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Vznik pitclankovych dusikatych heterocyklickych zluc¢enin
v Maillardovych a pyrolyzovych reakciach

MILAN KOVAC - OLGA RAIJNIAKOVA - MICHAL UHER - JAROSLAV KOVAC

Stuhrn. V prehlade st uvedené poznatky o patélankovych heterocyklickych zliceni-
nach s jednym alebo dvoma heteroatémami, ktoré maji vyznam v oblasti arémovych
a chutovych latok.

V préci sa uvadza vyskyt niektorych derivatov pyrolu, oxazolu a imidazolu, moznost ich
tvorby v Maillardovych a pyrolytickych reakciach, ako aj v modelovych systémoch orien-
tovanych na potvrdenie reakéného mechanizmu ich vzniku.

Pri analyze aromatickych latok v potravinach a pri sledovani ich reakcii sa
pouzitim plynovej chromatografie alebo plynovej chromatografie v spojeni
s hmotnostnou spektrometriou dokazala pritomnost heterocyklickych zlice-
nin. Vznik derivatov tiofénu a ich pritomnost v réznych potravinach sme opi-
sali v predchadzajucej praci [1].

Pitclankové dusikaté heterocyklické zluceniny s jednym alebo dvoma he-
teroatomami tvoria charakteristické zlozky prazenych, pecenych a varenych
jedél. Vzhladom na velki senzorickd vydatnost sa uplatiiuju v arémach oby-
¢ajne v davke niekolko ppm (napr. pyrol je sic¢astou arom prazenych produk-
tov, polievok a misa, 2-acetylpyrol a 1-metyl-2-acetylpyrol zasa sucastou
zmrzlin a pudingov [79]). V tabulke 1 si uvedené niektoré derivity pyrolu,
v tabulke 2 derivaty oxazolu a zdroj ich vyskytu.

Sam pyrol bol identifikovany v hovidzom i kuracom mése, prazenych ories-
koch, chlebe, kave, kakau, pore i tabakovom dyme ¢i samom tabaku. N-al-
kylderivaty pyrolu st charakteristické pre kavu, kakao, ¢aj, ¢cokolddovii ma-
su i tabak. Mono- a dietylderivaty pyrolu sa nachddzaji v orieskoch, chlebe,
kave, ¢aji i paradajkach. 2-Formylpyrol a jeho N-alkylderivaty sa okrem spo-
minanych, najmi tepelne upravenych potravin, dalej vyskytuji v $pargli, hri-
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Tabulka 1. Mono- a disubstituované pyroly [

Table 1. Mono- and disubstituted pyrroles Ry N Ry
Ry
R! R? R? Nézov! Zdroj? Literatura’
H H H | pyrol* a,b,c.d,h,j,m, 2,3,5,7,10, 12. 16. '
p.r,t,u 18,19, 24, 36,42, 45
H CH, H 2-metylpyrol® a,b,c,d,j,r 3,6,8,19,32,42
I'H CH, CH, | 2.5-dimetylpyrol® |o.p.t 8.39,44
! H CH=0 |H 2-pyrolkarbalde- | a,b,c,d,e,f, g, h.i,j,|3,5,6,13-15,20-24.
; hyd’ I,m,o,t 28, 28-31, 35, 38,
‘ | 41,44
S ‘ :
TH CH,CO 'H  Z-acetylpyrol® b.c.d,e . f.g hii,l, |5,7,14,15,20-25, 28
} | m.p.s.t 34,35,38, 40, 44
| CH, 'H H l-metylpyrol” ja.b.c.d.g.hon 2,4, 5,7,9=12; 15,
j, | | ; | 17-19,22,27,37.43
C,H; H H ’ 1-etylpyrol!” | c.d.h.p.s 10,11, 15,27,41.43
(. | ! B |
| CH, H 4‘ H | I-n-propylpyrol''  b.s [ 6,43
L | i L | !
| CH,CO H " l-acetylpyrol 2 { g.j.k 122.30,33
H ‘ ‘ i - i T
| CH, ! CH=0 1 H ‘ l-metyl-2-pyrol- | a,c,d,e, g, h ‘ 3,7,14,15,20,22. 24
1 | | karbaldehyd!* | 25
| CH, ! CHJ—COI H l-metyl-Z-ucetylpy-; ¢, d;&;hyj { 7,15,20,24,29
i | i | rol™
'C,H, | CH,CO H 1-etyl-2-acetylpy- e, p 7.40
i \ ' rol® j
[ | ‘ 1
| furfuryl ‘ CH=0 ‘ H 1-furfuryl-2-pyrol- | a.c.i | 3,10,28
i 1 karbaldehyd'® ]
H 'CH=0 | CH,  5-metyl-2-pyrol-  a.c.f.g h.i k. 3,7.13,21.22.24.26

| 28.33,34,45

[
3

1 [ !
| |
\ |
|

|

| |

| Larhaldehyudi?
! ‘ | karbaldehyd!

N | 1 I

a — prazené orechy, burské oriesky; Roasted nuts, planut nuts. b - biely chlieb; White bread.
¢ —kava; Coffee. d - tabak: Tobacco. e — §pargla; Asparagus. f—susené hriby; Dried mushrooms
g — prazené lieskovee: Roasted noisette. h — kakao; Cacao. i - kukurica; Maize. j - hoviidzie ma-
so: Beef meat. k — prdaskovy extrakt z pomarancov; Orange powder extract. 1 — bravéova pecen:
Pork liver. m — varené hovidzie, varené bravéové maso; Boild beef, boiled pork meat. n — varené
kraby; Boiled crabs. o — ¢aj: Tea. p — kuracie miso: Chicken. r - ¢okolddova masa; Chocolate.
s — paradajky: Tomatoes. t — por; Leek.
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Name; *Source; *References; ‘Pyrrole; 32-Methylpyrrole; ©2,5-Dimethylpyrrole; 72-Pyrrolecar-
baldehyde; ®2-Acetylpyrrole; °1-Methylpyrrole; !"1-Ethylpyrrole; !'1-n-Propylpyrrole; '*1-Acetyl-
pyrrole; *1-Methyl-2-pyrrolecarbaldehyde: *1-Methyl-2-acetylpyrrole; *1-Ethyl-2-acetylpyrro-
le; '°1-Furfuryl-2-pyrrolecarbaldehyde: 75-Methyl-2-pyrrolecarbaldehyde.

Tabulka 2. Substituované oxazoly RoN—N
Table 2. Substituted oxazoles R /FOJ\R
3 1
[ i 5 : |
L R! i R> | R} Niazov! i Zdroj* Literatura’ J
N I _ S — |
GCH, [ H H 2-etyloxazol* \ c | 46,47 “
A — —— ? Sess ] S —
TH | H | C,H.| 5-etyloxazol® | ¢ | 46, 47,53 |
A | + = = ¢ S T |
'CH, | CH, |H 2,4-dimetyloxazol® | ¢ 46,47,53 l
e -
'CcH, |H (CH, 25-dimetyloxazol’ ¢ | 46, 48,53 1
e ! - ; . ey — ‘
'H 'CH, | CH, | 4.5-dimetyloxazol* | ¢, h,j.0,u | 8,11, 46, 48-53
= T* S = = o 1
\[ CH, | CH, TCH_‘ 2.4,5-trimetyloxa- i ¢, hy Jo1ym, 05 p 11,31,32,.34.42, 46, ‘
é | f zol’ 47,.51,53 ‘
| | | |

CH T CH, | CH. 24-dimetyl-S-etyl- ¢ 46,47

| | L oxazol
I B I |
| CH, | C,H, | CH, | 2.5-dimetyl-d4-etyl | ¢ 46,47

| ‘ | | oxazol!!

For explanations see Table 1. u — slanina: Fat.

'Name; *Source; ‘References: “2-Ethyloxazole; *5-Ethyloxazole: ©2.4-Dimethyloxazole; 72,5-Di-
methyloxazole; *4,5-Dimethyloxazole; “2.4.5-Trimethyloxazole; '"2.4-Dimethyl-5-ethyloxazole;
112 5-Dimethyl-4-ethyloxazole.

boch, bravéovej pec¢eni. 2-Acetylpyrol a jeho N-alkylderivaty boli potvrdené
v kukurici, kdve, ¢aji a pod. Mono- a dialkylderivaty oxazolu boli identifiko-
vané v kave, kakau a ¢aji, trialkylderivaty v rdzne upravenych misach.

Okrem zluc¢enin uvadzanych v tabulkdch boli identifikované dalSie dusika-
té pitclankové heterocykly. Napr. pyrolidin v rybacich vyrobkoch, kaviari,
syroch i tabaku, 2-acetyl-1-metylpyrolidin ako typicky komponent vone chle-
ba. 2-Pyrolidén bol identifikovany ako prchava aromaticka latka varenej ry-
ze, jeho N-metylderivaty si pritomné v lieskovych orieskoch i tabaku.

Charakteristicki aromu vareného hovidzieho misa tvoria alkylderivaty
3-oxazolinu, kym derivaty 2-oxazolinu maji ovocné aromy.

Sucasné studie potvrdili, ze pyroly vznikaji najma v procese Maillardovych
reakcii, dalej pyrolyzou prolinu a hydroxyprolinu, ako aj kondenza¢nymi
reakciami vznikajucich ae-dikarbonylovych zlicenin s amoniakom. Kedze
podobné derivaty pyrolov sa nachadzaju v réznych mnozstvach vo vyrazne
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{
Tabulka 3. Pyrolové derivéty identifikované v modelovych systémoch  Rr3 N R2

Table 3. Pyrrole derivatives identified in model systems R1
R! R’ R* Nazov! Modelovy systém? Literatara®
H H H  pyrol® b,d.f,k,1,m,n 55,57, 60, 61, 66, 67.
‘ 70,71
CH, | H H | l-metylpyrol® i,0 63,72
C,H, H l-etylpyrol’ p.t 73,74,76
furfuryl* | H H 1-furfurylpyrol® f.j. k 61,65, 66
H CH, H 2-metylpyrol” f.i,s 61,63,75
H C,H; H 2-etylpyrol'! s 75
H T‘ CH=0 |H 2 -pyrolkarbalde- | a,f,g, m,s 54,56,61,62,69,75
\ | ‘ \ hyd” g
| | ; , |
H CHCO | ‘ 2-acetylpyrol 2 b,c.l.m.s. t,v 55, 58, 68,75, 76, 81
| CH CH=O , H ‘ I-metyl-2-pyrol- b,c,m,v 55, 56,69, 77, 81
i  karbaldehyd"?
CH, | CHCO ‘ H | lmetyl2acety- | c.m 56,69
| | - pyrol® |
| ! | 1
T 1
'H Ch, r CH‘ 1 2.5-dimetylpyrol's | 1.s 59,75
I i o
'H ' CH o CH, | 5 metyl-2-pyrol- a,e h,s, v 54,58, 63,75, 81
\ ‘ ‘ karbaldehyd'*

a — fural, H,S. NH; Furale, H,S, NH;. b — cystein/cystin + riboza; Cysteine/cystine + ribose
¢ —glycin + “fural: Glycine + furale. d—skrob + glycin; Starch + glycine. e — glukéza + glycin:
Glucose + glycine. f - glukéza + NH, + H,S (resp. + L-cystein alebo cysteamin); Glucose —
NH, + H,S (resp. + L-cysteine or cvsteamme) g - glukoéza + glutamin: Glucose + glutamine
h- blukoza + fenylalanin; Glucose + phenylalanine. i — gluk6za + B-alanin + glycin, + (glukc-
za + glycin) + (glycin + xyloza); Glucose + f-alanine + glycine, + (glucose + glycine) —
(glycine + xylose). j — gluk6za + hydroxyprolin (ramnéza); Glucose + hydroxyproline (rham-
nose). k —arabinoza + hydroxyprolin: Arabinose + hydroxyproline. I - (cystein, metionin, cys-
tin) + 2.3-butdndion; (Cysteine, methionine, cystine) + 2.3-butanedione. m — laktéza + kazein:
Lactose + casein. n —sacharéza + serin. treonin; Saccharose + serine, threonine. o — hovidz:
tuk + glycin; Beef fat + glycine. p — glukéza + kyselina aminobutdnova; Glucose + aminobuta-
noic. r - glukéza + L-teanin; Glucose + L-teanine. s - ramnéza + NH;; Rhamnose + NH,. t -
glukoza + alanin: Glucose + alanine. u - xyléza + metylamin; Xylose + methylamine. v - gly-
oxdl + glycin; Glyoxal + glycine.

'Name; *Model system; *References: ‘Furfuryl; “Pyrrole; ®1-Methylpyrrole; 71-Ethylpyrrole; *1-
Furfurylpyrrole; “2-Methylpyrrole; '"2-Ethylpyrrole: !'2-Pyrrolecarbaldehyde; '22- Acetylpyrrole:
¥1-Methyl-2-pyrrolecarbaldehyde: '*1-Methyl-2-acetylpyrrole; '52,5-Dimethylpyrrole; '%5-Met-
hyl-2-pyrrolecarbaldehyde.

516




odlisnych vénach celkom odli$nych typov potravin, je mozné usudzovat na
ich spolo¢ny povod.

Vznik derivatov pyrolov i oxazolov v Maillardovych reakcidch mozno, po-
dobne ako derivatov tiofénu [1], naznaéit siborom spolo¢nych reakcii po
vzniku redukténov a dehydroredukténov, ktoré dalej reakciou s NH, poskyt-
nu pyroly. Streckerovou oxidacnou degradédciou a-aminokyselin za pritom-
nosti a-diekarbonylovych zligenin a dalsou heterocyklizaciou vznikaju tiez
pyroly i oxazoly. _

Bola $tudované tvorba N-alkyl-2-formylpyrolov pri reakcii xylozy a vybra-
nych alkylaminov alebo a-aminokyselin [77]; autori predpokladaji tento me-
chanizmus . '

Q

H=0 CH=0

| 5
(l;=0 -R- NHZ _____ ~ C=N-R cyklizaco [ |\ B
b | -H,0 N CH=0
H CH - |
1l S ] R
CH CIH
|
CH,0H CH,0H
Predpoklada sa, ze oxazoly a oxazoliny vznikaju: 0

a)~-.del§arboxyléci9u Ser alebo Thr vznikajt aminoalkoholy, ktoré konden-
zaciou s aldehydmi poskytuju Schiffove bazy a dalej cyklizuji na oxazolidiny

?“ OH
|
HZN—(I:H-—-CH—R HoN—CH;CH—R
COOH
+R,CH=0
CH,—NH CHy—Nay

R— " - &
CH CH-R, ROl Ry

QH
/n
—N
R 0 Ry

b) reakciou a-dikarbonylovych zlicenin s a-aminokyselinami, dal$im Strec-
kerovym odburanim vznika a-aminoketén, ktory po acylacii cyklizuje na sub-
stituované oxazoly [47]
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Ry N

N, NH NP
C=0 2 -
I onj—éu—coon — ? {FH=COOH
C=0 C R
R/ /\ 3
' 2 R, 0
' +H0/ RLH=0
2 -0,
R Ry,  NH NH
1 . j\ = l2 R"\ # 2
\?H-——NHCOR.QMQC& C|H €
- =
% N
R R; SO Ry TOH
R
1\/N\c R R
- - 1
Il el JN\
s, o Ry 0 R
Ro OH
¢) reakciou aldiminu s acetoinom
0 CH
R—CH=NH NH, \C/ 3
H
*HO—CH—C—CHy — R—Ci (l:/
N A7
CHy O o \CH3
“H0
N=C — CH
3
Nj/"‘a (0] VAR
R” 0" ¢ - “~
'3 R N CHy

Imidazoly v potravinich pravdepodobne vznikaju podobne ako oxazoly z
a-aminoketonov a aldiminov:

o] R

HN==CH—R \C/‘|
\ | |
+ HZN—CHZ—-(I%—R1 B R——CH\ /CHZ
NH
Vs




Ako sme uz opisali, mnohé derivaty pyrolu, ktoré boli zistené v arome ale-
bo chuti pozivatin [80] ¢i v tabaku, vznikaji Maillardovou a Streckerovou
reakciou cukrov a a-aminokyselin v priebehu ich spracovania. Viaceré py-
rolové derivaty boli identifikované v modelovych systémoch (tab. 3), napr.
2-acetylpyrol v systémoch: rib6za-Cys/cystin [55], 2-furankarbaldehyd-glycin
[56], glukoza-glycin [S8], laktéza-kazein [68], ramnéza-amoniak [75], gluko-
za-alanin [76], glyoxal-glycin [81].

Predpokladany mechanizmus vzniku 1-alkyl-2-formylpyrolov reakciou
2-furankarbaldehydu s glycinom uvadza Rizzi [56].

[r]—{H:O — onA \\/CH=0 -H20 LCH=O
°N NH~CHa-COOH
N2 CH—COOH
— al
CHy—COOH o,
L Jch=o0
N
|
CH3

Vsetky identifikované alkylderivaty pyrolu maju intenzivnu petrolejovii vo-
fiu, pri velkom zriedeni sladkastu, priprazent; ako uvadzaju autori prace [76]
tieto derivaty mézu mat vyznamnu ulohu pri vyberani charakteristickej vone
prazenia.

V modelovych systémoch bolo doteraz identifikovanych madlo derivatov
oxazolu [75]. Pravdepodobny vznik acyl- a alkyloxazolov v aréme kévy opisali
Vitzthum a Werkhoff [47]. 2,4-Dimetyloxazol bol zisteny v systéme 2-furdn-
karbaldehyd-sirovodik-amoniak [54]; trialkylsubstituované oxazoly zasa
v systémoch ramnéza-amoniak [75] a gluk6za-amoniak [78]. Predpokladame,
ze z degrada¢nych produktov cukrov a amoniaku vznikaji a-aminoketdny,
ktoré prostrednictvom oxazolinov poskytuji oxazoly, napr. 2,4,5-trimetylo-
xazol:

CHg\/NHZ CQ:,}/NHZ
iH — % >0=CH_CH3:ELO-
C
-l/ \C g
CHy CHy oM
cH CH Chy.
N I M
- /‘gi—crb L c:: L
N7 ! CH; 0 CH
cHy  OA wa ™~ H .



Imidazoly, ktoré v pozivatinach pre svoju mald prchavost slabo ovplyvnuju
arému ¢i chut potravin, boli identifikované v niektorych modelovych systé-
moch. V systéme ramnoza-amoniak bol pozorovany 2,4-dimetylimidazol [75].
v systéme glyoxal-glycin boli pozorované imidazol, 4-metylimidazol, resp.
1,3-dikarboxymetylimidazol [81].

Zaver

V préci sme opisali vznik pitclankovych dusikatych heterocyklickych zlu-
Cenin s jednym alebo dvoma heteroatémami v Maillardovych alebo pyro-
lytickych reakciach prebiehajicich v potravinach a v modelovych systémoch.
Mechanizmy vzniku, ktoré sme uviedli, poukazuji pravdepodobne iba na nie-
kolko moZnosti spomedzi mnohych inych. Doteraz vak ostdava pévod mno-
hych heterocyklickych dusikatych zlicenin neobjasneny, pravdepodobne
z neznalosti, pripadne neidentifikovatelnosti ich prekurzorov. Musime si viak
tiez uvedomit, Ze aréma, pripadne chut pozivatin, nie je dana obsahom jed-
nej zliceniny, ale Ze sa na nej zicastiiuju niekedy az stovky zlienin, medzi
ktorymi sa prejavuju synergické, resp. inhibi¢né vlastnosti a ktoré vytvaraju
charakteristicky senzoricky celok.
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OG6pa3oBanHe reTePONHKIHYECKHX A30THBIX COE/JHHEHHH COCTAAINMX H3 MATHX WIEHOB B peak-
musax Maiapa H B NHPOIH3HBIX peakIHax

Pe3mome

[TpuBoAMTCS 0630 IMO3HAHMI O FeTEPOLMKINIECKMX COIMHEHUAX COCTAALLINX U3 IATUX
YJIeHOB, KOTOPbIE COAEPIKAIOT OVH WJIM iBa reTepOaTOMbI MMeoIle 3HaYeHne B obractu
apoOMaTHBIX ¥ BKYCOBBIX BellecTB. PaboTa MpuBOauUT HaIM4Me HEKOTOPBIX ITPOU3BOAHBIX
nMppoJia, OKcas3oJia M MMMAA30Ja, BO3MOXKHOCTE MX 0bpa3oBaHMsA B peakumusax Manspa
M MMPOJIM3HBIX PEaKLMAX U TaK¥kKe B MOJEJbHBIX CUCTeMAaX, IOTBEPKAAIIIMNX PeaKIMOH-
HBI MeXaHU3M Ux obpa3oBaHUA.

Formation of five-member nitrogen containing heterocyclic compounds in Maillard and pyrolytic
reactions

Summary

The paper brings information on five-member heterocyclic compounds with one or two hete-
roatoms, which are of importance in the sphere of aromatic and flavour compounds. An occur-
rence of some pyrrole, oxazole and imidazole derivatives is shown and the possibilities of their
formation in Maillard and pyrolytic reactions as well as in model systems oriented to prove the re-
action mechanism of their formation, are given.



