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Abstract. This review relates to the chemistry of the well-known biologically active natural labdane
diterpenoid (-)-sclareol easily isolated from Clary sage (Salvia sclarea L.). This compound is used in
industry, mainly for the synthesis of fragrances and natural analogues. The paper covers achievements
reported in the respective publications from 2013 to 2021 on the synthesis, structure determination, and
biological activity of molecular hybrid compounds bearing hydrazide and thiosemicarbazone fragments
or diazine, 1,2,4-triazole, carbazole, 1,3-thiazole, 1,3,4-oxadiazole, and 1,3,4-thiadiazole units prepared

basing on the studied compound.
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List of abbreviations and notations:

CDI 1,1’-Carbonyldiimidazole
CNBr Cyanogen bromide

DCC Dicyclocarbodiimide

DCM Dichloromethane

DMAA Dimethylacetamide

DMAP 4-Dimethylaminopyridine
DMF N,N-Dimethylformamide
Et;:N Triethylamine

EtOH Ethanol

MCF-7 Breast cancer cells

MeOH Methanol

MIC Minimum inhibitory concentration
MW Microwave irradiation

NMR Nuclear magnetic resonance
r.t. Room temperature

R-NCS Substituted isothiocyanates
SAR Structure-activity relationship
THF Tetrahydrofuran

TMTD Tetramethylthiuram disulfide
XRD X-ray diffraction

Introduction

Due to its abundance in nature and
significant practical importance, the chemistry of
(-)-sclareol (1) has experienced an impressive
development in recent years. The commercial
labdane diterpenoid (-)-sclareol (1) isolated from
Clary sage (Salvia sclarea L.) has many areas of
industrial usage including food, pharmaceutical,
tobacco industry, and perfumery. Based on this
compound or some of its dinorlabdane 2-4 and
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trinorlabdane 5-7 intermediates (Figure 1), as well
as tetranorlabdane 8-10 and pentanorlabdane
11-13 (Figure 2), a great number of synthetic
terpenic compounds or natural analogues were
obtained. An example of this is the natural
ambergris substituent Ambrox®, an important
synthetic derivative of (-)-sclareol (1) with a
pronounced ambergris-type odor. Some other
biologically active drimanic sesquiterpenoids
synthesized from diol 1 can be mentioned here,
such as polygodial, warburganal, pereniporines A
and B, and others.

Unlike other classes of compounds, such as
alkaloids, terpenes that contain heteroatoms,
especially nitrogen, are less numerous and less
studied [1]. Urones, J. et al. performed one of the
first syntheses of Cq nitrogenated drimanes during
the preparation of pereniporin A and
9-epi-warburganal [2]. Barrero, A.F. et al.
reported some nitrogen-containing intermediates
obtained during the synthesis of natural
9,11-drimen-8c-0l from (-)-sclareol (1) [3].
A new 1ll-guanidinodrimene derivative of
drimenol with an increased antifungal activity
was reported by Zarraga, M. et al. [4]. Kuchkova,
K.I. et al. accomplished the synthesis of
11-aminodrim-7-ene, a nitrogenated analogue of
drimenol, from (-)-sclareol (1) via the
corresponding oxime and nitrile [5]. The same
authors communicated about a series of oximes,
amides, 1,2,6- and 1,3,6-oxazines, N-oxide
prepared from 11-dihomodriman-8c-ol-12-one 5
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and 11-dihomodriman-8(9)-en-12-one 6, two
important derivatives of (-)-sclareol (1) [6,7].
Later, Kuchkova, K. et al. [8,9] described the
synthesis of some di- and trinorlabdane isomeric
amines via corresponding oximes, starting from
dinorlabdane 2-4 and trinorlabdane 5-7 ketones,
derived from (-)-sclareol (1).

In the desire to obtain
y-bicyclohomofarnesal (Ambral), which is the key
intermediate in the synthesis of Ambrox® and
others terpenes, de la Torre, M.C. et al. prepared
some nitrogen containing intermediates like
Weinreb amides and its unsaturated derivatives
from (+)-sclareolide (8), one of the most
important derivatives of (-)-sclareol (1) [10]. A bit
later, Boukouvalas, J. et al. substantially
improved de la Torres’s method [10] and
performed for the first time the synthesis of the
antitumor diterpenoid (+)-zerumin B starting from
the same (+)-sclareolide (8) [11]. Boukouvalas, J.
and Wang, J.-X. reported the Weinreb amide
together with an intermediate nitrile after the
synthesis and structure revision of a novel labdane
diterpenoid ottensinin based on (+)-sclareolide (8)
[12]. Unlike previous transformations performed
in the outside chain, Lungu, L. presented the
synthesis of the cycle B C; functionalized tetra-
and pentanorlabdane oximes and amines based on
ketoester 10 and drimenone 12, well known
derivatives of (-)-sclareol (1) [13].

In the last decade, the (-)-sclareol (1)
carbon skeleton has been intensively used
for the synthesis of some  natural
N-containing labdane-type analogues [14]. The
biologically  active  tetracyclic  diterpenes
4-methyldecarboxyhaumanamide, 4-methyl
decarboxyspongolactames A and C isolated from
marine organisms and synthetized by Basabe, P.
et al. from (-)-sclareol (1) belong to this series of
nitrogenated spongianes [15].

Some of the authors mentioned above state
that the presence of a heteroatom, such as
nitrogen, often increases the biological activity of
the compounds derived from (-)-sclareol (1) or
(+)-sclareolide (8). An even greater increase can

be expected in the case of terpene compounds that
contain heteroatomic fragments or different
heterocyclic rings in their molecules. The
publications on the synthesis, chemistry, and
biological activity of non-terpenic 1,2-diazines
[16,17], 1,3-thiazole [18], 1,3,4-oxadiazole [19],
1,3,4-thiadiazole [19,20], 1,2,4-triazoles [19,21],
and benzothiazole [22] are ascending nowadays.

It is well known that some ligands
and their metal complexes bearing a
thiosemicarbazone fragment show pronounced
antibacterial, antifungal, antitumor, and
antiviral activities [23,24]. Matesanz, A.l. et al.
discussed a new family of Pt(Il) and Pd(ll)
bis(thiosemicarbazone) compounds incorporating
the 2,6-diacetylpyridine heterocyclic ring, which
showed a high antiproliferative activity against
cisplatin resistant A2780cisR cells and breast
(MCEF-7) cancer cells [25].

Starting from (-)-a-bisabolol, a series of
thiosemicarbazones with high cytotoxicity and
selectivity was prepared, and their structure-
activity relationship was studied [26]. According
to authors, some of thiosemicarbazones obtained
from kaurenoic acid showed a significant
antitrypanosomal activity [27]. A series of novel
thiosemicarbazides, which exhibited considerable
inhibitory effects on the growth of a wide range of
cancer cell lines, was created by Vandresen, F.
et al., whose investigations were based on the
natural monoterpene R-(+)-limonene [28].

The purpose of the present review is to
discuss the current achievements in the field of
the synthesis of hybrid norlabdane compounds
containing heteroatomic fragments or heterocyclic
rings, the chemistry of which is on the rise.

Background
Key norlabdane intermediates derived from
(-)-sclareol

The (-)-sclareol (1) derivatives most
frequently used for the synthesis of terpeno-
heterocyclic hybrid compounds can be divided
into several groups according to the number of
atoms in their carbon skeletons (Figure 1).

Figure 1. (-)-Sclareol (1) and its dinorlabdane 2-4 and trinorlabdane 5-7 derivatives [29,30].
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One of the key dinorlabdane intermediate is
methyl ketone 2 that can be easily prepared by the
oxidative degradation of diol 1 according to [29].
Any further dehydration of compound 2 leads to
isomeric ketones 3 and 4 [30] which are, as well,
suitable starting materials for the synthesis of the
target  dinorlabdane  heterocyclic  hybrid
compounds.

The methyl ketone 5 can be considered the
head of the trinorlabdane compounds series, and it
may be prepared from the commercial available
(+)-sclareolide (8) according to the known
procedure [31]. Its dehydration under the
mentioned conditions [30] gives a mixture of
chromatographically  separable trinorlabdane
ketones 6 and 7 in 4:1 ratio. The syntheses of
molecular hybrids based on trinorlabdane
compounds 5-7 are reported below. Both
tetranorlabdane 9, 10 and pentanorlabdane 11-13
precursors depicted in Figure 2 were prepared by
the known [32-34] and new [35,36] procedures
and used further for the synthesis of the title
compounds of these series.

Synthesis of norlabdane heterocyclic hybrid
compounds

Among the first reported heterocyclic
terpene compounds are those with diazine

CO,H

9 10

units [37,38]. There, the authors used the
A*™_picyclohomofarnesenic acid 9, a derivative
of (-)-sclareol (1) as starting material and applied
two synthetic pathways. The first method
(method 1) included a coupling reaction of
chloroanhydride 14 obtained in situ from acid 9
with amines, such as 4-aminopyrimidine 15a,
3-aminopyrazine 15b, and 2-aminopyrimidine
15c¢, under presented conditions (Scheme 1). As a
result, amides 16a and 16b were obtained in 60%
and 15% yields, respectively, and amide 16c
(16%) was isolated from the reaction mixture
together with the major bis-acylamide 17 (54%).

Kuchkova et al. reported attempts to
increase the reaction yields and selectivity and to
prove that a bis-acylation reaction of
2-aminopyrimidine  15c occurs under any
condition [37,38]. The direct one-step acylations
of aminodiazines 15a-c with acid 9 in the
presence of dicyclocarbodiimide (DCC) and
4-dimethylaminopyridine (DMAP) (Method 1)
were performed for that purpose (Scheme 1).
As a result, amides 16a,b were obtained
in 53% and 52% vyields, respectively, and
in both cases, bicyclohomofarnezenoyl-N,N’-
dicyclohexylurea 19 was also formed (20% and
17%, respectively).

CO,CH,

CO,H

CO,H
R-NH,
i 15a-c
Method |
Method II =

16b (15% and 52%)

M

o T}'\

~
N =

17 (54% and 33%)

16¢ (16% and 22%)

Reagents and conditions: Method I: (i) (COCI),, C¢Hs, r.t. 1 h, A 1 h; (ii) R-NH,, DCM, A 2-15 h.
Method 1l: (i) R-NH,, DCC, DMAP, DCM, A, 5-28 h.
Scheme 1. Synthesis of diazines 16a-c and 17 from A*"*-bicyclohomofarnesoic acid 9 [37,38].
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From the reaction product of the interaction
of acid 9 with 2-aminopyrimidine 15c,
together with amide 16¢ (22%) and substituted
urea 19 (22%), also bis-acylamide 17 was isolated
in 33% vyield. Based on the data obtained, those
authors concluded that method | was more
efficient in terms of yields and selectivity.

The proposed mechanism of compound
19 formation includes the protonation of a
nitrogen atom from DCC, followed by a
nucleophilic attack of a carboxyl ion, which leads
to the intermediate 18 [38]. Its interaction with
amines 15a-c gives amides 1l6a-c and
bis-acylamide 17, that fact being confirmed by the
N,N’-dicyclohexylurea formation as by-product
(Scheme 2). On the other hand, the rearrangement
of intermediate 18 produces substituted urea 19.
The structures of the synthetized compounds were
fully confirmed by the spectral methods and for
bis-acylamide 17, X-ray diffraction (XRD) was
also performed.

In continuation, acid 9 was used for the
synthesis of tetranorlabdane hybrids bearing
1,2,4-triazol and  N-aminocarbazole  units
according to Scheme 3 and following the same
method | applied in the synthesis of diazines
[37,38]. As described above, acid 9 was converted
into  chloroanhydride 14 that interacted
with  3-amino-1,2,4-triazole (amine 1) and
N-aminocarbazole (amine 2) [39]. As a result of
those transformations, hybrid compounds 20 and
21 containing substituted 1,2,4-triazole or
N-aminocarbazole units, respectively, were
obtained in 58% and 61% vyields, and their
structures were confirmed by both spectral
methods and XRD.

Similar series of molecular hybrids
containing diazine, 3-amino-1,2,4-triazole and
N-aminocarbazole units were prepared by
Aricu, A. et al. based on homodrimane acid 22
obtained earlier in five steps from (+)-sclareolide
(8) [40] via its chloroanhydride 23 (Figure 3).

CeHy1 - :
N
o*\N

| Rearr.
CeHu

0O

I

18 19 (20%, 17% and 22% )

Scheme 2. Mechanism of formation of bicyclohomofarnezenoyl-N,N'-dicyclohexylurea 19 [37,38].

CO,H

>
~

9

b)

24 a-e (69%, 35%, c)
40% and 30%)

20 (58%)
Reagents and conditions: (i) (COCI),, C¢Hg, r.t. 1 h, A 1 h; (ii) Amine | or II, DCM, r.t. 2 hand 10 h.
Scheme 3. Synthesis of tetranorlabdanes bearing 3-amino-1,2,4-triazole and N-aminocarbazole units [39].

SIS O T ™

=) e

21'(61)

25 (25%)

Figure 3. Hybrid homodrimane sesquiterpens 24a-e and 25 derived from
11-homodrim-6,8-dien-12-oic acid 22 [40].
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The same conditions as in Scheme 3 were
applied in order to obtain, monoamides 24a-e
in 69%, 35%, 40%, 30%, and 40% yields,
respectively. The bis-acylamide 25 was isolated
from the reaction mixture in 25% vyield together
with diazine 24c, thus confirming the hypothesis
mentioned above.

Based on drimenic acid 11 and following
the same chemical procedures, the syntheses of a
series of pentanorlabdane heterocyclic compounds
were described (Figure 4) [41]. The coupling
reaction of chloroanhydride obtained in situ with
2-aminopyrimidine 15a, 2-aminopyrazine 15b,
and 4-aminopyrimidine 15c¢ gave corresponding
amides 26a-c in 29%, 14%, and 11% yields,
respectively, as well as amide 27c (17%). Further
interactions with N-aminocarbazol and 3-amino-
1,2,4-triazole completed this series with amides
28e and 29d, obtained in 49% and 53% yields,
respectively. Contrary to expectations, only the
amides of the isodrimenic A*® 26a-c, 28e, and
albicanic A% 27c, 29d acids, as isomers of
drimenic acid 11, were obtained. This can be
explained by the isomerization of the C;g double
bond in the tetrasubstituted and exocyclic ones
upon interaction with oxalyl chloride. The
structures of reported pentanorlabdane hybrid
compounds containing diazine, 3-amino-1,2,4-
triazole, and N-aminocarbazol units were fully

CONHR CONHR R: a)

)
26a-C (29%, 14% and 11%) 27¢ (17%)
28e (49%) 29d (53%)

-

confirmed by the spectral data, and that of
compound 28e — by the crystallographic analysis.
Recently, a moderate number of
publications devoted to the isolation or synthesis
of tetranorlabdane compounds have appeared, and
only in one of them, a tetranorlabdane
pyridazinone hybrid 31 was reported [42].
The treatment of allyl bromide 30 derived from
ketoester 10 with 6-(p-tolyl)-3(2H)-pyridazinone
led to the desired hybrid compound 31 in 75%
yield (Scheme 4). Contrary to that, the treatment
of bromide 30 with 6-(p-tolyl)-4,5-dihydro-3(2H)-
pyridazinone gave dimer 32 in 70% yield
(Scheme 4), which can be explained by the
different reactivity of (1,2)-diazines N-H bonds.
An attempt to substitute a bromine atom
from a molecule of 30 by an acetoxy group gave
the tetranorlabdane dimer 33 with an
unprecedented carbon skeleton as the major
product (86%) and acetate 36 (14%, route I) as
the minor one. The mechanism of dimer 33
formation was also reported, where dimer 32 was
described as an intermediate (Scheme 5). It
involved the formation of some intermediates like
carbocation 34 (route Il), which, by a subsequent
rearrangement of dienes and zwitterions 35a,b,
and 37, and intermediate dimer 32, gave dimer 33.
The structures of dimers 32 and 33 were proved
by both spectroscopic and single-crystal XRD.

Figure 4. Syntheses of pentanorlabdane diazines 26a-c, 27c, carbazole 28e, and 1,2,4-triazole 29d [41].

31 (75%)

32/(70%)

Reagents and conditions: (i) 6-(p-Tolyl)-3(2H)-pyridazinone, K,CO3;, DMAA, r.t., 48 h;
(ii) 6-(p-Tolyl)-4,5-dihydro-3(2H)-pyridazinone, K,CO3;, DMAA, r.t., 48 h.
Scheme 4. Synthesis of tetranorlabdane pyridazinone 31 and dimers 32, 33 [42].
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The monobrominated 38, 39 and 41, 42
and dibrominated derivatives 40 and 43 were
prepared earlier from drimenone 12 and
drimdienone 13 [34,43]. Those derivatives proved
to be suitable intermediates for the synthesis of
hybrid pentanorlabdane-pyridazinone compounds.
By coupling the mentioned bromides with
6-(p-tolyl)-3(2H)-pyridazinone, Aricu, A. et al.
[35] performed the synthesis of individual
monosubstituted 44, 45 and disubstituted 46, 47
hybrid compounds by classical (3-24 h) and
microwave assisted (20 min-1.5 h) methods in
good and comparable vyields (34-84%), as
depicted in Figure 5. The structure of hybrid
compound 47 was confirmed additionally by
single-crystal XRD.

HiCOLC  H

®
-2 -
-KBr
¢}
Q

41R=Br;R, = H;
42R=H; R, =Br;
43R =Br;R, = Br

38R=Br;R;=H;
39R=H; Ry =Br;
40R=Br;R;=Br

Route 11
-AcOH

44R=A;R, = H (51%);
45R=H; R, = A (34%);
46 R=R, = A, (80-84%)

D’Ambrosio M. et al. continued the
investigations in order to obtain new

tetranorlabdane ~ compounds  bearing  the
hydrazinecarbothioamide  fragment or the
1,2,3-triazole unit [44]. Unlike previous

syntheses, commercially available (+)-sclareolide
(8) was chosen as starting material, which was
transformed into corresponding hydrazide 48 via
the known procedure [45]. The latter, after
treatment  with  substituted isothiocyanates
at room temperature (4.5-5 h), generated
corresponding hydrazinecarbothioamides 49a-d
(Scheme 6, method 1). The same transformations
were performed under MW-irradiation
(5 min), resulting in higher yields (Scheme 6,
method I1).

H,CO,C

— > 33 (86%)
3

4TR=R, = A, (77-82%).
CgHy-CHs,

Figure 5. Synthesis of pentanorlabdane compounds with pyridazinone unit 44-47 [34,35,43].

N
N
R
i, i
83-91% 70-83%

and 85-92%

49 a. R = CH,=CH-CH,-
b. R = CgHs-
c. R =4-MeCgH,-
d. R = 3,5-Me,-4-HOCgH -

78-80%

Reagents and conditions: (i) Method I: RNCS, EtOH, r.t., 4.5-5 h; Method I1: RNCS, EtOH, MW, 200 W, 5 min;
(if) NaOH, H,0, 70°C, 2-3 h; (iii) Et;N, Me,CO, r.t., 2-3 h.
Scheme 6. Synthesis of tetranorlabdanes with hydrazinecarbothioamide fragment and
substituted 1,2,4-triazole units [44].
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The heterocyclization of compounds 49a-d
under alkaline aqueous solution conditions lead to
N-substituted 1,2,4-triazoles 50a-d which were
easily alkylated with 2-bromoacetophenone
giving S-substituted 1,2,4-triazoles 5la-d. The
structures of compounds 50c and 51d were
confirmed by XRD.

The synthesis of di- and trinorlabdane
hybrids bearing a 2-amino-1,3-thiazole unit was
reported by Blaja, S. [46]. The first series was
obtained starting from hydroxyketone 2 which
could be obtained directly by oxidation of
(-)-sclareol (1) [29] and the second ketone 5
from (+)-sclareolide (8) [30]. The dehydration
of Kketones 2 and 5 after treatment
with  trimethylsilylmethanesulphonate led to
chromatographically separable  mixtures of
ketones 3, 4, 6, and 7 (Scheme 7). The
standard conditions were used for individual

52 A89 (35% and 85%)
53 A8 (52% and 80%)

54 (17%)

condensation-cyclization of ketones 3-7 [47] with
thiourea and iodine in ethanol, thus giving
dinorlabdane 52, 53 and trinorlabdane 54-56
compounds bearing 2-amino-1,3-thiazoles units.
Unfortunately, hydroxyketone 2, under those
conditions, suffered a dehydration favoured by
iodine and formed only a mixture of compounds 3
and 4.

Hydrazine 48 was used again for the
synthesis of new tetranorlabdane compounds
bearing 1,3,4-oxadiazole and 1,3,4-thiadiazole
[48]. The reaction equilibrium of the compound
57 (45%—86%—20%) formation can be shifted
to that of compound 58 (5%—70%) by the
treatment of hydrazide 48 with an increasing
amount of TMTD, 0.5—1.5 equivalents. The
interaction of hydrazine 48 with CDI under the
depicted condition (Scheme 8) [49] gave
oxadiazole 59 in 74% yield.

55 (25% and 83%) 56 (43% and 80%)

Reagents and conditions: (i) MeSOsSiMez, MeCN, r.t. 15 min; (ii) SC(NH2)2, 2, EtOH, 12 h, A.
Scheme 7. Synthesis of di- and trinorlabdane compounds with 2-amino-1,3-thiazole unit [46].

59 (74%)

57 (45%, 86% and 20%)

iiil /R

61 (91%) 62 (85%)
Reagents and conditions: (i) TMTD, DMF, 90°C, 1.5 h;
(i) CDI, Et;0, THF, 0°C, 3 h; (iii) RBr, Etz;N, Me,CO, r.t., 3 h.

Scheme 8. Synthesis of tetranorlabdane 1,3,4-oxadiazole and 1,3,4-thidiazole [48].
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In continuation, hybrid compounds 57-59
were alkylated with  bromoacetophenone
(R= -CH,-CgHs) under specified conditions
yielding derivatives 60 (80%), 61 (91%), and 62
(85%). In addition to spectral data, the structures
of oxadiazole 57 and thiadiazole 62 were
confirmed by single-crystal XRD.

Boscheli, D.H. et al. mentioned that
formation of thiadiazole 58 was surprising,
still they presented the mechanism of
oxadiazole cycle 63 conversion into thiadiazole
cycle 67 (Scheme 9) [49]. As a result of
acetohydrazide 48 interaction with TMTD, the
N,N-dimethyldithiocarbamat ion 64 was formed.
That ion attacks the oxadiazole cycle 63 causing
its opening, and then two nucleophilic attacks
follow in intermediates 65 and 66, which leads to
the formation of thiadiazole cycle 67 by
elimination of the N,N-dimethylthiocarbamate
ion 68.

The  syntheses of  tetranorlabdane
2-aminosubstituted 1,3,4-thiadiazoles 69a-c and
1,3,4-oxadiazoles 71a-c were performed starting
from hydrazine 48 [48]. Its interaction with CNBr
in agueous dioxane led to unsubstituted 2-amino-

/N —CH,
\
64 CH, 65 CH, H,C

1,3,4-oxadiazole 70 in 80% yield. The reaction of
compound 48 with isothiocyanates in the presence
of triethylamine (Et;N) in water gave substituted
2-amino-1,3,4-thiadiazoles 69a-c in 70-76%
yields. The same transformation performed under
slightly different conditions (EtOH, r.t. or MW)
yielded intermediate hydrazinecarbothioamides
49a-c (83-86% or 85-88%) which, after treatment
with  N,N’-dicyclohexylcarbodiimide, formed
substituted ~ 2-amino-1,3,4-oxadiazoles  7la-c
(Scheme 10).

Further, the synthesis of a series
of new tetranorlabdane  2-functionalized
1,3,4-oxadiazoles 74-77 and 2-functionalized
1,3,4-thiadiazoles 78a,b was performed based on
the hydrazide of A*°-bicyclohomofarnesenic acid
72 (Scheme 11) [50]. The 2-amino substituted
oxadiazoles 74a,b were obtained from hydrazide
72 in two steps with 40-64% overall vyields.
One-step interactions of hydrazide 72 with CNBr
led to 2-amino-1,3,4-oxadiazole 75 (91%), with
CDI - to 2-keto-1,3,4-oxadiazole 76 (92%), with
TMTD - to 2-thio-1,3,4-oxadiazole 77 (70%), and
with RNCS - to 2-amino substituted thiadiazoles
78a,b (75 and 72%).

67 68 CH,

66

Scheme 9. Mechanism of conversion of oxadiazole cycle 63 into thiadiazole 67 [48].

N2

49a-c (83-86% and 85-88%)

Tla-c (76-81%)

Reagents and conditions: (i) RNCS, Et;N, A, 18 h; (ii) CNBr, NaHCOs, dioxane (ag.), r.t., 1 h;
(iii) RNCS, EtOH, r.t., 4-5 h or MW, 5 min; (iv) DCC, Me,CO, MeQH, A, 5 h.
Scheme 10. Synthesis of tetranorlabdane compounds with unsubstituted and substituted
2-amino-1,3,4-oxadiazole and 2-amino-1,3,4-thiadiazole units [48].
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Aricu, A. et al. applied the same strategy
for the synthesis of new pentanorlabdane

drimenic acid 11 via its chloranhydride 79
and hydrazide 80, which led to the

2-functionalized 1,3,4-oxadiazoles 81-83, desired compounds in  depicted yields
86a,b and 1,3,4-thiadiazoles 84a,b from (Scheme 12) [50].
_NH,
0 iy
R
S
i, iy
\ s
90-92% R 56-70%
a.R=-CH,-CH=CH, T74ab
b. R= -C6H5
iii
N-N
Y \
’ o>\ NH, 0
X
75 (91%) 76 (92%) 77 (70%) 78a,b (75% and 72%)

Reagents and conditions: (i) RNCS, EtOH, 20°C, 4-5 h; (ii) DCC, Me,CO, MeOH, A, 5 h;
(iii) CNBr, NaHCO;, dioxane (ag.), r.t., 5 h; (iv) CDI, EtsN, THF, 0°C, 5 h;
(v) TMTD, DMF, 90°C, 1.5 h; (vi) RNCS, Et;N, H,0, A, 20 h.
Scheme 11. Synthesis of tetranorlabdane compounds with 2-functionalized 1,3,4-oxadiazole and
1,3,4-thiadiazole units [50].

_N
N\ \>/NH2
cocl CONHNH, o]

65%
81
a. R = -CH,-CH=CH,
: b.R:'C6H5
\/|
N’N\ NH N’N\ NH
\ 7/ \ \ 7/ \
S R O R

83'(91%) 86a,b (83-89%)

85a,b (97-98%)

84a,b (70-91%)

82 (72%)

Reagents and conditions: (i) (COCI),, CsHs, 20°C, 1 h, A, 1 h; (ii) N,H,;-H,0, CDM, 20°C, 10 h; (iii) CNBr,
NaHCOg;, dioxane (aq.), r.t., 5 h; (iv) TMTD, DMF, 90°C, 1.5 h; (v) CDI, Et3N, THF, 0°C, 5 h; (vi) RNCS, Et3N,
H,0, A, 20 h; (vii) RNCS, EtOH, 20°C, 4-5 h; (viii) DCC, Me,CO, CH3;0H, A, 10 h.

Scheme 12. Synthesis of pentanorlabdane compounds with 2-functionalized 1,3,4-oxadiazole and
1,3,4-thiadiazole units [50].
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Aricu, A. et al. developed the synthesis of a
large series of norlabdane compounds bearing
thiosemicarbazone fragment or 1,3-thiazole
cycle [51]. For this, a general procedure that
included the interaction of ketones 2, 3, 5-7,
10, and 12 with thiosemicarbazide or
4-phenylthiosemicarbazide was used [52]. Under
those conditions, ketones 2 and 3 gave
dinorlabdane thiosemicarbazones 87a,b, 88a,b
and 91a,b, and 92a,b, each as mixture of E/Z
stereoisomers (Scheme 13). The following
interaction of thiosemicarbazones 91a,b and

92a,b with 2-bromoacetophenone led to the target
dinorlabdane compounds bearing 1,3-thiazole
units 93 and 94 in 58-67% overall yields, but no
reaction occurred in case of thiosemicarbazones
87a,b and 88a,b.

Using the same method, the mixtures
of trinorlabdane (E/Z) thiosemicarbazones
95a,b-96a,b, 99a,b-100a,b and 103a,b-104a,b
were obtained from ketones 5-7 and converted
without separation into desired trinorterpeno-1,3-
thiazole hybrids 97, 98, 101, 102, 105, and 106 in
31-55% overall yields (Scheme 14) [51].

N NH
i S i
75-93% —*—
3 N
87abR=H E- z-); R
88a,b R = CgHs (E-, Z-).
N~ NH
1 1
75-93% 58-67%

: .
9labR=H (E- 2); R
92a,b R = CgH; (E-, Z-).

93R =H;
94R = C6H5.

Reagents and conditions: (i) NH,NHCSNH, or NH,NHCSNHC¢Hs, EtOH, 8-24 h, 60-80°C;

(ii) CsHsCOCH,Br, EtOH, 8-14 h, 20°C.

Scheme 13. Synthesis of dinorlabdane compounds containing thiosemicarbazone and

1,3-thiazole fragments [51].

60-80% R 52-66%

and 65-83%

9%5a,bR =H (E-, Z-);
96a,b R= C6H5 (E-, Z')

60-80% . 52-66%
and 65-83% B -
99ab R=H E-, Z-); 101 R=H;
100a,b R = CgH5 (E-, Z-). 102 R = C¢Hs
60-80% 52-66%

and 65-83% 2
103abR =H (E-, Z-);
104a,b R = CgHs (E-, Z-).

106 R = CgHs.

Reagents and conditions: (i) NH,NHCSNH, or NH,NHCSNHC¢Hs, EtOH, 8-24 h, 60-80°C;

(i) CsHsCOCH,Br, EtOH, 8-14 h, r.t.

Scheme 14. Synthesis of trinorlabdane compounds with thiosemicarbazone and

1,3-thiazole fragments [51].
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Further, the known Kketoester 10 and
drimenone 12 [34] were used as starting materials
for preparation of tetra- and pentanorlabdane
thiosemicarbazones 107, 108, 111, and 112 and
corresponding 1,3-thiazoles 109, 110, 113, and
114 (Scheme 15) by the method mentioned
in [51]. In contrast to di- and trinorlabdane
compounds presented in Schemes 13 and 14,
the overall vyields of the final tetra- and
pentanorlabdane  compounds  were  higher
(57-74%).

Evaluation of antimicrobial activity of
norlabdane heterocyclic hybrid compounds

The majority of reported compounds
were screened in vitro for their antimicrobial
activity against pure cultures of fungi and
bacteria.

Applying the agar diffusion assay [53] and
using such reference drugs as Ampicillin,
Chloramphenicol, and Nystatin, Mangalagiu, I.1.
et al. evaluated the in vitro antibacterial and
antifungal activity of the newly synthetized
compounds (Scheme 1 and 2) against strains
of  gram-positive  (Staphylococcus  aureus
ATCC 25923, Sarcina lutea ATCC 9341, Bacillus
cereus ATCC 14579, B. subtilis ATCC), gram-
negative (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853) bacteria
and three species of fungi (Candida albicans
ATCC 10231, C. glabrata ATCC MYA 2950,
C. sake ATCC) [38]. The most active of them
proved to be the pyrimidine derivatives 16a,c,
both inhibiting the growth of five bacterial strains,
except P. aeruginosa, with a 7-19 mm diameter of
the inhibition zone. The pyrazine derivative 16b
showed an activity comparable to that of the
no-diazine compound 19 against two strains of
gram-positive bacteria (S. aureus and B. cereus),
with an inhibition zone diameter of 10-19 mm,

CO,CH,

1 5

-830,
3 o  71-83% ,
10 107 R =H;
108 R = CgHs.
S
c o 71-83% ,
12 111R=H;

112 R = CgH.

CO,CHj

N—NH

N—NH

and to bis-acylamide 17, which inhibited
only S. aureus species (10 mm). None of the
mentioned compounds showed any antifungal
activity. Kuchkova et al. also reported the
structure-activity relationship (SAR) correlation

concerning  antimicrobial  activity of the
synthetized compounds [38].
Contrary to expectations, the

tetranorlabdane pyridazinone hybrid compound
31, in contrast to bromide 30 (MIC= 2.0 and
2.5 pg/mL) and dimer 32 (MIC= 3.5 and
4.0 pg/mL) (Scheme 4), did not show any
antimicrobial activity against any of the tested
species of fungi (Aspergillus niger, Penicillium
frequentans, Alternaria alternata) or against both
gram-negative (Pseudomonas aeruginosa) and
gram-positive  (Bacillus polymyxa) bacteria
strains [42].

Some of the pentanorlandane pyridazinone
hybrids described by Aricu, A. et al. showed
good antimicrobial activity against five fungi
species (Aspergillus flavus, Fusarium solani,
Penicillium chrysogenum, P. frequentans, and
Alternaria alternata) and against both gram-
positive (Bacillus polymyxa) and gram-negative
(Pseudomonas  aeruginosa)  bacteria  [35].
The in vitro antimicrobial assessments
performed according to procedures previously
described [54,55] revealed good antifungal
activity of monosubstituted hybrid 45 at
MIC= 15-10" pg/mL and high antifungal and
antibacterial activities of disubstituted hybrid 47
at MIC= 5-10° and 3.2-10 ug/mL, respectively,
compared to the reference compounds
Caspofungin  and Kanamycin (Figure 6).
The antifungal and antibacterial activities of the
disubstituted  pentanorlabdane  pyridazinone
hybrid compound 47 [35] have been
patented [56].

CO,CHj

i,
81-90%

S
i’ CGHS
81-90% - N—N= ]/

S 113R = H; S

114 R = C¢Hs.

Reagents and conditions: (i) NH,NHCSNH, or NH,NHCSNHCgHs, EtOH, 8-24 h;
(if) CgHsCOCH,Br, EtOH, 4-6 h, r.t.
Scheme 15. Synthesis of tetra- and pentanorlabdane compounds with thiosemicarbazone and
1,3-thiazole fragments [51].
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Both tetranorlabdane
carbothioamide 49c and N-substituted
1,2,4-triazole 50d  also  manifested a
comparatively high antimicrobial activity on the
same microbe species (Scheme 5) as reported by
D’Ambrosio, M. et al. [44]. Both compounds
showed promising nonselective  antifungal
(MIC= 0.125 and 9.4-102 pg/mL, respectively)
and  antibacterial (MIC=  6.4-10% and
4.7-10° pg/mL, respectively) activities, which are
much higher than that of the reference compounds
Caspofung and Kanamycin.

Compounds 49c¢ and 50d were tested also
for cytotoxicity on human ovarian carcinoma cells
A2780 and A2780cis, as well as on noncancerous
human embryonic kidney cells HEK293, and they
showed the activity at ICsy (9-11 mM, 14-15 mM
and 18-17 mM, respectively). Those values are
much smaller compared to those of Cisplatin
(ICs50= 0.6, 11.0 and 4.3 mM).

The tetranorlabdane 1,3,4-oxadiazoles and
1,3,4-thiadiazoles (Schemes 7 and 9) reported by
Aricu, A. et al. [48] were tested against fungal
species Aspergillus niger, Fusarium solani,
Penicillium crysogenum, P. frequentans, and
Alternaria alternata and bacteria strains
Pseudomonas aeruginosa and Bacillus polymyxa.
Compounds 58 (Scheme 7) and 69a (Scheme 9)
showed high antifungal activity at MIC= 3.2-10™
and 0.25 pg/mL, respectively, and antibacterial
activity at MIC= 9.4-10° and 0.5 pg/mL,
respectively. The activity of the reported
compounds is much higher than that of the used
standards Caspofungin and Kanamycin. The
intellectual property rights on high antifungal and
antibacterial activities of the tetranorlabdane
1,3,4-thiadiazole 58 were confirmed by the
respective patent [57]. The same authors [50]
reported some additional results of the biological
activity assessment on the mentioned above
microbial species of tetra- and pentanorlabdane
oxadiazoles and thiadiazoles presented in
Schemes 10 and 11. According to them,
tetranorlabdane oxadiazole 76 possess higher
antifungal and antibacterial activities
(MIC= 0.125 and 2.5 pg/mL) than the standards,
and pentanorladbane hydrazinecarbothioamide
showed moderate activities at MIC= 2.0 and
48 pg/mL.

In another paper, Aricu, A. et al. [51]
reported the results of the biological investigation
of the series of di-, tri-, tetra- and pentanorlabdane
thiosemicarbazones and 1,3-thiazoles presented in
Schemes 12-14. Compounds 88a,b and 95a,b
were tested against the same species as mentioned
in [48,50] and showed both antifungal or

hydrazine

30

antibacterial activities, a bit higher than those of
the standards at MIC= 0.25 and 0.19 pg/mL, and
MIC= 4.0 and 3.0 ng/mL, respectively. The series
of the patented bioactive norlabdane heterocyclic
compounds can be completed by trinorlabdane
thiosemicarbazones 95a,b [51] drawn on
Scheme 11, which have shown a promising
antifungal activity. These mixtures of isomers
were claimed as antifungal agents in [60].

As a result of the microbiological
evaluation, it was established that substituted
1,2,4-triazole 20 and N-aminocarbazole 21
hybrids depicted in Scheme 3 possess obvious
growth stimulating properties [39]. Both
compounds were used as components of nutrient
media for the cultivation of Nostoc linckia
cyanobacterium. Those compounds substantially
increase the antioxidant activity of the
cyanobacterium biomass under the specified
conditions, at the following concentrations for 20
(0.062-0.064 ¢/L) and 21 (0.060-0.062 g/L),
respectively  [58,59].  The  antimicrobial
assessments of the reported norlabdane
heterocyclic hybrids frequently proved their
antifungal and antibacterial activities. Those data
were reported elsewhere and also claimed by the
author and colleagues. All those mentioned
compounds are of a real interest for medicine and
agriculture as antifungal and antibacterial agents.

Conclusions

The available scientific data on a new
direction of research in the chemistry of labdane
diol (-)-sclareol, namely, the synthesis of
norlabdane heterocyclic hybrids and some of its
intermediates, published from 2013 to the present
time, are reviewed.

The analysed publications pointed out a
new class of biocompatible and biologically
active terpeno-heterocyclic hybrids and led to the
synthesis of numerous series of norlabdane
compounds with hydrazide or thisemiocarbazonic
moieties and diazine, triazole, carbazolic,
thiazole, oxadiazole or thiadiazole heterocyclic
structural units.

Many of the mentioned compounds showed
excellent in vitro antimicrobial activity on several
species of fungi and two bacterial strains, and two
of them — a moderate cytotoxic activity. It should
be noted here that the preparation methods and the
properties of biologically active hybrids have
been patented.

Based on the above, it can be concluded
that (-)-sclareol and the heterocyclic hybrid
compounds derived from it are a promising object
of research.



A. Ciocarlan / Chem. J. Mold., 2022, 17(2), 19-34

Funding
This work is part of the project
PLANTERAS 20.80009.8007.03 “New

substances with preventive and

therapeutic

potential based on natural compounds of plant

origin
synthesis”

and modern methods of
within the State

organic
Program

(2020-2023) financed by the National Agency for
Research and Development of the Republic of
Moldova.

References

1.

Aricu, A. Synthesis of nitrogen-containing
compounds from higher terpenoids. Chemistry
Journal of Moldova, 2011, 6(1), pp. 10-28. DOI:
https://dx.doi.org/10.19261/cjm.2011.06(1).15
Urones, J.G; Diez, D.; Gomez, P.M.; Marcos, I.S.;
Basabe, P.; Moro, R.F. Drimane homochiral
semisynthesis: pereniporin A, 9-epi-warburganal
and C-9 nitrogenated drimanes. Natural Product
Letters, 1998, 11(2), pp. 145-152.

DOI: https://doi.org/10.1080/10575639808041211
Barrero, AF,; Alvarez-Manzaneda, E.J.;
Chahboun, R.; Diaz, C.G. New routes toward
drimanes and nor-drimanes from (-)-sclareol.
Synlett, 2000, 2000(11), pp. 1561-1564.

DOI: https://doi.org/10.1055/s-2000-7924

Zarraga, M.; Zarraga, A.M.; Rodrigues, B.;
Perez, C.; Paz, C.; Paz, P.; Sanhueza, C. Synthesis
of a new nitrogenated drimane derivative with
antifungal activity. Tetrahedron Letters, 2008,
49(32), pp. 4775-4776.

DOI: https://doi.org/10.1016/j.tetlet.2008.05.092
Kuchkova, K.I.; Arycu, A.N.; Vlad, P.F. Synthesis
of 11-aminodrim-7-ene from drimenol. Chemistry
of Natural Compounds, 2009, 45(3), pp. 367-370.
DOI: https://doi.org/10.1007/s10600-009-9341-y
Kuchkova, K.l.; Arycu, A.N.; Vlad, P.F;
Deleanu, K.; Nikolescu, A. Synthesis of
N-containing drimane sesquiterpenoids from
11-dihomodriman-8-ol-12-one.  Chemistry  of
Natural Compounds, 2010, 46(4), pp. 539-544.
DOI: https://doi.org/10.1007/s10600-010-9671-9
Kuchkova, K.l.; Arycu, A.N.; Barba, A.N,;
Vlad, P.F.; Lipkovskii, Ya.; Simonov, YUu.A,;
Kravtsov, V.Kh. Synthesis of nitrogen-containing
drimane sesquiterpenoids from 11-dihomodriman-
8(9)-en-12-one. Chemistry of Natural Compounds,
2011, 47(2), pp. 223-228.

DOI: https://doi.org/10.1007/s10600-011-9888-2
Kuchkova, K..; Aricu, A.N.; Barba, A.N.;
Secara, E.S.; Vlad, P.F.; Ungur, N.D. Synthesis of
12-amino-11-dihomodrimane sesquiterpenoids
from norambreinolide. Chemistry of Natural
Compounds, 2014, 50(3), pp. 458-461.

DOI: https://doi.org/10.1007/s10600-014-0986-9
Kuchkova, K..; Arycu, A.N.; Secara, E.S,;
Barba, A.N.; Dragalin, LP.; Vlad, P.F;
Ungur, N.D. Synthesis of 13-amino-14,15-
dinorlabd-8(9)-ene  from  sclareol.  Russian
Chemical Bulletin, 2014, 63(9), pp. 2074-2076.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

DOI: https://doi.org/10.1007/s11172-014-0703-7
De la Torre, M.C.; Garcia, I.; Sierra, M.A.
Straightforward synthesis of the strong ambergris
odorant ybicyclohomofarnesal and its endo-isomer
from R-(+)-sclareolide.  Tetrahedron Letters,
2002, 43(36), pp. 6351-6353. DOI:
https://doi.org/10.1016/S0040-4039(02)01392-8
Boukouvalas, J.; Wang, J.-X.; Marion, O.; Nzdi, B.
Synthesis and stereochemistry of the antitumor
diterpenoid (+)-zerumin B. The Journal of Organic
Chemistry, 2006, 71(17), pp. 6670-6673.

DOI: https://doi.org/10.1021/j00610154
Boukouvalas, J.; Wang, J.-X. Structure revision and
synthesis of a novel labdane diterpenoid from
Zingiber ottensii. Organic Letters, 2008, 10(16),
pp. 3397-3399.

DOI: https://doi.org/10.1021/018011919

Lungu, L. Synthesis of new nitrogen-containing
drimane and homodrimane sesquiterpenoids
from  sclareolide.  Chemistry  Journal  of
Moldova, 2015, 10(2), pp. 58-61. DOI:
https://dx.doi.org/10.19261/cjm.2015.10(2).07
Frija, L.M.T.; Frade, R.F.M.; Afonso, C.A.M.
Isolation, chemical, and biotransformation routes of
labdane-type diterpenes. Chemical Reviews, 2011,
111(8), pp. 4418-4452.

DOI: https://doi.org/10.1021/cr100258k

Basabe, P.; Blanco, A.; Bodero, O.; Martin, M.;
Marcos, 1.S.; Diez, D.; Mollinedo, F.; Urones, J.G.
Expeditious synthesis of nitrogenated spongianes:
4-methyldecarboxyspongolactams.  Tetrahedron,
2010, 66(13), pp. 2422-2426.

DOI: https://doi.org/10.1016/j.tet.2010.01.091
Butnariu, R.M.; Mangalagiu, I.I. New pyridazine
derivatives: synthesis, chemistry and biological
activity. Bioorganic & Medicinal Chemistry, 2009,
17(7), pp. 2823-2829.

DOI: https://doi.org/10.1016/j.bmc.2009.02.028
Mangalagiu, I.I. Recent achievements in the
chemistry of 1,2-diazines. Current Organic
Chemistry, 2011, 15(5), pp. 730-752.

DOI: https://doi.org/10.2174/138527211794519050
Dondoni, A.; Marra, A. Thiazole-mediated
synthetic methodology. Chemical reviews, 2004,
104(5), pp. 2557-2600.

DOI: https://doi.org/10.1021/cr020079l

Othman, A.A.; Kihel, M.; Amara, S.
1,3,4-Oxadiazole, 1,3,4-thiadiazole and
1,2,4-triazole derivatives as potential antibacterial
agents. Arabian Journal of Chemistry, 2019, 12(7),
pp. 1660-1675.

DOI: https://doi.org/10.1016/j.arabjc.2014.09.003
Hu, Y.; Li, C.-Y.; Wang, X.-M.; Yang, Y.-H.;
Zhu, H.-L. 1,3,4-Thiadiazole: synthesis, reactions,
and applications in medicinal, agricultural, and
materials chemistry. Chemical Reviews, 2014,
114(10), pp. 5572-5610.

DOI: https://doi.org/10.1021/cr400131u

Neuhaus, W.C.; Moura-Letts, G. Alumina-
promoted synthesis of N-aryl-1,2,4-triazoles from
substituted hydrazines and imides. Tetrahedron
Letters, 2016, 57(45), pp. 4974-4977.

31


https://dx.doi.org/10.19261/cjm.2011.06(1).15
https://doi.org/10.1080/10575639808041211
https://doi.org/10.1055/s-2000-7924
https://doi.org/10.1016/j.tetlet.2008.05.092
https://doi.org/10.1007/s10600-009-9341-y
https://doi.org/10.1007/s10600-010-9671-9
https://doi.org/10.1007/s10600-011-9888-2
https://doi.org/10.1007/s10600-014-0986-9
https://doi.org/10.1007/s11172-014-0703-7
https://doi.org/10.1016/S0040-4039(02)01392-8
https://doi.org/10.1021/jo0610154
https://doi.org/10.1021/ol8011919
https://dx.doi.org/10.19261/cjm.2015.10(2).07
https://doi.org/10.1021/cr100258k
https://doi.org/10.1016/j.tet.2010.01.091
https://doi.org/10.1016/j.bmc.2009.02.028
https://doi.org/10.2174/138527211794519050
https://dialnet.unirioja.es/servlet/articulo?codigo=889681
https://dialnet.unirioja.es/servlet/articulo?codigo=889681
https://doi.org/10.1021/cr020079l
https://doi.org/10.1016/j.arabjc.2014.09.003
https://doi.org/10.1021/cr400131u

A. Ciocarlan / Chem. J. Mold., 2022, 17(2), 19-34

DOI: https://doi.org/10.1016/j.tetlet.2016.09.086
22.Gao, X.; Liu, J.; Zuo, X.; Feng, X.; Gao, Y. Recent
advances in synthesis of benzothiazole compounds
related to green chemistry. Molecules, 2020, 25(7),
pp. 1675-1690.
DOI: https://doi.org/10.3390/molecules25071675
23.Rajasekaran, A.; Murugesan, S. Synthesis and
antimicrobial evaluation of thiosemicarbazones (1).
Cheminform, 2003, 34(7), pp. 544-545.
DOI: https://doi.org/10.1002/chin.200307105
24.Beraldo, H.; Gambinob, D. The wide
pharmacological versatility of semicarbazones,
thiosemicarbazones and their metal complexes.
Mini-Reviews in Medicinal Chemistry, 2004, 4(1),
pp. 31-39.
DOI: https://doi.org/10.2174/1389557043487484
25. Matesanz, A.l.; Leitao, I.; Souza, P. Palladium(Il)
and platinum(I1) bis(thiosemicarbazone) complexes
of the 2,6-diacetylpyridine series with high
cytotoxic activity in cisplatin resistant A2780cisR
tumor cells and reduced toxicity. Journal of
Inorganic Biochemistry, 2013, 125, pp. 26-31.
DOl:
https://doi.org/10.1016/j.jinorgbio.2013.04.005
26. Da Silva, A.P.; Martini, M.V.; de Oliveira, CM.A,;
Cunha, S.; de Carvalho, J.E.; Ruiz, ALT.G;
da Silva, C.C. Antitumor activity of
(-)-a-bisabolol-based thiosemicarbazones against
human tumor cell lines. European Journal of
Medicinal Chemistry, 2010, 45(7), pp. 2987-2993.
DOI: https://doi.org/10.1016/j.ejmech.2010.03.026

27.Haraguchi, S.K.; Silva, A.A.; Vidotti, G.J;
Dos Santos, P.V.; Garcia, F.P.; Pedroso, R.B;
Nakamura, CV, de  Oliveria, C.M.A;

da Silva, C.C. Antitrypanosomal activity of novel
benzaldehyde-thiosemicarbazone derivatives
from kaurenoic acid. Molecules, 2011, 16(2),
pp. 1166-1180.

DOI: https://doi.org/10.3390/molecules16021166

28.Vandresen, F.; Falzirolli, H.; Almeida Batista, S.A.;
da Silva-Giardini, A.P.B.; de Oliveira, D.N.;
Catharino, R.R.; Ruiz, A.L.T.G.; de Carvalho, J.E.;
Foglio, M.A.; da Silva, C.C. Novel
R-(+)-limonene-based thiosemicarbazones and their
antitumor activity against human tumor cell lines.
European Journal of Medicinal Chemistry, 2014,
79, pp. 110-116.

DOI: https://doi.org/10.1016/j.ejmech.2014.03.086

29.Hua, S.-K.; Wang, J.; Chen, X.-B.; Xu, Z.-Y.;
Zeng, B.-B. Scalable synthesis of methyl
ent-isocopalate and its derivatives. Tetrahedron,
2011, 67(6), pp. 11421144,

DOI: https://doi.org/10.1016/j.tet.2010.12.008

30.Cucicova, C.; Aricu, A.; Secara, E.; Vlad, P,
Ungur, N. Process for producing 14,15-
bisnorlabdane-8(9)-en-13-one. MD Patent 2013,
No. 4248.

31. Kuchkova, K.l.; Chiumakov, Yu.M.; Simonov,
Yu.A.; Bocelli, G.; Panasenko, A.A.; Vlad, P.F. A
short efficient synthesis of 11-monoacetate of
drimane-8 a-11-diol from norambreinoloide.

32

32.

33.

34.

35.

36.

37.

38.

39.

40.

Synthesis, 1997, 1997(9), pp. 1045-1048.
DOI: https://doi.org/10.1055/5-1997-1302

Stoll, M.; Hinder, M. Odor and composition XI.
Study of transesterification-dehydration of lactone
of 1,1,6,10-tetramethyl-6-hydroxy-decalyl-5-acetic
acid. Helvetica Chimica Acta, 1954, 37(6),
pp. 1859-1866. (in French).

DOI: https://doi.org/10.1002/hlca.19540370632
Vlad, P.F.; Vorob’eva, E.A. Synthesis of
drim-8-en-7-one. Chemistry of Natural
Compounds, 1983, 19(2), pp. 139-141.

DOI: https://doi.org/10.1007/BF00580546

Koltsa, M.N.; Mironov, G.N.; Malinovskii, S.T.;
Vlad, P.F. Synthesis of drim-8(9)-en-7-one,
drima-5,8(9)-dien-7-one, and their 11,12-dibromo
derivatives  from  norambreinolide.  Russian
Chemical Bulletin, 1996, 45(1), pp. 208-214.

DOI: https://doi.org/10.1007/BF01433763

Aricu, A.; Ciocarlan, A.; Lungu, L.; Barba, A,;
Shova, S.; Zbancioc, Gh.; Mangalagiu, I.I;
D’Ambrosio, M.; Vornicu, N. Synthesis,
antibacterial and antifungal activities of new
drimane sesquiterpenoids with azaheterocyclic
units. Medicinal Chemistry Research, 2016, 25(10),
pp. 2316-2323.

DOI: https://doi.org/10.1007/s00044-016-1665-0
Ciocarlan, A.; Lungu, L.; Blaja, S.; Dragalin, I.;
Aricu, A. The use of some non-conventional
methods in chemistry of bicyclohomofarnesenic
methyl esters. Chemistry Journal of Moldova,
2020, 15(2), pp. 69-77.

DOI: https://dx.doi.org/10.19261/cjm.2020.791
Kuchkova, K.; Aricu, A.; Barba, A.; Vlad, P.;
Shova, S.; Secara, E.; Ungur, N.; Zbancioc, Gh.;
Mangalagiu, I.I. An efficient and straightforward
method to new organic compounds: homodrimane
sesquiterpenoids with diazine units. Synlett, 2013,
24(6), pp. 697-700.

DOI: https://doi.org/10.1055/s-0032-1318253
Kuchkova, K.; Aricu, A.; Secara, E.; Barba, A
Vlad, P.; Ungur, N.; Tuchilus, C.; Shova, S.;
Zbancioc, Gh.; Mangalagiu, I.l. Design, synthesis,
and antimicrobial activity of some novel
homodrimane  sesquiterpenoids  with  diazine
skeleton. Medicinal Chemistry Research, 2014,
23(3), pp. 1559-1568.

DOI: https://doi.org/10.1007/s00044-013-0720-3
Kuchkova, K.I; Arycu, A.N.; Sekara, E.S;
Barba, A.N.; Vlad, P.F.; Makaev, F.Z.; Mel’nik, E.;
Kravtsov, V.Kh. Synthesis and structure of
homodrimane sesquiterpenoids containing
1,2,4-triazole and carbazole rings. Chemistry of
Natural Compounds, 2015, 51(14), pp. 684-688.
DOI: https://doi.org/10.1007/s10600-015-1384-7
Duca, Gh.; Aricu, A.; Lungu, L.; Tenu, N,;
Ciocarlan, A.; Gutu, Y.; Dragalin, I.; Barba, A.
Synthesis of new homodrimane sesquiterpenoids
containing diazine, 1,2,4-triazole and carbazole
rings. Chemistry Journal of Moldova, 2018,
13(1), pp. 69-73.

DOI: https://dx.doi.org/10.19261/cjm.2017.458


https://doi.org/10.1016/j.tetlet.2016.09.086
https://doi.org/10.3390/molecules25071675
https://doi.org/10.1002/chin.200307105
https://doi.org/10.2174/1389557043487484
https://doi.org/10.1016/j.jinorgbio.2013.04.005
https://doi.org/10.1016/j.ejmech.2010.03.026
https://doi.org/10.3390/molecules16021166
https://doi.org/10.1016/j.ejmech.2014.03.086
https://doi.org/10.1016/j.tet.2010.12.008
https://doi.org/10.1055/s-1997-1302
https://doi.org/10.1002/hlca.19540370632
https://doi.org/10.1007/BF00580546
https://doi.org/10.1007/BF01433763
https://doi.org/10.1007/s00044-016-1665-0
https://dx.doi.org/10.19261/cjm.2020.791
https://doi.org/10.1055/s-0032-1318253
https://doi.org/10.1007/s00044-013-0720-3
https://doi.org/10.1007/s10600-015-1384-7
https://dx.doi.org/10.19261/cjm.2017.458

41.

42,

43.

44,

45,

46.

47.

48.

A. Ciocarlan / Chem. J. Mold., 2022, 17(2), 19-34

Aricu, A.N.; Kuchkova, K.l.; Secara, E.S;
Barba, A.N.; Dragalin, 1.P.; Ungur, N.D;
Mel'nik, E.; Kravtsov, V.Kh. Synthesis and

structure of drimane sesquiterpenoids containing
pyrimidine, pyrazine, 1,2,4-triazole, and carbazole
rings. Chemistry of Natural Compounds, 2018,
54(3), pp. 455-460.

DOI: https://doi.org/10.1007/s10600-018-2378-z
Ciocarlan, A.; Aricu, A.; Lungu, L.; Edu, C,;
Barba, A.; Shova, S.; Mangalagiu, LI
D’Ambrosio, M.; Nicolescu, A.; Deleanu, C.;
Vornicu, N. Synthesis of novel tetranorlabdane
derivatives with unprecedented carbon skeleton.
Synlett, 2017, 28(05), pp. 565-571.

DOI: https://doi.org/10.1055/s-0036-1588651
Ciocarlan, A.; Edu, C.; Biriiac, A.; Lungu, L.;
Aricu, A.; D’Ambrosio, M.; Shova, S.;
Nicolescu, A.; Deleanu, C.; Vornicu, N. Synthesis
of polyfunctional drimanes from drim-7,9(11)-
diene and drim-8-en-7-one. Synthetic
Communications, 2013, 43(22), p. 3020-3033.
DOI:
https://doi.org/10.1080/00397911.2012.762105

Lungu, L.; Ciocarlan, A.; Barba, A.; Shova, S.;
Pogrebnoi, S.; Mangalagiu, I.; Moldoveanu, C.;
Vornicu, N.; D'Ambrosio, M.; Babak, M.V,

Arion, V.B.; Aricu, A. Synthesis and evaluation
of  biological  activity of  homodrimane
sesquiterpenoids bearing hydrazinecarbothioamide
or 1,2,4-triazole unit. Chemistry of Heterocyclic
Compounds, 2019, 55(8), pp. 716-724.

DOI: https://doi.org/10.1007/s10593-019-02526-1
Styngach, E.P.; Malinovskii, S.T.; Bets, L.P.;
Vlad, L.A.; Gdanets, M.; Makaev, F.Z. Crystal and
molecular structure of (1S,2S,4aS,8aS)-N-(N-
allyldiaminomethanethione)-1-(2-hydroxy-2,5,5,8a-
tetramethyldecahydro-naphtalenyl) acetamide.
Journal of Structural Chemistry, 2005, 46(4),
pp. 765-769.

DOI: https://doi.org/10.1007/s10947-006-0199-6
Blaja, S. Synthesis of new di- and trinorlabdane

compounds with  2-amino-1,3-thiazole  units.
Chemistry Journal of Moldova, 2019, 14(2),
pp. 72-78.

DOI: https://dx.doi.org/10.19261/cjm.2019.609
Tsai, C.-Y.; Kapoor, M.; Huang, Y.-P.; Lin, H.-H.;
Liang, Y.-C.; Lin, Y.-L,, Huang, S.-C;
Liao, W.-N.; Chen, J.-K.; Huang, J.-S.; Hsu, M.-H.
Synthesis and evaluation of aminothiazole-paeonol
derivatives as potential anticancer agents.
Molecules, 2016, 21(2), pp. 145-153.

DOI: https://doi.org/10.3390/molecules21020145
Lungu, L.; Ciocarlan, A.; Smigon, C.; Ozer, 1|
Shova, S.; Gutu, I.; Vornicu, N.; Mangalagiu, I.;
D'Ambrosio, M.; Aricu, A. Synthesis and
evaluation of biological activity of homodrimane
sesquiterpenoids  bearing  1,3,4-oxadiazole or
1,3,4-thiadiazole units. Chemistry of Heterocyclic
Compounds, 2020, 56(5), pp. 578-585.

DOI: https://doi.org/10.1007/s10593-020-02703-7

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Boschelli, D.H.; Connor, D.T.; Bornemeir, D.A;
Dyer, R.D.; Kennedy, J.A.; Kuipers, P.J;
Okonkwo, G.C.; Schrier, D.J.; Wright, C.D.
1,3,4-Oxadiazole, 1,3,4-thiadiazole, and
1,2,4-triazole analogs of the fenamates: in vitro
inhibition of cyclooxygenase and 5-lipoxygenase
activities. Journal of Medicinal Chemistry, 1993,
36(13), pp. 1802-1810.

DOI: https://doi.org/10.1021/jm00065a002

Aricu, A.N.; Kuchkova, K.I.; Secara-Cushnir, E.S.;
Barba, A.N.; Ungur, N.D.; Vornicu, N. Synthesis
and antimicrobial activity of new drimane and
homodrimane sesquiterpenoids with oxadiazole and
thiadiazole fragments. Chemistry of Natural
Compounds, 2020, 56(4), pp. 656—662.

DOI: https://doi.org/10.1007/s10600-020-03115-x

Blaja, S.P.; Lungu, L.V.; Kuchkova, K.
Ciocarlan, A.G.; Barba, AN.; Vornicu, N,
Aricu, A.N. Norlabdane compounds containing
thiosemicarbazone or 1,3-thiazole fragments:
synthesis and antimicrobial activity. Chemistry of
Natural Compounds, 2021, 57(1), pp. 101-110.
DOI: https://doi.org/10.1007/s10600-021-03292-3

Mohareb, R.M.; Wardakhan, W.W,;
Elmegeed, G.A,; Ashour, R.M.S.
Heterocyclizations of  pregnenolone:  Novel
synthesis  of  thiosemicarbazone, thiophene,

thiazole, thieno[2,3-b]pyridine derivatives and their
cytotoxicity evaluations. Steroids, 2012, 77(14),
pp. 1560-15609.

DOI: https://doi.org/10.1016/j.steroids.2012.09.004
Reeves, D.S.; Phillips, I.; Williams, J.D.; Wise, R.
Disc methods of sensitivity testing and other
semiquantitative methods. Laboratory methods in
antimicrobial chemotherapy. Part 1. Churchill
Livingstone: Edinburgh, 1978, pp. 8-23.

Usta, A.; Yasar, A.; Yilmaz, N.; Gileg, C.;
Yayli, N.; Karaoglu, S.A.; Yayli, N. Synthesis,
configuration, and antimicrobial properties of novel
substituted and cyclized 2’,3"-thiazachalcones.
Helvetica  Chimica  Acta, 2007, 90(8),
pp.1482-1490.

DOI: https://doi.org/10.1002/hlca.200790154
National Committee for Clinical Laboratory
Standards (NCCLS) Antimicrobial Susceptibility
Standards (ATS) for M7 (CMI) and M100. 2003
Aricu, A.; Mangalagiu, I.; Ciocarlan, A.; Lungu, L.;
Zbancioc, Gh.; Vornicu, N. 11,12-Bis-p-tolyl-
piridazonyl-drim-5(6),8(9)-diene-7-one exhibiting
antifungal and antibacterial properties. MD Patent
N0.4370B1, 2015.

Aricu, A.; Lungu, L.; Ciocarlan, A.; Vornicu, N.
(1R,2R,8aS)-1-((5-Mercapto-1,3,4-thiadiazol-2-yl)
methyl)-2,5,5,8a-tetramethyldecahydro naphthalen-
2-ol compound with antifungal and antibacterial
properties. MD Patent No. 4580C1, 2019.

Cucicova, C.; Rudic, V.; Aricu, A.; Cepoi, L
Rudi, L.; Secara, E.; Valuta, A.; Barba, A;
Miscu, V.; Vlad, P.; Chiriac, T.

N-(A%*3-Bicyclohomofarnesenoylamino)carbazole

33


https://doi.org/10.1007/s10600-018-2378-z
https://doi.org/10.1055/s-0036-1588651
https://doi.org/10.1080/00397911.2012.762105
https://doi.org/10.1007/s10593-019-02526-1
https://doi.org/10.1007/s10947-006-0199-6
https://dx.doi.org/10.19261/cjm.2019.609
https://doi.org/10.3390/molecules21020145
https://doi.org/10.1007/s10593-020-02703-7
https://doi.org/10.1021/jm00065a002
https://doi.org/10.1007/s10600-020-03115-x
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1007/s10600-021-03292-3
https://doi.org/10.1016/j.steroids.2012.09.004
https://doi.org/10.1002/hlca.200790154

A. Ciocarlan / Chem. J. Mold., 2022, 17(2), 19-34

compound and process for cultivation of linckia cyanobacterium with its use. MD Patent
Nostoc linckia cyanobacterium with its use. No. 4327, 2013.

MD Patent No. 4326, 2013. 60. Aricu, A.; Ciocarlan, A.; Lungu, L.; Blaja, S;
59. Cucicova, C.; Rudic, V.; Aricu, A.; Cepoi, L Vornicu, N. (Z/E)-2-(1-((1R,2R,8aS)-2-hydroxy-
Rudi, L.; Secara, E.; Valuta, A.; Barba, A,; 2,5,5,8a-tetramethyldecahydronaphtalen-1-yl)
Miscu, V.; Vlad, P.; Chiriac, T. N-(A%®- propan-2-iliden)hydrazincarbothioamide for use as

Bicyclohomofarnesenoyl)-3-amino-1,2,4-triazole antifungal agent. MD Patent No. 4769.

compound and process for cultivation of Nostoc

34



