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Summary. The synthesis and structural characterization of several benzylic derivatives of 3-exo-
hydroxy-1,8-cineole is described. The new compounds show antimicrobial activity against
Cladosporium cucumerinum, Staphylococcus aureus, Mycobacterium smegmatis, Pseudomonas
aeruginosa, and Candida albicans.
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Synthese einiger neuer Benzylether des 1,8-Cineols mit antimikrobieller Aktivitit

Zusammenfassung. Die Synthese und strukturelle Charakterisierung einiger Benzylderivate des
3-exo-Hydroxy-1,8-cineols werden beschrieben. Die neuen Verbindungen zeigen antimikrobielle
Aktivitidt gegen Cladosporium cucumerinum, Staphylococcus aureus, Mycobacterium smegmatis,
Pseudomonas aeruginosa und Candida albicans.

Introduction

1,8-Cineole (1) is an abundant monoterpene present in the essential oils of several
species, e.g. Eucalyptus globulus Labill [1-3]. At the beginning of the present
century, due to their antibacterial properties [4, 5] 1,8-cineole rich essential oils
were economically important products because of their pharmacological uses in the
treatment of respiratory problems; however, the development of new and more
effective drugs quickly replaced the 1,8-cineole containing mixtures.

Apart from the pharmacological applications cited above, 1,8-cineole finds
little use as a raw material, mainly because it is a chemically inert compound [6].
Despite its chemical stability, some studies have been carried out on the
oxygenation of 1,8-cineole by chemical [7, 8] and biological [9-16] processes.
However, none of these transformations represents a significant breakthrough on
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the transformation of this abundant and cheap substance into more valuable
products. Studies on the transformation of 1,8-cineole into new and more valuable
products [17-19] can be of great significance.

Benzylic ether derivatives of 1,8-cineole might become useful derivatives
taking into account that similar compounds are being marketed as agrochemicals
[20]. The synthesis and antimicrobial evaluation of such cineole-derived ethers is
described in the present work.

Results and Discussion

Syntheses

3-Keto-1,8-cineole (2) was obtained by oxidation of 1 with chromyl acetate in
acetic anhydride; the ketone 2 was then selectively reduced to 3-exo-hydroxy-1,8-
cineole (3) [7]. Attempts to benzylate the alcohol 3 using benzyl chloride in the
presence of Na,CO3/KI in acetone [21] were unsuccessful; however, such
benzylations were achieved in good yields (85-95%) by refluxing 3 with benzyl
chloride or derivatives thereof in the presence of sodium hydride in dry
tetrahydrofuran. Pure benzyl ethers 4a—f were obtained as pale yellow liquids
after chromatographic purification.

Compounds 4a—f were characterized using 'H and '*C NMR and mass
spectrometry. Definitive assignments of aliphatic carbon and proton resonances
were achieved using HETCOR experiments; the carbon and proton resonances of
the aromatic part of the molecule were assigned considering the shifts induced by
methyl and methoxyl groups on the aryl moiety. From '"H NMR data it can be seen
that the equatorial protons of the aliphatic CH, groups always appear at higher
chemical shifts than the corresponding axial protons. This can be explained by the
deshielding effect exerted by the 1,8-cineole oxygen atom upon the equatorial
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protons. The values of the coupling constants found for H-3 confirm its axial
position, thus establishing the exo-position for the benzyloxy substituent. In all
cases, the benzylic protons appear at 6 =4.48-4.52ppm as an AB system with
coupling values characteristic of geminal protons.

The mass spectra of compounds 4a—f are characterized by the presence of the
molecular ion and two characteristic fragmentations. One fragment corresponds to
the loss of a methyl group (M™ —15); the formation of this species in the case of
compound 4a indicates that the methyl group must be lost from the aliphatic part of
the molecule, as no methyl group exists in the aromatic moiety of 4a. A second
fragment, which gives rise to the base peak in each spectrum, is assigned to the
benzylic substructure.

Antimicrobial activity essays

The multiwell plates assays used in the present work are based on qualitative
techniques as it is currently used in the assessment of hydrophobic compounds.
The amounts of the test compounds in these techniques are usually higher than
those applied in the assessment of the activity of hydrophilic compounds using
serial dilutions with nutrient broth. This is due to the fact that the contact of the
hydrophobic compounds with the microorganism is restricted by transport
hindrances and biodisponibility. Therefore, the high concentration is apparent
and only indicates the potential antimicrobial activity of the test compounds. The
concentration of the test compound is also related to the density of the microbial
population used in the test. We used 108 cfu ml~! rather than the much lower
suspension density usually described in literature. The motivation behind this
procedure is based on the fact that a higher density reduces the occurrence of false
positive results. The concentration of the compounds used in the present work was
selected from Franich et al. [22] (50 mg test compound per ml acetone) and
corresponds to a dosage of 1 mg which is in contact with 0.02 ml of the solidified
culture medium containing the microorganism after evaporation of acetone [23].

Compounds 4a—f inhibited the growth of C. cucumerinum in the antifungal
bioassay, compound 4f being the most active and compound 4a the least active
substance. 4b—e have shown similar fungicidal behaviour although to a smaller
extent than 4f.

Compounds 4b—d and 4f also show fungistatic activity against C. albicans.
Compound 4a partially inhibited yeast development, whereas compound 4e did not
show antimicrobial activity against C. albicans.

The results of antimicrobial tests are summarized in Table 1. It could be
demonstrated that the growth of S. aureus is partially inhibited by compounds 4e
and 4f and completely inhibited by compounds 4a—d. When samples 4a—d were
inoculated into fresh culture medium, no development of the microorganism was
observed, indicating bactericidal activity. M. smegmatis development was also
inhibited by compounds 4a—f; however, only bacteriostatic activity was observed.

The growth of P. aeruginosa was not inhibited by any of the test compounds.
This might be associated with the transport of the compounds through the
membrane. In fact, gram-negative bacteria contain an outer lipopolysaccharide
wall layer [24] where lipophilic compounds are easily trapped producing an
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Table 1. Antimicrobial activity of compounds 4a—f by multiwell plate method (50 mg - m1~'); -+: absence

of growth, £:presence of rare colonies, —: normal growth

4a 4b 4c 4d 4e 4f
C. albicans + + + + — +
M. smegmatis + + + + + +
P. aeruginosa - — — - — _
S. aureus + + + + + 4

effective transport hindrance [25]. The mechanism behind this observation may
result from the solubility behaviour of the compounds which do not pass easily
through the gram-negative membrane structure with a lipid content of up to 25% of
dry weight. Conversely, lipophilic compounds could pass through the gram-
positive cell walls which contain 0-2.5% of lipids. Therefore, antimicrobial
activity can be designed in such a way that lipophilic compounds can be used
against gram-positive bacteria, whereas the less lipophilic compounds can be used
effectively against gram-negative bacteria.

It can be concluded that all tested compounds show antimicrobial activity,
suggesting that the active function is constitutive of this kind of molecule and not
strictly related with the presence of substituents in the aromatic ring. However, the
results observed also suggest some degree of association between the antimicrobial
activity and the aromatic substituents. Compounds containing a methyl group in
the aromatic positions 2, 3, and 4 (4b—d) show a wider activity profile than
compounds 4a, 4e, and 4f. The position of the methyl group in the aromatic ring
does not seem to interfere with the activity of the test compounds; however, due to
its lipophylic character the methyl moiety could contribute to enhance the
antimicrobial activity against the microorganisms tested.

In compounds 4e and 4f, the position of the methoxyl group in the aromatic
ring seems to influence the activity: 4f inhibited the growth of C. albicans, whereas
4e did not show any activity towards this microorganism.

Experimental

'H and '3C NMR spectra were recorded in CDCl; solutions on a Bruker AMX 300 spectrometer at
300.13 and 75.47MHz (TMS as an internal reference). In the 2D heteronuclear shift correlation
('H, 3C), the initial matrix of 2048x512 data points was zero-filled to 2048x1024 points; the
relaxation delay was 2 s. Mass spectra were measured in the electron impact mode at 70eVon a VG
Autospec Q instrument. Column chromatography was performed on silica gel (Merck silica gel 60,
70-230 mesh). All chemicals and solvents were obtained from commercial sources and used as
received or dried using standard procedures.

Organisms

The antimicrobial activity of the test compounds was tested against fungus Cladosporium
cucumerinum CCMI 206, gram-positive bacteria Staphylococcus aureus CCMI 335, acid fast
bacteria Mycobacterium smegmatis CCMI 690, gram-negative bacteria Pseudomonas aeruginosa
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CCMI 352, and yeast Candida albicans CCMI 209. All microorganisms were obtained from the
Culture Collection of Industrial Microorganisms at the Laboratério de Microbiologia Industrial,
Instituto Nacional de Engenharia e Tecnologia Industrial, Lisbon, Portugal.

Antifungal bioassay using the bioautographic method

The antifungal activity of compounds 4a—f was tested using the bioautographic method on thin layer
chromatography (TLC) against Cladosporium cucumerinum according to the procedure described
by Homans and Fuchs [26]. Compounds 4a—f were dissolved in acetone at a concentration of
10mg-ml~'. A volume of 0.02ml of each suspension was then applied on silica gel F,s, 0.2mm
Merck plates. The TLC plates were developed in standard tanks lined with filter paper eluting with
light petroleum:CH,Cl, (7:3). The dried plates were sprayed with a 108 cfu - ml~! suspension of
Cladosporium cucumerinum and incubated at 25°C in a moist chamber for 72 h. Zones of inhibition
were observed as clear spots against the colored background of the fungus developed in the
plates.

Antimicrobial bioassay using the multiwell plates method

The antibacterial activity of compounds 4a—f was tested against S. aureus, M. smegmatis, and P.
aeruginosa in multiwell plates according to the procedure described by Feio et al. [23]. The same
method was used to assess the activity against Candida albicans. The test compounds, dissolved in
acetone at a concentration of 50mg-ml~!, were applied to the multiwell plates containing the
microorganism incorporated in the culture medium. Brain Heart Infusion (Difco) with 2% agar was
used for S. aureus and M. smegmatis and Nutrient Agar (Difco) for P. aeruginosa. C. albicans was
grown in Malt Extract Agar. The plates were incubated at 37°C in a moist chamber for 24 h. The
Difco plates were observed by light microscopy, and the presence of antibacterial or antifungal
activity was defined as absence of colony development. The bactericidal/fungicidal or bacteriostatic/
fungistatic activity was determined by the observation of non-growth or growth in the appropriate
fresh culture medium after contact with the test samples.

Synthesis of 3-exo-benzyloxy-1,8-cineole derivatives (4a—f)

300 mg 3-exo-hydroxy-1,8-cineole (3, 1.76 mmol) and 2.12 mmol of the required benzyl chloride
(1.2 eqgs) were dissolved in dry 20ml THF; the resulting solution was then treated with 63.50 mg
sodium hydride (2.65 mmol). The mixture was refluxed under a N, atmosphere for 12 h, poured into
an ice/H,O mixture, and extracted with dichloromethane. The organic solution was dried over
anhydrous Na,SO, and concentrated by vacuum distillation. The reaction mixture was purified by
column chromatography on silica gel, eluting first with petroleum ether to remove the excess of the
benzyl chloride and then with petroleum ether:CH,Cl, (7:3) to obtain the benzylic derivatives 4a—f.

3-exo-Benzyloxy-1,8-cineole (4a; C17,H,40)

Yield: 435 mg (95%); HR-MS: found 260.1776, C;7H,40 requires 260.1776; '"H NMR (300 MHz, 6,
CDCl,): 1.11 (3H, s, H-7), 1.25 (3H, s, H-9), 1.31-1.39 (2H, m, H-5,,,6,,), 1.46 (3H, s, H-10), 1.53—
1.64 (1H, m, H-5.), 1.78-1.85 (2H, m, H-2,,,4.,), 1.97-2.10 (2H, m, H-2,,,6,,), 3.81 (1H, ddd,
J=10.3, 6.2, and 1.9 Hz, H-3,,), 4.52 (2H, AB system, Jog = 11.8 Hz, Ar-CH,), 7.12-7.25 (5H, m,
H 2'-6') ppm; 13C NMR (75 MHz, 6, CDCl5): 21.4 (C-5), 24.8 (C-7), 27.0 (C-6), 30.1 (C-9), 30.3
(C-10), 36.3 (C-4), 41.1 (C-2), 69.4 (C-1), 70.1 (C-3), 73.4 (C-8), 77.7 (Ar-CH,), 128.5 (C 2',6"),
127.2 (C 4, 127.3 (C3,5") ppm; MS: m/z =260 (1%), 245(2), 91(100), 43(35).
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3-exo-(2-Methylbenzyloxy)-1,8-cineole (4b, C13gH»505)

Yield: 410 mg (85%); HR-MS: found 274.1929, C,gH,¢0, requires 274.1932; '"H NMR (300 MHz,
8, CDCly): 1.12 (3H, s, H-7), 1.25 (3H, s, H-9), 1.28-1.34 (2H, m, H-5,,,64), 1.46 (3H, s, H-10),
1.53-1.64 (1H, m, H-5,,), 1.78-1.85 (2H, m, H-2,,,4.,), 1.98-2.09 (2H, m, H-2,,,,6,,), 2.35 3H, s,
2'-CH3), 3.82 (1H, ddd, J=10.2, 6.3, and 2.0Hz, H-3,,), 4.52 (2H, AB system, Jaz = 11.8 Hz,
Ar-CH,), 7.22-7.28 (4H, m, H-2",3',5",6') ppm; '*C NMR (75 MHz, 6, CDCly): 18.8 (2'-CH3), 21.4
(C-5), 26.9 (C-7), 30.0 (C-6), 30.4 (C-9,10), 36.3 (C-4), 41.1 (C-2), 69.4 (C-1), 70.3 (C-3), 73.6
(C-8), 78.0 (Ar-CHy), 125.8 (C-5), 127.4 (C-3"), 130.0 (C-4), 136.0 (C-2'), 136.7 (C-1') ppm; MS:
miz=274 (3%), 259(2), 105(100), 43(20).

3-exo-(3-Methylbenzyloxy)-1,8-cineole (4¢; C1gH,60,)

Yield: 429 mg (89%); HR-MS: found 274.1931, C,3H,60, requires 274.1932; 'H NMR (300 MHz,
8, CDCLy): 1.12 3H, s, H-7), 1.25 (3H, s, H-9), 1.29-1.33 (2H, m, H-5,:,64,), 1.47 (3H, s, H-10),
1.51-1.63 (1H, m, H-5,,), 1.79-1.84 (2H, m, H-24,4¢,), 1.98-2.09 (2H, m, H-2,,.,6,,), 2.34 (3H, s,
3-CHs), 3.81 (1H, ddd, J=10.1, 6.4 and 2.1 Hz, H-3,,), 4.52 (2H, AB system, Jap = 11.8 Hz,
Ar-CH,), 7.22-7.28 (4H, m, H-2",3',5",6) ppm; '>*C NMR (75 MHz, 6§, CDCl5): 20.0 (3'-CH,), 21.3
(C-5), 26.8 (C-7), 30.1 (C-6), 30.4 (C-9,10), 36.3 (C-4), 41.1 (C-2), 69.3 (C-1), 70.3 (C-3), 73.5
(C-8), 78.0 (Ar-CH,), 125.6 (C-6'), 127.8 (C-5), 128.6 (C-4"), 129.2 (C-2), 136.8 (C-3'), 138.7
(C-1") ppm; MS: m/z =274 (5%), 259(36), 105(100), 43(25).

3-exo-(4-Mehtylbenzyloxy)-1,8-cineole (4d; CigH»505)

Yield: 458 mg (94%); HR-MS: found 274.1931, C,gH»¢0; requires 274.1931; '"H NMR (300 MHz,
6, CDCly): 1.11 (3H, s, H-7), 1.24 (3H, s, H-9), 1.29-1.38 (2H, m, H-5,,,6,.), 1.46 (3H, s, H-10),
1.55-1.64 (1H, m, H-5.,), 1.79-1.86 (2H, m, H-2,,,4,,), 1.98-2.06 (2H, m, H-2,,,6.,), 2.34 (3H, s,
4'-CH3), 3.79 (1H, ddd, J=9.9, 6.3, and 2.1Hz, H-3,,), 4.52 (2H, AB system, Jag =11.7Hz,
Ar-CH,), 7.13 (2H, d, J =7.9 Hz, H-3',5'), 7.23 (2H, d, J = 7.9 Hz, H-2,6) ppm; '*C NMR (75 MHz,
6, CDCl3): 21.0 (4-CHz), 21.3 (C-5) 26.9 (C-7), 30.0 (C-6), 30.4 (C-9,10), 36.3 (C-4), 41.1 (C-2),
69.7 (C-1), 70.1 (C-3), 73.4 (C-8), 77.4 (Ar-CH,), 127.5 (C-3',5'), 128.9 (C-2,6), 135.6 (C-1'),
136.9 (C-4') ppm; MS: m/z =274 (7%), 259(64), 105(100), 43(12).

3-exo-(3-Methoxybenzyloxy)-1,8-cineole (4e; CgH»603)

Yield: 470 mg (92%); HR-MS: found 290.1884, C,5H,s0; requires 290.1881; "H NMR (300 MHz,
8, CDCly): 1.12 (3H, s, H-7), 1.25 (3H, s, H-9), 1.28-1.38 (2H, m, H-5,,,64), 1.47 (3H, s, H-10),
1.56-1.65 (1H, m, H-5,,), 1.79-1.88 (2H, m, H-2,,,4,,), 1.98-2.07 (2H, m, H-2,,,6.,), 3.80 (1H, m,
H-3,,), 3.80 (3H, s, 3'-OCHs), 4.48 (2H, AB system, Jop = 11.9 Hz, Ar-CH,), 6.8 (1H, d, J = 8.3 Hz,
H-4), 6.89-6.92 (2H, m, H-2',6'), 7.26 (1H, d, J=8.3Hz, H-5') ppm; '>*C NMR (75MHz, &,
CDCl;): 21.3 (C-5), 26.7 (C-7), 30.1 (C-6), 30.4 (C-9,10), 36.4 (C-4), 41.1 (C-2), 55.1 (3'-OCHj),
69.7 (C-1), 70.1 (C-3), 73.4 (C-8), 77.6 (Ar-CH,), 112.6 (C-4"), 112.8 (C-2'), 129.3 (C-5), 140.4
(C-1"), 159.6 (C-3") ppm; MS: m/z =290 (5%), 275(30), 121(100), 43(17).

3-exo-(4-Methoxybenzyloxy)-1,8-cineole (4f; C1gH»603)

Yield: 480 mg (94%); HR-MS: found 290.1880, C,gH»¢03 requires 290.1881; '"H NMR (300 MHz,
6, CDCls): 1.11 (3H, s, H-7), 1.24 (3H, s, H-9), 1.29-1.36 (2H, m, H-5,.,6..), 1.45 (3H, s, H-10),
1.56-1.65 (1H, m, H-5.,), 1.78-1.87 (2H, m, H-2,,,4.,), 1.97-2.09 (2H, m, H-2,,,6.,), 3.80 (3H, s,
4'-OCH3), 3.81 (1H, m, H-3,), 4.48 (2H, AB system, Jag=11.9Hz, Ar-CH,), 6.8 (2H, d,
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J=8.4Hz, H-3'5), 7.23 (2H, d, J=8.4Hz, H-2".6') ppm; '*C NMR (75MHz, 8, CDCl3): 21.4
(C-5), 27.0 (C-7), 30.0 (C-6), 30.4 (C-9,10), 36.3 (C-4), 41.1 (C-2), 55.2 (4-OCHj), 69.5 (C-1), 70.1
(C-3), 73.4 (C-8), 77.5 (Ar-CH,) 113.7 (C-3',5"), 128.8 (C-2,6), 129.4 (C-1"), 158.9 (C-4") ppm;
MS: m/z =290 (6%), 275(11), 121(100), 43(7).
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