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Abstract-The occurrence of insoluble conlugated (ester-bound) hydroxycmnamlc acids (p-coumanc and ferulic aads) 
and flavonol glycosldes (kaempferol 3-0-p-glucopyranoside and 3-0-cc-rhamnopyranoslde, and quercetm 3-O-b- 
glucopyranoside and 3-0-a-arabinofuranoslde) m cell wall preparations from leaves of 54 species from various Conifer 
taxa has been Investigated the bound p-coumanc and ferulic acids seem to be widespread among members of the 
Comferae-with p-coumaric acid as the major compounds m most species mvesttgated-, while the presence of bound 
flavonol glycosldes appears to be of chemotaxonomlc relevance for members of the Pmaceae The Pinaceae species 
generally gave kaempferol 3-0-glucoslde, although Abtes gave in addition kaempferol 3-0-rhamnoslde and Plnus 
quercetm 3-0-glucoslde and 3-0-arabmoslde 

INTRODUCTION 

In a recent communication [l] we described the isolation 
from Norway spruce (Pzcea abuzs [L] Karst.) needles of 
msoluble conJugated (ester-bound) phenohcs, the hydrox- 
ycmnamlc acids (HCAs), p-coumaric and feruhc acids and 
the flavonold kaempferol 3-0-glucoside. We presented 
evidence for their cell wall location, probably occurring 
mainly m lignin-carbohydrate complexes. 

The cell wall location of HCAs 1s a well-known and 
widespread phenomenon (for example m monocoty- 
ledonous families [2]) and has been discussed to be 
important for the cell wall architecture (cross-linkmg of 
polymers) [3] or to play a role m the interactions with 
hght (E/Z isomerism) resulting m changes m the structure 
and properties of the cell wall [4]. On the other hand, the 
possible cell wall location of hydrophilic flavonol gly- 
cosides, usually located m vacuoles [S, 61, is rather new 
[ 11, although the occurrence of a flavone-polysacchande 
from the liverwort Monocleaforster~ has been discussed 
to be cell wall associated [7] and there is some evidence 
for the cell wall location of hpophihc polymethylated 
flavonol glucosides m Chrysosplenwn amexunum [8]. 

To evaluate whether the location of p-coumanc and 
feruhc acids and, more interestingly, that of kaempferol3- 
0-glucoslde m cell wall preparations from Norway spruce 
needles [l] might be a special feature of this plant or 
possibly a common phenomenon for the Comferae, 54 
species from various coniferous taxa have been mvestl- 
gated. 

RESULTS AND DISCUSSION 

In the present survey of cell wall preparations from 
coniferous leaves for insoluble conjugated (ester-bound) 

*Author to whom correspondence should be addressed. 

HCAs and flavonol glycosldes we found, besides the 
known structures from P~ceu ubtes [l] (i.e p-coumanc 
and feruhc acids and kaempferol 3-0-glucoside, 1, see 
scheme), three additional flavonol 3-0-glycosldes which 
were isolated and identified as follows. Leaf homogenates 
from Ables homolepls and Pmus strobus were thoroughly 
extracted with various solvents, as well as sodium chlor- 
ide dodecyl sulphate solutions, to obtain crude cell wall 
preparations which were finally treated with aqueous 
sodium hydroxide The latter released the phenohcs from 
which three could readily be identified by co-TLC with 
the compounds isolated from cell wall preparations from 
leaves of Plceu ubies [l] as (E)-p-coumaric and (Qferulic 
acids (trace amounts of the Z-isomers) and 1 Three 
additional unknown flavonoids were purified and their 
structures determined by UV-Vls spectroscopy, TLC of 
the hydrolysis products, NMR spectroscopy and FAB 
mass spectrometry. 

The UV-Vis spectroscopic analyses using the common 
diagnostic shift reagents [9] gave evidence for the pres- 
ence of flavonols with substltutlon at 3-OH. Chromato- 
graphy of the hydrolysis products with reference material 
(SI) for aglycones and S2 for sugars) showed identical R/s 
for kaempferol and rhamnose from the A homolepts 
compound and quercetm and glucose or quercetm and 
arabmose from the two Plnus strobus compounds. This 
was finally substantiated by the NMR and MS data 
which identified the flavonolds as kaempferol 3-O-c+ 
rhamnopyranoslde (2), quercetm 3-O+glucopyranoside 
(3), and quercetm 3-0-a-arabmofuranoside (4). Com- 
pound 3 was readily identified from inspection of the 
‘HNMR data on comparison with a reference com- 
pound. The ‘H and ’ 3C NMR data of 2, compared with 
literature 13C data [lo]. indicated the presence of the 
kaempferol and rhamnose moieties The 13C shift of C-2 
1s characterlstlc of substitution at the C-3 position, while 
the couplings and chemical shifts within the rhamnose 
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moiety are mdlcatlve of an sc-configuratlon. The 1D and 
2D ‘H data for 4, on comparison with 3, indicated a 3- 
substituted quercetm moiety and a sugar residue, which 
was a pentose from the mass spectrum. The magmtude of 
the couplmg constants of the pentose was only com- 
patlble with either an r-arabmofuranoslde or fi-xylofur- 
anoslde The presence of arabmose was determined chro- 
matographlcally (see above) 

The survey of cell wall preparations from Coniferae 
(Comferopslda) leaves for the msoluble ester-bound 
HCAs and flavonol glycosldes (Table 1) was performed 
with samples from the same location, harvested at the 
same time of season Thus, possible climate- or habrtat- 
dependent effects had not to be taken mto account The 
results mdlcate the regular presence of p-coumarlc and 
feruhc acids m the Pmaceae and the species of Cupressa- 
ceae and Taxaceae investigated. They were also found m 
Araucarza araucana wtth feruhc acid as the maJor com- 
pound p-Coumarlc acid was regularly present as the 
major HCA constituent m the Pmaceae The cell wall- 
located accumulation of the flavonol glycosldes m the 
Comferae leaves seems to be a characterlsttc phenom- 
enon of members of the Pmaceae (famdy speclficlty) 
Furthermore wlthm this family there seems to be a genus- 
specific cell wall pattern All the Pmaceae investigated 

showed 1, with the exception of Pseudolar~x Ables leaves 
gave 1 and 2 and Pmus leaves 1,3 and 4 Thus 2 appears 
to be a characterlstlc cell wall constituent m Ahtes species, 
whereas 3 and 4 are regularly found m the cell walls of 
Plnus species. Figure 1 shows diagrams from three typical 
HPLC analyses, representative of bus, Ptcea and Abres 
Such quahtatlve and quantltatlve surveys for possible 
cell-wall bound phenohcs, easily and quickly performed 
by HPLC, may be a useful contrlbutlon to studies on 
evolutionary relationships between the various Con- 
iferous taxa This requires much more knowlege on the 
metabohsm of phenohcs m the Comferae considering the 
present striking lack of knowledge m this field, as has 
already been pomted out elsewhere [ 1 l] 

The data shown m Table 1 are those from leaves which 
are wtthm the second year of development. with the 
exception of Larzx, Metusequlou, Pseudolurlx and Tuxo- 
dim (one year-leaf development) We observed that 
generally the cell wall-bound phenohcs reached the con- 
centrations of their typIca final quantitative pattern m 
the autumnal months of the first year of development 
(data from leaves which are m the first year of devel- 
opment are not shown) However, there are three remark- 
able exceptlons with respect to the HCA accumulation. 
Leaves of Cedrus hrewfoha and C khan1 gave 0 22 and 

Table 1 Survey of cell wall preparations from Comferae (Comferopslda) leaves for msoluble ester-bound hydrox- 

ycmnamlc acids (HCAs) and flavonol glycoslde 

Compound * 

Taxon 

HCAs Flavonol glycosldes 

Coum Fer 1 2 3 4 

PINALES 
PINACEAE 

Abletoldeae 

Ahles concolor (Gord ) Hoopes$ 

A Grandls (Don ex Lamb ) Lmdl 

A holophylla Maxim 

A kmnleprs Sieb and Zucc $ 
A numrdrra De Lannoy 

A prnsapo ylauta BOW 

A ke~achrl Carr 

PU ea abrec (L ) Karst 

PC hrrweruzna S Wats 

Pr enyelmannfz Engelm $ 

PC yluuta (Moench) Voss 

Pr ylehmz (Schmidt) Mast 

PC Jezoensr (Szb and Zucc } Carr 

Pr omorgra Purkyne$ 
Pr or~ntalrs (L) Lmk 

PC p&a Carr $ 

P L‘ p~~gunc-glauca En&m 

Pr purpurea Mast 
Pr sitchensls (Bong ) Carr 

Tsuga canadensrs Carr $ 
T srhold~ Carr $ 

Larlcmdeae 

Cedrus hrewtfolra Dode$ 

C l&ml stem~~~a Loud $ 

LQrlx &r~&ra Mill 

L ymelmi (Rup) L~tvm 

Pseudolarzx amul~l~s (Neb) Rehd 

012 

044 

121 

124 

101 
101 

1 38 

1 89 

102 

143 

145 

1 17 

140 
079 

1.07 

1 on 
074 

086 

145 

076 
1 32 

005 

004 

004 

004 
tr 

008 

007 

015 

012 

008 

0 3 I 
025 

033 
045 

028 

013 
a27 

a26 

a34 

008 
0 12 

035 

006 

0 38 

022 

043 
051 

040 

145 

0 31 

092 

0 80 
086 

099 
037 

1 27 
066 
072 

a64 

1 19 

062 
092 

036 

0 57 

0 50 

069 

0 24 
0 72 

061 

055 0 12 060 

038 a09 a35 
a77 a04 a55 

a93 006 052 

002 a06 
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Table 1 (Contmued) 

Taxon 

Compound * 

HCAs Flavonol glycosldes 

Coum Fer 1 2 3 4 

Pmoldeae 

Pmus cembra L 
Pn. contorta latlfolra Doug1 

Pn. korarensrs Sleb and Zucc 

Pn. leucodernus Ant 

Pn. montlcola Doug1 

Pn. mugus Turra 

Pn mgra Am $ 

Pn pmaster Alt. 
Pn ponderosa Doug1 
Pn strobus L.% 

TAXODIACEAE 

Cryptomerla Japomca (L f) D Don.$ 

Cunnmghanua lanceolata (Lamb.) Hook$ 

Matasequma glyptostrobordes Hu and Cheng 

Sczadopltys uertlcellata (Thunb ) Sleb. and Zucc $ 

Sequota glganteum (Lmdl.) Buchh $ 

S. semperwens (Lamb) End1 $ 

Taxodwm ascendens brongn 
T. dwtwhum (L.) Rich. 

CUPRESSACEAE 
Chamaecyparw obtusa (Sleb. and Zucc.) End1 $ 
Ch. pwji-ra (Sleb. & Zucc.) bndl.$ 
Jumperus cornmums L.$ 
J wgwuana L.$ 

ThuJa occrdentahs L $ 

Th. phcata D. Don $ 
ARAUCARIACEAR 

Araucarla araucana (Mol ) K Koch$ 
TAXALES 
TAXACEAE 

Taxus bacata L $ 

T cusbrdata L $ 

Torreya nuclfera (L ) Sleb & Zucc $ 

1 65 048 1.48 
1 18 0 14 0.74 
1 68 0 32 1 62 
2 54 014 0 82 
206 0 34 131 
1 75 0 17 102 
1 71 0 18 090 
077 0.21 0 54 
082 0.13 043 
1 65 026 1 54 

005 001 003 

0.01 
009 
0 10 

004 

001 
001 

002 001 

0.13 0.03 
0.02 001 
0.02 0.03 
0.32 009 
0 12 0.12 

003 

005 
007 
001 

0 85 

001 
002 
0.01 

0 17 tr 

lr 011 

005 005 
tr 035 

018 035 

004 008 

018 028 

004 018 

069 013 

027 006 

*pmol/g leaf fresh weight (data from one of two expenments which gave slmllar results), $ first and second year of leaf 

development investigated (only the data from the second year of leaf development are shown), otherwise only the leaves 

from the second year of development were mvestlgated with the exception of Lanx, Metasequloa, Pseudolarlx, and 

Taxodlum (one year-leaf development),- = not detected, tr = trace (~0 01 pmol), Coum = (E)-p-coumarlc acid, fer = (E)- 
feruhc acid, 1 = kaempferol 3-O-/I-glucopyranoslde, 2 = kaempferol 3-O-a-rhamnopyranoslde, 3 = quercetm 3-O-/I- 

glucopyranoslde, 4 = quercetm 3-0-cc-arabmofuranoslde. 

R’ 
OH 

1 R’z H, R2= O-Glucopymnose 

2 RI= H, R2= cy-Rhamnopyronose 

3 R’= OH, R*= fl-Glucopyranose 

OH 0 
L R’. OH, R*= cy-Arabmofuranose 

Scheme 1. 

0.15 m the first year and only 0.12 and 0.09 pmol feruhc 
acid/g fresh weight m the second year of development, 
those of Taxus baccata 0.12 and 005 pmol p-coumanc 
acid m the first and second year, respectively. This 
indicates a further metabolism of the cell wall HCAs, 
possibly through conversion of non-hydrolysable hn- 
kages. 

So far nothing IS known about the site of attachment of 
these phenolics and their cell or tissue distribution withm 
the Pmaceae leaves. There is only some evidence from our 
earlier investigation on Pzcea abies [l] that they might be 
predominantly located m ‘lignin-carbohydrate com- 
plexes’ [ 121 A feruloylated trisaccharlde has been lsola- 
ted [ 131 from bagasse ligmn-carbohydrate complex. 
Whereas the esterrfication of HCAs with sugar moleties of 
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1 hnus 

strobus 

-b-t_ 

Acea A b/es 

engelmanntt homoleprs 

L 
I I I 

0 5 10 15 20 25 0 5 10 15 20 25 

Time [mln] 

Fig 1 Diagrams from representative HPLC analyses of cell wall-bound phenohcs which were Isolated by 

saponification of cell wall preparations from Comferae leaves Peak ldentlficatlon 1 =(E)-p-coumarlc actd (K, 

= 10 6 mm), 2 = (E)-feruhc acid (R, = 11 7 mm), 3 = quercetlon 3-0-glucoslde (R, = 16 7 mm). 4 = quercetm 3-O- 
arabmoslde (R, = 19 0 mm), 5 = kaempferol 3-0-glucoslde (R, = 17 5 mm), 6 = kaempferol ?-0-rhamnoslde 

(20 6 mm) The chromatographlc column used was prepacked with Nucleosll C,, (5 pm) (Macherey-Nag& Duren). 

250 x 4 mm I d Chromatographlc conditions with a delay time of 0 6 mm linear gradient elutlon within 20 mln 

from 25 to 60% solvent B (MeOH-MeCN-H,O, 1 1 I) m solvent A (1 5”/0 H,PO, m HLO), flow rate al 

1 5 ml/mm, detectIon at 320 nm 

pectmes or (hemi) celluloses appears to be plausible, that 
of the flavonol glycosldes IS rather obscure It would be 
Interesting to search for a molecule hnkmg together the 
glycosldlc flavonol moiety and a sugar from a cell wall- 
carbohydrate fraction It IS quite possible that a dlcar- 
boxyhc acid, frequently found as an acyl group m this 
class of flavonold [14-161, may function m this way 
Studies on the hnking structure and possible acyltransfer- 
ase reactions involved m the formation of cell-wall bound 
phenolics are m progress. In addltion, the relation be- 
tween metabohcally active soluble flavonol glycosldes 
[17] and those serving as end-products m the Comferae 
leaf cell walls will be investigated 

EXPERIMENTAL 

Plant material Leaves from various taxa of the Comferae, 

identified by A Moller, were collected m June and July 1987 

from the Forstbotamscher Garten (forest garden), Koln-Roden- 

klrchen, F R G , and were lmmedlately frozen with hq N, on the 

spot Once m the laboratory, they were stored at -30’ 

Crude cell wall preparatron Analytical Comferae leaves (1 g fr 

wt) were treated with an Ultra-Turrax homogenizer (5-10 mm, 

depending on the leaf material) until consistent homogeneity m 

10ml MCF (MeOHCHCI,-7 M HCO,H, I2 5 3 [l8]), allo- 

wed to stand for 1 hr with contmuous stlrnng, and centrifuged at 

2004I g to remove MCF-soluble components The pellet was re- 

extracted twice with 10 ml MCF and then consecutively treated 
with the followmg solvents (20 ml) each for 30 mm with stirring 

followed by centnfugatlon) (I) x 2 MeOH, (II) x 4 H,O, (m) x 6 

MeOH; (IV) x 2 Me,CO, (v) x 2 Et,0 The remaining msoluble 
whitish material (crude cell wall fraction) was dried at 60’ (ca 1 

hr) Preparative Leaves (100 g fr wt) from A homolepu and Pn 

strobus were homogenized m the presence of hq N, m a 

centrifugal null (Retsch, type ZM 1) The resultmg fine powder 

was suspended m 700 ml 80% aq MeOH and allowed to stand 

for 4 hr with contmuous stlrrrng After filtration the msoluble 
residue was re-extracted x4 hlth the same solvent and then 

consecutively treated x 2 with 500 ml each of H,O. 0 5 m aq 

NaCl [19],0 5% aq SDS [ZO], H,O, MeOH. Me,O. and Ft,O 

The remammg material was dried obermght at 60 

Isolatwn (of rn~olubie phenohc~ Analytical Crude cell wall 

preparations were suspended m 8 ml hot (8@ ) I M aq NaOH 
and allowed to stand for La 17 hr at room temp The hydrolysate\ 

were centrifuged and &quo& (2 ml) of the supernatants were 

acldlfied (ca pH 2) with 200 ~1 H,PO, 200 111 ahquota uerc 

centrifuged and 20 /II of the clear supernatants analysed bq 

HPLC for the presence of phenohcs Preparative The materials 

from the preparative cell wall preparations from A hotno/rpr\ 

and Pn strohus were treated for ta 17 hr with 400 ml 0 5 m aq 

NaOH at 70’ The filtrates were acidified (pH l-2) with coned 

HCI, the liberated phenohcs extracted with Et,O. and kaem- 
pferol 3-0-rhamnoslde (2). quercetm 3-0-glucoslde (3) and 

quercetm 3-0-arabmoslde (4) isolated as follows The Et20 

fractions were dned rn uacuo and the residues redissolved m 4 ml 

50% aq MeOH These tiere fractionated on d polyamide 

column using H,O. 40% aq MeOH, 80% dq MeOH. 100% 

MeOH, and 0 02% NH, m MeOH The llavonol glycosrdes to be 

identified (2 from A homoleprs dnd 3 and 4 from Plr~u\ \trohuc) 

were obtamed with the 80% aq MeOH fraction and separated 

on TLC m Sl 2 (R,O33, UV deep purple, UV’NH, yelloR 

green fluorescence), 3 (H,O 15, lJV deep purple, LJV ‘NH, yellow 

fluorescence), and 4 (R,O 18. UV deep purple, UV NH 1 orange 

fluorescence) The TLC-tlavonol glycoslde bands were scraped 

off and eluted from the cellulose with 50% dq MeOH F mal 

purification was acfueved on a Sephadex LH-20 column elutlng 

with 50% aq MeOH 
Aud hydrolysrs and producl ldentlfrcutron Compounds 2 4 3 

were &solved m 20”/ aq HCO,H and kept for 60 mm at 100 

The aglyca were separated from the liberated sugars by repented 

extraction with Et,0 TLC of hydrolysis products gdve kaempf- 

fpferol CR,044 m Sl) and rhamnose (R,O 82 In S7) from 2, 
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quercetm (R,O 21 m Sl) from 3 and 4, glucose (R,O 63 m S2) from 

3 and arabmose (R,0.64 m S2) from 4. 

TLC On mtcrocrystalhne cellulose (‘Avtcel’, Macherey-Nagel, 

Duren) with Sl (CHCI,-HOAc, 3 2, H,O satd) and on silica gel 

(Impregnated with 0 5 M NaH,PO, m H,O-MeOH, 3 1) with 

S2 (iso-PrOH-Me&O-O 1 M lactic acid, 2 2 1) according to 
Hansen [21] Flavonols were detected under UV light (350 nm) 

wtthout and with NH, vapour (UV/NH,) and sugars m day hght 

after spraying with amlmediphenylamtne-Me,O-H,PO, 

(2 ml 2 g 100 ml 15 ml) and subsequent heating at 110” until 

colour development (arabmose = violet, glucose = blue-green, 

rhamnose = olive-green) Kaempferol and quercetm (Roth, 

Karlsruhe) and glucose, rhamnose and arabmose (Serva, Hetdel- 
berg) were used as reference material 

HPLC The hqutd chromatography (two-pump system) and 

the data processor (Chromatopac C-R3A) for quantitative calcu- 

lations used were from Pharmacta LKB (Frerburg) and Shim- 

adzu (Kyoto, Japan), respectively InJecttons were performed vta 

a Rheodyne (Cotatt, CA, US A ) rotary valve wtth a 20 ~1 loop 

For details of the chromatographic condtttons see Fig 1 p- 

Coumartc and feruhc actds, kaempferol 3-0-rutmostde and 
quercetm 3-0-rutmostde (Roth) were used as ext std for quan- 

ttficatton All the quantttattve experiments were performed m 

duphcate The data shown m Table 1 were taken from one of the 

two experiments which gave stmtlar results (l&20% variation) 

L’ VVts spectroscopy UV/Vts spectra were recorded m MeOH 

soluttons and the flavonol glycostdes 14 gave results (& shift 

reagents) tdenttcal to those descrtbed by Mabry et al [9] 

NMR spectroscopy and MS The ‘H and 13CNMR spectra 

were recorded at ambient temp locked to the maJor deutermm 

resonance of the solvent Chemtcal shifts are reported m ppm 

relative to TMS and couphng constants m Hz Kaempferol 3-0- 

a-rhamnopyranostde (2) ‘H NMR (CD,OD), 67 810 rd”, H-2’, 

H-6, J(2’-3’) + J(2’-5’) 8 9],6 976 I”S, H-3’, H-S], 6 417 [d, H-8, 

5(8-6) 2 11, 6 240 [d, H-63, 5 417 [d, H-l”, J(1”-2”) 1.71, 4 261 

[d,d, H-2”, J (2’-3”) 341, 3 751 [d,d, H-3”, .f(,“X’) 9.31, 
3 43-3 30 [m, H-4”, H-5”], 0961 [d, H-6”, 5(6’-5”) 5 81 

i3C NMR (CD,OD) 6 = 179 63 (s, C-4), 166 11 (s, C-7), 163 22 (s, 

C-5) 161 57 (s, C-4’), 159 28, 158 60 (s x 2, C-2, C-9), 136 24 (s, 

C-3), 131 88 (d, C-2’, C-6’), 122 70 (s, C-l’), 116 55 (d, C-33’, C-5’), 

105 92 (s, C-10) 103 54 (d, C-l”), 99 94 (d, C-6), 94 83 (d, C-8), 

73 25, 72 20, 72 03, 71 94 (d x 4, C-2” to C-5”), 17 64 (q, C-6”). 
FABMS m/z 431 [M-H] _ Quercetm 3-0-b-glucopyranostde 

(3) ‘H NMR (CD,OD), 67 749 [d, H-2’, 5(2’-6’) 2 1],7 633 [d, d; 
H-6,5(6,-5’) 8 5],6 910 [d, H-5’], 6 437 [d, H-8,5(8-6) 2.1],6 245 

[d, H-61, 5 303 [d, H-l”, 5(1”-2”) 7 43, 3 756 [d,d, HXA, J(6”A- 

5”) 2 1, J(6”A-6”B) 11 91, 3 614 [d,d, HX’B, @“B-5”) 5.33, 

3 55-3 25 (m. H-2” to H-5”] Quercetm 3-0-a-arabmofuranostde 

(4) ‘H NMR (CD,OD, S 7 568 [d, H-2’,5(2’-6’) 2 11, 7.539 [d,d, 
H-6, J(6’-5’) 8 3],6 942 [d, H-S], 6 434 [d, H-8,5(8-6) 2 1],6 247 

[d, H-61, 5 509 [d, H-l”, 5(1”2”) 0 8],4 370 [d,d, H-2”, J(2”-3”) 
2 93, 3 950 [d,d, H-3”, 5(3”4”) 5 41, 3 908 [m. H-4”], 3.54 [m. H- 
5”AB] FABMS m/z 433 [M-H]- 
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