéa wgg_useduo. Eacg sample was measured twice
‘and-the measurement of the ionizatié; energwof the
standard gas followed every sample measurement, Fig., IV=3
shows the semilpg ‘plot using xenon, I.E. 12.13 eV, as
uséandardﬂ The peask heights at 20 eV for the sample and the
% . standard were ggfhalized to 100 and the lower peak inten=
/ sities 3er§y:z;aiculated accordingly. Logarithms of the
) normalized values were plotyed against the electron volt
energies. Examination of the two curves shows that they
are nearlynparallel in the lower portion of the graph.
the‘difference of 3.5 eV Qas subtracted from 12.13 eV to
obtain 8.6/eV for the ionization energy of Efpyrimidin-
tﬁioné. h .

v
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1/ SYNTHESIS

N . —

V_~- RESULTS AND DISCUSSION

The unlabelled compounds (V-a) were synthesized

e e Dy

using 1,1,3L3-tetramethoxjpropane(TMP) as a precursor for
malondialdehyde, which reacts with the appropriate urea
in‘the presence of acid to give first the salt of the

pyrimidine (V-b), Subsequent neutralization and work up
- N v {
ylelds the free base', ;

‘CH(OMe ) NH CHO NH
) / 2 \é H+ // . 2
CH + =X ——==>| cH + C=X
2 / ‘ EtOH | "< / 4
- CHO
CH(OMe) NH NH,
(TMF) B H'Y" o
~ (2h) |
= ) . , ?
- "1/ base ? > NN
' HY b
< \ 4
. N
N 2/ work up N ;
(Vea) (V-b)
i
«X = 0,5 or Se , ' ' s %
R = H,Me,Et,1-Pr,Ph, PhCH, - .

73
t...w. e e
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N-Bubstituted pyrimidinones is a direct N-alkylation

The second method for the synthesis of

applied to the silver or sodium salt of 2-pyrimidinone27

. |
[ ¢ 0
w
-

M =-Na or Ag

\

RZ A
———py (25)
R = alkyl | 'ﬁ' o
z = C1,Br,I | R
Used for R = cn3, CD. ,CDy and CDZPh | /

y

" The deuterated methyl and ethyl iodide were purchased from

Merck;, Sharp and Dohme. The deuterated benzyl chloride

" Wwas synthesized by the reduction of benzoic acid with

lithium alumiﬁﬁ?m deuteride(LAD) to obtain the labelled
2

benzyl alcohol which was then chlorinated with
thionyl;chlorid926. ‘

ZLAD ' + 80C1,
PhCOOH ———> PhCD O -———S> PhCD,C1

. - st vk
T e e e el
”

The attempt to synthesize the 1-isopropyl-2-

e

-?yrimidinone by direct. alkylation failed:

CHy - o

S e O

04‘ . ) | CH
VRN

T b AT T

et
s

65
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- carbon of 2-bromobropane, elimination of HBr'took place

[ b [ e s o ST

- - 4 b . .
Instead of nucleophilic substitution at the secondary

and'unsubstituted 2=-pyrimidinone was recovered,

.
o

The appropriatq'commercially available deuterated

isopropyl bromides could therefore not be used for the

preparation of (V-4b) and (V-le).

S

R R

() CH ﬁh-d

(V-lb) (V-le) (V-6Db) © (V=10Db)
Alkylation of 2-pyrimidinthione results in the

formation of 2-a1ky1mefcaptopyrimidineh3.

-

- -

aq. NaHCOB“

gl
«

+ (CH ) SOI_L

(V-c)

~

N-alkylagion according to the reacpion (25) of 2-pyrimidin-
thione with the appropriate comhercially available
" deuterated alkyl halides could not be used for synthesis of
thepyrimidinthiones (Vv=8b), (V=9b), (V=9¢) and (V-9d) ‘ ;

e

However, 2-methyl-thio-pyrimidine (Vec) was synthee:izedl"3

.and treated further with methyl iodideuh

s

(A AT A vl A ¢ *
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K2 L~ Me . Me |

(V=c)

The above reaction is described in the litegaturehh for

the oxo homologue, however,did not work with 2-methyl-

thio-pyrimidine,
) |
o @ L
CDy CoCD3  CH,CDg CDCHy
A (V-8e) (V=9b) *  (V=9c) (V-9d) -

Two other methods were tried iﬁ order to find

out whether the labelled pyrimidinthiones could be obtained

J .
using the appropriately deuterated alkyl halides, but

without success.,

éogo

)

" | E . Mel
+ MeSIC| —Hé, —
NS benzerfe ssmea :
H o ) N

<

\ , (cf. ref.‘MS)
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pyrldine
H Me  Me

e \ (cf, egn, 2L) (ef. ref, U46)

The only feasible reaction for synthesis
of tpe pyrimidinthiones (v-8¢), (V=9b), (V-9c), (V-94d),
(V-10p)and the pyrimidinones. (V-4b), (V=4ec) and (V-6Db)
QaS'th; cyclization of TMP and the appropriately labelled,
thiourea or urea as desqribed in the equation (2&):

The following schemes illustrate the preparation

of the labelled ureas or thioureas, which were then sub=

mitted to cyclization.

" LAD ; NHZEQNHNOa
C=NOH ————> (CH,),CDNH, —>

t

(CH

302

_— (CHB)'ZCDNHC'ONH2 (ef. refs. 31,32)

NHZOH.HCI WAH
co —> (CD3)20=N0H ' =————> (CD

CHNH

(CD 5

302 32

NH,CONHNO, C - |
~—————3> (CD.,).CHNHCONH {cf. refs. 31,32)

302 2

@




NH_,CONHNO

2 2 en
3=PhNH,, > d,-PhNHCONH, (cf.ref, -23)

- ' The above desuterated aniline was obtained from the

d

unlabelled homdiogue by electrophilic substitution of

hydrogen by deupériusz.

| cS.,,NaOH C1C0_Et .
CD J¥HHC1 —_— CD ;NHCS Na ———2—->cn3ncs —_—
. , . ' ]
' NE
——> CD,NHCSNH, (cf. refs. 28,11) ;
) LAD HC1 CS,,NaOH C1C0,Et
. GD.CN > > CD,CD,NH_,HCl ——2——> >
| S M 3CDNH, ‘
n _ NE » ,
8 | —_— CD_30D'2NCS—}->OD30D2NHCSNH2 (cf. refs. 28,11) - {
. g
. B ‘ .
, LAH  HCl® CS,,NaOH  C1C0,Et ¥
- CD.CN > > CD.CHNH,,HCl] =y el -
, 3 3722 N
\ | "
S : . NH A ' ‘
; ——> CDCH,N0S ——2>CD,CH,NHCSNH, (cf. refs. 26,11) iy
4;:’ )
) . .
. LAD HC1 CS,,, NaOH ,
CH 0N ——> > CH,CD,NH,,.HC1 2 > .
’ .

S Loaoibb 3 4




i

2

C1C0,Et NH .
. —2 cH3cnzncs—3->cu3cnznncsnn

(ef.refs.28,11)

4

-

NHuSCN + PhC0C1 —————> PhCONCS + NHL'_C]. B

~

PhCONCS  +  d,-PhNH, ————> PhGONHCSNHPh-d3 —>

3 2

¢

-

— -‘H2NCSNHPh-d3 (cf.ref.2|-l.)

For the synthesis of (V-1d), (V-2c), (V-Tb)

f .and (V=-8b), wherg the S5-position of the pyrimidine ring

is labelled, the cyclization reaction was carried out

22 o .
_f in D,0, catalyzed by DC1 (cf. reaction'26). Fér 5
' ‘ . . D D xy / D D. X
: H CHy ‘CHg §
‘ | | | |
(V-14)- . (V=2¢) . (V-7b). (V-8b) .;

. (X=0, R=H or ﬁe) deuterium incorporation mo,the 5-position
can be aéh&eved by direct exchange in dilute deuterated

' , ) -aqueous acid at 100° for 2 dajsha. Beside‘tﬁe length of : ;

tfmp required; this method has the disadvantage that




)

st et oBens doiing s w s ey o ase e s s — s

f P ——m_y
' CHO ¢ CHO

CH(OMe),, | Del | o* /
CHZ - - CH'2 -—ﬁ (}3D2
DO \ D0 AN

CH(OMe) ’ | CHO CHO_|

1 2 3
§ |
NH,CNHR (26)

J
concomitant decompoaition diminishes prcéuct recovery.
Moreover, prolonged application of hot acid to the salfur
analogues 5(X=S) could cduse hydrolytic replacement of
the sulfur by ’oxygenuf Accordingly we considered synthesis

of 5 from a commom labelled precursor,

e The normal route to unlabelled 5 involved

reactions of malondialdehyde bis(dimethylacetal) 1 L
2,47

(or similar acetal) with a urea or thiourea in alcoholi&
acid (cf. reaction ). Application of this method would
require 1 labelled with two deuteriums at the central
methylene. Routes to this ldbelled 1 (or its tetraethyl
homologue) would require several sli:.epal*9 frcm available

’

1
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deuterated materials. In g@dﬁtion wa fofesaw the problem
that during the course of the reaction with the uréa there
might be loss of deuterium by exchange tctween reacticn’ ; %
intermediates Qerived from 1 and the medjium. On the other¢ L 3,
§

hand by working with a deutefated medium gnd‘bnlabelléd

1 we might be able to achieve deuterium incorporation

? 9 into the product S. L : : ‘. ;
| Formally the reaction-of 1 witﬁﬂufea is a ]
condensation between malondialdehyde 2 and’ the urea, g
Although 2 is probably not'involved in the reaction | 3
¢ carried out. in an alcoholic ‘medium, it almost certainly ' . Ca
wouid Ee if thg reaction were carried out in water. | | .
Mofg&ver, 2 in deuterated agqueous acid should undergo ’ ‘ ‘ 14
'facile exchange to give the labelled 3, and then o= ' -

condensation of 3 with the urea should yield the desired

0 labelled 5. These expectations were realized and afforded

e 5 bt e e

facile syntheses of desired compounds 5.
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- 2/ FRAGMENTATION

o

»

The following section describes the ma jor
fragmentation pathways.of the synthesized pyrimidines=,

Thg various structures that are assigned to some fragments
are in'this part of thefthesis only hypothetical. Relative
intensities of the fragments are in most cases indicated

in Srackets behind the described ions and are also

tabulated together with %3.4n Appendix I. The.high >

. resolution mass measurements were carried out at the

University of Ottawa, using a Kratos-AEI MS-902S mass '%i

ispectrometer. The :discussed fragmentation pathways

1

_were confirmed by appropriate metsstable -peaks and if

necessary the metastable defocusing technique was

used.

13

" The numbering ofgggfimidinf ring°is'as follows:

5 3 . ,
. 6 2 ‘ .‘ ‘f‘
. ; N )
2=-Pyrimidinone (V-1a)'(Fig. v-1) - T

Due to thg potentially tautomeric structure of
this mplecule, various gtudies has been performed to

determine the position‘of equilibrium for the protomeric

system (V-1a) and (V-]b).

B ‘ . , \N " . .4

(v-ia) - || puv— . (V-1b)
! ~ OH

H ' - '

K adnaites,
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Mass spectrum of 2-pyrimidinone °
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N molecular ion as-the base peak at m/z 96(goo 0%). A

\(V-1a) is’ the maJor tautomer in aquebus\br ethanolic

‘mass spectra of the two labelled species (V-1c) and (V-1d).

\ For the twb abowe labelled substrates, the three fragment

Ultraviolet spectroscopy reveals that’ Z-pyrimidinon@,

soautionC>9h%)So, while 2-hydroxvnvrimidine(v-1b) pre-
dominates’in the vapour phaseC>91%)S.In the solid "state .

the material most probaBly‘contJ?ns molecules in the keto
51

form . The structure of the molecular’iqn may be derived

. , . . T A
therefore either from the keto form or from the enol form11. o

-

The mass spectrum of thisxcompound shows' the

significant}fragmentation ‘pathway is loss of hydrogen from

l the molecular ion to form the (M-1) peak of relative

intsneity 31.8%. . However, this process is probably very

fast, since no sign of any metaetable decomposition was : o ey
J »

obServed. The -M=1 peak(not M-2) is sﬁgnificant also in the

. J' - . b

“ .

. . N

etl % K L . -

| - D[:jijlb
. l ‘ i
D\ - - " u“ . i

. " ' . o, * ‘ . ‘

: - e - + K . " '
' (V-1e) S (v-14) - o |
-t B ’ LR . - = L

Thie indicates that the primar& loss of hydrogen from the
molecular ion involvee rup ture of the H-C bondiin the 1 ‘ ) J%
L or 6 position of the pyrimidine ring. . ' ) ',\ g
After M' and (M-1) ions, the next significant '

peaks occur at m/z 69(27.3%), 68(93.2%) and.£7(18 2%).-

e
«.— £

st v
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‘to still contain the tautomeric H or D. and the H or D

ions are replaced by peaks at m/z 70, 69 and 68 ina ~

8imilar proportional abundapce.‘ Thus, these ions appear

. Ch , )
“.from the S position of the ring.

, For the unlabelled substrats high-resolution .

mass spectroscopy showed that the m/z €9 peak contains only

4

one ion of composition Cc

) 3 3
69.0212). This corresponds to loss-of HCN from the

NO(calc. 69,0215, observed

molecular ion' and may involve the formation of the oxazole

“dation: (V-1e). Ty

|+ ’ : ' - i
H ' . N < i
] : ¢ . - oA
i Al

}11" m/z 96 o m/z 69.%212“ S
(v-1e) L v ‘l 'é.

L
- v N
4 [ oo {

The intense m/z 68(93 2%) is due to two ioms,

CBH.‘ (calc 68. 037h, obs.bﬂ 0373) and C3 2NO (calc.
. : k:
68,0136, obs.68,0138) in the ratio 6: 1 The following \
‘scheme escribes the origir} of the m/z peak. ., i
s v . . s T E
' R =CO S + - el -
c, K, X »- . CLHiN,. N v
+ L2 . m = 48.17(weak) . 372 n L 1
MY m/z 96 . 2 ... m/z 68,0373(79,9%]
’ -H* . : o . " ' / ot \'; v
+ HCN . Lt - :
> >~ .C,H,NO ) 3
] m'= u8.67(a.§rong) ‘ . 3 2" ) ‘f' o - 1
T .+, m/z 68.0138(13:3%)| ]
. ~ - 3
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- metast&ble decomposition qn the firat fﬁel&'free region

The two resolved metéstable peaks indicate that loss of . .
CO from MY is a relatively fast process, invoi&ing simple
bond cleavage, while the loss of HCN from M—1,ich ie
accompanied by a rearrangemeht. The former may involve.

formation of the pyrazole cation (V-1f).

. m/z 68,0373 ) | | “;‘

s

-~

"
R
'

o i He s .
[ : [N ' T 3

P

The minor ion 03 2N0 resulting from the M-1 ion by loss‘
of HGN or HNC, may have various structures, and it is hard
to determine which -part of- the M-1 ion is cleaved.

e smaller m/z 67 peak appeared to be also ?

o
due ﬁb‘ ions, C 3 3 5 (calg.b? 0296, obs.67. 0298) and
0058,;\¥.67 0057) in the ratio k1., The sﬁrong

— & L

"f [ .

1naicatea that the © *.ion arises from the fragment

'3H3No .
(V-’f by 1095 of hydrogen. The origin of c. HNO- is not
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easy to rationalize, However, since it is an odd-electron

b4

ion, it most likely arises from either the molecular ion

G

or the m/z 69 ion: v , EN

‘ 3 - )
'€y uNgoo - ——>.. o CgHNOT -
. n/z 96 . . ;//(//;7 m/i Q7‘ AR
: WN . -H . .
CBHBNO- v
m/z 69

Tye ma jor fragmentation pathways, discussed above are
) ' ‘ .
outlined in Scheme V-1. - H.‘

g\ ‘ - B ((M-n R "

4& ‘L:E;EE\\ [j*\uj ‘,,r”" m/z 95

1 o ) H ’ ' ’
m*l-H' : 4 m" |.HCN or HNC
_— Me m/3 96
s ’ \' . < .'\." - ; s . b .
(75 I : .l . c3nzno+. ‘
N " m™| -HCN tlo : -
m/z 67 - : e . m/z 68 -
V“ ~ \'\ " - N
£ . /’N./)
{ ; .
L m/z- 69 o ¢
f - 2‘ > . . ! [y
v K- '

L .
. . ]
. s Y .
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4 -Methyl-2-pyrimidinone (V-2a) (Fig. V-2)

The molecular ion at m/z 110(100.0%)’ioses -
hydrogen to form a highly abundant ion at m/z 109(79.3%).
However, no sign of any such fragmentation has been

detected in the first or second field free region. The
labelled compounds 1-(d3-methy1)-2-pyrimidino&e(v-;b)

and 1'methY1-2-pyrimidinone-5-d1(V-EG) form relatively abun-
dant M-1 -ion(86.6% and 84.9% respectively), which shows

that the H-C bond rupture mainly affects -the L or 6

‘position of the pyrimidine ring and not the methyl group.
. ) ]

° 4 /k) ) \ /LO‘ N/LO . -
3u3 : 303 Oy
(V-2a) : (V=2b) (v-2¢) .

, The next significant peak is at m/z 82(58.7%),

and contains /two fragments analogous to the fragmentation

pattern of the unsubstituted Z-pyfimidinone(v-ja). The o

first fragment, which arises from the molecular ion by RQ '

. |
expulsion of CO to form an ion Cuﬂszf, could be the

<

1

N-methyl-pyrazole ion(V-2d).

N =G0
SN o WPV
v
, ‘g 0 m*= 61.,.1- ’ gH )
L CHy 3 : s

m/z 110 : m/z 82 o )
't

R R
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EE R T

\ .
ME $ s

&3 o

e e ;}"iﬂrx’.‘hf"




A h G e ol e e
{
°
<
-
4
-

RoI.‘ . . ’ 1
.Y 100 - , oo S

20 - S ”
* . L] . 68

S AR AN ||

. Fig. V-2 Mass spectrum of 1-methyl-2-pyrixr}id%none
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' The corresponding peaks for the two labelled compounds )

~

(V-2b) and (V-2¢) appear at m/z 85 and 83 respectively,
" indicating retention of deuterium~ L |
' . The second fragment derives from the M-1 ion
py loss Q?‘HCN to yield the ChﬂuN0+’ion./The corresponding
. . peaks in the mass spectra of the two labelled substrates

appear again at m/e 85 and 83,

+ ‘ ' + .
f“'” , _ > | cununo

m/z 109 T m/z 82

Metastable decompositions for both procésses were
'+ detected in the FFFR,
, Anofher important fragment is at m/z 81(29..%),
whicﬁ in the spéctr{ of (V=2b) and (Vi=2c) appear at m/z
84 and 82,‘respective1y. According to the observed . - .

' fragmentation in the FFFR, the.ion has two origins, loss o

of carbon monoxide from the M-1 ion,

. “ -CO '
\ ’ o (M=1)? . > CuH5N2+

m/z 109 m/z 81
| k e
and loss of hydrogen from the:s ion (V-24) at m/z 82. (.

-

. 81

|
| .
- Lo \ d 1 _—

.
.
1L ve e 35 e b 6 e s e et
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) ) /i \N . -H* ’
) - > cugi,,nz+
- Hs ms= 80.0 “: 2 .
m/z 82 . m/z 81 '
L . (V-2d) '

Ofvintefest is the relatively sbundant ion at
m/z 83(19.7%) in the spectrum of (V-%F) It was suggested
previously11that this ion might arise by the same process

W ey e cant AT wis o e

as indicated above for the unlabelled species (V-Zd),

but by loss of deuterium instead of hydrogen.That means
the methyl hydrogen isotopes would have to be affected,.

A similar process has been observed for 1-methy1-pyrazole;

where hydfogen is expelled to a large extent(93%) from the

<
S

methyl Eroupsz. No metastable transition corresponding
- to the origin of m/z 83 was observed for the labelled ° . ;
i
’ ‘ - ' ’ - =H*(D*) ' 3
f - .3 ‘ >  m/z 81(83) ‘ :
! ) ' . ¢ ’ }(
CH-(CD,) 0 . %
\ i
gt' , ‘ . i
', "+ ! ospecies ( V-2b), while the transition (85 =——>8L) - - |
. was detected in the FFFR, This indicates that the ring o e

3

:hydrogen of the hypothetical 1-methy1-pyraz%1e ring is
" involved in the loss, but doesunot exclude the possibility

P

- *
B ‘ f . 82 .




" that also deutérium is expelled from m/z 85,

/i j\(
‘B

m/z 85

«

v
]

«H*

m

3

= 83,0

<

N

m/z 8L

The molecular ion further expels ‘NCO JZIform )

the ion at m/z 68.  This process was also observed in

-the FFFR and yields/fragments at m/z 71 and m/z 69 in the:

fragmentation patferns of (V-2b) and (V=-2c), respectively.

Finallﬁ, there is a highly abundant “fragment

“at m)z’u% which propably is protonated metfiylisonitrile.

{ fhere are numerous possibilities that can give_rise to

| this ion occufring in the low @/z region. One of the

pathways, that also was confirmed in the FFFR,
26 mags'units, %ery likely 02H2, from m/z 68.

Mt

In the spectrum of'(V-zb).this ion appears at m/z 45

m/z 110

-go*
—_—_—
m'= 2.0

N

Yoo
—i) -UHS
=
N

m/z 68

—e

=CoH,

= 25.9

is loss of

3

Hc-ﬁm{3~

L3

m/z'uz

~

(77.5%),- which indicates that no, significant scrambling

' of the methyl and ring hydrogens occurs. In the fragment~

ation pattern of the other labelled compound (V-Zc) the

J

83¢

i

P,

»

) —
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ion qppea;'s at m/z 42 and inx}g_'].ves loss of CZHD from m/z 69,

-C,HD

| -NCO v .
D{\" | _:'__T‘C“a . g —> HezN-cH 2 .
st D '
Al \
Mtv'm/z 111 * m/z 69[ m/z Eg

(V-2cY.

The major fragmeptation pathways are outlined in

Scheme V=2,

. CHg
m/z 82 m/z 81
m* | -co m' | -co
NGCO* -‘ ome | 1
SN T_n | e— U:4§>N _— (-1)"
C e = 1. —
PR} L4 m . N
CHy ‘

m/z 68 Mt_ m/z 110 ‘ m/z 109

-
e B ARSI 57 o e adr
..

H '§+CH
CI A 3

@ . : - R ' * | " 3
_ Scheme V;é.*f‘ragmehi;a.t:ion pattern for '

1 -methyl=-2-pyrimidinone
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1-Eth11 ngyrlmidinone (V=3a) (Fig. V=3)

. The dominant fragmentation pathway for this -
compound is loss of CZHu(ZS m.u.) from the molecular ion to
'form the peak at m/z 96@60.3%§. it is believed that this
process procéeds by McLaffertj rearrangemenf and very
likely gives rise to the unsubstituted 2-pyrimidinone
(V-1a). However, \the m/z‘9b ion also o-riginates from

tpe mo,lecuiar ion by the expulsion o}} carbon monoxide

(28 m.u.). This was confirmed t;y the fragmentaf;iono
pattern of the labelled 1-(ethyl-ds)-Z-pyrimidinon;
(V-3b). There, the ion due to the loss of CQ appears a'c.
m/z’ 101 in relatively low abundance(L.0%), while the ?
expulsion of (}2Du_(.32 m.u.), gives an intense peak at m/z -

97(60.0%). The latter process was also observed in the

FFFR. SR , '
A L ¥
- N + ’:A
C Hh(C Du) X 1_ : i
N McLafferty r. NN s N : i
= 72.9 N NZOHD) N e
‘02H5(02D5 . (v-1a) !
u? m/z 124(1299 ~ m/z 96(97)
, X -CO : \ to E
N — X - : L
I’ —\ 4+ N ©o- . 4
+o , VA -
Lk S
: . C,H.(C,D.) b
o O CoHg(CDg) L, oHe(C oD ‘
M¥ m/z 1241297 - m/z 96(101).
l ‘ P | ‘ o ]
85 . '
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'Accordiné to the observed metastable

»

transitions in both field free regions, the fragment at m/z

96 decoﬁposesofurther by loss of CO to form an intense

ion‘at m/z 68(75.2%). which appeérs in the spectrﬁm of
(V-Bb) ‘at m/z 69(86 %) .

, :

The expulsion of methyl radlcal from the

F i
molecular ion forms an abundant ion at m/z- 109(55 0%): §
whiech in turn fragments by losing CO or HCN to yield the . L ‘go
fragments-at m/z 81(36.5%) and 82(&8.4%),.respectively. b
For the labelled species (V-3b) the three ions appear at - s

. . . . %
m/z 81 o .
) N D , ;.‘%
B -CO0 ‘m"= 60,1 - -
. ' : ' "
-
CHB S ' i
: > | i
JQ, R TP
CH CH . 2 "
v R 4.;
- + h . . . s
Me m/z 124 ) m/z 109 T - . %
L &
. “ ‘ :;
. HCN m¥= 61.7
/ y . o  d ¥ & ' / _ &
o [ .ﬁ
. . . " m/z 82 .. o :
’ : AV ST T
) . - . . -
“J ) s P
° *
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»From the peak intensities, the loss of Hydrogen '
N | from the molecular ion does not. seem to be of grsat
importance. However, the minor M<1 idh at m/z 12?(12 O%) o

fragments further 1n the source and In the FFFR losing

zu' o R
‘“,, m—73L|- . Vo '
, 2 Hy o ) , ’ :
(//_~\\\ "M-1 m/z 123 . "m/z 95 . - . L

Thg‘anaéégous process fop thé label;edlppdgiep (V%Bb)ﬁ'

FIES

indicates that it is the ring hydrogen that is Iost
- \ i1
\\m Cqu- - Nt " . .
Yoy - | } or'I l 7,
' N ° | m.= 72.0 NNZTOD
. ’ K
CD2CD3 .
Ml m/z A28 m/z 96 A
’ -v ‘ ‘,“ i : ’ ‘ -
S tOrform the above M-1 ion. B " ~
. ' e
2 The main fragmentation pathwdys are outlined
e o in Scheme V=3, ,- . )
i ‘ . \
t ’ " .!' . .
.\ ) '] . ¥ 4 ‘
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‘Scheme V-3, Fragmqntation pattern for *
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m/z 96 . m/e 95
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| *,]/Lo m* N o
ch,oH, drcH

2773 2773 Lo
MY m/z 12l ‘m/z 123

-CH 3 . -
\N -HCN :
| | ——> m/z 82
¥ < m ‘
Sy .
‘lh ! - .

m/2z 109

1 ;e'thyl-z-pyrimidinone ) "
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1'-1soEropxl-'-e-pyrimidinone (V-ua)' (Fig. -ll-) ' . A B

)

- . . ’ The base peak in the spectrum of (V-u.a) is at-
| C ' (1, C B
/ \ S l'|3 .
' . (V-ua) | (V-lb) . - (V-le) '

' / mm/z‘ 97, which most probably originates from the molecular
ion by a doublelhydrogen rearrangement, This i)roc“.ess‘
occurs frequently with compounds where an iso-propyl ”
\ gi'oup is presentSB. The driving force for this reaction
is.very likely formation of the allyl radical and the ° ‘

/ stable cation {(V-4d).

T ¢d - M CH .
) i c‘f-laic'n2 e, ~cu,
. N # i ‘ .
’ . a
: ; ' | 7 ~ CH5-CH=CH,
L T m*= = 68,2

| , ' 7" NH
: " OH : : (

m/z 97 (V-LLd)

[

N )
. This process agrees with the fragmenatation pe‘ltter?{s of the

f. iabe],led species (V-4b) and (V-ic) where the .corresponding
i -

90 .

e o S bt i s
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\t\_'/\. Fig. V-4 'Mass spectrum of 1-isopropyl-2-pyrimidinone
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ions appear at m/z 97(100,0%) and 99(84.1%), respectively,"

ObQiously, the methyl hydrogens are involved in the transs

* fer to the ring, as shown above.

- Loss of a m&thyl radical from the molecular ion

gives a fragment at m/z 123(&1 3%) which decomposes further )

by loss of carbon monoxide or CHBCN. Metastable decompo-

sition was observed in both field free regions for the

three processes aﬁd the correspondigg fqéé;ents in the

spectra of the labelled compounds (V=lib) ;nd (Vq&c) have
intensities comparable with these observed for the un-

labelled compound.

"t - - m/z 95

f\ W,Q

|-|3 cua éua

= 73.4

= 547

.

MY f/e 138I . , m/z 123'

" “ * m/e 82

Another significant process, confirmed by the
tnané%tion in the FFFR, is loss of C;H, from the molecular
ion to yieid m/z 96(24.6%). By analogy with 1-ethyl=-2-

pyrimidinone, the. decomposition probably proceeds by a

92
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McLafferty rearrangement. The ‘resulting fraément further

expels CO to giie an ion at m/z 68(4k4.3%)., In the spectra

, qf the labelled 'species the corresponding two ions appear

at m/z 96(L40.0%) -and 68(72.6%) for (V-Lb) and at m/z 97

(29.5%) and 69(33.5%) for (V-lc). .
-CH -CH-CH XN '
> m/z 68
-66 8 ‘ = ;8.2 _
Y
c.*s,% N
\M? m/z 138 . ) m/z 96 ) n\ _'

Tﬁ% expulsion of hydrogen is not very sige-
nificant in Fhe normal spectrum. However, a relatively
intense metastable transitioﬂ is observed in the FFFR for
this process. Moreover, ‘metastable transitions for loss ‘of
hydrogen and deuterium were observed in the FFFR for the
labelled compounds (V=4b) and (V-hc). It is believed
therefore, that‘the molecular ion expels hydrogen partly
from the ring and partly from the isoﬁropyl grouﬁ.

The mdjor fragmentation pathways are outlined

in Scheme V-i.
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) =CH CN N
m/z ’82 = —————-—) m/z 95
[ , ‘ '
. 933 ,
m/z 123 "
. . ) -
a ol o % -
z m T CI-I3

T eyt .=H" " ZcH -CH-CH
M~1 é—l—_— _—_4 l +
Y r ' . ‘. m }o /%
. /CH

CH. CH

. : ? 3 - . . ) 1
m/z 138" Mt af 138 - m/z 97
vl ‘ {
m® | -CH:-oR=CH
y , 3 2
-H* \N ,,A-CO N
n/z 95 E————m— || /l —_—> m/z 68
. m* R7QH | m" ‘
] m/z 96 R
Scheme V-4. Fragmentation pattern for !
1-isapropyl-2-pyrimidinone .
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1-Benzyl-2-pyrimidinone (V-5a) (Fig. V-5)

\ AN E:

| : The most significant fragment in the spectrum ;

» 3 K

/6f (V-5a) is at m/z 91(87.9%), which almost certainly is. %

» . @
L . Ny ’\ , g" '

: ' X )¢ _™IN : ' §

. ' , N v N ' 5

. - N - I - I ’ of v 3‘-
. ’Lb hi/Lb BN §
. : T éHz . GD2 :

Flh . K : F’h "

» —
* L3
- (V-5a) (V-5b)
y . - . i
- the tropylium ion. This was confirmed by the metastable
¢ ’ transitions for its formationkm/z 186—~>91) and for ists
\ i "7 - successive fragmentat10nﬁ—>65-—>B975.It may be formed’
Firectly from the parent ion by Ne-C bond cleavage to form
) - a stable g-oxypyrimidine radical and behzyl cation which
' / then fearranges to the tropylium ion.. )
/ o -
e { ’ i i
M m/z 186 o
: r ¢

@ ’ 'EC oo @ “Coth

‘m =234 . m¥=l6.l

rr'l/.z 39 m/lz 65 |, n/z 91
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R ' . Judging from the observed transition in the
; FFFR, the tropylium ion originates also from the C7H8’
| 2N at m/z 92(10.3%) by loss of hydrogen. The latter ion is
( probably formed directly from the fiolecular ion by a
1 : “ . hydrogen transfer, a process analogousfﬁo the fragmentation
’ - of some alkyl bqg;eneéSB.
e . ) \
) NN - -H*
’ ,,,/L,o > 7 - 77
\H N . 'm=u505
H2 A ‘
h - e -
e C
WA
MY m/z 186 © m/z 92. m/z 91

20 studied the kinetic energy

Cooks et al.
release accompanying H° 18ss from C7H8f ions generated
as secondﬁry fragments or Byjdirect ionization_of toluene
and chloheptgf}iene(cf.p.29); Based upon these studigi
"t it has been suggested that the reactive C7H8T ions react
| through the same intermediate, probably of the cycloheptd-

triene structure, In the spectrum of the labelled species

(V-5b) the hypothetical tropylium and cycloheptatriene
. ions poasess twd deuteriums and appear: accordingly at,

m/z 93(100%) and 94(13. 5%) respectively.

- o © The formation of the M-1 ion was also ‘obgerved

j,‘ _ in the FFFR. Examination of the labelled species (V-5b)
B revealed that beside the pyrimidlne and/or the phenyl ring
é hydrogens, also the benzylic hydrogens are involved in the
! ; . . process, However;no metastable peak was observed for the
: 4f latter, ' ' |
. | . 97 | r

- P




T .,
There are three minof‘fpggmedég in the high’

mass r;gion, at ﬁ/zl1hu(12.5%), 130(6.5%) ' and 157(14.0%).

In accord with the spectrum of (V-5b), these ions are -

due to the(expulsion of‘NCOf from the molecular ion, and

HCNCO and CO from the M«1 ion,

The analyzed processes are summarized in

+ . Scheme V=5, ) .

m/z 130
f 1
m* | =HCNCO, @
| T
(M=1)* —— . !
. m* R
m/z 185 - —
- - - MY m/z 186
-CO(
(N -
m® [ -NCO o
m/z 157 1 .
) | m/z 144

» ‘
Scheme V-5, Fragmentation pattern for

1-benzyl-2-pyrimidinone “
- 98 J
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1-Phenjl-g¥pjriﬁidihone (V=ba) (Fig. V=b). o ;
' The molecular ion of (V-6a) loses hydrogen to
an appreciable extent o form the M=1 ion at m/z 171

a 4

(W1.7%)s T e

>

z}‘__
}_

g

) V(V-ba) (V=6b)

& H .
‘ « 1t was suggested previously1?that the hydrogen

loss involves an ortho position’of'the“bgnzene ring and
that the resulting ion assumes an oxazolium structure.

N <

A similar process has been suggested for the fragmentation

pattern of 1-pheny1-2-pyridane$5. .
- q
. |/§N - . | AN
. "H. ; "_>/*
\<KL/Lb .

-9
|
g
o

4

However, the fragmentation pattern of the labelled
'compound (V-6b) proved otherwise and helped to discern

the processes involved in the formation of the M=-1 ion,

\ 99
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intense M-1 ion(58.3%), and less intense M<2 10n(19.5%).

“. It should be noted, that due to the melatively poor
deuterium incorporation (»~70%), the M;1‘fra5ment alsq’
contaiﬂé to some extent the molecular ion of the papgiall#.;
labelled species, This problém did not preélude diétinv"
guishing between loss of hydrbgen and deuterium when the

~metastab1q‘processes were exaéined. The following -decompo- o

sitions in the FFFR were observed, measured under the same

The éonventional spectrum of (Vebb) shows an

a3

o

experimental conditions. "

(i)

- (i1)

(1i1)

Even if 'a deuterium isotope effect is considered, the -

"from the molecular ien of (V-bb), and a very

e
Strong metastable peaks of comparable oo
intensities for loss of H* from the molecular

ions of (V-6a) and (V-6b).

A very weak metastable peak for' loss of D° (

weak metastable peak for the process (M<1)-1,

also therein, - '

No metastable transition for processes M-2
or (M=1)=1 in the spectrum of the unlabelled
(V-6a). o

a8

above observations ihdicate that loss of hydrogen for ‘the A

ortho(and/or para) positlon(s) of the phenyl rlng 4is of

minor importance. Thus it is not t?e hypothetical oxazolium

fragment which ia mainly responsible for the intense M=1

ion. This behaviour is in contrast to that of the sulfur

»

aﬁalogue(cf:pf121). ‘- - i
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- cation C H5 « It could originate from more than-one ionic

| % - . | \ The remdining fragnenfs to. be discussed all . ' 'i
‘ ? - 5, . appear in the spectrum of the lab/lled species at 3 mdss’ L té
‘\:“; ’:ﬁ . "; units higherj This means that they all still contain the of‘
ﬂ;af' L : benzene ring in some form and originate by’ vanions. S '.t
f : ” * s . Jfragnentgtions of the pyrimidine riné; , a ;’
N Lo ’ | B . The second most abundant pedk after ;he base . L é
R x peak is at m/; 77(83.3%) and is most probably the phenyl ‘%
A g'

Zz
<
",

7 - 1 species, One qf the confirmed pathways is loss of the -

)

stable 2-oxypyrimidine radical from the molecular ion,

2
.
>
\
-
-

> S
. - . # v o
o ‘ . m = }4-5 T v L '

o a4
.

Cay

-m7z 172 " - /T
The molecular ion also expels CO to form a
fragment of medium intensity at m/z 1h(31. 7%). However,
there is another pathway that leads to this ion, namaly, \ ‘
. the loss of HCN from the'M-1 ion. The fragment at m/z 1&4 - j D

ﬁurther-expeis another molecule of HCN,

Ll




"

The fragment at m/z 130 arises from the '
molecular ion by loss-NCO°®. A bossible structure fqrithe
ion at'm/g 10l could. be PhﬁlCH? which can originaéel
from almost any of the above fragments. |

 Finally, the ion at m/z 51(38.3%), most
probably Ch§3+, is associated with Epe loss of édet&lqne

*

‘from the pheﬁyl.ggtionsb.

A

The major fragmentation pathways are outlined

in Scheme Vb, .
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M-1)"
) m/z 171
m/z 13b
»

_ / o

[ ]

I 4 1
B rnt
: ~CH,, -

m/z__5'1) ‘———T-;— m/z 77
m

L

Scheme V-6. Fragmentation pattern for:

1-phenyl=-2-pyrimidinone
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- 2-erimidin£hione (V-78) (Fig. V-7) . f f

The molecular ion of (V-74) loses hydrogen .to . ' o

form a peak of medium fﬁtensity at m/z 111(13.5%5. -

. ¢ 3
¢ ¢ - 3
! - .

oo - ;\N . T N U SN
o \‘QS ms [B,\/Ls

H H

(V-7a) ~ (v-7v) V7). ,
¢ ) i e . ) ‘
- a As apparent from the specEra of the labelled compounds _

(V=7b) and (V=T7c) it is the hydrogen from the 4L or 6

po;ition of the ring that contributes mainly to the M-1

ion, In contras; to 2-pyrimidinone, a strong’metastgblg
/‘\\\\\\ peak was observed in the FFFR for this process. Moreover

a weak metastable transition was detected also for loss

of D* from the molecular .ion of (V-7c) ‘
’ . Bngzzlogy with its oxo-ho%ologue,\the molecular
ion preobably loses CS and HCN to form fragments at m/z 68
- _ (33.3%) and 85(17.%%). The ion at m/z 85 decomposes
X

further by loss of HCN and H®. )

-HCN -HCN ' )_' +
NN / » CHFECIS®
\ f*/ 3% ! :
, s

Iy s

= 6l. 5 N m = 39,6
My rp/z”112 | m/z 85 4 m/z 58 ° -
: : Y .3 = 83.0 -
m/z 68 ‘ . m/z _814
1095 -
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. |
A second origin of the ion at m/z B84 is loss of HCN from

Vind ¢

the M=1 ion.
Y K
The small peak at m/z 79(7.8%) is due to loss

of SH* from the molecular ion. o

B (. "
. :/Ls.‘ 1 "';/ SH | 4 .

MY m/z 112
’\

v
E4

~SH® m'= 55.7 | r
'CuH3N2
o - "m/Z 19

|

t

In addition to the metastable peaks observed for the above
processes,the correspondiﬁg products of decomposition o
appear as expected in the spectrum of the labelled compound
(V-7b) at one m/z higher and have comparable intensities,
The ﬁost abundant fragmeﬁt after the base peak
£é~at m/z 59(38.9%). It'is most probably the isothio-"
cyaﬁateion, HNCSt, but ité origin is obscure.
The major fragmentation pathways are outlined

-

e in S¢heme V=7.

[ e
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1-Methyl-2-pyrimidinthione (V-8a) (Fig..V=8)

Losa of NCS® from the molecular ion of (V-8a)
to form the relatively abundant peak at m/z 68(22.2%5

appears. to be the major fraémentation route.In accord with
' ?

. D N ) N ’
. N . \[:”\N ﬁ:“\
. E\ s Ig/LS ’ N/Is
CHa ‘

. CH Coy

]

-

. (V-Ba) (v=-8b) ) - (V=8¢) i

this route the labelled compounds (V-8b) and (V-8¢) show

corresponding peaks at m/z 69 and 71 respeétively.

-~ N -“CS.
| - - > m/z 68
e s I . ’

#*
m= 36,7
95
MY m/z 126
\\ 'Loss of SH® from the molecular ion forms a

relatively minor fragment at m/z 93(2.5%), however, a
\ . ’
strohg metagtable‘peak in the FFFR was observed for

this ‘focess. The resulting fragment expels HCN to

' y*eld xrerion atlm/z 66(16.1%). : “

e e e

T P - ey araSieime (Cieisi

ARSI R AN

pes E, S
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32 42
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l ’ , |
. 98
I 93 110 |
l llll lhlA ”Il l,l ' lllh Illh. Il 2 Il - L |
i m/z
Fig. v-8 Mas.s spectrum of 1-methyl-2-pyrimidinthione
h %
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. ' . X -SH"® -HCN
Y, — e f
N : m= 60.6 m=i6.8 N
ny ) N + t
MY m/z 1260 m/z .93 . m/z 66 . - :

/

. The ion at m/z 80(10.8%),‘which appears in the \

spectra of both labelled. compounds at m/z/81, is due to
\ R .

-the expulsion of CHZS from the molecular ‘ion., It could

e

be that the nucleophilic sulfur attacks the methyl carbon,
followed by hydrogen transfer to the ring. The driving

force for this reaction. would be formation of the stable

_pyrimidinium ion. . 0

i

N -CHS \

m/z 80

111
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Loss of CS from the molecular ion is in;ignificant.

However, it is expelled to some éxtent together with HCN

from the M~1 ion,

E

Similar té the unsubstituted 2-pyrimidinthione,

-~

the molecular ion lo€es hydrogen from two sifeé; i,e. partiy

from the ring and partly«from the substituent on nitrogen.
The two processes are_discerned in the mass spectrum of
‘the labelled species (V-8c), where a strong metastable

peak in the FFFR was oﬁservgd for loss of deuterium from

it

the molecular ion, L

It was suggested previously that formation of
' J ¢

the ring with sulphur is the driving force for the latter

11
process .

' \N . » -HQ - \N - . {
I - > l ’)\ .
‘ NS / N S

-

| m = 124.0 N
- - cf, |
., + ) . |
M. m/z 126 . m/z 125
f/"\ / , )
. \
¥ . 1 ' ' '

TR

P

oty Do

)
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m™ m/z 125 me
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-H* m*
l e
B

m/z 93 Mt m/z 126
#*
. \ “ ‘ ) -CH28. m
' ~N
-HCN | m" . | ;]
N
\ o )
\ m/fz 80“
m/z 66
f N

-NCS

Scheme V-8. Fragmentation pattern for

, 1 -methyl-2-pyrimidinthione
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1-Ethyl-2-pyrimidinthione (V-9a) (Fig. V-9)  ° 5

/ The moleculaf ion ﬁndergoes McLafferty ' ‘ ‘ %

yearrangement, as does its oxygen analogue, and loses
. . 4

ethylene to give an intense peak at m/z 112(77.8%).

LG _

; | | 1
CH,CH, L T sz"DB CD,CHy

(V=9a) : (V=9Db) (V-9¢) (V-94d)

" In the spectruy‘og ‘the labelled éompound (V=9b) the

" corresponding ion forms the second most intense pegkwafter_
the base peak and appears at.m/z 113(&&.7%).'Thé ézsulting
fragment, which probably adopts the 2-pyrimidinthione .

structure, ‘fragments furtner, a3 indicated below.

I .,./Ls | | /Ls
+e C RE *
kSH N :

2
m = 89,6
CHZCH3

M'." m/z 140 ’ . m/z 112

-HCN

B
‘m = 64,5
éf//

m/z 85

A
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sulfide), 80 m.u,(probably pirimidine) and NCS°®

~The corresponding,decomposition products appear in the
spectrum of ghe labelled compoung (V-9b) at m/z 87 due to
loas of HCN), 112 and 111(due to loss of H® and D*} ef.
(v-7b))and 69(1%gs of ‘CS).

L3

) .
Expulsion ‘of CH3' from,the molecular io gives

”

the fragmen% at m/z 125(13 3%), which further dec mposes
2
~by loss of HCN to form an ion at m/z 98(18 3%).
;
1 NNC ’
’.‘/L‘
. CH,CH,
i ' !
M m/z 11,0 . :
4 %‘
5 & lé
' - - ’ ’
- i
N ) ) g 8
, L - !
. " In view of the observed metastable decompositidns; e g }
the molecular~ton also 1oses SH*,60m. u\(probably ethylene o
\
+ *

[
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Some feaﬁures of the fra{gmentatio,n of 1-ethyl-2-

pyrimidinthione are discussed in more detail in the next .

section. There is evidence that the molecular ion expels

. hydrogen from three sites, i,e. from the ring, from the

&

methylene group and from the m'et‘hylzgroup. Moreover, the

M~1 ion, formed by loss of the ring hydrogen, further ’

a

expels a Caﬁu molecule, This process probably involves

a pro?:on‘“transfer to sudlphur, a sort of McLafferty '

rearrangement.

L3 m=138.0 S.¢
] C’1:‘2‘”@’3 ‘ CH s 4CH -H
% , ‘ ¥
MY m/z 140 m/z 139 "
e 8, & /
- o > -C Hh
. ) y ' ) o m*= ‘88” ot
/- R A

4

e

. j.q.
H3Ngs .m/z 111

< - ) a
o .
The above discussed fragments all appear in‘

the mass spectra of the labeiled compounds (V 9c) -and’
@
(V 94) in comparable intens{ties. C oy
‘ The main fragmentation pathways are outlined

\.
4

117

1
!
1
(3
4
i

e

[ T T O S IE R




i

P

4

m -SH*

- o

J
Scheme V-9. Fragmentation péttern for

1=-ethyl-2-pyrimidinthione '
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1-Phenyl-2-pyrimidinthione (V-10a) Fig. (V-10)

The. spectrum of this compdund is very simple

and the dominant peak is at M-1. Moreover, this peak carries

Iz
!

éé% of the total ionization current. It was suggested

. )
SN .

| L

X '
(V=10a) : . < (V=-10b)

vy . s .
earlier11that.as in. the case of 1-phenyl-2- pyrimidinone the

lost hydrogen probabiy comes ¥rom the benzene ring by a
process which-is an intramolecular radical substitution ©

reaction. '

A" L A . TR
l‘)\ | A I
+ + -H* +
- N s’ N .
' ) ———————— N S e e S
o G @
MY m/z 188 | , _ n/z 187

The fragﬁenfation patterns of (V-10d) and the labelled

(V=10b) differ signifikantly from the two corresponding
. .

0Xxo0 homoloéues jv-ba)ipnd {V-6b), though the deuterium

incorporation is the same(~70%). -

119 .
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Mass spgctrurp of 1-phenyl-2-pyfimidinthione
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The conventional spectrum of (V-10b) shows an -
"‘intense‘M-Z ion(100.0%), and less intense M-1 ion(39.8%).
The following decompositicns in the FFFR were obser@ed, 211
measured under the same experimental conditions.
‘1 (i) A very strong metastable\ﬁeak for 1oss-of H*®
- | from the molecular ion (V-10a) and a weak
metastable peak for loss of H®* from the
’ molecular ion of (V=10b).
: (ii) A strong metastable peak for loss of D° from
the molecular ion of (V-10b) and very weak
. y metastable peak for the process (M=1)-1, also
/ C therein. -
(iii) No metastable transition for processes ‘
M-2 or (M=1)=1 in the spectrum of the unlabelied
| (V=104a). .
eAs the evidence shows, two sites are involved aéain in the‘
hydregen loss, However, the benzene ring is mainly respon-
- sible for the formation of the highly abundant M-1 ion. .

The Tesultlng fragment at m/z 187 almost certainly adopts

the above stable thiazolium structure, a salt of which
11

was easily synthesized by the reaction shown below
CH(OMe)z

\/- HzN’(,\ HC10,,

. \ CH{OMe) , MeOH

W

) L 121
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Aétpmpts to obtain mass spectra from this salt vwere not
succeasful., |

The process m/z 188—187 4s appérentiy mich more
important than the on lo loss of H® from 1-pheny1-2-

pyrimidinone., This observation is in accord with the knoun

greater stability‘of thiazolium versus oxazolium systems57.

Besides the molecular ion the only other intense
peaks in'the mass spectrum are at m/z .77, 51 and 39. The

m/z 77 ion is presumably the phenyl cation resulting from

Hsimple cleavage of the molecular ion, In the spectrum of

(V=10b) this ion has three deuterium atoms and appears at

m/z 80,

’ N
-+ .
‘ S O
. o l ‘ N2 S

m/z 188" /2 77
# #
+ - ) +
-m/z 39 03H3 m/z 51 'CHFB

A m/z 51 ion is a common fragment of arqmatié compounds
resulting from the loss of acetylene from the 06H5+ ion,
The corresponding ion in the spectrum (V-10b) appears at
m/z 53 and 52, which could indicate scrambling of the
S;nzene hydrogens, The same situation holds for the 1on
at m/z 39, which in ‘the spectrum of the labelled compound

appears at m/z 39 and 40.
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2-Pyrimidinselenone (V-11a) (Fig. V=-11). -

Selenium exists in six natural isotopic forms,

se82 9,194
5020 19.82%
368 23,524
se'’ 7.58%
5876 9.0é%
Se7u 0.87%

. \\ (
(V-11a) - H:T\\T i)

The -mass spectrum accordingly shows six molecular ions'at

m/z 162, 160, 158, 156, 157 and 154. The base peak is at

m/z 160 corresponding to the molecular ion of the most

abundant isothe, Seso. The peak at m/z 159 is due to the

expulsion of H* from the molecular ion at m/z 160. A strong

!

metastable peak was observed in the FFFR for this process,

The major fragmentation pathway is loss of

selenjium and SeH® from the molecular ionsfto form the

highly abundant peaks at m/z 80 and 79 respectively. This

process is different from the fragmentation patterns of the

thio and oxo homologues, where loss of sulphur'occurs only

to a very limited extend and loss of oxygen is not observed

!

at all,

The cluster of peaks at m/z 133 and bele ia: due

to the.loss of HCN from M7 and M-1 ions and the fragments

at m/z 107 and below are very likely HNCSe? and NCSe+«ion§.

In analégy to ‘the oxygen and sulphur homologues

A

the six molecular ions expel CSe to form the single -

fragment at m/z 68.
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12 .
M/Z 132 m/z 133 '
— R »
| ~HCN - | -HeN
-H‘ B3 =CSe \ ’
. + N I N S S— m/z 68 |
(M=1) - )E 80 :
0 m/z 159 . m H ,
. . )
: M+ m/z 160 ‘
] j
&
. ‘ %
]
) -C3H3N | %
. HNCSe+ » Ncse'
N ' . -H.
S m/z 107 . m/z 106
A
’ Scheme V=11, Fragmentation pattern for -
v 2-pyrimidinselenone
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3/ DISCUSSION ON THE STRUCTURE ELUCIDATION OF THE M-1'IONS

a/ M-1 ions in general

“

It has been p]:-opos,ecl.'1 that, in q?ntrgﬁt to the.\
fragmentations of the oxygen‘homélogues, the Ne-methyl and
N=-ethyl pyrimidinthione molecular ions expel a hydrogen atom
from the N-élkyl substituent to form the cyclic daughter ions
I and II, respectively. ' e

ISEe B

N I ‘\N . I N
' +¢J\ ’ ﬁﬁL\
' NS | ‘

r . - ' II

i

This proposal is consi;tent with earlier work55’59 .

and’ with the well known greater nucleophilicity of sulfur -
relative to oxygen. The fragmentation patterns of the
unlabelled ‘N-methyl and N-ethyl pyrimidinthiones have been

11

discussed previously . The mass spectra of the anglogous

compounds with deuterium labelled N-alkyl substituents
demonstrate that the_N-substituents are involved in the

hydrogen atom 1os§.

. Comparative metastable peak abundanceg’and meaSurgd
kinetiq enérgy r§1easés(To.5? for H(D) 1ossifrom tbe
molecular ions of seventeen N-substituted pyrimidinones and
pyrimidinthiones are given in Tables V=1a and V-1b, Although

metastable peak abundances were all measured under comparable

]
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Relative m" Abundances and Ty, c_Lor Loss of H*(D*) From ‘
oD

the Molecular Ion; of N(1)=-substituted 2-pyrimidinones:"

+

LY

SUBSTITUEN?  INTENSITY Ty, (V)"
MY =1 M —2 M¥—1  MYep
\ .
Methyl - - - -
Methyl-d, - . - -
Ethyl v.wk. - (a) -
Ethyl-dg V.wk, v.wk. (a) (a)
'Phenyl m - 0.260 -
Phenyl-d, m w 0.167 d.SZh |
: Isopropyl s - 0,260 -
Isgpropyl-d6 8 s olauo 0.350
;Isopropyl-d1 ] - 0.230 -
Benzyl s - 0.240 -
, Benzyl-edd,, s - 0.240 \\

(a) Metastable peak too weak for reliable measurement of‘To 5

(b) Measured on Hitachi RMU-7 mass spectrometer

Table V-1a

»
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4//// Relative m"® Abundances and T, ¢ for Loss of H*(D*) From

the Molecular Ions of N(1)-substituted 2-pyrimidinthiones:

\ +,
- SUBSTITUENT ~ INTENSITY - Ty gleV )®
r\ i i “ . . . . [ ]
M¥ =1 MY =2 Mé=1  M¥=2
Methyl - m - ~0.087 -
' Methyl-d, v.wk Com , (&) 0.200
_Ethyl - s - . 0.150 -
’ \ \ : . . ‘ o
5 \ Bthyl-dg . vowk s (a) 01430
! “Phenyl , e - . o7 -
X Phenyl-d, m-o . s ' 0.623° 0,527
d \ ‘ . .
| \
o . (a) Metastable peak too weak for reliable measurement ‘of To 5
, (b) Measured, on Hitachi RMU-7 .mass spéqtrometefq
;
; . ' ‘. . | A :‘ . R { ‘,' ‘ .~‘_ . [ ) ' 1' B
~ o .. Table V-1ba -
’ l . . v ‘. » v" : v 128 _;:
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experimental conditions, any numerical comparison would be

inappropfia%g because of a significant isotope effect

(cfopa ).’Kineticleqergy rpléases were calculated as -

A .
.
S e R KRy A SO
%
-{ai

described previously.

n

Loss of H® from the molecular ions ofaN-methyl or 3

N-ethyl-2-pyrimidinone is associated with a very weak (or 7 . }
absent) metastable peak., The absenqg‘of a strong metastable
peak may be'interpreted in terms of a fast simple bond

cleavage mechanisméo occuring mainl§ in the ion source. The

molecular ion of 1-(ethyl- dS) 2-pyr1m1d1none loses both " and\
D, with a weak. metastable peak observed for both processes,
whereas 1-(methyl-dB)-pyrimiQinone loses H and D' without an

. observed FFFR metastable peak. We conclude from these

observations that, in these compounds, H'ibsgroccurs both

) ’ from thi pyrimidine ring and from the N-alkyl spbstituenétm*
Loss of a ring hydrogen atom occurs, predSminantly inithe ion
source, By a' fast, simple bénd cleavage. A similar process

¥ is involved in H atom loss froﬁ the methyl group attached

to Ni)but with increasing length of the'aliphatic chain, a

. ! . slowgrprearrangementﬂprocess involving términal H atoms may

bq involved to a small extent.

‘ h ’ ' These conclusions are supported by the results

ocbtained when thé q-substituents are phenyl, benzyl or iso-

° propyl(cﬁ. Table V-1a3. The presence of inten?e metastable
peaks for ﬁ(ﬁ) loss in the fragmentation of the molecular

ions of these cohpounds indicapeé that a morpﬂcomplicated

“process than just simple bond cleavage is involved iﬁ}the /




0 e . ,
formation of the M<1 - ionsv. e

N "The molecular ion of 1-phenyl-2-pyrimidinone ‘loses .

E'with an accompanying FFFR metastable peak of medium inten-

4 1

sity. It has been suggested11 that loss of a hydrogen from

£ s B B dive e e e R

phenyl°suﬁstituent in the fragmentation of this compound
generates a fragment ion with the oxazoliup $tructure, III.

The process is dominant in the fragﬁentation pattern of

I

R T L o T

1=-phenyl-2-pyrimidinthione, in agreement with the greater

ko

sﬁability of thiazéiium 6ompounds(cf.p.119). 4 : ‘ . i

+

= A metas%able peak of médium intensity is observed for loss

E

of H®* from %he molecular ion of 1-(pheny1-2 I,b -d3)-pyrim1d1n-

one, It is suggested that this process involves a' hydrogen

atom on the pyrimidine ring, via a,rearrangement in which tﬁe N

--phenyl hydrogen is fransfered to the oxygen followed by loss R

of .a heterocyclic ring hydrogen. ‘.
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A simflar explanation can be postulated to ~

3

rationalizs the fragmentation of the 1-benzyl-2-pyrimidinone
molecular ion. Deuterium labelling showed that the benzylic
- ' hydrogens are not involved in the formation of M-1 ions

_in the first free field region. It'is suggested that

. . : loss.?f ydrogen ‘atoms from the phenyl and pyrimidine @#

rings give #iggstg daughter ions with structures‘v(jpd VI,

[
: respectively.

) Analogously, M-1 ions derived from the 1-isopropyl--

2-pyriﬁiﬁ1none coﬁld have structures VII and VIII for

%
RN S ot e A T

hydrogen’ atom loss from the. isopropyl group and the pyrimidine

& SO ring, respectively, although these structures are highly i
§ ° \ M “ ;
; « ) strained. N ' o i

(\N | | ) *
A /J\ ” i
- o 2 , .
C N o §7 o
. _cH " L
‘ . CH2->0H2 ¢
. o Hy ,
:.. . . ) ]{ . {:
: ;o oy VIII ]
§ s . s o / . -
T i Deuterium labelling shows that the methin hydrogen of )

the isopropyl group is not involved in the formation of the

M-t ion. . ' ° .

Y /
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‘b/ The M-1 ion of the N-ethyl-2-pyrimidinthione

Comparison of the data 'summarized in Tablgsfv-1a
and V=-1b shows that the N-substituted pyrimidinthiones
behave similarly as the N-substituted pyrimidinones with
respect to loss of H®° from the pyrimidine ring, if the
substituents are methyl *a ethyl groups. The differences
are observed in the formation‘oflthe M-i ions from N-methyl
and ﬁ-ethyl substituents of the pyrimidinthione§; the
observation of a moderately intense metastable FFFR peak
suggests that, in addition to the fast simple cleavage
process, a slower regrrahgement pathway is participating tbﬂ
8 significant extent. We noﬁ consider }n,some detéil the
formation of the M=1 ion fr-omg-ef;hyl-z-pyrimidinthione,

11,569 ,
in atteppt to substentiate the proposed cyeclic structure II

for the daughter ion.,

(i) Isotope Effects

0l

In addition to the labelled
pyrimidinthione V-9b, two more labelled species, V-9c and
V-9d; were synthesized and the metastable transitions upon

3

SN ﬂ:qiits . V-9a R = CH,CH,
’ N - V-9b. R T GD,CDy
, ] R [ V-9¢c R = CH,GD,
: - v-9d R = CD,CH,
/ o
J

132
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the formation of the M-=H or M=D ions in the FFFR were
examined for the four labelled compounds V=9a - d. Tablerxf2
** shows the the results which indicate considersble isotope

. . {
. effects for the H*(D®) elimination processes:

10 5 for Loss of H*(D*) fro$ the Molecular Ions

of Differentily Labglled N(1)-éubstituted_g-pyrimidinthiones:

Ny W i

;S
}
¢
!
:
[

(ay/ﬁitachi RMU-7
(b) Kratos-AEL MS-902s
(c) Metastable peak too weak for accurate

measurement of T0.5

| Table V=2 _ ' )

e - (a) (v)

Substltuent. TO.S ‘ TO.S

I, Loss of H* 032033 0.15 - 0.29

CH20D3 ©.0,08 0.12

H CD,GDy (c) (c)'

; 092033 | ‘0.21 g |
II. Loss of D° ; <:\§“\\ i
, . !

« : c 2CD3 'o 38 - 0.48

L CD20H3 o '(c)

g cnzcn3 0.43 0.47

Py PR, e it ”r?l"wiﬂ’k“iﬁ;‘. ':_, Rﬁi@b”ﬁﬁ
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In experiments such as those repofted ﬁere, a o -
diécuss}on of the 1sotope effect on T values énd m® abundap-
ces r§‘complicated bywéhe fact that two different molecular
ions, with differqnt internal energy distributions and
different zero point energies, are involved.

Effect on TO.S

-~

In the case of R = CDZCHB(TH = O.%1eV),and R = CHECD3

(TD = 0,48eV) the TH/TD ratio is0.5. This implies(assuming

the same partitioning in each case) Ehat zero point energieé

in the product ions differ more than zero'point energi%s

in the transition state: ’ '
\

I S
] A —I —_—— -
I Ir
ol . B<Ep-
. =H®
EI‘
. -D TH/TD<1
\ _/

) Product
Ions

I
The isotope effects upon kinetic energy release have been
21b

reported in the literature and it has‘beeq suggested ) ;
that H® loss should give TH/Tﬁ=1(cf.p(32). Such a situation : ;
occurs for Ne-phenyl and N-(phenyl-dB)-2-pyrimidinthione,
where TH/'I'D ratio is much cloger to unify than in the’ 7 ]
R : S

”
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_different molecular ions are involved for H’ and D°’ loss,

'N-ethyl compounds, suggesting that zero point energy-
differences 1in the product ions are close to those in the
transition state(assuming again that partitioning is not

affected by igotopic substitution): '

— e e b

N

" r r
Er Eﬂczﬁﬁf

; ( Ef/ Product
S s Tons

Fig. Vb13

Effect on m"_abundances

The isotope effect on metastable peak abundances
has been repo?ted a number of times, and is discussed by

21a

Cooks et al. . The authors discuss H®* and D° loss from

the same molecular ion(cf.Fig.III;7.p. 32R while in our case

The metastable peak for loss of D’ from N-CDZCHB-

2-pyrimidinthione was too, weak to observe on either Hitachi

RMU=7 or the Kratos-AEI MS-902s. H*® loss from the analogogé’
N-CH20D3 gave a readily obsérvable metastable peak
(Tg,g = 0.12eV). A large isotope effect on metastable peak N )

can be rationalized for this type of expeqiment in terms of é

135
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D

]
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N
[
t
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If E°D>Eg, then §H>E¢D , (note that E1 ‘—iE2= energy deposition,E),
\ ' Fig. V-1l

Fig. V=14 and Fig. II1-8a,p.34 . If the zero point energy
difference is less in the transition state than in the
J reactant(in this case, M'), then the threshold'(activ-
ation) energy will be lower for loss of H° from ﬁie (M-H)
actiVated complex than fir loss of D* from (M-D) . ;f the
Jenergy depositi;n function is essentiall& unaffected by the
isofopic substitution, then for a given amount of eﬂergy
« deposited, E, the excess energy will be greater for (M-H)
" _then for (-D)*, i.e. EH) By (of.Fig. V-14).

o
136
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The second factor to be considered is. the variation
of k with the internal energy, E4 If k rises rapidly with E,
then isotopic substitution may lower kd to a value which
puts it out31de the metastable region(log k:SMJS-S.S), and
the metastable peak will be weak or a?sent(cf.Fig. III;Ba,
p.y¢)J Alternatively, if k increases slowly with E, the
isotope effect‘kH/kD will ve considerably smaller, aﬁd the
metastable a’ag for the isotopically labelled compound will
be observed{cf.Fig. III~-8b, p.3L).

Cooks et al. point out that

(a)}The magnitude of fhe isotope effect
may be independent of the difference in activation energies
ineolved. \
| . (b) The slepes of the log ﬁ vs, E curves
is related to the entrepy of activation for the process;
reactions in which H®* is lost by a low=frequency factor
process (including rearrangements) will be associated with

a small kH/kD and vice versa.

If we apply these considerations to the Neethjl-
‘2-pyrimidinthiones we may draw the following conclusions.
(a) TO.S for H* loss fro; N-CH20D3 is significantly
lower than that observee for loss of H* from N-CDZCH3
(0. 12eV and 0. 21eV, respectively) and comp&rable to that
observed f?r H* loss from N-CH,(0.09eV, but different

instrume&t .This suggests two different processes,

(E) The large kH(kD for H®* and D°* loss from the

L o ,

methylene group of N-ethyl-2-pyrimidinthione indicates a

» 137

AR B T ¢ wemee XK

M N

.f‘;'



A~ o

o g

AN

-
3

steep log k vs. E curvé. This in Eurn,bpoints to a process

A o
“ -with high frequency factor, i.e. cleavage, rather than

rearrangement,

1

. (c¢) Loss of H* and D* from the methyl group of
N-ethyl-2-pyrimidinthione shows a much sSmaller isotope
effect upon m* abundances, consistent with rearrangement.

The -large TO.S values indicate a large reverse activation

ch v \

enﬁrgyo

In summary we conclude that Co

>

1. Loss of a methylene hydrogen is probably
a cleavage reaction, with little rearrangement, The same is

'true of H® loss from N=CH_-2-pyrimidinthione,

3
2. Loss of H® from methyl group of Ne-ethyl-2=-

pPyrimidinthione is probably a rearrangement process.

’ " (ii) Fragmentation of the M-1 ions

A slow process is & necessary
condition for the thiazolium ring formation, after a
hydrogen atom is loat from the moleécular ion of N-ethyl-
-2-pyrimidinthione. However, it is not a sufficient
condition, because any structure resulting from a losas of

the methyl H® wfuld require some rearrangement, r,

"

76‘.8.
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CH2 CHé‘H J -
) . \
&
-H. \
r ﬁ/ SH
|
CH=CH,
, B

Bt - S I
—> [:A\" | XI
r s o

CH-CH3
| :
We believe, however, that if the cyclic M-1 _/}'
ion wa; formed, it would not fragment further by loss of

CZHM'

- Such procéss would involve a rupture of the thiazolium ring,

which might be anergetically'unfavérable prod&ss; On the

\ 139
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other hand if the structure of the M-1 ion is such that the

Nesubstituent maintains the chain’ form, as in the structures

IX, X, and XI(cf.p.139; it‘could fragment easier by loss of
Further studies of the transitions in the FFFR

showed that loss of 28 m.,u. occurs from the M-1 ions of N=- :;

ethyl-2-pyrimidinthione and N-ethyl-2-pyrimidinone. The ;
labelling studies helped to determine which hydrogen is lost ?
from the mol%cular ion to form the M=1 ion that loses 28 m,u., ’
.pfesumably CZHH° The following scpemes illustrate the
relevant fragmentations, These were the only fragmentations
of the M-H(D) ions in question, ‘detected by a metastable
transition in.the FFFR.

- \ - '
| | , *
[ z X L

i

-+

iy

TR AT IO S

“ -H. -(CZH‘*) Y
MY (R = CH,CHj, X = 8) ——>  (M-1)" —— w/z 111
’ m* T ot
~m/z 140 ~ m/z 139 S
/ 4

) y -H* . -(C,D,H,)
S * MY (R = CD,CH,, X = §) =———> (M-1)" ———>n/z 111
,« 23 r ,

- m

~

m/z 142 ‘ ﬁéqm

;
H
;
&
2
i
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+ -—
M (R = CH,CDy, X -

m/z 143

+ ' -H*

M (R = CD,CD., X =
. 273 "
m/z 145 com
#T

§) ——> (u-1)"

§) —> (4-1)*

n/z 142

m/z 144

=(C H,D,) :
. > m/z 1‘.12
m
) - f
. *
m m/z 112 #
-32(8) ‘

he high resolution mass

measurement showed that the péak

o at m/z 112 contains two ions, in

the ratio 5:1, The smaller peak is

due to the loss of sulfur, while

the mare abundant ion is due to

, , the loss.of"C,D, from M=1 ion.

»

| \-un

m/z 123

27

. ' "H. -(CZH;.L) .
"M% (R = CHCHy, X = 0) ——> (Me1)t ——— > m/z:95
m* m*
m/z 124
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-H. Lo '~-(C2Dh‘) .
+ +
Mo (R = CD CD ’x - O) —————— (M-1) _Q;—> m/z 96
. 2 3 * ’ ' ¥*
m m
m/z 129 : - m/z 128 - . ‘
/
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The above schemes show that the relatively

unstable M-1 ion, which further expels ethylene,'briginates
from the molecular ion by loss of the ring hydrogen atom.This
process is identical for oxygen and sulfur'hgﬁblogueg and

/
proceeds probably by a pseudo McLafferty rearrangement:

H : ) \
. C:x : . -
By -C,H Lo
NSC-CiC ;-N+“‘/ (u 2k > N2C-C®C-NH=CH-XH
2 i f
N -k " o . . - ! i

S (M-1)" x = 8,0

)

e ek w e

It should be ﬁoted, that the above

discussion does'hot include any possible ffagﬁentation of

-

the M-?(b) jons that could occur only in the source,

"Theref%re‘we—conclude that there is no evidence

against a°formdtidn-of the proposed thiazolium ring

structure. . o . ! ‘
»

<
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(iii) Thermochemical Considerations

L4

, Requirements for ion thermochemistry. Yo “
s [ ) [+3

" " The assignment of ion

©w

°y structure on the basis of thermochemical measurements is a

62’63, where heats of formation of ions

well-developed method
- are measured and compared with heats of formation of similar
ions in order té draw conclusion about ion structures
(cf. p.38).
D - In o;her to substantiate the proposed cyclic
struptﬁre II for the M=1 iop of j-etﬁ%l-Z-pyrimidinthione,
its heat of formation has to be.comgared wiﬁh heats of

formation for' those ions, where similar stfucture could be

expected(i.e. the M=1 ion of 1-ethy1:27pyrimid1none), or'*_
/ where such structure cannot be formed(i.e. the M=1 ions
. of 1-metﬁ§1-2-pyrimidinthione, 1-m;thy1-26pyriﬁidindhe,

2 (1H) -pyrimidinthione and 2(&H¥p§rimidinone).

The situation is complicated by the fact that

©

- there might be three structurally different M-1 ions of
1-ethyl-2—pyrimidinthio;e, since the molecular ion expeis
‘the hdeogen atom from phree sites,i,e. from ihe pyrimidiﬁe
© “ring, from the methylene groub and from the metﬁyl group.
- \However, éatisfagtory results could be obtained, -
assuming thgt, if elimination of the methyl hydrogen atom
.resulted in the formation of the thiazolium ion II, it
would be the most abundant ion, since it;would have thg

lowest energy. . a

L3
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‘ ‘I‘he‘;ppearance energy Aymay l?e__considered as an
energy ‘of reactign AEr" -
. ) . |

/8. . e = AE_ = AH_ + A(BY). < i ((v-1)'

PR . ‘ i
Within the tolerance of most meisurements of appearance

energy: A(PV) is neglected and the -appearance energy equated
to AH the heat of reaction. ‘Further, it is sometimes

possible ta’ asure the excess translational energy(cf.p.23)

)

with which ion is formed and to correct the amppearance

o

eﬁergy fo t. , \

In general,“'for the reaction (V-2) where M i.s' the

.N-substituted or unsubstituted pyrimidinone or pyrimidin- $
| ‘

1
¢

M (M=1)" + H" + - Boxcess (V=2)

thione, the appearance energy AE_\ma‘ny be consi,d;red as the

heat of reaction AHr,' which is’ equal to:

, A
EAprroducts - EAHfreactants.' @
‘< ) ).‘_ ‘ + .
AE = AH, = AH (M-1)" + AOHH, + B ... - AHM(g)"
o - | ( / )
v / } b ’
* AHp(M-1)Y = AE + AHM(g) - AR - B oo (V-3)

excess

IS

MR & " o e 8§ e BB ey grei
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Thus, in order to obtain the heat of formation for the

M-1 ions, it is necessary to obtaln
(a) AH of the neutral molecule M ) o
(b) AE of the M-1 ion
(c) AH

subllmatioh for thg process}ﬁHfM(s)———éAHfM(g),

( since the examined compounds are solids,

The literature value fo'x-,AHf H is §2 kcél/moleé7 and the .

Eexcess is importaqt only in high aacuracy measurements aqd/

will not be considered at this stage. / '
/

Heats of formation of neutrals, o

(a) Literature values,

Heats of formation foF some o
heterocyclic compounds related to our study are given in
Table V- 36u’65. The heats of formatlon for these compounds
were derived frdm their correspondlng heats of combustion,
which were determined by calorimetric methods. This method
is well egtablisheg for compounds containing carbon, hydrogen
oxygen and nitrog;n and is capable of giving results of

high accuracy;_In order to calculate the heats of formation

. of these compounds from their corresponding'heats of combus- ﬁ\

tion only the heats of formation of 002(3) éﬁd H20(11q) are
neédéhbb. Organic nitrogen compounds form Nz(g) as the .
pr;duct ;n the combustion reaction, which by definition has
a hegt.of formation of zero. - o .

Thus, for example, the heat of formation for

‘uracii, GhﬁhoéNé(s)’ was calculated from the heat of

19
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Compound

*  Literature Dafa for Heats of Formation of some éomgounds
related to our Study:

'AH;’, 298°( keal/mole)t

/

Guﬂu§2 : ,pyrimiﬂine(liq) | x?E.O&

" " () +16.99

" pyridazine(1liq) +53. 74

" pyridazine(g) o +6,52
-chnuﬁzo 3 barbituric acid(s) . =152.2
csﬁénzo > f~methyluracil(s) | -109.2
05H6N202 thymine, (S5-methyluracil)(s) -111.9
CthOEN2 uracil(s) . -101.4
CuHSON3 cytosine(s) -52.89
CHhNZO | urea(s) -79.71
C,H,0 furan(liq) il Bl
CH, NS thiourea(s) & -21.13
C3H7N028 L-cysteine(s) ﬂ-12h.b
06312N20u32 L-cystine(s) -245-7 '
CuHhS thiophene(lig) +19,24

f
Table V=3

146 )
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combustion.AEg, which refers to the idealized combustion

reaction at 298°K reg‘%@ehted by the follow1ng eguatloan:

\*‘ \

CE0,N,(s) +(hoy(g) = heOs(8) + 2H,0(11a) + Nyle)
The applicatipn of the bomb caldrimetric method

to compounds that also contain sﬁlfur involves many specific

difficult1es which have delayed the developement of an

accurate method for determination of heats of combustion

and formation of organic sulfur compounds.

One of the main problem is the quantitaéive con;
version gf sulfur to the hexavalent state dur&ng the com-
bustiop process. The heat of combustion for the sulfur
compounds éiven in the Table V-3, was determined with a
rotating bomb calorimeter, which works on the principle
that all the sulfur, is converted by combustion, a;d sub=-
sequent stirring, into a sulfuric acid sofation of a %piform
concentrationbg.

The experimental results showed that under the

same conditions of the combustion experiment, the final con-

centration of sulfuric acid is x(HZSOu.115H20)(liq), where x

is number of sulfur atoms in the original organic compound.
The value of =-212,192 kcal/mole at 298.15°K for AH.(H,S0, .

115H,0(1iq)) ‘was used for calculation of the respective

.heats of formation of the above compounds containing sulfur.

Thus, for example, the heat of formation of thio-

phene, CuHuS(liq) waq:cal€ﬁT§téd from the heat of combustion

107




AEg, which refers to the idealized combustion reaction at

x 29§.15°K represented by the following equation6u:

oES(lia) + MUE0(la) + 13/2 0,(8) = hoo(g) +
' stoh.’USHzO(li'q)

)

~

’ »
. y (b) Experimental measurements.

An adiabatic com-

bustion calorimeter(Parr series 1200 with 1101 static bomb)
was used in our laboratory in an attempt to determine the

o heat of combustion of 2(1H}pyrimidinone and 2(1H)-
pyrimidinthione. ‘

Theory69’7o;

w7

The standard enthalpy of cgmbustioq for a sub-
. stance is defined as the enthalpy change, AH:, which accom-
panieg a process in which the given substance undergoes
reaction with oxygen gas to formAspecified combustion

products(such as 002(5), H20(liq), Nz(g)), all reactants and : E

b products being in theirsrespective standard states at the

% ' given temperature T, ‘ , %

The enthalpy of combustion can be calculated ’ A
by [ ] d i
from the temperature rise which results when the /combustion

v o g o

reaction occurs under'adiabatic conditions in a calorimeter,
In the actual calorimeter brocess, the final &and
» in%tial temperatures, T2 and T1 respectivglx; are not equal
',k . - . and. the reactants and products are not in their standard
| states(cf.Fig.V;15). !

S ' ;
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Products at pressure P3

temperature T2 )
T

Cat

T T

1

Reactants at pressure P.| ——ee Products at ﬁressvuz;e P

-AE
temperature T1 el temperature T1

2

Reactants in standard ) Products in standard

AE°

states at temperature T1 : ¢ states at temperature T1

Fig. V"1 5

AEC 'is the energy charge for the actual calorimeter process,
while AEc1 is the energy change.for an imaginary process in
which the final state is at T{rather than T2. The heat
capacity C is that for the can(in the adiabatic-jackef bomb
calorimeter the bomb is immersed in a can of water, fitted
with a thermometer and this assembly is placed in a water-

~filled outer Jjacket), and its contents under the conditions

of the experiment.

, o - BT
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T

Ac, = AE,, + [cyat, / i (V=)'

T,

and since, from the first law of thermodynamics considering

the adiabatic conditions,

AEC = 0, . | . i (V'S)

it' folvlows that

AE(=1 = -C(Ta-T,' )e

C is considered a constant, which is equal to the heat

capacity or energy equivalent of the calorimeter.

To calculate AEZ.' from AEc1 requires a correction

to standard states, called the Washburn correction, which °

t

is important only in work of high accuracy. ' :
The standard enthalpy change AH‘;l , may be

calculated from the definition of H as follows.

)

Ar°®

o1 ='“AE:=’1 + D(pV) ~ (V=-7)

/

/

The contributions to A(PV) for reactions in which both
reactants and products are solids or liquids is generally

negligible; A(PV) may be significant in combustion

4

calorimetry where some of the reactants and products
} .
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are- gases,

Following the procedure70approximately 1g of the
sample was formed into pellet by means of a pellet bpress,
The pellet was weighed and placed in the éample pan. The

fuse wire, of measured length about 10cm and known heat of

el .
=R L e A sl ¥

combustion per unit length was attached to the two\terminals
and adjusted to give firm contact with the pelletJW&tBP (1.0
ml) was added to the bomb and then the co@er with the
sample was assembled with the bomb and tightened. The bomb
was slowly filled with oxygen until the pressure was ~30atm,.
About 2000ml of water was weighed in the calorimeter can énd
placed in the adiabatic jacket. The bomb was immersed in the
watér and the ignition leads were connected. The stirrer was

1 started and when the equilibrium temperaturg was reacped, it

¥ was recorded as the initial temperature Tﬁ' The ignition:

switch was then closed until fusion of the wire was indica-

‘ y glowing of tﬁe lamp., After a successful ignition, the
%rature of the calorimeter rose quickly. Tﬁe final
- , stea;y temperature of the can was then recorded as T2.

% & For sulfur compounds, the oldest method, developqd

Yfman and E11is(H-E) in 19357, was tried. The H-E
]

“—'_ﬁﬁ—r

" methdd employs a static bomb calorimeter for a combustion

{
' exp ﬁﬁment,but no water is added to the bomb, Otherwise,
L ad ' .
i P theqfame procedure, as outlined above was followed, using

\ _the adisbatic bomb calorimeter.

{
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3 ( Before one uses'a calorimeter it must

be standardized. The term "standargization" denotes
operation of the calorimeter on a standard sample

from which the energy equivalent‘factof of the system can
be calculated, This factor représents\the combined heat

capacity of the water bucket, Sf the water itself, of the

' bomb and its contents and of the parts of the thermometer,

stirrer and supports for the bucket.

The procedure for a staﬁdardization test is exact-
ly the same as for testing any sample. A pellet of standard
benzoic acid weighihg approximately 1g, acbnratelﬁ weighed,
was submitted to the adiabatic combustidn, The temperature
rise, t, from the observed test data was determined and the
energy equivalent, C, was calculated from the following

equation(cf.p.150).

\

(AEc1 B.A. % m) + e

¢ = - ; ! cal/ °F  (V-8)
t
where |
AE_, B.A. = heat of combustion of standard benzoic acid K
| in calories per gram
m = mass of standgrd benzoic acid sample in grams
= corrected temperature rise in degrees F
e, = correction for heat of combustion of firing

wire, in calories,
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After stapdardization the heat of combustion of

the sample, AEci SA, was celculated from the fellowing

equation,
* . K4
! tC -.e ‘ '
e '
m
\
where
t = temperature rise in degrees F ’
«

c = determined energy equivalent of the calorimeter in

calories per degrees Fahrenheit

-

e, = correction in calories fof heat of combustion of fuse
Qife
m = mass of the sample in grams, )
_ Results, | '

The calorimeter was calibrated using benzoic acid -
(N.B.S. sample, heat of combustion -6318 cal/g)..The energy
equivalent of the calorimeter as the average -of two éaiibra;
tion runs was 1754 ? 20 cal/°F. Using this vglue,;the‘ﬁ;at
of combustion, AEC1, for 2(1H) -pyrimidinone, CLLHHNZO’ was
=561,.8 kcal/mole, This value refers to combustion reaction

at 298°K represented by the equation:

o '
D o3

CEN,0(s) + 9/2 0,(g) = UCO,(g) + Nale) + 28,0(1iq)

The standard heat of formation for the neutral molecule of
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1(H)-2-pyrimidinone JAY: 0 g0, was then calculated from the

values -9&.05 and =68,32 kcal/mole for the standard enthalpy

of formation of CO fg) and H 0(111,, respectively, &3

,follows:

v

AE, = -561.8 = 4(=94.05) + 2(-68.32) - AHOn

A

A Aﬁgn‘ 2{(1H) -pyrimidinone(s) = 49 kcal/mole

The attempt to obtain heat.of ‘combustion for the
sulfir compounds by cgiorimetric measlrements was not
‘successful(cf.p.l7 ). The H-E method’' was tested, using-
l-cystine(heat of combustion -956.& kcal/mole) as the test
substance, Following the procedure and the described
corfection for. sulfuric aci

d71, the heat of combustion for

l-cystine according to the equation

-

12 2°%2

‘CBH O, N.S.(s) + 1002(g) = 6002(3) + Nz(g) + ZFstou.

2.7H20)(liQ) - 1.4H,50(1iq),

ki

resulted in high value of -8837.6kcal/mole., A similar high

result was obtained when a platinum crucible was used in the--

)

compﬁstion experimeﬁt. The results are in accord with

Moore?u, who states that "another source of error is the

corrosion of parts of bomb by Hasouuresulting-in unknown

"
heat effect .

o
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Since neither~platinuh-1ined static bomb, nor

the appropriate rotating bomb calorimeter, used today for

\ s

combustion of organic sulfur compounds(cf.p.1u7) was

. available, no further calorimetric experiments were

. performed on the sulfur containing compounds,

\
A}

~

(c) Estimation methods and results.

v

» | ‘ In some cases estimation
methods can be used to determine the standard heat of
' ‘formation for a neutral compound,<AHgn. There exist five

such methods that give comparable AHgn to .values determined
experimentally,whenlsimple aliphatic and aligyclic compounds.
conta%ning C,H,0, and N are“examined72. All the methods
in§oive some form of group-estimation based on the structure
‘of the molecule. The most successfui is theqmethod of

73

Benson'-, where atoms or molecular groups are chosed and

allowance is made for next-nearest nejghbors to this atom
or group. ,

For example the experimental standard heﬁt of
formation'for ethylbenzene(s) is 7.12 kcal/molebuf The

standard heat of formation for ethylbenzene estimated by

Benson is 7.07 kqal/mole, as illusérates the following

example:

N
‘

i

$
i
|
|
#
|
3
b
-3
¥
i
?
b
i
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T .
CH;CHB

.
51(53—7<H))
c—(h

c®~ (%) (8,)
I—(bg) (%) (1)

Aﬂgn ethylbenzene estimated by Benson:

N L R T
. v

L)

PP

3 Aﬂga'ga,lg:al/moleTB

+5(3.30) -

+5.51
-10008

-4.86

7.07 kcal/mole '

To obtain reliable estimates for the.AHgn of the

examined pyrimidinones and pyrimidinthiones would be -

s

- convenient since the estimated properties of the molecules

refer to a gaseous form, In such case it would‘not be

necessary to determine the heat of sublimation, which is

- needed for the determination of 8H.(M-1)", if AHIn of a solid

compound is obtained from a combustion experiment.

3080

DB (-1
-} AR

heutral compound(g)

1 ame

neutral compound(s)
o } axe

2lements
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.using 'the following literature data

S ‘ w78 o :
Of the five methods for estimating AHf, the method of
73

Benson'- is the most accurate. It is also the most complete

because it is applicable to many types of organic compounds,
The bond energy group technique is easy to use, but is less
accurate. The other three group-contribution mefhbds

(Franklin, Verma-Doraisway and Anderson-Beyer-Watson) are

reasonably accurate and general, However, none of the five

methods is reliable for heterocyclic nitrogen gompounds73
Neverthéless, attempts were made‘to estimate the

heats of formation of the examined pyrimidines in order to

find out how accurate the estimates woﬁid be. For, that

purpose, the Benson's group-contribution technique could’

not be used, since not enough data are available. Therefore,

the bond-energy technique was employed, which works well

if compounds containing benzene rings are examined.

8.8
0 : .
The theoretical value for heat\of formation of mercapto=-

benzene was calculated according to the equation a .

H ; . SH .
+ BH. mieeeeeivosi .o+ OH’,

~

67,68,
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; 0 b 4
' . o y AH‘I’., kcal/mole
. phenol(g)' - «23,03 -
.o SE | - 5.0
OH* - - . S 9.0 -
’ 7 " ° bond energy, kcap/molp '
c~0 SRR . .86
O ;4") o 65 |
l N
. 8H, gction = zlgbcmcls ff:rmed - zEbonds broken - 2! keal/mole ° -
=Aﬂgmerca.p”?obe'hz§ne +AH§0H' - AH?.pheno} - AH?SH'
Aﬁfmercappobenzene(g) 2ly kecal/mole

66 _ ‘26.6 kcal/mole

-

Aﬁfmercaptobenzene (g), 1it . value

|

o e . The same method was uséd to calculate the heat

lof formatiqﬁ' for cytosine, formsd from 2(1H)-pyrimidinone,

H ‘ ©ONHy g
» \ [} N v . B J
~ 3 .
. . ] - + ] B
, | 1 W s .
‘ . “ - ‘ »N o -
. H LN U * R H
1 , , ‘
. ’ ol
' 67 68, " :
/ using the following :Ldterature data 4 e e
: ., . ¢ ‘
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. 'AH?., kcal/mole

NHZ' o | oL )
H® . . 52
2(1H)=-pyrimidinone(s) \ 49 (p.154)-
bond energy, kcal/moie |
C-N " . 73
~C-B - 99
A'Hr.'eact‘ionv = 26 kcal/mole . -

4

= AHJcytosine +AHRH® ~AHZ2-pyrimidinone(s)-AHENHS

Achytosine’ = 6l kcal/mole (estimated Yalue)

Aﬁgcytosine(s) = -52,89 kcal/mole (literature value®3) , o

y
For appropriate comparison the heats of sublima=- -
tion for 2-pyrimidinone. and cytosine’ should be considered, |
since bond energy calculations refer to gaseous ’species . ot
(cf.p.156). Both heats of formation for cytosine(the estima- |
ted and the 1iteratuzjg value) would be higher, !the former -
depending on AHfsublimation for’. 2-pyrimidinone. However, the % ;
. ' 1
error is probably insignificant, judging from the thermo- i
. i :T:
chemical data for other heterocyclic speciesé’u‘. !
" Due to the large discrepancy between the estimated. "
and measured value of AH?. for c¢ytosine, the estimates, " ‘
based upon the idenéical method, and represented by ;
- following equations, cannot be used for further thermo-
.chemical calculations: .
4
e
e
>
')
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SN+ R N Ny + -H 4
! L
‘ N~ 0(S) Ny~ o(s)
LN ‘va ‘ .
R = '033(Aﬂf = 33 kcal/irnole')b7
' oH,0H,(AH, = 29 keal/mole)®”

- ’ AHf, estimated, ke al/mole

i
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JE and AE measurements.

The procedure used in ocur laboratory for the

~messurement of IE and AE is described in the experimantal

section(p.61). Table V-l shows the results together with

R o T v
ESET T R R S T

,
Th et e AR

the differences between the individual AE's and IE's. The
values are an average of two measurements with accuracy
+ 0,5eV. Xenon was the reference gas and the semi-log plot

*  was used for interpretation of the results.

Table V=~5 shows the AE and IE values of the same

T N e,

compounds measured by KRATOS-AEI MS-902S at the University v
of Ot@awaJFhese &alues are also averages of two measurements |
with éccuracy %#0,05eV.The method of initial onset ioniza-
tion current was used for interpretation of the results,
However, these values are relative, since no standard
was used as a reference.i ﬂ
The literature dat365 for IE's of 2(1H)-
pyrimidinone éﬁd-1-methy1-2-pyrimidinone are given in ]
Table V-6. The valﬁeg are the average of three deter-
minations, the deviation being 20.05eV. The ibni%htion
efficiency curves were recorded with AEI-902 mass spectro-
meter and interpreted by the semi=-log plot. Xenon was the
refergnée’gas. | ' !
Considering the literature IE's as the most
reliable valu;s,wghe MS 9028 results are“probabiy more

convincing than ours, This is also appare&t from the IE's o

v .obtained in our laboratory for the sulfur compounds. Such ~

2

_low IE's in the range of 5-6 eV are reported rarely and

) - \ -
. 5
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o 67
usually only for radicals e.g. SH* .

From the combined results it can be concluded

roughly that, AR-IE for Scompounds<:AE-IE £27 0, smpounds,
for R = H, and, fE-IE for ScompoundézzAE'IE for Ocompounds,
&or’R =

CH3 and 02 5.

!

IE and AE Values for. 1-R-2- Pyrimidinone and P rimidﬁnthione
Molecular lons and M-1 lons, measured on Hitachi-RMU 7:

X R \ IE(eV) AE(eV) AE-IE(eV)
-0 H 8.8 . 12,8 . 4.0
0 033 . 8.4 12.7 i L.3
i 0 | cnzca3 8.6 | 11.5 2.9
S H, 8.4 1.3 Yo 2.9 §
s CH, . 7.9 10.9 3.0 %
w e ! . §
S cazcn3 5.9 9.9 L.O ;
-8 cnecn3 - 6.8 ‘ 8.8 2.0 1
/‘1 [ ] [ ] [ ] \%
S CDBCHZ 5.9 8.3 2.4 !
;
é"
gA
. . . _ ;‘\
Table V=i o , ;
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IE and AE Values for 1-R-2- Pyrimidinone and Pyrimidinthione
i Molecular Ions ggg M-1 Jons, measured on Kratos=-AEI MS-902S:

o e cees o T

—

X R IE(eV) AE(eV) AE-IE(eV)
o . H 9.9 12,9 - 3.0 |
0 CH, 9.6 1.4 1.8
0 ‘CHZCHB 7.8 10.3 2,5
S H 9.1 1.2 2.1
S ‘ CH3 8.6 11.1 1 2.5
3 ‘ CHZCH3 9.2 11.1 (1.9
K] CD2CH3 8.6 9.8 1.2
'\
\
Table V=5 ,
' ',’\\ \ K4 ;
. ) Literature Data65for IE Values of 1-R-2«Pyrimidinone Molecu=-
Y ‘\ Tar Tons: m—
!
| , ‘ X - R IE(eV)
f '
A : 0 H 10.06
' ' 0 CH3 9.31
» ‘. 4
| . 1 |
i ' Table V=
163 |
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with accuracy suitable for thermochemical consideration

-ration of the sample in the source.

. were arrived at by employing known heats of formation of

the measurements were made is not usually known,
. % .

- e

N

Determination of IE and AE by electron impact technique

is in genersal a dffficult task, The diffisultiscs
associated with the measurements and with the inter-
pretation of the results are discussed‘in the theory sec-
tion(p.36). Another source of error arises when solid

samples are measured, because of an uneven rate of evapa-

AHfMt and AHf(M-1 )+ reported in the lzi.t',er‘.vbure67

are obtained mainly by photoionization or photoelectron

3

methods, However, in some cases, different values f%om
d;fferent laboratoriqs£§or the same cbmpound are reported
even if the same technique of ionization is employed,
Thus, for example, for N,N-dimethyianiline five different

values for IE's are indicated67

, which fluctuate between
7.14-9.8 eV when a photoiénization mathod was used,
Finally it should be emphasized that the heats

of formation of ions presented in the litefatureb7 do

o ey e St b

not represent equilibrium thermochemical properties. They

are the results of measurements on isolated molecules, and

neutral species in conventional thermochemical equations ; }
using the measured appearance energy as the heat of ’ !

reaction(cf.p.14)). Furthermore, the temperature at which

PR o D e

o

Fortunately, the temperature effect is’not 1afge, and

R T
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accorLingly all the reported ionization and appearance
| ,

energ;es were treated as hiats of reaction at 298°K. °

\ I; order tc chtain reliatle heata of formation
of ions, search for improved techniques is constantly in
p?ognpgﬁ. Today, probably, the photoionizatiop technique
and thekelectron impact ionization with an electrostatic

monochromatob and a quadrupole mass spectrometer are the

most satisfactory methods.
{ ' !

Conclusion drawn from above, . ’ B

-

t

The major problems assoclated with the deter-
mination of heats of formation of the M1 ions arise ’
because their corresponding neutral molecules are all
heterocyclic solid compounds containing nitrogen and
further, some contain sulfur.

. From the experimental results and‘studied

‘literature it implies that AH?. of the neutral oxjrgen con=-

pounds can be determined using a static bomb calorimeter.

To determineAAHg of the neutréi sulfur compounds the

rotating bomb calorimeter method is required with a plati-

num lined bomb, Since the estimation methods proved to be

unréliable, it is not sufficient to detegmine.AHg for the

unsubstituted pyrimidinone and pyrimldinthione, but‘AH
for all N-substltuted pyrimidlnones and .pyrimidinthiones

has to be measured separately, each five times with a

‘reasonable accuracy. If necessary, the heat of sublimation

can be obtained from the slope‘of a plof of the

. {
4; \ \
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vapor pressure vs.,-1/T for each solid sample70.

The RMU-=7 mass spectrometer can be employed for
IE and AE measuremente cnly after raprﬁducible results with ]

adequate accuracy are obtained on a solid compound of the

aceurateiflknown IE value,

Since an enormous amount of work is involved ;n -

32t Gl e e T

such measSurements, and further since the appropriate

calorimeter for the determination of AHgn of the sulfur

e, s e
O X

compounds is not aﬁailable, we cannot evdluate the heats of f
formation of the M-1 ions at this stage.

However, we believe that it will be an interesting

topic for another research project.

(iv) Kinetic energy distribution.

' ' In many cases
isomeric daughtef ions arising from the fragmentation of
identical precursor ions by competitive fragmentation
pathways are rquonéible for différent snergy releases vwhich
cause differences in metastable peak widths and thus could
give rise to composite metastable beaks12a’58. '

The profiles of metasfable peaks observed in the
FFFR of a mass spectrometer consist of range of kinetic .

61

energies, T, Ho;mes and 0sborne developed a method of obtai-

ning the T-distribution, n(T), directly from the observed
y / "4

metastable peaks. The n(T) can be used to idéntify composite
metastable péaks(i.e. to identify the presence of two

components) and to evaluate the average value of the re-

- 166
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leased kinetic energy, T )* As the authors point ouf,

(av
(a) the most easily measured parameter for the

kinetic energy, T :correspbnding to the width cof tho

(v.5)*
peak at half-height, is not necessarily characteristic of
a given process;

(b) the relationship T{O g) ! T, =1 : 2,16

(av)
can be used to estimate T( av) from T(O 5, only for metastable
peaks of exactly Gaussian shape.

The outlined method®’ was tried in the present
study in an attempt to identify the presence of the two .
components in the metastable peak arising in the FFFR due
to the loss of H® from the molecular gbn of 1-ethyl-2~
pyrimidinthione,

A least squares, non-linear paraméter estimation

(£ was used to fit the measured peak profiles to the

b1

routine
SQparameter equation derived by Holmes and Osborne” . The
equation was then used to generate the analytical function

for the T-distribution, n(T), and to evaluate T(av)’ as

" described by the authors.All metastable processes involved

in the loss of H*(D*) from the molecular ions of the.variouse
ly labelled 1-ethyl-2-pyrimidinthjone were analyzed.

However, standard errors the ﬁroduced parameters
exceeded in some cases 25%. The large errors ye}e caused by
attempting to fit a S-parameter equation to the steep sides

of the experimental peaks,

r
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“Because of. the large inaccuracy we did not have

{

any confidence in the obtained results,
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© VI - SUMMARY

The fragmentation -patterns showed that for both series of
éompounds(x =0 or S), loss of CX and HCN from the moleculsar

ion or M<1 ion‘occurs to some extent. Intensities of the

* resulting daughter ions depend mainly on the ‘N-substituents.

Thus, for the 1(H)- 2-pyrimidinone and 2-pyrimidin-
-thione the loss of CX and HCN belongs to the main frag-

mentation pathways, while the different N-substituents

alter the fragmehtation patterns by gi;ing rise to new ions

of high stability, ‘which result in a suppression of the

" two above mentioned fragmentation routes. With 1ncreasing

size of the N-alkyl substituent more fragments appear in the
spectra, while the reverse holds for the N-phenyl substituent,
where delocalization contributes to the stability of the
molecular ion, and the relatively stable M-1 ions preclude

certaln fragmentations,

The difference between the two series of compounds

" is that loss of S and SH® from the 2-thiones is quite evident,

3

while loss of 0 or OH' from the oxygen aﬁalogues‘is not

\

apparent.However, the main fragmentations of 1(H)=-2-pyrimidin- )

i

selenone are loss of Se and SeH®. These observations are in

accord with the increasing size of the three heteroatoms

(0<S<8e) and the decreasing strength of the carbonyl,

thiocarbonyl and selenocarbonyl bonds, respectively.
/ .
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© partly from the pyrimidine ring and partly from the N-sub-

tion that is involved in the loss of H* and proceeds probabe

" gen atom is expelled from three sites, namely from the

" &

Studies baséd upon deuterium laoelling,ané ’ .
metastable transitions in the FFFR showed that the molecu=-
lar ions of both series of compounds lose a hydrogen atom

stituents, ' .

Inlthe‘case of pyrimidine ring it is the L or 6 posi-

ly by simple'bond cleavage mechanism if the N-suﬁstituents R

are methyl or ethyl. In the case of a larger N-subsfituent i
the loss of pyrimidineUH' could be associated with a o7 ‘f
rearrangement. ’

The intensities of those M-1 ions that originate °

by expulsion of H': from an N-substituent depend upon tne

- heteroatom(S or 0) and on the éharecter:of the substituent.

Considerable attention has been given to the
M-1 ion of 1-ethyl-2-pyrimidinthione. The metastable
. ¥

transition studies for loss of H® and D* from the four

differently labelled molecular ions showed that the hydro- .

pyrimidine ring, the methylene group and the methyl group.

~ Cleavage of the methylene hydrogen probably proceeds by a

simple bond rupture, while the loss of methyl hydrogen atom
is accompanied by a rearrangement. '
This unexpected observation plus the problems . %

associated with determination of the AH_ ¢n for heterocyclic -

i -

compounds oontaining nitrogen and sulfur, did not allow us
to obtain‘morelinformation about the postulated.thlazolium,
. ' ‘
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T

/

,riqg structure which could result'whenlg methyl hydrogen
i‘atom is expelled from 1-etﬁylpz-pyrimidinthione. / |

However, the arprcach to this difficﬁlt task,
based upon the experimental measuréments and the literature
study has been outlined which, we hope, will lead to future
research.-projects in the field of masa spectrometry and
'thermochgmistry. )

The 1a§ter might be of interest'especially for

physical chemists, since relatively little research work

has been associated with thermochemistry of heterocyclic.

nitrogen compounds containjng sulfur.
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