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arcmatic compounds
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Pyrazines are flavour compounds formed in roasted foods as a result of the
interaction of carbonyis with amino compounds. Different techniques such as gas
chromatography (GC) and mass, infrared and nuclear magnetic resonance spectros-
copy have been employed for their separation, identification and determination’—>.
In GC it is difficult to resolve isomeric pyrazines using a single column. Dietrich and
Mavier® employed paper chromatography for the separation of pyrazine carboxylic
acids. Sizer? tried to separate some isomeric alkylpyrazines that are difficult to resolve
by GC by employing thin-layer chromatography (TLC).

Even with TLC, in spite of employing different solvent systems, difficulties
are encountered in the separation of pyrazines that have the same or very close
R values.

Pyrazines are n—z domnors and are known to form charge-transfer complexes
with iodine®. Nitro aromatic compounds are powerful sz-acceptors. Silica gel G
impregnated with ;z-acceptors such as 2,4,6-trinitroanisole (TNA), 2,4,6-trinitrotoluene
(TNT), 2,4,6-trinitrobenzene (TNB), picric acid (PA) and picramide (PM) has been
used for the TLC separation of a variety of basic compounds®*!.

In this work advantage was taken of n-x complexation of pyrazines with
2,4.6-trinitroresorcinol (TNR), picryl chloride (PC), 2,4,6-trinitrophenetole (TNP) and
TNT for their separation on TLC plates. Pyrazines form complexes both in solu-
tion and on thin-layer plates impregnated with these nitro compounds. The com-
plexation results in a distinct spectral shift in solution and a change in the R, values.
The resolution as n—x complexes of 235 pyrazines that are generally found in roasted
focds has been readily effected. In particular, the separation of those pyrazines
which havs the same or close R- values in diffarent solvent systems has been
achieved as a result of complexation. The complexes have distinet UV maxima.

Pyrazines could be detected on the TLC plates by spraying with Dragen-
dorfi"s reagent'® followed by 0.5%; sulphuric acid with a detection limit of 2.5 ug,
and determined afier liberating them from the complexes with ethanol at levels down
to 3 ug by using a UV spectrophotometer.
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Pyrazine: Nitro aromatic compound

1:1 n—Tcomplex

R, Ra, Rs, R = H, alkyl, thioaikyl, alkoxy
X = H, OH, Cl, CH;

EXPERIMENTAL

Authentic pyrazines (1-25, Table I) were received from Naarden International
Research Ceatre (Naarden, The Netherlands) and Pyrazine Specialties (Atlanta,
GA, U.S.A)). Styphnic acid, picryl chloride, trinitrotoluene and trinitrophenetole
were of analytical-reagent grade.

Silica gel G (E. Merck, Darmstadi, G.F.R.) was used as the adsorbent. All
solvents were dried and freshly distilled. The following eluting solvents were used
with the ascending techmique: I, chloroform—cthyl acetate—ethanol (60:38:2); II,
benzene-acetone-ethanol (90:8:2).

Dragendorfl’s spray reagent was prepared as reported by Stahl'2

A Perkin-Elmer Model 124 ultraviolet spectrophotometer was used for
spectral measurements and a Chromatolite UV lamp (short-wave length radiation,
254 am) for locating the compounds on the plates.

Preparation of plates, impregnation, spotting and elution

A fire slurry of silica gel G (50 g) in distilled water (100 ml) was poured
on to glass plates (35 X 25 cm) and spread uniformly by tilting the plates from side
to side. The plates were dried at room temperature overnight and activated at
110 °Cin an oven for 1.5 h before use. The average coating thickness was 6.5 mg/cm>.
The plates were impregnated with a 0.01 9 soluiion of the nitro aromatic compound
in carbon tetrachloride by the ascending technique. The plates were dried at room
temperature and standard solutions of pyrazines (5 gg in 10 gzl of carbon tetra-
chloride) were spotted. The compounds were also spotted on an untreated plate,
which served as a control. The control plates were eluted with solvents I and II, but
for the elution of the impregnated plates these solvents also contained 0.01 9; of the
corresponding =-acceptor. After elution the plates were air dried. The compounds
were located under UV light and by spraying with Dragendorfi’s reagent followed by
0.5 9% sulphuric acid, appearing as pink spots on both unimpregnated and impregnated
plates. Fig. 1 shows two typical chromatograms obtained on an impregnated plate
for some pyrazines with very close Rg values; on the picryl chloride-impregnated
plate they were well resolved. Table I gives the R values of 25 pyrazines, and of
n—r complexes with four aceeptors in two solvent systems.

Ultraviolet spectra of n—-st complexes in solution
Solutions of 1-10~¢ M of each of the pyrazines and nitro aromatic compounds
were prepared in carbon tetrachloride. The solutions were mixed in various pro-
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Fig. 1. Thin-layer chromztograms showmg the separation of pyrazines having very close R values.
Chromatogram X, without impregnation with picryl chleride; chromatogram Y, impregnated with
picry! chloride. A = 2,3-Dimethvipyrazine; B = 2, S-dimethyvlpyrazine; C = 2,6-dimethylpyrazine;
D = 2<cthyl-5-methyloyrazine; E = pyrazine; F = 2-meihoxy-3-isopropylpyrazine; G = 2-ineth-
oxy-3-sec.-butylpyrazine; H = 2-methylthio-3-ethylpyrazine; I = 2-ethoxy-3-methylpyrazine; J =
2-zcetyl-3-methylpyrazine; K = 2-propyl-3,6-dimethylpyrazine; L = 2<thyl-6-methylpyrazine. Ad-
sorbent: Silica gel G (E. Merck). Solvent system: Chleroform—cthyl acetate—cthanol (60:38:2) for
chromatogram X; for Y the system also contzined 0.01 75 of picryl chloride.

portions and the UV spectrum of each mixture was recorded together with those of
the individual compounds. Table I gives the 4,,, valves of the n-z complexes and
of the individual compounds. Figs. 2-5 show the absorption patterns of some typical
n—:x complexes.

Micre-determination of pyrazines

Amounts of 5 ug of each pyrazine were doubly spotted on two half-sides of
a picry! chloride-impregnated plate and eluted with solvent I containing 0.01 7} of this
pitro compound. After elution the first half was sprayed with Dragendorfi’s reagent
followed by 0.5% sulphuric acid. The spots corresponding to the first half of the
plate were marked on the second half of the plate. The spots on the second half
(unsprayed) portion were also visible under UV light. These were scraped with a
micro-spatula into a sintered-glass funnel (I.D. 0.5 cm). Pyrazines were liberated
from their complexes by treatment with ethanol, the pyrazines being found in the
filtrate whereas the nitro compound remained adsorbed on the silica gel. The solvent
was carefuily removed from the filtrate under a partial vacuum, the residue was
dissolved in carbon tetrachloride and the volume made up to 10 ml. The absorbance
at the 4., values were mezsured. The amounts were calculated from previously
drawn standard absorption graphs for each pyrazine. The recovery of the pyrazines

7-989%; and the results were reproducible.
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Fig. 2. UV spectra of 2-methylthio-3-isopropylpyrazine (<), styphnic acid (O) and their n—= com-
plex (A).
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Fig. 3. UV spectra of 2-methoxy-3-ethylpyrazine ( %), picryl chloride (O) and their n— complex (A).
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Fig. 4. UV spectra of 2-ethyl-S-methylpyrazine (X)), TNT (Q) and their n— complex (A).




NOTES

ﬁ

8l'0 L£0 vt wo o 8 Wo 9o 8 WO YS'0 LEE'IBT LE'O VO 6LT oupzeIAdIAyowvno1-9's'c's L
650 ¢E0 w050 0o It €90 ¥'0 biL 190 OV'0 SEE'ELT S50 9€'0 BLT oupvIAdikyiow L6’y 9
0 8Y0 €L 650 S0 UT 85°0 €50 SLL LSO €S°0 SEE'TLT IO #0067 supzeIAdikyow-¢-TANa-7 S
€0 Y0 CIE'0LT 80 6Y'0 VIE'ILT VKO 6H'0 087 GE'0 0 VEE'9LL 6E'0 OV0 SLT ourzwIAdAgOWN -0y ¢
Wo €0 VIE'UT SK0 WO YIE'UT WO SH'0 0IE'0LT LED OF'0 9. 6£'0 8¢'0 SLT oupzvaAdiAowr-§'c €
0M0 G6E'0 OIE'ILT OF0 €V0 GOC'ILZ OV0 1¥'0 OIE'0LT SE'0 8E0 Iz (0 980 ¥t oupzeIkdiApIowa-E7 ¢
96’0 €0 SIE'9T €V0 I¥'0 SIE'69T 660 010 §LT TE'0 9T0 SEEvLT SE'0 0E'0 997 ouznIAdIAYION-T I

n 1 n 1

nA - quaA MIA J2A i 1 n ]

qo8 wog (U oo g (M) pan gupx (W) ey g n i
s e HOH e uoy =jog 10§ uoy «Jog  -jog () A Juad

aud  -njos ud  ewoswy _CT LT oSy D D toymjos oS ~Jog

pasouSaidsoxapdieod  pagouSaidsaxapiios  ayyd pagvusaxajdios awpd wysoxayd "o )

iy agogan sjouayd  <wpsaudn)  audngoy -Baaduip=oprs  appropys  pasvuSaidiny ivd oy sangpa Ay vy

~N(doa)ups  ~Ou Ny ~OJ0INNE  ~OMBILS 03D JKa0N (iod provopudsss  opydesss
HOSINIDA A3y fo XMy uo SapLA A Jo Xy wip sapa Ay fo X0y w0 sanjon .i Jo wouy saupzvadd aang pmoduio) oy

"W 697 ‘oforaustidoniu £ tutt 7oz ‘otan{ojonqura fwu ¢ee EE €92 .u_:._oEo fA11d fwiu gee pun gLz ‘Pt oydA1s (OpIOJILN)
uogaRy Uy sanjua "Wy ‘punodwod 001U 9ANadsaT O3 JO % 10°0 PAUINIUOI OS[U JUIAJOS A “PANGD 0som sANd pasnuardu-punodiod OIIE oY) USLAL
(O H) D 198 RIS LUaqIOSPY *(71R06) [0UBYI-OU0INT-IUGZUNG == I {(Z18CI00) [OUBYII-0IUI00 [AYIO-UIOJOIOID £ | IEUIBAE JUOAJOS

AANOTIDVULIL NOMIVO NI VINIXVIN NOLLIMOSAY ANV ‘TTOLANTHIOWLINIYL
ANV ININTOLOULININL ‘FANIOTHD TANII ‘UIDV JINHJIALS HLIM SIXTTINOD 2-U YIAHL ANV SANIZVYAJ 40 SANTVA ¥

[27av.L



259

NOTES

£§°0

§8'0
o
A

9L'0
19'0
650
19°0
050
§6°0
8¢'0
10
650
L o
95’0

Ly'o
69'0

¥9°0

26°0
09°0
190

98°0
8L'0

19°0
LAY

09°0
280
0L'0
%0
iL'o

§8°0
§9'0
0b0
¥8°0
680

01E‘2LT

08t
141
Tie‘oLe

LIE
S1€'097

142
9T

8L2
08¢
01 ‘0L
Tie'oLe
1£%4

8LT
$1¢'897
91¢ ‘88T
I8¢
982

LE'D

99°'0
wo
9’0

850
$5°0

41
€0

95°0
£9°0
8E'0
0b'0
950

£L'0
wo
wo
09'0
1§°0

86°0

£6'0
19°0
65'0

88°0
Lo

650
9L'0

1§°0
650
oL'o
¥e'o
§L'0
¥8'0
£5°0
Le'0

6L'0

1o

01€ 2T

08¢
1414
087

092
9IE ‘65¢

TIE‘65T
YT

082
082
¢
0Lt
134

082
SIE L9
12€'€97
08¢z
6L

50
vi'o
Wwo
£v'0
19'0
9§°0

6v°0
09°0
05°0
§6°0
LE0
ve'o
8§°0
£6°0

anc

990

88°0
0L'0
£L0

88°0
§8'0

o
18°0

8.0
06'0
6L'0
£5°0
£6'0

08'0
19°0
90
£8°0
98°0

(414

08¢
¥8T
01€ ‘99z

§1€'092
LIE'9ST

0l
062

9T
087
01€ 992
0Lt
SLT

6Le
692
0.2
6LT
€62

£9'0

880
99°0
£9°0

96'0
¥8'0

£9°0
18°0

$9'0
wo
or'o
o
18'0

sL'0
29'0
$9°0
LA
0§'0

%50

06°0
£9°0
9L'0

¥8°0
19°0

0s°0
9o

9§°0
080
8L'0
£'0
¥8°0

£6°0
19°0
oo
76'0
16'0

£EE ‘0L

€€ 14T

1€€ 'vLT

01 ‘942
0s¢

‘S1E ‘€92

EEE'SLT

V€€ 'LLT
SEC'P8T

9€€ ‘LLT
SEE'08T

897
£€E'0LT
1€€'9LT

SEE'ILT
$€E'0LT

X4
§€€ ‘087
obe ‘087

16°0

18°0
160
wo

wo
99°0
£5°0
§9'0
£5°0
ye0
LE'O
¥9°0
18°0
050
160

0L'o
95'0

89°'0

96'0
69'0
99'0

76'0
18°0

L9'0
080

990
980
§L°0
8b'0
080

06’0
85°0
o
L8'0
¢80

9T
8L
‘0ze
6Lt
oLt
91¢
‘6ve
91¢
R17/
(44
‘e
08¢

067
§87
744
vt
08T

414
997
192
06t
167

oupznIAdiAytowt-9-[Ay1g-Z

ourzvakdiddoadosi-g-Axoys1-g
aurzulkdiAgiowsp-9*g-1Adoig-g
oupzoIkdAyyour-g-jAing-z
ouzuskd
~[Adosdost-g-OINANIN-Z

ouIZRIAd AL 19-C-OIANON-T

omzeakdiisow-g-1£190y-g
ourz
“QIA [AINQ-225g - AXOYIIN T
asuzeskdiAyiot-g-AxoyI-7
UZMIAdIAYI9-g-AXOYIT-T
ourzuIkd|K100y-7
oupzmIAdAyowt-g- 1A~
oujz
~vikdjAdosdos)-g«AXOION-T
oUZeIAd[A)9-g-AXOWION T
suzeAdiAuig-g
uzeIAg
auyzuIfdAinqos|g-AXOLION T
OUZBIAd{AISU-C-ALOYION-T

6
8



2% NOTES

Absorbance
o)
B

8

fe) | SIS DU NN N 1
240 250 280 300 3220 340 260
—_— waveiength (nm)

Fig. 5. UV spectra of pyrazine (x) and n—x complexes of pyrazine with styphnic acid (@), picryl
chloride (A), TNT ((J) and winitrophenetole (O).

RESULTS AND DISCUSSION

As is evident from Table I, pyrazines form charge-transfer complexes with
mitro aromatic compounds both in solution and on TLC plates, which is reflected in
the spectral shifts and in the Rg values. For most of the compounds a large speciral
shift is accompanied by 2 significant change in their R values.

Pyrazines are n donors. The nitrogen atoms in the ring deactivate all of the
ring carbon atoms towards electrophilic substitucnts and activate them towards
nucleophilic substituents. Hence nucleophilic substituents such as alkyl, alkoxy and
thioalkyl groups on the pyrazine ring further modify the donmor capacity of the
molecule.

Of the four nitro aromatic compounds tried as acceptors, viz., styphnic acid,
PC, TNT and TNP, PC gave the best separation of the complexes. The chlorine
atom attached to the nitro-aromatic ring further enhanced the acceptor properties.

Theoretically, pyrazines could form 1:1, 1:2 and 2:1 complexes with nitro
aromatic compounds. From a Job’s plot in solution it was observed that all of the
pyrazines formed only 1:1 complexes. In some instances the complexes showed more
than one absorption band in solution. This could be due to multiple charge transfer
occurring between the closely related filled orbitals of the donor molecule and closely
related unfilled orbitals of the acceptor molecule.

Silica gel G was suitable as an adsorbent. Of the two solvent systems examined,
solvent I gave better resolutions of the complexes. The compounds could be detected
with Dragendorff’s reagent both on unimpregnated plates and on plates impregnated
with nitro aromatic compouads.

This property of n—= complexation on TEC plates was found to be of great
utility in the resolution of those pyrazines which had either identical or very close
Rr values. For example, the following groups of pyrazines had very close Rg values
in both solvent systems (Table I). Group I —2,3-dimethylpyrazine, 2,5-dimethyl-
pyrazine, 2,6-dimethylpyrazine; Group II —2-ethyl-S-methylpyrazine, pyrazine;
Group III —2-methoxy-3-isopropylpyrazine, 2-methoxy-3-sec.-butylpyrazine; 2-
methylthio-3-ethylpyrazine; Group IV —2-cthoxy-3-methylpyrazine, 2-acetyi-3-meth-
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ylpyrazine, 2-propyl-3,6-dimethylpyraziue, 2-ethyl-6-methylpyrazine. However, as can
be seen from Fig. 1, as the n—z complexes they gave very distinct separations.

The procedure described is very useful for the separation of pyrazines that
are difficult to resolve. It is possible to detect and determine them with limits of
2.5 and 5 ug, respectively.
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