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INTRODUCTION

Arucanaceae (Araucania family, Y\loukc_\‘-}‘fmlc
e family) is chamcterized by aver-preen resinous
s represented by only two geen .;\l;duf:ln:l and
Agathis comprising about 38 spevies’ An
excelsa R Br. (Norfolk - 1sland - Ping) is
tree of height about
and cultivated as

mearia
a pyramidal
200 At which introduead 10 Egypt
an ormamental plant™,

Chemical investigation of {he oil obt
erminal  leafy branchlets of
£rowing in New Zeal
wdentifiction  of
phyllocladene  ang
number of knowy
oleoresin of Araucari

ained from the
Araucaria  excelsq
and resulted in (he isolation and
three compounds,  o-pinene.
1sophyllocladene™ Also, a
diterpenes were isolated from
a excelsa™",

Nothing is ayai]
chemical constityen gical activity of the
Egyptian species. Thus, it was deemed of interest to

Study the chemica constituents and e antimicrobiy]
activity of Araycari ated in Egypy,

1a excelsq cylijy
0ils prepared from
analyzed using GC

able in literature

concerming the
1S and the biolog:

ated using
ral analysis (Uy, IR, MS, 'y, Bp.
NMB, API‘ D PT HSQC ang HMBC(), The
qualuagvc and tions of (he different
thrgc 0ils have been recordeq, Also, the an(imicrobial
activities of the oils were evaluated.
EXPERIMENTAL
Materig] and methods;
Plant material:
Br, (Amucariaccae) we

from plants cultivated i

ontazal
Alexandria, Egypt. The plant wag kindly identigtz‘:;ge&’.
Dr. Nabil El-Hadidi, Professor of Plant Ta.\:onomv
Faculty of Science, Cairo University, A Vouchey
specimen is kept at the

Pharmacognosv Departmem
Faculty of Pharmacy, Zagazig University, ,

Egypt,
Melting point was determined oy

a digita] neltip
point apparatus, elect rothermal LTD, Englangd and wyg

T — “'—"“\\

uncorrectad; UV spectrum was recorded o

n Shimndm
UV-260 (Japan) and IR on Beckham UR) 4220 double
beam spectrophotometer; EIMS w

A8 recorded oy

Finnigan MAT 4300 spectrometer operating at 7 eV

'H- and "“C-NMR spectra were obtained on
MAT at 300 and 75 MHz, respectively; siligy 2l 60
(Merek, 0,015 ~ 0.040 mm) was used for eolypy
chromatography; precoated TLC sheets (silic
GFasy, Merek) were used,

Mecthods:
Preparation of oils:

4 Variag

a gel o0

The volatile oils were prepared from fresh leaves,
stem bark and woog by steam distillation using EP.
method™ and he pereentage yield (v/wv) was found to
be 1.40%, 0.200% and 0,059, respectively. The oils
were dried witlhy anhydrous sodium sulphate and kept
A 4°C in sealed vials for analysis.

Analysis of ol

GC analysis was carried out on a Varian 3400 Gas
Chromatogmph cquipped with o fused silica column
(DBS, 30 1 x 025 mm 1D, 025 pu film (hickness):
J&WP/N: 12 = S032 under the following conditions:
Cartier gas: He wity flow rate 2 ml/min™; detector:

ID; temp, 300°C; inj, temp.: 250°C;, split ratio: I ISO
OVen temp, program. initial temp.: 50°C for 4 min,
= 90°C a *Clmin, 9q _ 300°C at 10°C/min 1hcr1
hold for 1 min, Kovats relention indices (RD) “‘c;:t
Calenlateq using co-chromatographed standard b
alkane mixqyre (C-8 10 C-24Y®. Quantitation (-’fG
components vy performed on the bases of the't ot
peak areqs, For GC-ms analysis : GC conditions \\““s
centioned. aboye  and the capillary cohm® B
dlr.eclly Coupled with g quadrupole mass Sl?'c‘:“f'd at
g*:;nlsligan MAT $8Q 7000). EIMS were 1c0

eV,

"JS
_— . cuents W
Qualltau\'e analysis of the oil cons”_“l(;;iccs and
Performeq by comparing their retention if atd
Masg

ished &
aoss fragmemation patterns with the publ:Zr ibr
and also by the aid of the compy ?
Search, The results

is
of GC and GC-MS amalys® ™.
fecorded in Taple 1.
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or compound:

of Araucaria excelsa ( 1.5 Kg)

Wwas subjected 10 hydrodistillation (0 give 20 ml of
:ch-white fragrant oil. On cooling this oil, white
{e was separated. TLC investigation of the

recipitate (light petroleum = EtOAc, 9.5 : 0.5)

revealed one major spot (Re 0.43). About 1.1 g of the
precipitatc was packed on silica gel column (80 g, 2.5
% 50 cm) eluted with n-hexane and the polarity was
eased in gradicnt manner with light petroleum

e. White needle-shaped crystals (730

sfully isolated from’ the fractions
troleum/benzene (9:1). The

wed melting point 96-97°C;

. e McOH 227 pam; [R: ¥ 3070, 2900, 2850,
0, 1440, 1380, 1360 and 870 cm’™; EIMS m/z (rel
%) 272 (M, 100), 257 (59), 230 (36), 229
187 (24), 175 (18), 148 (23), 147 (24),
(18), 123 (39), 121 (13), 119
107 27), 106 (26), 105 (40).
1 (45), 79 (47), 77 (28), 69
55 (69) and 53 (24). 1H- and "’C-
ded in Table 2.

.~ [solation of the maj
The fresh leaves

incr
then with benzen
mg) were succes
ed with light pe

uv
165

95 (35),
(51), 67 (43),
data are recor
Antimicrobial Activity

The antimicrobial activity
plant parts as well as the isolalct
phyllocladene Was carried out, adopting the agar
diffusion method"?. Each cup "was accurately filled
with 70 pl of 10% of each oil and the isolated
compound  in dimcthy]formamidc MF). The
polency was tested against Staphylococcus aureus,
Sarcina lutea and Bacillus subtilis (Gram +ve
bacteria), FEscherichia coli (Gram -V bacteria),
Candida albicans and Aspergillus Spp (fungi). The

microorganisms uscd Were obtained from stock
cultures of the Department of Microbiology, Faculty
University. The plales were

of Pharmacy, Zagazig
37°C in case of pacteria and at

incubated overnight at
30°C in case of fungi. The diameters of inhibition
llin (150

zones were measured (mm) against Penici

ug/ml) and Nystatin (250 pg/ml) as reference
antibiotic and antifungal, respectively. The results ar¢
recorded in Table 3.

RESULTS AND DISCUSSION

N llt}esulls of the qualitative and quantitative analysis
. ¢ essential oils of leaves, stem bark and wood of
Araucaria excelsa are recorded in Table 1.

Am'lfl’lcl;rprcvlous work on the New Zealand species
oo u;] ﬁxcel.s'a cstabli;hcd identification of -
oy P“z') rl(:dadene and ls'oph}'.llocladcne“'g’. In the
o' wle have identified altogether 78
o T an:ll the oils of the studied organs (lcaves,
compons e 0 wood): Diterpenoidal compounds
i in c:msutqcms o_f leaves oil (53.99%)
ot (hcl (:1).69%),' while sesquiterpenoids
(813654, major constituents of stem bark oil

From . L
Aromatic g’é’ou‘;ﬁlagle oil of leaves (pale ycllow
T ) 38 compounds were identificd

of the oils of different
olated compoun

37

constituting  97.0%.

isolated and its struct
spectral methods. I
himachalene (5.03%)
limonene (6.43%) and

(monoterpenc  hydrocarbons) were

components,
In the stem bark

oxygen containing sesquiterpe
the major compound is caryop
while 14-hydroxy-9—epi-(E)—caryo

(8.26%) and khusino

hydrocarbon (24.22%) o~-pinene W

16.46%, Oxygenated
2.14%. Abietadiene
kaurene (2.59%) and
manool
components. Abita

oils (2.86% and 3.56%,

0il of the wood (pale yell
richer in the delayed
eluted ones; in particu

kaurene (1 8.59%),

ph_vllocladanol

muurolene (4.31%) and ¥
sesuiterpenc hydroca

major

oxide (6.90%) and 1-epi-cu
components of oxygen - ©
group. Monoterpene 1
the major compon

oxygen containing m
%) is the

borneol (1.71

Fig. It
oils of Araucaria exce

The above results ob

quantitative differenc
essential oils obtained

(10.07%) were th
| was identified in |

(10.73%). o~

ent is (ricy
onotcrpencs consti

Kaurene diterpenes ident
/sa R. Br.

Phyllocladene (37.86%) was

ure was elucidated by different
n addition, y-cadinene (9.14%), o~

(sesquiterpene hydrocarbons),
p-mcnlha-1(7),8-dicne (5.66%)
the submajor

oil (yellow, aromatic odour),
nes constitute (31.13%),
hyllene oxide (15.71%),
phyllene constitute
1 (6.94%). From monoterpene
as found to be
monolerpencs constitute only
(8.49%), isokaurene (4.44%),
a mixture of abietatriene and
¢ major diterpenoid
eaves and bark
respectively).

ow, aromatic odour) was
than the earlier
lar, oil is rich with diterpenes;
isopimarol (12.09%) and
Copacne (8.57%), ¥~
cadinene (2.37%) are the
rbons, while caryophyllene
benol (3.06) are the major
onfaining sesquiterpencs
rbons constitute 4.87%;

clenc (3.75), while
tute 4.30% and

compounds

ydroca

major one.

ified in the volatile

viously show qualititative and
¢cs in the composition of the
from the different plant parts of
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Araucaria excelsa.

The major component :
as phyllocladene, previously identt
New Zealand species; by comp ( :
index (2009) and mass fragmentation patiert \_mh ||3L
published data®. Phyllocladene (Fig. 1) was isolated
and its structure wis confirmed through (lancrcnt‘
spectral data, EIMS showed M’ al m/z 272 for

molecular formula Caliz, IR spcgl;um |?l:(§)|:;).;d
{ i ; { (=Cly), 10J
absorption bands at 3070 cm ( 31)61_ PNMR

(C=C) and 870 e (=CH; bending)

data (Table 2) showed the presence ol".Z() carbons,
three methyls, ten methylene, three methines and IQO:'II’
quaternary — carbons through APT and DEPT
experiments. 'H-NMR spectrum (Table 2) displayed
the characteristic exocyclic methylene protons (H-17)
at 4,70 ppm (11, d,J = 1.2 H2) and 4,74 ppm (1H, d,
J = 1.2 Hz) and three methyl singlets at 0.86, 0.81 and

0,92 ppm for H-18, 19 and 20, respectively.

In the HMBC spectrum (Fig. 2, Table 2) H-13
resonance al 2,52 ppm gave long range corrclation
with carbon signals at & 34.01 (C-14), 50.35 (C-15),
157.63 (C-16) and 102.32 (C-17) supporting kaurcne
structure. The exact chemical shift of (C-3) and (C-1)
was confirmed through long range correlation between
{(Ha-1) and carbon signals a1 8 56,93 (C-9)and & 15.11
(C-20).

of lcaves oil was identilicd
ficd in the oil of the
wing its relention

Fig. 2: HMBC of phyllocladene

The obtained results as well as_the available
literature of the related compounds”™* confirmeg
the structure of phyllocladenc (8B, 13[$-k:|ur-l(,.cnc)
To (he available knowledge, 'H- and "C.NMR
assignments of phyllocladene are addressed herein for
the first time.

Concerning the antimicrobial activity (Table 3)
the volatile oils of stem bark and wood showed Serné
antimicrobial activity against the (ested strains for
both bacteria and fungi. The leaves oil and its major
component  (phyllocladene)  cxhibited  significant
activity against the tested strains for both bacteria and
fungi except sarcina lutea (Gram -+ve cocci).

Table 1: GC-MS Analysis of the essential oils of Jeaves, stem bark and wood of Araucaria excelsa R. Br.

_ | Pareat Basce Percentage
No. Componnd RI ion | peak Major peaks
(M) B.p) Leaves| Bark | Wood
I |Tricycl
: nc.\c'cnc 933 | 136 93 191,77,41,121,105,67 0.24 1.61 3.75
: a-T.htucnc 938 | 136 93 191,77,41,121,105,51,65 0.20 1.69 -
a-Pincne 945 | 136 | 93 [91.92,79.77,41,121.105 0.13 | 1646 | -
4 [Verbenene 972 | 134 | 91 141,119.77,65,51.105 -
5 | Sabinene 982 | 136 | 93 |1 ' M7
S d 41,91,77,79,51,65,121,107 — | 100 | -
> |#Pincne 985 | 136 93 179,69,53,121,105.107
7 |Myrcene 99: T - 0% -
994 | 136 41 193,69,79,53.81.107
§ |p-Mentha-1(7)8- [ 1001 | 136 | 93 | 4 e o )
diene 1,91,77,79,53,121,105,67 5.66 - -
9 la-
a-Phellandrene 1006 [ 136 | 93 (91774179 69,53,65,121
Unidentifi PP IEATADS 3.47 - “
10 [Isosyl . 1008 1136 |93 141,69.79.91,77,53,121, 107
! sylvestrene 11136 93 1121,729,67.41 107 53 ’ 155 | - -
p-Cymene S 0.19 - -
i i 1030 | 134 | 119 91,4[,67,77,53,(,5,")5 45 112
5 betens 1036 | 136 68 93,67,7‘),53,4],[07,121 ' - N
i rpincne 10671136 1 93 191,77,12141 105,65 6431 ool )
4 [Terpinolene ERTRIE, - -
1085 | 136 93 1219179 3 !
———L207079,41,77,105,53,67 127 S
38
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Table 1: continued
15 |a-Pinene oxide 1093 | 152 [ 41 [43,67,53,55,109,93,83 - 0.36 -
16 |cis-Thujone 1096 | 152 | 41 [67,53,55,109,81,95 - | 046 -
17 |trans-Thujone 1096 | 152 | 41 [67,5582,81,109,95 0.25 - -
18 |-Campholenol 1126 | 152 | 108 [93,67.41,81,55119 101 | 0.2 -
19 |irans-Pinocarveol [ 1139 152 | 41 [55,91,79,109,70,119,134 0.26 | 0.15 -~
20 |cis-Verbenol 1141 | 152 | 41 [94,109,79,67,59,119,137 030 | 0.37 -
21 |Camphor 1143 | 152 | 95 [41,81,55,108,109,67,137 —~ - 0.58
22 |trans-Verbenol 1144 | 152 | 41 [5591,81,67,109,119,137 175 | - -
23 |p-Menth-S-en-1-ol” | 1148 154 | 43 [93,71,79,55,121,107,139 1857 - -
24 |pMenthan-8-0l” | 1148 | nd" 59 [43,81,123,67,155 - - -
25 [Borneol 1163 | 154 | 95 [41,43,110,55,67,136,121,111 - - 1.71
26 [3-Thujanal” 1165 | nd. | 43 [95,55,121,67,81,107,136 “}0.32._ - -
27 a-Phelandrene-8-0” 1165 | nd | 59 [79.91,9443,109.119 ) . -
28 p-Memh-l-en-S-ol 1191 | nd. 59 |43,136,121,93,81,67,107 0.72 - 0.86
29 [Myrtenol 1210 | 152 | 79 [91,41,108,107,67,119,121, 136 011 | - -
30 {Verbenone 1215 | 150 | 107 [41,91,13579,55,67,122 026 | - -
31 |trans-Carveol 1223 | 152 | 109 [41,845591,69.119.137,123 025 | - -
32 lrans-Ocimenone | 1245 | 150 41 [91,135,107,79,55,67,95,83 ~ | 053 -
33 [2-Ethylmenthone | 1276 | 182 55 111,60.83,97,111,125,140,153,167 | 0.25 | — 115
34 [Methyl nerolate 1284 | 182 | 41 69.83,91,109,95,123,139,151 - | 015 .
35 |a-Cubebenc 1355 | 204 | 41 [105,119,161,81,91,55.65,133 - - 0.26
36 [Cyclosativene 1373 | 204 | 41 105,119,161,91,79.55,133, - | 488 -
189,147
37 |g-Copacne 1379 | 204 | 161 119,105,41,91,81,77,55.67, 159 | - 8.57
133,189,147
38 |#Bourbonene 1388 | 204 | 81 80,123,41,161,105,91,53,133 - - 1.13
Unidentified 1412 | 202 | 43 41,55,91,118,131,10581,77,159.1 - - 0.17
61,175
39 |gCaryophyllene | 1420 | 204 | 41 91,79,53,105,133,67,119,16L,189 [ = 2.33 -
40 |BCedrenc 1420 | 204 | 161 | 41,120,91,10579,133,69,147 | = - 0.29
41 |-Gurjurene 1433 | 204 | 161 [41,91,105,119,77,133,147, 189 - - 0.52
42 |g-Himachalene 1446 | 204 | 41 [93,79,91,133,105,119,161, 189 5.03 - -
43 [Seychettene 1456 | 204 | 41 [91,79,133,105,161,119,147, 039 | 213 -
189.175
“ | *Muurolenc 1478 | 204 | 161 ]41,105,119,91.79,133.189, - - 43
T . 149,147
e 1500 | 204 | 105 |161,41,93,79,119,133,189, 147 - - 1.81
| 46 Jrams-pGuziene | 1510 | 204 | 41 [105,91,161,119,133,189,147.175 |~ 037. | -
47 |xCadinene 1519 | 204 e p m,, 527
L 161 [91,41,105,79,119,133,147, 9014 | 052 | 2.3
189,175 IR A A
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. : 01108 mmm - I R
Tuble 1z contimed [ ays | 189 (4013090102 112F0 0.2
T camenene | 19281 7 CALOLIMSLIBI S 4030 1w
L an jor-Calamenc ! aor | 161 (1190034075 -
. AL ’ 577,129 - -
|4y A adinent | 5K 187 lrl?,“.l“- )1,58.10: 17,12 0.26
' { |("' il F ”(1
LAl g alacorens 543 TEREAL ¢|7_*S.|"7.”‘-“5~| 19.101.1 0.6 15.71 6.9

0 Caevopindlone onide | 1RR 427 177,187 19

| e | a1 [138.67,009,9681123161. T Ty

{ o TR 220
£ hmudens 1.2 i

eponide i 1M :)].7!)‘|ll7,|2|.|5')-"5. o - 03]

| |60 1 220 1 A
WA plapenond | 208,187

| | 237 | 41 [161,119,105,95.55.81.133. 149 - - 3.06

P 14,50 ‘s ! : '

1 ubenold i n - - i
U 1646 | 220 | 43 121.79.55.159.69.135.177. 1.97
8% (Cade K]S en-Yea- ! 187.205

ol 3 -

' | ws | 220 | 4 I:ux.ss.w.lns.l19.133.149. 826 | 18]
So |14-Hvdross *' - gl Batdl 159,177,189

fepii [ caryvopinienc 1 : ! = 6«

, 1674 | 220 | 41 91.55.79,105,159.121.133, 9411
<7 TR hesanol ’ i %‘77 187 202

' . (40 | 262 | 41 [22091.105.55.131.177.81, - - 110
58 iCodr-8(15)-cn-9-a- - 49,187,202

ol aceti ! l : o 0.22
W i Acoradsenol L1760 | 220 | 41 (88.91,79.67.105.135,119.147.159. - - -
) .f’ O E' g i'_’.;"x‘)

| i : " - - 0.35
ot (b anceol 1706 | 220 11 8593.67,159.119.105,79,134, 148, !
1 173,202
61 rans-Dilwdro . 1788 ! 204 43 81,109.67,55,163,191,149, - -
ocoidentalol acetate i 135,177,206 023"
62 Himesol acetate” 1788 | 204 43 1161.119,105,91,147,79,55.189,20 | - -
, ; 4133
| 63 él:mr(‘ncnc 1877 g M 41 91.5879.105,76,257,133,148,159,] 3.35 - -
| ; I87.173.201.216
o4 Oplopanom ! acetate | 1887 | 280 | 43 8191.55,107,121,135,150,67,177,| - - 0.29
o | 220,205
65 lopi-Laurencne INOS | 272 | 41 (91.55,105,79,67,119,257.133,161,| 0.38 - =
201.216
o0 lsopimar-9(11).15- | 1908 | M2 4] §5,91,79,105,272,161,119, 0.31 - 033
o dene 133,175,230
| Umidenfied WIS 1272 1 43 41,55,256,91,121,69,145,159,257,| - 0.33
! 185,175
}, {Unidentified 1923 | 272 41 ‘)l,6'),55,‘)5,I()5,123,|37'229'257’ 4.04 -- -
| 133,148,187,159,175, 20
BT 49
: ———“ 1925 1 md 43 41,0215595256,80,107,135,159,] - - |
! 175
| 67 |Sclarene 1965 | 27 -
J T AL AL 915579,67,105,119,133,257,187.] 3.08 -
‘} 175,161,201 0
o8 lisopnllocladene g 0.
{ sop 1969 | 272 120 4l,l06,l()S,‘)l_(,7,79‘257,133.161, - - ,
] 187,230 S

e
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Table 1: continued
——

69 Isokaurcne 1990 | 272 | 41 (91,5579,67,105,119,147,131,229,| 0.0 | 444 | 038
187,175,163 ‘
70 [epi-13-Manoyl oxide | 2007 | nd. | 43 |55381,95,257,123,109,161, - - 3.40
177,275,137,191 '
71 |Phyllocladenc 2009 | 272 | 41 [5591,79,67,105,123,119,133,145.| 37.86 | 048 | -
229,257,175,187,201
72 [Kaurenc 2031 | 272 | 41 [5591,79,69,105,123,119,133,147,| 5.12 | 2.50 | 155y
229,257,175
73 |Abietatriene”™” 2053 | 270 | 255 |41,173,159,55,69,185.213, - 0,40
143,199 .
. 10.07
74 [Manool 2058 | 272 | 43 [55,81,95,71,137,257,123,109,161,| - 3.20
177,229
Unidentified 2062 | 286 | 81 [41,5593,107,135,120,147, - - | 04l
187,257,161,177,230,243, 201,
271
75 | Abictadiene 2086 | 272 | 41 [55,81,91,105,133,229,257, - | 849 | -
| 145,187,173,201
Unidentificd 2141 | "nd. | 43 [257,55,95,161,81,105,133, - — | 04
286,171,213,237
76 |Phyliocladanol 2215 | 290 | 43 [41,123,95232,109,134,81,69,55,1] 023 | - 10,73
47,272,257,191
77 Isopimarol 2314 | 288 | 257 |41,105,81,67,91,55,119,133,147,1| - —- | 1200
61,175.243,201,274
78 |Abital 2315 | 286 | 187 |131,43,105,51,55,79,145243,255,| 2.86 | 356 | - _
117.159,215,197 ‘
Unidentified 2390 | 286 | 43 [5591,81,105,159,123,185, - | 246 | - I
251,201,241,271 l
Total 97.00 | 9723 | 97.89
Monoterpenc 1860 | 24.10 | 4.87
hvdrocarbon
Oxygen containi
monrpmes 733 | 214 | 430
ﬁﬁfﬁéﬁm‘f 1645 | 1023 | 19.78
Oxygen containin
g
Sesquiterpenes 0.63 | 3113 | 19.25
— Diterpenes 53.99 | 29.63 | 49.69

RI's N " . .
. mt:nu?n index, data were measured relative to n-alkancs on DB5 column under conditions listed in the
- w"‘mnmental section,
-eluted components
= = 1ot detected

- 4]
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internal standcr),
> di / dene (CDCl;, TMS as in
Table 2: 'H-, ""C-NMR and HMBC data of phyllocla

5C DEPT | HMBE ——
No. oH 41.06 CH; 3,5,9,20
I [0.77,1H,dd,J = 14, 4 Hz
1.63, 1H,dd.J = 14,9 Hz 19.00 CH: [1,3,4,10 —
2 |38, 2H,dm, J= 13 Hz 42.03 CH, ,
3 |L79.1H,dd,J=17,4.8 1:[7-
277, 1H,dd, J=17, 1.8 Hz 4147 Cq__ |-
= 6.54 CH_[1,3,7,9.18.25
5 0.84. lH, m ;0 31 CHz 4’ 5, il
6 1.28: 1H, m ’
ia 85| O, [5,914
T — 43.64 Cq |-
9 11.10,dd, 1=75,4 1 56.93 CH 11,715,720
10 |- 39.49 Cq -
11 154721 18.48 CH, 18,13
12 10.88 TH, m 33.19 CH, |14
144 1H. m
13 12.52 (brs) 42.70 CH 14,1516, 17 ]
4 154 1H 34.01 CH, |12,16
1.52°, IH
15 1L15,1H,dd J=11.241; 50.35 CH,  19,13,14. 16
1.53°, 1H
16 |- 157.63 Cq |-
7 132 }g gi = ;g Ez 10232 CH, 13,16 ]
D oSS TR R
200,92 7305 e 3.5
— 15.11 CHs 1[5 9 10 ,
Assignments were made by 2D('"H-'H COSY, 'H-"¢ 1y HMB ;
comparison with related compounds!722) QCand ©) spectra, APT and DEPT experiments and
O\'crlapping signals.

ning of volatile oils
excelsa R. Br,

from leaves, stem bark, wood and phyllocladene of Araucaria
Diameter of inhibition Zone in mm
Material m\m Fungi
bacterig
%W B. subtilis " . C. albicans | Asper. sp-
Volatile oi] of leaves 15 HT% —]
——— - 13
Volatile oil of bark 17 TT-IAMI‘O——#’
" . T 17
Volatile oil of wood 19 TT 2 1 ’
x‘x Y
Phyllocladene 18 %R%“—lﬁ———‘.}"’
Penicillin TT“%%“L&
K -
Nystatin . :& 25 A __’;/
T - - - 2
== No zone of inhibition, l\g 20 ’
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