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Aus dem Chemischen Staatsinstitut, Institut /fir Organische Chemie, Hamburg 

Verbindungen des Kaffeearomas 

Von W. WALTER und H.-L. WEID:EMANN 

Mit 4 Tabellen 

(Eingegangen am 12. Februar 1968) 

Die Zahl der im Kaffeearoma gefundenen Substanzen ist in jfingster Zeit 
auf fiber 300 gestiegen. Eine systematische •bersicht schien daher wfinschens- 
wert. Es wurden folgende vier Tabellen zusammengestellt: 

1. Verbindungen des Kaffeearomas, geordnet nach dem BEILSTEr~-System. 
2. Summenformeln. 
3. Verbindungsklassen: Alkohole, J~ther, Aldehyde, Ketone, Diketone, Ester, 

Phenole, Schwefel-Verbindungen, Furan-Verbindungen. 
4. Chronologisehe Anordnung nach VerSffentlichungsdaten. 

Es wurde weder eine vollsts Erfassung der Liter~tur fiber das Kaffee- 
aroma noch eine Priorit~temTabelle beabsichtigt, jedoch sollten die Listen 
alle bisher erw~hnten Verbindungen enthalten. Dabei ist nicht beurteilt worden, 
wie sicher die Identifizierungen sind, es sind aber in Tabe]le 4 alle sp~teren 
Zitate bei jeder einzelnen Verbindung aufgefiihrt. Hier repr~sentiert nicht 
jedes Zitat einen erneuten experimentellen Befund, da in einigen Literatur- 
stellen auch friihere Ergebnisse mitgeteilt werden. Bei jeder Literaturstelle in 
Tabelle 4 stehen nur die neu nachgewiesenen Substanzen. Die Arbeiten (9), 
(10), (12) und (15) lagen nicht im Original ver, sie sind naeh (23) und R. V. 
GOLOV~rA, G. A. MmONOW, S. D. SOKOLOV; RUSS. chem. Rev. (Uspek. Ktfim.) 
33, 366 (1964) 1) zitiert. 

Es wurden nur solche Verbindungen aufgenommen, die yon den Autoren 
dem Aroma zugeschrieben wurden. So wurde z. B. Palmitins~ure aufgefiihrt, 
die Fetts~uren des Kaffee61s [siehe z. B. A. CARISANO, L. GARIBOLDI; J. Sci. 
Food Agric. 15, 619 (1964)] dagegen nieht; n-Heptacosan is t  erw~tmt, nicht 
aber n-Nonacosan [R. N~u; Pharmazie 3, 82 (1948); H. P. KAVFMA:~, 
A. K. S~N GUPTA; Fette, Seifen, Anstriehmitt. 66, 461 (1964)]. 

Unberfieksichtigt blieben auch die Ketocarbons~uren [R. L. CL~ME~TS, 
F. E. DEATHERAGE; Food Res. 22, 222 (1957); J. SCHO~LLER, W. BRANDENo 
~RO, H. LANO~ER; Z. Lebensmittel-Unters. u. -Forschg. 115, 226 (1961)] und 
die in Dfisopropyl~ther-Extrakten neben Malto], Brenzcateehin und Hydro- 
chinon nachgewiesenen Verbindungen Hydroxymethylfurfurol und Pyrogallol 
[0. I-I6GL, Mitt. Gebiete Lebensmittelunters. Hyg. 49, 433 (1958); C. A. 53, 
9512 (1959)] sowie alle sonstigen Inhaltsstoffe des RSstkaffees. 

Die in Tabelle 3 nicht angefiihrten Verbindungsklassen wie Carbons~uren 
oder Pyrazine gehen ]eicht aus Tabelle 1 hervor. Diese Liste umfa~t 335 Ver- 
bindungen, davon wurden 44 his 1929 gefunden, 27 weitere his einschlielMich 
1960. In den n~chsten vier Jahren wurden 42 neue Nachweise verSffentlieht, 
die fibrigen 222 Substanzen dann in den Jahren 1965, 1966 und 1967. 

~) Die Literaturzitate 227 und 228 in diesem Artikel sind falsch. 
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Im Kaffeearoma warden bisher 22 Alkohole, 15 ~ther,  30 Aldehyde, 
64 Ketone und 25 Diketone nachgewiesen. Ferner 31 Ester und 41 Verbindun- 
gen, die Schwefel enthalten. 16 Carbons~uren, 26 Phenole, 3 Nitrile, 17 ali- 
phatisehe, 3 alicyclische und 20 aromatisehe Kohlenwasserstoffe wurden identi- 
fiziert, sowie 58 Furan-, 17 Thiophen-, 23 Pyrrol-, 5 Pyridin-, 26 Pyrazin-, 
2 Thiazol-Verbindungen und 5-Methylchinoxalin. 

Naeh AbschluB des Manuskripts erschien eine weitere Arbeit (32) mit 28 erstma- 
lig naehgewiesenen Verbindungen. Diese sind nur am Ende der Tab. 4 aufgefiihrt. 

1. Verbindungen des Kaffeearomas 
geordnet nach dem Beilstei~-System 

(l~egistrierformel, Summenformel, Name, friiheste Literaturstelle) 
A. Acyelische 

1. Kohlenwa~sersto~e 
Cn~-[2n+2 CH 4 Methan 

CaH,z Pentan 
CsH,a Octan 
CuH~o Nonan 
C14Hso n-Tetradecan 
ClaHa~ n-Pentadecan 
C~.,Hse n-Heptacosan 

CnH2n C,.,H4 Athylen 
C4Hs Buten 
C~H,o Penten 
Call,2 Hexen 
CaHIa Octen 

CnH2n_ 2 C s H s  Pentadien 
C5H8 Isopren 
C6Hlo tIexadien 
CsH,4 Octin 

CnH~n_~ C10HI~ Myrcen (7-Methyl-3-mcthylcn-octadien-l,6) 

2. tIydroxyverbindungen 
CnHm+~O ~I~S Schwefelwasserstoff 

CH40 Methanol 
CH4S Methylmercaptan 
C2HoS Dimethylsulfid 
C~HeS~ Dimethyldisulfid 
C~HsO Athanol 
CallaS Methyl~thylsulfid 
CaHsS ~ Methyl~thyldisulfid 
C4HloS 2 Di~thyldisulfid 
C4HloO i-Butanol 
C4H,oO tert.-Butanol 
CzH120 Pentanol- 1 
C5H120 3-Methylbutanol- 1 
Cal-[l~O 2-Methylbutanol-2 
C~H140 Hexanol-1 
CTH,~O I-Ieptanol-2 
CsH,sO OctanoI-3 

CnH2nO C5HloO 3-Methylbuten-2-ol-1 
CstI~O Octen-l-ol-3 

CaH2n_~0 C,0H,sO Linalool (3,7-Dimethyl-octadien-l,6-ol-3) 

(17) 
(28) 
(28) 
(28) 
(31) 
(31) 
(7) 

(17) 
(2s) 
(2s) 
(28) 
(2s) 
(13) 
(14) 
(2s) 
(2s) 
(27) 

(5) 
(5) 
(5) 
(5) 

(18) 
(10) 
(18) 
(18) 
(26) 
(2s) 
(28) 
(27) 
(27) 
(28) 
(26) 
(27) 
(27) 
(27) 
(27) 
(27) 
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Cnlt~nO 

CnHon_~O 

CnH~n-~Oe 

CnH~nO~ 

CnH-.nO~ 

3. Oxoverbindungen 
CH~O Formaldehyd 
C2H40 Acetaldehyd 
C4HIoO a Dimethylacetal 
C3H~O Propanal 
C3H60 Aceton 
C4H80 Butanal 
C,HsO i-Butanal 
C4HsO Butanon 
C5H1oO Valeraldehyd 
C6H,oO Methylisopropylketon 
C5HloO 2-Methylbur 
CsHloO 3-Methylbutanal 
C6ItwO Pentanon-2 
CsHloO Pentanon-3 
C6H1~O Hexanal 
C~HI~O Hexanon-3 
07H~40 Heptanon-2 
CsH~aO Octanon-2 
CaHI~O 0cSanon-3 
CgHlsO Nonanon-2 
ClgH200 Decanon-2 
CnK~O Undecanon-2 
ClaH~sO Tridecanon-2 
C~aH260 6,10-Dimethylundecanon-2 (Hexahydropseudojonon) 
C,sH3~O 6,10,14-Trimethylpentadecanon-2 
C3H40 Acrolein 
CaHeO Butenal 
C,H~O Methylvinylketon 
C~HsO Dimethylacrolein 
C6H,oO a-Methyl-fl-gthylacrolein 
C6H100 Mesityloxid (2-Mothylpenten-2-on.4) 
CsHI~O 6-Methylhepten-5-on-2 
Calls02 Diacetyl 
C~HsO, Acetylpropionyl 
C~HsO~ Acetylaceton 
C6H~002 ttexandion-2,3 
C6HI~O~ Hexandion-3,4 
C~H,00~ 4-Methylpentandion-2,3 
CTHleO~ Heptandion-3,4 
C7H,202 5-Methylhexandion-2,3 
CsHHOe Octandion-2,3 
CsH,~O~ 5-Methylheptandion-3,4 
CsH,,O~ 6-Methylheptandion-3,4 
CaHaO~ Acetol 
C,Hs02 Acetoin (Butanol-2-on-3) 
C,H~O~ Butanol-l-on-2 
CgH~oOS 1-Methylthiobutanon-2 
C~HxoOz 2-Hydroxy-3-pentanon 
C~H~00, 3-Hydroxy-2-pentanon 

4. Carbonsduren 
CH,O~ Ameisensiiure 
C~H,02 Ameisensiiuremethylester 
CaI~Oa Ameisens~ureiithylester 

(25) 
(5) 

(17) 
(11) 

(3) 
(13) 
(13) 
(11) 
(13) 
(28) 
(5) 

(13) 
(27) 
(7) 

(27) 
(26) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(i8) 
(26) 
(is) 
(18) 
(18) 
(27) 
(27) 

(5) 
(5) 

(18) 
(23) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(5) 
(6) 

(27) 
(27) 
(25) 
(25) 

(3) 
(~3) 
(13) 
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C~H,O~ 
CsH,O~ 
C4HsO~ 
CGH120~ 
C,H~20~ 
C~H,0~ 
CoH~00a 
C,H~Oz 
C,Hs0~ 
C,H~oO, 
C,H~0, 
C~H~0~ 
C~H~o0~ 
C~H,o0~ 

CaH~o0~ 
C~H~0~ 
C,H,4Os 

C~oH,o0, 
C16I-I3202 
C~,H.~O, 

CnHsn_sO s CaHaN 
C~H~O~ 
C4H, N 
C~Hs0~ 

CnHm0 ~ CS~ 

CnH2,~+3N H,N 
CHBN 
C3HgN 

B. Isocyelisehe 

CnH2n-4 CTH.o 
CloHle 
CloH~, 

C~H,n-, C,H, 
C,Hs 
cJ{~o 
C,H,o 
CoH~, 
CloH~4 
C1oH14 

CnH2n-s Calls 
CloH12 

CnH2n-lo C~H, 
CnH2n-12 (lolls 

CnHlo 
CuHlo 

C,~H~ 

C14H~, 

Essigshure 
Essigs~uremethylester 
Essigs~ure~ithylester 
Essigsiiure-n-butylester 
Essigs~ure-i-pentenylester 
O-Acetylacetol (Essigs~ure.hydroxyaceton-ester) 
l-Acetoxybutanon-2 (Essigsiiure- 1-hydroxybutanon-2-ester ) 
Propions~uro 
Propions~uremethylester 
O-Propionylacetol (Propions~ure.hydroxyaceton-ester) 
Butters/iure 
i-Butters~ure 
Valerians~ure 
i-Valerians/~ure 
i-Valeriansiiure-methylester 
Methyliithylessigs~ure 
Capronsiiure 
0nan~hsi~ure 
Capryls/~ure 
Pelargonsis 
Caprins/~ure 
Palmitins~ure 
PalmRinsi~uremethylester 
Acrylnitril 
Crotonsgure 
3-ButenniSril 
Seneciosgure 
Schwefelkohlenstoff 

5. Amine 
Ammoniak 
Methylamin 
Trimethylamin 

1. Kohlenwassersto~e 
1,2-Dihydrotoluol 
Sylvestren 
p-Menthadien-l,8 
Benzol 
Toluol 
/~thylbenzol 
Xylol 
1,2,4-Trimethylbenzol 
p-Cymol 
1,2,4,5-TetramethyIbenzol 
Styrol 
p-Isopropenyltoluol 
Inden 
Naphthalin 
1-Methylnaphthalin 
2-Methylnaphthalin 
Dimethylnaphthalin 
2-_~thylnaphthalin 
Trimethylnaphthalin 
Tetramethylnaphthalin 

(1) 
(5) 

(25) 
(26) 
(27) 
(23) 
(31) 
(12) 
(26) 
(31) 
(15) 
(20) 
(15) 

(5) 
(5) 
(4) 

(15) 
(30) 
(15) 
(30) 
(30) 
(1) 

(27) 
(18) 
(25) 
(18) 
(25) 
(13) 

(3) 
(1) 
(3) 

(28) 
(7) 

(27) 
(26) 
(25) 
(2s) 
(26) 
(27) 
(27) 
(27) 
(26) 
(27) 
(27) 
(5) 

(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
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CnH~n-14 

O-~H~._,O 
CnHsn-aO 

CnH~n-sO~ 

CnHsn-.O~ 

CnHm-~O 
CnH~n-,0 

CnHm-,O 

CnH2n-~O~ 

CnHan-loO2 

CnH~._.0. 

ClsH~o Diphenyl 
C~,H~ 3-Methyldiphenyl 
ClsH~o Fluoren 

2. Hydroxyverbindungen 
CwHlaO a-Terpineol (p-Menthen-l-ol-8) 
C,HoO Phenol 
CTHsS Thioanisol 
CTHs0 m-Kresol 
C~Hs0 o-Kresol 
C~HsO p-Kresol 
CsHs02 Ameisensi~urebenzylester 
CsH~00 2,3-Dimethylphenol 
CaH~oO 2,5-Dimethy]phenol 
C8Hlo0 2,6-Dimethylphenol 
CSHloO 3,4-Dimethylptmnol 
CsHloO 2-Athylphenol 
CsHloO 4-Athylphenol 
C~H~oO~ Ameisensiiure-2-phenyl~thylester 
C~HI~O 2,3,5-Trimethylphenol 
C~HaO~ Brenzcateehin 
C~Hs0~ Guajacol 
CsHa0S o-Hydroxy~hioanisol 
C.I-I~0~ Resorcin 
C ~ 0 ~  Hydrochinon 
CaH~0~ 4-/~thylguajacol 
CaHa0~ 4-Vinylhrenzeateekin 
CaH~a0~ 4-Vinylguajaeol 
C~aHI~0, Eugenol (Allylguajacol) 
C~aH~.0~ 3,4-Dimethoxys~yrol 

C~HsO 

CoH.O 
07/-/lo0 
C:H100 
CsH1.O 
C~H~0 
CsH.0 
C.H.0 
CoHI.0 
C~H,0. 
CeH~0. 
C~H1o02 
CTHlo0~ 
C~HI.0~ 
C~H1o02 
C, Hs0~ 
07H60~ 
CaH.0~ 
CoHloOs 
C.Hs0. 
C9HI.08 

3. Oxoverbindunffen 

Cyclopentanon 
2.Cyelopentenon-1 
2-]VIethyl-2-eyclopentenon- 1 
2-/~thyl-2-eyclopentenon- 1 
2-Methyl-2-eyelohexenon-1 
2,3,5 - Trime thyl - 2 - ey elopentenon - 1 
Benzaldehyd 
o-Tolylaldehyd 
Phenylaeer 
Propiophenon 
Gyelopentandlon- 1,2 
3-1~ethylcyclopentandion- 1,2 
3,4-Dimethyleyelopentandion- 1,2 
3,5-DimeShylcyclopentandion- 1,2 
3-/~.thyleyelopentandion-l,2 
3-Methyleyelohexandion- 1,2 
1-Phenylpropandion-l,2 
Salieylaldehyd 
o-Hydroxyacetophenon 
5-Methyl-2-hydroxy-acetophenon 
2,3-Dihydroxyacetophenon 
AceC~vanillon (4-Hydroxy.3-methoxy-acetophenon) 

(27) 
(27) 
(27) 

(27) 
(5) 

(27) 
(25) 
(20) 
(20) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(5) 
(5) 

(27) 
(5) 
(1) 

(25) 
(7) 
(5) 
(7) 

(24) 

(25) 
(31) 
(31) 
(31) 
(31) 
(31) 
(27) 
(27) 
(27) 
(27) 
(29) 
(19) 
(19) 
(19) 
00) 
(19) 
(27) 
(27) 
(27) 
(27) 
(5) 
(7) 
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4. Carbonsiiuren 
CnHen_sO ~ CsI-IaO~ Benzoes~uremethylester 
Cnl-I2n-sOa CaHsOa Salicylsiiuremethylester 

C. Heterocyclische 

a) 1-O-(1-S-)Verbindungen 

1. Kohlensto~- Wassersto~- Verbindungen 

(27) 
(27) 

CnH2nO C4Hs0 Tetrahydrofuran (26) 
CnH~n-40 C,R~O Furan (8) 

C~H4S Thiophen ( 13 ) 
CsHeO 2-Methylfuran ( 13 ) 
C5H60 3-Methylfuran (26) 
C5H8S Methylthiophen (26) 
C6HsO Athylfur~n (26) 
CsHsO 2,5-Dimethylfuran (18) 
CTH100 2-Propylfuran (18) 
CTHloS 2-~ethyl-4-iithyl-thiophen (27) 
CsHI~O 2-Butylfuran (18) 
C~H1,O 2-Amylfuran (27) 
C10ttl60 AnhydrolinMooloxid (2-Isopropenyl-5-vinyl-5-methyl-tctra- 

hydrofuran) (27) 
CnH2n-eO C6H6S 3-Vinylthiophen (27) 
CnH2n_aO CsttsO 2,3-Dihydrobenzofuran (27) 
CnH2n_loO CsIt60 Benzofuran (27) 

CstteS Benzothiophen (27) 
CgHsO 2-Methylbenzofuran (27) 

CnH~n_12 O CloHsO 3-Phenylfuran (27) 

2. Hydroxyverbindunffen 
CnH~n_.O2 C10HlaO~ cis-Linalooloxid [2-(2'-Hydroxy-2'-propyl)-5-viayl-5-methyl- 

tetrahydrofuran] (27) 
CnH2n_40 ~ C6HsOS Methyl-5-methyl-2-furyl-sulfid (27) 

C~H,O2 FurfurylMkohol (4) 
C6HsO~ Furfurylmethyl~ther (27) 
C6H6Oa Ameisens~iurefurfurylester (10) 
CTHsOa Essigsgurefurfurylester (5) 
CsH100a I)ropionsiiurefur furylester (27) 
C10H12Oa Buttersi~urefurfurylester (27) 
C10H1203 i-Butters~urefur furylester (27) 
C~H~4Oa i-VMerians~urefur fury]ester (5) 
C~2H~4Oa 2-Methylbuttersi~urefurfurylester (27) 
C9HloO3 Crotons~urefurfurylester (27) 
CloH~03 fl,fl-Dimethylacryls~urefurfurylester (27) 
CioItloO 8 Difurfuryl~ther (27) 
C~H~Oa 5-Methyldifurfuryliither (27) 
C~H~OS Furfurylmercapt~n (5) 
C~It~OS Furfurylmethylsulfid (22) 
C~H~00S 5 -Methyl-2-furfuryl-methylsulfid (27) 
CTHsO~S Thiolessigsi~urefurfurylester (27) 
C~0H~00~S Difurfurylsulfid (27) 
C~It~OS 2-ttydroxymethylthiophen (Thenyl~lkohol) (26) 
C~H~O~S Ameisensiiurethenylester (27) 
C~HaO~S Essigsi~urethenylester (27) 
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CnH~n-20~ C4H~02 
C4HeOS 
C~Hs0~ 
CsH,OS 

C,iH~n-40~ C4H~02 
C,H1oO2 

CnH~n-aO~ C,~H402 
C~H40S 
C~HeOs 
CsH6OS 
C6H~02 
C6H~OS 
C~Hs02 
C,H,O. 
C,HsO~ 
CTH~OS 
C~H,0S 
C,H~0S 
C~H,OS 
CsH~O~ 
C,H~oO~ 
CsH1oO~ 
CsH~oO~ 
CsH~oO~ 
C,H~02 
C,H,~O~ 

CnH,n_,O~ C~H~O~ 
CnH..n-,0s CsH~O~ 

C,HsOa 
CnH~n-s0s C~H~Os 

C,H~02S 
CTH~O~S 
CaHsOa 
CsH, O~ 
C~H,oO~ 

CnH~n-~O~ C~H~0a 

CnH~n-aOa C6H60~S 
Cr 

3. Oxoverbindunffeu 

?-Butyrolacton 
Te$rahydrothiophenon-3 
2-Methyltetr~hydrofuranon-3 
2-Methyltetrahydrothiophenon-3 

Crotonolaeton 
2,4,5-Trimethyl-2 H-furanon-3 
Furfurol 
2-Thiophenaldehyd 
2-Acetylfuran 
2.Aeetylthiophen 
5-Methyl-furfurol 
5-Methyl-2-thiophenaldehyd 
2-Propionylfuran 
1-(2'-Furyl)-propanon-2 
5 -Methyl-2-acetylfuran 
2-Propionylthiophen 
3-Methyl-2-acetylthiophen 
4-Methyl-2-aeetylthiophcn 
5-Methyl-2-acetylthiophen 
2-Butyrylfuran 
1-(2'-Furyl)-butanon-2 
1-(2'-Furyl)-butanon-3 
5-Methyl.2-propionylfuran 
1-(5'-Methyl-2'-furyl)-propanon-2 
(1-(5'-Methyl-2'-furyl)-butanon-2 
1-(5'-Methyl-2'-furyl)-butanon-3 
2- (fl-Propenal) -furan 
Dimethylmaleinsi~ureanhydrid 
Methyl~thylmaleins~ureanhydrid 
1-(2'-Furyl)-propan-l,2-dion 
1-(2'-Thienyl)-propan-l,2-dion 
1-(3'-Thienyl)-propan-l,2-dion 
1-(2"-Furyl)-butan-l,2-dion 
1-(5'-Methyl-2'-furyl)-propan- 1,2-dion 
1 -(5'-Methyl-2'-furyl) -butan- 1,2-dion 
Maltol (2-Methyl-3-hydroxy-?-pyron) 

4. Carbonsfturen 

FuranthiolcarbonsKuremethylester 
Thenoess 

C~HaNO 2-Cyan.5-methylfuran 

b) 2-0-(2-S-)Verbindungen 
C,lH~n-sO~ C6H~82 Thiopheno-[3,2-b oder 2,3-h]-thiophen 
CnH2n-100~ CsH60s 2,2'-Difuryl 

C0tIs02 2,2'-Difurylmethan 
C10H100~ 5-Methyl-2-furyl-2'-furyl-methan 
C,IHx~02 Bis-(5-methyl-2-furyl)-methan 

e) 1-N-Verbindungen 
1. Kohlenstoff- Wassersto~- Verbindunffen 

CnHm-aN C4HsN Pyrrol 
C~HTN N-Methylpyrrol 

(23) 
(27) 
(21) 
(27) 
(25) 
(31) 
(3) 

(27) 
(22) 
(25) 

(5) 
(27) 
(27) 
(27) 
(22) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(28) 
(25) 
(25) 
(22) 
(27) 
(27) 
(22) 
(22) 
(27) 
(25) 

(27) 
(27) 
(27) 

(27) 
(27) 
(22) 
(27) 
(27) 

(i) 
(5) 
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C6HgN Dimethylpyrrol 
C6HBN )kthylpyrrol 
CaH,3N N-n-Butylpyrrol 
CgHx~N N-n-Amylpyrrol 
CgHx~N N-i-Amylpyrrol 
C.H,~N N-(2-Methylbutyl) -pyrrol 

CnH~n~N C6HsN Pyridin 
CsH,N 2-Methylpyridin 
C6H,N 3-Methylpyridin 
CTH,N 3-/~thylpyridin 

3. Oxoverbindungen 
CnIt~n-sNO CsH~NO Pyrrol-2-aldehyd 

C~H,~qO 2-Acetylpyrrol 
C,H,NO N-Methylpyrrol-2-aldehyd 
C~HTNO 5-Methylpyrrol-2-aldehyd 
CTH~NO 2-Propionylpyrrol 
C,H~NO N-Methyl-2-acetylpyrrol 
C~H~NO ~-~thylpyrrol-2 -aldehyd 
C,H~NO N-Methyl-5-methylpyrrol-2 -aldehyd 
C.0H~NO N-i-Amylpyrrol-2-aldehyd 
C~H~NO N- (2-Methylbutyl)-pyrrol-2-aIdehyd 

CnH~n-,NO2 CaH~NO~ 1- (2'-Pyrryl) -butan- 1,2-dion 

4. Carbons~turen 
CnH2n-~NO~ C,H,NO~ Nicotinsi~uremethylester 

d) 2-N-Verbindungen 
C~H~n-~N~ C~H~N~ Pyrazin 

CnH~n--~N2 

C,J-I2n_loN~ 

C,HeN~ 
C6HsN~ 
C,H,N~ 
CeHsNs 
C,HsN~ 
C,H,oN~ 
C,H,~N, 

C,H,oN2 

CsH]2N2 

CsHI~N2 
C,HI2N~ 
Cs I I i~  2 

CsH14~a 
C,H,4N2 
C.HI4N2 
C~HeN~ 
C,HsN2 
C, HaN2 
CTHaN2 
CsH,oN~ 
C~HIoN~ 
C~H,N~ 

2-Methylpyrazin 
2-Athylpyrazin 
2,3-Dimethylpyrazin 
2,5-Dimethylpyrazin 
2,6-Dimethylpyrazin 
2-Propylpyrazin 
2-J~thyl-3-methylpyrazin 
2-J~thyl-5-methylpyrazin 
2-/~thyl-6-methylpyrazin 
2,3,5-Trimethylpyrazin 
2-Methyl-6-propylpyrazin 
2-Methyl-5-i-propylpyrazin 
2,5-Diiithylpyrazin 
2,6-Diiithylpyrazin 
2-/~thyl-3,5-dimethylpyrazin 
2-_~thyl-2,5-dimethylpyrazin 
2-i-Butyl-3.methyl-pyrazin 
2,3-Di~thyl-5-methylpyrazin 
2,6-Di/~thyl-3-methylpyrazin 
2-Vinylpyrazin 
2-Methyl-5-vinyl-pyrazin 
2-Methyl-6-vinyl-pyrazin 
2-(trans-l-Propeny])-pyrazin 
2-Methyl-6-(trans-l-propenyl)-pyrazin 
2-Methyl-5-(trans-l-propenyl)-pyrazin 
5-Methylchinoxalin 

(18) 
(26) 
(2s) 
(31) 
(27) 
(27) 
(2) 

(20) 
(20) 
(27) 

(22) 
(22) 
(22) 
(22) 
(22) 
(22) 
(27) 
(22) 
(27) 
(27) 
(27) 

(25) 

(5) 
(5) 

(27) 
(23) 
(5) 
(5) 

(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(27) 
(31) 
(31) 
(27) 
(27) 
(27) 
(31) 
(31) 
(31) 
(27) 
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e) 1-0-, 1-N-Vcrbindungen 
1. Kohle~to~- Wassersto~- Verbindungen 

CnH~n_sNO C~H~NO Furfurylpyrrol 
C~0HnNO N- (5'-Methyffurfuryl)-pyrrol 

3. Oxoverbindungen 
CnHzn-~NOs C~H~NOS 4-Methyl-2-acetyl-thiazol 

Cvtt~NOS 4-Methyl-2-propionyl-thiazol 
CnH:a-nNO~ C~0H~NOs N-Fuffurylpyrrol-2-aldehyd 

CuI/nNO~ N-Furfuryl-2-acetyl-pyrrol 

(5) 
(27) 

(27) 
(27) 
(27) 
(27) 

2. Verbindungen des Kaffeearomas 
geordnet nach der Summen/ormel 

HaS Schwefelwa~serstoff C~H,O~ 
H,N Ammoniak C~H,OS 
Ctt~O Formaldehyd C~HsN 
C~O~ Ameisensiture C~Hs~O 
CH 4 Methan CsHeO 
CH40 ~ethanol CsH60 
CI'I4S Methylmercaptan C~HeO 
C~IsN Methylamin C~H6S 
CS~ Schwefelkohlenstoff C~H60s 
C~I~4 $.thylen C6HsOs 
C~H,O Ace~aldehyd C~H~OS 
C~H402 Ameisensi~uremethylest~r CsH.OS 
C~H40 z Essigsi~ure (~sH0~2 
C~H~O ~kthanol C~H~N 
C~H,S :Dimethylsulfid C~Ha 
C~H~S~ I)imethyldisulfid C~Hs 
Carton Aerylnitril C~H.O 
CaH~O Acrolein C~H,O 
CaH~O Propanal C~HsO~ 
CaH~O Aceton C~HsO~ 
C~H~Oa Acetol C~H~O~ 
CaH~Oa Ameisens~ure~thylester C~HaO~ 
C~H~Os E ssigsguremethylestor 
C~H~O~ Propions~iure C~HaOS 
CaHsS Methyl~thylsulfid 
C~HsS~ Me~hyl~thyldisulfid C~H.O~ 
Carton Trimethylamin C~Hto 
CaH~O l~uran C~HxoO 
C~H~S Thiophen C~H~oO 
0~H~O~ Crotonolac~n O~H~oO 
C~H~N~ Pyrazin C~H~00 
C~H~N 3-Butennitril C~H~oO 
O~H~N Pyrrol O~H~o0 
O,H~O Butenal C~Hx00 
C,H~O l~ethylvinylketou C~H,oO~ 
C~H~O~ Diacetyl C~HxoO~ 
O,H,O, Crotonsi~ure C~H~o0~ 
C~H~O~ 7-Butyrolacton C~H~00 ~ 
C~H~OS Tetrahydrotlfiophenon-3 C~H~oOs 

Furfurol 
2-Thiophenaldehyd 
Pyridm 
Pyrrol-2-aldehyd 
2-Cyclopentenon.1 
2-Methylfuran 
3oMethylfuran 
Methylthiophen 
Cyclopentandion-l,2 
Furfurylalkohol 
Furfurylmorcaptan 
Thenylalkohol 
2-Methylpyrazin 
N-Methylpyrrol 
Pentadion 
Isopren 
Dimethylacrolein 
Cyclopentanon 
Acetylpropionyl 
Acetylace~on 
Senecios~ure 
2-Methyltetrahydrofura- 
non-3 
2-Methyltetrahydro- 
thiophenon-3 
0 .Acetylaeetol 
Penten 
3-Methylbuten-2-ol-I 
Valeraldehyd 
Methylisopropylketon 
2 -Methylbutanal 
3-Methylbutanal 
Pentanon-2 
Pentanon-3 
2-Hydroxy-3-pentanon 
3-Hydroxy-2-pentanon 
Valerians~ure 
i-Valerians~ure 
Methyl~ithylessigs~ure 
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C4Hs 
C~H.O 
C~H.O 
C4HsO 
C~H.O 
C~HsO~ 
C+H.O.. 
C~tt.O~ 
C~H~0~ 
C4HsO~ 
C~H~O~ 
C4H~oO 
C~H~00 
C~H~oO~ 
C~H10S~ 
C.H~02 
C~H,OS 
C~H,0S 

C~H~N~ 
C5H5Os 
C~H~Os 

C~H~O. 
C~H~O,~S 
C~H~O~S 

C~H~O~S 
C6H7 N 
C~H,N 
C~H~NO 
C~H~N0 
C.HTNO 
C~H~NOS 
C.H.0 
C~H80 
C~HsO 
CsHs02 

C~H~0~ 
C~HsOS 

C~H~OS 
COH.N~ 
C~HsN~ 
C.H~N~ 
C.H~N. 
C.H.N 
C.H.N 
C.H,o 
C.H~oO 
C.Hlo0 
C~H~.0. 
C.H,o0, 
CoH,oO, 

Buten CsH100S 
Butanal C~H~2 
i-Butanal C5H120 
Butanon C5H1~ O 
Tetrahydrofuran C~H120 
Acetoin C6H4S2 
Butanol-l-on-2 
Essigsiiureiithylcster C6HsNO 
Propions~uremethylester C6H6 
Butters~iure Cell60 
i-Buttersiiuro C.H.S 
i-Butanol C6HeO~ 
tert.-Butanol C6H602 
Dimethylacetal C6Ha02 
Di~ithyldisulfid C6H602 
5-Methylfurfurol CTHeO2S 
2-Acetylthiophen 
5-Methyl-2-thiophenal- CTtt.02S 
dehyd 
2-Vinylpyrazin CTHTNO~ 
Ameisens~urefurfurylester CTH 8 
Dimethylmaleins~ure- CTHs0 
anhydrid CTH.O 
Maltol C~HsO 
Ameisensi~urethenylester C7H~S 
Furanthiolcarbons~ure- C~HsO~ 
methylester CvHsO~ 
Thenoesiiuremethylester CTHsO~ 
2-Methylpyridin C~I-IsO ~ 
3-Methylpyridin CTHsOS 
2-Acetylpyrrol C?H.OS 
N-Methylpyrrol-2-aldehyd C7HsOS 
5 -Methylpyrrol-2-aldehyd C~HsOS 
4-Methyl-2-acetyl-thiazol C7HsOS 
2.-Methyl-2-cyclopentenon- 1 C~tI~N~ 
Athylfuran C~HsN~ 
2,5-Dimethylfur~n C~H~N~ 
3-Methylcyclopentandion- 
1,2 C~H~Oa 
FurfurylmethyNither C?IIsOs 
Methyl-5-methyl-2-furyl- 
sulfid CTHsO~S 
Furfurylmethylsulfid CTH.0~S 
2-~thylpyrazin CTHgN 
2,3-Dimethylpyrazin C~H,NO 
2,5-Dimethylpyrazin C~H.NO 
2,6-Dimethylpyrazin CTH~N0 
Dimethylpyrrol CTH~NO 
Athylpyrrol 
Hexadien 
a-Methyl-fl-~thylacrolein 
Mesityloxid C~H~0 
Hexandion-2,3 C:H~00 
Hexandion-3,4 CTH~00 
4-Methylpentandion-2,3 C~H~00 

1-Methylthio-butanon-2 
Pentan 
Pentanol-1 
3-Methylbutanol- 1 
2-Methylbutanol-2 
Thiopheno-[3,2-b odor 
2,3-b]-thiophen 
2-Cyan-5-methylfuran 
Benzol 
Phenol 
3-Vinylthiophen 
Brenzcatechin 
Resorcin 
]-Iydrochinon 
2-Acetylfuran 
1-(2'-Thienyl)-propan- 1,2- 
dion 
1-(3'-Thienyl)-propan-l,2- 
dion 
Nicotins~uremethylester 
Toluol 
m-Kresol 
o-Kresol 
p-Kresol 
Thioanisol 
Guajacol 
2-Propionyffuran 
1-(2'-Furyl)-propanon-2 
5-Methyl-2-acetylfuran 
o-Hydroxythioanisol 
2-Propionylthiophen 
3-Methyl-2-acetylthiophen 
4-~ethyl-2-acetylthiophen 
5-Methyl-2-acetylthiophen 
2-Methyl-5-vinyl-pyrazin 
2-Methyl-6-vinyl-pyrazin 
2-(trans- 1-Propenyl)- 
pyrazin 
Essigs~urefurfury]ester 
Methyl~thylmaleins~ure- 
anhydrid 
Thiolessigs~urefurfurylester 
Es..sigs~urethenylester 
3-Athylpyridin 
2-Propionylpyrrol 
N-Methyl-2-acetylpyrrol 
N-~thylpyrrol-2-aldehyd 
N-Methyl~5-methylpyrrol- 
2-aldehyd 

CTHgNOS 4-Methyl-2-propionyl- 
thiazol 
1,2-Dihydrotoluol 
2-~thyl-2-cyclopentenon-1 
2-Methyl-2-cyclohexenon- 1 
2 -Propylfuran 
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C~H~oO~ 
C~H,00~ 

C~H~O 
C~H~O 
C~H~Oz 
C~H~O~ 
CsH~O~ 
C~H~O 
C~H~O 

C,H~0~ 
C,H~0, 

C~H~N. 
C,H~oN~ 
C,H,oN.~ 
C~H~O~ 
C~H~O~ 
C~H~O~ 
C~H~O 
C~H~O~ 
C,H~O 
CsH~O 
C~H~S 
C~H~O~ 
CsH~ 
C~H~O 
CsH~O 
CsH~O 
CsHsO~ 
C~H~O~ 
CsH~O~ 
C~Hs0~ 
CsH.0~ 
C~H~0. 
C~Hs0. 
C~H~0. 

C~H~N0~ 

C~H~o 
CsH~o 
O~H,o0 
CsH~o0 
CgL~0 
C~H~o0 
CsH~a0 
C~H,~0 
CsH~00~ 

C~H~o0~ 
C~HI~0S 
C~H~0z 

1-Acetoxybutanon-2 C~H10S 
O-Propionylacetol C~HlaO~ 
Hexen 
Hexanal O~Hlo0 z 
Hexanon-3 
Essigs~ure-n-butylester CTHloOz 
i-Valeriansguremethylester C~H~00 ~ 
Caprons~iare 
Hexanol-1 C~Hlo02 
Benzaldehyd 
S~licylMdehyd 
2-(fl-Propenal)-furan 
1-(2"-Furyl)-propan-l,2- CrHloN~ 
dion CTHlO:N~ 
2-~_thyl-5-methylpyrazin CsHI~N 
2-Athyl-6-methylpyrazin CsH14 
2,3,5-Trimethylpyrazin CsH~40 
Heptandion-3,4 CsHuO~ 
5-Methylhexandion-2,3 CsH140s 
Essigs~u re-i-pentenylester CsH1402 
Heptanon-2 CsH~s 
0nanths~ure CsH~60 
tteptanol-2 CsH160 
Benzofuran CsH~O 
Benzothiophen CsH~O~ 
2,2'-Difuryl CsH~s 
Styrol CsH~sO 
o-Tolylaldehyd C~Hs 
Phenylacetaldehyd C~Hs0 
2,3.Dihydrobenzofuran CsI-I,O~ 
Ameisens~urebenzylester CsHsO~ 
4-Vinylbrenzc~techin C~HsN~ 
o-Hydroxyacetopheaon C~H,NO 
Benzoes~uremethylester C~H~00 
2,3-Dihydroxyacetophenon C~H~00 ~ 
S~licylsi~uremethylester 
1-(2'-Furyl)-but~rt-l,2-dion C,Hxo0 ~ 
1 - (5'-Methyl-2'-furyl) -pro - CgH~00~ 
pan-l,2-dlon 
1-(2'-Pyrryl)-bu~an- 1,2- C~HtoO ~ 
dion O~H~oO~ 
Athylbenzol C~Ha00~ 
Xylol 
2,3-Dimethy]phenol CoH~.. 
2,5-Dimethylphenol C~H~O 
2,6-Dimethylphenol C~H~O~ 
3,4-Dimethylphenol C~H~O~ 
2-~hylphenol 
4-.~thylphenol C~H~Oz 
2-Butyrylfur~n 
1-(2'-Furyl)-butanon-2 C~H~O 
1-(2'-Furyl)-hutanoa-3 C~H~N~ 
5-Mothyl-2-propionylfuran 
1 - (5'-Methyl-2'-furyl)- C~H~N, 
prop~non-2 

2-Methyl-4-~thyl-thiophen 
3,4-Dimethylcyclopentan- 
dion-l,2 
3,5-Dimethy]cyclopentan- 
dion-l,2 
3-Athylcyclopentandion- 1,2 
3-Methyleyclohexandion- 
1,2 
2,4,5-Trimethyl-2 tI- 
furanon-3 

C~HIoOS 5-Methyl-2-furfuryl- 
methylsulfid 
2-Propy]pyr~zin 
2-Athyl-3-methylpyrazin 
N-n-B uty|pyrrol 
Octin 
6-Methylhopten-5-on-2 
Octandion-2,3 
5-Methylheptandion-3,4 
6-Methylhep~andion-3,4 
Octen 
Octen-l-ol-3 
Octanon-2 
Octanon-3 
Caprins~ure 
Oetan 
Octanol-3 
Inden 
2-Methylbenzofuran 
1-Phenylpropaadion- 1,2 
2,2'-Difurylmethan 
5-Methylchinoxalin 
N-Furfurylpyrrol 
Propiophenon 
Ameiseas~ure-2-phenyl- 
~tl~ylester 
4-Vinylguaj~eol 
5-Methyl-2-hydroxy- 
acetophenon 
Acetovanillon 
Crotonsiiurefur fur ylester 
1-(5'-Methyl-2qfuryl)- 
butan-l,2-dion 
1,2,4-Trimethylbenzol 
2,3,5 -Trimethylphenol 
4-A~hylguajaeol 
1-(5'-Methyl-2'-fltryl)- 
butanoa-2 
1-(5'-Methyl-2'-furyl)- 
butanon-3 
2-Amylfuran 
2,3 -Dii~thyl.5-methyl- 
pyrazin 
2,6-Di~thyl-3-methyl- 
pyrazin 
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C~H~oN= 

CsH~003 
C.H~O 
C~H~N~ 
C.HI~N~ 
C.H~N~ 

C,H~N~ 

C,H~N~ 

C~oH~N0 

C,oHn0~ 
C~oH~O~ 
C~oH~0. 
C~oH~0. 

C~oH~ 
C~oH~,N0 
CIoH~,N0 

C.oH~, 
C~oH~, 
C~0H~O 

C~oH~sO 
C~oH~s0~ 

C~oH~oO2 
CnH~o 
CllH~o 

CH~0 
C~H,0 
C~H100 
C,H~o0 
C~H~0 
C~H~0 
C~H~0 
C.H~O 
CTH~O 
C~H~O 
CaHlo0 
C,H~0 

2-Methyl-6-(trans-l-pro- CgH14N~ 
penyl)-pyrazin C~H~N 
2-Methyl-5-(trans-l-pro- CDH,sN 
penyl)-pyrazin CDH~sN 
Propions~urefurfurylester C~H1.O 
2-Butylfuran C.H1802 
2-Methyl-6-propylpyrazin C.H~0 
2-Methyl-5-i-propylpyrazin C1oH 8 
2,5-Dii~thylpyrazin CloHsO 
2.6-Diiithy]pyrazin C~oH.N0~ 
2-~thyl-3.5-dimethyl- C~oH~oO~ 
pyrazin 
3-~thyl-2.5-dimethyl- 
pyrazin 
N-(5'-Methylfurfuryl)- 
pyrrol 
p-Isopropenyltoluol 
Eugenol C~IH~O~ 
3,4-Dimethoxystyrol CnH~O 
B utters~urefurfuryles~er C~H~o 
i-But tersiiurefur furylester C~H~ 
fl,fl-Dimel~hy] aeryls~ure - C~H~ 
furfurylester C12H140 s 
p-Cymol 
1,2,4,5-TetramethylbenzoI C~H~O~ 
N-i-Amylpyrrol-2-aldehyd 
N- (2-Methylbutyl)-pyrrol - C~Hzo 
2-aldehyd C~,HI~ 
Myrcen C~H~ 
Sylvestren C~tt~, 
p-Menthadien-l,8 C~H~O 
Anhydrolinalooloxid C~H~O 
LinMool C~H~a 
a-Terpineol C~H~ 
cis-Linalooloxid C~tI~O~ 
Deeanon-2 C~H~O~ 
Caprinsi~ure C~.H~00 
1-NIethylnaphthalin 
2-Methylnaphthalin C~,H~ 

2-i-Butyl-3-mcthyLpyrazin 
N-n-AmylpyiTol 
N-i-AmylpylTol 
zN-(2-Methylbutyl)-pyrrol 
Nonanon-2 
Pelargons~ure 
Nonan 
Naphthalin 
3-Phenylfuran 
N-Furfurylpyrrol-2-aldehyd 
5-Methyl-2-furyl-2'-furyl- 
methan 

CloHto03 Difurfuryl~ther 
CloHl002S Difurfurylsulfid 
CIII-[llNOa N-Furfuryl-2-acetyl-pyrrol 
CnH~Os Bis-(5-methyl-2-furyl) - 

mothan 
5-Methyldifurfuryl~ther 
Undecanon-2 
Diphenyl 
Dimethylnaphthalin 
2 -/~thylnaphthalin 
i-ValeriansRurefurfuryl- 
ester 
2-Methylbutters~ure- 
furfurylester 
Fluoren 
3-Methyldiphenyl 
Trimethylnaphthalin 
Tetramethylnaphthalin 
Tridecanon-2 
6,10-Dimethylundeeanon-2 
n-Tetradecan 
n-Pentadecan 
Palmitins~ure 
PalmitinsRuremethylester 
6,10,14-Trimethylpenta- 
deeanon-2 
n-Heptacosan 

3. Einige Verbindungsldassen von Substanzen des Kaffeearomas 
geordnet nach dem Beilstein-~tystem 

Alkohole 
Methanol CloHlsO Linalool 
,~thanol CsH602 Acetol 
/-Butanol C4HsO ~ Aeetoln 
tert.-Butanol C4H802 Butanol-l-on-2 
Pentanol-1 C~H100~ 2-Hydroxy-3-pentanon 
3-Methylbutanol- 1 C~Hlo02 3-Hydroxy-2-pentanon 
2-Methylbutanol-2 CloH180 c~-Terpineol 
Hexanol-1 CloHI.O, eis-Linalooloxid 
HeptanoL2 C~H602 Furfurylalkohol 
Octanol-3 CsH~OS (2-Hydroxymethylthio- 
3 -N[ethylbuten-2-ol- 1 phen) Thenylalkohol 
Octen-l-ol-3 C~HeOs Maltol 
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CTHsO~ 
C~HlsOs 
C~H~sOs 

C~H~00a 
C~H~0 
C~oHI~0 
C~H~O 

CH~O 
C~H~O 
C~H60 
C~H~O 
C~H~O 
C~H~oO 
C~H~oO 
C~H~o0 
CsH~20 
C~H~O 
C~H~O 
C~HsO 
C~H~oO 
C~H60 
C~HsO 
CsHs0 
C:H~0~ 

CaH~O 
C~HsO 
C~H~oO 
C~H~o0 
C6H~oO 
C~H~0 
C~H,~O 
C~JI~oO 

C~Ho0 
C~Hlo0 
C~H~O 
C~H~oOS 
C~Hg0~ 
C~H~O~ 
C~ItsO~ 
C~H~o0~ 
C~H~oO~ 
C~H~0~ 
C~H~oO~ 

C~Hs0 
C~H~O 

~ther 

Guajacol CIoH180 ~ 
4-.~thylguajacol CeH60~ 
4-Vinylguajacol C~oH~oO3 
Eugenol CllH120a 
3,4-Dimethoxystyrol C6HsO.. 
Acetovanillon 
Tetrahydrofuran CTH~oO~ 
Anhydrolinalooloxid 
2,3-Dihydrobenzofuran C~H~O~ 

Aldehyde 
Formaldehyd C~I-[~O~ 
Acetaldehyd C~H40S 
Propanal CgH~O~ 
Butanal C~H~OS 
i-Butanal 
Valeraldehyd C~H~0~ 
2-Methylbutanal C~H~INO 
3-Methylbutanal C~H~NO 
I-Iex~nal C~H~NO 
Acrolein CTH~NO 
:Butenal C~H~N0 
Dimethylaero]ein 
a-Methyl-fl-~thylacrolein C~0HI~NO 
Benzaldehyd C~0H~I~O 
o-Tolylaldehyd 
Phenylacetaldehyd C~oH~N0~ 
SaNcyla]dehyd 

Ketone 

Aceton CsH160 
Butanon CsIt160 
Methylisopropylketon CgHlsO 
Pentanon-2 ClOH2OO 
Pentanon-3 CnH~20 
Hexanon-3 C~aH~,O 
Heptanon-2 C1BH~00 
6,10,14-Trimethylpenta- C~I-IsOS 
decanon-2 
Methylvinylketon C~H~00~ 
Mesityloxid 
6-Methylhepten-5-on-2 C6H602 
1-NIethylthio-butanon-2 C6H~OS 
Acetol CTHsO~ 
Acetohl CTHsO2 
Butanol-l-on-2 C7H802 
2-Hydroxy-3-pentanon CTH~0S 
3-Hydroxy-2-pentanon CTHs0S 
0-Acetylaeetol CTHs0S 
1 -Acetoxybutanon-2 CTHsOS 
0-Propionylacetol Csl:[lo0~ 
Cyelopentanon CsH~002 
2-Cyelopentenon-1 C8HIo0 2 

cis-Linalooloxid 
Furfurylmethylgther 
Dffurfuryl~Aher 
5.Methyldifurfurylgther 
2-Methyltetrahydro- 
furanon-3 
2,4,5-Trimethyl-2 tt- 
furanon-3 
Maltol 

Furfurol 
2-Thiophena]dehyd 
5-Methylfurfurol 
5-Methyl-2.thiophen- 
aldehyd 
2-(fl-PropenM)-furan 
Pyrrol-2-aldehyd 
N-Methylpyrrol-2-aldehyd 
5-Methylpyrrol-2-aldehyd 
N-Athylpyrrol-2-aldehyd 
N-Methyl-5-methylpyrrol- 
2-aldehyd 
N-i-Amylpyrrol-2-aldehyd 
l~-(2-Methylbutyl)-pyrrol- 
2-aldehyd 
I%Furfurylpyrrol-2-aldehyd 

0ctanon-2 
Octanon-3 
Nonanon-2 
Decanon-2 
Undecanon-2 
Tridecanon-2 
6,10-Dimethylundecanon-2 
2-Methyltetrahydrothio- 
phenon-3 
2,4,5-Trimethyl-2 H- 
furanon-3 
2-Acetylfuran 
2-Acetylthiophen 
2-Propionylfuran 
1-(2'-Furyl)-propanon-2 
5-Methyl-2-acetylfuran 
2-Propionylthiophen 
3-Methyl-2-acetylthiophen 
4-Methyl-2-acetylthiophen 
5-Methyl-2-aeetylthiophen 
2-Butyrylfuran 
l-(2"-Furyl)-butanon-2 
1-(2'-Furyl) -butanon-3 

10 
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CeH~0 
C,H~o0 
C~H,o0 
Call,z0 

C.H,o0 
CsH.0~ 
C~H,o0~ 

C~H~0. 
C~H~o0~ 
C~H~OS 
C~HsO~ 

C~H~O~ 
C~HsO~ 
C~H~O~ 
C,H~oO~ 
CsHx.O~ 
C.H~.0~ 
C~H~,02 
C~H~O~ 
C.H,40. 

C~HI~0~ 
C~H~0, 
C,H.02 

C~H~oO~ 

C~HxoO~ 

C~H,Oz 
C~H~O~ 
C~H~O~ 
C,H.02 
C.Hx~Oz 
C,H~,O, 
C~H~O~ 
C~H~00~ 
C~HsO~ 
C,HxoO~ 
C~H~0~ 

C~,H,~O~ 
C.H,0~ 
C.H~oO~ 

C~H.O~ 
C,H~0~ 
C~H~02 

2-Methyl-2-eyclopentenon- 1 
2-2[thyl-2-cyelopentenon- 1 
2-Methyl-2-cyclohexenon-1 
2,3,5-Trimethyl-2-cyelo- 
pentenon- 1 
Propiophenon 
o-Hydroxyaeetophenon 
5-Methyl-2-hydroxy- 
acetophenon 
2,3-Dihydroxyacetophenon 
Acetovanillon 
Tetrahydrothiophenon-3 
2-Methyltetrahydrofura- 
non-3 

Diaeetyl 
Acetylpropionyl 
Aeetylaceton 
Hexa0dion-2,3 
Hexahdion-3,4 
4-Methylpentandion-2.3 
Heptandion-3,4 
5-Methylhexandion-2,3 
Octandion-2,3 
5-Methylheptandion-3,4 
6.~ethylheptandion-3,4 
Cyelopentandion- 1,2 
3-Methyleyclopentandion- 
1,2 
3,4-Dimethyleyclopentan- 
dion-l,2 
3,5-Dimethyleyclopentan- 
dion-l,2 

Ameisens~uremethylester 
Ameisensi~ure~thylester 
Essigs~uremethylester 
Essigs~urei~thylester 
Essigsiiure-n-butylester 
Essigsiiure-i-pentenylester 
0 -Aeetylacetol 
1-Aeetoxybutanon-2 
Propions/~uremethylester 
O-Propion~laeetol 
i-Valeriansiiure-me~hyl- 
ester 
PMmitinsiiuremethylester 
Ameisens~urebenzylester 
Ameisensi~ure-2-phenyl- 
~thylester 
Benzoes~uremethylester 
Salicylsiiuremethylester 
Ameisens~urefurfurylester 

C,HloO, 

C9H1202 

C9Hlo0~ 

C,HTNO 
CTH~NO 
CTHgNO 
C6HTNOS 
CTH~NOS 

CnHIIN02 

Diketone 
C~HxoO, 
C7H100~ 
C~HsO~ 
C~H~O~ 

C,H~0~S 

C~H~OzS 

CsH,0a 
C~H~0~ 

CDH,003 

CsHDN02 

Ester 
CTHB03 
CsHloOa 
CIoHI~0B 
C~oHi~03 
012H1408 

Cx2HI~O. 

C9HIo08 
CIoHI~0~ 

C,Ha0~S 

C6H.02S 
CTHs02S 
C~H,O~S 

CeHe02S 
C~H~N02 

5-Methyl-2-propionylfuran 
1-(5"-Methyl-2'-furyl)- 
propanon-2 
1 - (5'-Methyl-2 "-furyl)- 
butanon-2 
1 - (5'-Methyl-2'- furyl)- 
butanon-3 
2-Aeetylpyrrol 
2-Propionylpyrrol 
N-Methyl-2-aeetylpyrrol 
4-Methyl-2-acetyl-thiazol 
4-Methyl-2-propionyl- 
thiazol 
N-Furfuryl.2-acetyl-pyrrol 

3-~_thyleyelopentandion- 1,2 
3-Methyleyclohexandion- 1,2 
1-Phenylpropandion-l,2 
1-(2"-Furyl)-propan-l,2- 
dion 
1-(2'-Thienyl)-propan-l,2- 
dion 
1-(3'-Thienyl)-propan-l,2- 
dion 
1-(2'-Furyl)-butan-l,2-dion 
1-(5'-Methyl-2'-furyl)- 
propan-l,2-dion 
1-(5'-Methyl-2'-furyl)- 
butan-l,2-dion 
1-(2'-Pyrryl)-butan-l,2- 
dion 

E ssigs~urefurfurylester 
Propions~urefurfurylester 
Butters~urefurfurylester 
i-Butters~urefurfurylester 
i-Valerians~urefurfuryl- 
ester 
2-Methylbutters~urefur- 
furylester 
Crotons~urefurfurylester 
fl,fl.Dimethylaeryls~ure- 
furfurylester 
Thiolessigs~urefurfuryl- 
ester 
Ameisens~urethenylester 
Essigs~urethenylester 
Furanthiolcarbons~ure- 
methylester 
Thenoes~uremethylester 
Nicotins~uremethylester 
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Phenole  

eine -- OH-Gruppe C~H~oO~ 4-Vinylguajacol 
C~H~O Phenol C~oH~O~ Eugenol 
C~H~O m-Kresol C~H~O~ Salicylaldehyd 
C~HaO o-Kresol C~HaO~ o-Hydroxyaeetophenon 
C~HaO p-Kresol C~H~oO~ 5-Methyl-2-hydroxy- 
CaH~00 2,3-Dimethylphenol aeetophenon 
CaH~00 2,5-Dimethylphenol C~H~O, Acetovanillon 
Catty00 2,6-Dimethylphenol C~H~Oa Salicylsiiuremethylester 
CaH~00 3,4-Dimethylphenol zwei --OH-Gruppen 
C~H~o0 2-~thylphenol 
C~H~oO 4-/~thylphenol C~H~O~ Brenzcatechin 
C~H~O 2,3,5-Trimothylpheno] C~H~O~ Resorcin 
C~Hs0~ Guajacol C~HeO~ Hydrochinon 
C~H~OS o-Hydroxythioanisol C~HsO~ 4-Vinylbrenzcatechin 
C~H~O~ 4-J(thylguajacol CaHsO~ 2,3-Dihydroxyacotophenon 

Schwefel  - Verbindungen 

H~S Schwefelwasserstoff C6HBOS Mothyl-5-methyl-2-furyl- 
CH4S Methylmercaptan sulfid 
C~tt6S Dimethylsulfid C~HeOS Furfurylmercaptan 
C~HsS~ Dimethyldisulfid CeHBOS Furfurylmethylsulfid 
CsttsS Methyl~thylsulfid CTHloOS 5-t~Iethyl-2- furfuryl- 
C8H8S~ Mothyli~thyldisulfid methylsulfid 
C4It10S2 Diiithyldisulfid C7H802S Thiolessigs~turefurfuryl- 
CsH~00S / -Mothyl~hio-butanon-2 ester 
CS2 Schwofelkohlenstoff C~oH~oO..S Difurfurylsulfid 
C7H8S Thioanisol C~H6OS 2-Hydroxymethylthiophen 
CTHaOS o-ttydroxythioanisol C,H602S Ameisens~iurethenylester 
C4H~S Thiophon C~H,O~S Essigs~urethenylester 
C~H~S Methylthiophen C,H~OS Tetrahydrothiophenon-3 
C~H~0S 2-Methyl-4-/~thyl-thiophen C~H~OS 2-Methyltetr~hydro~hio- 
C~tt~S 3-Vinylthiophen phenon-3 
CaHsS Benzothiophen C~It, OS 2-Thiophonaldehyd 
C~H~OS 2-Acetylthiophen C~H~O~S 1 -(3'-Thienyl) -propan- 1,2- 
C~H~OS 5-Methyl-2-thiophen- dion 

~]dehyd C~H~O~S ~ur~nthiolcarbons~iuro- 
C~ttsOS 2-Propiony]thiophen methylester 
C~H~OS 3-Methyl-2-acetylthiophen C~H~O~S Thenoesi~ureme~hylester 
~H~OS 4-]Kethyl-2-ace~ylthiophen C~H~S~ Thiopheno-[3,2-b odor 
C~ttsOS 5-Methyl-2-acetylthiophen 2,3-b]4hiophen 
(3~I-I~O~S 1-(2'-Thienyl)-propan- 1 , 2 -  CsH~NOS 4-Methyl-2-acetyl-thiazol 

dion C~H~OS 4-Methyl-2-proplonyl- 
thiazol 

Furan-Verbindungen  

C4H40 Furan CeH, O~ 2-Acetylfuran 
C5H60 2-Methylfuran C~HeO~ 5 -NIethylfurfurol 
CsH~0 3-Me~hylfuran CTHsO~ 2-Propionylfuran 
UsHsO /~thylfuran CTH~O~ 1 -( 2~-Furyl)-propanon-2 
C6H80 2,5-Dimethylfuran C~HsO 2 5-Mothyl-2-acetylfuran 
CTI~00 2-Propylfuran C.H~00~ 2-Butyrylfuran 
CsHl20 2-Butylfuran CeH100 ~ 1- (2'-~'uryl) -butanon-2 
CoHI~O 2-Amylfuran CeHloO~ 1-(2"-Furyl)-butanon-3 

10' 
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CsHeO Benzofuran CBttloO~ 
CgttsO 2-Methylbenzofuran CsH~00~ 
CtoHsO 3-Phenyffuran 
C6HsOS Methyl-5-methyl-2-furyl- C9H,~02 

sulfid 
C~H602 Furfurylalkohol Cgtt1202 
C6Hs0~ Furfurylmet~hyl~ther 
C6H60a Ameisens~urefurfurylester C~tt~O~ 
C~HsOa Essigs~urefurfurylester C,He03 
CsH~oOa Propions~urefurfurylester 
C,~Hr~O~ B utters~urefurfurylester CsH~O~ 
C~oH~0~ i-Buttersiiurefurfury]estcr CsHsO~ 
C~H~O a i-Valerians~urefurfuryl- 

ester C~I'I,o0 a 
C~H~,0 a 2-Methylbutters~urefur- 

furylester C~H~0~S 
C~H~oO a Crotonsih~refurfurylester 
C~0H~0 ~ fl,fi-Dimc~hylacryls~ure- C~H~NO 

furfurylester CsH~O~ 
C~0H1oOa Dffurfuryliither C~HsO~ 
CnH~O ~ 5-Methyldifurfuryl~ther C~H~oO~ 
C~H~OS Furfurylmercaptan 
C~HsOS Furfurylmethylsulfid C~HI~O~ 
C~H~o0S 5-Methyl-2-furfuryl- 

methylsulfid C~H~NO 
C~HaO~S Thiolessigsi~urefm'furylcster C~HnNO 
C~oH~oO~S Difl~rfurylsulfid C~oH~NO~ 
C~H~O~ Furfurol Cntt~NO~ 

5-MethyL2-propionylfuran 
1-(5'-Methyl-2'-furyl)-pro- 
panon-2 
1 - (5'-Methyl-2'-furyl) - 
butanon-2 
1-(5'-Methyl-2"-furyl)- 
but~non-3 
2-(fl-Propenal)-furan 
1-(2'-Furyl)-propan-l,2- 
dion 
1-(2'-Furyl)-butan-l,2-dion 
1 -(5'-Methy]-2'-fmT1) - 
propan-l,2-dion 
1-(5'-Methyl-2'-furyl)- 
butun-l,2-dion 
:Furanthiolcaxbons~ure- 
methylester 
2-Cyan-5-methylfuran 
2,2-Difuryl 
2,2'-Difurylmethan 
5-Methyb2-s ryl- 
methan 
Bis- (5-methyl-2-furyl) - 
mcthan 
N-Furfurylpyrrol 
N-(5'-Methylfurfuryl) pyrrol 
N-Furfury]pyrrol-2-aldehyd 
N-Furfuryl-2-acetyl-pyrrol 

4. Verbindungen des Kaf feearomas  
geordnet nach ihrer /ri~hesten Erwi~hnung 

BE[LSTErN-System 
1) O. B~B~H~V.R, M:h. Chem. 1, 456 (1880). 

C~H~O~ Essigs~ure (3, 4, 5, 7, 9, 10, 12, 13, 15, 
16, 20, 23, 25, 27, 30) 

C16Ha20~ Palmitins~ure (5) 
CHsN Methylamin (15) 
C6H002 Hydrochinon (15) 
C,H~N Pyrrol (5, 15, 18, 22, 25) 
AuBerdem Aceton vermutet. 

in der Literatur, sodann nach dem 

2) A. MO~rARI, L. ScoccIA~rTI, Gazz. chim. Ital. 25, 115 (1895). 
C~HsN Pyridin (3, 5, 8, 9, 10, 15, 20, 23, 

24, 25, 26, 27, 28) 
3) H. JA:ECKL~, g. 15nters. Nahr.- GenuBmitt. 1, 457 (1898). 

CaH~0 Aceton (5, 9, 10, 11, 13, 14, 15, 16, 
17, 18, 20, 23, 24, 25, 26, 
27, 28) 

CaH20~ Ameisens~ure (7, 13, 15, 20, 25, 27, 30) 
HaN Ammoniak (15) 
C3H~N Trimethylamin (15) 
C~H40 ~ Furfurol (4, 5, 7, 8, 9, 10, 13, 15, 20, 

22, 23, 24, 25, 27, 28) 
AuBerdem Furan, Resorcin und eiae schwefelhal~ige Subs~anz vermutet. 
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4) E. E R D ~ ,  Ber. dtseh, chem. Ges. 35, 4846 (1902). 
C~H~00~ MethylKthylessigs~ure (15, 25, 27) 
C~]:te02 Furfurylalkohol (5, 7, 8, 9, 1O, 15, 20, 22, 23, 

24, 25, 27) 
Phenole und stickstoffh~ltige Substanzen. 

5) H. STXVDn~O~R, T. R~m~sTm~, US P~bent 1696419, 25. 12. 1928. 
H~S Schwefelwasserstoff (8, 14, 15, 20, 25) 
Cft~O Methanol (9, 10, 11, 13, 14, 15, 16, 

CH~S 
C2H.S 

C~H40 

C~H~o0 

C~H~0s 

C,H~02 

C~H~O~ 
C,HG02 

C~H~O~ 
C6H,20~ 
C1oH8 
CeHeO 

C6H~02 
CTHs02 
CsH,02 
CgHloO z 
CsHs03 
C~H803 
C12H1403 
CsHGOS 
CoH602 
C~H~08 
C5]=[7N 

G,H~N~ 

0~HsN~ 

Cstt0NO 

20, 23, 25, 27, 28) 
Y[ethylmercaptan (13, 14, 15, 20, 25, 27) 
Dimethylsulfid (13, 14, 15, 17, 18, 20, 25, 

26, 27, 28) 
Acetaldehyd (8, 9, 10, 11, 13, 14, 15, 16, 

17, 18, 20, 23, 24, 25, 27, 28) 
2-]~Iethylbutanal (9, I0, 13, 15, 16, 17, 23, 

24, 25, 27, 28) 
Diacetyl (6, 7, 8, 9, 10, 11, 13, t4, 

16, 17, 18, 20, 23, 24, 25, 
27, 28) 

Acetylpropionyl (9, 10, 14, 15, 16, 20, 23, 24, 
25, 26, 27, 28) 

Acetol (23, 25, 27) 
Essigsi~uremethylester (13, 16, 17, 18, 20, 23, 24, 

25, 26, 27, 28) 
i-Valerians~ure (9, 10, 12, 15, 20, 23, 25, 27) 
i-Valerians~uremethylester (26) 
Naphthalin (27) 
Phenol (9, 10, 15, 20, 23, 24, 25, 

26, 27) 
Brenzcatechin (--) 
Guajacol (7, 9, 15, 20, 23, 24, 25, 27) 
~esorein (15) 
4-Vinylguajacol (7, 15, 25, 27) 
2,3-Dihydroxyacetophenon (15, 25) 
Essigs~urefurfurylester (15, 22, 23, 24, 25, 26, 27) 
2-Valerians~urefurfurylester (26, 27) 
:Furfurylmercaptan (15, 20, 26, 27) 
5-Methylfurfurol (22, 23, 24, 25, 27) 
Maltol (9, 10, 23, 25, 27) 
N-Methylpyrrol (9, 10, 15, 16, 18, 22, 23, 

24, 25, 26, 28) 
Pyrazin (9, 10, 15, 23, 24, 25, 26, 

27, 31) 
2-Methylpyrazin (9, 23, 24, 25, 26, 27, 31) 
2,5-Dimethylpyrazin (9, 23, 24, 25, 27, 31) 
2,6-Dimethylpyrazin (25, 27, 31) 
N-Furfurylpyrrol (21, 22, 25, 27) 

Aui]erdem ,,hShere Mercaptane, Sulfide, Aldehyde, Ketone, aliphatische Alkohole, Fett- 
s~iuren, l~r ferner Furan-Ketone und andere Furanderivate, ,,Oxysulfide und Mer- 
captale", Phenole und Phenol~ither, h6here Pyrazin-ttomologe. In anderen Patenten 
sollen noeh Acetyffuran und Ameisens~urefurfurylester stehen. 

6) H. SCH~ALI~USS U. H. BARTHMEYEI~, Bioehem. Z. 216, 330 (1929). 
C4H80 ~ Acetoin (8, 10, 15, 23, 24, 25, 27) 
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7) S. C. PRESCOTT, ~R. L. EMERSON, R. B. WOODWARD, R. HEGGIE, Food Res. 2, 165, 
(1937). 
C2~H56 n-Heptacosan (15) 
C~HloO Pentanon-3 (15, 27, 28) 
CloHls  Sylvestren (15) 
C8H802 4-Vinylbrenzcatechin (--) 
C, oH1~02 Eugenol (15) 
CgH1oO~ Acetovanillon (15) 
Ferner ein Kohlenwasserstoff veto Fp. 116-117 ~ 

8) W. R. JOHNSTON, CH. N. FREY, J. Amer. chem. See. 60, 1624 (1938). 
C4H, O Furan (13, 14, 16, 17, 18, 20, 22, 

23, 24, 25, 26, 27, 28) 

9) R. W. lV[ONCRI~,~, Coffee and Tea 74, 11, 39, 40, 42 (1951). 

10) E. E. LOCKHART, Coffee and Tea 80, 71, 73, 90, 97 (1957). 
C2HsO ~thanol (13, 14, 15, 17, 18, 20, 25, 

27, 28) 
(15, 22, 25, 27) C6H603 Ameisens~urefurfurylester 

11) J. W. RHOADES, Food Res. 23, 254 (1958). 
C3H80 Propanal (13, 14, 16, 17, 18, 20, 23, 

24, 25, 26, 27, 28) 
C,HsO Butanon (13, 14, 16, 17, 18, 20, 23, 

24, 25, 26, 27, 28) 

12) F. GAUTSCHI, Nouveaux Laboratories de Recherche Firmenieh. S. 28. (Genf 1959). 
C~HeO~ Propions~ure (13, 15, 20, 23, 25, 27, 30) 

13) A. ZLATKm, M. SrVETZ, Food Res. 25, 395 (1960). 
C 6 H ~  Pentadien 
C4H80 Butanal 

i-Butanal 

Valeraldehyd 
3-Methylbutanal 

C4H80 

C5H1oO 
C,Hlo0 

C~H402 

C,H~0~ 
CS~ 
C4H~S 
C,H60 

Ameisens~uremethylester 

Ameisens~ure~thylester 
Schwefelkohlenstoff 
Thiophen 
2-Methylfuran 

(28) 
(14, 17, 20, 26, 27, 28) 
(14, 16, 17, 20, 23, 24, 25, 
26, 27, 28) 
(20, 28) 
(14, 16, 17, 18, 20, 23, 24, 
27) 
(14, 16, 17, 18, 20, 23, 24, 
25, 26, 27, 28) 
(20) 
(18, 20, 27, 28) 
(25, 26, 28) 
(14, 16, 17, 18, 20, 22, 23, 
24, 25, 26, 27, 28) 

Ferner: C4-C7 Paraffine und 01efine, C6-Ketone und -Aldehyde 

14) J. W. R~OADV, S, J. Agrie. Food Chem. 8, 136 (1960). 
CsHs Isopren (17, 

15) L. MEYER, Food Chemistry. S. 298 (New York 1960). 
C4HsOz n-Buttersiiure (20, 
CsHl00 ~ Valerians~ure (20, 
C,H,20~ Caprons~ure (20, 
C8H160~ Capryls~ure (30) 

16) M. SIVETZ, H. E. FOOT]S, Coffee Processing Technol. Voh 

und Furfurol-Derivate. 

20, 25, 26, 28) 

30) 
3O) 
27, 30) 

II, 107 (1963). 
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17) D. R~Y~om), F. CHAV~, R. H. EGm, Rr162 Adv. Food Sci. 8, 151 (1963). 
CH4 Methan (28) 
Cell4 ~thylen (--) 
C~Hw08 Dimethylacetal (--) 

18) C~. MEm~rrr jr., M. L. Baz~ET, J. H. S~LLrVA~, D. H. ROBERTSO~, J. Agric. 
Food Chem. 11, 1525 (1963). 
C2I-I~S8 Dimethyldisulfid (26, 28) 
CsHsS Methyl~ithylsulfid (27) 
C~HsS~ Methyliithyldisulfid (26) 
C3H40 Acrolein (--) 
C4H, O Methylvinylketon (--) 
CsHsO Dimethylaerolein (27) 
CeH~oO a-Methyl-fl-~thylacrolein (--) 
C~HsO ~ Acetylaceton (--) 
Carton Acrylnitril (26) 
C4H~N 3.Butennitril (26) 
C~/-Is0 2,5-Dimethylfuran (22, 25, 26, 28) 
C7HloO 2-Propylfuran (22, 26, 28) 
CsH~O 2-Butylfuran (--) 
C~HDN Dimethylpyrrol (28) 

19) M. A. GIANTURCO, A. S. G~&Rr~O, R. G. Pr~H~R, Tetrahedron 19, 2051 (1963). 
C~H~O~ (25) 
C,H~oO~ (25) 
C~H~008 (25) 
C,H~00~ (25) 
C,H~oO~ (25) 

20) 
C~H~0, (25) 
C,HsO (27) 
C~H~O (--) 
CsH,N (27) 
CoH~N 3-Methylpyridin (25, 27) 

21) M. A. G~rr~y~co, F. Fm~nEL, A. S. G~,~a~rso, Tetrahedron 20, 1763. (1964). 
C~HsO~ 2-Methyltetrahydrofuranon-3 (23, 24, 25, 26, 27) 

22) M. A. G~TU~CO, A. S. GI~m~AR~O, P. FRIEDEL, V. FLAI~AGAN, Tetrahedron 20, 
2951 (1964). 
r 
Cell602 
C,HaO~ 
CTHe08 
CBHs08 
CsHs08 
C,H,O, 
C~HsN0 
CeH~NO 
C+H~N0 
C~H~NO 
CTH,NO 
CTH,NO 
C, HgN0 

3-~ethyleycloper~tandion-l,2 
3,4-Dimethylcyelopentandion- 1,2 
3,5-Dimethylcyclopentandion- 1,2 
3-~thyleyelopentandion-l,2 
3-Methyleyelohexandion-l,2 

R. RADTXr, Dissertation (Miinchen 1964). 
i-Buttersaure 
o-Kresol 
p-Kresol 
2 -Methylpyridin 

25, 26, 27) 
Furfurylmethylsulfid (25, 27) 
2-Aeetylfuran (23, 24, 
5-Methyl-2-aeetylfuran (25, 27) 
1-(2'-F,ryl)-propan-l,2-dion (25, 27) 
1 -(2'-Furyl)-butan-l,2-dion (25, 27) 
1- (5-'Methyl-2'-furyl)-propan- 1,2-dion (25, 27) 
2,2'-Dffurylmethan (25, 27) 
Pyrrol-2-aldehyd (25, 26) 
2-Acetylpyrrol (23, 25) 
N-Methylpyrrol-2-aldehyd (25, 27) 
5 -Methylpyrrol-2-Mdehyd (25) 
2 -Propionylpyrrol (25) 
N-Methyl-2-acotylpyrrol (25, 27) 
N-Methyl-5-methylpyrrol-2-aldehyd (25) 
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23) R. V ~ I ,  F. Mi~GGLER-CHAVAN, D. REYMOND, R. H. EGLI, Helv. claim. Aeta 4g, 
1809 (1965). 
C~H~a0a Hexandion-2,3 (24, 27, 28) 
C~HsOa O-Acetylaeetol (24, 25, 26) 
C~H~O~ ~-Butyrolaeton (24, 25, 27) 
C~HsN~ 2,3-Dimethylpyrazin (24, 25, 31) 

24) D. REYMO~, F. MiiO~LER-CH~v~, R. V ~ I ,  L. Vu~Tuz, 1%. H. EGLL J. Gas- 
chromatog. 1966, 28. 
C~0H~O~ 3,4-Dimethoxys~yrol (27) 

25) M. A. GLCNTtmCO, A. S. GIAMMARINO, P. FRIEDEL, Nature 210, 1358 (1966). 
CH20 Formaldehyd (--) 
CsH~o02 2-Hydroxy-3-pentanon (27) 
C5H~O2 3-Hydroxy-2-pentanon (27) 
C4H80~ Essigs~ure~thylester :(28) 
C4H~02 Crotons~ure ( - -  ) 

C~H~02 Seneeios~ure (--) 
CrH8 Toluol (26, 27, 28) 
C7H80 m-Kresol (27) 
CgHx20~ 4-Athylgu~jacol (27) 
CsHsO Cyclopentanon (27) 
CaHaO~ Crotonolaeton ( -- ) 
C~H~0S 2-Acetylthiophen (27) 
C~H~Oa Dimethylmaleins~ureanhydrid (27) 
C,H~O~ Methyl/i~hyl m aleins~ureanhydrid (27) 
C~HTNOz Nicotins~uremethylester (--) 

26) J. TrL HEINS, H. M/A~s]:, M. C. TEN NOEVER T)E BRAUW, C. WEUR~A~, J. Gas- 
chromatog. 1966, 395. 
C4H10S~ Di~thyldisulfid ( -- ) 
CGHI,0 Hexanol-1 (27, 28) 
CeHI~O Hexanon-3 (27) 
C4H60 Butenal (--) 
C~tt,202 Essigsiiure-n-butylester (--) 
C4H802 Propions~uremethylester (28) 
C6H0 Benzol (28) 
CsH10 Xylol (28) 
CsHs Styrol (27) 
C4H~O Tetrahydrofuran (32) 
C5II60 3-Methylfuran (--) 
CbH~S Methylthiophen (--) 
CoHsO ~hylfuran (--) 
C5H6OS 2-Hydroxym ethylthiophen (27) 
CeHDN 2-)[thylpyrrol (--) 
AuBerdem vermutlieh 3-Propyl- uncl 3-Athylfuran, ein _~thylpyrrol, eine C~-, sowie 3 un- 
ges~ittigte C~- und C6-Carbonylverbindungen. 

27) M. STOLL, M. WINTER, F. GAUTSOHI, I. FLA~,iENT, Bo WILLHALM, Helv. chim. 
Aet~ 50, 628 (1967). 

I. M. GOLDMAN', J. ~EIBL, I. FLAMENT, ~. GAUTSCHI, M. WINTER, B. WILLIIAL:bI, 
M. STOLL, Helv. chim. Acta 50, 694 (1967). 
C10H16 Myreen 
CsHnO Pentanol-1 (28) 
C5H120 3-Methylbutanol-1 
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C,H160 
O,H~O 
O~HloO 
08H,60 
01oH, sO 
C~HloO 
O~H,~O 
07H140 
08H180 
08H1.0 
CoHlsO 
C10H~00 

C13H2eO 
C1sHuO 

C,H,oO 
C8H1~O 
CeHlo02 
CeHlo02 
C7H,202 
C7H1202 
C~HI,O~ 
Csg,402 
OsHx,02 
04Hs02 
C~HloOS 
CTH~O. 
C1~H~40.. 
CIOtL~ 

C~oH~ 

C, oH,~ 
C~Hs 
CnHlO 
C~,Hxo 
C~H~ 
CI~H~ 
C~sHI~ 

C12HlO 

C~H~o 
C,oH,sO 
C,HsS 
CsHsO~ 
CaH~oO 
CsH~oO 
CsH,oO 
C~H,oO 
CsH,00 
CsH~oO 
C~H,oO~ 
C~H~O 

:Heptanol-2 
Octanol-3 
3-Methylbuten-2-ol- 1 
Octen-l-ol-3 
LinMool 
Pentanon-2 
:Hexanal 
Heptanon-2 
Octanon-2 
Octanon-3 
Nonanon-2 
Decanon-2 
Undecanon -2 
Tridecanon-2 
6,10-Dimethylundecanon-2 
6,10,14-Trime%hylpentadecanon-2 
Mesityloxid 
6-Methylhepten-5-on-2 
Hexandion-3,4 
4-Methylpentandion-2,3 
Heptandion-3,4 
5-Methylhexandion-2,3 
Octandion-2,3 
5-Methylhept~ndion-3,4 
6-Methylhep~andion-3,4 
Butano]-l-on-2 
1-Methylthiobutanon-2 
Essigs/iure-i-pentenylester 
Pahnitins~ur emethytester 
p-Menthadien-l,8 
] ,2,4-Trimethylbenzol 
p-Cymol 
1,2,4,5-Tetramethylbenzol 
p-Isopropenyltoluol 
Inden 
1-Methylnaphthalin 
2-MethylnaphthMin 
Dimethylnaphthalin 
2 -Athylnaphthalin 
Trimethylnaphthalh~ 
Te~ramethylnaphttm]in 
Diphenyl 
3-~ethyldiphenyl 
:Fluoren 
a-Terpinol 
Thioanisol 
Ameisens~urebenzy]ester 
2,3-Dimethylphenol 
2,5-Dimethylphenol 
2,6-Dimethylphenol 
3,4-Dimothylphenol 
2-Athylphenol 
4-/~thylphenol 
Ameisens~ure-2-phenyls 
2,3,5-Trimethylphenol 

(2s) 
(28) 

(2s) 
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CTHsOS 
C~HeO 
CsH.O 
C.HsO 
C.HI00 
C.H.O~ 
C~H,02 
CsH.O, 
CgH10Os 
CsH.02 
CsHBOs 
CTHloS 
C.HI,0 
O~,O 
C.H.S 
CsH.O 
C.He0 
C.H6S 
C,HsO 
C10HsO 
C10HlsO2 
C.H,0S 
C.H.0. 
C.Hlo0. 
CloHI,0. 
CloHI~Oa 
C1~H1402 
C.Hlo0a 
CloH120a 
C1oH1oO. 
CnHI~08 
C~Hlo0S 
C~H,OIS 
C~oH~o0.S 
C~H.0.S 
C,HsO2S 
C~H~0S 
C~Hs0S 
C~H4OS 
C~H.0S 
C~H.0~ 
C~H.0~ 
C~H~0S 
C~Hs0S 
C~H.0S 
C~H.0S 
C.H~oO~ 
C.H~oO~ 
O.H~o0~ 
OsH~oO. 
CsHm02 
C.H~O~ 

C,H~02S 
C.~H.02S 

o.Hydroxythioanisol 
Benzaldehyd 
o-Tolylaldehyd 
Phenylacet~Idehyd 
Propiophenon 
1-Phenylpropandion-l,2 
Salicylaldehyd 
o-Hydroxyacetophenon 
5-Methyl-2-hydroxy-acetophenon 
Benzoes~uremethylester 
Saliey]s~uremethylester 
2-Methyl.4.1~thyl-thiophen 
2-Amylfuran 
Anhydrolinalooloxid 
3-Vinylthiophen 
2,3-Dihydrobenzofuran 
Benzofuran 
Benzothiophen 
2-Methylbenzofuran 
3-Phenylfuran 
eis.Linalooloxid 
Methyl-5.methyl-2-furyl-sulfid 
Furfurylmethyl~ther 
Propions~urefurfurylester 
Butters~urefurfurylester 
i-Butters~urefurfurylester 
2-Methylbutters~urefurfurylester 
Crotons~urefurfurylester 
fl,fl-DimethylaerylsKurefurfurylester 
Difurfuryl~ther 
5 -Methyldffur fury]~ther 
5-Methyl-2-furfuryl-methylsulfid 
Thiolessigs~iurefurfurylester 
Difurfurylsulfid 
Ameisens~urethenylester 
Essigs~urethenylester 
Tetrahydrothiophenon-3 
2-Methyltetrahydrothiophenon-3 
2-Thiophenaldehyd 
5-Methyl-2-thiophenaldehyd 
2-Propionylfuran 
1 -(2'-Furyl) -propanon-2 
2-Propionylthiophen 
3 -Methyl -2 -acetylthiophen 
4 -Methyl -2 -acetyl$hiophen 
5-Methyl-2-acetylthiophen 
2-Butyrylfuran 
1 - (2'-Furyl)-butanon-2 
1-(2'-Furyl)-butanon-3 
5-Methyl-2-propionylfuran 
1 - (5'-Methyl-2'-furyl)-propanon-2 
1-(5'-Methyl-2'-furyl)-butanon-2 
1-(5'-Methyl-2'-furyl)-butanon-3 
1-(2'-Thienyl)-propan-l,2-dion 
1-(3'-Thienyl)-propan-l,2-dion 
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C~H,0# 
C6HbNO 
C6H,S, 
C,H,0, 
C,oH,oO~ 
CnH,~Oi 
CoH,sN 
C~HI~N 
C,H~N 
CTHgN0 
CIoHI,N0 
CloH,,NO 
CsHgN02 
CeHBNs 
C,H,oN2 
C,H, oN, 
C,HIoN~ 
C,HIoN, 
C,H,oNs 
C~H,~N~ 
CsHI2N2 
CzH12N2 

C~H~N~ 

C,H,N~ 
C~HsNs 
C7H~Ns 
C~HsN2 
C,oH~,NO 
C~H,NOS 
C,H~NOS 
C,~H~NO~ 
C~HnNO~ 

1 -(5"-lKethyl-2'.furyl) -butan-l,2-dion 
Furanthiolcarbonsiiuremethylester 
Thenoes~uremethylester 
2-Cyan-5-methylfuran 
Thiopheno-[3,2-b oder 2,3-b]-thiophen 
2,2'-Difuryl 
5-Methyl-2-furyl-2'-furyl-methan 
Bis-(5-methyl-2-furyl)-methan 
N-i-Amylpyrrol 
N-(2-Methylbutyl)-pyrrol 
3-Athylpyridin 
N-Athylpyrrol-2-aldehyd 
N-i-Amylpyrrol-2-aldehyd 
N-(2-1Kethylbutyl)-pyrrol-2-aldehyd 
1-(2'-Pyrryl)-butan-l,2-dion 
2-Athylpyrazin 
2-Propylpyrazin 
2-/~thyl-3-methylpyrazin 
2-_~thyl-5-methylpyrazin 
2.~thyl-6-methylpyrazin 
2,3,5-Trimethylpyrazin 
2-Methyl-6-propylpyrazin 
2-~ethyl-5-i-propylpyrazin 
2,5-Di~ithylpyrazin 
2,6-Di~ithylpyrazin 
2-/~thyl-3,5-dimethylpyrazin 
3 -/~thyl-2,5-dimethylpyrazin 
2-i-Butyl-3-methylpyrazin 
2-Vinylpyrazin 
2 -l~ethyl- 5 -vinylpyrazin 
2-Methyl-6-vinylpyrazin 
5.Mothylchinoxalin 
N-(5'-Methylfurfuryl)-pyrrol 
4-Methyl-2.acetylthiazol 
4-Methyl-2-propionylthiazol 
N-Furfurylpyrrol-2-aldehyd 
N-Furfuryl-2-acetylpyrrol 

(31) 
(31) 
(31) 
(31) 
(31) 
(31) 

(3~) 

(31) 

(31) 

(31) 
(31) 
(31) 

28) C. ]~IXRRITr, jr., D. H. ROBERTSON, 2. Coll. Int. sur la Chimie des Caf6s Verts, 
Tordfibs et ]eurs Derivds, Paris. 3.-7.5. 1965, I.F.C.C. (Paris) 1966, 183. 
CsH,z Pentan 
C8II~8 Octan 
CoH2o Nonan 
C,Hs Buten 
C~H,o Ponten 
CeHI~ Hexen 
C8H16 0cten 
CsH,o  ttex~lien 
C8H1, Octin 
C,H,00 i-Butsnol 
C4H,o0 tert.-Butanol 
C~HlsO 2-Methylbutanol-2 
CsHso0 Methylisopropylketon 
CTH,o 1,2-Dihydrotoluol 
CsHlo  J~thylbenzol 
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C7H60~ 2-(~-Propenal)-furan (32) 
CsHI~N N-n-Buty]pyrrol 

29) W. W~L~T~m, H.-L. WEID~r~A~, W. ~t~OHR, Naturwissenschaften 54, 492 (1967). 
CsHe02 Cyclopentandion-l,2 

30) J. T. KVNG, R. P. MC~AUGHT, J. A. YERANSIAI% J. Food. Sci. 32, 455 (1967). 
C~H~02 0nanths~ure 
C~H~sOs Pelargons~ure 
CloH~0r Caprin~ure 
Drei weitere saure Substanzen mit 6 bis 10 C-Atomen. 

31) H. A. BONDAROVICH, 1 ). FRI:ED:EL, V. KRAMPL, J. A. RENNER, F. W. SHEPHARD, 
M. A. ~IAI~TURCO, J. _A_gr. Food Chem. 15, 1093 (1967). 
C,4Hao n-Tetradecan 
C~H~ n-Pentadecan 
CsH~oO s 1-Acetoxybutanon-2 (32) 
C~H~00~ O-Propionylacetol 
C~H~O 2-Cyclopentenon-1 
C,Hs0 2 -Methyl-2- cyclop entenon - 1 
C~H~00 2-~thyl-2-cyclopentenon- 1 
C~H~00 2-~Iethy] -2-cyclohexenon- 1 
C~H~O 2,3,5-Trimethyl-2-cyclopentenon- 1 
CTH~oO 2,4,5-Trimethyl-2 H-furanon-3 
C~H~N l~-n-Amylpyrrol 
C~HI~N ~ 2,3-Dii~thyl-5-methylpyrazin 
C~H~N2 2,6 -Diiithy1-3-methylpyrazin 
C~H~N~ 2- (trans- 1-Propenyl)-pyrazin 
CsH~oN ~ 2-Methy]-6-(trans-1 -propeny])-pyrazin 
CsH10N~ 2-Methyl-5-(trans-l-propenyl)-pyrazin 

32) J. S~O~'~ELS~, J. Pr~Kv.R, Rcc. ~rav. chim. Pays-Bas 87, 241 (1968). 
C3HaO 
CsHB0 
C8Hlo0~ 
C7H~202 
C4H802 
C7H140~ 
CTH120a 

C7H1203 

C4H602 
C4He02 
C6Ha02 
C~H100~ 
C5Hlo0 
C10Hls02 
CsHloO8 
C4H~OS 
C6HsO2 
C~HsO~ 
C~HsO~ 
CeHsO~ 
C7Hlo02 

Propanol-2 
Penten-3-on-2 
Hexandion-2,5 
Heptandion-2,5 
Ameisens~ure-i-propylester 
Essigs~ure-i-amylester 
1-Acetoxypentanon-2 (Essigs~ure- 1-hydroxy- 

pentanon-2-ester) 
2-Acetoxypentanon-3 (Essigs~ure-2-hydroxy- 

pentanon-3-ester) 
cis-Crotonsi~ure 
Methacryls~ure 
Tiglins~ure 
Phenylessigs~uremethylester 
2-Methyltetrahydrofuran 
trans-Linalooloxid 
2-Furfuryloxyaceton 
Tetrahydrothiophenon-2 
a-Methyl-~-butyrolacton 
F-Methyl-~-butyrolacton 
2,3-Dimethylbuten-2-olid-l,4 
3,4-Dimethylbuten-2-olid-l,4 
2,3,4-Trimethylbuten-2-olid- 1,4 
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C,II~OS 
CsHsOs 
C~H~O, 
C~H,NOs 
CsHnNO 

C,I-I~NO~ 

3-Aeetyl thiophen 
4-(2"-Furyl)-buten-3-on-2 
Methylmaleins~ureanhydrid 
N,~-Dimethylsuccinimid 
2-Acetyl-N-iithylpyrrol 
2-~thyl-3,5,6- t r imethylpyrazin 
5-Aeetyl-2-methyloxazol 

Yermutet ,  aber n ieht  sieher nachgewiesen wurde: 

C~H~S _s hylmercaptan  
C,HsS n-Propylmercaptan  
C~IsO m-Metl~ylbenzaldehyd 
C~HsO ~ 3-(2 '-Furyl)-propanal [2-(fl-Propanal)-furan] 
C,H~N~ Tetr~methylpyrazin  
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