
LETTER ▌697
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Abstract: A comprehensive study of the synthesis and structure of
new homodrimane sesquiterpenoids with diazine skeleton is pre-
sented. This is the first synthesis of homodrimane sesquiterpenoids
with diazine skeleton. In the same time, an efficient way for the one-
pot bisacylation of 2-aminopyrimidine is reported. The structure of
the bisacylamide was proven unambiguously, including the single-
crystal X-ray structure determination. A reliable explication and
feasible reaction mechanisms for the obtained compounds are pre-
sented.
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Sesquiterpenoids, especially those with a drimane skele-
ton, are natural or synthetic compounds with a wide appli-
cation in medicine, pharmaceutics, cosmetics, and
agriculture.1–3 A special attention was paid to natural and
synthetic drimane products with biological activity, par-
ticularly those with anticancer, antimicrobial, antifungal,
etc. activities1,2,4–7 On the other hand, fused and nonfused
diazines have proved to be invaluable materials for medi-
cine, pharmaceutics, optoelectronics, and agriculture.8–10

These compounds exhibit a large variety of biological ac-

tivities, such as antimicrobial, antifungal, antituberculo-
sis, antiviral, anti-HIV, anticancer, etc.10–17 N-Acylation
of amino diazines has attracted special attention of scien-
tists engaged in organic synthesis because of the pharma-
cological importance of the products.18,19 To the best of
our knowledge there is only one example for the bisacyl-
ation of amino diazines (2-aminopyrimidine) described in
the literature.20

In continuation of our work in the field of drimane
sesquiterpenoids21–23 and azaheterocycles10,11,13,14,16 with
potential practical applications, we report herein our pre-
liminary results on the synthesis of new homodrimane
sesquiterpenoids with diazine skeleton.

As a starting material for the synthesis of our compounds
was used bicyclohomofarnezenic acid (4) (obtained from
commercially available sclareolide (1) in six steps with an
overall yield 60%,24–27 Scheme 1). Two strategies were
then adopted in order to synthesize the bicyclohomofarne-
zenic acid amides 7a–c. Using method I29 the bicyclo-
homofarnezenic acid chloride (5, generated in situ from
acid 4) was treated with the corresponding amines 6a–c

Scheme 1 Reaction pathway for preparation of homodrimane sesquiterpenoids with diazine skeleton – method I
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(4-aminopyrimidine, aminopyrazine, and 2-aminopyrimi-
dine), leading to the desired products (Scheme 1).

In the case of 4-aminopyrimidine (6a) and aminopyrazine
(6b), only the monoacyl amide 7a and 7b were obtained.
However, on the interaction of the acid chloride 5 and 2-
aminopyrimidine (6c) besides the monoacyl amide 7c the
bisacylamide 8 was formed as a principal product.

In order to ascertain if the bisacylation reaction of 2-ami-
nopyrimidine could take place under any conditions, and
also with the purpose of the increasing of reaction yields,
we performed the acylation using another synthetic route
(method II, Scheme 2).30

In this method the acid 4 was treated directly with the cor-
responding amines 6a–c in the presence of dicyclo-
carbodiimide (DCC) and 4-dimethylaminopyridine
(DMAP). In this synthetic pathway, besides the desired
amides 7a–c31 and 8,28,32 another new compound, N-Δ8,13-

bicyclohomofarnezenoyl-N,N′-dicyclohexylurea (9), was
prepared. Moreover, the formation of the byproduct, N,N′-
dicyclohexylurea 10,33 makes the situation even more dif-
ficult. The formation of compounds 9 and 10 could be ex-
plained through the following reaction mechanism: after
the initial protonation of one nitrogen from DCC, a nu-
cleophilic attack of the carboxyl ion generated the inter-
mediate 11. The substituted urea 9 was then generated as
a result of a rearrangement process of this compound,
while N,N′-dicyclohexylurea 10 was produced as a by-
product on the interaction of the intermediate 11 with
amines 6a–c (Scheme 3).

The summary of the product yields, resulting from the two
methods of acylation, is given in Table 1.

It is to be pointed out that the bisacylation process took
place only in the case of 2-aminopyrimidine. No doubt
that this is a question of the placement of the amino group
between the two nitrogen atoms (which have an electron-

Scheme 2 Reaction pathway for preparation of homodrimane sesquiterpenoids with diazine skeleton – method II
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Scheme 3  Proposed reaction mechanism for the synthesis of homodrimane sesquiterpenoids with diazine skeleton through method II
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Table 1  Yields and Products Obtained in the Acylation Reactions of Amines 6a–c

Method Compound and yield

I 7a 60% 7b 15% 7c 16% + 8 54%

II 7a 53% + 9 20% 7b 52% + 9 17% 7c 22% + 8 33% + 9 22%
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withdrawing effect) of the pyrimidine ring, which acti-
vates the amino group. As a result, this amino group could
be bisacylated.

The structures of all new compounds were proved unam-
biguously by elemental and spectral analysis [IR, 1H
NMR, 13C NMR, two-dimensional experiments 2D-
COSY, 2D-HETCOR (HMQC), long-range 2D-
HETCOR (HMBC)], and finally, in the case of the bis-
acylamide 8, also through single-crystal X-ray structure
determination (Figure 1).

Figure 1  ORTEP representation at 40% probability for compound 8
including atom-numbering scheme

In conclusion, we report herein an efficient and straight-
forward route for the synthesis of new homodrimane ses-
quiterpenoids with diazine skeleton. Two acylation
procedures were used for the synthesis of our derivatives:
acylation with acyl chlorides and acylation with organic
acids. The acylation of aminodiazine with acyl chlorides
proved to be more efficient. The structure of compounds
was proven unambiguously by elemental and spectral
analysis, in the case of bisacylamide 8 also through single-
crystal X-ray structure determination. A reliable explica-
tion and feasible reaction mechanism for the obtained
compounds is presented. On our knowledge, this is the
first example of a homodrimane sesquiterpenoid with di-
azine skeleton and also the first example of an efficient
way for the one-pot bisacylation of aminodiazine.
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chromatography on silica (CHCl3). The following 
supplementary operations and remarks were to be pointed 
out in the case of reaction products derived from amine 6c: 
elution with CHCl3 afforded gradually the bisacylamide 8, 
the monoacyl amide 7c, and a two-component mixture. This 
mixture was subject to a second flash over silica (PE–Et2O, 
8:2) when monoacyl amide 7c and some unreacted acid 4 
were separated.

(30) Typical Procedure for the Synthesis of 
Bicyclohomofarnezenic Acid Derivatives with Diazine 
Skeleton – Method II
A solution of DCC (215 mg, 1.04 mmol), DMAP (100 mg, 
0.82 mmol), aminodiazine 6a–c (0.84 mmol), and the acid 4 
(100 mg, 0.40 mmol) in CH2Cl2 (4 mL) was stirred at r.t. for 
an appropriate period of time [10 h for 4-aminopyrimidine 
(6a), 28 h for aminopyrazine (6b), 5 h for 2-
aminopyrimidine (6c)]. A precipitate was filtered off, 
washed with CH2Cl2, and the filtrate was evaporated under 
reduced pressure. The residue was dissolved in CHCl3 (5 
mL) and was purified by flash chromatography on silica 
(CHCl3). The following supplementary operations and 
remarks were to be pointed out in the case of reaction 
products derived from amine 6c: elution with CHCl3 gave a 
mixture of the bisacylamide 8 and the urea 9. For the 
separation of these compounds, the mixture was extracted 
first with PE. The undissolved precipitate was filtered off 
and washed thoroughly with PE when the bisacylamide 8 
was obtained. The filtrate solution was evaporated to dryness 
and the residue crystallized from MeCN giving urea 9. The 
remaining silica from the first flash chromatography was 
washed with CHCl3 affording a mixture of the monoacyl 
amide 7c and dicyclohexylurea 10. This mixture was 
extracted with Et2O. The undissolved precipitate of 
dicyclohexylurea 10 was filtered off, and the ether filtrate 
was concentrated to dryness. The obtained residue was 
crystallized from MeCN to give the monoacyl amide 7c. 

(31) Δ8,13-Bicyclohomofarnezenic Acid Amide (7c)
White crystals; mp 149–150 °C. [α]D

26 –14.8 (c 0.6, CHCl3). 
IR: 3262, 3189, 3111 (NH amide), 3078, 892 (semicyclic 
methylene), 1725 (C=O, amide), 1649, 1574, 1435, 1155 
(pyrimidine cycle) cm–1. 1H NMR (400 MHz, CDCl3): δ = 
8.60 (2 H, d, J = 8.0 Hz, H-18, H-20), 8.51 (1 H, br s, NH), 
6.99 (1 H, t, J = 4.9 Hz, H-19), 4.79 (1 H, s, Ha-13), 4.54 (1 
H, s, Hb-13), 2.95 (1 H, dd, J = 16.6, 10.1 Hz, Ha-11), 2.79 
(1 H, dd, J = 16.6, 3.7 Hz, Hb-11), 2.56 (1 H, dd, J = 10.1, 
3.7 Hz, H-9), 2.41 (1 H, ddd, J = 13.0, 4.0, 2.4 Hz, Ha-7), 
2.15 (1 H, td, J = 13.0, 4.0 Hz, Hb-7), 1.26 (1 H, dd, J = 12.6, 
2.1 Hz, H-5), 1.80–1.10 (8 H, m), 0.90 (3 H, s, H-14), 0.83 

(3 H, s, H-15), 0.76 (3 H, s, H-16). 13C NMR (100 MHz, 
CDCl3): δ = 172.64 (s, C-12), 158.32 (d, C-20), 158.32 (d, 
C-18), 157.70 (s, C-17), 149.27 (s, C-8), 116.14 (d, C-19), 
106.51 (t, C-13), 55.21 (d, C-5), 52.27 (d, C-9), 42.12 (t, C-
3), 39.24 (s, C-10), 39.09 (t, C-1), 37.67 (t, C-7), 33.57 (q, 
C-14), 33.56 (t, C-11), 33.53 (s, C-4), 24.13 (t, C-6), 21.77 
(q, C-15), 19.35 (t, C-2), 14.75 (q, C-16). 

(32) 2-Bis-Δ8,13-bicyclohomofarnezenoylaminopyrimidine (8)
White crystals; mp 205–206 °C. [α]D

26 27.78 (c 0.33, 
CHCl3). IR: 3088, 897 (semicyclic methylene), 1704 (C=O, 
amide), 1644, 1567, 1460, 1410, 1162 (pyrimidine cycle) 
cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.87 (2 H, d, J = 4.9 
Hz, H-18, H-20), 7.34 (1 H, t, J = 4.9 Hz, H-19), 4.80 (2 H, 
s, Ha-13, Ha-13′), 4.52 (2 H, s, Hb-13, Hb-13′), 2.72 (2 H, 
dd, J = 16.9, 2.6 Hz, Ha-11, Ha-11′), 2.56 (2 H, dd, 16.9, 
10.2 Hz, Hb-11, Hb-11′), 2.49 (2 H, dd, J = 10.0, 2.0 Hz, H-
9, H-9′), 2.39 (2 H, ddd, J = 13.0, 4.0, 2.3 Hz, Ha-7, Ha-7′), 
2.10 (2 H, td, J = 13.0, 5.0, Hz, Hb-7, Hb-7′), 1.18 (2 H, dd, 
J = 12.5, 2.5 Hz, H-5, H-5′), 1.80–1.03 (16 H, m), 0.87 (6 H, 
s, H-14, H-14′), 0.79 (6 H, s, H-15, H-15′), 0.59 (6 H, s, H-
16, H-16′). 13C NMR (100 MHz,CDCl3): δ = 175.22 (s, C-
12), 159.95 (s, C-17), 159.34 (d, C-18), 159.34 (d, C-20), 
148.92 (s, C-8), 120.20 (d, C-19), 106.41 (t, C-13), 55.12 (d, 
C-5), 51.90 (d, C-9), 42.05 (t, C-3), 39.03 (t, C-1), 38.90 (s, 
C-10), 37.54 (t, C-7), 34.38 (t, C-11), 33.56 (q, C-14), 33.49 
(s, C-4), 23.97 (t, C-6), 21.73 (q, C-15), 19.25 (t, C-2), 14.63 
(q, C-16). 

(33) N-Δ8,13-Bicyclohomofarnezenoyl-N,N′-Dicyclohexylurea 
(10)
White crystals; mp 166–167 °C. [α]D

26 11.9 (c 1.34, CHCl3). 
IR: 3266 (NH amide), 3074, 879 (semicyclic methylene), 
1698 (C=O amide), 1658 (C=O amide) cm–1. 1H NMR (400 
MHz, CDCl3): δ = 6.47 (1 H, br s, NH), 4.75 (1 H, s, Ha-13), 
4.43 (1 H, s, Hb-13), 4.02 (1 H, m, H-17), 3.72 (1 H, m, H-
24), 2.49 (3 H, m, Ha-11, Hb-11, H-9), 2.38 (1 H, ddd, 
J = 12.9, 3.8, 2.2 Hz, Ha-7), 2.13 (1 H, td, J = 12.9, 4.9 Hz, 
Hb-7), 2.05–1.05 (28 H, m), 1.22 (1 H, dd, J = 12.7, 2.1 Hz, 
H-5), 0.90 (3 H, s, H-14), 0.82 (3 H, s, H-15), 0.71 (3 H, s, 
H-16). 13C NMR (100 MHz, CDCl3): δ = 172.51 (s, C-12), 
154.32 (s, C-23), 149.45 (s, C-8), 105.97 (t, C-13), 55.15 (d, 
C-5), 52.09 (d, C-9), 49.86 (d, C-17), 49.13(d, C-24), 42.04 
(t, C-3), 39.09 (t, C-1), 39.02 (s, C-10), 37.68 (t, C-7), 33.56 
(q, C-14), 33.50 (s, C-4), 32.80 (t, C-25 and C-29), 31.55 (t, 
C-11), 31.22 (t, C-22), 30.69 (t, C-18), 26.25 (t, C-19 and C-
21), 25.48 (t, C-27), 25.40 (t, C-20), 24.73 (t, C-26 and C-
28), 24.05 (t, C-6), 21.73 (q, C-15), 19.29 (t, C-2), 14.81 (q, 
C-16). 
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