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H e t e r o c y c l i c  compounds p l ay  an important  r o l e  i n  roasted 

f l a v o r s  and p a r t i c u l a r l y  i n  meat products.  They r e s u l t  

from non-enzymatic browning reac t i ons  between carbohy- 

d ra tes  and aminoacids. Some have i n t e r e s t i n g  organolep- 

t i c  p r o p e r t i e s  and very  low th resho lds .  T h i s  review des- 

c r i b e s  a l l  v o l a t i l e  h e t e r o c y c l i c  c o n s t i t u e n t s  i d e n t i f i e d  

i n  t h e  f l a v o r  o f  meat and meat-re lated products. 

Among about 3,000 known constituents of aroma,' heterocycZic compounds deseme 

particular attention. They generally originate from odorless precursors of most- 

ly high molecular weight, either enzymatically or - more frequentzy - by the ac- 

tion of heat. Accordingly, we come across these "breakddm" flavors in our daiZy 

food, consumed after cooking, baking or roasting. It is during this processing 

that heterocyclic compounds tend to be foned in Large numbers (Table I ) .  



TABLE I .  D i s t r i b u t i o n  o f  heterocycl  i c  v o l a t i  les i n  food f lavors2 

k i n d s  o f  a roma number  o f  c o n s t i t u e n t s  i d e n t i f i e d  

. , . . t o t a l .  . . he te rocyc les  

roasted c o f f e e  

roasted sesame seed 

roasted f i l b e r t s  

processed meat 

heated pork meat 

roasted peanuts 

cocoa 

t ea  

p o t a t o  ch ips  ' ' , 

peach 

cooked chicken 

pear 

banana 

cabbage . 
* 

this review. ** 
essentially lactones 

Owing to their characteristic odor, heterocycles contribute significantly to 

-the flavor principle of processed foods. In fact, the potency of numerous hete- 

rocycles is such (Table 2 )  that even in trace amounts their effect becomes ful- 

ly apparent. hjo recently published review articles discuss their relevance in 

the most. important foodstuffs. 4'5 
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TABLE 2. Odor th resho ld  data o f  meat aroma cons t i t uen ts  (ppb i n  water)  

2-methy l f u r a n  (2)  3500 

& mai to l  (36) 

& y-decaiactone (44) 8 8'' 

6-deca l  actone (61 ) 1 60i0 

5-methy I-2-formy l  thiophene (84) 

% 2-acety l t h i a z o l e  (143) 

2-acety I - 2 - t h i azo i  i ne  (14'3) 

mew, 2-methy I  th iobenzoth iazo le  (145) 513 



A t  present, one of the most important problems i n  flavor chemistry i s  the in-  

vestigation of meat aromas. Indeed, complete knowledge o f  the i r  constituents 

would allow the creation of tme-to-nature flavors and thus devetopment of no- 

vel  foodstuffs. These, i n  turn, are essential for an e f f i c i e n t  control of un- 

dernourishment i n  general, and lack of  proteins i n  particular, from which tuo 

b i l l ions  o f  the world's population are a t  present suf fer ing.  There has been 

great progress, judging by the achievments o f  the past I0 years, but further 

e f f o r t s  w i l l  be necessary i n  order t o  approach a solution t o  the problem. The 

aim o f  t h i s  report i s  not only t o  give a complete survey of the la tes t  ac t iv i -  

t i e s  i n  meat-related heterocycles but t o  stimuZate individual e f f o r t s  i n  t h i s  

particular f ie ld .  

The ezacting task o f  systematically investigating the substances responsible 

for the aroma o f  processed meat products (beef,  pork, lamb and poultry for in -  

stance), could not be approached successfully before modern analytical proce- 

dures had reached a high level  of sophistication. I t  i s  therefore no surprise 

that references on aroma constituents o f  products related t o  meat were practi- 

cal ly  non-existent before 1960. Several reviews sum up the extensive research 

.in t h i s  f i e ld  during the past I 0  years. 17-23 

Meat aroma cannot be attributed t o  a single compound or a particular c lass  

of compounds. Indeed, the odor prof i le  o f  a meat product i s  rather a sum of a21 

the sensory e f f e c t s  produced by a large number o f  vo la t i l es  o f  d i f f eren t  s t m c -  

tures, present i n  a particular quantitative proportion. Past investigations, 

however, leave no doubt that  heterocyclic compounds contribute s igni f icant ly  

t o  the aroma impression of  meat. 

Of about 600 constituents knownz4 223 are heterocycles belonging t o  26 d i f -  
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ferent basic skeletons (F i g .  I ) .  This paper reviews a22 the heterocycles dis-  

covered so far i n  meat-related flavors, c lassi fy ing them by stmctura2 groups. 

s-s 0 u (3 

0 

02 

0 

FIGURE I .  Basic ske le tons  o f  h e t e r o c y c l i c  compounds 

found i n  meat f l a v o r s  



C y c i i c  e the rs  are found i n  a l l  food aromas which a re  produced i n  t h e  course o f  

a  thermal process. Among these non-enzymatic "browning f ~ a v o r s " ~ ~ ' ~ ~  t h e  fu rano id  

compounds occupy a  p r i v i l e g e d  pos i t ion ,  owing t o  t h e i r  wide d i s t r i b u t i o n  and t h e  

d i v e r s i t y  o f  t h e i r  s t ruc tures .  They are u s u a l l y  formed by degradat ion of  carbo- 

hydrates.  27 r28  I n  cof fee aroma alone 85 d i f f e r e n t  furan d e r i v a t i v e s  have been 

found, 6 
29'30 whi l e  t h e  v o l a t i  l e  p a r t  o f  bread containes 25 and caramei 3731 re-  

p resenta t ives  o f  t h i s  c lass .  

U n t i i  1967 fu rano id  compounds had not  been reported t o  be present  i n  t h e  aroma 

of meat  product^.^' Since then, 32 compounds of  t h i s  c l a s s  have been found i n  

meat aroma (1  - 32) among which 18 compounds ca r r y  f unc t i ona l  groups ( 1 5  - 3 2 ) .  

37 
Furan der ivat ive;  a re  found among t h e  v o i a t i  l es  o f  bo i  roasted and canned 

beef33 as we1 l as i n  t h e  aroma o f  cooked chicken. 21r32 The 23 fu rans  from cooked 

p o r t  l i v e r  even amount t o  29% of a l l  i t s  aroma cons t i tuents ,  nex t  t o  t h e  pyraz i -  

nes (4 i%) ,  they a re  t h e  most f r equen t l y  occu r r i ng  c l a s s  o f  ~ o m ~ o u n d s . ~ ~ f  

As a  ru le ,  fu ran  d e r i v a t i v e s  a re  considered t o  be important  aroma cons t i t uen ts  

from a  sensory p o i n t  o f  view, and 60 o f  them have been admit ted as food a d d i t i v e s  

f o r  human consumption i n  t h e  USA as shown i n  t h e  FEMA G R A S * I I S ~ . ~ ~  Furans t h a t  do 

no t  con ta in  s u l f u r  a re  main ly  associated w i t h  a  sweet, f r u i t y ,  n u t t y  and caramei- 

4 
I  i ke odor impression, none o f  them being meaty, so, although they  a re  no t  con- 

s idered t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  bas ic  meaty aroma, they cou ld  c o n t r i -  

42 
bute t o  t h e  o v e r a l l  odor o f  b r o i l e d  o r  roasted meat. 2-Penty l furan 7, presum- 

ab l y  formed by au tox ida t i on  o f  z(E),~(E)-decadienal  ,32 i s  descr ibed as having a  

sweet and pungent odor.33 I n  vegetable o i  l  a t  concent ra t ions  up t o  10 ppm it im- 

p a r t s  a  beany and grassy f i a v o r  impression." The sensory va lue  of  furan der iva-  

* 
FEMA = F l a v o r i n g  E x t r a c t  Manufacturers Assoc ia t ion  
GRAS = Genera l l y  Recognized as Safe 
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14 3 3  . I 5  R - H 3 4  17 R = H 3 4  22 

16 R - ' C H ~ ~ ~  18 R - COH 34 

19 R = c O C H ~ ~ ~  

20 R - c O C ~ H ~ ~ ~  

21 R = cOC5H1 134  

(-& 0 ( W R K  
2334,38 0 24 34,39 

25 R = H 34 27 

26 R = C H ~ ~ ~  



t i v e s  gene ra l l y  increases when f u r t h e r  f unc t i ona i  groups a re  int roduced i n t o  t h e  

furan r i n g .  The odor o f  5-methyl-2-furaldehyde 16 i s  descr ibed as burnt, caramel- 

l i k e  and s l  i g h t l y  meaty.4 On the  o the r  hand, I - ( 2 - f u r y l  )-propan-2-one 24 i s  sa id  

t o  have a  rum-l ike smel l .  According t o  another source, t h e  odor and t a s t e  o f  24 

i s  suggestive o f  radish.43 The organo lep t ic  p rope r t i es  o f  e thy l  2 - fu roa te  22 a re  

charac ter ized as burnt ,  b u t t e r y  and vani i la - l  ike.4 A  c e r t a i n  importance i s  a t -  

t r i b u t e d  t o  t h e  two ketones 23 and 24 i n  t h e  development o f  t h e  complex sensat ion 

o f  t h e  sha l low- f r ied  beef f l avo r .  39 

Su l fu r -conta in ing  furanoids a re  formed through t h e  thermal i n t e r a c t i o n  of  S- 

amino ac ids  and carbohydrates. As a  ru le ,  i n  t h e  pure s t a t e  they  possess a  pe- 

n e t r a t i n g  odor resembling bu rn t  rubber which t u r n s  i n t o  a  p leasant  roasted no te  

a t  h igh  d i l u t i o n .  F u r f u r y i  methyl d i s u i f i d e  31, f o r  instance, i d e n t i f i e d  i n  

pressure-cooked pork l  i ~ e r ~ ~  i s  t h e  character  impact compound of  f r es t i  wh i te  

bread c r u s t .  
7  

A  wrong i n t e r p r e t a t i o n  o f  spec t ra l  c h a r a c t e r i s t i c s  has led t o  t h e  conclusion 

t h a t  "5- th iomethyFfur furaI"  ( t h e  c o r r e c t  name should be 5 -me thy l t h i o fu r f u ra i )  

was a  cons t i t uen t  o f  b o i l e d  beef f l a v o r .  36 r44  Th is  erroneous s t r u c t u r a l  hypothe- 

s i s  was un fo r tuna te i y  considered as a  c e r t a i n  i d e n t i f i c a t i o n  i n  l a t e r  a r t i c -  

les.  45;46 A  comparison w i t h  an au thent ic  sample o f  5-methy l t h i o f u r f u r a i  prepa- 

red i n  our  l a b ~ r a t o r i e s ~ ~  has def i n i t l y  i nva i  idated t h i s  hypothesis. 

Furans do no t  s o l e l y  c o n t r i b u t e  t o  t h e  acceptance o f  an aroma b u t  can a l s o  de- 

velop unpleasant sensory p rope r t i es  as soon as, due t o  ex terna l  in f luences,  they  

occur i n  a  d i sp ropo r t i ona te l y  h igh  q u a n t i t y  compared w i t h  t h e  remaining aroma 

cons t i t uen ts .  Dur ing storage of  canned beef, f o r  instance, 2 -e thy l fu ran  4 i s  

r e l a t i v e l y  stable,  whereas o the r  f l a v o r  components are a l t e r e d  so t h a t  as a  re -  
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s u i t  t h e  undes i rab le  odor qua1 i t i e s  "acid, sour" and "whey b u t t e r - i  i ke" 'are 

~ t r e n g t h e n e d . ~ '  2-Penty l furan 7 on t h e  o the r  hand i s  be i  ieved t o  be responsib- 

l e  f o r  t h e  c h a r a c t e r i s t i c  o f f  f l a v o r  o f  rever ted  soybean o i l .  
48 

Compound 33 i s  t he  o n l y  t e t rahyd ro fu ran  d e r i v a t i v e  which was found i n  meal 

products. 34 r44  2-Methyltetrahydrofuran-3-one 33 i s  w ide ly  d i s t r i b u t e d  i n  

roasted and manufactured products such as bread, co f fee ,  peanuts, po ta to  ch ips  

and rum. it has a l s o  been i d e n t i f i e d  i n  t a n a t o e ~ . ~ ~  4-Hydroxy-5-methyI-3(2H)- 

furanone 34 and i t s  homoiog 35 a re  important  f l a v o r  cons t i t uen ts  i s o l a t e d  from 

beef broth.50 The sensory impression o f  35 has been descr ibed as caramel- 

i i ke,53 bu rn t  pineapple,54 which t u r n s  i n t o  a  st rawberry- i  i k e  no te  as d i  l u t i o n  

increases.55 The odor o f  34 i s  remin iscent  o f  roasted ch i co ry  roo ts0  w i t h  an 

unmistakable undertone of  maple s i rup .55  Compound 35, which was int roduced 

on t h e  market under t h e  t r ade  name FURANEOL? was detected i n  t h e  aromas of  

pineapp le,54 strawberry,55 roasted sponge cake5' and a r c t i c  

bramble.58 The pyrone d e r i v a t i v e  ma l to i  36, r ecen t l y  found i n  roasted beef f la- 

~ o r , ~ '  was al ready discovered i n  1894 as one o f  t h e  charac ter  impact compounds 

i n  mai t .  58'59 Since then i d e n t i f i e d  as an important  f l a v o r  cons t i t uen t  i n  va- 

r i o u s  t he rma l l y  processed  foodstuff^,^^ i t  serves as a  standard o f  caramel 

odor. 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-0ne 37 has recen t l y  been 

detected i n  cooked meat. 51 

- - - - - - - 
@ = Registered trade mark of Firmenich SR 



Lactones a re  known as being associated w i t h  meat aromas of a l l  k inds .  Among 

the  y- iactones a re  found a l  l t he  normal members ranging from buty ro lac tone 38 

t o  y-hexadecalactone 50. I n  t h e  &ser ies  t he  complete range was observed even 
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61-63.65 
up t o  6-octadecalactone 56 - 68. Model experiments have shown t h a t  t h e  

iactones o r i g i n a t e  from t h e  f a t  p o r t i o n s  o f  t h e  most va r i ed  s o r t s  o f  meat. E i ther  

t hey  occur  preformed as 4- and 5-hydroxy f a t t y  ac ids  i n . t h e i r  g l y c e r i d e s  o r  they  

61,65 
a re  formed by o x i d a t i v e  degradat ion f r m  unsaturated long cha in  f a t t y  ac ids.  

Saturated f a t t y  ac ids ,  aldehydes and a l coho l s  can a l s o  serve as precursors.68 The 

mechanism o f  t h e  fo rmat ion  o f  iactones have been exp la ined  i n  a s e r i e s  o f  r e -  

views. 
69-71 

Saturated a i i p h a t i c  lactones a re  w ide ly  d i s t r i b u t e d  i n  a r m a s  o f  foods o f  an i -  

mal o r  vegetable o r i g i n . 7 2  T h e i r  c h a r a c t e r i s t i c  and po ten t  o rgano lep t i c  proper- 

t i e s ,  r a t h e r  f r u i t y  and f lowery,  g i v e  r i s e  t o  a c e r t a i n  f reshness and i n  most 

cases an agreeable note.  The odors o f  corresponding y- and. 6- l  a c i o n e s  a re  essen- 

t i a l l y  very  s i m i l a r  and d i f f e r  most ly  i n  nuances on iy .  Thus, t h e  odor of y-deca- 
. . 

iactone i s  charac te r ized  as " o i l y ,  peachy, nu t - l i ke" ,  whereas 6-decaiactone i s  

descr ibed as "sweet, creamy and nu t - l  i ke"Y3 Among t h e  unsaturated lactones on- 

l y  (2)-6-dodecen-4-olide 51 has been repor ted  t o  occur  i n  lamb a r m a  from an i -  

mals fed a i i p i d - p r o t e c t e d  d i e t a r y  supplement, and i s  considered t o  be i a r g e i y  

respons ib le  f o r  t h e  sweet f l a v o r  no te  o f  t h a t  meat.66 ' ~ e k k n t l y ,  t h e  

two butenoi  ides 52 and 53 as we1 l  as anhydromevaiolactone 69 were i s o l a t e d  from 

roasted beef aroma.24 6 -Me thy i t h i oy -bu ty ro lac tone  54 found i n  t h e  same t ype  

o f  f l a v o r  i s  presumed t o  be generated by t h e  a d d i t i o n  o f  methaneth io l  t o  Z-bu- 
. . 

t e n o l i d e  52. Lactone 54 i s  descr ibed as having a c h a r a c t e r i s t i c  s u l f u r - l i k e  
. , 

no te  o f  onions.24 Panto lactone 55, presumamb l y a degradat ion p roduc t  of panto- 
. . .  , 

74.75 
t h e n i c  ac id.and p rev ious l y  i d e n t i f i e d  i n  Spanish sher ry  . . i s  r e l a t i v e l y  , . 

abundant i n  t h e  neu t ra l  f r a c t i o n  of beef aroma. 24 
. . 



tentatively ident i f ied  

Although discovered as l a t e  as 1967 as aroma cons t i t uen ts  i n  processed food- 

s tu f f s ,  t h e  thiophenes al ready p lay  a c e r t a i n  r o l e  as a r t i f i c i a l  f l a v o r i n g  

agents." Dur ing t h e  l a s t  decade 24 i nd i v i dua l  components o f  t h i s  type I70 - 93) 
were detected i n  meat-related products aione. Th is  c l ass  o f  canpounds a l s o  occurs 

i n  b lack  t e a  and cof fee aroma, var ious  onion products, and the  aroma o f  va r i ous  

nu t  products. 5 
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Although t h e  thiophenes are considered t o  be odorants .o f  unusua l ly  h i gh  po- 

tency, q u a n f i t a t i v e  i nves t i ga t i ons  have no t  y e t  been performed. However, it i s  

s i g n i f i c a n t  t h a t  a usage leve l  o f  0.5 ppm i s  recommended f o r  5-methyl-2-thio- 

phene-carboxaldehyde 84, a compound having a cher ry - i  i k e  odor." The odor o f  

t h e  3-subs t i tu ted  aldehyde 83 i s  sa id  t o  be remin iscent  of s a f f r o n  and t h a t  of  

t h e  unsubst i tu ted  aldehyde 82 o f  benzaidehyde.'O The odor o f  2-acety i th iophene 

88 i n  a syrup (1 g/100 1) has been descr ibed as on ion- l i ke ,  whereas i n  cof fee 

it develops a mal ty,  roasted note. i n  a syrup i t s  hanoiog 90 i s  perceived as 

creamy and caramel- l  i ke." The odor p rope r t i es  of  a i  ky i - subs t i t u ted  th iophe- 

nes a r e  normal ly  descr ibed as being remin iscent  o f  f r i e d  onions. 8 1  

The c y c l i c  s u l f u r  compounds of  non-aromatic na ture  94 - 100 seem t o  be 

c h a r a c t e r i s t i c  of  some p a r t i c u l a r  meat preparat ions.  Thus, e thy lene s u l f i d e  94 

and.propy lene s u i f  i de  95 were found i n  canned beef ,33 t h e  two tq t rahyd ro th io -  

phenes 96 and 97 i n  cooked meat7' and t h e  corresponding carbonyl d e r i v a t i v e s  

99 and 100 i n  pressure-cooked beef.76 y-Thiobutyro iactone 98 was detected i n  

a canmercial meat ex t rac t .47  The lowest member (94) o f  t h e  cyc l  i c  s u l f u r  com- 

pounds i s  sa id  t o  produce an odor impression of  cooked cabbage. 33 

Among t h e  five-membered c y c l i c  po i y - su l f u r  compounds,101 - 103 were detected 

i n  b o i l e d  meat, 78r82 and 3-ethyl-5-methy I -1,2,4- t r i th io iane 104 and 3-isopropy i -  

-5-met i~yl -1.2.4- t r i th io iane 105 occur i n  t h e  aroma of beef extract ,24 a l l  t r i-  



t h i o i a n e  d e r i v a t i v e s  e x i s t i n g  as diastereoisomers. When f i r s t  discovered, 3,5- 

d imelhy ' l -1.2.4- t r i th io lane 103 was described as having a  c h a r a c t e r i s t i c  odor o f  

b o i l e d  beefs2 a l though t h i s  op in ion  was l a t e r  questioned.44 T r i t h i o l a n e  103 

i s  e a s i l y  synthesized by reac t i on  o f  acetaldehyde w i t h  s u l f u r  and hydrogen su l -  

f ide  i n  t h e  presence of  a  pr imary amine.83 Th i s  reac t i on  i s  probably s i m i l a r  

t o  t h a t  which takes  p lace  spontaneously i n  foods tu f fs ,  s ince  it was r e c e n t l y  

shown t h a t  t h e  t r i t h i o l a n e  d e r i v a t i v e  103 r e s u l t s  from t h e  o x i d a t i o n  of  b i s -  

(I-mercaptoethyl)sulfide which i s  a  key product  formed i n  t h e  reac t i on  o f  acet-  

aldehyde w i t h  hydrogen s u l f i d e .  
84 

1,3-Dithiane 107 and 1.4-dithiane 1 0 6 ~ ~  a l so  occur i n  va r i ous  s o r t s  o f  beef 

aroma as do t h e  two 1.3.5-tr i thianes 109 and l l o 7 =  and 3-methyl-1.2.4-tr i thiane 

1 1 2 . ~ ~ '  T h e . q u a l i t a t i v e  c o n t r i b u t i o n  o f  112 t o  meat f l a v o r  i s  sa id  t o  be p a r t i -  
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c u i a r l y  remarkable, i t s  e f f e c t  being a l ready no t i ceab le  a t  concent ra t ions  of  

t h e  order  o f  0.05 t o  0.5 ppm. 
24 

T r l  th ioacetaldehyde 1 0 8 ' ~  i s  a cons t i t uen t  o f  chicken aroma, and 3.6-dime- 

thyi-1.2.4.5-tetrathiacyclohexane 113 occurs i n  processed ham." T h l a l d i n e  

111, which has a no te  t y p i c a l  of heated meat," has so f a r  been detected i n  

beef aroma 76'86 and roasted lamb f a t .  
14 

Among t h e  "breakdown f l a v o r s "  of  var ious  f oods tu f f s  about 50 members of  t h e  

p y r r o l e  s e r i e s  have so f a r  been detected. To a c e r t a i n  ex ten t  t h i s  c l ass  o f  sub- 

stances a l s o  occurs i n  processed meat products.  The lowest members 114 and 115 

were found i n  a meat ex t rac t . 47  The carbonylated d e r i v a t i v e s  116 - 120 were de- 

t ec ted  i n  cooked pork  l i ~ e r . ~ ~  The aroma o f  cooked pork con ta ins  I -ethy I-2-pyr- 



r o l  idone 124 as a t y p i c a l  c ~ n s t i t u e n t . ~ '  2-Acety i p y r r o i e  toge ther  w i t h  

t h e  corresponding N-methyl d e r i v a t i v e  121 ,39 was de tec ted  i n  beef products. 

Ethyl -methyimale in imide 123 detected f o r  t he  f i r s t  t i m e  i n  tobacco aroma 
90 

i s ,  toge ther  w i t h  i t s  iower homolog 122, a c o n s t i t u e n t  o f  meat aroma. 
24 

The two hydanto ins 125 and 126 from roasted beef were p rev ious l y  unknown as 

24 
f l a v o r i n g  agents. Syn the t i c  1.3-dimethylhydantoin 125 i s  descr ibed as a com- 

pound having a p e c u l i a r  a c r i d  t as te .  
91 

Although s i nce  1968 about 30 oxazole d e r i v a t i v e s  have been detected i n  aromas, 

28 of which i n  co f fee  aroma alone,29 meat aroma conta ins  o n l y  2,4,5-trimethy l -  

oxazole 1 2 7 ~ ~  and 2-methylbenfoxazoie 128.' The f l a v o r  o f  127 i s  c l ose  t o  t h a t  

o f  b o i l e d  beef.17 So far ,  oxazol ines have been found t o  occur  on l y  i n  meat 

aroma. The f o u r  a l  ky I - subs t i t u t ed  d e r i v a t i v e s  129 - 132 seem t o  have a c e r t a i n  

importance i n  t h e  development o f  t h e  f l a v o r  o f  cooked beef. 44'82'93 React ion o f  

94 acetaldehyde w i t h  ace to i n  i n  ammonia s o l u t i o n  p rov ibes  an easy syn thes is  o f  130. 

Th i s  process can be considered as a model r e a c t i o n  i n  t h e  roas t i ng  o f  meat s i nce  

we have merely t o  s u b s t i t u t e  an amino a c i d  f o r  ammonia and assume a S t recker  de- 

g rada t i on  as t h e  c e n t r a l  r eac t i on .  



3.5-Dimethyi-1.3-oxazoiidin-2,4-dione 133 was discovered f o r  t h e  f i r s t  t ime i n  

an when it was i so la ted  from t h e  v o l a t i  i es  of  roasted beef. 

Today t he re  i s  no longer any doubt about t h e  importance o f  t h e  t h i a z o l e s  as 

c o n s t i t u t e n t s  of  food armas.  96'97 Th i r t een  representa t ives  o f  t h i s  c l ass  have 

been inc luded i n  t h e  GRAS l  i s t  of  food  additive^.'^ The h ighes t  number of  mem- 

bers o f  t h i s  c l ass  was found i n  t h e  aromas o f  meat76 and coffee." Many of  

them are a l k y i - t h i a z o l e s  whose odor has gene ra l l y  been descr ibed as green, nut-  

t y  and vegetab le-1 i ke." I n  meat products cornpounds 134 - 141 have been i d e n t i -  

f i e d .  

2,4-Dimethyl-5-vinyithiazoie 142, an important  meat aroma cons t i tuent ,  has a  

101 
strong, c h a r a c t e r i s t i c  nu t - l  i k e  odor loo  and i s  used i n  f l a v o r  composit ions 

a t  a  leve l  of  0.1 - 0.5 ppm.97 The 2-nor d e r i v a t i v e  of 142 has been recognized 

as charac ter  impact cons t i t uen t  of  cocoa aroma. 100 

2-Acety i th iazo le  143, which was i d e n t i f i e d  i n  pressure-cooked beef, 
76 

104 
boi  led. potatoes,102 cooked pork  l  i ~ e r , ~ ~  cooked asparagus,1o3 d ry  red beans 

and canned beefg5 as we1 l as i n  t h e  products of  t h e  model r e a c t i o n  between cy- 



s t e i  ne-cyst i ne and r i base; lo5 a strong, cha iac te r i  s t  i c n u t t y ,  cereal  

and popcorn f lavor .  
99 

Benzothiazole 144 i s  abundant i n  aromas. I d e n t i f i e d  f o r  t h e  f i r s t  t ime i n  a  

s t e r i l i z e d  m i l k  concentrate '06 i n  1966, it was found i n  t h e  f o l l o w i n g  year i n  

cocoa, '07 bu t t e r ,  lo8 beer, log ' cranberr ies,  'I0 roas t  beef, roasted iamb 

a n d , ~ w i &  cheese.''' Subsequently, it. was detected i n  more than a  

dozen o the r  f i avo rs .  I t  i s  descr ibed as having a  qu ino l i ne - l i ke ,  rubbery odor. 97 

2-Methyl th iobenzoth iazole 145 has a l so  been found recen t l y  i n  a  meat f l a v o r ,  5 

and imparts :a r e l a t i y e l y  c h a r a c t e r i s t i c  f a t t y  and smoky odor t o  meat aroma. 24 

2,4-Dimethy l -3- th iazo l ine 146 together  w i t h  t h e  t r i m e t h y l  d e r i v a t i v e  147 

i d e n t i f i e d  i n  cooked beef,93. was formed i n  a  model r eac t i on  o f  glucose w i t h  

hydrogen s u l f i d e  and ammonia. l so ia ted  from beef broth,  112*113 1-2- 

t h i a z o l  ine  149 i s  descr ibed as having an intense odor o f  f r e s h l y  baked bread 

c rus t ,  although it i s  no t  t he  character  impact f l a v o r  component of  t h i s .34  The 

sensory ,proper t ies  o f  2,4,5-trimethy!-2-thiazoline 148 found i n  lamb f a t  f l a -  

vor14 have no t  ye t  been described. 

The importance o f  p y r i d i n e  de r i va t i ves 'as  aroma cons t i t uen ts  has remained 

q u i t e  l i m i t e d  so f a r ,  although they a re  w ide ly  occur r ing  i n  va r i ous  "breakdown 

. ' f l avo rs "  such as t h a t  o f  .=of fee116 or. ba r l ey  :11' Th i r teen d i f f e r e n t  s u b s t i t u t e d  

py r i d i nes  150 - 162 were i,soiated f r m  t h e  bas ic  f r a c t i o n  of  t h e  v o i a t i i e s  o f  
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roasted iamb f a t  aroma,14 among these 2-acety l p y r i d i n e  162 which has an odor of  

popcorn.99 2-Ethy i- and 2-penty I p y r i d i n e  153 and 156 had ai ready been i d e n t i f i e d  

e a r l i e r  i n  sha l l ow- f r i ed  beef aroma.'15 The penty i  d e r i v a t i v e  156 i s  sa id  t o  

possess a f a t t y  o r  t a l  low-l i k e  odor and t o  have t h e  extremely low th resho ld  con- 

c e n t r a t i o n  o f  0.6 ppb.14 The fo rmat ion  o f  156 was a t t r i b u t e d  t o  t h e  thermal 

convers ion o f  deca-2.4-dienal i n  t h e  presence o f  ammonia o r  amines.l4 Strangely 

enough, i t  was poss ib le  t o  de tec t  methyl n i c o t i n a t e  165 besides n i c o t i n o n i t r i l e  

164 and py r i d i ne -2 -ca rbon i t r i l e  163 i n  meat aroma. 
47 

Pyrazines i n  f o o d s t u f f s  seem t o  ou tsh ine  a i l  t h e  preceding groups as t o  t h e  

s t r u c t u r a l  v a r i e t y  and sensory importance. Dur ing t h e  l a s t  14 years more than a 

hundred papers have appeared on t h e  i d e n t i f i c a t i o n  o f  more than 50 d i f f e r e n t  a i -  

ky lpyraz ines  i n  about 30 natura l  o r  manufactured, cooked, roasted, o r  fermented 

products of vegetable o r  animal o r i g i n .  Among t h e  43 pyrazines which have so f a r  



been i d e n t i f i e d  i n  cocoa the re  a re  no less than 27 a l ky lpy ra r i nes  of  d i f f e r e n t  

degrees of  s u b s t i t u t i o n . l l 8  Some of  them g i v e  an i n i m i t a b l e  imp r i n t  t o  c e r t a i n  

f lavors .  3-Ethyl-2,5-dimethyl pyrazine 178, f o r  instance, i s  a c o n t r i b u t o r  t o  

t he  odor i fe rous  p r i n c i p l e  o f  cocoa aroma. lo' it i s  a l so  one o f  t he  most po ten t  

odorants der ived from po ta to  ch ips . l 19  As a ru l e ,  a l  ky lpy raz ines  produce roasted 

n u t - l i k e  sensory impressions. I t  i s  cur ious  t o  no te  t h a t  t h e  chocolate-smel l ing 

alarm pheromone of  an American species of  Odontomachus (an an t  species)  mainly 

cons i s t s  o f  a iky ipyraz ines .  120 , 

tentatively identified 
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A p a r t i c u l a r l y  h i gh  number o f  a l ky ipy raz ines  i s  present  i n  roasted meat aro- 

ma.12' So f a r  t h e  22 a l k y l  d e r i v a t i v e s  166 - 187 and t h e  5 a lkeny l  d e r i v a t i -  

ves 188 - 192 were i d e n t i f i e d .  

193 194 R',R5,R6 = H 34'121 ZOO R % , R ~  = H 34 

195 R5 - CH3; R ' , R ~  = H 34'121 201 R S o r  R6 - CH3 
34 

196 R6 - CH3; R9,R5 = H 34 

197 R3 = C2H5;~',R6 - H 34 

198 R 5  - C 2 ~ 5 ; ~ 3 , ~ 6  - H 
34,121 

199 R6 = C 2 ~ 5 ; ~ 3 , R 5  = H 34*  

tentatively identified 

Among t h e  pyrazines t h e  ace ty l  d e r i v a t i v e s  194 - 199 occupy a p a r t i c u l a r  po- 

s i t i o n  as f l a v o r i n g  agents. They have a s u r p r i s i n g l y  in tense and c h a r a c t e r i s t i c  

roasted note which i s  remin iscent  of popcorn.123 Acety lpyraz ine  194 was iden- ,- 
t i f i e d  f o r  t h e  f i r s t  t ime  i n  1969 dur ing  an i n v e s t i g a t i o n  on t h e  components of 

sesame o i  1 .lZ4 A f t e r  having been t e n t a t i v e l y  i d e n t i f i e d  i n  popcorn, lZ5 acety l -  

pyrazine was i s o l a t e d  f rwn roasted peanuts,126 tobacco,90 roasted f i l  ber ts,  
127 

roasted sesame seed, roasted cof feez9 and roasted almonds.56 S i x  o f  these 

d e r i v a t i v e s  194 - 199 a re  found i n  b o i l e d  beef1'' and pressur-cooked pork i i- 

ver. 34 

I - (2-pyraziny l  )propan-2-one 193 was found i n  cooked beef1'' and among t h e  

products o f  a Mai l  l a r d  reac t ion .  lZ9 When used i n  combination w i t h  t h i a z o l i d i n e s  

and/or cyclohexenones, t h i s  pyraz ine  imparts a toas ted  and b u r n t  no te  t o  food- 

s t u f f ~ . ~ ~ ~ ' ~ ~ ~  I t s  u t i l i z a t i o n  . for  mod i fy ing  co f f ee  f l a v o r  i s  patented. 
131 



The f i r s t  i d e n t i f i c a t i o n  o f  '2-(2-fury l  )pyraz ine  200 was du r i ng  t h e  ana lys is  

o f  co f f ee  f l a v o r .  13' I t  seems t o  be t h e  most w ide ly  d i s t r i b u t e d  compound of  

t h i s  se r i es  having been found i n  c i g a r e t t e  smoke 133'134 and roasted f oods tu f f s  

such as f i  ~ b e r t s , ' ~ '  green tea,13= almonds,136 sesame seed,lZ8 cocoa1'' and t o -  

gether w i t h  i t s  methyl d e r i v a t i v e  201 a l s o  i n  pressure-cooked pork  l i v e r .  34 

ienev 

202 R z , R a , R ~  = 34r121.137 

203 
R' = cur; n 3 , ~ I  - H 34'121'137 

204 R 5  = CH3; R2,R' = H 
34,121,137 

205 R2 [or R31,R5 n CH3; R3 lor R 2 )  = 
34, 121, 137 

206 R2,R8 - CH3; R S  = H 13' 

207 R 2  = CH3; R' = C2H5; R 5  = H 137 

208 R2,R',R5 - C H ~ ~ ~ ~  

,er b i c y c l  i c  pyrazin'es a re  present  i n  roasted food armas,  they  represent  

t y p i c a l  notes of  t h e  organo lep t ic  p rope r t i es  of  g d  I  led beef. The two bas ic  com- 

ponents, cyclopentapyrazine 202 and 5,6,7,8-tetrahydroquinoxai i ne  209, were f i r s t  

found i n  1971 among t h e  aroma substances of  roasted peanuts. Then a  se r i es  o f  

t h e i r  a l  k y l  d e r i v a t i v e s  203 - 208 and 210 were d iscovered i n  r a p i d  succession i n  

t he rma l l y  processed foods such as green tea, cocoa, co f fee  and a l s o  roasted meat. 

The th ree  quinoxai  ines 211 - 213 a re  found as f l a v o r  cons t i t uen ts  i n  pork l  i- 

ver .  
34 
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Among t h e  model r eac t i on  products mentioned above137 unsaturated b i c y c l  i c  

s t r u c t u r e s  such as 5H-cyclopenta[b]pyrazines and 5-methyleno-6,7-dehydro-5H- 

cyc lopenta lb lpyraz ines  have a l so  been observed. The i r  synthesis13' and t h e i r  

use as f l a v o r i n g  ingredients139 have been described. Such products have roas t -  

ed, g r i l l e d ,  bu rn t  and animal notes i n t e r e s t i n g  f o r  t h e  aromat iza t ion  o f  meat 

and tobacco products. 

Recently, 140 a  new b i c y c l  i c  pyrazine ske le ton  was found i n  roasted meat f la-  

vor; seven a1 ky Ipyr ro lo [ i ,2 -a lpyraz ines  214 - 220 were i d e n t i f i e d  and t h e  presen- 

ce o f  h igher  homologs was suspected. 

The th ree  n i t r ogen  d e r i v a t i v e s  221 - 223 have been found f o r  t h e  f i r s t  t ime  

i n  a  f l a v o r  when i d e n t i f i e d  i n  t h e  v o l a t i  les  of  roasted beef.'* Whereas 4,6- 

dimethy l py r im id ine  221 has an odor s imi  i a r  t o  t h a t  of  a l  ky l - subs t i t u ted  py raz i -  

nes, 4-acetyl-2-methylpyrimidine 222 has a  very  i n t e r e s t i n g  g r i l l e d  note and i s  



detec tab le  a t  a  leve l  o f  0.5 ppm. 1,6-Napthyridine 223 i s  a l so  sa id  t o  have a  

very c h a r a c t e r i s t i c  odor and t a s t e .  

I n  s p i t e  o f  our  thorough knowledge of t h e  o rgano lep t i c  p rope r t i es  of t he  223 

heterocycles discovered so f a r  and of  t h e  about 370 non-heteroatornic meat- 

r e l a ted  cons t i tuents ,  t h e  r e s u l t s  are no t  s u f f i c i e n t  f o r  producing syn the t i -  

c a l i y  a  t rue- to-nature meat aroma. I n  our labora tory  400 add i t i ona l  previous- 

l  y  unknown cons t i t uen ts  of  roasted beef ' v o l a t i  les  have been detected.'* For 

t h e  e i u c i d a t i o n  o f  t h e i r  s t r uc tu res  we o f t e n  must reach t h e  l i m i t s  o f  t h e  pre- 

sent a n a l y t i c a l  p o s s i b i l i t i e s .  The s y n t h e t i c a l l y  o r i en ted  chemist s t i l l  has a  

vas t  f i e l d  of a c t i v i t y  before him t o  so lve  t h i s  d i f f i c u l t  probiem, where again, 

t h e  heterocycles a re  of g rea t  reievance. 



HETEROCYCLES. Vol 1 1 .  1978 

REFERENCES 

I G. Ohlof f ,  Perfumer and F i a v o r i s t ,  1978, 2, l i .  

2 TNO l i s t s  o f  v o l a t i l e  compounds i n  food. Cent ra l  i n s t i t u t e  f o r  N u t r i t i o n  

and Food Research. Ed. S. van Straten,  4 t h  e d i t i o n  1977, Ze is t ,  The Nether- 

lands. 

3 R.J. Horvat, J .  Agr ic .  Food Chem., 1976, 24, 953. 

4 1 .  Flament, Proc. i n t .  Symp. Aroma Research, Ze i s t .  Pudoc, Wageningen, 

1975, p. 221. 

5 G. Oh io f f  and I .  Fiament, "Progress i n  t h e  Chemistry o f  Organic Natura l  

Products" (L. Zechmeister),  Voi. 36, p. 231, Springer, Wien - New York, 

1978. 

6 J.A.  Maga, CRC C r i t .  Rev. Food Technoi., 1974, 5 ,  55. 

7 E.J. Mulders, R.J.C. K le i poo i  and M.C. t e n  Noever de Brauw, Chem. ind. 

(London),1976, 613. 

8 T. Pyysaio, M a t e r i a l s  and Processing Technology, Technical  Research Centre 

o f  F in land,  P u b l i c a t i o n  14, He l s i nk i ,  1976. 

9 A.O. P i t t e t ,  P. R i t t e r sbache r  and R. Mural idhara, J. Agr ic .  Food Chem., 

1970, Ll, 929. 

10 T.J. Siek, I.A. A ib in ,  L.A. Sather and R.C. Lindsay, J. D i a r y  Sci., 1971, 

24. 1 .  

i l  L. Schutte, CRC C r i t .  Rev. Food Technol.,. 1974, 4, 457. 

12 R. Teran ish i ,  R.G. B u t t e r y  and D.G. Guadagni, "Geruchs- und Geschmacksstof- 

fe", l n t .  Symp. Haarrnann 8 Reimer, Bad Pyrmont, 1974, 1. Drawert ed., 

Ver iag  Hans Car l ,  NUrnberg, 1975, p. 177. 

13 W. Ka l le ,  K.H. Schweer, H. GUsten and L. S t i e g i i t z ,  Vom Wasser, 1972, 39, 
109. 

'14 R.G. But te ry ,  L.C. Ling, R. Teran ish i  and T.R. Mon, J. Agr ic .  Food Chem., 

1977, 22, 1227. 



15 R.M. S e i f e r t ,  R.G. But te ry ,  D.G. Guadagni, D.R. B lack  and J.G. Har r i s ,  

J .  Agr ic .  Food Chem.,1970, /!, 246. 

16 P.J. Calabret ta,  Food Manufacture Ingred ien t  Survey - March 1973, A. Wolien 

ed., Morgan-Grampian Ltd., London, 1973, p. 7 - 10. 

17 K.O. Herz and S.S. Chang, "Advances i n  Food ~eseakch",  Vol.  18, p. I, 

Academic Press, New York - London, 1970. 

18 1 .  Hornstein, "Symposium on Foods. Chemistry and Physio logy o f  Flavors!', 

H.W. Schultz, E.A. Day and L.M. Libbey eds., The Avi Pub l i sh i ng  Company, 

Inc., Westport, Conn., 1967, p. 228. 

19 E.L. Pippen, u., p. 251. 

20 A.E. Wasserman, J. Agr ic .  Food Chem.,1972, 22, 737. 

21 R.A. W i  ison and I.  Katz, >. Agric .  Food Chem., 1972, 20, 741. -- 
22 J. Solms, D i e  F le i schw i r t scha f t ,  1968, 48;287. -- 
23 B.K. Dwivedi, Fena ro l i ' s  Handbook o f  F lavor  Ingredients,  2nd ed., 

T.E. F u r i a  and N. Bei lanca eds., CRC Press, Inc., Cleveland, Ohio, 1975, 

p. 812. 

24 1 .  Flament, B. Wi l lha im and G. Ohlof f ,  "The F lavor  o f  Foods and Beverages: 

Chemistry and Technology", G. Charaiambous ed., Academic Press, Inc., 

New York, 1978 and Abstr .  o f  papers, i n t e rn .  Conf. on "The j l a v o r  o f  foods 

and beverages: Chemistry and Technology", June 27 - 29, Athens, Greece, , 

AGFD 25. 

25 J.E. Hodge, F.D. M i l l s  and B.E. F isher ,  Cereal Sci. Today, 1972, il, 34. 

26 J.E. Hodge, "Symposium on Foods. Chemistry and Physio logy o f  Flavors," 

H.W. Schultz, E.A. Day and L.M. Libbey eds., The Avi Pub l i sh i ng  Company, 

Inc., Westport, Conn.,1967, p. 465 

27 I.S. Fagerson, J. Agr ic .  Food Chem., 1969, j7, 747. 

28 K. Heyns, R. S tu te  and H. Paulsen, Carbohydrate Res.,1966, 2 ,  132; 

Chem. Abstr.,1966, 65, 7252c. -- 
29 O.F. Vi tz thum and P. Werkhoff, Z. Lebensm. Unters. Forsch., 1974, 156, 300. --- 



HETEROCYCLES Vol 11 1978 

30 O.G. Vi tz thum and P. Werkhoff, Z. Lebensm. Unters. Forsch., 1976, /$i; 277. 

31 1.  Fiament, l i t e r a t u r e  comp i l a t i on  and unpublished r e s u i t s .  

32 M. Nonaka, D.R. B lack  and E.L. Pippen, J. Agr ic .  Food Chem., 1967, 15, 713. 

33 T. Persson and E. v. Sydow, J. Food Sci., 1973, 35, 377. 

34 C.J. Mussinan and J.P. Walradt, J .  Agr ic .  Food Chefi., 1974, 2 2 ,  827. 

35 T. Persson and E. v. Sydow, J. Food Sci., 1974, 29, 406. 

36 K.O. Herz, Ph. D. Thesis, Rutgers, The S ta te  Un i ve rs i t y ,  1968. 

Order No. 68-14248. 

37 H.M. L iebich,  D.R. Douglas, A. Z l a t k i s ,  F. MUggler-Chavan and A. Donzel, 

J. Agr ic .  Food Chem.,1972, 213, 96. 

38 J.W. Swain, Thesis, Univ. M issour i ,  1972. Order No. 73-21,836, U n i v e r s i t y  

M i c ro f i ims ,  Ann Arbor/Mich.l973; from Diss.  Abstr .  Int.0, 1973, 24, 1143. 

39 K. Watanabe and Y. Sato, J. Agr ic .  Food Chern.,1972, 22, 1.74. 

40 W.J. Evers, H.H. Helnsohn Jr., B.J. Mayers and A. Sanderson, 170th Nat io -  

na l  ACS Meeting Chicago, Aug. 24 - 29 (1975), AGFD 24. 

41 U.S. F l avo r i ng  E x t r a c t  Manufac tu rer ' s  Assoc ia t ion  (FEMA) i n  Food Technology 

1965, Ll (2, p a r t  2). 151; 1970, 24 (5 ) ,  25; 1972, 22 (5 ) ,  35; 1973, 22 ( I ) ,  

64; 1973, 22 (11). 56; 1974, 28 (9), 76; 1975, 22 (81, 70; 1977, 21 ( I ) ,  65. 

42 L.L. Zaika, A.E. Wasserman and C.A. Monk Jr., J. Food Sci., 1968, 31, 53. 

43 F e n a r o l i ' s  Handbook o f  F lavor  Ingredients,T.E. F u r i a  and N. Be l lanca  eds., 

2nd ed., Vol.  1 1 ,  CRC Press Inc., Cleveland, Ohio, 1975, p. 213. 

44 C. H i r a i ,  K.O. Herz, J. Podkorny and S.S. Chang, J. Food Sci.', 1973, 13, 393. 

45 1 .  Hornste in,  "The Science o f  Meat and Meat Products", J.F. P r i c e  and B.S. 

Schweigert eds., 2nd ed., W.H. Freeman and Co, San Francisco, 1971, p. 348. 

46 J.C. Boudreau and T.D. White, "F lavor  chemistry  o f  animal foods", R.W. BuI-  

l a r d  ed., Amer. Chem. Soc. Symposium Ser ies  1978, $2, 102. 

47 1.  Flament, unpubl ished r e s u l t s .  



48 S.S. Chang, T.H. Smouse, R.G. Krishnamurthy, B.D. Mookherjee and R.B. Reddy, 

Chern. Ind. (London), 1966, 1926. 

49 S. S. Chang, Proc. 3 rd  Nord ic  Aroma Symposium, Hameenlinnen, 1972, p. 203. 

50 C.H. T. Tonsbeek, A.J. Plancken and T. van de Weerdhof, J. Agr ic .  Food 

Chem 1968, ?$, 1016. -.* 
51 F. Ledi,  W. S c h n e l  and Th. Severin, Z. Lebensm. Unters. Forsch.,1976, --- 160, 

367. 

52 R.G. Bu t t e i y ,  R.M. S e i f e r t ,  D.G. Guadagni and L.C. Ling, J .  Agr ic .  Food 

Chem., 1971. /I, 524 - 
53 J.E. Hodge, 8.E. F isher  and E.C. Nelson, Am. Soc. Brew. Chem., PE., 1963, 

, 
84. 

54 J.O. Rodin, C:M. Himel, R.M. S i l v e r s t e i n ,  R.W. Leeper and W.A. Gortner, 

J . Food Sci., 1965, 23, 280. 

55 L. Re, B. Maurer and G. Ohlof f ,  Helv. Chirn. ActaJ973, 55, 1882. 

56 Y. Takei and T. Yamanishi, Agr ic .  B i o i .  Chern., 1974, 38, 2329. 

57 Y. Takei, Ag r i c .  B i o l .  Chem., 1977, 41, 2361. 

58 J. Brand, Ber. Dtsch. Chem. Ges., 1894, 22, 806. 

59 A. Peratoper and A. Tamburello, G. Sci .  Nat. ed. Econ.1905, 22, 272; 

Chern. Zentra ib l . , l905,  26 (111, 680. 

60 J. Solms, u, 1967, z!, 169. 

61 K. Watanabe and Y. Sato, Agr ic .  B i o l .  Chem., 1969, -- 33, 242. 

62 K. Watanabe and Y. Sato, Agr ic .  B i o l .  Chem., 1971, -- 35, 756. 

63 K. Watanabe and Y. Sato, Agr ic .  B i o l .  Chem , 1968, -- 32, 191. 

64 F.C. Caporaso,J.D. Sink, P.S. Dimick, C.J. Mussinan and A. Sanderson, 

J. Ag r i c .  Food Chem., 1977, 5,  1230. 

65 K. Watanabe and Y. Sato, Agr ic .  B i o i .  Chem., 1968, -- 32, 1318. 

66 R.J. Park, K.E. Murray and G. Stanley, Chem. lnd. (London), 1974, 380. 



HETEROCYCLES Vol 1 1  1978 

67 P.S. Dirnick, S. Patton, J.E. K i n s e l l a  and N.J. Walker, Lipids, 1966, - 1, 387. 

68 K. Watanabe and Y. Sato, Agr ic .  B i o l .  Chem.,1970, 34, 464. 

69 W.W. Nawar, J. Agr ic .  Food Chem.,1969, 1:. 18 

70 D.A. Forss, "Progress i n  t h e  Chemistry o f  Fa t s  and Other L ip ids" ,  Voi.  

X I I I ,  p a r t  4, R.T. Hoiman ed., Pergamon Press, Oxford, 1972, p. 235. 

71 J.A. Maga, CRC C r i t .  Rev. Food Sci.  N u t r i t i o n ,  1976, 8 ,  I. 

72 G. Oh lo f f ,  "Progress i n  t h e  Chemistry o f  Organic Natura l  Products" 

( L .  Zechmeister),  Vol.  35, p. 431, Spr inger,  Wien - New York, 1978. 

73 S. Arctander, "Perfume and F lavor  Chemicals", Mon tc l a i r ,  N.J. (U.S.A.), 

1969. 

74 A.D . Webb, R.E. Kepner and L. Maggiora, Am. J. Enol. V i t i c . ,  1967, 12, 
190 

75 R.E. Kepner, A.D. Webb and L. Maggiora, Am. J. Enol. V i t i c . ,  1968, l9, 116. 

76 R.A. Wilson, C.J. Mussinan, I. Katz and A. Sanderson, J. Agr ic .  Food Chem., 

1973, 21, 873. 

77 C.G. Janney, K.K. Hale J r .  and H.C. Higman, Pou l t .  Sci., 1974, 53, 1758. 

78 V .  Garbusov, G. Rehfeld, G. WBim, R.V. Golovnja and M. Rothe, D i e  Nahrunq, 

1976, 22, 235. 

79 J.A. Ma~a ,  CRC C r i t .  Rev. Food Sci .  N u t r i t i o n ,  1975, 6, 241. 

80 M. Winter, F. Gautschi,  I. Fiament and M. S t o i l  (F i rmenich e t  Cie.),  

Fr .  Pat. 1.530.436 (28.8.1968); Chem. Abstr.,1969, 17, 90 131m. 

81 H.D. Hartough, "Thiophene and i t s  Der iva t i ves" ,  In te rsc ience ,  New York, 

1952. 

82 S.S. Chang, C. H i r a i ,  B.R. Reddy, K.O. Herz, A. Kato and G. Sipma, m. 
and ind. (London), 1968, 1639. 

83 F. Asinger, M. T h i e l  and G. L i p f e r t ,  L i eb igs  Ann. Chern., 1959, '$22, 195. 

84 M. Boelens, L.M, van der  Linde, P.J. de Valo is ,  H.M. van D o r t  and H.C. Tak- 

ken, J. Agr ic .  Food Chem., 1974, 22, 1071. 



85 L.J. Minor, A.M. Pearson, L.E. Dawson and B.S. Schweigert, J. Food Sci., 

1965, 20, 686. 

86 H.W. Brinkman, H. Copier, J.J.M. de Leuw and S.B. Tjan, J. Agr ic .  Food 

Chem., 1972, 22, 177. - 
87 M.E. Ba i l ey  and J.W. Swain, Proceedings o f  t h e  Meat i ndus t r y  Conference, 

Chicago, March, 1973, p. 29. 

88 C.H. Manley and I.S. Fagerson, J. Food Sci., 1970, 15, 286. 

89 F. Ledl,  Z. Lebensm. Unters. Forsch., 1975, 157, 28. --- 
90 E. Demole and D. Berthet ,  Helv. Chim. Acta, 1972, -- 55, 1866. 

91 H. B i l t z  and R. Lemberg, Lieb. Ann. Chem., 1923, 432, 137. --- 
92 S.S. Chang, i n t .  F lavours and Food Addi t ives,  1976, 7 (2 ) .  77. - 
93 C.J. Mussinan, R.A. Wilson, I. Katz, A. Sanderson and M.H. Vock, 

Abs t rac ts  o f  papers, 170th ACS Nat iona l  Meeting, Aug. 1975, AGFD 22. 

94 E. Jassmann and H. Schulz, Pharmazie, 1963, -- 18, 527; Chem. Abstr. ,  1964, 

60, 10 664h. -" 
95 R.J. Peterson, H.J. Izzo, E. Jungermann and S.S. Chang, J .  Food Sci., 

1975, 40, 948. -" 
96 J.A. Maga, Fena ro l i ' s  Handbook o f  F lavor  Ingredients,  2nd ed., T.E. F u r i a  

and N. Bel ianca eds., CRC Press, inc., Cleveland, Ohio, 1975, p. 228. 

97 J.A. Maga, CRC C r i t .  Rev. Food Sci.  N u t r i t i o n ,  1975, 6, - 153. 

98 O.G. V i tz thum and P. Werkhoff, J. Food Sci.,1974, -- 39, 1210. 

99 A.O. P i t t e t  and D.E. Hruza, J. Agr ic .  Food Chem., 1974, 22, 264. -- 
100 M. S t o l l ,  P. D i e t r i c h ,  E. Sundt and M. Winter, Helv. Chim. Acta, 1967, 

50, 2065. -.. 
101 B. Gubler and K. Jaeggi (Givaudan L., e t  Cie. S.A.), Fr .  Dem. 2.198.947 

(5.4.1974); Chem. Abstr., 1975, -- 82, 170 885c. 

102 R.G. Bu t t e r y  and L.C. Ling, J. Agr ic .  Food Chem., 1974, -- 22, 912. 



HETEROCYCLES. Vol 11. 1978 

103 R. Tressl ,  D. Bahri,  M. Holzner and T. Kossa, J .  Ag r i c .  Food Chem., 1977, 

25, 459. -- 
104 R.G. But te ry ,  R.M. S e i f e r t  and L.C. Ling, J. Agr ic .  Food Chem., 1975, 

'22, 516. 

105 E.J. Muiders, . 1973, ?52. 193. 

106 R.G. Arnold, L.M. Libbey and E.A. Day, J. Food Sci., 1966, Y ,  566. 

107 1 .  Flament, B. Wi l lha lm and M.Stol l ,  Helv. Chim. Acta, 1967, 50, 2233. 

108 D.A. Forss, W. S ta rk  and G. Urbach, J. D a i r y  Res., 1967, 34, 131. 

109 R.G. But te ry ,  D.R. Black, M.J. Lewis and L. Ling, J. Food SCi., 1967, 

22, 414 (1967). 

l l 0  K. Anjou and E. v. Sydow, . 1967, zi, 2076. 

I l l  J.E. Langier, L.M. Libbey and E.A. Day., J. Agr ic .  Food Chem., 1967, 

15, 386. -- 
112 C.H.T. Tonsbeek, H. Copier  and A.J. Plancken, J. Agr ic .  Food Chem., 1971, 

19, 1014. -- 
113 H. Copier, C.H.T. Tonsbeek, A.J. Plancken and J.A. Losekoot, 160th ACS 

Nat iona l  Meeting, Chicago, Sept. 1970, AGFD 60. 

114 T. Shibamoto and G.F. Russel l ,  J. Agr ic .  Food Chem.,1977, 25, i l 0 .  

115 K. Watanabe and Y.  Sato, J. Agr ic .  Food Chem., 1971, /?, 1017. 

116 I.M. Goldmann, J. Se ib l ,  I. Flament, F. Gautschi, M. Winter, El. W i l l ha lm  

and M. S t o l l ,  Helv. Chim. Acta, 1967, 50, 694. 

117 P.S. Wang, H. Kato and M. Fuj imaki ,  Agr ic .  B i o i .  Chem., 1969, 25, 1775. 

118 O.G. Vitzthum, P. Werkhoff and P. Hubert, J. Food Sci., 1975, 40, 911. 

119 R.G. But te ry ,  R.M. S e i f e r t ,  D.G. Guadagni and L.C. Ling, J. Agr ic .  Food 

Chem., 1971, ,p., 969. - 
120 J.W. Wheeler and M.S. Bium, Science, 1973, 182, 501. --- 
121 C.J. Mussinan, R.A. Wilson and I .  Katz, J. Agr ic .  Food Chem., 1973, 21, -- 871. 

122 I. Flament and G. D h l o f f ,  Helv. Chim. Acta, 1971, 54, 1911. 



123 D.L. Roberts (Reynolds RJ Tobacco Co), US. Pat. 3.402.051 (17.9.1968); 

Chem. Abstr., 1969, 70, 27 784r. 
** 

124 Y. Takei, Y. Nakatani, A. Kobayashi and T. Yamanishi, Nippon Nogei Kagaki 

Kasshi, 1969, 43, 667; Chem. Abstr., 1970, 72, 35 6709. - -- -- 
125 J.P. Walradt, R.C. Lindsay and L.M. Libbey, J. Agr ic .  Food Chem., 1970, 

18, 926. -- 
126 J.P. Walradt, A.O. P i t t e t ,  T.E. K i n l i n ,  R. Mura l idhara  a.nd A. Sanderson, 

J. Ag r i c .  Food Chem., 1971, /I, 972. 

127 T.E. K i n l i n ,  R. Murai idhara, A.O. P i t t e t ,  A. Sanderson and J.P. Wairadt, 

J .  Agr ic .  Food Chem., 1972, 22, 1021. 

128 C.H. Manley, P.P. Va l lon  and R.E. Erickson, J. Food Sci., 1974, 19, 73. 

129 A.C. Tas and R.J.C. K le ipoo l ,  Riechst .  Aromen KBrperflegem., 1974, 24, 8; 

Chem. Abstr., 1974, 88, 82 875c. 

130 1 .  Fiament (F i rmenich e t  Cie), Fr. Dem. 2.128.744 (8.3.1972); Chem. Abstr. ,  

1973, !g, 109 541p. 

131 M. Winter, F. Gautschi, I. Fiament and M. S t o l l  (F i rmenich e t  Cie) ,  

Fr. Pat. 1.530.436 (28.6.1968); Chem. Abstr., 1969, 7!, 90 131m. 

132 P. F r i ede i ,  V. Krampl, T. Radford, J.A. Renner, F.W. Shephard and M.A. 

Gianturco, J. Agr ic .  Food Chem., 1971, 14, 530. 

133 G.B. Neurath, Chem. Tob. Smoke, Proc. Symp. 1972, p. 77; Chem. Abstr., 

1972, 2 2 ,  I l l  705t. 

134 G. Neurath, M. DUnger and I .  KUstermann, B e i t r .  Tabakforsch., 1971, 6 ( I ) ,  - 
12; Chern. Abstr., 1972, 26, 70 325c. 

135 T. Yamanishi, S. Shimojo, M. Uk i ta ,  K. Kawashima and Y. Nakatani,  Agric. 

B i o l .  Chem., 1973, 33, 2147. 

136 Y. Takei, K. Shimada, S. Watanabe and T. Yamanishi, Agr ic .  B i o l .  Chem., 

1974, 2, 645. 

137 i. Flament, M. Kohler and R. Aschiero, Helv. Chim. Acta, 1976, -- 59, 2308. 



HETEROCYCLES. Vol 1 1 .  1978 

138 1 .  Flament, P. Sonnay, B. Wi l lha lm and G. Oh lo f f ,  Helv. Chim. Acta, 1976, 

59, 2314. -- 
139 I. Flament (F i rmenich SA), Ger. Pat. 2.353.467 (9.5.1974); Chem. Abstr., 

1974, 81, 37 578t. -- 
140 I. Flament, P. Sonnay and G. Oh lo f f ,  Helv.  Chim. Acta, 1977, 60, -- 1872. 

Received, 16th October, 19 78 


