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Using enantioselective M D G C  the enantiom eric d istribution  o f alkan-(alken-)2-yl-acetates 
from bananas is achieved. A fter simple acetylation their corresponding alcohols 2-pentanol, 
2-hexanol, 2-heptanol and (Z)-4-hepten-2-ol respectively are also exactly stereodifferentiated 
by the same method.

All com pounds investigated -  esters as well as alcohols -  exhibit a rem arkable excess o f the
(5)-enantiom ers.

Introduction

The flavour o f bananas has been proved to  be a 
rather complex mixture o f m ore than  200 com ­
pounds and consists o f abou t 95%  carboxylic 
esters and nearly 4%  of the corresponding free 
alcohols [1, 2], The 2-alcanols -  particularly 
2-pentanol and (Z)-4-hepten-2-ol -  are o f special 
interest, due to their considerable abundance in 
the flavour o f bananas. Except from  bananas [3, 4] 
(Z)-4-hepten-2-ol has been detected only in corn 
[5].

The enantiodifferentiation o f  some chiral ca r­
boxylic acid 2-alkanyl esters from  banana yielded 
the (S)-antipode in high optical purity [6]. Recent 
results concerning the chiral evaluation o f free 
2-heptanol and (Z)-4-hepten-2-ol from  banana 
using M D G C  of their isopropylcarbam ates re­
vealed m oderate excess of the (5)-enantiom ers [7]. 
On the contrary the enantiom eric d istribution o f 
2-heptanol and (Z)-4-hepten-2-ol in three different 
corn varieties was found to be abou t 80% (R) /20%  
(S) [8].

This paper reports on a new simplified M D G C  
m ethod to determine the enantiom eric ratios o f 
2-pentanol, 2-hexanol, 2-heptanol and (Z)-4-hep- 
ten-2-ol, respectively as well as their acetic acid 
esters.
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Materials and Methods

M aterials
- $

2-Pentanol, 2-hexanol and 2-heptanol were p u r­
chased from  Aldrich, Steinheim. (Z)-4-hepten-2-ol 
was kindly provided by Silesia, Neuss. Optically 
pure references o f these alcohols were available 
from  our laboratory  [9, 10], Acetic acid chloride 
and 4-dim ethylam inopyridine (D M A P) were p u r­
chased from  Fluka, Neu-Ulm.

Preparation o f  banana extracts

Peeled bananas from  the local m arket (about 
650 g) were homogenized with an U ltra T urrax 
after the same am ount o f (N H 4)2S 0 4 (enzymic in­
hibition!) and 100 ml distilled water have been 
added. In a 2 1 flask the pulp was poured with 
300 ml pentane/diethyl ether (1:1, v/v) and shaked 
well several times while extracting during three 
days. The organic layer was carefully separated, 
dried over N a2S 0 4 and concentrated on a 20 cm 
Vigreux colum n to about 1 ml.

Isolation and acetylation o f  the alcoholic fraction

0.5 ml o f the banana extract were ch rom ato­
graphed on a preparative silica TLC plate (eluent: 
pentane/diethyl ether, 9:1 (v/v)). The alcoholic 
fraction was isolated by scratching out the corre­
sponding zone (R{ = 0 .1 -0 .2 , (Z)-4-hepten-2-ol as 
reference) and eluating the silica gel with 4 ml of 
pentane/diethyl ether (1:1). To 3 ml o f this solu­
tion 30 mg D M A P and 200 jal acetic acid chloride 
were added and stirred overnight at room  tem per­
ature. The reaction mixture was subsequently
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washed with 2 n  HC1, saturated N a H C 0 3 and sa t­
urated  N aCl solution. A fter drying over N a2S 0 4 
the solvent was carefully evaporated (Vigreux col­
um n) to about 1 ml.

A cetylation o f the optically pure references was 
carried out in the same m anner. N o racem ization 
was observed.

Chromatographic conditions

M ultidimensional gas chromatography: A Sie­
mens SiC hrom at 2 double oven GC was used with 
split injector (200 °C, split ratio 1:10) and two 
FID s (220 °C).

Preseparation column: Supelcowax 10™ fused 
silica capillary, 60 m x 0.32 mm i.d., 0.25 |im film 
thickness, 1.25 bar H 2; tem perature program : 
70 °C//10 min isotherm al//3 °C/m in//200 °C.

M ain separation column: Permethyl-ß-cyclodex- 
trin duran  glass capillary (10% in OV 1701-vi), 
47 m x 0.23 mm i.d., 1.00 bar H 2; tem perature 
program : 95 °C//10 min isotherm al//0.5 °C/ 
m in //150 °C.

The colum ns were coupled by the live-T-switch- 
ing device (Siemens).

Gas chromatography -  mass spectrometry

A H P 5800 gas chrom atograph with split injec­
to r (220 °C, split ratio 1:10) was coupled with a 
Finnigan ion trap  detector ITD  800. As the sta ­
tionary  phase a Supelcowax 10™ fused silica cap­
illary, 30 m x 0.23 mm i.d., 0.25 |im  film thickness, 
was used. Carrier gas was He at 0.7 bar; tem pera­
ture program : 75°C //1 0 m in  isotherm al//2 °C/ 
m in//80 °C//6 °C/m in//220 °C. Ionization energy 
was 70 eV, mass range was chosen 40 -200 .

Results and Discussion

In an earlier study on banana flavour com ­
pounds the im portance o f efficient enzyme inhibi­
tion is impressively dem onstrated [11], W hen de­
stroying the cellular structure of the fruit by hom o- 
genization w ithout any inhibitive means the 
banana esters will be cleaved nearly completely 
after only one hour at 30 °C. In order to avoid car- 
boxylesterase activity we added (N H 4)2S 0 4 before 
hom ogenization [12]. The efficiency o f this proce­
dure could be ensured by doting the pulp with 
racemic (Z)-4-hepten-2-yl-propionate which does 
not exist in banana flavour.

The native banana extracts were subjected to 
G C-M S analysis. By com parison with authentical 
references 2-pentanol, 2-hexanol, 2-heptanol, (Z)-
4-hepten-2-ol and their acetic acid esters could be 
identified. The butanoate  o f (Z)-4-hepten-2-ol is 
also know n to take part in the banana flavour [3] 
but in this study it was detected only in one sam ­
ple. The alcoholic fractions o f the extracts ob­
tained by preparative thin layer chrom atography 
were analyzed directly and after acetylation. M ul­
tidim ensional gas chrom atography (M D G C ), 
com bining a polar achiral preseparating column 
with a chiral modified cyclodextrin stationary 
phase, has been reported to  be a very useful m eth­
od to determ ine the enantiom eric distribution of 
num erous chiral flavour substances from complex 
food extracts and essential oils [13-16].

In the present study a 60 m Carbowax capillary 
colum n was used for preseparation and a 47 m 
perm ethyl-ß-cyclodextrin stationary phase for 
Stereodifferentiation. Fig. 1 dem onstrates the well 
resolved enantiom eric pairs o f a racemic standard 
m ixture o f volatile banana flavour com pounds. 
The order o f elution was determ ined by analysis of 
optically pure references: for all the esters o f the 
standard  m ixture we found the (S)-enantiom er 
eluting p rior to the (/?)-configurated isomer.
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Fig. 1. M D G C  main colum n chrom atogram  o f the ra­
cemic standard  mixture: pentan-2-yl-acetate (1), hexan- 
2-yl-acetate (2), heptan-2-yl-acetate (3), (Z)-4-hepten- 
2-yl-acetate (4), (Z)-4-hepten-2-yl-propionate (5), (Z)- 
4-hepten-2-yl-butanoate (6). F o r chrom atographic con­
ditions see experim ental section.
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The direct M D G C  analysis o f a genuine banana 
extract is given in Fig. 2. The m ain colum n chro­
m atogram  shows the (5)-configurated acetic acid 
esters in high enantiom eric excess. This result 
agrees with another study which found optically 
pure 2-pentyl acetate and 2-heptyl acetate from 
banana by determ ining them  as diastereom eric 
(S'VO-acetyllactyl esters [6]. Concerning 2-hexanyl 
acetate the enantiom eric d istribution o f 77% ( S) :  
23% ( R)  should be verified by mass spectrom etric

m ethods as superposing of impurities cannot be 
excluded using F ID  detection. In case o f high com ­
plex m atrices extremely sharp heart cutting is nec­
essary to avoid transfer o f com pounds with similar 
chrom atographic behaviour which could possibly 
influence the result.

The isolated alcoholic fractions were acetylated 
as described above and subjected to M D G C  an a­
lysis. The Stereodifferentiation of secondary alco­
hols from  banana is outlined in Fig. 3. A significant
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Fig. 2. M ain colum n chrom atogram  o f acetic esters o f
2-pentanol (1), 2-hexanol (2), 2-heptanol (3) and (Z)- 
4-hepten-2-ol (4) from  a genuine banana extract. Ra- 
cemic (Z)-4-hepten-2-yl-propionate (5) was added to 
verify inhibition o f  carboxylesterase activity. F or ch ro ­
m atographic conditions see experim ental section.

Fig. 3. M ain colum n chrom atogram  o f acetylated alco­
holic fraction of banana sample no. 4 (cf. Table 1): 
2-pentanol (1), 2-hexanol (2), 2-heptanol (3), (Z)- 
4-hepten-2-ol (4) as acetates. F or chrom atographic con­
ditions see experim ental section.

Table I. Enantiom eric d istribution (in % ) o f secondary alcohols from  banana.

Sample Origin; state 2-Pentanol 2-H exanol 2-H eptanol (Z)-4-hepten-2-ol
No. of ripeness (S )  (R )  (S )  (R )  (S )  ( R ) (S )  (R )

1 Panama; 
green, solid

99.4 0.6 98.1 1.9 77.2 22.8 >99.8 n.d.

2 H onduras;
yellow

96.6 3.4 98.1 1.9 83.8 16.2 95.6 4.4

3 H onduras;
yellow

94.3 5.7 96.4 3.6 84.4 15.6 94.3 5.7

4 Ecuador;
yellow

98.0 2.0 97.3 2.7 86.3 13.7 97.1 2.9

5 Brasil; 
yellow with 
brown spots

82.9 17.1 > 90.0 n.d. 80.3 19.7 73.3 26.7

n.d. not detectable.
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excess in favour o f the (5)-enantiom er can be ob­
served too. Table I summarizes our results con­
cerning the chiral evaluation o f 2-pentanol,
2-hexanol, 2-heptanol and (Z)-4-hepten-2-ol from 
five different banana extracts. The state o f ripeness 
and the origin o f the samples are indicated. Sample 
num bers 1 to 4 show reproducible high enantiose- 
lectivities. The optical purity of the alcohols reach­
es m ore than 95% (S)  except from 2-heptanol. 
However the fully ripe bananas of extract num ber
5, which had been stored at room  tem perature for

7 days, exhibit a different result: the enantiomeric 
ratios o f 2-pentanol and (Z)-4-hepten-2-ol were 
determ ined to be 82.9% ( S ) / \ l . \ %  ( R)  and 
73.3% ( S )  126.1% ( R) ,  respectively. The latter is 
in accordance to a recently published study [7] 
where a ratio  o f 74% ( S ) / 2 6 % ( R)  was found 
from  stored bananas of optim al ripeness. A con­
nection between m atu ration  and rising am ounts of 
the (/?)-enantiom er may be suggested but has to be 
confirm ed by further investigations.
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