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Abstract—An efficient approach toward synthesis of maleopimaric acid N-arylimides starting from rosin 
maleic anhydride adduct without isolation of maleopimaric acid has been elaborated. Terpenoid diimide diacids 
and their esters have been synthesized based on the obtained N-arylimides. Thermal stability of the products 
has been estimated by derivatography. 
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One of the promising applications of renewable 
wood-chemical raw materials is synthesis of certain 
valuable chemicals. The best accessible individual 
terpenoid compound isolated from adduct of rosin 
(product of pine turpentine treatment) with maleic 
anhydride is maleopimaric acid I, a convenient 
synthon for preparation of compounds possessing a 
wide range of useful properties and application. 
Aliphatic amides, imides, and amide-imides have been 
the described among nitrogen-containing derivatives of 
maleopimaric acid [1–4]; the compounds have shown a 
set of valuable properties such as hepatoprotective [2], 
nematicidal [3], fungicidal, and bactericidal [4] 
activities. Only a few representatives of acid I 
aromatic imides have been known; for example, 4-
aminophenyl imide [5] converted into thermally stable 
poly(amido)imides [6], N-(2-methyl-α-naphthyl)imide 
displaying antineoplastic activity [7], and 4-carboxy-
phenyl imide prepared from levopimaric acid and p-
carboxyphenylmaleic acid imide [8]. At the same time, 
aromatic imides as well as aliphatic imides may 
possess diverse biological activity. Since maleopimaric 
acid is an accessible chiral acid, it may be used for 
separation of optical isomers of amines [9] provided 
that the labile anhydride group is converted into the 
fragment inert towards amines. Maleopimaric acid N-
arylimides serve as suitable substrates. 

Maleopimaric acid 4-phenyl-(4-methyl-, 4-hyd-
roxy-, 4-bromo-, 4-amino-, 3-amino-, and 3-carboxy-
phenyl)imides have been prepared earlier [10] via 

refluxing of a mixture of individual acid I with the 
corresponding amine (taken in 10 mol % excess or in 
equimolar amount) in toluene or pyridine. Reaction of 
3- and 4-aminophenylimides with substituted benzal-
dehydes of vanillin series afforded biologically active 
azomethines [11, 12]. 

This work aimed to elaborate an efficient method of 
synthesis of maleopimaric acid N-arylimides IIIa–IIIl 
from accessible adduct of rosin with maleic anhydride 
and aromatic amines IIa–IIl without isolation of 
individual acid I (refluxing in toluene during 40 h). 
The rosin–maleic anhydride adduct with content of 
maleopimaric acid I of about 57% was prepared via 
treatment of rosin with maleic anhydride [13, 14]. 

Under the elaborated conditions, maleopimaric acid 
I as a component of the adduct reacted with aromatic 
amines IIa–IIl via the anhydride group to form 
exclusively N-arylimides IIIa–IIIl as insoluble preci-
pitates that could be easily separated off the unreacted 
tar acids, well soluble in toluene. Such preparation of 
N-arylimides avoided the stage of maleopimaric acid 
isolation, allowing to significantly reduce the process 
duration and amount of the consumed organic 
solvents; the target imides could be isolated in 51–71% 
(with respect to rosin–maleic anhydride adduct) or 60–
99% (with respect to maleopimaric acid contained in 
the rosin–maleic anhydride adduct) yield (Scheme 1). 

The synthesized imides were colorless (IIIa–IIIc, 
IIIf–IIIk) or slightly colored (IIId, IIIe, IIIl) solids 
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practically insoluble in majority of organic solvents 
(benzene, toluene, THF, diethyl ether, acetone, and 
DMF) and partially (up to 2–5%) soluble in DMSO; 
solubility of p-iodophenylimide IIIl in DMSO was of 25%. 

Structures of imides IIIa–IIIl were confirmed by 
elemental analysis, IR and 1H NMR spectroscopy, and 
mass spectrometry data. According to 1H NMR 
spectroscopy, purity of the prepared compounds was of 
98±1%. 

IR spectra of compounds IIIa–IIIl contained no 
absorption bands of C=O of anhydride group (1780 
and 1840 cm–1), and the bands of C=O stretching at 
1690 and 1760 cm–1 appeared, characteristic of imide 
ring of maleopimaric acid [15]. Absorption bands at 
1500 (C=Carom) and 1390 cm–1 (C–N) were observed in 
the spectra as well. In the 1H NMR spectra of the 
compounds, the signals characteristic of maleopimaric 
acid were retained [16], and the signals corresponding 
to the protons of N-aryl fragment (6.80–8.05 ppm) 
appeared. The mass spectra contained a peak of mole-
cular ion [M + 1]+. 

Reaction of aminoimides IIId and IIIe with 
maleopimaric acid in solution and in melt was studied. 

It was found that the reaction of maleopimaric acid 
with p-aminoimide IIId (molar ratio of 1.5 : 1) in 1,2-
dichlorobenzene under reflux during 3–8 h yielded 
diimide diacid IV in 44–47% yield; that acid has been 
earlier obtained from levopimaric acid and N,N'-(1,4-
phenylene)dimaleimide [8]. The reaction of p-amino-
imide IIId with maleopimaric acid in melt (molar ratio 
of 1 : 5) at 260–270°C during 2 h afforded the target 
product IV with yield of 37% [10] (Scheme 2). 

The reaction of maleopimaric acid with m-
aminoimide IIIe under the similar conditions resulted 
in a hardly separable mixture of diimide diacid V and 
unreacted starting compounds (1H NMR). 

Diimide diacids IV and V could be prepared in 
higher yield via reaction of maleopimaric acid with p- 
and m-phenylenediamines (molar ratio of 3 : 1) in 1,2-
dichlorobenzene under reflux; the yield of diimide 
diacid IV achieved 68%, pure diacid V was isolated by 
preparative TLC in 48% yield. The higher yields of the 
target acids IV and V as compared to the reaction of 
maleopimaric acid with p- and m-aminoimides IIId 
and IIIe could be explained by possibility of the 
formation of oligomeric products from the starting 
aminoimides IIId and IIIe at 180–260°C [5, 6]. 

Ar = С6H5 (а), p-С6H4CH3 (b), o-С6H4CH3 (c), p-С6H4NH2 (d), m-С6H4NH2 (e), p-С6H4OH (f), p-С6H4OCH3 (g), p-С6H4F 
(h), p-С6H4Cl (i), m-С6H4Cl (j), p-С6H4Br (k), p-С6H4I (l).  
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Treatment of diacid IV with dimethyl sulfate or 
allyl bromide in DMF in the presence of K2CO3 
afforded dimethyl ester VIa and diallyl ester VIb in 92 
and 78% yield, respectively (Scheme 3). 

The prepared compounds V, VIa, and VIb were 
colorless crystalline substances soluble in DMF, 
DMSO, acetone, toluene, and chloroform; diacid IV 
was soluble in DMF and DMSO and poorly soluble in 
common organic solvents. 

Composition and structure of compounds IV–VI 
were confirmed by elemental analysis, mass spectro-
metry, IR, 1H, and 13C NMR spectroscopy data. Accord-
ing to 1H NMR, purity of the prepared compounds was 
of 98±1%. IR spectra of compounds IV–VI contained 
the characteristic absorption bands coinciding with the 
proposed compounds structure, cm–1: 1770–1780 and 
1710–1714 [(C=O)N], 1510−1514 (С=Сarom), and 
1390–1370 (C–N). 1H NMR spectra of the products 
contained the signals characteristic of acid I [16] and 
of N-aryl substituents at 6.81–7.53 ppm. 

Thermal stability of imides IIIa, IIId, IIIf, IIIh–
IIIj, and IIIl was determined by derivatography method 
[17]. The compounds were found to be thermally 
stable, and their decomposition occurred at 315–320°C 
(30–35°C above the decomposition point of the 
starting acid I). Thermal stability of p-iodophenyl-
imide IIIl was the same as that of maleopimaric acid 
(decomposition point 290°C). Diimide diacid IV 
melted at 396–398°C with decomposition. 

All the prepared compounds are of interest as 
potential high-temperature modifiers of industrial 
polymeric and elastomeric compositions. Aminoimides 
IIId and IIIe, diimide diacids IV and V, and esters 
VIa–VIb can be used in synthesis of new polyester-
imide polymers and co-polymers. 

EXPERIMENTAL 

IR spectra were recorded with a Bruker Tensor 27 
IR Fourier spectrometer (KBr pellets). 1H and 13C 
NMR spectra were registered with an AVANCE 500 
instrument operating at 500 (1Н) or 125 (13С) MHz 
(solutions in DMSO-d6 in the cases of IIIa–IIIl, IV, 
V; or in CDCl3 in the cases of VIa–VIb). Mass spectra 
were obtained with an Accela mass spectrometer 
equipped with an LCQ Fleet mass detector at 
atmospheric pressure chemical ionization (APCI) 
mode. Elemental analysis was performed with a 
VARIO Micro Cube CHNS-analyzer. 

Thermal stability of the N-arylimides was studied 
with a NETZSCH STA 409 PC/PG derivatograph in 
argon at heating rate of 5 deg min–1. In the case of 
diacid IV, a MOM Q-1500D derivatograph was used, 
other conditions being the same. 

The starting rosin–maleic anhydride adduct was 
prepared by treatment of pine turpentine colophony 
(1000 g) with maleic anhydride (200 g) under argon at 
180–200°C during 8 h. Content of maleopimaric acid 
was of 56.7% according to 1H NMR; softening tem-
perature was of 112–114°C, acid number reached     
260 mg of KOH per g. 

Maleopimaric acid N-arylimides (IIIa–IIIl) (general 
procedure). A mixture of 10 g of rosin–maleic anhyd-
ride adduct, 0.0175 mol of the aromatic amine, and    
25 mL of toluene was heated under reflux with a con-
denser and Dean–Stark trap during 40 h and then in-
cubated at 18–20°C during 48 h. The imide precipitate 
was filtered off, washed with toluene (3 × 5 mL), and 
dried in air. 

Maleopimaric acid N-phenylimide (IIIa). Yield 
5.09 g (75.6% with respect to maleopimaric acid), mp 
305–307°С. Found, %: С 75.43; Н 8.19; N 2.71. 
C30H37NO4. Calculated, %: C 75.76; H 7.84; N 2.94. 
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Maleopimaric acid N-(p-methylphenyl)imide 
(IIIb). Yield 6.27 g (90.3%), mp 302–304°С. Found, 
%: С 76.21; Н 7.79; N 2.68. C31H39NO4. Calculated, 
%: C 76.04; H 8.03; N 2.86. 

Maleopimaric acid N-(p-hydroxyphenyl)imide 
(IIIf). Yield 6.01 g (86.2%), mp 308–310°С. Found, 
%: С 73.09; Н 7.44; N 2.93. C30H37NO5. Calculated, 
%: C 73.29; H 7.59; N 2.85. 

Maleopimaric acid N-(p-bromophenyl)imide (IIIk). 
Yield 6.74 g (85.7%), mp 275–277°С. Found, %: С 
64.64; Н 7.69; N 2.60. C30H36BrNO4. Calculated, %: C 
64.98; H 6.54; N 2.53. 

The spectral parameters of imides IIIa, IIIb, IIIf, 
and IIIk coincided with those described in [10]. 

Maleopimaric acid N-(o-methylphenyl)imide (IIIc). 
Yield 5.28 g (76.0%), mp 279–281°С. IR spectrum, ν, 
cm–1: 2570 (О–Н), 1771, 1707 [(C=O)N], 1496 
(C=Carom), 1384 (C–N). 1Н NMR spectrum, δ, ppm (a 
mixture of two antropoisomers in a ratio of 1 : 0.74, 
the spectrum of the major one is given): 0.56 s (3H, 
С20H3), 0.90 m (1Н), 0.94 d, 0.97 d [6H, (CH3)2CH,    
J 7 Hz], 1.05 s (3Н, С18Н3), 1.17 m (2Н), 1.35–1.75 m 
(10Н), 1.93 s (3H, СН3С6Н4), 2.17 sextet [1H,               
(CH3)2CH, J 7 Hz], 2.33 m (1Н, С7Нeq), 2.70 d (1Н, 
С15Н, J 8 Hz), 3.00 br.s (1Н, C12H), 3.08 d.d (1Н, 
С16Н, J 8, 2.5 Hz), 5.51 s (1Н, С14Н), 7.05 d (1H, 
Нarom, J 7.5 Hz), 7.24–7.33 m (3Н, Нarom). Mass spectrum, 
m/z: 491 [М + 1]+. Found, %: С 75.72; Н 7.89; N 2.90. 
C31H39NO4. Calculated, %: C 76.04; H 8.03; N 2.86. 

Maleopimaric acid N-(p-aminophenyl)imide (IIId). 
Yield 6.92 g (99.4%), mp 288–290°С. IR spectrum, ν, 
cm–1: 2620 (О–Н), 1768, 1695 [(C=O)N], 1496 
(C=Carom), 1390 (C–N). 1Н NMR spectrum, δ, ppm: 
0.56 s (3H, С20H3), 0.91 d, 0.92 d [6H, (CH3)2CH,                  
J 6 Hz], 0.96 m (1Н), 1.04 s (3Н, С18Н3), 1.15 m (2Н), 
1.36–1.57 m (7Н), 1.61–1.71 m (3Н), 2.14 sextet [1H, 
(CH3)2CH, J 6 Hz], 2.40 m (1Н, С7Нeq), 2.62 d (1Н, 
С15Н, J 8 Hz), 2.93 br.s (1Н, C12H), 2.95 d.d (1Н, 
С16Н, J 8, 3 Hz), 5.47 s (1Н, С14Н), 6.53 d (2H, Нarom, 
J 9 Hz), 6.62 d (2H, Нarom, J 9 Hz). Mass spectrum,           
m/z: 491 [М + 1]+. Found, %: С 72.44; Н 7.60; N 5.38. 
C30H38N2O4. Calculated, %: C 73.44; H 7.81; N 5.93. 

Maleopimaric acid N-(m-aminophenyl)imide (IIIe). 
Yield 6.12 g (87.9%), mp 349–351°С. IR spectrum, ν, 
cm–1: 2620 (О–Н), 1767, 1694 [(C=O)N], 1517 (C=Carom), 
1388 (C–N). 1Н NMR spectrum, δ, ppm: 0.56 s (3H, 
С20H3), 0.90 m (1Н), 0.93 d [6H, (CH3)2CH, J 7 Hz], 
1.05 s (3Н, С18Н3), 1.15 m (2Н), 1.35–1.72 m (10Н), 

2.15 sextet [1H, (CH3)2CH, J 7 Hz], 2.40 m (1Н, 
С7Нeq), 2.66 d (1Н, С15Н, J 8 Hz), 2.94 br.s (1Н, 
C12H), 2.98 d.d (1Н, С16Н, J 8, 3 Hz), 5.28 br.s (2H, 
NH2), 5.48 s (1Н, С14Н), 6.11 d (1H, Нarom, J 8 Hz), 
6.20 s (1H, Нarom), 6.52 d (1H, Нarom, J 8 Hz), 7.03 m 
(1H, Нarom). Mass spectrum, m/z: 491 [М + 1]+. Found, 
%: С 73.63; Н 7.10; N 5.88. C30H38N2O4. Calculated, 
%: C 73.44; H 7.81; N 5.93. 

Maleopimaric acid N-(p-methoxyphenyl)imide 
(IIIg). Yield 7.12 g (99.3%), mp 286–288°С. IR 
spectrum, ν, cm–1: 2587 (О–Н), 1769, 1701 [(C=O)N], 
1512 (C=Carom), 1399 (C–N). 1Н NMR spectrum, δ, 
ppm: 0.56 s (3H, С20H3), 0.91 d, 0.92 d [6H,                    
(CH3)2CH, J 7 Hz], 0.96 m (1Н), 1.05 s (3Н, С18Н3), 
1.16 m (2Н), 1.30–1.74 m (10Н), 2.15 sextet [1H, 
(CH3)2CH, J 7 Hz], 2.42 m (1Н, С7Нeq), 2.68 d (1Н, 
С15Н, J 8 Hz), 2.95 br.s (1Н, C12H), 3.00 d.d (1Н, 
С16Н, J 8, 2.5 Hz), 3.76 s (3H, СН3О), 5.50 s (1Н, 
С14Н), 6.97 m (4H, Нarom). Mass spectrum, m/z: 506 
[М + 1]+. Found, %: С 73.90; Н 7.45; N 2.90. 
C31H39NO5. Calculated, %: C 73.63; H 7.77; N 2.77. 

Maleopimaric acid N-(p-fluorophenyl)imide (IIIh). 
Yield 5.52 g (78.8%), mp 306–308°С. IR spectrum, ν, 
cm–1: 2579 (О–Н), 1772, 1705 [(C=O)N], 1510 (C=Carom), 
1394 (C–N). 1Н NMR spectrum, δ, ppm: 0.56 s (3H, 
С20H3), 0.90 m (1Н), 0.91 d, 0.92 d [6H, (CH3)2CH,     
J 6 Hz], 1.05 s (3Н, С18Н3), 1.16 m (2Н), 1.34–1.74 m 
(10Н), 2.16 sextet [1H, (CH3)2CH, J 6 Hz], 2.42 m 
(1Н, С7Нeq), 2.71 d (1Н, С15Н, J 8 Hz), 3.00 br.s (1Н, 
C12H), 3.03 d.d (1Н, С16Н, J 8, 3 Hz), 5.51 s (1Н, 
С14Н), 7.10 m (2H, Нarom), 7.30 m (2H, Нarom). Mass 
spectrum, m/z: 494 [М + 1]+. Found, %: С 73.09; Н 
7.70; N 2.99. C30H36FNO4. Calculated, %: C 73.00; H 
7.35; N 2.84. 

Maleopimaric acid N-(p-chlorophenyl)imide (IIIi). 
Yield 5.74 g (79.4%), mp 296–298°С. IR spectrum, ν, 
cm–1: 2577 (О–Н), 1773, 1706 [(C=O)N], 1493 
(C=Carom), 1390 (C–N). 1Н NMR spectrum, δ, ppm: 
0.56 s (3H, С20H3), 0.90 m (1Н), 0.91 d, 0.92 d [6H, 
(CH3)2CH, J 6 Hz], 1.05 s (3Н, С18Н3), 1.16 m (2Н), 
1.32–1.74 m (10Н), 2.15 sextet [1H, (CH3)2CH,                    
J 6 Hz], 2.41 m (1Н, С7Нeq), 2.71 d (1Н, С15Н, J Hz), 
2.96 br.s (1Н, C12H), 3.03 d.d (1Н, С16Н, J 8, 2.5 Hz), 
5.51 s (1Н, С14Н), 7.09 d (2H, Нarom, J 9 Hz), 7.53 d 
(2H, Нarom, J 9 Hz). Mass spectrum, m/z: 511 [М + 1]+. 
Found, %: С 70.89; Н 7.32; N 2.94. C30H36СlNO4. 
Calculated, %: C 70.64; H 7.11; N 2.75. 

Maleopimaric acid N-(m-chlorophenyl)imide (IIIj). 
Yield 5.89 g (81.5%), mp 273–275°С. IR spectrum, ν, 
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cm–1: 2580 (О–Н), 1774, 1708 [(C=O)N], 1478 
(C=Carom), 1382 (C–N). 1Н NMR spectrum, δ, ppm: 
0.56 s (3H, С20H3), 0.88 m (1Н), 0.91 d, 0.92 d [6H, 
(CH3)2CH, J 6 Hz], 1.05 s (3Н, С18Н3), 1.16 m (2Н), 
1.34–1.76 m (10Н), 2.16 sextet [1H, (CH3)2CH,                       
J 6 Hz], 2.42 m (1Н, С7Нeq), 2.71 d (1Н, С15Н, J 7 Hz), 
2.96 br.s (1Н, C12H), 3.04 d.d (1Н, С16Н, J 8, 2.5 Hz), 
5.52 s (1Н, С14Н), 7.05 m (1H, Нarom), 7.15 m (1H, 
Нarom), 7.49 m (2Н, Нarom). Mass spectrum, m/z: 511 
[М + 1]+. Found, %: С 70.38; Н 7.29; N 2.89. 
C30H36СlNO4. Calculated, %: C 70.64; H 7.11; N 2.75. 

Maleopimaric acid N-(p-iodophenyl)imide (IIIl). 
Yield 5.08 g (59.6%), mp 241–243°С. IR spectrum, ν, 
cm–1: 2575 (О–Н), 1773, 1704 [(C=O)N], 1488 
(C=Carom), 1390 (C–N). 1Н NMR spectrum, δ, ppm: 
0.55 s (3H, С20H3), 0.89 d and 0.91 d [6H, (CH3)2CH, 
J 6 Hz], 0.91 m (1Н), 1.04 s (3Н, С18Н3), 1.15 m (2Н), 
1.35–1.72 m (10Н), 2.14 sextet [1H, (CH3)2CH,                      
J 6 Hz], 2.41 m (1Н, С7Нeq), 2.70 d (1Н, С15Н, J 8 Hz), 
2.95 br.s (1Н, C12H), 3.02 d.d (1Н, С16Н, J 8, 3 Hz), 
5.50 s (1Н, С14Н), 6.87 d (2H, Нarom, J 8 Hz), 7.81 m 
(2H, Нarom, J 8 Hz). Mass spectrum, m/z: 602 [М + 1]+. 
Found, %: С 59.64; Н 6.11; N 3.04. C30H36INO4. 
Calculated, %: C 59.90; H 6.03; N 2.33. 

Diimide-diacid (IV). a. A solution of 0.7 g (0.0014 mol) 
of maleopimaric acid N-(4-aminophenyl)imide IIId 
and 0.85 g (0.0021 mol) of maleopimaric acid in 3 mL 
of 1,2-dichlorobenzene was refluxed during 3–8 h and 
then incubated at 18–20°C during 48 h. The precipitate 
was filtered off, washed with toluene (3 × 0.5 mL), and 
dried in air during 48 h. Yield 44% (3 h), 47% (8 h). 

b. A solution of 3 g (0.0075 mol) of maleopimaric 
acid and 0.27 g (0.0025 mol) of p-phenylenediamine in 
6 mL of 1,2-dichlorobenzene was refluxed during 8 h 
and then incubated during 48 h at 18–20°C. The pre-
cipitate was filtered off, washed with toluene (3 × 2 mL), 
and dried in air during 48 h. Yield 68% (1.49 g), mp 
398–399°С (decomp.). IR spectrum, ν, cm–1: 2550   
(О–Н), 1770, 1710 [(C=O)N], 1510 (C=Carom), 1380 
(C–N). Mass spectrum, m/z: 874 [М + 1]+. Found, %: 
С 74.41; Н 8.07; N 2.97. С54H68N2O8. Calculated, %: 
C 74.28; H 7.85; N 3.21. The spectral characteristics 
coincided with the reference data [8]. 

Diimide-diacid (V). A solution of 3 g (0.0075 mol) 
of maleopimaric acid and 0.27 g (0.0025 mol) of m-
phenylenediamine in 6 mL of 1,2-dichlorobenzene was 
refluxed during 8 h. The solvent was removed under 
reduced pressure (10 mmHg), and 3.24 g of the 

product was obtained. The target diimide diacid V was 
isolated by preparative TLC on Fluka Silica plates    
(10 × 10 cm, eluent hexane–acetone, 1.1 : 1). 0.031 g 
(48%) of diacid V with mp 336–338°C was obtained 
from 0.1 g of the reaction product. IR spectrum, ν, cm–1: 
2550 (О–Н), 1770, 1710 [(C=O)N], 1510 (C=Carom), 
1380 (C–N). 1Н NMR spectrum, δ, ppm: 0.56 s (6H, 
С20H3), 0.90 d, 0.93 d [12H, 2(CH3)2CH, J 7 Hz], 1.05 
s (6Н, 2С18Н3), 1.18 m (4Н), 1.36–1.72 m (20Н), 2.38 
sextet [2H, 2(CH3)2CH, J 7 Hz], 2.39 m (2Н, 2С7Нeq), 
2.71 d (2Н, 2С15Н, J 8 Hz), 2.95 br.s (2Н, 2C12H), 
3.03 d.d (2Н, 2С16Н, J 8, 3 Hz), 5.47 s (2Н, 2С14Н), 
6.81 t (2H, Нarom, J 2 Hz), 7.11 d.d (4Н, Нarom, J 8, 2 
Hz), 7.53 t (2Н, Нarom, J 8 Hz). Mass spectrum, m/z: 
874 [М + 1]+. 

Diacid dimethyl ester (VIa). A mixture of 0.20 g 
(0.23 mmol) of diacid IV, 0.086 mL (0.92 mmol) of 
dimethylsulfate, and 0.12 g (0.92 mmol) of potassium 
carbonate in 2 mL of DMF was stirred during 14 h at 
18–20°C. After the reaction was complete, the mixture 
was added into 70 mL of water upon vigorous stirring 
over 30 min and stirred during 1 h. The precipitate was 
filtered off, washed with water (2 × 5 mL), and dried 
in air. Yield 92% (0.19 g), mp 268–270°С. IR spec-
trum, ν, cm–1: 1780, 1715 [(C=O)N], 1510 (C=Carom), 
1375 (C–N). 1Н NMR spectrum, δ, ppm: 0.63 s (6H, 
2С20H3), 0.97 m (2Н), 0.97 d and 0.99 d [12H,                    
2(CH3)2CH, J 7 Hz], 1.17 s (6Н, 2С18Н3), 1.20–1.31 m 
(4Н), 1.44–1.81 m (20Н), 2.25 sextet [2H, 2(CH3)2CH, 
J 7 Hz], 2.55 m (2Н, 2С7Нeq), 2.60 d (2Н, 2С15Н,                   
J 8 Hz), 2.96 m (2Н, 2С16Н), 3.16 br.s (2Н, 2C12H), 
3.69 s (6Н, 2ОСН3), 5.50 s (2Н, 2С14Н), 7.22 s (4H, 
Нarom). Mass spectrum, m/z: 902 [М + 1]+. Found, %: С 
74.79; Н 8.27; N 3.26. С54H68N2O8. Calculated, %: C 
74.64; H 8.05; N 3.11. 

Diacid diallyl ester (VIb) was prepared similarly 
from 0.20 g (0.23 mmol) of diacid IV, 0.058 mL            
(0.69 mmol) of allyl bromide, and 0.095 g (0.69 mmol) 
of potassium carbonate. Yield 78% (0.17 g), mp 165–
167°С. IR spectrum, ν, cm–1: 1774, 1714 [(C=O)N], 
1514 (C=Carom), 1367 (C–N). 1Н NMR spectrum, δ, 
ppm: 0.63 s (6H, С20H3), 0.96 m (2Н), 0.97 d and 0.99 
d [12H, 2(CH3)2CH, J 7 Hz], 1.19 s (6Н, 2С18Н3), 
1.24–1.31 m (4Н), 1.43–1.83 m (20Н), 2.50 sextet 
[2H, 2(CH3)2CH], 2.56 m (2Н, 2С7Нeq), 2.60 d (2Н, 
2С15Н, J 8 Hz), 2.96 m (2Н, 2С16Н), 3.16 br.s (2Н, 
2C12H), 4.59 m (4Н, 2ОСН2), 5.23 d (2Н, =СН2, 2Н-
trans, J 10 Hz), 5.33 d (2Н, =СН2, 2Н-cis, J 17 Hz), 
5.50 s (2Н, 2С14Н), 5.93 m (2Н, 2СН=СН2), 7.22 s 
(4H, Нarom). Mass spectrum, m/z: 954 [М + 1]+. Found, 
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%: С 75.81; Н 8.23; N 2.76. C60H76N2O8. Calculated, 
%: C 75.60; H 8.04; N 2.94. 

REFERENCES 

 1.  Kazakova, O.B., Tret’yakova, E.V., Kukovinets, O.S., 
 Tolstikov, G.A., Nazyrov, T.I., Chudov, I.V., and 
 Ismagilova, A.F., Russ. J. Bioorg. Chem., 2010, vol. 36, 
 no. 6, p. 762. DOI: 10.1134/S1068162010060130. 
 2.  US Patent 4880803, 1989. C. A., 1987, vol. 106, no. 22, 
 p. 412. 
 3.  US Patent 3636215, 1972. C. A., 1972, vol. 76, no. 23, 
 p. 149. 
 4.  Svikle, D.Ya., Prikule, A.Ya., Shuster, Ya.Ya., and 
 Veselov, I.A., Pharm. Chem. J., 1978, vol. 12, no. 5,     
 p. 617. DOI: 10.1007/BF00777984. 
 5.  Ray, S.S., Kundu, A.K., Ghosh, M., and Maiti, S., Eur. 
 Polym. J., 1985, vol. 21, no. 2, p. 131. DOI: 
 10.1016/0014-3057(85)90042-4. 
 6.  Ray, S.S., Kundu, A.K., and Maiti, S., J. Appl. Polym. 
 Sci., 1988, vol. 36, no. 6, p. 1283. DOI: 10.1002/
 app.1988.070360604. 
 7.  Yao, G., Ye, M., Huang, R., Li, Y., Zhu, Y., Pan, Y., 
 Liao, Z., and Wang, H., Bioorg. Med. Chem. Lett., 
 2013, vol. 23, no. 24, p. 6755. DOI: 10.1016/
 j.bmcl.2013.10.028. 
 8.  Buinova, E.F., Solntsev, A.P., and Volozhin, A.I., Zh. 

 Org. Khim., 1992, vol. 28, no. 1, p. 211. 
 9.  Fanggui, Y., Hengshan, W., Baojun, H., and Shulin, Z., 
 Electrophoresis, 2010, vol. 31, no. 9, p. 1488. DOI: 
 10.1002/elps. 200900716. 
10.  Bei, M.P., and Yuvchenko, A.P., Vestsi NAN Belarusi. 
 Ser. Khim. Nauk, 2010, no. 1, p. 78. 
11.  Dikusar, E.A., Bei, M.P., Yuvchenko, A.P., and Potkin, V.I., 
 Russ. J. Gen. Chem., 2010, vol. 80, no. 7, p. 1154. DOI: 
 10.1134/S1070363210070170. 
12.  Bei, M.P., Yuvchenko, A.P., Dikusar, E.A., and Potkin, V.I., 
 Russ. J. Gen. Chem., 2011, vol. 81, no. 3, p. 467. DOI: 
 10.1134/S1070363211030200. 
13.  Vyrodov, V.A., Kislitsyn, A.N., Glukhareva, M.I., 
 Kiprianov, A.I., Efimov, L.M., and Zhuravlev, P.I., 
 Tekhnologiya lesokhimicheskikh proizvodstv (The 
 Technology of Wood Chemical Industries), Moscow: 
 Lesnaya Prom–t, 1987. 
14.  Zandermann, V., Prirodnye smoly, skipidary, tallovoe 
 maslo (Natural Tars, Turpentines, Tall Oil), Moscow: 
 Lesnaya Prom–t, 1964. 
15.  Prikule, A.Ya., and Svikle, D.Ya., Izv. Latv.SSR. Ser 
 Khim., 1979, no. 6, p. 730. 
16.  Kruk, C., de Vries, N.K., and Velden, G., Magn. Reson. 
 Chem., 1990, vol. 28, no. 5, p. 443. DOI: 10.1002/
 mrc.1260280512. 
17.  Wendlandt, W.W., Thermal Methods of Analysis, New 
 York, 1964. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


