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Abdnct-Tile mass spectra of the four dimethylpyrimidiaes are cmpared with those of the isometic 
dimethylpymines. It was necessary to syathesi~ three of the dhethylpyrimidk, and methods are 
descnid. 

Pyraxines, and particularly alkylpyraxines, are frequently 
detected amongst the volatile tlavour components of 
heat-treated foods (e.g. meat, coffee) and generally they 
bestow important roast or burnt notes to the overall 
aroma progle. Such compounds are also to be located in 
other types of environmental samples when thermal 
processes have been involved, e.g. wood smoke, gaseous 
industrial e&tents. Jn all these circumstances the pyraz- 
ines are present in minute quantities in complex admix- 
ture with numerous other volatile components. fnvari- 
ably the method of analysis which has to be adopted for 
these types of samples is CC-MS and thus the pyraxines 
have been identified almost exclusively based on mass 
spectral evidence alone (although gas chromatography 
retention data also play a part). 

Pyrimidines are isomeric with pyrazines and it might 
be expected that in some instances mass spectra of such 
analogues might be similar. since the mass spectra of 
some simple pyrimidines, such as the dimethyl- 
pyrimidines, have not been reported in the litemture, 
there does appear some slight risk of confusion and 
possible wrong assignments (the dimethylpyraxbms are 
widely reported components of samples such as those 
previously mentioned). For this reason the project des- 
crii here was undertaken Of the four possible 
dimethylpyrimidines one was available commercially so 
only three had to be synthesised. All their mass spectra 

were recorded very carefully and compared with the 
of the dimethylpyraxums recorded under identical con- 
ditions. Perhaps due to their new importance all the 
required pyraxines are commer&lly available. 

23Dimethytpy 4a was prepared as shown in 
Scheme 1. The &st two steps of the synthesis are based 
on those employed by Gershon cl af. to prepare 2- 
methyl-4~,fMcltloropyrimidine from diethyl chloro- 
malonate.’ The third and gnal step employed the 
genera) method of Smith and Christensen for the cataly- 
tic dehalogenation of chloropyrimidines.’ 

Previously rep&ad metbnds of preparation of 24 
dimethylpyrimid& 4b were not very successful, so a 
pro&urelmsedonthatusedtopreparethe2J-analogue 
was devised as shown in Scheme 1 for the b series of 
compouuds. Some slight ma&cations in experimental 
methods were bowever necessary. 

4X%methylpyrimkU was prepared in a onastep 
reaction from N,N’,N%ethylidynetrisformamide and 
butanoneinamod&ationofthemethodreporWby 
Bredereck et al,’ 4,tU%ethylpyrim&e was available 
commercially. 

Purity and identity of all four dimethylpyrimi&es and 
the three purchased dimethylpyrazines were assessed 
and confirmed by gas chromatography aud spectroscopic 
methods other than mass spectrometry (i.e. JR and 
‘H NMR). Mass spectra of the seven compounds were 
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Tabk 1. Mass qmml data for dimethyipyrbdiam and dimcthytpyrazi~~ 

Percentage relatiw abundance 

dhethylpyrhldims dlrthylpyrlslms 

!42 2.5 2.4 4.5 4.6 2.3 2.5 2.6 

109 0.5 9 8_ 8_ 2 7: 8: 

108 43 100 100 100 44 100 loo 

107 0.5 15 25 17 2 2 3 

93 1 25 10 tl 3 1 2 

81 8 11 8 27 2 12 5 

67 1 57 10 8 loo 2 6 

66 0.5 18 10 19 5 2 3 

62 3 27 16 5 15 10 8 

51 1 25 14 6 19 6 8 

42 100 46 23 44 49 81 78 

41 12 70 12 14 27 2 5 

40 10 84' 28 36 52 31 27 

39 25 74 40 52 40 35 40 

thl recdcd in on8 8088ioa under a8 identical con- It can be seen from Table I that all the dimethyl- 
ditiOIi8 a8 posfiie, and the rcsuh~ are listed in some pyrimidhcs fie tbc same fragment ions, the only 
dctailinTabk1.Tbespectmnoordedforthepyrazines diff- 
agree well with tbo8e prcviolMly pllbhbcd, e.g.‘. 

being in the relative abulldmlc.cs of these 
ions. In expknfhn, it can be readily appraiatcd from 

3cbemc2supsestatbelikciyoriginsofthemainfrag- Scbeme2thatalldimethylpyrimhcswauldbccapabk 
OMlt hl8OfdiIlWth)'~@llidilK1SUSh@thC 2,548OllW~ of this salm! fragmcotatbll scheme, wbcrcva the methyl 
the example. 8lhthlltS.similarlytbeSame9ChClUCindeed~ppliestO +. +. 

N -H 
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m/e 87 

scbcme2Ropored~t8tion8ofdimsth*yrimIdiaer. 



all the dimethyipyrazhes, and exactly the same strucnrte 
of fragment ions and mechanisms would be expected for 
these isomers, The fact that this is the case is seen in 
Table 1 for the spectra of the pyraxines. Thus the only 
dafirences between the mass spectra of the dimethyl- 
pyrimidines and the ~~yIp~es are in the relative 
abundances of a common set of fragment ions. The 
question with regard to the validity of any interpretations 
based on these data atone is whether these dilferences 
are of sufficient signiftcance. 

It can be seen from Table 1 that 2,3dimethylpyraxine, 
with the base peak of its spectrum at m/c 67, can be 
readiIy ~~~s~ from the other pyraxines which 
have the molecular ion at m/c 108 as their base peak. 
This same feature enables discrimination between 2,3- 
dimethylpyrazine and all the dimethylpyrimidines, none 
of which has m/c 67 as base peak-so this pyraxine can 
be clearly recognised. Similarly. the spectrum of 25- 
~e~ylp~~ is distinctive due to the unique base 
peak at m/e 42. However, the spectra of the remaining 
three ~e~yip~~es could be confused both be- 
tween themselves and in comparison with the other two 
dimethylpyraxines. Thus all five show the molecular ion 
as the base peak and although there are slight differences 
in the relative intensities of some fragment ions between 
the two groups of compounds these are not very 
significant. Most noticeable, however, are the greater 
intensities of the ions at m/e 107 and 93, 
and to a lesser extent at m/c 41 and 40, 
for the pyrimidines compared with the pyraxines, 
and also the somewhat lower abundance of the fragment 
ion at mass 42 in the pyrimidines. Furthermore, within 
either group the spectra are very similar and particularly 
so for the rem~ two pyraxines, aad it has been 
asserted that these two compounds cannot be di&en- 
tiated by mass spectrometry.’ The situation is not quite 
so severe for the remaining dimethylpyrimidines and 
quite a few distinguishing features can be observed in 
their mass spectra as shown in Table 1. 

However, in conclusion it would appear that there is 
serious risk of confusion of identities based on mass 
spectral evidence alone between three of the+ dimethy& 
pyrimidines and two of the dimethylpyraxines. Such 
differences as there are in the spectra are slight and due 
to instnunentai variations, etc. these might well not be 
apparent unless reference standards were always asses- 
sed at the same time as u~own samples. It would be 
wise therefore not to characterise 2,5- and 2,6dimethyi- 
pyraxines in environmental and similar samples on mass 
spectral evidence atone. 

Mass spectra were recorded usins a Kratos/AEf MS30 double 
focussing instrument equipped with a Kratos AEI DSSO data 
processing system. 8ampks were introduced via a conventional 
solid probe and rckvant instrument operating conditions were: 
source temp., 175”; hisiDe voltage, 70eV; accekrating voltage, 
4 kV; iordsii current, 300 &A; resolving power, 1508. 

4,~~y~xy-2~-~~ky~y~~ 2a. To abs EtOH 
(25Oml) ARK Na (5.73g, 0.25 mol) was added dktbyl- 
mc~ylm~o~e fa (43.5 8,025 mol). The mixture was shaken for 
5 ado aod acetao&hc bydrocldoride (23.68, 0.25 mot) was ad- 
ded. The mixture was shaken for 1 hr and then left stirring for 
24 hr. Water (100 ml) was then ad&d and tbc soln acidi6cd to 
Cow Red using concWC1. After coding for 3 days in the 

nfriperatorthepnxfuctw~~~32.4%yiCM(l1.4g)Bsa 
white cwstalhe solid m.u. > 3W (lit. *m,u. > 300”). 

4,&tihlotv-2,S-~h&ytim& Jr: 24 (3.jg. 0.025 mol) 
was relluxul with freshly distilled POCIJ (40 all. 0.43 mol) for 
16hrwiths~~211mtofWCl,wmciistilledoffandtb: 
residue poured onto ice. The solid so produced was taken up ia 
di-isopropyl ether aod upon removal of the ether by di.stiUation a 
pale yellow _solid resulted. This was purified by sublimation to 
~~&~~,~55~ yield (245g) as he white crystals, m.p. 

2,.5&thy&d&ine 4a A slight excess of 2096 carbonate- 
free NaOHaq (Sml), sullicieot to qutrahe tbc HCI produced 
duriag rcacti-ox~, was placed io a low pressure bydrogcuation 
bottle followed by S%Pd on C catalyst (0.2~) and 1 (1.77g. 
O.Of mol) dissolved ia dktbyl ether (2oml). Tke mixture was 
shaken with by-n at au initial pressure of cu. 4atm and room 
temp. (220) until Hz uptake ceased. ‘fltc mixture was filtered. tbc 
residue wasbed with 2XSml portions of bot water, and tkc 
combined tikrates made stroogly alkahc by tbe addition of 
NaOH (1 g) with external w such tkat tke temp. remained 
below 5’. Tkc sofa was thea coutinuously extracted with diethyl 
etkr for IZIU. The dried (J&So‘) eattact was evaponktcd to 
drytress, and distilkd rk wcao (b.p. 43-6*~5aua) to give 4a in 
47% yield (O.SIe) as pure white crystals, m.p. 19-W (lit. hp. 
l9D). 

2&0-1uh~-&hyd~~ypynhiahe 2b. Acctam&e hydro- 
chloride (Mg, 0.19mol) ethyl acetoa~tatc lb (2558, 
0.19moI) and NaOH (7.Sg, 0.19mol) ia 1Mfml water were al- 
lowed to react for 7 days at room temp. Tbc mixture was then 
ucutra&ed w&b cooc.HCI aod evaporated to dryness m&r 
vacuum. Ibe residue was extracted &II abs EtOH sod coned. 
!Mhation of the residue save 2b ia 39% vi&i (9.24~1 as a 
white crystalline solid, q .p. h-3’ (lit! m.p. I-2”). . “’ 

aChforu-2,4-dimuhyfpynhlfhc 3b. 2b (1.12& 0.01 mol) was 
r&xcd with freshly distilled POCI, (16.5 a& 0.18 lad) for 24 br 
withsticriagandinthe~ofmoistun.ThenlOmtofPOCl~ 
were distilkd oif aad tbc residue poured onto ice. The mixture 
WRS t&en up ia dicthyl ether aad bpon removal of the ether. by 
distillahn a mellow solid resulted. This was our&d by sublima- 
tion to prod& Jb in 52.2% yield (0.744g) & a white &Mlir~~ 
solid, m.p. 39-100 (lit.“’ m.p. 399-40”). 

2,4LXmerhy/pynHdk 4b. This was pnphd by cat&tic 
dehalogenation of 3b in exactly the safe way as for the pre- 
paration of 4a. It was pwiiled by distillation (b.p. 44-6”lIf mm) 
aad was thus obtaioed ia 43% yield as a colourkss liquid, b.p. 
Ill-P (lit.” b.p. ISO-lo). 

4.5J.kethyfpyMdiae. Formamide (6 ml, 0.1s mol), butaooae 
(3.5 ml. 0.04 mol),N,N’,N’-methylyne~sformamide (I 1.6 g, 
0.08 nlol) pad tolucnc-p-sulphonic acid (0.3 & I.7 x 10-J mol) were 
heated in a 16 cm’ stainless steel autoclave at a temp. of ISY for 
8hr with stir&g. Tbc mixture was then readered alkaline with 
NaOHaq sod coathously extracted witb CHC!, for IO&r. The 
dtied (&So,) c&roform extract was cvaporatcd to dryocss 
ia wcao to give crude 4J4hctbylpyrimidinc. Distillation &p. 
50”1lOmm) provided 2.1~ (4946) of the required product as a 
colourless liquid, b.p. 169-72”. m.p. 3-4’ (lit.’ b.p. 169- 
71”/750 mm, m.p. 2”). 

Ac~~~~-We thaak Mr. W. Gunn for any tbc mass 
Spectra. 
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