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Abstract-Two hydroxy~n~ acid amides from the pollen of Corylus ouellana L have been identified as (E)- 
~~yl-(~fe~ioy~~dine and di-(~fe~loy~~dine on the basis of ‘H NMR. “C NMR and mass spectral 
data 

INTEODUCIION PESUL’IS AND DiSCUSSiON 

Hydroxyc~~ic acid (HCA) amides, such as putrescine, 
spermidine or tyramine conjugates, have frequently been 
found to accumulate in the reproductive organs of higher 
plants [l]. Production of these acylated amines may be 
linked to the physiology of flowering [Z, 33. They may also 
play a fundamental role as antiviral agents [4] or 
antibiotics against bacteria [SJ. 

HCA amides were repeatedly shown to be associated 
with anthers, most likely with the pollen grains, and they 
appear to determine polten fertility [6,7]. The pollen in 
general is characterixed by accumulation of large amounts 
of secondary plant products, especially carotenoids and 
tlavonoids [S]. For the pollen of Corylus on&ma a 
flavonol content of up to 3-4x of pollen dry weight was 
found [9,10] and there is evidence that thtvonoids are 
localized in or at the outer pollen wall [ll J. Simple’ 
phenylpropane conjugates (hydroxycinnamic acid esters 
or amides) have not been intensively studied with regard 
to localization, biochemistry and function in the pollen 
wall. 

Suaxssive extractions of freeze-dried pollen of Coryfus 
awrllatar with water and l3O%aq. methanol showed that 
fiavonoids (quercetin 3-O-glucosylgalactoside as the main 
constituent) [lo] oould be easily totally removed from the 
grains by water [9], whereas the hydroxycinnamic acid 
(HCA) amides (1 and 2) only could be extracted with an 
organic solvent, such as 80% aq. methanol (Fig. 1). Total 
extraction of the HCA amides was difhcult and a repeated 
extraction was neCesSBfy to give sufficient quantities of 
these amides. Combining six extractions, the amount of 
these conjugates was ca 2% of the dry wt, composed of 
80% 1 and 20% 2. 

In a previous paper we reported the identification of 
quercetin 3-O-~u~syl~~~toside from pollen of Coryius 
auellana and we mentioned the presence of two major 
ferulic acid conjugates which awaited structural elucid- 
ation [lo]. We report here an investigation of these 
conjugates which are shown to be caffeoylferuloyl- 
spermidine (1) and diferuloylspermidine (2). 

In the present study, 1 and 2 were purified by means of 
ion-exchange chro~to~phy of CM-Sephadex (Na’ or 
NHf form) and the column was developed with a sodium 
chloride (Fig. 2) or ammonium chloride gradient. The 
structures of the two amides, (E)-caffeoyl-II+ 
feruloylspermidine (1) and di-(E)-feruloylspermidine (2) 
were assigned on the basis of the data presented below. 
The UV spectral data (eu, run) for 1 were 219,231,295, 
320 and for 2 were 212, 216, 295, 314. Strong alkaline 
hydrolysis of 1 gave caffeic and ferulic acids, while 2 gave 
only fkrulic acid. 

The structure of 1 followed from the ‘Hand r3CNMR 
data, and the positive and negative ion fast atom bombard- 
ment (FAB) mass spectral data. The *H NMR sptrum 
of 1 in methanol-d, showed characteristic signals to low 
field for the two aromatic residues and to higher field for 
the spermidine residue in a ratio of 1: 1: 1. The unambigu- 
ous assignment of the signals of all three residues was 
deduced from the cross peaks of the two-dimensional ‘H 
homonuclear shift-correlated spectrum. Each aromatic 
system was identified separately and their corresponding 
vinyl groups were found from the nuciear Overhauser 
enhancements between the olefinic protons and the 
aromatic protons. The characteristic chemical shifts and 
the cross peak between the methoxyl group and H-2 of the 
feruloyl system allowed unambiguous assignment of the 
aromatic system signals. Although the amount of material 
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Fig. 1. HPLC resolution of extracts (A, three Hz0 extractions 
combined; B. six 80% aq. MeOH extractions combined) from 
pollen of C0rylu.s aueUana (8.3 mg dry wt per ml solvent) on a 
Nova-Park@ Cts coiumn. Peak identitication: 1. quercetin 3-O- 
ghrcosylgalactoside (R, 15.5 mink 2, unidentilied quercetin &co- 
side; 3 and 4, unidenti6ed kaempferol glycosides; 5, calTeoyl- 
fertdoylspermidine (1) (R, 20.5 mink 6, diferuloylspermkEne (2) 
(R, 24.3 min). Development: linear gradient elution with 40 mm 
from 2 to 80xsolvent B (1.5% HsPO., 20%HOAc, 25% MeCN 
in H,O) in solvent A (1.5% H,PO, in HsO) at a flow rate of 
1.5 ml/mm. At the detection wavelength of 320 nm the quercetin 
glycosides showed co 75% of the maximal absorptivity (at 

355 nm) 
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Fig. 2. Elution profile (solid tine) of UV absorbing compounds 
of an extract (80% aq. MeOH) from poCen of Corylus ovrllrrna 
on a CM-SephadexC-25 column. 1, Diferuloylspermidine (2); 2, 
calfeoylferuloylspermidine (1). Dashed line shows the profile of 

the NaCl gradient. 

available only allowed the proton-attached carbons to be 
observed in the *H broadband decoupled 13C spectrum, 
their multiplicity was obtained from a DEIT spectrum. 

This conlinned the presence of both the aromatic residues 
and that there were seven methylene groups in the 
molecule with shifts compatible with a spermidine re- 
sidue. The ‘H spectrum in DMSO-d6 showed, in addition 
to the signals observed in methanol-d,, two triplet signals 
to low field of equal intensity for the amidic protons which 
indicated the position of attachment of the amide func- 
tions on the spermidine residue. 

Unfortunately, although 1 was a single compound, the 
absolute positions of the aromatic residues could not be 
deduced unambiguously from either the NMR data nor 
from the fragmentation pattern in the FAB mass 
spectrum. 

Component 2 had a ‘H spectrum that closely resembled 
1. Instead of the caffeoyl system a second feruloyl residue 
was detected, as most of the aromatic protons were 
doubled and their intensities were in a 1: 1 ratio. The 
nature of the compound was conBrmed by FAB mass 
spectra which indicated an M, of 497, fourteen mass units 
greater than 1. 

Initial dilIiculties were experienced in the spectroscopic 
determination of 1 and 2 as both compounds readily 
undergo isomerixation of the double bonds leading to 
four distinct compounds in each case. In such prepar- 
ations the signals of the aromatic residues were complex 
and up to four sets of signals could be detected for each 
proton. Such spectra and the observation of only one set 
of signals, after extraction and purilication under more 
stringent conditions, clearly indicate that the natural 
products have the Econfiguration of the double bonds 
and 1 exists in only one of the two possible forms. 

Compounds 1 and 2 are closely related to several 
alkaloids found in the seeds of Lunaria species 1121 and 1 
corresponds to the open form of codonocarpine found in 
the bark of Codonocarpus austrah A. CUM. 1131. In this 
latter respect they also resemble maytenine, di-rrens- 
cinnamoyl spermidine with unsubstituted aromatic re- 
sidues, from Maytenus Chuchuhuasha [14]. The occur- 
rence of compound 2 in anthers and pollen grains seems to 
be widespread [3,6,15]. 

EXPERIMENTAL 

Plant wuterial. Pollen of haxelnut (Corylus aveffana L.) wss 
collected from the area around Munster, West Germany, and was 
freeze-dried immediately after harvest. 

Extraction and isolation. Pollen was first treated for 4 min with 
Ultra turrax homogenizer in HsO (10 @O ml) and then allowed 
to stand for 1 hr with continuous stirring. The suspension was 
centrifuged at 3500 g for 15 min. This was repeated 4 times and 
the supernatants combined. Subsequent extraction of the hydro- 
xycinnamic acid amides (1 and 2) was accomplished by treatment 
of the remaining pellet with 80 % aq. McOH as described above. 
The extract was evapd to dryness in wcuo and the residue sus- 
pended in a few ml of HIO. Compounds 1 and 2 were puritied by 
chromatography on CM-SephadexC-25 column [S] (2 x Dan; 
Phammcia) quilibrated with 0.9% NH&l or 1% NaCI. The 
column was developed with a convex gradient from 0.9 to 2.7 % 
NH@ and l-3”/,NaCI. respectively, in HsO (Fig. 1) at a flow 
rate of co 3.5 ml/min. Elution of pheoolic compounds was 
monitored by UV at 254 mn (Uvicord; LKB). Fractions contain- 
ing 1 or 2 were evapd to dryness in wcuo. The residues were 
redissolved in 1Oml MeOH and excess salt was removed by 
centrifugation (3500 8,15 min). The MeOH solns were evapd to 
dryness. 




