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In this review, we summarized and analyzed the literature data (from 1963 to March, 2014)
on the synthesis and properties of quaternary ammonium derivatives of citronellal, menthol,
camphor, lambertian acid, dehydroabietic acid, levopimaric acid, isosteviol, steviol, betulinic
acid, dihydrobetulinic acid, platanic acid, oleanolic acid, ursolic acid, and polyprenols. Func�
tionalization of terpenoids with ammnoium groups offers them new properties, such as cholino�
tropic, antiviral, and antimicrobial activities, or transforms them into chiral ionic liquids hav�
ing a practical potential for application as chiral phase�transfer catalysts. The synthesis of
ammonium derivatives of terpenoids possessing properties of cationic lipids or dimeric bis�
quaternary ammonium surfactants was proved to have a promising outlook. A specific attention
was paid to the method developed for transformation of any hydrophobic terpenoid or steroid
into an amphiphilic water�soluble compound self�organized in the aqueous medium into vesi�
cles (liposomes) forming cell�penetrating complexes with DNA.
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Over many years, mono� and bis�quaternary ammoni�
um compounds are widely known by their bioactivities.
First of all, they act as cholinesterase inhibitors,1—3 curare�
like muscle relaxants,4,5 and ganglionic blocking agents.6,7

Many ammonium compounds exhibit antimicrobial,8 an�
ticancer,9,10 and antimalarial11 activities. During the last
decade, chiral quaternary ammonium salts became widely
used as efficient phase�transfer catalysts for the enantio�
selective formation of carbon—carbon and carbon—hetero�
atom bonds under mild conditions.12 Many ammonium
compounds possess the properties of ionic liquids and are
used as solvents.13 It remains conventional to use the am�
monium salts as corrosion inhibitors.14 Recently, a novel
class of surfactants called "gemini surfactants" or "geminis"
(dimeric surfactants) loudly declared themselves in the
colloid and supramolecular chemistry.15 They are bis�qua�
ternary ammonium compounds possessing long hydro�
phobic chains bound to two quaternary nitrogen atoms
linked via any spacer. Compared to common surfactants,16

dimeric cationic surfactants decrease more efficiently the
surface tension of water and have a considerably less criti�
cal micelle concentration (CMC).17 Due to these proper�
ties, dimeric cationic surfactants are superior dispersion

stabilizers, efficient emulsifiers, dispersing agents, and
foaming agents.18,19 As many ammonium compounds,
dimeric surfactants possess good antibacterial and anti�
fungal activities.20,21 An important field where cationic
surfactants can be applied became DNA transport into
cell (so called gene therapy).22 It is obvious that one of the
key reasons why the above�mentioned compounds have
practically useful properties, including biological activity,
is that they contain pharmacophore ammonium groups
and, in some cases, hydrophobic polymethylene fragments.
In this regard, introduction of the ammonium�group func�
tionalization into the natural polycyclic terpenoids having
a hydrophobic carbocyclic framework and possessing any
bioactivity is of interest.

Functionalization of natural polycyclic terpenoids by
pharmacophore groups is one of the conventional meth�
ods of their chemical modification,23—28 which is carried
out also by the changing the structures of their hydro�
carbon fragments through the decrease29—31 or increase32—36

in the number of rings, as well as by the increase in the size
of one ring.30 In recent years, functionalization became to
be carried out by combination of two or more terpenoid
molecules into macrocycles.37—39

The present review summarizes the data on function�
alization of natural terpenoids by the ammonium groups.
The information is given in the order of terpene emer�
gence during biogenesis.

* Based on the materials of the VIII All�Russian Conference
"Chemistry and Technology of Plant Substances" (October 7—10,
2013, Kaliningrad).



Terpenoid ammonium derivatives Russ.Chem.Bull., Int.Ed., Vol. 63, No. 9, September, 2014 1885

Acyclic monoterpenoids. A large series of chiral ionic
liquids have been prepared based on available citronellal.40

At the first step, (S)�citronellal 1 was subjected to reduc�
tive amination to give amines 2 or 3. They were then quat�
ernized with various alkyl halides to yield salts 4a—e and
5a—e (Scheme 1). The ammonium derivatives of enantio�
meric (R)�citronellal 6 were prepared similarly. All com�
pounds obtained, excluding salts (S)�4a and (R)�4a, are
liquids at room temperature.

Scheme 1

R = Me (2, 4a—e), Et (3, 5a—e)

3, 5 R´ X 3, 5 R´ X
a Me I d Pri Br
b Et I e Bu Br
c Pr Br

Reagents and conditions: i. NHR2, H2, Raney Ni, 20 C; ii. R´X,
MeCN.

Monocyclic terpenoids. One of the most known terpe�
noid representative of this class is (1R,2S,5R)�(–)�men�

thol 7. The first data on its ammonium derivatives ap�
peared in 1963.41 Esterification of compound 7 with
chloroacetic acid affords chloroacetic ester 8 suitable for
quaternization of the nitrogen atom of trimethylamine,
triethylamine, and procaine to yield salts 9a,b and 10
(Scheme 2). Note that the first representative of bis�quar�
ternized ammonium derivatives of natural terpenoids, viz.,
compound 11, was synthesized by the reaction of chloro�
acetic ester 8 with N,N,N´,N´�(tetramethyl)decamethyl�
enediamine.41

Only after 42 years, the ammonium derivatives of
(–)�menthol attracted attention of chemists and, on its
basis, a large series of catinoic lipids 13—17 have been
synthesized through compound 12 (see Refs 42—47). The
polar part of the molecules is represented by ammoni�
um,42 alkylimidazolinium,43,44 (alkoxymethyl)imidazol�
inium,45 and pyridinium46 groups, while the hydrophobic
part along with the menthane framework is represented by
alkyl substituents R1 at the quaternized nitrogen atom
(Scheme 3). In all cases, the halide component upon quat�
ernization of amines of different nature was chloromethyl
menthyl ether 12. The antibacterial activities of cationic

Scheme 2

9: R = Me (a), Et (b)

Reagents and conditions: i. ClCH2COOH, H2SO4 (conc.), 90 C, 7 h.; ii. NMe3 (for 9а) or NEt3 (for 9b), toluene, 110 C;
iii. 4�H2NC6H4C(O)OCH2CH2NMe2, Et2O, 30 C; iv. Me2N(CH2)10Me2N, Et2O, 30 C.
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Scheme 3

13 R1 R2 R3 15 R1 16 R1 17 R1 R2 R3

a Et Et Et a Me a Et a H H H
b Et Et Me b Et b Pr b Me H H
c Et Me Me c Pr c Bu c H Me H
d Pri Me Me d Bu d C5H11 d H H Me
e Bu Me Me e C5H11 e C6H13 e H H Et
f C6H13 Me Me f C6H13 f C7H15 f H H But

g C7H15 Me Me g C7H15 g C8H17 g Me H H
h C8H17 Me Me h C8H17 h C9H19 h H CONH2 H
i C9H19 Me Me i C9H19 i C10H21 I H OH H
j C10H21 Me Me j C10H21 j C11H23 j H H NMe2
k C11H23 Me Me k C11H23 k C12H25 k H NMe2 H
l C12H25 Me Me l C12H25

lipids 13—17 were found to increase dramatically with
increasing the length of alkyl substituent at the quater�
nized nitrogen atom. The ammonium derivatives of men�
thol with ten or more carbon atoms in the alkyl substituent

R1 (compounds 13j—l, 15j—l, and 16i—k) have a higher
antibacterial activity against M. luteus, S. Aureua, S. epider�
midis, E. Faecium, and E. coli compared to alkyldimethyl�
benzylammonium chloride (benzalkonium chloride, BAC)
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with the analogous length of alkyl substituent at the quar�
ternized nitrogen atom.42,44,45 Among the pyridinium de�
rivatives of (–)�menthol, only salts 17j—k having no hy�
drophobic substituents surpassed the reference compound
BAC in the antibacterial activity, but only against M. Lu�
teus46. Thus, until now one cannot draw a final conclusion
on the optimum nature (structure) of the ammonium group
providing high and/or selective antibacterial activities of
the (–)�menthol ammonium derivatives 13—17.

For now, only one fact is obvious: on going from the
reference compound BAC to the ammonium derivatives
13—17 involving the replacement of the benzene ring with
the (–)�menthyl group, results in a pronounced increase
in the antibacterial activity. Moreover, the mentioned ac�
tivity was found to depend directly on the enantiomeric
purity of the terpenoid fragment. For example, it was estab�
lished that the racemic analogs of more active (–)�menthol
ammonium derivatives 13k, 15j, and 16i (see Scheme 3)
are significantly less active.47 Salt 14 prepared from
(–)�menthol 7 (see Scheme 3) and salt 20 synthesized
from (+)�menthol 18 through (+)�chloromenthyl ether
19 (Scheme 4) were used as both solvents and chiral in�
ducers in photoisomerization of dibenzobicyclo[2.2.2]�
octatriene diacid.43 The enantiomeric excess achieved was
not high (ее = 6.5); however, this is a single case described
in the literature when the ammonium derivatives of terpe�
noids were used as chiral inducers.

Scheme 4

Reagents and conditions: i. HCl (gas), HCHO, toluene, 10 C;

ii. 1) ; 2) LiNTf2, 30 C.

Bicyclic monoterpenoids. The only representative of ter�
penoids of this class, for which ammonium derivatives
have been described, is (+)�camphor 21. The reaction of
21 with N,N�diethylethane�1,2�diamine in the presence
of boron trifluoride diethyl etherate with azeotropic re�
moval of water affords azomethine 22 whose amine nitro�

gen atom was subsequently quaternized with alkyl halides,
including dibromoalkanes with different length of the poly�
methylene chain between the bromine atoms48 (Scheme 5).

Scheme 5

23: R = Me, X = I (a), R = Et, X = Br (b)

24: n = 5 (a), 6 (b), 8 (c), 9 (d), 10 (e), 12 (f)

Reagents and conditions: i. H2NCH2CH2NEt2, BF3•Et2O, toluene;
ii. RX, MeCN, 80 C; iii. Br(CH2)nBr, K2CO3, MeCN, 80 C.

All compounds synthesized were studied for the activi�
ty against the pandemic influenza strain A(H1N1)pdm09.
Compound 23a was found to be 1.5�fold more active than
remantadine and amantadine, but when the methyl sub�
stituent in the ammonium group was replaced with the
ethyl group and the I– counterion was replaced with Br–,
the loss of activity was observed.48 On going to the bis�
quaternary ammonium (+)�camphor derivatives 24, the
activity increases, which in compound 24d with the nona�
methylene spacer between the quaternary nitrogen atom
is nine�fold higher than those of remantadine and aman�
tadine.48 It is interesting to note that further increase in
the distance between the ammonium groups results in
a decrease in the antiviral activity.48

Bicyclic diterpenoids. In this class of terpenoids, the
ammonium derivatives were described only for the lab�
dane group representative, viz., lambertian acid.49,50. Me�
thyl lambertianate 25 was converted to amines 26 by the
Mannich reaction with methylene iminium salts prepared
in situ from bis(dialkylamino)methanes and acyl chloride,
which were then quaternized to the quaternary salts 27 by
the reaction with allyl bromide (Scheme 6). Upon reflux�
ing in benzene, compounds 26, 27 underwent [4+2] cyclo�
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addition to form the 1 : 1 mixture of (1´R,5´S,7´S)�exo�
adducts 28 and (1´R,5´R,7´S)�endo�adducts 29.49,50 Com�
pounds 28a and 29b,c were isolated in the individual
state.49,50 The cyclization can be performed omitting the
isolation step of quaternary salts 27, namely, by refluxing
amines 26 with allyl bromide in acetonitrile50 (see Scheme 6).
It is interesting to note that while the reactions of amines
26b,c with crotyl bromide under the same conditions also
give intramolecular [4+2] cycloaddition products, the re�
action of amine 26a with crotyl bromide terminates at the
step of quaternary salt formation.50

Tricyclic diterpenoids. The best known representatives
of terpenoids of this class are resin acids (dehydroabietic
acid 30, abietic acid 31, levopimaric acid 32, etc.). Resin acids
and their derivatives are widely used in the production of
synthetic rubbers, industrial rubber products, varnishes, dyes,
and other practically useful materials and products.51 Resin
acids since the mid XX century began to be used in the fine
organic synthesis and, in the beginning of the present cen�
tury, for the preparation of bioactive substances and high�
efficiency therapeutic agents. To date, hundreds of resin
acid derivatives of various structure, including amides,
amines, imines, and others, have been described;52,53 how�
ever, there are few data on their ammonium derivatives.

Due to the steric shielding by the geminal C(4)H3
group, the carboxyl group of resin acids does not readily

undergo typical reactions of carboxylic acids. Therefore,
this group is frequently converted first to the acid chloride,
which undergoes subsequent functionalization, for exam�
ple, by the reaction with dimethylaminoethanol.54 Amino
ester 33 obtained in such way was then quaternized by
the reaction with ethyl bromide and benzyl chloride
(Scheme 7). The resulted salts 34a,b are very soluble in
water and organic solvents, act as surfactants, and possess
bactericidal activity.54 The reaction of amino ester 33 with
ethylene dibromide afforded the bis�quaternary ammoni�
um salt 35, which was found to be a good emulsifier55

(see Scheme 7).
The analogous surface�active properties were observed

for the bis�quaternary ammonium derivative of abietic acid

Scheme 6

26—29 R1 R2

a Me Me
b           (CH2)2O(CH2)2
c             (CH2)5

Reagents and conditions: i. (R1R2N)2CH2, AcCl, CH2Cl2, 0—20 C; ii. CH2=CHCH2Br, Me3N+BnCl–,
benzene, 20 C; iii. Benzene, 80 C; iv. CH2=CHCH2Br, Me3N+BnCl–, K2CO3, KOH, MeCN, 80 C.
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36 (Scheme 8).56 This is one of the rare cases when the
carboxyl group of diterpenoid acids was involved in esteri�
fication under severe conditions (heating, conc. H2SO4).

Designing new surface�active systems for enantiomeric
separation by micellar electrokinetic chromatography, the
authors of Ref. 57 carried out amidation of dehydroabietic
acid 30 by the reaction of its acid chloride with N,N�di�
methylpropane�1,3�diamine and the resulted amine 37
was quarternized by the reaction with sodium 2�bromo�
ethanesulfonate (Scheme 9). Using the betaine�type com�
pound 38, the enantiomeric mixtures of tryptophan,
phenylalanine, and kynurenine were separated.57

The ammonium derivative of dehydroabietic acid 30
was prepared using epichlorohydrin, which was involved in
the reaction with its acid chloride. The resulted acid chlor�
ide 39 was used for quarternization of various amines53,58

Scheme 7

34: R = Et, X = Br (a), R = Bn, X = Cl (b)

Reagents and conditions: i. 1) PCl3, CCl4, 2) HOCH2CH2NMe2,
NEt3, CH2Cl2; ii. RX, MeCN, 80 C; iii. BrCH2CH2Br, EtOH,
microwave radiation.

Scheme 8

Reagents and conditions: i. HOCH2CH2Cl, H2SO4 (conc.), heat�
ing; ii. Me2N(CH2)3NMe2.

Scheme 9

Reagents and conditions: i. 1) SOCl2, benzene, 2) H2N(CH2)3NMe2,
THF, K2CO3; ii. [BrCH2CH2SO3

–]Na+, EtOH, 78 C.
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to form salts 40—42 (Scheme 10). Hydroxy ammonium
derivatives 40 were also synthesized directly from dehy�
droabietic acid 30 by the reaction with the oxirane ring of
the ammonium salt obtained from epichlorohydrin and
trimethylamine.53 The "acid chloride pathway" was used
also to synthesize the ammonium salt of type 40 based on
perhydroabietic acid.58 All ammonium salts obtained ex�
hibited antifungal activity against T. versicolor and G. tra�
beum, the activity of the bis�quaternary derivative 41 be�
ing the highest in this series.53

The ammonium derivatives 43a,b prepared from dehy�
droabietylamine 44 (Scheme 11) showed a capacity to act
as chiral phase�transfer catalyst.59,60 Catalyzed by com�
pounds 43a,b oxidation of chalcone with sodium hy�
pochlorite yielded epoxide with ee equal to 18—20%.60

The ability of compounds 43c,d for the asymmetric catal�
ysis was much worse.59,60 The synthesis of bis�quaternary

ammonium salts 45 based on dehydroabietylamine 44 (see
Scheme 11) was reported;53 however, there are no litera�
ture data on their properties.

The ammonium derivatives of levopimaric acid 32 are
reported only in two papers.58,61 Acryloyllevopimaric acid 46
obtained from these derivatives by [4+2] cyclization with
acrylic acid was converted to diacyl dichloride 47, whose
reaction with epichlorohydrin afforded bischlorohydrin 48
used for quarternization of trimethylamine and triethyl�
amine58 to yield salts 49 (Scheme 12). The antifungal ac�
tivities of the bis�quaternary ammonium salts 49 against
T. versicolor and G. trabeum were higher than those of the
analogous mono�quaternary salts 40 based on dehydro�
abietic and perhydroabietic acids.58 The Diels—Alder ad�
duct of ethyl levopimarate 50 with fumaric acid, viz.,
diacid 51, was easily transformed in 93% yield to the bis�
quaternary ammonium salt 52 (Scheme 12).61 This com�

Scheme 10

Reagents and conditions: i. 1) , CH2Cl2, 20 C, 2) , TBAB, 50 C; ii. NR3, EtOH, H2O, 85 C; iii. Me2NCH2CH2NMe2;

iv. NHMe2; v. PhCH2Cl; vi. 

40: R = Me (a), Et (b)
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pound exhibited a moderate antifungal activity against
T. versicolor, P. chrysosporium, and C. globosum.61

Recently, dehydroabietic acid 30 was used for the syn�
thesis of polymeric amphiphilic antibacterial agents con�
taining ammonium groups.62,63 At the first step, polymer 54
was obtained from N,N�dimethylaminoethyl meth�
acrylate 53 by reversible addition�fragmentation chain
transfer (RAFT) polymerization using cumyl dithiobenzo�
ate (CDB) as the chain transfer agent and azobisisobutyro�
nitrile (AIBN) as the initiator followed by quaternization
with 3�chloropropyldehydroabietate 55 (Scheme 13).62

Varying the molar ratio of reagents, the authors obtained
a series of polymers 56 having different degree of quater�
nization (the number of groups containing the quaternary
nitrogen atom).62

At the second step, RAFT polymerization of the mono�
quaternary ammonium salt 57 obtained by the reaction of
abietate 55 with methacrylate 53 afforded62 polymers 58
with a degree of quaternization of 100% (Scheme 14).

The results of the study of synthesized polymers 56 and
58 for the antibacterial activity against E. coli and S. aureus
showed that this activity depends on the degrees of quater�
nization of compounds and their molecular weights. With
increasing the degree of quaternization from 7 to 15%, the
antibacterial activity increases, but the further increase in

the number of dehydroabietyloxyethylammonium groups
in copolymers 56 leads to a decrease in the activity.62

Copolymers 58 with a degree of quaternization of 100%
possessed the least antibacterial activity in this series.62

In the alternative approach63 to the synthesis of poly�
meric cationic antibacterial agents (Scheme 15), the am�
monium fragments were designed based on levopimaric
acid 32. The Diels—Alder reaction of levopimaric acid 32
with maleic anhydride afforded maleopimaric acid whose
amidation with N,N�dimethylethane�1,2�diamine yield�
ed amine 59. Then, amine 59 was quaternized with ethyl
bromide and the carboxyl group of the resulted quaternary
salt 60 was esterified with propargyl alcohol. The click
reaction of propargyl ester 61 with poly(�caprolactone)
containing azide groups yielded the target polymers 62.

Both monomer 60 and polymers 62 on its basis showed
a high antimicrobial activity against Gram�negative
(P. aeruginosa, E. coli, K. pneumoniae, P. vulgaris, E. ag�
glomerans, S. typhimurium, and A. faecalis) and Gram�
positive (S. aureus, B. cereus, S. pyogenes, M. luteus, M. smeg�
matis, and C. xerosis) bacteria.63 It should be noted that
the activities of polymers 62 were higher than those of
their analogs containing no maleopimaric groups.63

Tetracyclic diterpenoids. Only the ammonium deriva�
tives of isosteviol 63 and steviol 64 are known in this group

Scheme 11

Reagents and conditions: i. HCHO, HCOOH; ii. RCH2X, EtOH, 78 C; iii. Br(CH2)nBr,
EtOH, 78 C.

43 R X
a Ph Cl
b Ph Br
c CO2Et Br
d H I

45: n = 1 (a), 2 (b), 3 (c), 4 (d)
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Scheme 12

49: R = Me (a), Et (b)

Reagents and conditions: i. , CH2Cl2, 20 C; ii. , TBAB, 50 C; iii. NR3, EtOH.

Reagents and conditions: i. HOOCCH=CHCOOH, 1,4�(HO)2C6H4, N2, 230 C; ii. .

Scheme 13
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of polycyclic terpenoids. These terpenoids are isomers dif�
fering in the geometry of the hydrocarbon skeleton: trans
fusion of the rings B and C in isosteviol 63 (Scheme 16) and
cis fusion of the rings B and C in steviol 64 (Scheme 17).
Isosteviol 63 was transformed to mono�quaternary (com�
pounds 65) and bis�quaternary (compounds 66) ammoni�
um derivatives64,65 (see Scheme 16). Among the mono�
quaternary salts, only compound 65c exhibited a notice�

able antimicrobial activity, exclusively against S. aureus
209p bacteria and T. gypseum and C. Albicans fungi.64 How�
ever covalent binding of two molecules of the low�activity
mono�quaternary ammonium salt 65a through the poly�
methylene linker resulted in a dramatic increase in the
bacteriostatic and fungistatic activities, with the maxi�
mum value in a series of the compounds under study being
observed for the bis�quaternary ammonium salt 66d.65 The

Scheme 14

Scheme 15

Reagents and conditions: i. 1) maleic anhydride, 2) H2NCH2CH2NMe2, EtOH, 85 C; ii. EtBr, THF, 50 C; iii. HCCCH2OH,
SOCl2, Et3N; iv. CuI, DBU, THF, 35 C.
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activity of salt 66d against S. aureus and C. albicans was
comparable with that of ciprofloxacin and clotrimazole,
respectively.65 Note that compound 66d also possesses bac�
tericidal activity, which is only two�fold less than that of
ciprofloxacin.65

The isosteviol ammonium derivatives 65 and 66 also
can inhibit human acetylcholinesterase (AChE) and bu�
tyrylcholinesterase (BChE), the highest activities being
observed for compound 65c with the benzyl group at the

nitrogen atom in a series of the mono�quaternary salts and
compound 66d with the dodecanediyl linker between the
nitrogen atoms in a series of the bis�quaternary salts.66

To examine how the change in the hydrocarbon frame�
work geometry influences the bioactivities of com�
pounds 65, the analogous derivatives of steviol 64 were
synthesized66 (Scheme 17). The hydroxyallylic system of
steviol 64 undergoes readily the Wagner—Meerwein rear�
rangement; therefore, its double bond was preliminary

Scheme 16

65:  R = Me (a), Pr (b), Bn (c)
66: n = 1 (a), 5 (b), 6 (c), 8 (d)

Reagents and conditions: i. 1) SOCl2, 2) HOCH2CH2NMe2, CCl4; ii. BrCH2CH2(CH2)nCH2CH2Br, MeCN, 80 C; iii. RBr,
MeCN, 80 C.

Scheme 17

68: R = Me (a), Bn (b)

Reagents and conditions: i. 1) Raney Ni, NH2NH2, H2O, 80 C, 2) SOCl2, 3) HOCH2CH2NMe2, CCl4; ii. RBr, MeCN, 80 C.
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reduced with diimide generated in situ by decomposition
of hydrazine hydrate on Raney nickel.66 The resulted
16(S)�dihydrosteviol was transformed into amine 67 whose
quarternization afforded salts 68 (see Scheme 17).66 The
anticholinesterase activities of the salts were found to be
slightly higher than those of the monoammonium isoste�
viol derivatives 65.66

The same Ref. 66 reports on the synthesis of the first
macrocycle containing the terpenoid groups and quar�
ternized ammonium atoms (Scheme 18). The chemose�
lective and stereospecific reduction of the oxo group of
isosteviol 63 with sodium borohydride afforded 16(R)�di�
hydroisosteviol 69 whose two molecules was then covalent�
ly bound to the diester linker by the reaction with de�
canedioic acid dichloride. The resulted diacid 70 was con�
verted to diacyl dichloride, which, in turn, was transformed
to bis(dimethylaminoethyl) ester 71 whose quaternization
with 1,9�dibromononane yielded the macrocyclic com�
pound 72.

The results of the study of compound 72 for the anti�
cholinesterase activity are of great interest. The macro�
cyclic compound 72 inhibits AChE as bis�quaternary am�

monium isosteviol derivative 66d with the dodecanediyl
linker between the nitrogen atoms (IC50 is 2—5 mol L–1),
i.e., about 30�fold better than the isosteviol derivative 66c
with the dodecanediyl linker between the nitrogen atoms.66

At the same time, the macrocyclic compound 72 inhibits
BChE similarly to bis�quaternary ammonium isosteviol
derivative 66c (IC50 is 60—65 mol L–1), i.e., 6�fold worse
than the isosteviol derivative 66d.66 Thus, in a series of the
compounds under study, the macrocyclic compound 72
exhibits the best selectivity in inhibition of AChE
and BChE.

In the same Ref. 66, by the example of isosteviol 63,
the authors proposed for the first time a method of trans�
formation of any hydrophobic terpenoid containing the
carboxyl, oxo, aldehyde, or hydroxy group to the terpe�
noid derivative readily soluble in water. The method con�
sists in introduction of the polyoxyethylene chain with the
terminal triethylammonium group into the structure of
the terpenoid (Scheme 19).

The thus synthesized amphiphilic isosteviol derivatives
73 and 74, which differ in the nature of anion, are very
soluble in water (up to 0.1 mol L–1) and possess properties

Scheme 18

Reagents and conditions: i. NaBH4, MeOH; ii. DMAP, pyridine, CH2Cl2; iii. 1) SOCl2, 2) HOCH2CH2NMe2, CCl4; iv. Br(CH2)9Br,
MeCN, 80 C.
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typical of surfactants.67 Note that, by the example of am�
phiphiles 73 and 74, the unique effect of the counter ion
nature on self�organization of the surfactant with the ni�
trogen atom in water was found for the first time. Al�
though the CMCs of amphiphiles 73 and 74 are close,
their morphological characteristics differ drastically.67 The
ammonium isosteviol derivative 74 showed a classical be�
havior of surfactant, i.e., the formation of spherical mi�
celles with a hydrodynamic diameter of 10 nm. The am�
monium derivative 73 displayed an essentially different
mode of self�organization, namely, a spontaneous mi�
celle—vesicle—micelle transition with increasing its con�
centration in water.67 Moreover, it was established that

Scheme 19

Reagents and conditions: i. Ts(OCH2CH2)3OTs, K2CO3, MeCN, 70 C; ii. LiBr, acetone, 50 C; iii. Et3N, MeCN, 70 C.

amphiphile 73 readily incorporates into the lipid bilayer of
synthetic liposomes and the vesicles (liposomes) that
formed by itself in water form complexes with the model
DNA (2661 base pairs), which penetrate into cells.68 There
are numerous papers dedicated to the DNA transfer into
cells mediated by cationic lipids (see, for example, re�
view22). The vital difference of the results obtained for the
isosteviol ammonium derivative 73 (see Ref. 68), is that
this compound is not a classical cationic lipid, but a wa�
ter�soluble amphiphile having no hydrophobic poly�
methylene chain. Thus, the authors of Refs 66–68 demon�
strated for the first time that the semisynthetic terpenoid
molecule (just as steroid molecule) can be inserted direct�

Scheme 20

Reagents and conditions: i. 1) O2, CH2Cl2, –80 C, 2) Me2S; ii. H2, Pd/C, MeOH.
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tives 86—8869 were obtained by the reaction with trimethyl�
amine, triethylamine, and pyridine (Scheme 22). All
compounds were studied for the in vitro cytotoxicity
against human T�cell lymphoblastic leukemia. The
maximum cytotoxicity (IC50 < 10 mol L–1) was ob�
served for the triethylammonium derivatives 87b,d,f and
pyridinium derivatives 88b,d.69 Among them, the quater�
nary ammonium salts 87d,f with the lupane or ursane tri�
terpenoid framework, respectively, were the most efficient
(IC50 < 5 mol L–1).69

Polyprenoid compounds. In terms of bioactivity, poly�
prenols are important terpenoid representatives. During
metabolism polyprenols transform into dolichol lipids and
thereby favor restoration of the dolichol�phosphate cycle
involved in the biosynthesis of glycoproteins and glycos�
aminoglycans, which is affected upon diabetes mellitus
and hypertonia. Apparently, in order to enhance these
properties, a one�pot method of functionalization of poly�
prenols from the mulberry leaves (called moraprenols) with
the triethylammonium group was developed.70 The meth�
od consists in quaternization of triethylamine in the pres�
ence of moraprenols 89 and phosphorus oxychloride to
produce salts 90 (Scheme 23).

Probably, this method failed to be universal, because
to prepare the triethylammonium, pyridinium, and imid�
azolinium derivatives of moraprenols 91—93, the same
authors used moraprenyl bromide 94 obtained by the reac�
tion of moraprenols 89 with trimethylsilyl bromide.71 Note
that the cis configuration of the terminal isoprene group of
the starting polyprenol reteins upon bromination. The
bioactivities of cationic lipids 90—93 and their any appli�
cations have not been reported.

Taking all the aforesaid into consideration, one can
conclude that functionalization of natural terpenoids with
the ammonium groups first enhances the existing bio�
activity, for example, anticancer activity of triterpe�
noid acids. Secondly, such functionalization offers ter�
penoids new properties, such as cholinotropic, antiviral,
and antimicrobial activities, which were absent in these
terpenoids; or transforms them into chiral ionic liquids
whose practical potential for the application as chiral
phase�transfer catalysts is obvious, but has not been
studied yet.

In all cases, on going from the mono�quaternary am�
monium derivatives of terpenoids to the bis�quaternary
ones the bioactivity increases with the maximum activity
in the series under study being observed for both the cat�
ionic lipids with a length of the polymethylene substituent
at the nitrogen atom of about 10—12 methylene units and
the dimeric cationic terpenoid surfactants with about the
same length of the polymethylene linker between two qua�
ternary nitrogen atoms. A specific success was achieved
upon functionalization of the diterpenoid isosteviol with
trioxyethylene chain having the terminal triethylammoni�
um group. The resulted amphiphilic derivative is soluble

ly into cell. This fact is of fundamental importance to
increase the efficiency of new therapeutic agents being
designed from natural compounds.

Pentacyclic diterpenoids. In this group of natural ter�
penoids, a large series of the ammonium derivatives of
triterpenoid acids possessing anticancer activity were syn�
thesized.69 As the starting compounds, betulinic (75), pla�
tanic (76), dihydrobetulinic (77), oleanolic (78), and ur�
solic (79) acids (Scheme 20), as well as 3�acetoxy�21�
oxolup�18�en�28�oic acid (80) were chosen. To prepare
acid 80, betulin 81 was subjected to acetylation. The acid�
catalyzed isomerization of the C(20)=C(29) bond in ace�
tate 82 gives compound 83. Product 83 was then oxidized
with chromium trioxide into hydroxy ketone 84 whose
hydroxymethyl group was then oxidized to the carboxyl
group to form acid 80 (Scheme 21).

Triterpenoid acids 75—80 were transformed to the cor�
responding 2�bromoethyl esters 85 by the reaction with
1,2�dibromoethane, from which the ammonium deriva�

Scheme 21

Reagents and conditions: i. Ac2O, pyridine; ii. HBr, AcOH, Ac2O,
benzene; iii. 1) CrO3, 2) MeONa, MeOH; iv. RuO2, NaIO4,
CF3COOH.
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Scheme 22

85—88 Terp 85—88 Terp 85—88 Terp

a c e

b d f

Reagents and conditions: i. BrCH2CH2Br, K2CO3, MeCN, DMF, 50 C; ii. NMe3, DMF; iii. NEt3, DMF; iv. pyridine, DMF.

Scheme 23

Reagents and conditions: i. POCl3, Et3N, CH2Cl2, –60 C; ii. Me3SiBr, C6H14, –80 C; iii. Et3N, benzene, MeCN, 45 C; iv. DMAP,

benzene, MeCN, 60 C; v. , benzene, MeCN, 45 C.
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in water and forms vesicles (liposomes) therein, which
bind DNA and penetrate into cells.

Thus, functionalization of natural and semisynthetic
terpenoids by the ammonium groups is, undoubtedly, one
of the promising trends in modern organic chemistry,
chemistry of natural products, and medicinal chemistry.

This work was financially supported by the Russian
Scientific Foundation (Project No. 14�50�00014).
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