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Abstract— Abietane-type diterpenoids, either naturally occurring or synthetic, have shown a wide range of pharmacological actions, 
including antiprotozoal properties. In this study, we report on the antileishmanial evaluation of a series of (+)-dehydroabietylamine 
derivatives functionalized at C7 and/or C12. Thus, the activity in vitro against Leishmania infantum, Leishmania donovani, Leishmania 
amazonensis and Leishmania guyanensis, was studied. Most of the benzamide derivatives showed activities at low micromolar 
concentration against cultured promastigotes of Leishmania spp. (IC50 = 2.2-46.8 µM), without cytotoxicity on J774 macrophage cells. 
Compound 15, an acetamide, was found to be the most active leishmanicidal agent, though it presented some cytotoxicity on J774 cells. 
Among the benzamide derivatives, compounds 8 and 10, were also active against L. infantum intracellular amastigotes, being 18- and 23-
fold more potent than the reference compound miltefosine, respectively. Some structure-activity relationships have been identified for the 
antileishmanial activity in these dehydroabietylamine derivatives. © 2017 Elsevier Science. All rights reserved 
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Introduction 

Leishmaniasis is a poverty-associated disease caused by 
more than 20 species of protozoan parasites of the genus 
Leishmania. It is a wide spectrum of vector born diseases 
with great epidemiological and clinical diversity. Three 
major clinical forms of the disease are visceral, cutaneous, 
and mucocutaneous leishmaniasis, which differ in 
immunopathologies and degree of morbidity and mortality. 
Visceral leishmaniasis (VL, also known as Kala-azar) is the 
most severe form, fatal, if it is not treated. Moreover, VL 
has emerged as an important opportunistic infection 
associated with HIV and co-infection is becoming an 
increasing problem that requires urgent attention [1]. 
Administration of pentavalent antimonials remains as the 
first choice therapy, followed by amphotericin B and 
miltefosine. However, the growing incidence of parasitic 
resistance, the route of administration, long-term 
treatments, high toxicity and the drug cost makes the 
development of new drugs necessary [2].  

Natural products are potential sources of new and selective 
agents for the treatment of a number of diseases, including 
those caused by parasites. To date, many compounds from 
plant sources have shown potential antileishmanial activity, 
though none of them has undergone clinical evaluation [3]. 
Among these, some naturally occurring abietane-type 
diterpenoids and semisynthetic derivatives have shown 
promising antiparasitic activities [4]. For example, 
ferruginol (1), isolated from Juniperus procera, showed 
good antileishmanial activity (IC50 = 12.2 µM) against 
Leishmania donovani promastigotes and 12-
methoxycarnosic acid (2) (Fig. 1), isolated from Salvia 
repens, showed potent activity (IC50 = 0.75 µM) against 
axenic L. donovani amastigotes [5,6]. On the other hand, 
semisynthetic ferruginol analogues 3 (Fig. 1) displayed 
antileishmanial activity (IC50= 22.3-35.0 µM) on 
intracellular amastigotes (L. infantum and L. braziliensis), 
being more active and less toxic than the reference drug 
glucantime [7]. Recently, Moreira et al. reported on the 
antileishmanial activity of some dehydroabietic acid 
derivatives (e.g. cyclohexyl-L alanine derivative 4, Fig. 1) 
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and some dehydroabietylamine amides (e.g. acrylic acid 
derivative 5, Fig. 1), which were able to kill intracellular L. 
donovani amastigotes in the range 0.4 to 9.0 µM [8]. 

 

 
The present study is a continuation of our research 

programs to synthesize and discover bioactive diterpenoids 
[9]. It includes the synthesis of several amide derivatives 
from commercially available (+)-dehydroabietylamine (6, 
Scheme 1) with potential antileishmanial activity. Among 
these derivatives, several nitroaromatic compounds were 
envisaged as antileishmanial prodrugs, as it is known that 
these compounds require activation before exerting their 
therapeutic effects [10]. Herein, we describe the 
antileishmanial activity of dehydroabietylamine derivatives 
(7-15) (Scheme 1) against Leishmania infantum, L. 
donovani, L. amazonensis and L. guyanensis. Our aim is to 
identify new antileishmanial drug leads and their structure-
activity relationships on modifying the functionalization 
present at C7, C12 and C18. 

 
 

Results and Discussion 

Chemistry 
 The compounds 7-15 were synthesized from (+)-
dehydroabietylamine (6), as shown in Scheme 1. 
Compounds 13 and 15 are novel derivatives. 
 Benzamides 7, 8 and 10 were obtained following similar 
conditions to those reported in the literature [11]. Thus, 
compound 7 (N-benzoyldehydroabietylamine) was 
synthesized by acylation of dehydroabietylamine (6) with 
benzoyl chloride in high yield (87%).  Then, benzamide 7 
was subjected to nitration at C-12 with acetic anhydride-
cupric nitrate to give nitroderivative 8 (66% yield), while 
benzylic oxidation with CrO3 gave ketone 10 in 48% yield. 
Similar benzylic oxidation at C-7 of nitroderivative 8 gave 
benzamide 9 in 40% yield. A similar synthetic sequence 
using acetyl chloride as acylating agent of 6 instead of 
benzoyl chloride, afforded the corresponding acetamides 
11-14 in reasonable yields. Finally, compound 15 was 
obtained by Fischer indole reaction of 14 with a fluorinated 
phenylhydrazine [12].  
 
Biological Evaluation 

 Compounds 6-15 (Scheme 1) were evaluated for 
antileishmanial activity against four different Leishmania 
species (L. infantum, L. donovani, L. amazonensis and L. 
guyanensis), as well as for cytotoxicity against J774 
macrophages, following established procedures (see 
Experimental section). The results on extracellular forms 
(promastigotes) are summarized in Table 1. 
 
 As can be seen in Table 1, compounds (benzamides) 7-
10 showed relevant activity without significant cytotoxicity 
on J774 macrophage cells (CC50 > 200 µM), being L. 
donovani the most sensitive species. Compound 15, an 
acetamide, was found to be the most active leishmanicidal 
agent, though it presented some cytotoxicity on J774 cells. 
The remaining acetamides, compounds 11-14, also 
presented cytotoxicity and were not included in further 
studies. 
 

 

Figure 1. Examples of antileishmanial abietane diterpenoids. 

 

Scheme 1. Synthesis of the tested compounds 7-15. 
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Table 1. IC50 Leishmanicidal and cytotoxic effects (in µM) of C7- and C12-functionalized dehydroabietylamine derivatives 
on in vitro promastigote assay. 

a IC50, concentration of the compound that produced a 50% reduction in parasites; SD: standard deviation. b Selectivity index, 
SI = CC50/IC50. c CC50, concentration of the compound that produced a 50% reduction of cell viability in treated culture cells 
with respect to untreated ones. d IC50 values obtained from six data points instead of eight. The two points removed because 
of problems solubility corresponded to the more concentrated dilutions 100 and 50 µg/mL of test compound. e ND, not 
determined. 
 

It is interesting to note that benzamides 7-10 showed better 
activity against L. amazonensis parasites compared to the 
standard drug miltefosine, used as reference. They also 
showed better selectivity index (SI = CC50/IC50) in this 
Leishmania spp. In general, L. guyanensis was the least 
sensitive parasite strain to the tested compounds. 
Unfortunately, the tested acetamide derivatives displayed 
toxicity against the J774 cell line. On the contrary, the 
benzamide derivatives showed no cytotoxicity at 200 µM. 
 In the mammalian hosts Leishmania parasites exist as 
intracellular amastigotes within phagolysosomes of 
macrophages. Therefore, benzamides 7-10, which are the 
most active compounds in the antipromastigote assay (SI 
from >2 to >90), could be good candidates for subsequent 
investigations against the clinically relevant Leishmania 

amastigote forms. Consequently, these benzamides were 
tested against L. infantum and L. amazonensis intracellular 
amastigotes (Table 2). 
 When the assay was carried out on L. infantum 
amastigotes, the antileishmanial activity of the tested 
derivatives was similar in comparison to extracellular 
forms. However, L. amazonensis amastigotes were more 
sensitive to these compounds. Compound 10 was the most 
potent for both parasite strains (IC50 = 2.5 and 3.0 µM, 
respectively). 
 Different authors have claimed that a compound should 
have a selectivity index (SI) value > 20 to be considered to 
possess leishmanicidal properties [13]. This requirement is 
satisfied by compounds 7-10 against L. infantum and L. 
amazonensis, except compound 9 against L. infantum. 

Table 2. IC50 Leishmanicidal and cytotoxic effects (in µM) of C7- and C12-functionalized dehydroabietylamine derivatives 
on intracellular amastigote assay. 

 
 

 

 

 

 

 

 

 

 

a IC50, concentration of the compound that produced a 50% reduction in parasites; SD: standard deviation. b Selectivity index, 
SI = CC50/IC50. c CC50, concentration of the compound that produced a 50% reduction of cell viability in treated culture cells 
with respect to untreated ones. d IC50 values obtained from six data points instead of eight. The two points removed because 
of problems solubility corresponded to the more concentrated dilutions 100 and 50 µg/mL of test compound.

Compound 
L. infantum L. donovani L. amazonensis L. guyanensis Macrophages 

J774 
IC50

a±SD   SI b IC50±SD   SI IC50±SD   SI IC50±SD   SI CC50
c 

6 - - - - - - - - 14,5± 1,6 
7d     3,1±0,2 >64     2,2±0,2 >90    3,7±0,2     >54     20,4± 5,7 >10 >200 

8 11,1±0,8 >18 3,2± 0,1 >62 20,7± 0,5 >10 94,5± 26,1 >2 >200 
9 23,9±1,2 >8 5,4± 0,4 >37 12,2± 2,2 >16 38,5± 1,4 >5 >200 

10 8,7±0,8 >23 4,0± 0,3 >50 4,9± 0,5 >41 8,6± 1,2 >23 >200 
11 - - - - - - - - 21,6± 1,6 

12 - - - - - - - - 13,7± 1,5 
13 - - - - - - - - 39,2± 7,3 

14 - - - - - - - - 72,3± 6,1 
15 1,5±0,1 19,2 2,8± 0,4 10,3 4,0± 0,2 7,2 NDe  28,8± 1,9 
Miltefosine 3,4±0,6 40,1 0,15± 0,02 909 47,7± 5,0 2,9 18,2± 0,6 7,5 136,4± 1,4 

Compound 
  L. infantum   L. amazonensis   Macrophages J774 

       IC50
a  ±SD SIb 

           IC50 ±SD         SI  CC50
c 

7d 
 4,7±0,2 > 42  5,0±0,2 > 40  >200 

8  3,3±0,2 > 61  3,5±0,2 > 57  >200 

9  17,5±0,4 > 11  3,7±0,5 > 54  >200 

10  2,5±0,9 > 80  3,0±0,4 > 67  >200 

Miltefosine   58,1±4,4 2,3   16,5±1,9 8,2   136,4 
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The resultant data indicates that the introduction of a nitro 
group at C-12 or a carbonyl group at C-7 increases the 
antileishmanial activity. In the case of L. infantum 
amastigotes both modifications on the parent molecule led 
to lower activity.  

Conclusions 

 In summary, a study of antileishmanial activity of 
several dehydroabietylamine derivatives has been carried 
out in vitro. Particular modifications of the molecular 
scaffold abieta-8,11,13-triene functionalized at C-7, C-12, 
and C-18 have led to potent antileishmanial agents. Two 
benzamide derivatives, compounds 8 and 10, were found to 
consistently reduce parasitimia at low micromolar 
concentrations. The presence of a benzamide at C-18 and a 
carbonyl group at C-7 in the molecule, compound 10, 
resulted in the highest antileishmanial activity and 
selectivity index against L. infantum amastigotes (IC50 = 
2.5 µM, SI > 80). Moreover, the activity of compound 10 
was remarkable, as it was more potent than the reference 
drug miltefosine, and showed good selectivity. Thus, the 
abietane-type diterpenoids are promising scaffolds for the 
development of treatments for Leishmaniasis. 

Experimental 

General. 

See supporting information. 

Chemistry. 

Materials. Compounds 7-15 have been prepared following 
similar conditions of reported procedures [11, 12]. All 
compounds prepared in this work exhibit spectroscopic 
data in agreement with the proposed structures. Purity of all 
final compounds was 95% or higher. 

N-benzoyl-dehydroabietylamine (7). To a solution of 
dehydroabietylamine (6) (2.0 g, 7 mmol) and triethylamine 
(2.0 mL, 14 mmol) in THF (35 mL) at 0 ºC, benzoyl 
chloride (0.9 mL, 7.7 mmol) was added dropwise. Then, it 
was allowed to warm to rt and stirred overnight (16 h). The 
resulting reaction mixture was treated with 1 M HCl (20 
mL), phases separated, and the aqueous phase was 
extracted twice with ethyl acetate. The combined organic 
extracts were washed with brine, dried over Na2SO4 and 
concentrated. The resulting residue was purified by flash 
chromatography, using DCM as eluent, to give benzamide 
7 (2.44 g, 87%) as a white solid: [α]20

D +2.7 (c 3.0, CHCl3); 
1H NMR (300 MHz) δ  7.75-7.70 (2H, m), 7.52-7.39 (3H, 
m), 7.17 (1H, d, J = 8.5), 7.00 (1H, dd, J = 8.5, 1.5), 6.90 
(1H, br s), 6.16 (1H, t, J = 6.0), 3.44 (1H, dd, J = 15.0, 6.0), 
3.35 (1H, dd, J = 15.0, 6.0), 2.31 (1H, br d, J = 12.0), 1.25 
(3H, s), 1.22 (6H, d, J = 6.5), 1.02 (3H, s); 13C NMR (75 
MHz) δC 167.6 (s), 147.0 (s), 145.6 (s), 134.7 (s), 131.3 (s), 
128.6 x 2 (d), 126.9 (d), 126.8 x 2 (d), 124.2 (d), 123.8 (d), 
50.3 (t), 45.8 (d), 38.3 (t), 37.6 (s), 37.5 (s), 36.4 (t), 33.4 
(d), 30.4 (t), 25.4 (q), 23.9 (q), 23.9 (q), 19.1 (t), 18.8 (q), 

18.6 (t); HRMS (ESI) m/z 390.2825 [M+H]+, calcd for 
C27H36NO: 390.2797. The NMR and MS data agree with 
those reported in the literature [8b, 11]. 

N-benzoyl-12-nitrodehydroabietylamine (8). Powdered 
cupric nitrate trihydrate (2.20 g, 9.0 mmol) was added in 
portions to a stirred solution of benzamide 7 (1.74 g, 4.47 
mmol) in acetic anhydride (70 mL) and the blue solution 
was stirred at 5 ºC for 48 h. Then, the mixture was poured 
into water with stirring and the resulting precipitate was 
filtered off, washed with water and crystallized from 
methanol to give the nitro derivative 8 (1.28 g, 66%) as a 
pale yellow solid: [α]20

D +24.2 (c 3.0, CHCl3); 1H NMR 
(300 MHz) δ  7.75-7.70 (2H, m), 7.62 (1H, s), 7.52-7.39 
(3H, m), 7.06 (1H, s), 6.18 (1H, m), 3.56 (1H, dd, J = 15.0, 
6.0), 3.20 (1H, dd, J = 15.0, 6.0), 2.29 (1H, br d, J = 12.0), 
1.27-1.19 (9H, m),  1.01 (3H, m); 13C NMR (75 MHz) δC 
167.7 (s), 149.0 (s), 148.3 (s), 141.0 (s), 139.5 (s), 134.8 
(s), 131.5 (d), 128.6 x 2 (d), 127.9 (d), 126.2 x 2 (d), 120.3 
(d), 50.2 (t), 45.1 (d), 38.3 (t), 37.7 (s), 37.6 (s), 36.3 (t), 
30.2 (t), 28.7 (d), 25.3 (q), 2 x 23.5 (q), 18.7 (t), 18.6 (q), 
18.4 (t); HRMS (ESI) m/z 435.2739 [M+H]+, calcd for 
C27H35N2O3: 435.2648. The NMR and MS data agree with 
those reported in the literature [11]. 

N-benzoyl-12-nitrodehydroabietylamine-7-one (9). A 
solution of CrO3 (500 mg, 5.0 mmol) in 25 mL of acetic 
acid was added dropwise to a solution of nitro-benzamide 8 
(1.1 g, 2.50 mmol) in 10 mL of acetic acid. The mixture 
was stirred at room temperature for one hour and heated at 
60 ºC for 17 h. Then, the mixture was poured into water 
and ice, and extracted with chloroform. The combined 
organic extracts were washed with brine, dried over 
Na2SO4 and concentrated. The resulting crude was purified 
by flash chromatography, using hexane-ethyl acetate (6:4) 
as eluent, to give ketone 9 (455 mg, 40%) as a yellowish 
foam: [α]20

D +16.9 (c 1.3, CHCl3); 1H NMR (300 MHz) δ  
8.08 (1H, s), 7.75-7.70 (2H, m), 7.59 (1H, s), 7.52-7.35 
(3H, m), 6.19 (1H, m), 3.35 (1H, m), 3.25 (1H, m), 2.32 
(1H, br d, J = 12.0), 1.30-1.19 (9H, m),  1.10 (3H, m); 13C 
NMR (75 MHz) δC 197.2 (s), 167.9 (s), 154.0 (s), 153.0 (s), 
140.0 (s), 134.8 (s), 133.0 (s), 131.6 (d), 128.6 x 2 (d), 
127.4 (d), 126.8 x 2 (d), 119.1 (d), 49.7 (t), 44.4 (d), 37.9 
(s), 37.9 (s), 37.2 (t), 36.0 (t), 35.9 (t), 28.4 (d), 23.9 (q), 2 
x 23.4 (q), 18.4 (q), 17.9 (t); HRMS (ESI) m/z 449.2463 
[M+H]+, calcd for C27H33N2O4: 449.2440. 

N-benzoyl-dehydroabietylamine-7-one (10). A solution 
of CrO3 (0.36 g, 3.6 mmol) in 20 mL of acetic acid was 
added dropwise to a solution of benzamide 7 (700 mg, 1.8 
mmol) in 10 mL of acetic acid. The mixture was stirred at 
room temperature for one hour and heated at 60 ºC for 17 h. 
Then, the mixture was poured into water and ice, and 
extracted with chloroform. The combined organic extracts 
were washed with brine, dried over Na2SO4 and 
concentrated. The resulting yellowish crude oil was 
purified by flash chromatography, using petroleum ether-
acetone (3:1) as eluent, to give ketone 10 (350 mg, 48%) as 
a yellowish foam: [α]20

D -22.1 (c 2.8, CHCl3); 1H NMR 
(300 MHz) δ  7.82-7.83 (1H, m), 7.75-7.70 (2H, m), 7.49-
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7.27 (5H, m), 6.40 (1H, br s), 3.52 (1H, dd, J = 15.0, 6.0), 
3.20 (1H, dd, J = 15.0, 6.0), 3.00-2.72 (3H, m), 2.34 (1H, 
br d, J = 12.0), 1.28 (3H, s), 1.23-1.20 (6H, m), 1.09 (3H, 
s); 13C NMR (75 MHz) δC 199.3 (s), 168.0 (s), 153.4 (s), 
146.8 (s), 134.6 (s), 132.7 (d), 131.4 (d), 130.1 (s), 128.5 x 
2 (d), 126.9 x 2 (d), 125.0 (d), 123.6 (d), 49.6 (t), 44.7 (d), 
37.9 (s), 37.8 (s), 37.4 (t), 36.0 (t), 35.9 (t), 33.5 (d), 23.9 
(q), 23.7 (q), 23.7 (q), 18.5 (q), 18.2 (t); HRMS (ESI) m/z 
404.2634 [M+H]+, calcd for C27H34NO2: 404.2590. The 
NMR and MS data agree with those reported in the 
literature [11]. 

N-acetyl-dehydroabietylamine (11). To a solution of 
dehydroabietylamine (6) (1.45 g, 5 mmol) and 
triethylamine (1.4 mL, 10 mmol) in THF (25 mL) at 0 ºC, 
acetyl chloride (0.4 mL, 5.5 mmol) was added dropwise. 
Then, it was allowed to warm to rt and stirred overnight (16 
h). The resulting reaction mixture was treated with 1 M 
HCl (20 mL), phases separated, and the aqueous phase was 
extracted twice with ethyl acetate. The combined organic 
extracts were washed with brine, dried over Na2SO4 and 
concentrated. The resulting yellowish crude oil was 
purified by flash chromatography, using hexane-ethyl 
acetate (4:6) as eluent, to give acetamide 11 (1.59 g, 96%) 
as a yellowish foam: [α]20

D +18.2 (c 0.55, CHCl3); 1H 
NMR (300 MHz) δ  7.29 (1H, d, J = 8.5), 7.12 (1H, dd, J = 
8.5, 1.5), 7.02 (1H, br s), 6.89 (1H, t, J = 6.0), 3.40 (1H, dd, 
J = 15.0, 6.0), 3.16 (1H, dd, J = 15.0, 6.0), 2.41 (1H, br d, J 
= 12.0), 2.08 (3H, s), 1.36 (6H, d, J = 6.0), 1.35 (3H, s), 
1.07 (3H, s); 13C NMR (75 MHz) δC 170.2 (s), 146.8 (s), 
145.0 (s), 134.4 (s), 126.5 (d), 123.7 (d), 123.4 (d), 53.1 (s), 
49.6 (t), 44.8 (d), 37.9 (t), 37.0 (s), 35.8 (t), 33.0 (d), 29.8 
(t), 25.0 (q), 23.6 (q), 23.6 (q), 22.7 (q), 18.6 (t), 18.4 (q), 
18.3 (t); HRMS (ESI) m/z 328.2621 [M+H]+, calcd for 
C22H34NO: 328.2640. The NMR and MS data agree with 
those reported in the literature [14]. 

N-acetyl-12-nitrodehydroabietylamine (12). Powdered 
cupric nitrate trihydrate (1.10 g, 4.55 mmol) was added in 
portions to a stirred solution of acetamide 11 (745 mg, 2.27 
mmol) in acetic anhydride (30 mL) and the blue solution 
was stirred at 5 ºC for 17 h. Then, the mixture was poured 
into water and extracted with ethyl acetate. The organic 
extracts were washed with brine, dried over Na2SO4 and 
concentrated. The resulting residue was purified by 
chromatography eluting with hexane-ethyl acetate (4:6) to 
give 0.64 g (76%) of pure nitro derivative 12 as a slightly 
orange foam: [α]20

D +45.3 (c 0.75, CHCl3); 1H NMR (300 
MHz) δ  7.62 (1H, s), 7.08 (1H, s), 5.48 (1H, m), 3.48-3.30 
(2H, m), 2.27 (1H, br d, J = 12.0), 1.97 (3H, s), 1.27-1.21 
(9H, m),  0.94 (3H, s); 13C NMR (75 MHz) δC 170.2 (s), 
148.4 (s), 147.6 (s), 141.0 (s), 139.5 (s), 127.9 (d), 120.2 
(d), 49.8 (t), 44.7 (d), 38.1 (t), 37.5 (s), 37.3 (s), 36.0 (t), 
30.0 (t), 28.0 (d), 25.1 (q), 23.6 (q), 23.5 (q), 18.6 (q), 18.6 
(t), 18.3 (q); HRMS (EI) m/z 373.2472 [M+H]+, calcd for 
C22H33N2O3: 373.2491. The NMR and MS data agree with 
those reported in the literature [14]. 

N-acetyl-12-nitrodehydroabietylamine-7-one (13). A 
solution of CrO3 (600 mg, 6.0 mmol) in 28 mL of acetic 

acid was added dropwise to a solution of nitro-acetamide 
12 (1.1 g, 3.0 mmol) in 12 mL of acetic acid. The mixture 
was stirred at room temperature for one hour and heated at 
60 ºC for 17 h. Then, the mixture was poured into water 
and ice, and extracted with chloroform. The combined 
organic extracts were washed with brine, dried over 
Na2SO4 and concentrated. The resulting crude oil was 
purified by flash chromatography, using hexane-ethyl 
acetate (15:85) as eluent, to give ketone 13 (330 mg, 30%) 
as a light orange foam: [α]20

D +27.4 (c 5.0, CHCl3); 1H 
NMR (300 MHz) δ  8.05 (1H, s), 7.63 (1H, s), 6.33 (1H, 
m), 3.26 (1H, m), 3.14 (2H, m), 2.34 (1H, br d, J = 12.0), 
1.94 (3H, s), 1.32-1.25 (9H, m),  1.05 (3H, s); 13C NMR 
(75 MHz) δC 197.3 (s), 170.6 (s), 154.1 (s), 152.8 (s), 139.6 
(s), 132.9 (s), 127.0 (d), 119.0 (d), 48.9 (t), 43.5 (d), 37.5 
(s), 37.4 (s), 37.1 (t), 35.7 (t), 35.4 (t), 28.2 (d), 23.6 (q), 
23.2 (q), 23.2 (q), 23.1 (q), 18.3 (q), 17.8 (t); HRMS (EI) 
m/z 387.2245 [M+H]+, calcd for C22H31N2O4: 387.2284. 

N-acetyl-dehydroabietylamine-7-one (14). A solution of 
CrO3 (0.45 g, 4.5 mmol) in 20 mL of acetic acid was added 
dropwise to a solution of acetamide 11 (740 mg, 2.2 mmol) 
in 10 mL of acetic acid. The mixture was stirred at room 
temperature for one hour and heated at 60 ºC for 17 h. 
Then, the mixture was poured into water and ice, and 
extracted with chloroform. The combined organic extracts 
were washed with brine, dried over Na2SO4 and 
concentrated. The resulting yellowish crude oil was 
purified by flash chromatography, using hexane-ethyl 
acetate (4:6 to 3:7) as eluent, to give ketone 14 (565 mg, 
73%) as a yellowish oil: [α]20

D -26.7 (c 0.6, CHCl3); 1H 
NMR (300 MHz) δ  7.70 (1H, d, J = 2.0), 7.38 (1H, dd, J = 
8.5, 2.0), 7.31 (1H, d, J = 8.5), 6.64 (1H, t, J = 6.0), 3.33 
(1H, dd, J = 15.0, 6.0), 3.00 (1H, dd, J = 15.0, 6.0), 2.36 
(1H, br d, J = 12.0), 1.95 (3H, s), 1.27 (3H, s), 1.19 (6H, d, 
J = 6.0), 1.04 (3H, s); 13C NMR (75 MHz) δC 199.3 (s), 
170.7 (s), 153.5 (s), 146.4 (s), 132.6 (d), 130.2 (s), 124.5 
(d), 123.6 (d), 48.7 (t), 43.7 (d), 2 x 37.5(s), 37.4 (t), 35.8 
(t), 35.5 (t), 33.3 (d), 2 x 23.6 (q), 23.5 (q), 23.1 (q), 18.5 
(q), 18.1 (t); HRMS (ESI) m/z 342.2417 [M+H]+, calcd for 
C22H32NO2: 342.2433. The NMR and MS data agree with 
those reported in the literature [15]. 

N-(((1R,4aS,13cR)-12-fluoro-7-isopropyl-1,4a-dimethyl-
2,3,4,4a,9,13c-hexahydro-1H-dibenzo[a,c]carbazol-1-
yl)methyl)acetamide (15). It was followed a method 
reported in the literature [12]. To a solution of 4-
fluoroaniline (50 mmol) in 50 ml of 20% HCl was added 
dropwise the solution of NaNO2 (3.63 g, 52.5 mmol) in 8 
ml of water while cooling with an ice-water bath. The 
reaction mixture was stirred at 0 ºC for 1 h to give a clear 
solution. Then to the solution was added dropwise a 
solution of SnCl2 (19 g, 0.1 mol) in 30 ml of 35% HCl at 0 
ºC. Then, the mixture was stirred at room temperature for 
1-2 h. The solid product was filtered, washed with 35% 
HCl for 3 times and dried in a vacuum desiccator 
containing phosphorous pentoxide. The product (7 g) could 
be used in subsequent reactions without further 
purification. 
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To a solution of ketone-acetamide (14) (190 mg, 0.56 
mmol) in EtOH (2 mL) was added the above prepared 
phenylhydrazine hydrochloride (200 mg, 1.21 mmol) and 
36% HCl (0.2 mL). The mixture was refluxed for 3 h, 
water/ice added and extracted with DCM. The combined 
organic extracts were washed with saturated NaHCO3, 
brine, dried over Na2SO4 and concentrated. The resulting 
brown crude oil was purified by flash chromatography, 
using DCM-MeOH (95:5) as eluent, to give carbazole 15 
(77 mg, 32%) as a dark orange oil: [α]20

D 0 (c 3.5, CHCl3); 
1H NMR (300 MHz) δ  9.38 (1H, s, NH), 7.73 (1H, dd, J = 
11.0, 2.0), 7.39 (1H, d, J = 1.5), 7.34 (1H, dd, J = 8.5, 5.0), 
7.27 (1H, d, J = 8.5), 7.16 (1H, dd, J = 8.5, 1.5), 6.90 (1H, 
dt, J = 8.5, 2.0), 5.76 (1H, t, J = 6.0), 4.15 (1H, dd, J = 
15.0, 6.0), 3.16 (1H, dd, J = 15.0, 6.0), 2.28 (1H, br d, J = 
12.0), 1.99 (3H, s), 1.45 (3H, s), 1.30-1.25 (6H, m), 0.99 
(3H, s); 13C NMR (75 MHz) δC 170.7 (s), 157.0 (d, JC,F = 
235), 146.7 (s), 146.7 (s), 136.9 (s), 133.9 (s), 126.7 (s), 
126.2 (d), 123.9 (d, JC,F = 20), 123.5 (d), 119.3 (d), 111.6 
(d, JC,F = 10), 111.0 (d, JC,F = 5), 109.0 (d, JC,F = 25), 107.7 
(d, JC,F = 25), 53.4 (s), 51.3 (t), 48.8 (d), 39.9 (s), 37.2 (t), 
36.4 (t), 33.7 (d), 23.9 (q), 23.9 (q), 23.4 (q), 21.3 (q), 19.6 
(q), 17.6 (t); HRMS (ESI) m/z 433.2676 [M+H]+, calcd for 
C28H34FN2O: 433.2655. 
 
Biology 

Antileishmanial activity 
Parasites and culture procedure 
The following species of Leishmania were used: L. 
donovani (MHOM/IN/80/DD8) was purchased (ATCC, 
USA), an autochthonous isolate of L. infantum 
(MCAN/ES/96/BCN150) obtained from an asymptomatic 
dog from the Priorat region (Catalunya, Spain), kindly 
given by Prof. Montserrat Portús (Universidad de 
Barcelona); L. amazonensis (MHOM/Br/79/Maria) and L. 
guyanensis 141/93 were kindly provided by Prof. Alfredo 
Toraño (Instituto de Salud Carlos III, Madrid). 
Promastigotes were cultured in Schneider's Insect Medium 
supplemented with 10% heat-inactivated Foetal Bovine 
Serum (FBS) and 1000 U/L of penicillin plus 100 mg/L of 
streptomycin in 25 mL culture flasks at 26 °C. 
 
Promastigote assay 
The activity of functionalized dehydroabietylamine amide 
derivatives on Leishmania promastigotes was performed 
according to the method previously reported by us [16]. 
Parasites (2.5×105 promastigotes/well) were cultured in 96-
well flat-bottom plates. Stock solutions of the tested 
compounds were solubilized at 100 mg/mL in DMSO. 
Serial dilutions 1:2 of test compounds in fresh culture 
medium were performed (100, 50, 25, 12.5, 6.25, 3.12, 1.56 
and 0.78 µg/mL) in a final volume of 200 µL; the solutions 
then were added to the parasites suspension. After an 
incubation period of 48 h at 26 °C, a volume of 20 μL of 
2.5 mM resazurin solution in PBS was added and the plates 
were incubated 3 h under the same conditions. Finally, the 
Relative Fluorescence Units (RFU) (535ex – 590em nm 

wavelength) was determined in a fluorimeter (Infinite 200 
Tecan i-Control). Growth inhibition (%) was calculated by 
100 - [(RFU treated wells – RFU signal-to-noise)/(RFU 
untreated – RFU signal-to-noise) x 100]. All tests were 
carried out in triplicate and the IC50 was calculated by 
probit analysis using SPSS 17.0 Statistics Software. 
Miltefosine (Sigma) was used as reference drug and all 
tests were carried out in triplicate. 

Intracellular amastigote assay 
We performed on L. amazonensis and L. infantum 
according to the novel fluorometric method reported by us 
[17]. To carry out the in vitro macrophage infections, 5x104 
cells were cultured in RPMI-1640 medium and then were 
infected with 5x105 promastigotes. In L. infantum assays, 
the plates were incubated during 48 h at 37 °C, while in L. 
amazonensis assays, were incubated at 33 °C the first 24 h 
and then the temperature was increased to 37 °C for the 
next 24 h. After, the culture medium was removed and the 
cells were washed with buffered RPMI-HEPES at pH 7.4 
for several times in order to eliminate the non-internalized 
promastigotes. One hundred microliters of fresh medium 
tempered at 37 °C was added to the infected cells, which 
then were exposed to 100 µL of test compounds in RPMI-
1640 at different concentrations (100, 50, 25, 12.5, 6.25, 
3.12, 1.56, 0.78 µg/mL in a final volume 200 µL) for 48 h 
at 37 °C. The culture medium was removed by 
centrifugation at 3500 rpm for 5 min (Centrifuge 5403 
Eppendorf) and a lysis solution (0.02 % sodium dodecyl 
sulphate in RPMI-HEPES) was added. After 20 min, the 
treated cells were harvested (centrifugation at 3,500 rpm 
for 5 min at 4° C) and the supernatants were replaced by 
200 μL of fresh Schneider´s culture medium. The plates 
were then incubated at 26 °C for other 3 days to allow the 
transformation of viable amastigotes into promastigotes and 
proliferation. Afterwards, 20 μL/well of 2.5 mM resazurin 
was added and incubated for another 3 h. Finally, URF was 
measured and IC50 was estimated as described above. All 
tests were carried out in triplicate. Miltefosine was used as 
reference drug. 

Cytotoxic activity 
Cell culture 
J774 murine macrophages were grown in RPMI-1640 
medium (Sigma) supplemented with 10 % heat-inactivated 
FBS (30 min at 56 °C), penicillin G (100 U/mL) and 
streptomycin (100 μg/mL). Cell cultures were maintained 
in a humidified 5% CO2/95 % air atmosphere at 37 °C. 
Cells in the pre-confluence phase were harvested 
mechanically to accomplish the assays.  

Cytotoxicity Assay 
The assay was carried out according our methods 
previously described by us [18]. J774 macrophages cell 
lines were seeded (5×104 cells/well) in 96-well flat-bottom 
plates with 100 μL of RPMI 1640 medium. The cells were 
allowed to attach for 2 h at 37 °C, 5% CO2, and then was 
added 100 μL of RPMI-1640 medium with test compound 
at different concentrations (100, 50, 25, 12.5, 6.25, 3.12, 
1.56 and 0.78 µg/mL to the final volume) and exposed for 
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another 48 h. Growth controls and signal-to-noise were also 
included. Afterwards, a volume of 20 μL of 2.5 mM 
resazurin solution in PBS was added, and plates were 
returned to the incubator for another 3 h to evaluate cell 
viability. The reduction of resazurin was determined by 
fluorometry as in the promastigote assay. Each 
concentration was assayed by triplicate. Cytotoxicity effect 
of compounds was defined as the 50% reduction of cell 
viability of treated culture cells with respect to untreated 
culture (CC50). 

Acknowledgments 
Financial support by the Spanish Government MINECO is 
gratefully acknowledged. 

References and Notes 
                                                           
[1] http://www.who.int/topics/leishmaniasis/en/. 

[2] Dujardin, J.-C.; González-Pacanowska, D.; Croft, S. L.; 
Olesen, O. F.; Späth, G. F. Collaborative actions in anti-
trypanosomatid chemotherapy with partners from disease 
endemic areas. Trends Parasitol. 2010, 26, 395-403. 

[3] Singh, N.; Mishra, B. B.; Bajpai, S.; Singh, R. K.; Tiwari, V. 
K. Natural product based leads to fight leishmaniasis. Bioorg. 
Med. Chem. 2014, 22, 18-45. 

[4] (a) González, M. A. Aromatic abietane diterpenoids: their 
biological activity and synthesis. Nat. Prod. Rep. 2015, 32, 
684-704; (b) González, M. A. Synthetic derivatives of 
aromatic abietane diterpenoids and their biological activities. 
Eur. J. Med. Chem. 2014, 87, 834-842. 

[5] Samoylenko, V.; Dunbar, D. C.; Gafur, M. A.; Khan, S. I.; 
Ross, S. A.;  Mossa, J. S.; El-Feraly, F. S.; Tekwani, B. L.; 
Bosselaers, J.; Muhammad, I. Antiparasitic, nematicidal and 
antifouling constituents from Juniperus berries. Phytother. 
Res. 2008, 22, 1570-1576. 

[6] Mokoka, T. A.; Peter, X. K.; Fouche, G.; Moodley, N.; 
Adams, M.; Hamburguer, M.; Kaiser, M.; Brun, R.; Maharaj, 
V.; Koorbanally, N. Antileishmanial activity of 12-
methoxycarnosic acid from Salvia repens Burch. Ex Benth. 
(Lamiaceae). S. Afr. J. Bot. 2014, 90, 93-95. 

[7] Ramírez-Macias, I.; Marín, C.; Chahboun, R.; Olmo, F.; 
Messouri, I.; Huertas, O.; Rosales, M. J.; Gutierrez-Sánchez, 
R.; Alvarez-Manzaneda, E.; Sánchez-Moreno, M. In vitro 
evaluation of new terpenoid derivatives against Leishmania 
infantum and Leishmania braziliensis. Mem. Inst. Oswaldo 
Cruz 2012, 107, 370-376. 

[8] (a) Vahermo, M.; Krogerus, S.; Nasereddin, A.; Kaiser, M.; 
Brun, R.; Jaffe, C. L.; Yli-Kauhaluoma, J.; Moreira, V. M. 
Antiprotozoal activity of dehydroabietic acid derivatives 
against Leishmania donovani and Trypanosoma cruzi. Med. 
Chem. Commun. 2016, 7, 457-463; (b) Pirttimaa, M.; 
Nasereddin, A.; Kopelyanskiy, D.; Kaiser, M.; Yli-
Kauhaluoma, J.; Oksman-Caldentey, K.-M.; Brun, R.; Jaffe, 
C. L.; Moreira, V. M.; Alakurtti, S. Abietane-type diterpenoid 
amides with highly potent and selective activity against 
Leishmania donovani and Trypanosoma cruzi. J. Nat. Prod. 
2016, 79, 362-368. 

                                                                                                 
[9] (a) Arnó, M.; González, M. A.; Marín, M. L.; Zaragozá, R. J. 

First diastereoselective synthesis of (-)-methyl thyrsiflorin A, 
(-)-methyl thyrsiflorin B acetate and (-)-thyrsiflorin C. J. Org. 
Chem. 2000, 65, 840-846; (b) González, M. A. Total 
syntheses and synthetic studies of spongiane diterpenes. 
Tetrahedron 2008, 64, 445-467; (c) González, M. A.; Molina-
Navarro, S. Attempted synthesis of spongidines by a radical 
cascade terminating onto a pyridine ring. J. Org. Chem. 2007, 
72, 7462-7465; (d) Roa-Linares, V. C.; Brand, Y. M.; 
Agudelo-Gomez, L. S.; Tangarife-Castaño, V.; Betancur-
Galvis, L. A.; Gallego-Gomez, J. C.; González, M. A. Anti-
herpetic and anti-dengue activity of abietane ferruginol 
analogues synthesized from (+)-dehdyroabietylamine. Eur. J. 
Med. Chem. 2016, 108, 79-88.   

[10] (a) Lopes, M. S.; De Souza Pietra, R. C. C.; Borgati, T. F.; 
Romeiro, C. F. D.; Júnior, P. A. S.; Romanha, A. J.; Alves, R. 
J.; Souza-Fagundes, E. M.; Fernandes, A. P. S. M.; De 
Oliveira, R. B. Synthesis and evaluation of the anti parasitic 
activity of aromatic nitro compounds.  Eur. J. Med. Chem. 
2011, 46, 5443-5447; (b) Voak, A. A.; Selfert, K.; Helsby, N. 
A.; Wilkinson, S. R. Evaluating aziridinyl nitrobenzamide 
compounds as leishmanicidal prodrugs. Antimicrob. Agents 
Chemother. 2014, 58, 370-377. 

[11] Chen, Y.; Lin, Z.-X.; Zhou, A.-M. Synthesis and antitumor 
activities of a novel class of dehydroabietylamine derivatives. 
Nat. Prod. Res. 2012, 26, 2188-2195. 

[12] Gu, W.; Wang, S. Synthesis and antimicrobial activities of 
novel 1H-dibenzo[a,c]carbazoles from dehydroabietic acid. 
Eur. J. Med. Chem. 2010, 45, 4692-4696.   

[13] Nwaka, S.; Hudson, A. Innovative lead discovery strategies 
for tropical diseases. Nature Rev. Drug Discov. 2006, 5, 941-
955. 

[14] Zhang, S.-G.; Lin, Z.-X. Synthesis and antitumor activities of 
Schiff bases of dehydroabietylamine. Chinese J. 
Pharmaceuticals 2010, 41, 566-568. 

[15] Liu, C.; Hu, J.; Xu, H.; Lu, Z.; Yu, X.; Lin, Z. Synthesis, 
characterization, and crystal structure of a 
phenanthroindolizine skeleton from 18-acetamino-7-oxo-
dehydroabietane by Vilsmeier-Haack reaction. Chem. Nat. 
Compounds 2015, 51, 306-310. 

[16] Bilbao-Ramos, P.; Galiana-Roselló, C.; Dea-Ayuela, M. A.; 
González-Alvarez, M.; Vega, C.; Rolón, M.; Pérez-Serrano, 
J.; Bolás-Fernández, F.; González-Rosende, M. E. Nuclease 
activity and ultrastructural effects of new sulfonamides with 
anti-leishmanial and trypanocidal activities. Parasitol. Int. 
2012, 61, 604-613. 

[17] Bilbao-Ramos, P.; Sifontes-Rodríguez, S.; Dea-Ayuela, M. 
A.; Bolás-Fernández, F. A fluorometric method for evaluation 
of pharmacological activity against intracellular Leishmania 
amastigotes. J. Microbiol. Methods 2012, 89, 8-11. 

[18] Galiana-Roselló, C.; Bilbao-Ramos, P.; Dea-Ayuela, M. A.; 
Rolón, M.; Vega, C.; Bolás-Fernández, F.; García-España, E.; 
Alfonso, J.; Coronel, C.; González-Rosende, M. E. In vitro 
and in vivo antileishmanial and trypanocidal studies of new 
N-benzene- and N-naphthalenesulfonamide derivatives. J.  
Med. Chem. 2013, 56, 8984-8998. 


