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ABSTRACT

The skeleton of the diterpene dehydroabietylamine was modified, and a set of 12-hydroxy-dehydroabietylamine derivatives was obtained. The compounds were
screened in colorimetric Ellman’s assays to determine their ability to act as inhibitors for the enzymes acetylcholinesterase (AChE, from electric eel) and butyr-
ylcholinesterase (BChE, from equine serum). Additional investigations concerning the enzyme kinetics were performed and showed 12-hydroxy-N-(4-nitro-benzoyl)
dehydroabietylamine (13) and 12-hydroxy-N-(isonicotinoyl)dehydroabietylamine (17) as selective BChE inhibitors holding good inhibition constants

Ki = 0.72 = 0.06 uM and K; = 0.86 + 0.19 uM, respectively.

1. Introduction

The pathology of Alzheimer’s disease (AD) is characterized by an
irreversible decline of memory and of recognition caused inter alia by a
deficit of cholinergic functions. Especially a decreased concentration of
the primary neurotransmitter acetylcholine (ACh) has been considered
to be a main factor for the progressive cognitive impairment [1-3]. ACh
is mainly located in the cholinergic neurons, responsible for various
behavioral and physiological functions of the cholinergic neuro-
transmission. The impulse transmissions at the cholinergic synapse are
terminated by the rapid hydrolysis of the ACh by two types of choli-
nesterases (ChEs): the acetylcholinesterase (AChE) and the butyr-
ylcholinesterase (BChE).[3] The use of ChE inhibitors is among the best
established prime therapeutic strategies for alleviating the symptoms of
AD. Therefore, the search for new inhibitors continues to play an im-
portant role in scientific research [4-8]. Inhibition of these enzymes
prevents the degradation of ACh, and its deficit in the cholinergic
neurons (that is observed in the brain of AD patients) can be compen-
sated [9]. This is a symptomatic treatment but leads to a significant
improvement of the cognitive functions and - as a consequence - en-
hances the patient’s quality of life. In healthy human brains AChE is the
predominating enzyme responsible for the hydrolysis of ACh to choline
and acetate, whereas BChE was attributed a subordinate, supportive
role for a long time [10]. However, in the progression of AD a sig-
nificant change in the AChE and BChE activities has been observed in
certain parts of the brain: the AChE/BChE ratio shifts from 11.0 to 0.2
and BChE dominates the degradation of Ach [10-12]. The effect of
drugs targeting AChE on the symptoms of AD is rapidly decreasing with
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the progression of the disease. Thus, targeting BChE and designing se-
lective inhibitors seems to be a promising option for treating late-stage
AD [13-15]. Different studies concerning the use of selective BChE
inhibitors pointed out the potential and the advantages of BChE in-
hibitors as compared to the use of AChE inhibitors in the context of AD
[16-18].

Our research is focused on the derivatization of natural products to
enhance their biological activity and to increase their selectivity for
chosen enzymes. In this context, we investigated the inhibitory potency
of several terpene derived substances for cholinesterases. These studies
showed the remarkable potential of dehydroabietylamides to act as
AChE inhibitors. Several derivatives showed an inhibitory potency
comparable or even supreme to standard galantamine hydrobromide,
while BChE was significantly less affected [19]. In addition, previous
studies pointed out the promising ChE inhibitory potency of ferruginol
(holding a hydroxy moiety at C-12 of the C-ring of the aromatic abie-
tane scaffold) [20]. Subsequently, we focused on the investigation of
the influence of C-ring modifications of dehydroabietylamine on the
inhibitory activity of these derivatives.

2. Results and discussion
2.1. Chemistry

Starting from the diterpene dehydroabietylamine C-ring modifica-
tions were performed according to Gonzalez et al. (Scheme 1), and 12-

hydroxydehydroabietylamine (1) was obtained after four steps in 51%
isolated yield [21]. In the following we focused on modifications of the
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Scheme 1. Synthesis and derivatization of 12-hydroxydehydroabietylamine (1): (a) phthalic anhydride, pyridine, reflux, 2.5h, 72%; (b) AcCl, AlICl3, DCM, 0 °C to rt,
2h, 92%; (c) mCPBA, TFA, DCM, 0 °C to rt, overnight, 86%; (d) NoH4H,0, EtOH, 80 °C, 7 h, 89%; (e) aromatic carboxylic acid, EDC, HOBt, DCM, 0 °C to rt, overnight,
23-94%); (f) AcCl, TEA, DCM, 0 °C to rt, 30 min, 61%; (g) Boc,0, NaOH, THF, 0 °C to rt, 2 h, 74%; (h) AcCl, TEA, DCM, 0 °C to rt, 30 min, 88%; (i) TFA, DCM, 0 °C to rt,
1.5h, 95%; (j) isonicotinic acid, EDC, HOBt, DCM, 0 °C to rt, overnight, 77%.

Table 1

Grade of inhibition (I in %) and inhibition constants (K; and K;’ in uM) for compounds 1-18 and galantamine hydrobromide (GH) as a standard, determined by
Ellman's assays employing butyrylcholinesterase (BChE, equine serum). Percent inhibition was determined at 10 uM concentration; each experiment was performed
at least in duplicate.

Comp. Ki/Ky in pM (I in %) Type of inhibition SI Comp. Ki/Ky in pM (I in %) Type of inhibition SI
GH 3.06 = 0.11 competitive 0.2 10 (5.16 = 0.10)" 1.0
(57.29 = 0.25)
1 (31.65 = 0.05) 1.3 11 (11.21 = 0.16) 0.6
2 (31.80 + 0.41) 1.3 12 1.44 + 0.14/7.00 = 1.44 mixed-type 1.9
(75.46 = 0.12)
3 (6.06 = 0.61)* 1.0 13 0.72 = 0.06 competitive 3.2
(71.01 = 0.26)
4 (44.94 = 0.46) 1.1 14 (7.48 = 0.36) 0.9
5 (34.66 = 0.10) 0.9 15 (15.84 = 0.17) 1.0
6 (40.54 + 0.26) 1.3 16 1.02 = 0.09 competitive 3.4
(74.53 = 0.66)
7 (41.23 = 0.42) 1.4 17 0.86 = 0.19 competitive 3.7
(75.87 = 0.72)
8 (42.11 = 0.26) 1.4 18 (6.90 * 0.97) 1.1
9 2.61 = 0.14/11.10 = 0.39 mixed-type 0.2
(59.54 = 0.11)

@ I at 5uM (limitation due to reduced solubility); mean *+ SE; selectivity index for BChE: SI = (100-Ixchg)/(100-Igche). The type of inhibition as well as the
inhibition constants K; (competitive part) and K;’ (uncompetitive part) were determined using Dixon, Cornish-Bowden and Lineweaver-Burk plots for those com-
pounds showing the highest rate of inhibition in the preliminary screening.
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NH, moiety of compound 1. Thus, amide compounds were synthesized
by EDC/HOBt coupling reactions (Scheme 1). The structure of these 12-
hydroxydehydroabietylamides was confirmed by observing signals for
their carbonyl moieties (G-21, § =167.9-164.6 ppm) in the '*C NMR
spectra, the signals of the aromatic protons (§ = 9.10-6.50 ppm) and of
the NH moiety (§ = 8.53-5.82 ppm) in the 'H NMR spectra.

To prove the importance of the hydroxyl group for the inhibitory
efficacy, acetylation of the two most potent inhibitors completed the
reaction sequence. Therefore, compound 13 was directly acetylated by
the use of acetyl chloride and triethylamine in DCM (Scheme 1), and
compound 14 was formed. Regarding an optimization of the synthesis
of compound 18, the acetylation was preceded to the amidation
(Scheme 1). The NMR spectra of compound 14 and 18 were char-
acterized by distinct signals assigned to the acetyl moiety. The singlet
signal at § = 2.29 ppm in the 'H NMR spectrum and the signal of the
carbonyl moiety (§ = 170.2 ppm) in the *C NMR spectrum confirmed
the structural modification.

2.2. Biology

Compounds 1-18 were screened in colorimetric Ellman’s assays to
determine their ability to inhibit the enzymes AChE (Electrophorus
electricus) and BChE (from equine serum) using the anti-AD drug ga-
lantamine hydrobromide (GH) as a standard. The results are compiled
in Table 1.

Compound 1 was a weak inhibitor for AChE and BChE with in-
hibition rates of 11.51 * 1.74% and 31.65 * 0.05%, respectively.
The insertion of a benzoyl group did not lead to an increase of activity,
and compound 2 showed inhibition rates of 12.41 + 0.85% (AChE)
and 31.80 + 0.41% (BChE). All tested substances except 9 (see sup-
plementary material) showed no significant inhibition for AChE. The p-
trifluoromethyl derivative 9 acted as a mixed-type inhibitor for both
AChE (93.22 + 0.09%; K; = 4.73 = 0.85uM, Ky = 2.19 + 0.08 uM)
and BChE (59.54 = 0.11%; K;i = 2.61 = 0.14uM,
Ky = 11.10 = 0.39 uM). In part, the substitution of the aromatic ring
had a significant impact on BChE inhibition. In general, introducing a
para-methoxy substituent (4) or a halogen moiety (6-8) seems to result
in moderate inhibition rates (between 40.54 = 0.26% and
44,94 + 0.46%). In the case of the nitro derivatives 11-13 the influ-
ence of the position of the substituent was tested, too. The investigation
showed ortho-substituted 11 as the weakest BChE inhibitor
(11.21 *= 0.16%), whereas meta- and para-substituted compounds
held much higher inhibition rates (> 70%). For mixed-type
inhibitor 12 low inhibitions constants (K; = 1.44 *+ 0.14puM and
Ky =7.00 = 1.44uM) were determined. 12-Hydroxy-N-(4-ni-
trobenzoyl)dehydroabietylamine (13) acted like GH as a competitive
inhibitor (Fig. 1) and gave an excellent K; value as low as
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Fig. 2. View from the top to the binding site of human BChE with bound
compounds 13 (magenta carbon atoms) and 17 (green carbon atoms) with
displayed lipophilic potential (green surface). The more hydrophilic site is co-
lored magenta.

0.72 + 0.06 uM. Therefore, 13 was the most active compound in the
test. The insertion of a pyridinyl moiety gave compounds with similar
inhibitory =~ properties. Thus, 12-hydroxy-N-(nicotinoyl)dehy-
droabietylamine 16 and the isonicotinoyl derivative 17 gave splendid
K; values in single-digit micromolar range (K; = 1.02 = 0.09 pM and
K; = 0.86 = 0.19 uM, respectively), showing competitive inhibition of
BChE. Compared to anti-AD drug GH, these competitive inhibitors
showed significantly lower K; values. Acetylation of the most active
compounds (13 and 17) reduced the activity significantly, and in-
hibitory rates for BChE of only 7.48 + 0.36% (14) and 6.90 + 0.97%
(18) were found.

To gain an insight into the interaction of compounds 13 and 17 and
the enzyme, some molecular modeling studies were performed.

The most favored docking arrangement of 13 (bright magenta
carbon atoms) and 17 (green carbon atoms) are shown in Fig. 2.
Compound 13 is docked deep into the hydrophobic binding site with
the nitro group located at the water accessible surface, whereas com-
pound 17 is docked almost perpendicular to 13. The docking pose of 17
results from the preferred interaction with hydrophobic residues like
W79, F326, L283, and particularly with W228 supported by two hy-
drogen bonds formed with the hydroxyl group of the ligand and the
back-bone carbonyl group of G75 and hydroxyl side chain of Y435
(Fig. 3). The different orientation of compound 13 is caused by the nitro
substituent. This substituent prevents the interaction with W228 at the
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Fig. 1. Dixon plots for BChE inhibitors 13 (left) and 17 (right).
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Y435

Fig. 3. Details of the most favored docking arrangement of 13 (left); preferentially hydrophobic interactions with W79, F326 and P282 and additionally hydrogen
bonds formed with E194 stabilized the docking pose. Details of the most favored docking arrangement of 17 (right); preferentially hydrophobic interactions with
W79, F326, L283 and W228 and additionally hydrogen bonds formed with G75 and Y435 stabilized the docking pose.

hydrophobic binding site, whereas a hydrophobic interaction with
P282 and the formation of a strong hydrogen bond with E194 supports
this docking arrangement (Fig. 3).

3. Conclusion

In summary, 12-hydroxydehydroabietylamine derivatives were ea-
sily accessed by synthesis, their structures were determined by the
combination of modern spectroscopic techniques, and subsequent
screening of the compounds in Ellman’s assays showed some of them as
selective inhibitors for BChE. Additional enzyme kinetic studies were
performed. The most active derivatives were p-nitro substituted com-
pound 13 and isonicotinoyl analog 17, showing K; values of
0.72 * 0.06 pM and 0.86 = 0.19 uM, respectively. These compounds
proved to be competitive inhibitors for butyrylcholinesterase.

4. Experimental part
4.1. General

Detailed procedures for the screening and modeling as well as a
description of the equipment is given in the Supplementary material.

4.2. General procedure of the amide coupling reaction

The carboxylic acid (1.2 eq.) was suspended in DCM (dry, 10 mL/
100 mg carboxylic acid) and cooled to 0°C. HOBt (1.4 eq.) and EDC
(1.4 eq.) were added. After 30 min of stirring at 0 °C, the amine (1 eq.)
was added. After completion of the reaction (as indicated by TLC) and
usual aqueous work-up the residue was subjected to column chroma-
tography [19].

4.3. Syntheses

4.3.1. 12-Hydroxydehydroabietylamine (1)

Compound 1 was synthesized as previously described [22];
Ry = 0.38 (silica gel, chloroform/methanol, 9:1); mp = 193-198 °C;
[alp = +50.9° (c = 0.36, CHCl3); MS (ESL, MeOH): m/z (%) = 302.2
(IM + H]*, 100).

4.3.2. 12-Hydroxy-N-benzoyldehydroabietylamine (2)

Compound 2 was prepared according to the general procedure from
benzoic acid (0.05 g, 0.40 mmol) and compound 1 (0.10 g, 0.33 mmol)
followed by column chromatography (silica gel, n-hexane/ethyl
acetate, 7:3). Compound 2 [22] (0.07 g, 53%) was obtained as a

colorless solid; Rp = 0.32 (silica gel, n-hexane/ethyl acetate, 7:3);
mp = 194-196 °C; [alp = +6.6° (c = 0.34, CHCl3); MS (ESI, MeOH):
m/z (%) = 406.3 ((M+H]*, 100), 428.3 ([M+Nal*, 52), 460.3 ([M
+Na+MeOH] , 8).

4.3.3. 12-Hydroxy-N-(4-hydroxybenzoyl)dehydroabietylamine (3)

Compound 3 was prepared according to the general procedure from
4-hydroxybenzoic acid (0.08g, 0.60 mmol) and compound 1 (0.20 g,
0.66 mmol). Column chromatography (silica gel, n-hexane/ethyl
acetate/chloroform, 1:1:2) gave compound 3 [22] (0.18 g, 65%) as a
colorless solid; Ry = 0.47 (silica gel, n-hexane/ethyl acetate/chloro-
form, 1:1:2); mp = 261-263 °C; [alp = +30.7° (c = 0.34, DMSO); MS
(ESI, MeOH): m/z (%) = 422.2 (M +H]*, 20), 444.3 ((M+Nal ™, 30),
843.3 ([2M+H]™", 10), 865.2 ([2M+Na] *, 100).

4.3.4. 12-Hydroxy-N-(4-methoxybenzoyl)dehydroabietylamine (4)

Compound 4 was prepared according to the general procedure from
4-methoxybenzoic acid (0.12 g, 0.79 mmol) and compound 1 (0.20 g,
0.66 mmol). Column chromatography (silica gel, n-hexane/ethyl
acetate/chloroform, 1:1:2) gave compound 4 [22] (0.22g, 77%) as a
colorless solid; Rr = 0.56 (silica gel, n-hexane/ethyl acetate, 6:4);
mp = 227-229°C; [alp = +5.3° (¢ = 0.36, CHCl3); MS (ESI, MeOH):
m/z (%) = 436.3 ((M+H]*, 21), 458.3 ([M+Nal*, 20), 871.2 ([2M
+H]™", 25), 893.3 ([2M+Na]™*, 100).

4.3.5. 12-Hydroxy-N-(4-methylbenzoyl)dehydroabietylamine (5)

Compound 5 was prepared according to the general procedure from
4-methylbenzoic acid (0.08g, 0.60 mmol) and compound 1 (0.15g,
0.50 mmol). Column chromatography (silica gel, n-hexane/ethyl
acetate/chloroform, 8:2:10) gave compound 5 [22] (0.10 g, 48%) as a
colorless solid; Rr = 0.36 (silica gel, n-hexane/ethyl acetate/chloro-
form, 8:2:10); mp = 243-245°C; [a]p = +11.3° (¢ = 0.30, CHCl3); MS
(ESI, MeOH): m/z (%) = 420.3 ([M+H] ", 18), 442.3 ([M+Na] *, 12),
839.3 ([2M+H]™, 48), 861.3 ([2M+Na] *, 100).

4.3.6. 12-Hydroxy-N-(4-chlorobenzoyl)dehydroabietylamine (6)

Compound 6 was prepared according to the general procedure from
4-chlorobenzoic acid (0.09g, 0.60 mmol) and compound 1 (0.15g,
0.50 mmol) followed by column chromatography (silica gel, n-hexane/
ethyl acetate/chloroform, 8:2:10) to yield compound 6 [22] (0.13 g,
60%) as a colorless solid; Ry = 0.45 (silica gel, n-hexane/ethyl acetate/
chloroform, 8:2:10); mp = 246-248°C; [alp = +9.8° (c =0.33,
DMSO0), MS (ESI, MeOH): m/z (%) = 440.2 ((M+H] ", 56), 462.3 ([M
+Na]*, 35), 901.2 ([2M+Na] *, 100).
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4.3.7. 12-Hydroxy-N-(4-fluorobenzoyl)dehydroabietylamine (7)

Compound 7 was prepared according to the general procedure from
4-fluorobenzoic acid (0.06g, 0.43mmol) and compound 1 (0.10g,
0.33 mmol) followed by column chromatography (silica gel, n-hexane/
ethyl acetate/chloroform, 8:2:10) to yield 7 (0.09 g, 64%) as a colorless
solid; Rr = 0.46 (silica gel, n-hexane/ethyl acetate/chloroform, 8:2:10);
mp = 243-245°C; [alp = +30.9° (¢ = 0.34, DMSO), IR (ATR):
v = 3165br, 2957 m, 2921 m, 2846w, 1640s, 15505, 1502ys, 1446 m,
1421s, 1288s, 1233vs, 1197 m, 1159s, 853s, 763s, 749m, 733 m,
6005, 573 mem ™Y UV-vis (DMSO): Amay (log €) = 264 nm (3.51); 'H
NMR (500 MHz, DMSO-dg): § = 8.71 (s, 1H, OH), 8.21 (dd, J = 6.3,
6.3Hz, 1H, NH), 7.91-7.83 (m, 2H, 23-H), 7.29-7.20 (m, 2H, 24-H),
6.66 (s, 1H, 14-H), 6.61 (s, 1H, 11-H), 3.40 (dd, J = 13.4, 7.0 Hz, 1H,
18-H,) 3.06 (hept, J = 6.8 Hz, 1H, 15-H), 2.98 (dd, J = 13.5, 5.8 Hz,
1H, 18-H,), 2.73-2.57 (m, 2H, 7-H,+7-H,), 2.12-2.05 (m, 1H, 1-H,),
1.98-1.90 (m, 1H, 6-H,), 1.76-1.63 (m, 1H, 2-H,), 1.62-1.51 (m, 2H, 6-
Hy+2-Hy), 1.46 (ddd, J = 13.3, 13.3, 3.8 Hz, 1H, 3-H,), 1.38-1.31 (i,
2H, 5-H+ 3Hy), 1.26-1.16 (m, 1H, 1-Hy), 1.12 (s, 3H, 20-H), 1.10 (d,
J = 6.9Hz, 3H, 16-H), 1.08 (d, J = 6.9 Hz, 3H, 17-H), 0.90 (s, 3H, 19-
H) ppm; '*C NMR (125 MHz, DMSO-de): § = 165.7 (C-21), 163.7 (d,
J = 248.0 Hz, C-25), 152.0 (C-13), 147.3 (C-9), 131.3 (C-22), 131.3 (C-
12), 129.9 (d, J = 8.9 Hz, C-24), 125.9 (C-14), 124.7 (C-8), 115.0 (d,
J = 21.6 Hz, C-23), 110.2 (C-11), 49.4 (C-18), 44.7 (C-5), 38.1 (C-1),
37.8 (C-4), 36.9 (C-10), 35.8 (C-3), 29.1 (C-7), 26.1 (C-15), 25.3 (C-20),
22.6 (C-17), 22.5 (C-16), 18.9 (C-19), 18.9 (C-6), 18.3 (C-2) ppmy; 9
NMR (470 MHz, DMSO-dg): 8 = —109.9 (m, F) ppm; MS (ESI, MeOH):
m/z (%) = 424.2 (IM+H]*, 66), 446.2 ([M+Na] ™", 16), 847.2 ([2M
+H]*, 52), 869.1 ([2M+Na]™, 100), 901.2 ([2M+Na+MeOH]*,
20); analysis calculated for C,,H3,FNO, (423.56): C 76.56, H 8.09, N
3.31; found: C 76.31, H 8.10, N 3.07.

4.3.8. 12-Hydroxy-N-(4-bromobenzoyl)dehydroabietylamine (8)

Compound 8 was prepared according to the general procedure from
4-bromobenzoic acid (0.16g, 0.80 mmol) and compound 1 (0.20g,
0.66 mmol) followed by column chromatography (silica gel, n-hexane/
ethyl acetate/chloroform, 8:2:10) to yield compound 8 (0.21 g, 65%) as
a colorless solid; Rr = 0.53 (silica gel, n-hexane/ethyl acetate/chloro-
form, 8:2:10); mp = 242-245°C; [alp = +16.4° (c = 0.33, DMSO), IR
(ATR): v = 3208br, 2949 m, 2925m, 2865m, 1629vs, 1590, 1548vs,
14825, 1417s, 1306s, 12365, 1180s, 1074s, 1011vs, 844s, 755m,
711 m, 562vs cm ™ '; UV-vis (CHCl3): Amax (l0g €) = 264 nm (3.99); 'H
NMR (500 MHz, DMSO-dg): § = 8.71 (s, 1H, OH), 8.28 (dd, J = 6.3,
6.3Hz, 1H, NH), 7.78-7.72 (m, 2H, 23-H), 7.67-7.60 (m, 2H, 24-H),
6.67 (s, 1H, 14-H), 6.61 (s, 1H, 11-H), 3.40 (dd, J = 13.4, 7.0Hz,
1H,18-H,) 3.07 (hept, J = 6.9 Hz, 1H, 15-H), 2.98 (dd, J = 13.4, 5.8 Hz,
1H, 18-Hy), 2.72-2.59 (m, 2H, 7-H, + 7-Hy), 2.13-2.06 (m, 1H, 1-H,),
1.98-1.90 (m, 1H, 6-H,), 1.75-1.63 (m, 1H, 2-H,), 1.63-1.52 (m, 2H, 6-
Hp, + 2-Hp), 1.45 (ddd, J = 13.3, 13.3, 3.7 Hz, 1H, 3-H,), 1.38-1.31 (m,
2H, 5-H + 3Hy), 1.21 (ddd, J = 12.8, 12.8, 3.3 Hz, 1H, 1-H;), 1.12 (s,
3H, 20-H), 1.10 (d, J = 6.9 Hz, 3H, 16-H), 1.08 (d, J = 6.9 Hz, 3H, 17-
H), 0.90 (s, 3H, 19-H) ppm; '*C NMR (125 MHz, DMSO-de): § = 165.9
(C-21), 152.0 (C-13), 147.3 (C-9), 134.0 (C-22), 131.3 (C-12), 131.1 (C-
24), 129.4 (C-23), 125.9 (C-14), 124.7 (C-8), 124.6 (C-25), 110.2 (C-
11), 49.5 (C-18), 44.7 (C-5), 38.1 (C-1), 37.8 (C-4), 36.9 (C-10), 35.8
(C-3), 29.1 (C-7), 26.1 (C-15), 25.3 (C-20), 22.6 (C-17), 22.5 (C-16),
18.9 (C-19), 18.9 (C-6), 18.3 (C-2) ppm; MS (ESI, MeOH): m/z
(%) = 484.2 ([M + H]*, 53), 508.1 ([M+Na]*, 35), 969.1 ([2M
+H]", 46), 990.9 ([2M+Na]*, 100); analysis calculated for
C,7H34BrNO,, (484.47): C 66.94, H 7.07, N 2.89; found: C 66.871, H
7.31, N 2.55.

4.3.9. 12-Hydroxy-N-(4-trifluoromethylbenzoyl)dehydroabietylamine (9)
Compound 9 was prepared according to general procedure from 4-
(trifluoromethyl)benzoic acid (0.15g, 0.79mmol) and compound
1 (0.20 g, 0.66 mmol) followed by column chromatography (silica gel,
n-hexane/ethyl acetate/chloroform, 8:2:10) to yield compound
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9(0.26 g, 83%) as a colorless solid; Ry = 0.62 (silica gel, n-hexane/
ethyl acetate/chloroform, 8:2:10); mp = 279-282°C; [alp = +27.6°
(c = 0.37, DMSO), IR (ATR): v = 3325br, 2945w, 2929w, 2871w,
2855w, 1653m, 1539m, 1510m, 1419m, 1325ys, 1289m, 1237 m,
1169s, 1134vs, 1068s, 1018 m, 853s, 767 mem™Y; UV-vis (DMSO):
Amax (log €) = 270 nm (3.50); 'H NMR (400 MHz, DMSO-dg): § = 8.72
(s, 1H, OH), 8.43 (dd, J = 6.2, 6.2 Hz, 1H, NH), 7.99 (d, J = 8.1 Hz, 2H,
23-H), 7.80 (d, J = 8.3 Hz, 2H, 24-H), 6.67(s, 1H, 14-H), 6.61 (s, 1H,
11-H), 3.42 (dd, J = 13.4, 6.9 Hz, 1H,18-H,) 3.13-2.98 (m, 2H, 15-
H + 18-Hy,), 2.76-2.58 (m, 2H, 7-H, + 7-Hy), 2.14-2.05 (m, 1H, 1-H,),
1.99-1.90 (m, 1H, 6-H,), 1.79-1.64 (m, 1H, 2-H,), 1.63-1.53 (m, 2H, 6-
H;, + 2-Hy), 1.51-1.41 (m, 1H, 3-H,), 1.40-1.31 (m, 2H, 5-H + 3H,),
1.30-1.16 (m, 1H, 1-Hy), 1.13 (s, 3H, 20-H), 1.10 (d, J = 7.0 Hz, 3H,
16-H), 1.08 (d, J = 7.0 Hz, 3H, 17-H), 0.92 (s, 3H, 19-H) ppm; 13C NMR
(100 MHz, DMSO-dg): é = 165.8 (C-21), 152.0 (C-13), 147.3 (C-9),
138.7 (C-22), 131.4 (C-12), 130.9 (q, J = 31.8 Hz, C-25), 128.2 (C-23),
125.9 (C-14), 125.2 (q, J = 3.7Hz, C-24), 124.7 (C-8), 123.9 (q,
J = 272.4 Hz, C-26), 110.2 (C-11), 49.5 (C-18), 44.7 (C-5), 38.1 (C-1),
37.9 (C-4), 37.0 (C-10), 35.8 (C-3), 29.1 (C-7), 26.1 (C-15), 25.3 (C-20),
22.6 (C-17), 22.5 (C-16), 18.9 (C-19), 18.9 (C-6), 18.3 (C-2) ppm; '°F
NMR (376 MHz, DMSO-dg): 8 = -61.3 (s, F) ppm; MS (ESI, MeOH): m/z
(%) = 474.2 (IM+H]*, 62), 496.1 ([M+Nal™, 17), 947.1 ([2M
+H]", 36), 969.1 ([2M+Na]*, 100); analysis calculated for
CogH34F3NO, (473.57): C 71.01, H 7.24, N 2.96; found: C 70.84, H
7.39, N 2.73.

4.3.10. 12-Hydroxy-N-(4-aminobenzoyl)dehydroabietylamine (10)

Compound 10 was prepared according to the general procedure
from 4-aminobenzoic acid (0.09g, 0.66mmol) and compound
1 (0.16 g, 0.53 mmol) followed by column chromatography (silica gel,
ethyl acetate/chloroform, 1:2) to yield compound 10 (0.07 g, 23%) as a
colorless solid; R = 0.44 (silica gel, ethyl acetate/chloroform, 1:2);
mp = 280-284°C; [alp = +32.2° (¢ =0.32, DMSO), IR (ATR):
v = 3478w, 3354 m, 2933w, 2865w, 1625m, 1604s, 1597s, 1551s,
15095, 1418 m, 1301vs, 1239m, 1187s, 840m, 768 mcm™}; UV-vis
(DMSO0): Amax (log €) = 304 nm (4.41); "H NMR (400 MHz, DMSO-de):
8 =8.70 (s, 1H, OH), 7.69 (dd, J = 6.3, 6.3Hz, 1H, NH), 7.54 (d,
J = 8.6 Hz, 2H, 23-H), 6.66 (s, 1H, 14-H), 6.60 (s, 1H, 11-H), 6.50 (d,
J = 8.6 Hz, 2H, 24-H), 5.53 (s, 2H, NH,), 3.36 (dd, J = 13.4, 7.1 Hz,
1H,18-H,) 3.06 (hept, J = 6.8 Hz, 1H, 15-H), 2.92 (dd, J = 13.4, 5.7 Hz,
1H, 18-Hy), 2.72-2.55 (m, 2H, 7-H, + 7-Hy), 2.14-2.04 (m, 1H, 1-H,),
2.00-1.89 (m, 1H, 6-H,), 1.76-1.62 (m, 1H, 2-H,), 1.62-1.50 (m, 2H, 6-
Hy, + 2-Hyp), 1.44 (ddd, J = 13.2, 13.2, 3.5Hz, 1H, 3-H,), 1.36-1.27 (m,
2H, 5-H + 3H,), 1.24-1.15 (m, 1H, 1-H,), 1.11 (s, 3H, 20-H), 1.10 (d,
J =7.2Hz, 3H, 16-H), 1.09 (d, J = 6.9 Hz, 3H, 17-H), 0.87 (s, 3H, 19-
H) ppm; *C NMR (100 MHz, DMSO-dg): § = 166.6 (C-21), 152.0 (C-
13), 151.4 (C-25), 147.4 (C-9), 131.3 (C-12), 125.8 (C-14), 124.8 (C-8),
128.8 (C-23), 121.5 (C-22), 112.4 (C-24), 110.2 (C-11), 49.1 (C-18),
44.6 (C-5), 38.2 (C-1), 37.8 (C-4), 36.9 (C-10), 35.8 (C-3), 29.2 (C-7),
26.1 (C-15), 25.3 (C-20), 22.6 (C-17), 22.5 (C-16), 18.9 (C-19), 18.8 (C-
6), 18.3 (C-2) ppm; MS (ESI, MeOH): m/z (%) = 421.3 (IM+H] ™", 100),
443.3 ([M+Na] ", 4), 841.3 ([2M+H] *, 68), 863.2 ([2M+Na] ", 50);
analysis calculated for Cy,H36N,05 (420.59): C 77.10, H 8.63, N 6.66;
found: C 76.80, H 8.79, N 6.41.

4.3.11. 12-Hydroxy-N-(2-nitrobenzoyl)dehydroabietylamine (11)
Compound 11 was prepared according to the general procedure
from 2-nitrobenzoic acid (0.13 g, 0.78 mmol) and compound 1 (0.20 g,
0.66 mmol) followed by column chromatography (silica gel, ethyl
acetate/chloroform, 5:95) to yield compound 11 (0.19g, 64%) as a
colorless solid; Ry = 0.47 (silica gel, ethyl acetate/chloroform, 0,5:9,5);
mp = 124-126°C; [a]lp = +40.3° (c = 0.33, DMSO); IR (ATR):
v = 3291br, 2954w, 2927w, 2867w, 1645m, 1530vs, 1417 m, 1347 s,
1309m, 1160m, 1080m, 857 m, 751s, 697 scm™}; UV-vis (DMSO):
Amax (log €) = 281 nm (3.68); 1H NMR (400 MHz, CDCl,): § = 8.02 (dd,
J = 8.1, 0.9Hz, 1H, 24-H), 7.64 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H, 26-H),
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7.55 (ddd, J = 7.8, 7.8, 1.5Hz, 1H, 25-H), 7.47 (dd, J = 7.5, 1.4 Hz,
1H, 27-H), 6.83 (s, 1H, 14-H), 6.63 (s, 1H, 11-H), 5.82 (dd, J = 6.0,
6.0 Hz, 1H, NH), 4.80 (s, 1H, OH), 3.48 (dd, J = 13.7, 7.1 Hz, 1H, 18-
H,), 3.29 (dd, J = 13.6, 5.6 Hz, 1H, 18-Hy), 3.10 (hept, J = 6.9 Hz, 1H,
15-H), 2.93-2.71 (m, 2H, 7-H, + 7-Hyp), 2.24-2.15 (m, 1H, 1-H,),
1.95-1.85 (m, 1H, 6-H,), 1.84-1.62 (m, 3H, 2-H, + 2-H, + 6-H,),
1.57-1.49 (m, 1H, 3-H,), 1.47-1.30 (m, 3H, 1-Hy + 3-H, + 5-H),
1.25-1.19 (m, 6H, 16-H + 17-H), 1.22 (s, 3H, 20-H), 1.02 (s, 3H, 19-H)
ppm; °C NMR (100 MHz, CDCly): § = 166.9 (C-21), 151.0 (C-13),
148.2 (C-9), 146.6 (C-23), 133.8 (C-26), 133.3 (C-22), 131.9 (C-12),
130.6 (C-25), 128.8 (C-27), 126.9 (C-8), 126.8 (C-14), 124.7 (C-24),
111.0 (C-11), 51.0 (C-18), 46.1 (C-5), 38.5 (C-1), 37.7 (C-4), 37.6 (C-
10), 36.3 (C-3), 29.5 (C-7), 26.9 (C-15), 25.3 (C-20), 22.8 (C-16), 22.7
(C-17), 19.3 (C-6), 18.8 (C-19), 18.7 (C-2) ppm; MS (ESI, MeOH): m/z
(%) = 451.2 ([IM+H] ™", 100), 473.3 ([M+Na]™*, 32); analysis calcu-
lated for C,,H34N504 (450.57): C 71.97, H7.61, N 6.22; found: C 71.70,
H 7.43, N 5.99.

4.3.12. 12-Hydroxy-N-(3-nitrobenzoyldehydroabietylamine (12)

Compound 12 was prepared according to the general procedure
from 3-nitrobenzoic acid (0.13 g, 0.78 mmol) and compound 1 (0.20 g,
0.66 mmol) followed by column chromatography (silica gel, n-hexane/
ethyl acetate/chloroform, 8:2:10) to yield compound 12 (0.22 g, 74%)
as a colorless solid; Rr = 0.33 (silica gel, n-hexane/ethyl acetate/
chloroform, 8:2:10); mp = 114-120°C; [alp = +19.3° (¢ = 0.37,
DMSO); IR (ATR): v = 3307br, 2955w, 2927w, 2867w, 1645m, 1616 m,
1528vs, 1417 m, 1349vs, 1160m, 754s, 717 scm™; UV-vis (CHCls):
Amax (10g €) = 270 nm (3.89); "H NMR (400 MHz, CDCl,): § = 8.55 (dd,
J = 1.8, 1.8 Hz, 1H, 23-H), 8.34 (ddd, J = 8.2, 2.1, 1.0 Hz, 1H, 25-H),
8.12-8.07 (m, 1H, 27-H), 7.62 (dd, J = 8.0, 8.0 Hz, 1H, 26-H), 6.83 (s,
1H, 14-H), 6.63 (s, 1H, 11-H), 6.25 (dd, J = 6.1, 6.1 Hz, 1H, NH), 4.82
(s, 1H, OH), 3.47 (dd, J = 13.7, 6.5 Hz, 1H, 18-H,), 3.37 (dd, J = 13.7,
6.5 Hz, 1H, 18-Hy), 3.10 (hept, J = 6.9 Hz, 1H, 15-H), 2.93-2.83 (m, 1H,
7-H,), 2.81-2.66 (m, 1H, 7-Hy), 2.24-2.14 (m, 1H, 1-H,), 2.00-1.92 (m,
1H, 6-H,), 1.85-1.65 (m, 3H, 2-H, + 2-H;, + 6-Hy), 1.57-1.51 (m, 1H,
3-H,), 1.44 (dd, J = 12.3, 1.9Hz, 1H, 5-H), 1.41-1.29 (m, 2H, 1-
H;, + 3-H;), 1.25-1.18 (m, 6H, 16-H + 17-H), 1.22 (s, 3H, 20-H), 1.02
(s, 3H, 19-H) ppm; *C NMR (100 MHz, CDCl3): § = 165.5 (C-21),
151.1 (C-13), 148.4 (C-24), 148.0 (C-9), 136.5 (C-22), 133.1 (C-27),
131.9 (C-12), 130.0 (C-26), 127.0 (C-8), 126.9 (C-14), 126.2 (C-25),
121.9 (C-23),111.0 (C-11), 50.9 (C-18), 46.0 (C-5), 38.5 (C-1), 37.9 (C-
4), 37.7 (C-10), 36.6 (C-3), 29.7 (C-7), 27.0 (C-15), 25.4 (C-20), 22.8
(C-16), 22.7 (C-17), 19.4 (C-6), 18.9 (C-19), 18.7 (C-2) ppm; MS (ESI,
MeOH): m/z (%) = 451.1 ((M+H] ", 58), 473.2 ([M+Na] ", 20), 901.3
([2M+H]™", 23), 923.1 ([2M+Nal*, 100); analysis calculated for
Co7H34N504 (450.57): C71.97, H 7.61, N 6.22; found: C 71.68, H 7.94,
N 6.00.

4.3.13. 12-Hydroxy-N-(4-nitrobenzoyl)dehydroabietylamine (13)
Compound 13 was prepared according to the general procedure
from 4-nitrobenzoic acid (0.13 g, 0.78 mmol) and compound 1 (0.20 g,
0.66 mmol) followed by column chromatography (silica gel, n-hexane/
ethyl acetate/chloroform, 7:3:10) to yield compound 13 (0.28 g, 94%)
as a colorless solid; Rr = 0.44 (silica gel, n-hexane/ethyl acetate/
chloroform, 7:3:10); mp = 185-187°C; [a]p = +22.81° (¢ = 0.35,
DMSO); IR (KBr) = 3396br, 2942s, 2928s, 2866 m, 2848 m 1638vs,
1598ys, 1488m, 1464m, 1440m, 1390m, 1344s, 1298s, 1232m,
1178 m, 1108 m, 1014w, 868 m, 858m, 752s, 722mem™}; UV-vis
(DMSO): Apax (log €) = 303 nm (4.11); H NMR (400 MHz, DMSO-dy):
8 = 8.72 (s, 1H, OH), 8.53 (dd, J = 6.3, 6.3 Hz, 1H, NH), 8.30-8.25 (i,
2H, 24-H), 8.05-8.00 (m, 2H, 23-H), 6.67 (s, 1H, 14-H), 6.61 (s, 1H,
11-H), 3.42 (dd, J =13.3, 6.9Hz, 1H, 18-H,), 3.11-2.99 (m, 2H,
15-H + 18-H,), 2.75-2.59 (m, 2H, 7-H, + 7-Hy), 2.13-2.06 (m, 1H,
1-H), 1.98-1.90 (m, 1H, 6-H,, 1.77-1.52 (m, 3H,
2-H, + 2-Hyp, + 6-Hp), 1.47 (ddd, J = 13.2, 13.2, 3.7 Hz, 1H, 3-H,),
1.41-1.33 (m, 2H, 5-H + 3-Hy,), 1.23 (ddd, J = 13.1, 13.1, 3.4 Hz, 1H,
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1-Hy), 1.13 (s, 3H, 20-H), 1.10 (d, J = 6.9 Hz, 3H, 16-H), 1.08 (d,
J = 6.9 Hz, 3H, 17-H), 0.92 (s, 3H, 19-H) ppm; >*C NMR (100 MHz,
DMSO-dg): § = 165.3 (C-21), 152.1 (C-13), 148.8 (C-25), 147.3 (C-9),
140.6 (C-22), 131.3 (C-12), 128.8 (C-24), 125.9 (C-14), 124.7 (C-8),
123.4 (C-23), 110.2 (C-11), 49.6 (C-18), 44.7 (C-5), 38.1 (C-1), 37.9
(C-4), 37.0 (C-10), 35.8 (C-3), 29.1 (C-7), 26.1 (C-15), 25.3 (C-20),
22.6 (C-16), 22.5 (C-17), 18.9 (C-6), 18.9 (C-19), 18.3 (C-2) ppm; MS
(ESI, MeOH): m/z (%) = 451.1 (IM+H] ™, 85), 473.1 ((M+Na] ™", 12),
901.1 ([2M+H]™*, 25), 923.0 ([2M+Na] ", 100); analysis calculated
for C,7H34N,04 (450.57): C 71.97, H 7.61, N 6.22; found: C 71.64, H
7.93, N 6.01.

4.3.14. 12-Acetoxy-N-(4-nitrobenzoyl)dehydroabietylamine (14)

Compound 13 (0.09g, 0.20mmol) was dissolved in dry DCM
(10mL), acetyl chloride (0.02mL, 0.28 mmol) and triethylamine
(0.01 mL, 0.07 mmol) were added. After 15 min of stirring followed by
usual aqueous work-up the residue and column chromatography (silica
gel, n-hexane/ethyl acetate/chloroform, 7:3:10), 14 (0.06 g, 61%) was
obtained as a colorless solid; Rp = 0.68 (silica gel, n-hexane/ethyl
acetate/chloroform, 6:4:10); mp = 114-117°C; [alp = +21.11°
(c = 0.34, CHCly); IR (KBr): v = 3422vs, 2962m, 2930 m, 2868 m,
1756 m, 1654s, 1618 m, 1602m, 1526vs, 1496 m, 1458 m, 1368 m,
1346, 1290m, 1210s, 1176 m, 1108w, 1016 m, 720 mcm ™~ *; UV-vis
(CHCl,): Amax (log €) = 283nm (4.02); '"H NMR (400 MHz, CDCls):
8 = 8.27-8.22 (m, 2H, 23-H), 7.90-7.86 (m, 2H, 24-H), 6.93 (s, 1H,
14-H), 6.81 (s, 1H, 11-H), 6.25 (dd, J = 6.2, 6.2 Hz, 1H, NH), 3.49 (dd,
J=13.7, 6.6 Hz, 1H, 18-H,), 3.27 (dd, J = 13.8, 6.3Hz, 1H, 18-H,),
2.97-2.84 (m, 2H, 7-H, + 15-H), 2.84-2.73 (m, 1H, 7-Hy), 2.29 (s, 3H,
27-H), 2.23-2.16 (m, 1H, 1-H,), 2.01-1.93 (m, 1H, 6-H,), 1.85-1.72
(m, 2H, 2-H, + 6-H;), 1.71-1.63 (m, 1H, 2-H;), 1.53-1.47 (m, 1H,
3-H,), 1.45 (dd, J =124, 2.1Hz, 1H, 5-H), 1.42-1.30 (m, 2H,
3-Hy + 1-Hy), 1.22 (s, 3H, 20-H), 1.18 (d, J = 6.9 Hz, 1H, 16-H), 1.14
(d, J = 6.9 Hz, 1H, 17-H), 1.01 (s, 3H, 19-H) ppm; *C NMR (100 MHz,
CDCl3): 6 = 170.2 (C-26), 165.8 (C-21), 149.7 (C-25), 148.2 (C-13),
146.3 (C-9), 140.5 (C-22), 137.1 (C-12), 132.9 (C-8), 128.2 (C-24),
127.2 (C-14), 124.0 (C-23), 118.0 (C-11), 50.6 (C-18), 45.3 (C-5),
38.3 (C-1), 37.9 (C-4), 37.7 (C-10), 36.5 (C-3), 29.9 (C-7), 27.3 (C-15),
25.4 (C-20), 23.1 (C-16), 23.1 (C-17), 21.1 (C-27), 19.2 (C-6), 19.0
(C-19), 18.6 (C-2) ppm; MS (ESI, MeOH): m/z (%) = 493.2 ([M+H] ",
45), 510.1 ([M+NH4]*, 15), 515.2 ([M+Na]*, 55), 985.1 ([2M
+H]"*, 85), 1007.0 ([2M+Nal*, 100), 1023.1 ([2M+K]*, 40);
analysis calculated for Co9H36N2Os (492.26): C 70.71, H 7.37, N 5.69;
found:; C 70.51, H 7.32, N 5.53.

4.3.15. 12-Hydroxy-N-(picolinoyl)dehydroabietylamine (15)

Compound 15 was prepared according to the general procedure
from picolinic acid (0.10g, 0.81 mmol) and compound 1 (0.20g,
0.66 mmol). Column chromatography (silica gel, n-hexane/ethyl
acetate/chloroform, 8:2:10) afforded compound 15 (0.19 g, 72%) as a
colorless solid; Rr = 0.42 (silica gel, n-hexane/ethyl acetate/chloro-
form, 8:2:10); mp = 106-109 °C; [a]p = +27.9° (¢ = 0.31, DMSO); IR
(ATR): v = 3372br, 2956 m, 2926 m, 2867w, 1664 s, 1535vs, 1464 m,
1418s, 1237s, 1185m, 1162m, 1089 m, 998 m, 818 m, 748s, 663s,
621 scm™Y; UV-vis (DMSO): Amax (log &) = 267 nm (3.71); H NMR
(400 MHz, CDCl3): § = 8.53 (ddd, J = 4.8, 1.6, 0.9Hz, 1H, 23-H),
8.25-8.16 (m, 2H, 26-H + NH), 7.82 (ddd, J = 7.7, 7.7, 1.7 Hz, 1H, 25-
H), 7.40 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, 24-H), 6.82 (s, 1H, 14-H), 6.65
(s, 1H, 11-H), 5.15 (s, 1H, OH), 3.46 (dd, J = 13.6, 6.9 Hz, 1H, 18-H,),
3.31 (dd, J = 13.6, 6.7 Hz, 1H, 18-H,), 3.12 (hept, J = 6.9 Hz, 1H, 15-
H), 2.90-2.70 (m, 2H, 7-H, + 7-Hp), 2.20-2.11 (m, 1H, 1-H,),
2.02-1.93 (m, 1H, 6-H,), 1.83-1.61 (m, 3H, 6-H;, + 2-H, + 2-Hy),
1.57-1.46 (m, 2H, 3-H, + 5-H), 1.45-1.31 (m, 2H, 1-Hp + 3-Hy),
1.26-1.19 (m, 6H, 16-H + 17-H), 1.21 (s, 3H, 20-H), 1.00 (s, 3H, 19-H)
ppm; 3C NMR (100 MHz, CDCls): 8§ = 164.6 (C-21), 150.0 (C-22),
151.1 (C-13), 148.2 (C-9), 148.2 (C-23), 137.5 (C-25), 131.8 (C-12),
127.1 (C-8), 126.8 (C-14), 126.2 (C-24), 122.5 (C-26),111.1 (C-11),
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50.2 (C-18), 45.7 (C-5), 38.4 (C-1), 37.9 (C-4), 37.7 (C-10), 36.4 (C-3),
29.8 (C-7), 27.0 (C-15), 25.5 (C-20), 22.8 (C-16), 22.7 (C-17), 19.4 (C-
6), 19.0 (C-19), 18.8 (C-2) ppm; MS (ESI, MeOH): m/z (%) = 407.3 ([M
+H]", 38), 429.3 ([(M+Na]*, 15), 813.2 ([2M~+H]", 20), 835.2
([2M+Na]™*, 100); analysis calculated for CpgH34N20, (406.56): C
76.81, H 8.43, N 6.89; found: C 76.69, H 8.63, N 6.71.

4.3.16. 12-Hydroxy-N-(nicotinoyl)dehydroabietylamine (16)

Compound 16 was prepared according to the general procedure
from nicotinic acid (0.10g, 0.81 mmol) and compound 1 (0.20g,
0.66 mmol). Column chromatography (silica gel, ethyl acetate/chloro-
form, 9:1) afforded compound 16 (0.19g, 71%) as a colorless solid;
Rr = 0.46 (silica gel, ethyl acetate/chloroform, 9:1); mp = 109-111 °C;
[alp = +16.4° (c = 0.32, DMSO); IR (ATR): v = 3284br, 2956 m,
2926 m, 2867w, 1643s, 1593m, 1543m, 1509m, 1417s, 1306s,
1238m, 1193m, 1160m, 1028 m, 998 m, 824 m, 745s, 705vs cm ™ };
UV-vis (DMSO): Apmax (log €) = 364nm (3.78); 'H NMR (500 MHz,
CDCl3): § = 9.10-9.07 (m, 1H, 24-H), 8.69 (dd, J = 4.9, 1.6 Hz, 1H, 23-
H), 8.21 (ddd, J = 8.0, 1.9, 1.9 Hz, 1H, 26-H), 7.46 (dd, J = 7.9, 4.9 Hz,
1H, 25-H), 6.82 (s, 1H, 14-H), 6.62 (s, 1H, 11-H), 6.53-6.47 (m, 1H,
NH), 3.45 (dd, J = 13.6, 6.4 Hz, 1H, 18-H,), 3.37 (dd, J = 13.7, 6.5 Hz,
1H, 18-Hy), 3.10 (hept, J = 6.9 Hz, 1H, 15-H), 2.91-2.83 (m, 1H, 7-H,),
2.82-2.71 (m, 1H, 7-Hp), 2.21-2.13 (m, 1H, 1-H,), 2.00-1.92 (m, 1H, 6-
H,), 1.83-1.72 (m, 2H, 6-H, + 2-H,), 1.71-1.63 (m, 1H, 2-H),
1.57-1.49 (m, 1H, 3-H,), 1.49-1.42 (m, 1H, 5-H), 1.43-1.29 (m, 2H, 1-
Hy + 3-Hyp), 1.24-1.19 (m, 6H, 16-H + 17-H), 1.22 (s, 3H, 20-H), 1.01
(s, 3H, 19-H) ppm; *C NMR (125MHz, CDCls): & = 165.7 (C-21),
151.8 (C-23), 151.1 (C-13), 148.1 (C-9), 147.4 (C-24), 135.9 (C-26),
131.9 (C-12), 130.9 (C-22), 127.0 (C-8), 126.9 (C-14), 123.9 (C-25),
111.0 (C-11), 50.6 (C-18), 46.0 (C-5), 38.5 (C-1), 37.9 (C-4), 37.7 (C-
10), 36.6 (C-3), 29.8 (C-7), 27.0 (C-15), 25.4 (C-20), 22.8 (C-16), 22.7
(C-17), 19.4 (C-6), 19.0 (C-19), 18.8 (C-2) ppm; MS (ESI, MeOH): m/z
(%) = 407.3 (IM+H]*, 100), 813.2 ([2M+H]*, 28), 835.2 ([2M
+Na]*, 18); analysis calculated for Co6H34N20, (406.56): C 76.81, H
8.43, N 6.89; found: C 76.67, H 8.65, N 6.71.

4.3.17. 12-Hydroxy-N-(isonicotinoyl)dehydroabietylamine (17)
Compound 17 was prepared according to general procedure from
isonicotinic acid (0.07g, 0.57 mmol) and compound 1 (0.15g,
0.50 mmol). Column chromatography (silica gel, ethyl acetate/chloro-
form, 1:1) afforded 17 [22] (0.16 g, 78%) as a colorless solid; Rr = 0.27
(silica gel, ethyl acetate/chloroform, 1:1); mp = 120-125°C;
[alp = +8.8° (c = 0.38, CHCl3); MS (ESI, MeOH): m/z (%) = 407.4
(IM+H]*, 100), 813.2 ([2M+H]*, 26), 835.2 ([2M+Na]*, 6).

4.3.18. 12-Acetoxy-N-(isonicotinoyl)dehydroabietylamine (18)

Compound 18 was prepared according to literaturefrom 12-
Acetoxydehydroabietylamine (0.10 g, 0.29 mmol) and isonicotinic acid
(0.05 g, 0.4 mmol). Column chromatography (silica gel, n-hexane/ethyl
acetate 3:7) gave compound 18 [22] (0.10 g, 77%) as a colorless solid;
Rr = 0.3 (silica gel, n-hexane/ethyl acetate, 3:7); mp = 85-89 °C;
[alp = +29.6° (c = 0.34, CHCl3); MS (ESI, MeOH): m/z (%) = 449.3
(IM+H]™", 100), 471.3 ([M+Nal*, 5), 897.1 ([2M+H] ™", 30), 918.9
([2M+Nal*, 10).

4.4. Cholinesterase assay

A mixture of the DTNB solution (125 pL), enzyme solution (25 pL)
and compounds solutions (25 pL, 3 different concentrations and once
blank water) was prepared and incubated at 30°C for 20 min. The
substrate (25 uL, 4 different concentrations) was added to start the
enzymatic reaction. The absorbance data (A = 415nm) was recorded
under a controlled temperature of 30 °C for 30 min at 1 min intervals.
The substrate concentrations in the test were as follows:
[ATChI] = 0.9375 mM, 0.625 mM, 0.325 mM, 0.1875 mM. The relative
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inhibition was determined as the quotient of the slopes (compound
divided by blank) of the linear ranges. The used substrate concentration
was 0.625 mM. The absorbance data was recorded under a controlled
temperature of 30 °C for 10 min.
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