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Abstract—The synthesis of a series of 5,7-R-3-carboxy-1-adamantylacetic acid diesters has been performed
and their physicochemical and thermo-oxidative properties have been studied. The properties of these
diesters have been compared with those of the adipic and sebacic diesters that are currently in wide use as

plasticizers and components of various lubricants.
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INTRODUCTION

In scientific literature, various derivatives of ada-
mantane are quite widely proposed for use as ingredi-
ents of medicaments and components of catalysts,
polymer materials, and fuels and lubricants or addi-
tives for them. The liophilicity and high thermal and
thermo-oxidative stability of adamantane and its
derivatives attract a great deal of attention of national
and foreign researchers, as well as the possibility of
increasing their availability by improving their manu-
facturing processes [1—14].

Esters of aliphatic and aromatic dicarboxylic and
tricarboxylic acids are widely used as plasticizers in the
production of cable compounds, artificial leathers,
industrial rubber goods, polymer construction materi-
als, oilcloths, film and sheet materials, and film pack-
aging materials because they enhance significantly the
options for the processing of polymers by means of
changing their physical properties, as well as impart
flexibility, frost resistance, and good electric and other
properties to them [15]. Esters, mainly those of adipic
and sebacic acids, are the base stock or components of
aircraft synthetic oils, hydraulic and hydraulic brake
fluids, white oils (for the textile industry), greases, and
instrument oils operating in the temperature range of
—60 to +175°C. Aliphatic dicarboxylic acid esters
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(mainly adipic and sebacic esters) possess a good vis-
cosity—temperature dependence over a wide range of
positive and negative temperatures, a low (down to
minus 65—70°C) pour point, and high thermal and
thermo-oxidative stability and, as such, have found
application as base stock or components of lubricating
oils and greases operating in the temperature range of
175 to —60°C [16].

Following the study reported in [5], we synthesized
a number of diesters of 5,7-R-3-carboxy-1-adaman-
tylacetic acids (R = H or CH;) and examined their
physicochemical and thermo-oxidative properties.
For comparison, most widely used aliphatic dicarbox-
ylic diesters of a similar in structure (four and eight
methylene units between the carboxylic groups), such
as bis(2-ethylhexyl) adipate (DOA), and bis(2-ethyl-
hexyl) sebacate (DOS) according to GOST
(State Standard) 8728, and thermally stable
dioctyl sebacate (DOSt) according to TU(Technical
Specification) 6-06-11-88, were used. In the synthesis
of 7-R-3-carboxy-1-adamantylacetic acid diesters,
the choice of the alcohol residue size was determined
by the molecular weight of the product diester, which
was supposed to be close to that of DOA (370 g/mol)
or DOSt (426 g/mol).
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(0]

V\LOMOU/\/\ \LOMO/JN\

0)

133



134 IVLEVA et al.

EXPERIMENTAL

Two series of the diesters were synthesized and
studied:

the 3-carboxy-1-adamantylacetic acid series

O+__O-
Y
H
H O,Y
0

Y = C;H; (), C4Hy (1), CsHy (I1D), CgH, 5 (I1V)

and the 5,7-dimethyl-3-carboxy-1-adamantylace-
tic acid series

Y = C3H, (V), C;Hy (VI), iso-C4Hg (VIT), CsH , (VIIT),
iso-Cs5H , (IX), CgH 13 (X).

3-Carboxy-1-adamantylacetic acid and 5,7-dime-
thyl-3-carboxy-1-adamantylacetic acid were synthe-
sized according to the procedure described in [4].

3-Carboxy-1-adamantylacetic acid di-n-propyl
ester (I). A mixture of 32.8 g (0.137 mol) of 3-carboxy-
1-adamantyl acetic acid, 33 g (0.549 mol, 41 mL) of n-
propanol, and 3 g (0.018 mol) of p-toluenesulfonic
acid in 120 mL of toluene was refluxed with a Dean-
Stark trap for 10 h. After the release of a sufficient
amount of water, the mixture was diluted with 100 mL
of toluene, washed successively with a 15% NaHCO;
aqueous solution to pH 7 and water, and dried over
Na,SO,. The solvent was evaporated and the residue
was purified by vacuum distillation. During the distil-
lation, the fraction with bp 133—138°C (0.05 torr) was
collected. The weight of the distilled product was

36.5g(83%). nf)o 1.4830.1IR, v,cm™": 1728(C=0). 'H
NMR, 9, ppm: 0.89—0.93 (t, 6H, CH;, / = 7.36 Hz),
1.56—1.62 (m, (10H, CH,Ad), 1.72—1.73 (m, 4H,
CH,Ad, CH,), 1.74—1.83 (m, 2H, CH,), 2.05-2.07
(m, 2H, CHAd), 2.09s (2H, CH,), 3.96—3.98 (m, 4H,
CH,). BC NMR, §, ppm: 10.49 (CH3), 10.61 (CH;),
22.09 (CH,), 28.38 (CH), 32.98 (C), 35.67 (CH,),
38.19 (CH,), 41.33 (CH,), 41.51 (C), 43.51 (CH,),
48.49 (CH,), 65.79 (CH,), 171.62 (C), 177.30 (C).
Mass spectrum, m/z (I, %): 322 (2) [M]", 281 (60),
239 (43), 235 (87), 221 (33), 193 (62), 179 (38), 147

(40), 133 (100), 91 (86), 43 (69). Found, %: C 71.80,
H 9.42. Calculated for C,gH;,0,4, %: C 70.74, H 9.38.
M 322.44.

3-Carboxy-1-adamantylacetic acid di-z-butyl ester
(IT) was prepared similar to di-n-propyl ester / from

32 g (0.134 mol) of 3-carboxy-1-adamantylacetic acid
and 40 g (0.541 mol, 50 mL) of n-butanol. The yield
33.5g (71%), bp 140—148°C (0.026 torr), ny 1.4813.
IR, v, cm~!: 1728 (C=0). 'H NMR, §, ppm: 0.91—
0.93 (t, 6H, CH;, J = 6.88 Hz), 1.34—1.38 (m, 4H,
CH,Ad), 1.56—1.59 (m, 10H, CH,Ad, CH,), 1.72—
1.74 (m, 2H, CH,), 1.75—1.81 (m, 4H, CH,), 2.07—
2.08 (m, 2H, CH), 2.1 (s, 2H, CH,), 4.02—4.04 (m,
4H, CH,). BC NMR, 3, ppm: 13.79 (CH;), 13.84
(CH,;), 19.25 (CH,), 19.30 (CH,), 28.39 (CH), 30.77
(CH,), 33.01 (C), 35.67 (CH,), 38.20 (CH,), 41.33
(CH,), 41.58 (C), 43.53 (CH,), 48.52 (CH,), 64.04
(CH,), 64.14 (CH,), 171.67 (C), 177.35 (C). Mass
spectrum, m/z (I, %): 350 (<1) [M]*, 295 (65), 249
(55),239(100), 235 (25), 193 (89), 179 (50), 147 (37),
133 (98), 91 (75), 57 (38). Found, %: C 72.00; H 9.83.
Calculated for C, H;,0,, %: C 71.96; H 9.78. M
350.49.

3-Carboxy-1-adamantylacetic acid di-n-pentyl
ester (III) was prepared similar to di-n-propyl ester /
from 29.59 g (0.124 mol) of 3-carboxy-1-adamanty-
lacetic acid and 44 g (0.5 mol, 54 mL) of n-pentanol.
The yield 38.1 g (81%), bp 157—163°C (0.038 torr),
ny 1.4798. IR, v, cm~: 1728 (C=0). 'H NMR, 3§,
ppm: 0.87—0.91 (t, 6H, CH;, /= 5.96 Hz), 1.25—1.34
(m, 8H, CH,Ad, CH,), 1.53—1.64 (m, 10H, CH,Ad,
CH,), 1.72—1.74 (m, 2H, CH,), 1.75—1.84 (m, 4H,
CH,), 2.07-2.08 (m, 2H, CH), 2.1 (s, 2H, CH,),
3.99—4.02 (m, 4H, CH,). 3C NMR, §, ppm: 14.07
(CH,), 22.38 (CH,), 28.14 (CH,), 28.22 (CH,), 28.44
(CH), 33.00 (C), 35.67 (CH,), 38.19 (CH,), 41.31
(CH,), 41.57 (C), 43.55 (CH,), 48.51 (CH,), 64.30
(CH,), 64.42 (CH,), 171.65 (C), 177.32 (C). Mass
spectrum, m/z (1., %): 378 (<1) [M]*, 263 (28), 239
(96), 193 (65), 179 (38), 147 (25), 133 (73),91 (53), 55
(30). Found, %: C 73.03; H 10.17. Calculated for
C3H+O,, %: C 72.98; H 10.12. M 378.54.

3-Carboxy-1-adamantylacetic acid di-n-hexyl
ester (IV) was prepared similar to di-n-propyl ester 1
from 27.55 g (0.115 mol) of 3-carboxy-1-adamanty-
lacetic acid and 47.23 g (0.462 mol, 58 mL) of n-hex-

anol. Yield 37.1 g (79%), bp 192—198°C (0.021 torr),

ny 1.4782. IR, v, cm™": 1728 (C=0). 'H NMR, 3§,

ppm: 0.85—0.88 (t, 6H, CH;, J=5.92 Hz), 1.27—1.32
(m, 12H, CH,Ad, CH,), 1.56—1.59 (m, 10H, CH,Ad,
CH,), 1.72—1.74 (m, 2H, CH,), 1.75—1.81 (m, 4H,
CH,), 2.07—2.08 (m, 2H, CH), 2.10 (s, 2H, CH,),
4.01—4.03 (m, 4H, CH,). 3C NMR, §, ppm: 14.10
(CHs), 22.62 (CH,), 25.64 (CH,), 25.72 (CH,), 28.40
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(CH), 28.64 (CH,), 28.70 (CH,), 33.00 (C), 31.49
(CH,), 35.67 (CH,), 38.20 (CH,), 41.31 (CH,), 41.57
(C), 43.57 (CH,), 48.52 (CH2), 64.33 (CH,), 64.43
(CH,), 171.65 (C), 177.32 (C). Mass spectrum, m/z
(L, %): 406 (<1) [M]™, 325 (80), 279 (40), 239 (100),
193 (52), 179 (20), 133 (50), 91 (10), 43 (19). Found,
%: C 73.89; H 10.43. Calculated for C,sH,,0,4, %: C
73.85; H 10.41. M 406.59.

5,7-Dimethyl-3-carboxy-1-adamantylacetic acid
di-n-propyl ester (V) was prepared similar to di-n-pro-
pyl ester I from 35.75 g (0.134 mol) of 5,7-dimethyl-of
3-carboxy-1-adamantyl acetic acid and 32 g
(0.537 mol, 40 mL) of n-propanol. Yield 38 g (81%),
bp 148—152°C (0.23 torr), njy 1.4785. IR, v, cm™:
1728 (C=0). '"H NMR, 3, ppm: 0.84 (s, 6H, CH;),
0.90—-0.92 (t, 6H, CH;, J = 5.96 Hz), 1.07—1.09 (m,
2H, CH,Ad), 1.21-1.23 (m, 4H, CH,Ad), 1.44—1.47
(m, 4H, CH,), 1.58—1.61 (m, 6H, CH,Ad, CH,), 2.13
(s, 2H, CH,), 3.97—3.99 (m, 4H, CH,). *C NMR, 3,
ppm: 10.52 (CH;), 10.61 (CH;), 22.08 (CH,), 30.08
(CH,3), 31.66 (C), 34.61 (C), 42.35 (CH,), 43.34 (O),
44.39 (CH,), 47.71 (CH,), 47.83 (CH,), 49.98 (CH,),
65.81 (CH,), 65.89 (CH,), 171.66 (C), 177.15 (C).
Mass spectrum, m/z (1., %): 350 (<1) [M]*, 321 (65),
275 (100), 247 (35), 233 (90), 191 (25), 145 (36), 105
(22), 91 (18), 43 (19). Found, %: C 72.02; H 9.80.
C, H;,0,4. Calculated for, %: C 71.96; H 9.78. M
350.49.

5,7-Dimethyl-3-carboxy-1-adamantyl acetic acid
di-n-butyl ester (VI) was prepared similar to the di-»-
propyl ester (I) from 31.3 g (0.118 mol) of 5,7-dime-
thyl-of 3-carboxy-1-adamantylacetic acid and 26.0 g
(0.351 mol, 32 mL) of n- butanol Yield 35.8 g (81%),
bp 159— 162°C (0.21 torr), nD 1.4774. IR, v, cm™":
1730 (C=0). 'H NMR, &, ppm: 0.85 (s, 6H CH,),
0.89—-0.93 (t, 6H, CH;, J = 7.32 Hz), 1.08—1.10 (m,
2H, CH,Ad), 1.22—1.24 (m, 4H, CH,Ad), 1.32—1.40
(m, 4H, CH,Ad, CH,), 1.45—1.47 (s, 4H, CH,),
1.57—1.60 (m, 6H, CH,Ad, CH,), 2.13 (s, 2H, CH,),
4.01—-4.04 (m, 4H, CH,). *C NMR, &, ppm: 13.76
(CH;), 13.84 (CH;), 19.28 (CH,), 30.08 (CH,), 30.75
(CH,), 31.67 (C), 34.62 (C), 42.38 (CH,), 43.32 (C),
44.38 (CH,), 47.70 (CH,), 47.85 (CH,), 49.98 (CH,),
64.04 (CH,), 64.22 (CH,), 171.70 (C), 177.19 (C).
Mass spectrum, m/z (1., %): 378 (<1) [M]*, 323 (38),
277 (48), 267 (47), 221 (26), 161 (71), 119 (100), 105
(32), 91 (29), 57 (42). Found, %: C 73.03; H 10.15.
Calculated for C,;H330,4, %: C 72.98; H 10.12. M
378.54.

5,7-Dimethyl-3-carboxy-1-adamantylacetic acid
diisobutyl ester (VII) was prepared similar to di-n-pro-
pyl ester [ from 35 g (0.13 mol) of 5,7-dimethyl-of
3-carboxy-1-adamantylacetic acid and 48.0
(0.648 mol, 60 mL) of 1sobutan01 Yield 43 g (87%)
bp 150— 152°C (0.04 torr), nD 1.4745. IR, v, cm~
1730 (C=0). 'H NMR, &, ppm: 0.85 (s, 6H CH3)
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0.89—0.93 (m, 12H, CH;), 1.05—-1.13 (m, 2H,
CH,Ad), 1.19—1.27 (m, 4H, CH,Ad), 1.45—1.48 (s,
4H, CH,Ad), 1.57—1.60 (m, 2H, CH,Ad), 1.88—1.92
(m, 2H, CH), 2.15 (s, 2H, CH,), 3.79—3.81 (m, 4H,
CH,). 3C NMR, &, ppm: 19.19 (CH3), 19.28 (CHj;),
27.73 (CH), 27.87 (CH), 30.08 (CH;), 31.67 (C),
34.62 (C),42.43 (CH,), 43.43 (C), 44.42 (CH,), 47.75
(CH,), 47.90 (CH,), 49.98 (CH,), 70.38 (CH,), 70.48
(CH,), 171.70 (C), 177.07 (C). Mass spectrum, m/z
(L1, %): 378 (<1) [M]*, 323 (54), 277 (40), 267 (100),
221 (60), 161 (55), 119 (62), 105 (30), 91 (20), 57 (44).
Found, %: C 73.01; H 10.12. Calculated for C,;H;30,,
%: C 72.98; H 10.12. M 378.54.

5,7-Dimethyl-3-carboxy-1-adamantylacetic acid
di-n-pentyl ester (VIII) was prepared similar to di-»-
propyl ester / from 37 g (0.14 mol) of 5,7-dimethyl-of
3-carboxy-1-adamantylacetic acid and 324 g
(0.369 mol, 40 mL) of n- pentanol Yield 47.4 g (83%),
bp 170— 173°C (0.03 torr), nD 1.4767. IR, v, cm™":
1730 (C=0). 'H NMR, &, ppm: 0.84 (s, 6H CH,),
0.86—0.89 (t, 6H, CH;, J= 7.08 Hz), 1.04—1.35 (m,
14H, CH,Ad, CH,), 1.43—1.45 (m, 4H, CH,), 1.57—
1.64 (m, 6H, CH,, CH,Ad), 2.12 (s, 2H, CH,), 3.98—
4.04 (m, 4H, CH,). 3C NMR, 8, ppm: 14.05 (CH;),
22.36 (CHs;), 28.10 (CH,), 28.26 (CH,), 28.37 (CH,),
28.43 (CH,), 30.07 (CH,), 31.66 (C), 34.62 (C), 42.40
(CH,), 43.31 (C), 44.39 (CH,), 47.70 (CH,), 47.85
(CH,), 49.99 (CH,), 64.30 (CH,), 64.45 (CH,),
171.65 (C), 177.14 (C). Mass spectrum, m/z (1., %):
406 (<1) [M]*, 338 (74), 291 (60), 267 (100), 221 (20),
203 (26), 161 (34), 119 (8), 43 (14). Found, %: C
73.90; H 10.44. Calculated for C,5Hyc,,0,, %: C
73.85; H 10.41. M 406.59.

5,7-Dimethyl-3-carboxy-1-adamantylacetic acid
diisoamyl ester (IX) was prepared similar to di-n-pro-
pyl ester I from 35 g (0.13 mol) of 5,7-dimethyl-of
3-carboxy-1-adamantylacetic acid and 34.3 g
(0.390 mol, 50 mL) of isoamyl alcohol Yield 46.4 g
(88%), bp 140—142°C (0.021 torr), nD 1.4755. 1R, v,
cm™': 1728 (C=0). 'H NMR, §, ppm: 0.82 (s, 6H,
CH;), 0.86—0.87 (m, 6H, CH;), 0.88—0.89 (m, 6H,
CH;), 1.18—1.24 (m, 6H, CH,Ad), 1.41—1.44 (m,
4H, CH,Ad), 1.45—1.50 (m, 4H, CH,), 1.53—1.58
(m, 2H, CH,Ad), 1.59—1.68 (m, 2H, CH), 2.09 (s,
2H, CH,), 4.02—4.05 (m, 4H, CH,). 3C NMR, 3§,
ppm: 22.48 (CHs), 22.57 (CH5), 25.09 (CH), 25.17
(CH), 26.11 (CH,), 30.06 (CHj;), 31.63 (C), 34.60
(C), 37.40 (CH,), 37.43 (CH,), 42.34 (CH,), 43.26
(C), 44.36 (CH,), 47.69 (CH,), 47.97 (CH,), 62.73
(CH,), 63.00 (CH,), 171.56 (C), 177.06 (C). Mass
spectrum, m/z (I.,,, %): 406 (<1) [M]*, 338 (47), 291
(28), 267 (100), 221 (37), 207 (19), 161 (39), 119 (28),
70 (46). Found, %: C 73.84; H 10.38. Calculated for
C,sH4,0y4, %: C 73.85; H 10.41. M 406.59.

5,7-Dimethyl-3-carboxy-1-adamantylacetic acid
di-n-hexyl ester (X) was prepared similar to di-n-pro-
pyl ester I from 35 g (0.131 mol) of 5,7-dimethyl-of
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Fig. 1. Thermo-oxidative stability of 5,7-R-3-carboxy-1-
adamantylacetic acid diesters according to ASTM E2009.

3-carboxy-1-adamantylacetic acid and 41 g (0.40 mol,
50 mL) of n-hexanol. Yield 43.8 g (77%), bp 205—

208°C (0.046 torr), n, 1.4763. IR, v, cm~': 1728

(C=0). 'H NMR, 3, ppm: 0.84 (s, 6H, CH;), 0.86—
0.89 (t, 6H, CH;, J = 6.88 Hz), 1.05—1.36 (m, 18H,
CH,Ad, CH,), 1.43—1.45 (m, 4H, CH,), 1.54—1.62
(m, 6H, CH,, CH,Ad), 2.12 (s, 2H, CH,), 3.98—4.03
(m, 4H, CH,). BC NMR, §, ppm: 14.08 (CHj), 22.57
(CH,), 22.63 (CH,), 25.60 (CH,), 25.78 (CH,), 28.62
(CH,), 28.70 (CH,), 30.07 (CH,;), 31.48 (CH,), 31.65
(C), 34.60 (C), 42.42 (CH,), 43.31 (C), 44.40 (CH,),
47.69 (CH,), 47.85 (CH,), 49.98 (CH,), 64.31 (CH,),
64.49 (CH,), 171.63 (C), 177.12 (C). Mass spectrum,
m/z (I, %): 434 (<1) [M]*, 352 (73), 306 (61), 267
(100), 221 (24), 207 (28), 203 (22), 161(30), 119 (8),
43 (24). Found, %: C 74.66; H 10.71. Calculated for
C,,Hc0,, %: C 74.61; H 10.67. M 434.65.

The structure of the synthesized compounds and
their purity was confirmed by the modern chromato-
graphic and spectral methods (GC—MS, elemental
analysis, IR and NMR spectroscopy). The mass spec-
tra were recorded on a ThermoFinnigan DSQ com-
bined chromatograph—mass spectrometer with the use
of a BPX-5 capillary column 30 x 0.32 at an ionizing
electron energy of 70 eV. The elemental analysis was
performed on a EuroVector 3000 EA element analyzer
using L-cystine as the standard. The IR spectra were
recorded on a Shimadzu IRAffinity-1 spectrometer as
a thin film between KBr plates. The 'H and '*C NMR
spectra were recorded on a Jeol JNM ECX-400 spec-
trometer (operating at a frequency of 400 MHz) in
CDCl,,.

The physicochemical properties of the synthesized
diesters were studied according to GOST and ASTM
procedures (kinematic viscosity at positive and nega-
tive temperatures by ASTM D7042, open cup flash

DSC/(mW/mg)
Texo
70

DOA
60 Onset* 212.7°C

T
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Onset* 212.8°C

40

100 150 200
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Fig. 2. Thermo-oxidative stability of adipic and sebacic
diesters according to ASTM E2009.

point by GOST 4333, and pour point by GOST
20287).

The thermo-oxidative stability of the samples in a
thin film was studied using high-pressure differential
scanning calorimetry (HP-DSC) according to ASTM
E2009 (test method B) on aluminum crucibles in an
oxygen atmosphere (35 atm) and in the dynamic mode
(heating from 70 to 300°C at a rate of 10°C/min) on a
DSC 204 HP Phoenix instrument (NETZSCH-
Geritebau, Germany).

The DOA, DOS, and DOSt diesters are produced
by national manufacturers (Roshal’ Plasticizer Plant,
Ural Plasticizer Plant) according to GOST 8728 and
TU 6-06-11-88. A batch (October 2012) of diesters
from the Roshal’ Plasticizer Plant was used in this
study.

RESULTS AND DISCUSSION

A number of C;—C; dialkyl esters were synthesized
from 3-carboxy-1-adamantylacetic acid and 5,7-dim-
ethyl-3-carboxy-1-adamantylacetic acid and ali-
phatic alcohols (n-propanol, n-butanol, isobutanol,
n-pentanol, isoamyl alcohol, and n-hexanol) in the
presence of a homogeneous catalyst (p-toluene-
sulfonic acid). The reactions proceeded with good
yields irrespective of the acid used and the structure of
the alcohol component; the yields of diesters I—-X
purified by vacuum distillation were 71—88%.

The data on the physicochemical properties (kine-
matic viscosity at positive and negative temperatures,
viscosity index, pour temperature, flash point, density,
and refractive index) and thermo-oxidative stability of
compounds I-X, DOA, DOS, and DOSt are pre-
sented in Tables 1 and 2.

It is seen from the presented data that esters I-IV
containing the adamantane moiety possess better vis-
cosity—temperature characteristics at positive and
negative temperatures as compared with the diesters of

PETROLEUM CHEMISTRY Vol. 55 No.2 2015
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adipic and sebacic acids of a similar molecular weight.
As the chain length of the alkoxy group, the viscosity
index and flash point increase and the pour point is
improved; however, the kinematic viscosity increases
at the same time, especially at negative temperatures.
Diesters III and IV are of the greatest interest with
respect to the set of parameters, especially in compar-
ison with DOSt.

The presence of the methyl substituents in the
5- and 7-positions of the adamantane skeleton (esters
V—X) results in a significant growth in the kinematic
viscosity, especially at negative temperatures, and in
pour point elevation by 5—6°C. Among the diesters of
5,7-dimethyl-3-carboxy-1-adamantylacetic acid,
ester VI is of the greatest interest.

The introduction of the iso-branched chain alco-
hol into the diester structure instead of the linear alco-
hol (esters VI vs VII and VIII vs IX) results in a signif-
icant growth in the viscosity, pour point elevation, and
decrease in the flash point. Esters VII and IX can be
used in climatic regions, where the viscosity at positive
temperatures is of greatest importance and the level of
viscosity at negative temperatures and the pour point
of not more than 40°C have acceptable values. From
this point of view, ester IX is of greater interest.

Figures 1 and 2 show the results of the investigation
of the thermo-oxidative stability (ability of com-
pounds to resist oxidation in the absence of antioxi-
dants) of the diesters according to ASTM E2009 as the
oxidation onset temperature (OOT). The diesters of
adipic and sebacic acids demonstrated similar results
having an OOT of 212.5—-212.7°C. Diesters of 3-car-
boxy-1-adamantyl acetic acid I—-IV posses higher
OOT values of 213.5—215.3°C, which is more clearly
demonstrated by the height of the oxidation peak (a
twofold reduction); moreover, the OOT gradual
decreases with an growth in the length of the linear
alkyl chain of the alcohol (esters II-IV). The diesters
of 5,7-dimethyl-3-carboxy-1-adamantylacetic acid
follow the same trend, although their OOT values are
substantially higher. For example, the 10T is 228.6—
228.9 or 228.6—228.9°C for esters V=VII or VIII-IX,
respectively, but is it is only 215.2°C for ester X with
the longer n-hexyl radical. There is significant differ-
ence in IOT between the diesters containing linear and
iso-branched radicals (VI vs VII, VIII vs IX).

Thus, 5,7-R-3-carboxy-1-adamantylacetic acid
diesters are very promising as more thermally stable
analogues of the esters DOA and DOSt for use in lubri-
cant compositions; although 3-carboxy-1-adamantyl-
acetic and, especially, 5,7-dimethyl-3-carboxy-1-
adamantylacetic diesters exhibit higher viscosity val-
ues, they will not have so a substantial effect on the vis-
cosity—temperature properties of the lubricant com-
position as a whole, since the amount of esters in such
compositions most frequently varies within 5—40%.

In summary, the influence of the methyl substitu-
ents in the 5- and 7-positions of the adamantane skel-
eton of 5,7-R-3-carboxy-1-adamantylacetic acid
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diesters and of the structure of the alcohol alkyl chain
on the physicochemical and thermo-oxidation prop-
erties have been studied. The properties of the ada-
mantane-containing esters have been compared with
those of DOA, DOS, and DOSt. The possibility in
principle of replacing of the aliphatic dicarboxylic
diesters acids by more thermally stable 5,7-dimethyl-
of 3-carboxy-1-adamantylacetic acid diesters with
similar physicochemical properties has been shown.
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