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Abstract

A series of new quaternary ammonium salts (QASs) containing a terpenoid moiety derived from perillyl alcohol, citron-
ellol, and geraniol was synthesized. Structures of all novel compounds were confirmed by spectral methods and elemen-
tal analyses. Fungicidal activity of the obtained compounds against six plant pathogens, against four fungi destroying
wood and technical materials as well as herbicidal activity against ten species of temperate climate weeds has been exam-
ined. Several salts showed a higher antifungal and herbicidal activity than activity of the reference compounds.
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1. Introduction

Quaternary ammonium salts (QASs) are cationic
surfactants widely used to combat microorganisms in clin-
ical and industrial applications for the disinfection of sur-
faces. They are amphoteric compounds containing a qua-
ternary nitrogen atom which is bound to at least one major
hydrophobic substituent, such as alkyl, and an anion. The
ability to reduce the surface tension facilitates adsorption
of the cation on the cell surface and penetration of hydro-
phobic residues of microbicidal action to the cell mem-
brane of microorganisms. QASs are also used as inter alia
fabric softeners,"? antistatic and wood protection agents.?
It was found that salts with alkyl chain length of n = 12-14
had the greatest activity against Gram-positive bacteria
and yeasts,* while salts with #n = 14-16, had a maximum
activity against Gram-negative bacteria. QASs with aro-
matic spacers and alkyl groups of different length and dit-
ferent number of charged nitrogen atoms were examined.®
The structure-activity relationship (SAR) and modes of
action of bis QASs have been discussed.®

Few biocides can fight both fungi and insects. These
agrochemicals include quaternary ammonium salts, such
as didecyldimethylammonium chloride (DDAC) and ben-
zalkonjium chlorides (BAC), having a low toxicity to
warm-blooded organisms.”

Antimicrobial activity of quaternary ammonium
pyridinium (QPy) salts was examined addressing the
problem of increasing resistance of microorganisms
caused by misuses of QASs.® pH sensitive QPy salts were
prepared which activity was controlled by adjusting pH to
low values.® QASs containing other heterocyclic systems
such as benzofuroxan,'® pyridobenzodiazepine were also
prepared.!!

Another approach to avoid microbial resistance was
an application of gemini QASs (double head - double tail
type).1213

An effect of organic counterions on antibacterial ac-
tivity was discussed.!*

Conjugates of QASs with steroids were prepared and
shown to exhibit a broad spectrum of antimicrobial activ-
ity 15

Antimicrobial polymers were developed to increase
efficiency, selectivity and durability of the low molecular
weight agents.!® Another examples were QASs immobi-
lized on dendrimers,'” hydroxy QASs as components of
polyurethane foams'® or natural modified polymers (chi-
tosan).!?

Another new group of organic biocides were ionic
liquids: pyridinium,?’ imidazolium,?! ammonium and tri-
azolium.??
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Terpenes are regarded as defensive compounds in
plants, offering them protection against herbivores.?* Ter-
penes are used in control of termites and other urban
pests.?*2° Terpenes as residual plant material are used also
in composite products resistant to termite degradation.?®
Terpene-baited traps are applied to control the pine sawyer
beetle.?” Hinokitiol, a natural monoterpenoid found in the
wood of trees in the family Cupressaceae, displays insecti-
cidal and fungicidal activities against wood-rotting fun-
gi.”® Essential oils isolated from the leaves and twigs of
Litsea acutivena plant show antimicrobial and an-
ti-wood-decay fungal activities.?

Application of QASs in dentistry and oral care was
reviewed.> Some QASs inhibited humane androgenic and
estrogenic receptors.’!

The antimycobacterial activity of quaternary ammo-
nium salts increased with the presence of the terpene frag-
ment in the molecule.3?

QASs with a carbamate group were incorporated
into polyurethane coatings via crosslinking with ter-
pene-based polyol and polyisocyanate and showed antimi-
crobial activity.?

QASs are readily biodegradable involving mainly
microorganisms of Pseudomonas genera.>* Ease of QASs
biodegradation decreases with increasing length and the
number of alkyl chains.”

Recently herbicidal activity of QASs was reported.
These compounds were synthesized from aminoacetani-
lides prepared from known herbicides alachlor and ace-
tochlor.®

Application of Inverse QSAR/QSPR analysis for pes-
ticides structures generation has been recently presented.
The authors described the relations of pesticide structures
to their n-octanol-water partition coefficients affording
potential new pesticide structures.*®

Molecular docking analysis including several known
targets indicated that the N-myristoyltransferase is a likely
site of interaction with fungicides.?’

These results induced us to prepare a series of am-
monium salts containing a terpene-derived moiety and to
test their biological activity which was disclosed in our
patent application.*® The rapid emergence of resistance in
pathogenic organisms justifies the search for new, selec-
tively acting preparations. The proposed new ammonium
salts with a terpenoid fragment may prove to be effective,
readily biodegradable wood preservatives.

2. Experimental Section

2. 1. Materials and Physical Measurements
Reagent grade chemicals were used without further
purification unless otherwise noted. Spectra were obtained
as follows: 'H and '*C NMR spectra on Varian 300 UNITY
plus 300 spectrometer in deuterated chloroform using
TMS as internal standard. Chemical shifts are given in

ppm () relative to tetramethylsilane (TMS) as an internal
standard, coupling constants are reported in Hz. Flash
chromatography was carried out using silica gel S 230-400
mesh (Merck) and hexane-ethyl acetate mixtures as elu-
ents. logP was calculated using EPI Suite™ 4.11 Estima-
tion Program Interface developed by Syracuse Research
Corp., Syracuse, NY, USA. Elemental analyses (C, H, N)
were conducted using the Elemental Analyser XBO, their
results were found to be in good agreement (+0.3%) with
the calculated values.

2. 2. Chemistry

1-(Bromomethyl)-4-(prope-1-en-2-yl)cyclohexene (2)

Bromide 2 was prepared by the published method
and its 'H NMR spectrum was found to be identical with
the one described.*

1-(Chloromethyl)-4-(prop-1-en-2-yl)cyclohexene (3)

Chloride 3 was prepared by the published method
and its 'H NMR spectrum was found to be identical with
the one described.*

General Procedure for Preparation of Quaternary Am-
monium Bromides 4a-e, 7a-e, 10a-e

Bromide 2 (1.0 mmol) was placed in the flask, then
anhydrous benzene and tertiary amine (1.1-1.3 mmol)
were introduced. The reaction was carried out at reflux for
4-6 hours and stirred overnight at room temperature. The
reaction mixture was evaporated and after dissolving the
residue in a small amount of benzene the product was pre-
cipitated with ethyl ether. The operation was repeated de-
pending on the derivative from two to three times. Yields
ranged from 70% for reactions with long chain amines up
to 98% for shorter chain amines.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}octylammonium Bromide (4a)

This salt was prepared as a yellowish wax (0.354 g,
95%). 'H NMR (300 MHz, CDCl;) § 6.31 (s, 1H, H3), 4.74
(d, =24 Hz, 2H, H9), 4.24 (s, 2H, H1), 3.51-3.48 (m, 2H),
3.30 (s, 6H, Me,N), 2.63 (bs, 1H), 2.35-2.05 (m, 5H), 1.74-
1.65 (m, 2H), 1.74 (s, 3H, H10), 1.58-1.46 (m, 1H), 1.4-
1.12 (m, 10H), 0.88 (t, ] = 6 Hz, 3H, H;CCH,); '*C NMR
(75.5 MHz, CDCl;) § 148.0, 139.4. 126.0, 109.0, 70.2, 64.0,
50.5, 50.4, 39.3, 31.3, 30.8, 30.3, 28.9, 28.8, 27.0, 26.0, 22.6,
22.3,20.5, 13.8; Anal. Caled for CyoHaBrN: C, 64.50; H,
10.28; N, 3.70. Found: C, 64.41; H, 10.39; N, 3.64.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}decylammonium Bromide (4b)

This salt was similarly prepared as above as a yellow-
ish wax (0.368 g, 92%). 'H NMR (300 MHz, CDCl;) § 6.32
(s, 1H, H3), 4.77 (s, H, H9a), 4.69 (s, H, H9a), 4.25 (s, 2H,
H1), 3.50 (m, 2H), 3.30 (s, 6H, Me,N), 2.38-2.05 (m, 5H),
1.87-1.74 (m, 2H), 1.74 (s, 3H, H10), 1.56-1.47 (m, 1H),
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1.40-1.23 (m, 14H), 0.88 (t, ] = 6.9 Hz, 3H); 1*C NMR
(75.5 MHz, CDCl;) 8§ 147.9, 139.2, 125.9, 108.9, 70.0, 63.8,
50.3, 50.2, 39.1, 31.4, 30.6, 29.0, 28.8, 26.8, 25.9, 22.5, 22.2,
20.3, 13.6: Anal. Calcd for Cy,Hy,BrN: C, 65.98; H, 10.57;
N, 3.50. Found: C, 66.05; H, 10.67; N, 3.38.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}dodecylammonium Bromide (4c)

This salt was similarly prepared as the salt 4a as a
yellowish wax (0.386 g, 90%). 'H NMR (300 MHz, CDCl,)
$ 6.32 (s, 1H, H3), 4.77 (s, 1H, H9a), 4.69 (s, 1H, H9a),
4.29 (s, 2H, H1), 3.53 (m, 2H, CH,N), 3.32 (s, 6H, Me,N),
2.38-2.25 (m, 2H, H4), 2.25-2.05 (m, 3H), 1.87-1.72 (m,
3H), 1.74 (s, 3H, H10), 1.58-1.45 (m, 1H), 1.42-1.20 (m,
18H), 0.88 (t, ] = 6.6 Hz, 3H); 13C NMR (75.5 MHz, CDCL,)
§ 148.0, 139.4, 126.0, 109.0, 70.2, 63.9, 50.5, 50.4, 39.3,
31.6, 30.8, 30.3, 29.3 (2C), 29.2, 29.1, 29.0, 29.0, 27.0, 26.1,
22.7,22.4,20.5, 13.8; Anal. Calcd for C,,H,(BrN: C, 67.27;
H, 10. 82; N, 3.27. Found: C, 67.51; H, 10.71; N, 3.17.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-ylmethyl}tetradecylammonium Bromide (4d)

This salt was similarly prepared as the salt 4a as a
wax (0.343 g, 75%). 'H NMR (300 MHz, CDCl;) 8 6.32 (s,
1H, H3), 4.77 (s, 1H, H9a), 4.69 (s, 1H, H9b), 4.28 (s, 2H,
H1), 3.53 (m, CH,N), 3.32 (s, 6H, Me,N), 2.38-2.22 (m,
2H, H4), 2.25-2.05 (m, 3H), 1.87-1.72 (m, 2H), 1.74 (s,
3H, H10), 1.58-1.45 (m, 1H) 1.40-1.20 (m, 23H), 0.88 (t, ]
=6.6 Hz, 3H); 3C NMR (75.5 MHz, CDCl;) § 147.9, 139.4,
126.0, 109.0, 70.1, 63.9, 50.4, 50.3, 39.2, 31.5, 30.7, 30.2,
29.3,29.3,29.3, 29.1, 29.1, 29.0, 28.9, 26.9, 26.7, 26.0, 25.6,
22.6,22.3,20.4, 13.8; Anal. Calcd for C,HsoBrN: C, 68.39;
H, 11.04; N, 3.07. Found: C, 68.24; H, 10.91; N, 3.20.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}hexadecylammonium Bromide (4e)

This salt was similarly prepared as the salt 4a as a
wax (0.388 g, 80%). '"H NMR (300 MHz, CDCl;) 8§ 6.32 (s,
1H, H3), 4.77 (s, 1H, H9a), 4.69 (s, 1H, HOb), 4.28 (s, 2H,
H1), 3.52 (m, 2H, CH,N), 3.31 (s, 6H, Me,N), 2.38-2.23
(m, 2H, H4), 2.23-2.05 (m, 3H), 1.87-1.72 (m, 2H), 1.74
(s, 3H, H10), 1.58-1.47 (m, 1H), 1.40-1.20 (m, 27H), 0.88
(t, ] = 6.6 Hz, 3H) ppm; 3C NMR (75.5 MHz, CDCl;) 8
147.7,139.1, 125.8, 108.7, 69.8, 63.7, 50.1, 50.0, 39.0, 31.3,
30.5,29.1 (3C), 28.9, 28.9, 28.8, 28.7, 25.8, 22.4, 22.1, 20.2,
13.5; Anal. Calcd for C,gHs,BrN: C, 69.39; H, 11.23; N,
2.89. Found: C, 69.30; H, 11.41; N, 2.78.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}octylammonium Chloride (4f)

The flask was charged with 1-(chloromethyl)-4-
(prop-1-en-2-yl)cyclohexene (2.0 g, 11.8 mmol) and 25
mL of anhydrous benzene. Anhydrous N,N-dimeth-
yl-N-octylamine (3.5 mL, 17.1 mmol) was then added. The
reaction was carried out for 6 hours at reflux and stirred
overnight at room temperature. The reaction mixture was

evaporated in vacuo, benzene was added to dissolve the
residue followed by diethyl ether. The product which sepa-
rated in the refrigerator as a wax was dried in a vacuum
desiccator over anhydrous CaCl, to give the ammonium
salt (3.0 g, 87%). 'H NMR (300 MHz, CDCl;) § 6.30 (s,
1H, H3), 4.76 (s, 1H, H9a), 4.69 (s, 1H, H9b), 4.29 (m,
2H), 3.50 (m, 2H), 3.29 (s, 6H, Me,N), 2.35-2.24 (m, 2H,
H4), 2.24-2.03 (m, 3H), 1.86-1.70 (m, 2H), 1.73 (s, 3H,
H10), 1.58-1.46 (m, 1H), 1.40-1.20 (m, 11H), 0.88 (t, /= 6
Hz, 3H, H;CCH,); 1*C NMR (75.5 MHz, CDCl;) § 147.3,
127.3, 125.5, 108.2, 69.3, 63.1, 49.6, 49.5, 39.6, 30.6, 30.1,
29.5,28.1, 28.0, 26.3, 25.3, 21.9, 21.5, 19.7, 13.0; Anal. Cal-
cd for C,yH35CIN: C, 73.24; H, 11.68; N, 4.27. Found: C,
73.41; H, 11.55; N, 4.09.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}decylammonium Chloride (4g)

This salt was similarly prepared as the salt 4f as a wax
(0.650 g, 70%). '"H NMR (300 MHz, CDCl;) 6 6.31 (s, 1H,
H3), 4.76 (s, 1H, H9a), 4.69 (s, 1H, HOb), 4.27 (s, 2H, H1),
3.52 (t, ] = 8.1 Hz, 2H, CH,N), 3.31 (s, 6H, Me,N), 2.38—
2.03 (m, 5H), 1.85-1.74 (m, 3H), 1.74 (s, 3H, H10), 1.45-
1.10 (m, 15H), 0.88 (t, ] = 6.9 Hz, 3H); 13C NMR (75.5
MHz, CDCl;) § 147.7, 138.9, 125.8, 108.7, 69.8, 63.6, 49.9,
49.9, 39.0, 31.2, 30.5, 29.9, 28.8 (2C), 28.6 (2C), 26.6, 25.8,
22.3,22.0, 20.1, 13.5; Anal. Caled for C,,H,,CIN: C, 74.22;
H, 11.89; N, 3.93. Found: C, 74.03; H, 11.75; N, 4.08.

(4R)-N,N-Dimethyl-N-{[4-(prop-1-en-2-yl)cyclohex-1-
en-1-yl]methyl}dodecylammonium Chloride (4h)

This salt was similarly prepared as the salt 4f as a wax
(3.00 g, 73%). 'H NMR (300 MHz, CDCl;) § 6.29 (s, 1H,
H3), 4.77 (s, 1H, H9a), 4,69 (s, 1H, H9b), 4.23 (s, 2H, H1),
3.48 (m, 2H, CH,N), 3.30 (s, 6H, Me,N), 2.38-2.25 (m,
2H, H4), 2.25-2.05 (m, 3H), 1.87-1.72 (m, 3H), 1.74 (s,
3H, H10), 1.58-1.45 (m, 1H) 1.42-1.17 (m, 18H), 0.88 (t, ]
= 6.6 Hz, 3H); *C NMR (75.5 MHz, CDCl;) § 147.8, 127.9,
126.0, 108.9, 70.0, 63.7, 50.2, 50.1, 39.2, 31.4, 30.1, 29.1
(2C), 29.0, 29.0, 28.9, 28.8, 26.9, 25.9, 22.5, 22.2, 20.4, 20.3,
13.6; Anal. Calcd for C,,H,CIN: C, 75.05; H, 12.07; N,
3.65. Found: C, 75.21; H, 12.18; N, 3.47.

3,7-Dimethyloct-6-en-7-yl Bromide (6)

Bromide 6 was prepared by the published method
from citronellol and its 'H NMR spectrum was found to be
identical with the one described.*!

(35)-N-Octyl-N,N,3,7-tetramethyloct-6-en-1-ammoni-
um Bromide (7a)

This salt was similarly prepared as the salt 4a as a
wax (0.338 g, 90%). 'H NMR (300 MHz, CDCl;) § 5.06 (m,
1H, H6), 3.63-3.40 (m, 4H, H1, CH,N), 3.38 (s, 6H,
Me,N), 2.07-1.93 (m, 2H), 1.77-1.68 (m, 3H), 1.68, (s,
3H), 1.60 (s, 3H), 1.60-1.56 (m, 2H), 1.38-1.26 (m, 14H),
0.99 (d, ] = 6.3 Hz, 3H), 0.88 (t, ] = 6.3 Hz, 3H, CH,CH,);
I3C NMR (75.5 MHz, CDCl;) § 31.2, 123.7, 63.5, 62.3,
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51.3,51.2,36.5,31.1, 29.7, 29.5, 29.0, 28.8, 25.9, 25.7, 25 .4,
23.5,23.3, 19.4, 17.6, 14.0; Anal. Calcd for C,,H,,BrN: C,
63.81; H, 11.25; N, 3.72. Found: C, 64.01; H, 11.37; N, 3.58.

(3S)-N-Decyl-N,N,3,7-tetramethyloct-6-en-1-ammoni-
um Bromide (7b)

This salt was similarly prepared as the salt 4a as a
wax (0.343 g, 85%). '"H NMR (300 MHz, CDCl;) § 5.07
(m, 1H, H6), 3.65-3.40 (m, 4H, H1, CH,N), 3.39 (s, 6H,
Me,N), 1.99 (m, 2H), 1.72 (m, 3H), 1.68, (s, 3H), 1.60 (s,
3H), 1.60-1.56 (m, 2H), 1.38-1.26 (m, 18H), 0.99 (d, ] =
6.3 Hz, 3H), 0.88 (t, ] = 6.3 Hz, 3H, CH;CH,); *C NMR
(75.5 MHz, CDCl;) 6 131.5, 123.5, 63.4, 62.2, 51.2, 51.1,
36.4, 31.5, 30.0, 29.1 (2C), 29.0, 28.9, 28.8, 26.3, 25.9,
25.4, 249, 22.4, 22.3, 19.0, 17.4, 13.7; Anal. Calcd for
C,,H,BrN: C, 65.32; H, 11.46; N, 3.46. Found: C, 65.49;
H, 11.37; N, 3.41.

(35)-N-Dodecyl-N,N,3,7-tetramethyloct-6-en-1-ammo-
nium Bromide (7¢)

This salt was similarly prepared as the salt 4a as a
wax (0.389 g, 90%). 'H NMR (300 MHz, CDCl;) 8 5.06 (m,
1H, H6), 3.78-3.68 (m, 4H, H1, HI"), 3.39 (s, 6H, Me,N),
2.06-1.93 (m, 2H), 1.68 (m, 3H), 1.60 (s, 3H), 1.60-1.56
(m, 2H), 1.38-1.26 (m, 20H), 1.00 (d, ] = 6.3 Hz, 3H), 0.88
(t,] = 6.3 Hz, 3H, CH,CH,); *C NMR (75.5 MHz, CDCL)
8 131.7, 123.6, 63.6, 62.4, 51.3 (2C), 36.6, 30.2, 29.4 (2C),
29.3,29.3, 29.2, 29.0, 28.9, 26.0, 26.0, 25.5, 25.1, 22.6, 22 4,
19.1, 17.6, 13.9; Anal. Calcd for C,,Hy,BrN: C, 66.64; H,
11.65; N, 3.24. Found: C, 66.58; H, 11.79; N, 3.13.

(35)-N-Tetradecyl-N,N,3,7-tetramethyloct-6-en-1-am-
monium Bromide (7d)

This salt was similarly prepared as the salt 4a as a
wax (0.368 g, 80%). 'HNMR (300 MHz, CDCl;) 8 5.08 (m,
1H, H6), 3.65-3.39 (m, 4H, H1, CH,N), 3.42 (s, 6H,
Me;N), 2.05-1.94 (m, 2H), 1.68 (m, 3H), 1.61 (s, 3H),
1.66-1.58 (m, 2H), 1.40-1.23 (m, 24H), 0.99 (d, J = 6.3 Hz,
3H), 0.88 (t, ] = 6.3 Hz, 3H, CH,CH,); 3C NMR (75.5
MHz, CDCL,) § 131.9, 123.7, 63.6, 62.5, 51.4 (2C), 36.7,
30.3, 29.6, 29.5, 29.5, 29.5, 29.4 (2C), 29.3, 29.3, 29.2, 29.1,
26.2,25.6,25.2, 22.7,22.6, 19.3, 17.7, 14.0; Anal. Calcd for
C,Hs,BrN: C, 67.80; H, 11.82; N, 3.04. Found: C, 67.61;
H, 11.91; N, 3.15.

(3S5)-N-Hexadecyl-N,N,3,7-tetramethyloct-6-en-1-am-
monium Bromide (7e)

This salt was similarly prepared as the salt 4a as a
wax (0.391 g, 80%). 'H NMR (300 MHz, CDCl5) & 5.06 (tt,
J; = 6.9 Hz, ], = 1.5 Hz, 1H, H6), 3.63-3.44 (m, 4H, H1,
CH,N), 3.41 (s, 6H, NMe,), 2.05-1.88 (m, 2H), 1.69 (m,
3H), 1.60 (s, 3H), 1.66-1.52 (m, 2H), 1.40-1.23 (m, 28H),
0.99 (d, J = 6.3 Hz, 3H), 0.88 (t, ] = 6.3 Hz, 3H, CH;CH,);
13C NMR (75.5 MHz, CDCl;) § 131.9, 123.7, 63.7, 62.5,
51.3 (2C), 36.7, 30.3, 29.6, 29.6, 29.5, 29.4, 29.4, 29.4, 29.3,
29.3,29.3,29.1, 29.0, 26.1, 25.6, 25.2, 24.8, 22.7, 22.6, 19.2,

17.7, 14.0; Anal. Calcd for C,4HsgBrN: C, 68.99; H, 11.90;
N, 2.87. Found: C, 68.81; H, 11.90; N, 2.76.

3,7-Dimethyloctadien-2,6-enyl Bromide (9)

Bromide 9 was prepared by the published method
from geraniol and its '"H NMR spectrum was found to be
identical with the one described.*?

(2E)-N-Octyl-N,N,3,7-tetramethylocta-2,6-dien-1-am-
monium Bromide (10a)

This salt was similarly prepared from geraniol (8) as
the salt 4a as a wax (0.356 g, 95%). 'H NMR (300 MHz,
CDCl;) 6 5.32 (t, ] = 8.1 Hz, 1H, H2), 5.01 (m, 1H, H6),
427 (d, J = 8.1 Hz, 2H, H1), 3.54-3.48 (m, 2H, CH,N),
3.30 (s, 6H, Me,N), 2.23-2.09 (m, 4H, H4, H5), 1.90 (s,
3H), 1.82-1.68 (m, 2H), 1.68 (s, 3H), 1.60 (s, 3H), 1.42-
1.26 (m, 10H), 0.88 (t, J = 6.3 Hz, 3H, CH,CH,); 3C
NMR (75.5 MHz, CDCl;) 6§ 151.5, 131.9, 122.6, 110.2,
62.6, 61.2, 53.2, 49.3 (2C), 42.3, 39.5, 31.1, 28.6, 28.5,
25.8, 25,5, 25.2, 22.3, 22.0, 17.2, 17.2, 13.5; Anal. Calcd
for CyH,,BrN: C, 64.15; H, 10.77; N, 3.74. Found: C,
64.28; H, 10.89; N, 3.69.

(2E)-N-Decyl-N,N,3,7-tetramethylocta-2,6-dien-1-am-
monium Bromide (10b)

This salt was similarly prepared as the salt 4a as a
wax (0.382 g, 95%). 'H NMR (300 MHz, CDCL,) § 5.31 (t,
J=8.1 Hz, 1H, H2), 5.02 (m, 1H, H6), 4.26 (d, ] = 8.1 Hz,
2H, H1), 3.58-3.45 (m, 2H, CH,N), 3.29 (s, 6H, Me,N),
2.23-2.10 (m, 4H, H4, H5), 1.90 (s, 3H), 1.87-1.70 (m,
2H), 1.68 (s, 3H), 1.60 (s, 3H), 1.42-1.20 (m, 14H), 0.88 (t,
J = 6.3 Hz, 3H, CH5CH,); 3C NMR (75.5 MHz, CDCL;) &
151.1, 131.5, 122.3, 109.9, 62.3, 60.8, 56.9, 53.0 (2C), 48.9,
42.0, 39.1, 30.9, 28.5, 28.3, 25.5, 25.1, 24.9, 21.7, 16.9, 15.8,
13.2; Anal. Calcd for Cp,H BrN: C, 65.65; H, 11.02; N,
3.48. Found: C, 65.51; H, 10.91; N, 3.34.

(2E)-N-Dodecyl-N,N,3,7-tetramethylocta-2,6-di-
en-1-ammonium Bromide (10c)

This salt was similarly prepared as the salt 4a as a
wax (0.387 g, 90%). 'HNMR (300 MHz, CDCl;) 8 5.30 (m,
1H, H2), 5.00 (m, 1H, H6), 4.22 (d, J = 8.1 Hz, 2H, H1),
3.48-3.42 (m, 2H, CH,N), 3.28 (s, 6H, Me,N), 2.20-2.14
(m, 2H), 1.90 (s, 3H), 1.89-1.80 (m, 2H), 1.68 (s, 3H), 1.60
(s, 3H), 1.43-1.22 (m, 16H), 0.88 (t, ] = 6.3 Hz, CH,CH,);
13C NMR (75 MHz, CDCl;) 6 152.2, 132.4, 122.8, 110.2,
63.1,61.6,57.7, 53.3, 49.7, 42.6, 39.8, 31.6, 29.3, 29.3, 29.2,
29.1,29.1, 28.8,26.4, 24.1, 22.6, 17.6, 17.5, 13.9; Anal. Cal-
cd for C,,H,sBrN: C, 65.65; H, 11.02; N, 3.48. Found: C,
65.51; H, 10.91; N, 3.33.

(2E)-N-Tetradecyl-N,N,3,7-tetramethylocta-2,6-di-
en-1-ammonium Bromide (10d)

This salt was similarly prepared as the salt 4a as a
wax (0.390 g, 85%). 'H NMR (300 MHz, CDCl;) § 5.28 (t,
J=7.8 Hz, 1H, H2), 5.01 (m, 1H, H6), 4.26 (d, ] = 8.1 Hz,
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2H, H1), 3.52-3.44 (m, 2H, CH,N), 3.31 (s, 6H, Me,N),
2.20-2.14 (m, 2H), 1.90 (s, 3H), 1.80-1.70 (m, 2H), 1.68 (s,
3H), 1.60 (s, 3H), 1.43-1.22 (m, 20H), 0.88 (t, ] = 6.3 Hz,
CH;CH,); *C NMR (75 MHz, CDCl;) § 151.8, 132.2,
122.8, 110.3, 62.8, 61.4, 53.3 (2C), 42.6, 39.7, 31.6, 29.3,
29.3 (2C), 29.2, 29.1, 29.0, 28.0, 29.9, 26 4, 24.1, 22.6, 17.6,
17.5, 13.9; Anal. Calcd for C,4Hs,BrN: C, 68.09; H, 11.43;
N, 3.05. Found: C, 68.30; H, 11.56; N, 2.92.

(2E)-N-Hexadecyl-N,N,3,7-tetramethylocta-2,6-di-
en-1-ammonium Bromide (10e)

This salt was similarly prepared as the salt 4a as a
wax (0.389 g, 80%). 'H NMR (300 MHz, CDCl;) § 5.30 (t,
J=7.8 Hz,1H, H2), 5.02 (m, 1H, H6), 4.27 (d, ] = 8.1 Hz,
2H, H1), 3.54-3.48 (m, 2H, CH,N), 3.30 (s, 6H, Me,N),
2.22-2.12 (m, 3H), 1.90 (s, 3H), 1.84-1.70 (m, 2H), 1.67
(s, 3H), 1.60 (s, 3H), 1.42-1.22 (m, 24H), 0.88 (t, ] = 6.6
Hz, CH;CH,); *C NMR (CDCl;, 75 MHz) § 151.3,131.7,
122.5, 110.1, 62.5, 61.0, 53.1 (2C), 42.2, 39.3, 31.1, 29.0
(2C), 29.0 (2C), 28.9, 28.8, 28.8, 28.7, 28.6, 25.7, 25.3,
25.1, 22.2, 22.0, 17.1, 17.1, 13.5; Anal. Calcd for C,sH-
5BrN: C, 69.10; H, 11.60; N, 2.88. Found: C, 69.28; H,
11.63; N, 2.79.

2. 3. Fungicidal Testing

The compounds were screened in vitro for antifungal
activity against the following five plant pathogens: Fusari-
um culmorum Sacc., Phytophthora cactorum Schroek, Al-
ternaria alternata Keissl.(Fr.), Rhizoctonia solani Kuhn,
and Botrytis cinerea Pers. Ex Fr and mold pathogens Cha-
etomium globosum Kunze, Aspergillus terreus Thom, As-
pergillus niger Van Tieghem, and Penicillium ochrochloron
Biourge. Pathogenic plant fungal strains came from the
Institute of Plant Protection in Poznan, Poland and strains
of mold fungi came from the Collection of Pure Cultures
of Industrial Microbes of the Institute of Technology and
Microbiology of the Faculty of Food Chemistry and Bio-
technology of the £6dz University of Technology, Poland.

The test involved determination of mycelial growth
retardation in agar medium: Potato Dextrose Agar (PDA;
Difco) for phytopathogenic fungi and Sabouraud Dextrose
Agar (SDA; Biocorp) for mold fungi. Stock solutions of
test chemicals in acetone were added to agar medium to
give a concentration of 200 mg/L (phytopathogenic fungi)
and 10000 mg/L, 5000 mg/L, 2500 mg/L (mold fungi) and
dispersed into sterile Petri dishes. Plates were inoculated
within 24 h after they were poured. Four discs (5 mm di-
ameter) were cut from the margins of actively growing 2
week old colony and were placed in equal distances from
each other on the surface of the solidified agar. PDA or
SDA with addition of acetone was used as the negative
control. The plates were incubated in the growth chamber
at 25 £ 1 °C (phytopathogenic fungi) and 28 + 1 °C (mold
fungi). The radial growth of the fungal colonies was mea-
sured after 3-5 days depending on the growth rate of the

control samples. The growth was determined by calculat-
ing the mean of two colony diameters of four replicate col-
onies. The fungicidal activity was expressed as the percent-
age of fungi growth inhibition compared to that of the
untreated control. The relative growth inhibition of the
treatment compared to the untreated control was calculat-
ed as percentage, using the following formula:

x—
inhibition rate (%) = Ty 100 (D

where x is fungal colony diameter on untreated PDA/SDA
(mm) and y fungal colony diameter in treated PDA/SDA
(mm).

2. 4. Herbicidal Testing

Studies on potential herbicidal activity were carried
out in pot experiments under greenhouse conditions using
the post-emergence tests (foliar application). As bioindica-
tors, ten common species of weeds belonging to the mono-
cotyledons and dicotyledons classes were used: Galium
aparine, Polygonum nodosum, Papaver rhoeas, Apera spi-
ca-venti, Galinsoga parviflora, Chenopodium album, Plan-
tago lanceolata, Brassica nigra, Amaranthus retroflexus,
and Stelaria media. The dilutions of the tested compounds
at the dose of 2 kg/ha in the spray volume 500 L/ha were
sprayed on approximately 2-week seedlings of plants at the
stage of two true leaves. Temperature during vegetation:
night/day 15-25 °C. The evaluation of the effects of the
compounds was carried out separately for each plant spe-
cies 2 weeks after the application, recording the degree of
damage of the plants in percentage compared to the un-
treated control.

3. Results and Discussion

3. 1. Chemistry
Synthesis of Perillyl Alcohol Derivatives with the Func-
tion of Ammonium Salt

The starting material in this synthesis was the reac-
tive derivative of limonene - perillyl alcohol (1) which was

> C OH—>><>\X60%

PPhs  ox=Br, X=cl
R'N(CHa),
—= o : C N
90% HiC R X

4a X =Br, R=CgH47; 4b X=Br, R=CqgHyq;
4c X =Br, R =C4oHo5; 4d X =Br, R = C 14H2g;
4e X =Br, R = CqgHss; 4f X =Cl, R = CgHq7;

4g X=ClLR= C10H21; 4h X=CIl,R = C12H25

Scheme 1. The synthesis of perillyl ammonium salts 4a-h
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converted to the bromine derivative 2 using carbon tetra-
bromide and triphenylphosphine,® and to the chlorine
derivative 3 using the classic Appel reaction conditions, i.e.
carbon tetrachloride and triphenylphosphine in anhy-
drous DME*? The next step was alkylation by the resulting
halides 2 and 3 of tertiary amines thus obtaining quaterna-
ry ammonium bromide salts 4a-e and corresponding
chlorides 4f-h (Scheme 1).

Synthesis of Citronellol Derivatives with the Function
of Ammonium Salt

The starting monoterpenoid cytronellol (5) occurs
in nature and is used as repellent of mosquitoes and in per-
fumeries. Conversion to a bromine derivative 6 and alkyla-
tion of tertiary amines yielded five new quaternary ammo-
nium salts 7a-e (Scheme 2).

H B
H OH cgy, r
_—
. PPh, 6
R'N(CH :
sk H NCR
N Br

3
e

7a R =CgH47; 7Tb R=CygHy¢; 7¢ R = C4oHo5;
7d R = Cy4Hyg; 7@ R = CygH33

Scheme 2. The synthesis of cytronellyl ammonium salts 7a-e

Synthesis of Geraniol Derivatives with the Function of
Ammonium Salt

Geraniol (8) is a component of essential oils of
fruits and herbs with a broad spectrum of activity in-
cluding repelling mosquitoes and chemoprevention of
colon tumors. Analogously as described above, bromide
9 and five ammonium bromides 10a-e were obtained
(Scheme 3).

H H
e
(CHy)3 H PPhs, (CHp)3 H

8

+/ 9
R-N(CHsz)s H >=(r|\l—R
3 5 : :<CH2>2 H B

10aR = C8H17 ) 10b R= C10H21; 10c R = C12H25;
10d R = C14H29; 10e R= C16H33

Scheme 3. The synthesis of geranyl ammonium salts 10a—e
Antifungal Activity Assays of the Ammonium Salts

Fungicidal activity of three sets of compounds: de-
rivatives of perillyl alcohol (4a-h), citronellol (7a-e), and

geraniol (10a-e), was evaluated using in vitro poisoned
food technique, assaying the degree of inhibition of myce-
lial growth on the agar medium at the basic concentration
of 200 mg/L. For the selected active compounds tests were
also carried out at the concentration of 20 mg/L. The fol-
lowing important phytopathogenic fungi were used for the
biological assays: Alternaria alternata (A. a.), Botrytis cine-
rea (B. c.), Fusarium culmorum (E c.), Phytophthora cacto-
rum (Ph. c.), Phytophthora infestans (Ph. i.), and Rhizocto-
nia solani (Rh. s.).

The results of the first stage of screening tests re-
vealed a good fungistatic effect of all quaternary salts at the
concentration of 200 ppm against six tested pathogenic
strains. It is worth noting that geranyl salts 10a—e exhibit-
ed 100% activity against Ph. cactorum. The highest effec-
tiveness—100% inhibition of mycelial growth of five spe-
cies of fungi—was shown for three compounds: 4a, 4b (a
derivative of perillyl alcohol with a C8 and C10 side chain)
and 10a (a derivative of geraniol with a C8 side chain). As
outlined in Table 1 the compounds possess more potent
antifungal activities than commercial fungicides. Com-
pound 4b showed also high activity at lower concentration
of 20 ppm against two fungal strains (B. cinerea and Ph.
cactorum).

Salts 4a, 4b, 4g exhibited a broad spectrum antifun-
gal activities against above mentioned phytopathogenic
fungi, and showed more potent activities than the refer-
ence compound 11. Salts 7b—e were more active than the
reference compound 11 against two fungus strains and
compounds 10a and 10b surpassed potency of the refer-
ence compound 12 against four fungus strains.

It is well known that biological activity of a molecule
depends apart from electrophilic parameters on its lipo-
philicity. A majority of correlation between structure and
different displays of biological activity reported in litera-
ture are ascribed mainly to hydrophobic-lipophilic charac-
ter of substances.*>** We have compared for the inspected
compounds a fungistatic concentration and such lipophil-
ic parameter of molecules as log P (partition coeflicients P
(n-octanol-water)).

The optimal range of log P values for the examined
compounds was 3.2-4.4. It means that in the group of in-
spected compounds there is an optimal hydrophobic-hy-
drophilic character corresponding to salts with Cg-Cq
N-substituent.

In another studies we used microorganisms Chaeto-
mium globosum (C. g.) LOCK 0476, Aspergillus terreus (A.
t.) LOCK 0451, Aspergillus niger (A. n.), and Penicillium
ochrochloron (P. 0.). These filamentous fungi are character-
ized by low nutritional requirements, they are easily spread
in various environments and are responsible for biodeteri-
oration of technical materials including lignocellulosic
products. They represent types of filamentous fungi (As-
pergillus, Penicillium, Chaetomium) capable of producing
cellulase, an enzyme responsible, among others, for the
decomposition of paper and wood.
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Table 1. Antifungal activity of compounds 4a-h, 7a—e and 10a-e against plant pathogens in vitro at conc. 200 mg/L

Antifungal activity (inhibition rate in %)

No. Structure Aa. B.c. Fec Ph.c. Ph. i. Rh.s. log P
4a > Q 100 100 100 100 100 100
R 30.02 11.12 19.22 16.02 26.52 12.12 3.25
H3C' CgHq7
b >—®—B\ 100 100 83.7 100 100 100
rN 2 2 2 2 2 2
el C10H21 66.6 88.8 30.7 100 59.1 59.4 423
4c > Csr‘N 75 75.6 324 85.7 60.5 69.8 5.22
H3C’ C12H25
4d >_< >?r i 66.7 75.6 10.8 85.7 50.0 448 6.20
H3C’ C14H29
4e > QB}‘,Q;CH 77.8 75.6 27.0 57.1 50.0 47.9 7.18
H3C" CqgHa33
4g > Om e oH 100 100 452 100 - 100 423
HaC’ C10H21
7b >=§_>-<CH2>2N—010H21 86.1 87.8 100 100 73.7 72.9 4.43
7c >=§_>_(°H2)2N‘°12”25 80.6 78.0 16.2 85.7 50.0 71.9 5.41
CH N Cq4H:
7d H} ( 2)2 W 77.8 65.9 29.7 100 474 66.7 6.39
CH. N—C H.
7e H}( P-Ces s 732 324 85.7 52.6 62.5 7.37
CH2N CaH
10a >:<(CH L7800 100 100 100 100 100 3.36
22 H Br
10b >=< °1°”21 86.0 100 37.0 100 69.5 84.8 434
CHz)z
10c >=< / °12H25 83.0 86.0 11.1 100 52.6 63.0 5.32
(CHz)z
10d >=< & curts 76.0 80.0 0 100 66.3 45.7 6.30
CH2)2
10e >=< / C16H33 66.7 65.5 0 100 56.3 34.8 7.29
(CHz)z
+ -
11! PhCH2NS C1aHas Cleo% 86.0 87.0 7.4 100 35.8 71.7 -3
PhCH2N<C14Hggé| 40%
12! CHa- N{cmHgg Br 60.0 72.4 0 80.0 72.1 25.0 3.18

! Reference substance; ? values at a concentration of 20 mg/L; 3 log P for a mixture of two salts is not reliable.

The tested compounds showed very good activity
against two strains of wood destroying fungi Chaetomium
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Table 2. Efficacy of test compounds 4a-h, 7a—e and 10a-e [%] against fungi destroying wood and technical materials

Conc.

log P
No. Compound [mg/L] C.g At An. Po. 8
> < > 10000 100 51.03 40.16 100
4a L 5000 88.04 37.77 29.34 100 3.25
3C  CgHiz
A W - 10000 86.89 70.62 67.55 100 522
¢ B 5000 86.89  69.91 - 100 '
ad mag,,ws 10000 61.82 74.11 61.06 57.14 6.20
H3C' 'CisHg
de m@&,% 10000 40.33 63.62 - - 7.18
HaC' 'CigHas
ag >_<:>E\’:‘,CH3 10000 100 74.11 - - 423
HaC' CigHa1
y 10000 100 41.96 40.85 100
7a H}(wzbhicm 5000 100 2.77 33.66 79.59 3.44
Br 2500 82.09 0 - 79.59
y | 10000 100 71.34 65.38 65.31
7b >:<_>—(CH2)2N;C1OH21 5000 97.13 63.62 55.99 65.31 4.43
g 2500 62.96 51.74 42.32 51.02
" | 10000 100 58.04 63.95 100
7¢ H} (CHz)zfl‘lemst 5000 100 48.26 48.81 79.59 541
Br 2500 88.04 43.35 30.76 449
.
2d H}(CHz)z,L;cmHzg 10000 78.51 68.53 45.17 51.02 639
[ 5000 78.51 58.75 NB 42.86 :
H .
7e H)— (CHz)zll\le15H33 10000 100 72.01 - - 7.37
Br
. ., 10000 100 71.34 56.73 100
CH,N.
10b >=< (7 Crotn 5000 100 52.45 43.01 100 4.34
(CHal H g, 2500 100 41.96 33.66 100
y .y 10000 45.06 60.84 48.07 48.98
CHoNL
10e >:< >:< 7 Crettas 5000 41.47 46.16 39.42 40.82 7.29
(CHal  H g, 2500 33.17 15.36 29.34 34.69
HCH b Sl 10000 94.12 56.20 70.66 100
11! > . 5000 92.15 55.66 70.34 100
PhCHAN C1ablaagy 0% 2500 76.47 55.66 68.66 71.88

! Reference substance

4c against P. ochrochloron, and salts 7b and 7e against C.
globosum. These were ammonium salts of perillyl alcohol
(4a and 4c¢) and citronellol (7a, 7b, 7c and 7e).

Salts 4a,c—e were more active against one fungal
strain than the reference compound, while salt 4g was
more potent against Ch. globosum and A. tereus than refer-
ence compound 11. Salts 7b, 7¢, and 7d were more active
against two fungal strains than the reference compound
11, while salts 7a and 7c surpassed the activity of the refer-
ence compound against one fungal strain. Salt 10b was
more active against two fungal strains (Ch. globosum and

A. tereus) than the reference compound 11 and salt 10e
was more active against one fungal strain (A. fereus) than
the reference compound. The optimal range of log P values
for the examined compounds was 3.2-5.4 corresponding
to salts with Cg—C,, N-substituent.

Using the least squares linear regression method we
have compared the activity of all the investigated com-
pounds with their log P values. The comparison was done
separately for the perillyl ammonium salts (4a-g), citro-
nellyl derivatives (7b-e), and geranyl derivatives (10a-e).
For the set of the phytopathogenic fungi (Table 1) the ob-
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served activity for all the compounds apparently de- the other hand for the set of the fungi destroying wood
creased with the increased length of an alkyl chain. On and technical materials (Table 2) the dependence of the

Table 3. Herbicidal activity of quaternary ammonium salts 4a—h, 7a—e and 10a-e (dose: 2 kg/ha)

v
g
s N g < 3
- s £ 3 T
g S g S 2 N g 3
No. Compound s S ] S s § : a s _._,§
& 5 S g by S S £ 3 g
S 3 N & So S S 3 = &
g 5 S 2 3 & * S S ]
5] So g g £ g S 2 S §
3 S & 2 3 = S N S 3
<] < & < S o = 5 < 3
4a j C BrN 70 100 100 20 70 100 20 70 100 70
H3C’ C3H17
4c¢ j C Br N 20 40 100 20 20 100 40 40 40 0
HaC’ C12H25
4d > < > Br‘Nr 20 70 100 40 40 100 70 100 100 20
HaC’ C14H29
e >_<:>7N' 20 40 100 40 70 100 70 100 70 0
H3C CqeHas
4g M o 20 70 100 40 70 100 55 100 100 20
cl N3
HaC' CigHat
7b B3, 30 70 100 40 70 100 55 100 100 20
>=< oL (CHBz)zN
C1oH21
7c Br+ 30 100 100 70 100 100 70 100 100 20
>=< (CHz)z—L (CHSZN
/ Ci2Has
7d f - 10 100 70 20 70 100 70 100 100 20
>:< e o
/ CaaHazg
I
7e 40 100 100 70 100 100 70 100 100 40
>=< (CHz)z—l— (CHz)zN
C1eH33
10a C“i”‘csHﬂ 40 40 100 0 70 100 40 70 70 20
>=< CH, >:<H Br
H CHZI:L/
10b >=<(CH2 N7 ot 20 20 40 0 20 20 20 20 20 20
r
H CHZKL/
10c C1qH2o 40 40 70 0 20 40 20 40 40 20
>:<(CH2) >:<H ér
H CHZKL/
10d >=< 2™ Ciatg 20 20 20 0 20 20 20 20 20 0
CHYY H g
t/
10e >#H CH;’* CreHas 20 20 40 0 20 40 20 20 20 0
(CH2)2 H

13! /@ /@ 70 100 100 40 100 100 70 70 40 40
OCH3

! Reference substance phenmedipham
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activity on the length of an alkyl chain was not distinctly
observed.

Herbicidal Activity Assays

Ten common species of weeds belonging to one
monocot and nine dicot families were used as bioindica-
tors for potential herbicidal activity testing: Galium
aparine, Polygonum nodosum, Papaver rhoeas, Apera spi-
ca-venti, Galinsoga parviflora, Chenopodium album, Plan-
tago lanceolata, Brassica nigra, Amaranthus retroflexus,
and Stelaria media.

Most compounds showed herbicidal activity at the
dose of 2 kg/ha (via leaves), the weeds were destroyed in
the range of 20 to 100% depending on the species (Table
3). The most active salts were derivatives of perillyl alcohol
(with C¢-C,4 side chain) and derivatives of citronellol
(with C,;—-C,¢ side chain), where two salts showed 100%
activity against six weeds and two salts showed 100% ac-
tivity against four weeds. High activity of all perillyl salts
4a-h against two species Papaver rhoeas and Chenopodi-
um album was found. Compound 4a with the shortest side
chain was the most active against weeds Galium aparine
and Polygonum nodosum. For Galinsoga parviflora a para-
bolic dependence was observed with the lowest activity for
C,,-Cyy derivatives and a higher potency for Cg and Cyg
salts. On the other hand for weeds Plantago lanceolata and
Brassica nigra the highest activity was noticed for a long
chain C,, and C;4 ammonium bromides. A higher activity
of the tested compounds than one of the reference com-
pound 13 was shown by salts 4d—g against weed Plantago
lanceolata, by compounds 4a, 4d, and 4g against Amaran-
thus retroflexus, and compound 4a against Stelaria media.

High activity of all citronellyl salts 7b-e against three
herbs Chenopodium album, Brassica nigra and Amaran-
thus retroflexus was found. Again higher activity than po-
tency of the reference compound was noticed for salts 7¢
and 7e against monocot species Apera spica-venti, for salts
7b-e against weeds Brassica nigra and Amaranthus retrof-
lexus.

In case of geranyl derivatives 10a—e the highest ac-
tivity of Cgq salt was found against all weeds. Salt 10b was
more potent against Amaranthus retroflexus than the refer-
ence compound.

4. Conclusions

Eighteen novel quaternary ammonium salts (QASs)
with a terpenoid moiety have been synthesized. Most com-
pounds showed a broad spectrum of biological activity
including both fungistatic and herbicidal activity. A fa-
vourable effect of terpene group introduction was shown
by a higher potency of many synthesized salts than that of
reference compound 11 and 12 being pure quaternary al-
kylammonium compounds. Some dependence of fungi-
static activity on log P was demonstrated.
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Sintetizirali smo serijo novih kvarternih amonijevih soli (QAS), katerih terpenoidni fragment izvira iz perilil alkohola,
citronelola in geraniola. Strukture novih spojin smo potrdili s spektroskopskimi metodami in z elementno analizo. Fun-
gicidno aktivnost pripravljenih spojin smo preucili na $estih rastlinskih patogenih organizmih, $tirih glivah, ki uni¢ujejo
les in druge tehni¢ne materiale; herbicidno aktivnost pa smo raziskali na desetih vrstah plevelov, ki uspevajo v pasu
zmernega podnebja. Nekaj pripravljenih soli je izkazalo visjo aktivnost proti glivam in herbicidno aktivnost kot so bile

ugotovljene za referen¢ne spojine.
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