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The review article summarizes data on synthesis of new derivatives of maleopimaric acid (the most available diterpenoid
acid, isolated from maleated rosin) — esters, amides, imides, imido amides, imido esters, diimido acids etc. and of oxygen- and
nitrogen containing derivatives of previously unknown citraconopimaric acid. The article mainly covers the literature data
since 2000 year as well as work carried out in the Institute of Chemistry of New Materials of NAS of Belarus.
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Hucmumym xumuu noswvix mamepuanoe HAH Benapycu, Munck, Pecnyboauxa berapyce

CHUHTE3 U CBOMCTBA HOBBIX ITIPOU3BOJHBIX MAJEOIIMMAPOBOI
U IIUTPAKOHOIIUMAPOBOM KUCJIOT

[TpencraBinen 000OMIAIOIINNA M CHCTEMATH3UPYIOUMH 0030p JAaHHBIX [0 CHHTE3Yy MPOM3BOAHBIX MaJeOMMMapOBOi
KHCJIOTHI (HanboJiee JOCTYIHON JUTEPIEHONTHON KHUCIOTHI, BBIICIIEMOI M3 MaJeMHU3HUPOBaHHON KaHH(DOIN) — 3DUPOB,
aMHJIOB, UMHJIOB, HIMUI0aMHU/I0B, UMHJI0d()UPOB, TUMMHUIOKHUCIOT U JP., @ TAKXKE KHCIOPOJ- M a30TCONCPIKAIIUX ITPOU3BOJI-
HBIX paHee HEM3BECTHOW IUTPAKOHONNMApOBOH KHCIOTH. [IpuBenensr nuteparypubie qanusie ¢ 2000 ., a Takxke paboThl,
BBINOJNIHEHHBIE B IHCcTUTYyTe XMuU HOBBIX MaTepuanoB HAH Bbenapycu.

Kniouesvie cnosa: xanngoIb, TEPIEHOU I, MaJICOIIMapOBast KUCIOTA, I TPAKOHOIIMMapOBasi KHCIIOTa, CIOXKHBIE A(GUPEL,
aAMUJIBI, TMH/JIBL.

Terpenes from wood resins (essential oils and rosins) constitute one of the valuable part of plant re-
sources and main source of terpene substances. In the last decades, the intensive studies were directed
toward the development of new methods for valuable chemical products preparation from renewable raw
materials and the individual substances that can be isolated or synthesized from rosin are of special in-
terest. The most promising approach to the preparation of individual diterpene derivatives is to modify
rosin in particular by active dienophiles. The most available individual substance thus obtained is ma-
leopimaric acid (MPA), isolated from rosin-maleic anhydride adduct (RMA). This compound is used for
the production of printing inks, alkyd resins, lubricants, paper sizing agent, and its derivatives show
pronounced biological activity [1-5]. This review article mainly covers the literature data on preparation
of new maleo- and citraconopimaric acid derivatives since 2000 year as well as work carried out in the
Institute of Chemistry of New Materials NAS of Belarus.

1. The synthesis and application of maleopimaric acid and its derivatives. The MPA, 5 was first-
ly obtained independently by Arbuzov and Ruzicka et al. in 1932 in the course of studies of resin acids
structure [6, 7]. Two main groups of methods have been proposed for the MPA synthesis. The first group
consists of methods using reaction of levopimaric acid 4 (content up to 53% in wood resin [8]) and male-
ic anhydride at 30—80 °C [9, 10]. The disadvantage of these methods is that abietic-type acids (abietic 1,
neoabietic 2, palustric 3) except levopimaric acid 4 stay intact decreasing MPA yield.

The second group of methods is based on reaction of abietic-type acids (abietic 1, neoabietic 2, pal-
ustric 3) of rosin with maleic anhydride at 90-200 °C or M W-irradiation including the application of
catalysts followed by isolation of MPA from mixture [11-13]. These methods are the most often used for
individual MPA synthesis.
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TOOH 4 TOOH 5 MPA

N 7
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MPA is a tribasic acid anhydride, as a result its derivatives on carboxyl groups, in particular mono-,
di-, tri- and polyesters are among the most important. MPA methyl ester was firstly obtained by treat-
ment of MPA with diazomethane [14] and monoethyl-, propyl- and butyl esters were prepared by reac-
tion of MPA with PCl, followed by treatment with the correspondent alcohol [15]. The MPA vinyl ester
was synthesized by reaction of MPA and vinyl acetate catalyzed by mercury salt [16]. MPA trimethy-
lester 6 was prepared by reaction of MPA and methyl alcohol in autoclave at the presence of molecular
sieves (3A) at 250 °C for 4 h in 98% yield [17].

CH,;0H
mon. cuta (3A), COOCH;
O,
5 Zn0, 250°C COOCH;
“COOCH; 6

The treatment of MPA with 30% NaOH solution and subsequent acidification gave triacid 7. Reaction
of the acid 7 with SOCI, followed by the treatment with ethyl alcohol led to the regioselective formation
of monoethyl ester 8 in 73% yield [18].

1. SOCl,
2. C,HsOH

1. NaOH
2. HCI

The MPA triglycidyl ester useful for polymer producing was prepared in two stages. Firstly the reac-
tion of MPA with epichlorohydrin in the presence of hexadecyltrimethylammonium bromide gave triol
9, which was converted into triglycidyl ester 10 in 87% yield under the treatment with sodium hydroxide
solution [19].

CI\/§9 H,0
C16H33N(CH3)3Br

MPA triallyl ester 11 was synthesized by reaction of triacid 7 with allyl bromide in 91% yield and
used for preparation of bio-based thermosetting resins [20].

K,CO,, DMF
7 + /\/Br —_—
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The mixture containing the isomeric MPA 2-ethoxyethyl esters 12 was prepared by reaction of tall
rosin with 2-ethoxyethylmaleat and used as paper sizing agent [21].

o)
ELO/\/OB COOR

R = H, R’ = CH,CH,OEt

COCH COOR' R =CH,CH,OEt, R = H

“ 12
COOH

MPA was used for the synthesis of acrylic esters. The esterification of MPA with ethylene glycol
gave a mixture of diesters that on treatment with epichlorohydrin followed by reaction with acrylic or
methacrylic acids in the presence of P(Ph), provided the mixture of acrylic esters 13 useful for corrosion
protection of metals [22].

COOR o COOR
TN ,
;M HO__OH COOR'  NaOH COOR ,
COOCH,CH,OH COOCH,CH,G O
R=H, R = CH,CH,OH R=H, R'= 0"}
R= CHQCHQOH, R=H R'=H R= /\O/\Z\O
CHy(H) COOR o
COOH : CHa(H)
COOR' R=H,R= ~o"~"0
P(Ph), On

G

COOCHZCHZO\/\O)H(CH:;(H R'=H, R= /\O/\K\OJH{
OH

The MPA triacrylic ester 14 was prepared in two stages. MPA was converted into triacid 7, and
subsequent treatment of the latter one with glycidyl methacrylate in the presence of tetracthylammonium
bromide gave triester 14 useful for producing of methyl methacrylate and stirol copolymers [23].

V\/Oj‘/g
x COOCH,CH(OH)CH,0C(0)C(CHa)=CH,

(CoHs),N"Br COOCH,CH(OH)CH,OC(0)C(CH3)=CH,

“COOCH,CH(OH)CH,OC(0)C(CHy)=CH, 14

RMA was esterified by trimethylol propane to give mixture containing polyol 15. Reaction of polyol
15 successively with epichlorohydrin and methacrylic acid afforded polyacrilic ester 16. Thermal, me-
chanical and chemical performance of vinyl ester resins based on ester 16 as high performance coatings
materials were found to be comparable to those of conventional petroleum based coating materials [24].

HO: :OH
OH

5 p-TolSO5;H

OH OR

1. P>~ cl, NaoH

oo "
o oy 27 "COOH

OR
OR

D
X

o OH OR

'«/, OH ‘II/
X 4 FoxC
o o 16 R= A_KN_O OR 16

The perfluoroalkyl esters of MPA 17 were prepared by Diels-Alder reaction of rosin perflouroalkyl
esters with maleic anhydride at 150—160 °C under acidic catalysis [25]. The refluxing of MPA in the
corresponding alcohol at the presence of sulfuric acid gave MPA perfluoroalkyl triesters 18 in 55-70%
yield [26].
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e} O
L O 150-160°C o
@] H2804 cat.
o 17
“COOCH,(CF),CF,H n=357 “COOCH,(CF,),CF,H
HOCH4(CF2),CF4H reflux COOCH,(CF)nCF2H
H,S0, cat.
248 COOCH,(CF),CF.H
n=357 . 18
“COOCH,(CF),CFH

Amide compounds from MPA were firstly synthesized by treatment of MPA vinyl ester with cyclo-
hexylamine [16]. It was found substituted MPA amides show pronounced hepatoprotective [27], antimi-
crobial [5] and fungicidal properties [28], and MPA based polyamides are suitable for applications
as protective films, printing inks, thermo stable polymers [29-31].

MPA amides 20—27 with anti-inflammatory and antiulcer properties were synthesized by reaction
of MPA chloride 19 with amino acids and imidazole. It was established that amide 24 prepared from
L-leucine has the highest anti-inflammatory properties and show low toxicity [32].

NHCH(CH3)CO,CHs (20),

0 O NH(CH,),CO,CH; (21),
, (L)-NHCH(CH(CH3),)CO,CH; (22),
o RN o (D,L)-NHCH(CH(CHs),)CO,CHs (23),
socCl, (EtsN) (L)-NHCH(CH,CH(CHs),)CO,CHj5 (24),
5 (L)-NHCH(CH,CH,SCH3)CO,CHj (25).
o) O NHCH(Ph)CO,CHj (28),
N/\l 27)

“cocl “CONRR'  20-27

Wang et al. synthesized antimicrobial polymers 31 based on MPA N-(2-N,N-dimethylethyl)imide
and azide substituted poly(e-caprolactone). MPA N-(2-N,N-dimethylethyl)imide after quaternization
and esterification with propargyl alcohol was grafted on polymer by click-reaction with the use of Cul/
DBU as catalysts [33].

/
EtOH, \ 02H5Br N
5 H N/\/N reﬂux THF SOOC
+ M2
COOH COOH

o Aok

N/\/l\ N3 Cul, DBU, THF

1. SOCl, EtsN
2. z~_OH

o)

The MPA imide modified fluorosilicone resin 33 was prepared by heating of MPA and amine con-
taining fluorosilicone resin 32 at 150°C for 4 h. This novel crosslinker was added into high temperature
vulcanization rubber composition to prepare a series of MPA modified fluorosilicone rubbers with in-
creased mechanical properties [34, 35].
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The benzoxazine monomers 35, 36 were synthesized from MPA in two steps. The reaction of MPA
and 4-aminophenol afforded MPA N-(4-hydroxy)phenyl imide 34 that on reaction with paraformalde-
hyde and aniline (or 4-aminobenzoic acid) gave benzoxazines 35, 36. The polybenzoxazines were pre-
pared by polymerization of compound 35, 36 and showed high thermal stability [36].

HN-__)-OH HN- )R )
. N@OH (CHO)n N ©

DMF, reflux
5 —_—

"/COOH 34 ‘I/COOH COOH

Reactions of MPA methyl ester 37 with 1-naphtylamine, 8-aminoquinoline, 5-aminoisoquinoline
[37] and 2-methy-1-naphtylamine [38] in refluxing triethylamine in the presence of hexamethyldisilazane
(HMDS) give MPA imides 38—41 as the mixture of atropisomers. It was found N-(2-methylnaphtyl-1)
imide of MPA methyl ester 41 has anti-proliferative properties and a significant difference in the level of

cytotoxicity was observed between R- and S-conformers [38].

NH,
= O o R=H
0 38, X=CH, Y = CH
Et3N, HMDS, reflux N . N 39 X=N,VY=CH
Y X ) X Xy 4OX=CHY=N
37 w0 e O =Y R=CHy:
COOCH; 41,X=CH, Y = CH

The bromomethylketone 43 was synthesized for the first time under Arndt—Eistert reaction condi-
tions via condensation of ester 37 and alanine. Treatment of ketone 43 with Me,S or Ph,P led to the for-
mation of methylsulfide 44 or to reduction into ketone 45, presumably due to the traces of water [39].

o
1. HzN—(
COOH N
37 DMF, reflux o
2. S0OCl, o)
3. CH,N, 42 H‘ _
COOCH;5
MezS PhsP
o
N
e O 44

The allene 48 was synthesized from methyl maleopimarate 37 and y-aminobutyric acid (GABA).
Direct fusion or condensation of ester 37 with GABA gave the imide 46 in 52 or 72% yields, respective-
ly, which was converted into the corresponding acid chloride 47 by reaction with SOCI, excess.
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Treatment of chloride with Et;N and subsequent reaction with methyl(triphenylphosphoranylidene)ace-
tate provided the corresponding allenoate 48 in 66% yield [40].

0 o)
CNH2 1. EtsN
N(CH,);COOH  SOCl, N(CH,)sCOCI 2: (Ph)sP=CH-COOCHz
37_—COOH (CHa)s
0 0
g 46 47
‘COOCH; COOCH;3
P COOCH
a ’
N\_/
—
S 48
“COOCH;

New molecular glass compounds containing 2-diazo-1-naphthoquinone-4-sulfonyl group were de-
signed based on MPA. Reaction of MPA with hydroxylamine gave MPA N-hydroxyimide 49 in 70%
yield that on esterification with 2-diazo-1-naphthoquinone-4-sulfonyl chloride provided N-hydroxy ma-
leopimarimide sulfonate 50. The carboxylic acid group of the acid 50 was then protected by the reaction
with vinyl ether compounds (vinylethyl ether, cyclohexylvinyl ether, dihydropiran) to give the corre-
sponding esters 51-53. The novel one-component molecular glass resists 51-53 have potential to be-
come high-performance i-line photoresists [41].

o o)
N
N, 2
o O‘ ’O 51, R = |-CHOCH,CH,
o CHs
5 NHoH N-OH Et;N, so.Cl 0=$=0 52, R =
— —_— N—O o
o =
y, o} 50.R=H vinyl ether 53,R= %?HOO
COOH 50-60°C

COOR 51-53

Hess et al. showed that the ozonolysis of MPA in the presence of tetracyanoethylene (TCNE) and
subsequent purification lead to isolation of known epoxide 54 in 20% yield and the ozonide 55 in 7%

yield [42].
0 0
0,, 0°C )
CH,Cl,, TCNE 0 9OF| o
5 +
o) o)
“COOH 54 “COOH 55

Reaction of the MPA methyl ester 37 and dimethyldioxirane (DMD) resulted in regioselective oxida-
tion of the bridging double bond to form the alcohol 56 [43].

DMD, CH3COCH;

“coocH, 98

Yao et al. established that reaction of MPA trimethyl ester 6 with PhMgBr proceeds at only one car-
boxyl group at r. t. to form lactone 57 that on treatment with Grignard reagent at 78°C converts into alco-
hol 58 [44].
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Asymmetric synthesis has been one of the most important topics in organic chemistry over the past
decades and terpenoid substances prepared from rosin are very accessible optical pure compounds that
make them useful starting synthone for synthesis of chiral ligands.

Chiral bisphosphinic ligand 63, 67, 71 were synthesized from MPA [45]. Reduction of MPA meth-
yl ester 37 with LiAlH, and protection of 1,4-diol moiety gave benzylidenedihydroxy derivative 59.
Formation of benzylic ether and deprotection led to the diol 60 that was treated with phosphine chlo-
rides to give 1,4-bisphosphineoxides 61, 62. Treatment of diol with p-toluenesulfochloride gave dito-
sylate that on reaction with sodium diphenylphosphide afforded bisphosphine 63. Reaction of bisphos-
phine with di-p-chloro-bis-(1,5-cyclodiene)dirhodium and NaBF, in CH,Cl, yields the cation Rh(I)-
complexes 64.

Ph,
P.
N PPh, [Rhy(Cl)(cod),] s BF,-
X PPh, AN "
1. LIAH oy 83 mee P 64
2. PhCH(OCH), ; : ;ﬁCIID/Ey
. 2 a
OP(Ph),
CIP(Ph),
+ BrCl _ - X OP(Ph),
Ph 2. TsOH — 1
CIP(C4Fs), OP(CeFs)
OP(C¢Fs)2
62

The ligands 67, 71 and their Rh(I)-complexes 68, 72 were prepared from benzylic ether of abiethy-
nol 66 and diethyl fumaropimarate 69 in a similar manner [45].

CO,Et ~COEt r +

1. LiAIH,
2. TsCI/Py ~PPhy PPh;
[Rna(Cha(cod)] tR@ B,
PPh, X PPh

co,Et 3: PhoPNa

66

‘("—OBn By 4 s
L 68
LOsEt 1. PCl3 ~—OH r +
2. morpholine 1. TsCl/iPy —PPh, PPh,
3. LIAH 2. Ph,PNa : Rho(Cl(cod -
COEt—— OH—— [RNy(Cha(cod)s], R BF4
g g \‘a PPh, E\ PPh;
‘cooH 89 N\ 70 g e
P 71 L 72

The rhodium complexes 64, 68, 72 were used as catalysts for hydrogenation of substituted cinnamic
acids 73, 74. It was found application of these catalysts provided hydrogenation to give amino acids 75,
76 with up to 100% yield and 66% ee [45].

COOH
N Ha, CHOH, (64, 68, 72) COOH 43 75 R=H
- NHAG o NHAG 74,76, R=CH;

R 73,74 R 7576
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Two chiral phosphorus derivatizing agents 77 and 79 were synthesized from MPA and it was estab-
lished these derivatives are well suited for the 'P NMR-based determination of enantiomeric excess
of chiral alcohols and amines in solutions [46].

0

>Ph chiral diol or acid

PCI

59 & 0
“—O-F.
\CI 77

1. SOCl,

2. pyperidine o.

3. LiAlH, p c| chiral alcohol

5 4. PCl, o~ or monoamine

o

Note: * Means a chiral group

A series of chiral crown ethers 83a—o including 28-crown-8, 22-crown-6, 20-crown-6, 17-crown-5
and 14-crown-3 bearing hydroxyl side group derivatives comprising of binaphthyl, naphthalene and ros-
in acid moieties in the crown ring was prepared based on MPA [47, 48].

% o OO

adee

¢ o, ravee
R1 b, R = CH,OH

™ D, 2 , 0

’ Eeaee

(@)
o/

83 a, R=CH,0OH

-1 ‘%
R , R 83a-o d, R = CH,OBn R, = O]

e, R = CH,-(1-piperidyl) X7

81, R = CH,0H 0, R = CH,0Bn

82,R = COOCH; Ry = f, R = CH,OH (o)
g, R = CH,0Bn R
h,R= CH2 (1 plperldyl)
i, R = COOC R
j, R=CH,0H
k R= CH2 (1-piperidyl) g Mo
I, R=COOCH; o

m, R = CH,0Bn
n,R= CH2-(1 piperidyl) Ry =

These receptors 83a—o showed strong affinity and different complementarity for various amine
salts, and exhibited excellent enantiodiscriminating abilities towards protonated primary amines and
amino acid methyl ester salt isomers in chiral recognition [48].

To conclude this section it is worth noting that apart from individual MPA derivatives the esters of
RMA with polyols (ethylene glycol, glycerol, pentaerythritol etc.) as well as RMA imides are widely
used in industry for production of alkyd and epoxy resins, printing inks, polymers and copolymers, siz-
ing agents for paper making [3, 4].

2. Researches on diterpenoids at The Institute of Chemistry of New Materials of the National
Academy of Sciences of Belarus. The new preparative methods for synthesis of MPA unsaturated
esters 84a, b, amides 85a—j, imides 88a—f and diimido diacids 86, 87 were developed by reaction of MPA
with allyl-, propargyl bromide, aliphatic and aromatic amines [49—-52].
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0
o KoCO4/DMF o CeHsCHs (CsHsN) N
RBr, 20-60°C reflux R
o) o)
“COOR  98-99% "COOH 88a-f (64-84%)
84, R = CH,CH=CH, (a, 99% ,m-NH,CH NH,, 88, R = H (a), 4-Br (b),
R CH.CICH (o gg)  THF/EEN N 4-OH (¢), 4-CHs (),
(DMAP) ,2-CeHlaCl 2-CHj (e), 3-COOH (f)

85, R =H (a), CH,CH=CH, (b),
4-BrCgH, (c), 4-CH3CgH, (d),
CH,CgHs (e), n-CgHy3 (f),

\Ssn'CBHﬂ (9), n-C12Hy5 (h)

N-g
s A\ CONHR

CH; () i (32959 R = 1,4-CoH,- (86, 68%),

N-g 8527 (32-95%) 1,3-CgHg- (87, 48%)

The synthesis of previously unknown MPA N-alkylimides 89a—e, including long-chain dodecyl- and
octadecylimides 89d, e by reaction of primary aliphatic amines with MPA in the melt was developed.
The method eliminates the use of organic solvents, allows application as a starting compound MPA and
acetic acid solvate, significantly reduces reaction time [53]. Imido amide 92 was prepared by reaction
of imide 89b with thionyl chloride followed by reaction with aniline.

CH,=CHCH,Br N-R

K,CO5 DMF
o 18-20°C O g0a-c, (82-99%)
“COOCH,CH=CH,
130-160°C N"R 90, R = n-CgHys (a), n-CgHy7 (b),
5+ RNH, ——— o | n-C4gHaz (€)
1. SOCl, o
COOH 89a-e, (97-99%) 2. PhNH,, THF N-C.H
—_— = K]

89, R = n-C4Hg (a), n-CgHyqs (b),
n-CgH4z7 (c), n-CqoHas (d),
n-CqgHa7 (e)

- 91,92
T-R  R=CI (91, 100%)
3 NHPh (92, 96%)

The MPA N-arylimides synthesis directly from RMA without isolation of individual MPA was
developed based on treatment of RMA with primary aromatic amines in toluene (refluxing) to form
exclusively N-arylimides 88a—e, g—n in preparative yields (60—99% based on MPA contained in the

RMA) [51].

PhCHs, reflux

40 h N—Ar 88, Ar = 0-CH3CGH4 (g), p-NH2CSH4 (h),

m-NH,CgH, (i), p-CH30CgH, (j),
p-FCgHy (K), p-CICgH, (1),
m-CICgH, (m), m-ICgH, (n)

RMA + ArNH,

“COOH 88a-d, g-n

We elaborated the method of fumaropimaric acid monoamides 93a—h synthesis containing trans-
1,2-dicarboxylic fragment by alkali hydrolysis of anhydride group in MPA amides 85a—f, k, 1 and subse-
quent isomerization of cis-1,2-dicarboxylic acid. The monoamides 93a—h were isolated from the reac-
tion mixture by conversion into water-soluble ammonium salts [54].
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~COOH

COOH

“C-NRR"  85a-, k| OZC—NR'R" 93a-h (82-98%)

o]
1. MeOH/H,O/KOH, reflux 1. (CH3),C(NH,)CH,OH
2. HCI 2. HCI, H,0
0
+COOH COOH +COOH
CgH o
COOH Cco0 66 COOH
reflux
+ o .
-H,0
JLC-NRR" JC—NRR" JC—NRR" JC—NRR"
o} o] o] 0
85, NR'R" = NHPh (k), 93a-h, NR'R" = NH, (a), NH(CH,)sCHj (b), NHCH,CH=CH, (c),
NCsH1q (1) NHPh (d), NHCH,Ph (e), NH-(p)-CgH4CHj (F),

NH-(p)-CgH4Br (g), NCsH1q (h)

Esterification and subsequent reduction of amide 93h afforded diol 95 that was converted into di-
amine 96 and diiodide 97 by conventional methods.

COOEt —OH
(Et0),S0, / K,CO4
DMF

93h

— >
O};\N: >94, 96% "\Ni >95, 58%
1. MSCl/C4HsN
SV el 1 TsCI/Et;N/DMAP
2. Nal, CHsCOCH,4

2. NaNy/DMF
3. LAIF,
R =1(97, 98% )

R = NH, (96a, 64%)

With a goal of citraconopimaric acid (CPA) synthesis the reaction of citraconic anhydride, formed in
situ from readily available itaconic acid (produced industrially by the fermentation of carbohydrates) on
heating above the melting point (172 °C), and rosin has been studied. It was established that the heating
of mixture of rosin and itaconic acid at 180—200 °C for 8—12 h leads to the reaction of citraconic anhy-
dride with levopimaric acid and to the formation of complex mixture containing isomeric ci-
traconopimaric acids 98a, b and unreacted resin acids (IR, 'H NMR data). IR-spectra of the mixture
contain characteristic bands of anhydride cycle at 1850, 1785 cm™'. The crystallization of the reaction
product from CCl, at 18-20 °C gives precipitate of solvate CPA with CCl,, and its thermal decomposi-
tion at 130 °C gives CPA as a mixture of two isomers 98a, b at ratio ~1:0.36. CPA isomers differ in the
arrangement of the methyl group in the anhydride cycle only and have almost the same chromatographic
mobility in different systems. By partial crystallization of mixture of isomers 98a and 98b from ben-
zene the isomer 98a was separated in 36% yield (based on mixture of isomers 98a, b) [55].

o}
COOH
170°C 180-200°C 98, R =CHj, R =H (a)
—e - Lo+ - R=H, R = CHs (b)
cooH HO . : 3
Itaconic Citraconic

acid anhydride
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The full assignments of peaks in 'H and '3C NMR spectra were performed by two-dimensional
NMR spectroscopy, and it was confirmed that the compound 98a is the adduct of citraconic anhydride
and levopimaric acid (citraconopimaric acid) and a close structural analog of MPA, containing methyl in
the a-position of the anhydride group [56].

Reaction of CPA 98a with allyl- or propargylbromide in the presence of K,COj; afforded unsaturated
esters 99a, b [49]. The treatment of CPA 98a with thionyl chloride gave the acid chloride 100, and its
reaction with aniline and N-(2-methyl-5-aminophenyl)-4-(pyrid-3-yl)pyrimidine-2-amine led to the for-
mation of anilide 101a and heterocyclic amide 101b [57].

RBr
KoCO3
DMF 99, R = CH,CH=CH, (a, 95%),
CH,C=CH (b, 99%)
O 101,R'=Ph (a, 74%),
SOCl, R'NH,,
18-20°C O Et,N, THF N=
98a— |~ —= " . N )
N
b, 48%
®.45% QN
R'NH N-R"
1259 102, R" = n-C4Hs (a, 89%),

n-CgHq7 (b, 87%),
CH,CH,OH (c, 100%)

“COOH

The N-alkylimides 102a—c were synthesized by reaction of CPA with secondary n-butyla-
mine, n-octylamine, ethanolamine at 125°C [58]. The treatment of CPA N-(2-hydroxyethyl)imide 102¢
with dimethylsulfate in the presence of K,CO; gave methyl ester of CPA N-(2-hydroxyethyl)imide
(yield 73%).

Reactions of CPA and MPA with secondary aliphatic amines (diethyl-. dipropyl-, dibutylamine) were
investigated for the first time [59]. Formation of CPA N-substituted imides instead of expected amido
acids was found. In contrast to CPA reaction of MPA gives the only product in reaction with dibutyl-
amine, but in reactions with diethyl- and dipropylamines amido acids 103a, b were formed together with
MPA N-ethyl(propyl)imide.

R'=CH
R,NH s

135°C ‘cooH 102a,d, e

3 COOH(CONRy)
“COOH

R' = H (5), CH; (98a) >

CONRy(COOH)

“COOH 103a, b*
R = Et (89f, 102d, 103a), Pr (89g, 102e, 103b), Bu (89a, 102a)

“coon 89%.f.g

* Exact location of the amide group in compounds 103 a, b is not defined.

The treatment of MPA and CPA with unsymmetrical methyl(ethyl)-2-hydroxyethylamines leads
to formation of two imides: N-methyl(ethyl)- and N-(2-hydroxyethyl)imides of MPA and CPA (in molar
ratio 1:(0.78—1.63)) [59].
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NCH,CH,OH

“COOH  89f, 89h, 102d, 102f

R' = H (89f, 89h, 89i), R = Me (89h)
R' = Me (102c, 102d, 102f), R = Me (102f)

The mechanism of this reaction presumably involves the formation of the intermediate amic acid (A)
that undergoes intramolecular cyclization to form the cyclic intermediate (B), which is stabilized by the
migration of the alkyl group (C), followed by elimination of alcohol and formation of the cyclic N-al-
kylimid (D). In the case of the reaction MPA, CPA with unsymmetrical secondary amines the formation
of two imides, presumably, the result of migration of various alkyl groups in the intermediate (B). The
mechanism of this reaction is likely close to the mechanism of N-substituted imides formation in reaction
of cyclic anhydrides with primary amines.

“cooH 5,98a
R'=H, CH,

“COOH D “COOH c

Ways of practical use of MPA and CPA derivatives. The effect of the MPA allyl ester 84a was
studied on rheological properties in modifying of low density polyethylene (LDPE) with itaconic acid in
the presence of free radical initiators. It was found that ester 84a additive in an amount of 1 wt. % of the
reaction system decreases the efficiency of grafting only in 13% with more than 2 times the viscosity
of the grafted product is reduced. The MPA ester 84a may be used as a viscosity regulator during reac-
tive extrusion of functionalized polyethylene with the desired rheological performance as well as in the
preparation of coextruded multilayer polymeric products. Adhesive was developed based on ethylene-vi-
nyl acetate copolymer (CEVA) with the addition of the MPA allyl ester 84a, including CEVA, fumaric
acid, an organic peroxide, a stabilizer and 0.01-1.0% of allyl ester 84a. Adhesive bond strength with po-
lar substrate of polyamide-6 for developed adhesive reaches 4.9 kN/m, which is 91% higher than that for
similar adhesive compounds [60].

The MPA N-hexylimide 89b is the effective adhesive additive to LDPE in the preparation of com-
posite materials to wood at a concentration of 3%. The application of imide 89b retains strength, highly
elastic and rheological properties of the polymer composition, simultaneously the adhesive strength
of the LDPE to the wood increases to 3.6 MPa, which is 1.6—1.8 times greater in comparison with sam-
ples of pure LDPE [61].

It was found that the nitrogen-containing MPA derivatives (aromatic amides 85a—c, f, imide 89e etc.)
have twisting power and can be used as effective additives to nematic LC-materials [62].

A fungicidal composition comprising a salt of MPA N-hexylimide and 8-hydroxyquinoline was desig-
ned to protect the cellulose-containing materials [63].

Films of the compounds 5, 84a, b, 98a, 99a, b prepared by thermal vacuum deposition method
(TVD) are sensitive to UV radiation (3.6-7.1 Jem?) and of practical interest for the production of photo-
masks for wet etching topology in transparent conductive layers of indium tin oxide (ITO) [49].
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To conclude this short review, since the last decades there has been a trend towards the development
of methods for the use of renewable raw materials instead of fossil in the manufacture of industrial prod-
ucts. As it is evident from the review, it is possible to obtain a great number of based on rosin substances
with diverse structures and properties for various applications, and these works constitute important
part of the green chemistry development.
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