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ABSTRACT. Carbonate derivatives were synthesized for the use of diesel additives and the derived cetane numbers of the
derivatives were measured. Some carbonate ester derivatives were synthesized from 1,2-glycerol carbonate and long alkyl chain
fatty acids. To improve the solubility, we introduced unsaturated groups into aliphatic carbons and alkyl group into a-carbon to
the carbonyl group. The derived cetane numbers obtained from ASTM method were increased up to 1.0, which means some
carbonate derivatives could be potential diesel additives.
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2-Ethylhexyl nitrate (2-EHN)

s

Di-tert-butyl peroxide (DTBP)

Fig. 1. Examples of nitrate and peroxide compounds for diesel
additives
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A o] 229l R E A kS TCI =+ Aldrichell 4] - &}
o AF£-3}9d o} vh-&- 213 o ¥-+= thin-layer chromatography
2 °L°}£°}% Al Al 52 EA o= 24 8-<(H,S0.,
KMnOs)< % heat-gun > 2 7} 4 3} spot2- =Hals}
S= T"roﬂ ﬂlﬂ Sl == 7+ L mLell 3+ A7HAIE
0.1 mL A7}slar 1 ~29 F A3 o] 7hefokex] 9] of 3

2 sholstd o). & #}7] 2 A~ =3 'H NMR-E Jeol 400
MHz 29 & AF8-819l 32 A 9] Al #3371+ JASCO FT/IR-
4100 225 A-8-3}91 o} DCN-& ASTM D 6890-2008 (Ame-
rican Society for Testing and Materials)H" © 2 k=12 -
T AFAlE oA A 31l
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(2-Oxo-1,3-dioxolan-4-yl)methyl tetradecanoate (1)

Glycerol (4 mL)9ll sodium methoxide (0.7 g} 4 32 110°C
o] A 30-7F = Hkgkt}, o 7] o]l diethyl carbonate (6.58 mL)
59347 5 110 °Coll A FHF-gbeh ubgo] T8 5
EA (ethyl acetate, 40 mL)E- & 32 0 °Cel| 4] mytistoyl chloride
(4.58 mL)E A A3] #7}s}e] 3047k ankghc), wnk &
LT E A Ao Z &) 3 ok 37k wntdlc) vk
}nﬁi T fr71EE R A F A vl e e s

Az, o3} 2 719t 5=3ke}. Column chromatography (SiO»,

50% EA/hexane) & 2] 5}o s}k w4 33-E 1(5.9g,

66%)< 3 A},

"H NMR (CDCl3) § 4.9 (m, 1H), 4.2-4.5 (m, 4H), 2.3 (t, 2H,
J=7.6),1.5(t,2H,J=6.4), 1.2 (m, 20H), 0.9 (t, 3H,J =6.8).

BCNMR (CDCly) 6 173.3, 154.4,73.7, 66.0, 62.9, 33.9, 31.9,
30.9,29.7,29.6,29.5,29.4,29.3,29.2,29.0,24.8,22.7, 14.1.

Bis((2-0x0-1,3-dioxolan-4-yl)methyl) decanedioate (2)
T2 Zfa= triethylamine (2.36 mL)=} 1,2-glycerol
carbonate (2 g)2 EA (20 mL)el| g 32 AF-2-of| 4] < 303-7F
IR} 222 (0°C& Y337 sebacoyl chloride (1.45mL)
5 A48 A7FE Aol A 34 7E Fok abst AL 7] %
%E AojFEoh, ¢ Akl 1| fF o 2 7d§_ oz g 7}
=3+ & column chromatography (SiO2, 30% hexane/EA)

ifa] ahod S}okA A 3H3E2 (2,11 g, 77%) 5 2

mﬁi flo
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'HNMR (CDCls) 8 4.9 (m, 1H), 4.2-4.5 (m, 4H), 2.4 (t, 2H,
J=17.6), 1.5 (q, 2H), 1.2 (m, 20H), 0.9 (t, 3H).

C NMR (CDCls) & 173.3, 154.4, 73.7, 66.0, 62.9, 33.8,
30.9, 28.8, 24.7.

(2-Oxo-1, 3-dioxolan-4-yl) methyl stearate (3)

Z-2} 223 o triethylamine (4.6 mL)=} glycerol-1,2-carbo-
nate (2.78 mL)E EA (30 mL)el] & 32 AF-2-0l| 4] <F 30327}
aHkgitl 0°CR 255 U5 3 stearoyl chloride (5 )& 41
9] Akekek W 8] £ L0 49 o
TIAZE AR S FR F 7RSS
o AT A o152 19 550
Column chromatography (SiO,, 50% EA/hexane) 2 -] 3}
o] a}okA 1A 3 (4.7g, 74%)S A4

'"HNMR (CDCls) 8 4.9 (m, 1H), 4.2-4.5 (m, 4H), 2.3 (¢, 2H,
J=17.2),1.6 (m, 2H), 1.2 (m, 28H), 0.8 (t, 3H, J = 6.4).

BCNMR (CDCl;) 6 173.2,73.7,65.9, 62.8,33.9, 31.9,29.7,
29.6,29.5,29.5,29.4,29.3,29.1, 29.0, 24.7, 22.6.

(E)-(2-Oxo-1,3-dioxolan-4-yl)methyl octadec-9-enoate (4)
Glycerol-1,2-carbonate (0.14 mL)<} tn'ethylamine (0.23mL)
< EA 5mLel| =5¢lt}, z:L E]-/\EL 0°C& %53 oleoyl

o -

/\Lioigca QE]_L3/\]7P5°]- *13]. Ui-?rﬂo
= AolEh - kvt vl o2 A&, of 3 2 At
%% 8t % column chromatography (SiO,, 50% EA/Hexane)

2] 3ke] kA @ ol 313HE4(0.25 g, 79%) 5 A

'H NMR (CDCls) § 5.3 (m, 2H), 4.9 (m, 1H), 4.2-4.5 (m,
4H),2.3 (t,2H I =7.6),2.0 (m, 2H), 1.6 (m, 2H), 1.2 (m, 20H),
0.8 (t, 3H, ] = 6.8).

BCNMR (CDCls) 8 173.2, 154.3, 130.0, 129.7, 73.8, 65.9,
62.8,53.4,33.8,31.9,29.7,29.6,29.5,29.3,29.1, 29.0, 28.9,
27.2,27.1,24.7,22.6, 14.1.

DCC (dicyclohexylcarbodiimide) S ©]-4-3F

o ~H 2.3} 413

2 4317 9l BF Zek 3 of] carboxylic acid (1 eq)2} DCC
(1.1 eq), DMAP (4-dimethylaminopyridine, 1.1 eq)-& MCell
0] AFL-o| 4] 3047} alcohol (1.1 eq) g o1 =T} 244 7F
bl A 3k & S A 2 o] 2] ureat= FE| 3ho] Al A%
o =2 {715 Aol F P UEFeR 55

A A Rt

(2-Oxo-1,3-dioxolan-4-yl) methyl 2-ethyl hexanoate (5)
DCCHES-& o] &-3lo] Fr gk 2.8) 313+ 5(53%)= &

At

. 7]

)
0'17:'7\:103

fN

'"H NMR (CDCls) § 5.0 (m, 1H), 4.2-4.6 (m, 4H), 2.3 (m,
1H), 1.4-1.7 (m, 4H), 1.1-1.4 (m, 4H), 0.8-0.9 (t, 6H, ] = 6.8).

SCNMR (CDCly) § 175.7, 154.4, 73.8, 65.9, 62.6,47.0, 31.3,
29.4,25.1,22.4,13.7,11.6.

(2-Oxo-1,3-dioxolan-4-yl) methyl 2-hexyl decanoate (6)

DCCHF-&-2- o] -g-3}o] £ 3l 2. 31315 6(82%)<
Ak

'HNMR (CDCls) 4.9 (m, 1H), 4.2-4.5 (m, 4H), 2.4 (m, 1H),
1.6 (m, 2H), 1.4 (m, 2H), 1.2 (m, 20H), 0.8 (t, 6H, J = 6.8).

“C NMR (CDCLy) 8 175.8, 154.3, 73.8, 65.9, 62.6, 45.4,
32.1,32.0,31.7,31.5,31.4,31.3,29.4,29.3,29.2,29.1, 29.0,
28.9,27.3,27.2,22.5,22.4,13.9,13.8.

Isopropyl octadec-9-enoate (7)

DCCHE-g-& o] &3] T & 2.4 343h=7(84%) 5 <
Ak

"HNMR (CDCls) § 5.37 (m, 2H), 5.00 (m, 1H), 2.27 (t, 2H,
J=17.2),2.00 (2H, m), 1.60 (2H, m), 1.18-1.30 (28H, m), 0.89
(BH,t,J=6.4).

Isopropyl-2-ethylhexanoate (8)

DCCHES-& o] &-3lo] T g 2.4) 313+ 8(76%)= &
At

'HNMR (CDCls) § 5.0 (m, 1H), 2.2 (m, 1H), 1.6-1.4 (m, 4H),
1.4-1.3 (m, 4H), 1.2 (d, 6H, ] = 6.4), 0.9 (m, 6H).

BCNMR (CDCl;) § 175.9, 67.0, 47.5, 31.8, 29.6, 25.5,22.6,
21.9,13.9,11.8.

Isopropyl-2-hexyldecanoate (9)

DCCHE-&-& o] &3] & 2.l 313+
Ak

"HNMR (CDCl3) 8 5.0 (m, 1H), 2.3 (m, 1H), 1.6 (m, 2H), 1.4
(m, 2H), 1.3-1.2 (m, 26H), 0.9 (t, 6H, J = 6.4).

BCNMR (CDCl;) 5 176.1, 66.9, 45.9, 32.6,31.8,31.7,29.5,
29.4,29.2,29.1,27.4,27.3,22.6,22.5,21.9, 14.1, 14.0.

9(86%)=

Isopropyl 8-(5-octyl-2-0x0-1,3-dioxolan-4-yl)octanoate (10)

0 °C o} 23 3+H ol A T Z=t 2~ Z <llisopropyl-9,10-
dihydroxyoctadecanoate (1 g, 1 eq)<} pyridine 7 mL-& ¥ &
MC (methylene chloride) 30 mLE- ¥ =t} Z2}~=25-78°C
2 953 MC 10 mLoﬂ =9l triphosgene (0.5 g, 0.6 eq)=
A3 9l get ke A A 8] 0°CE 2l FaL 4
2ol A & A 7F FqF wh-E A1 7Tk P—%] v 23k
NH,CI3} MCE FZ3} 3 7] 5-& 94k, NaHCOs, 22
zAo)Erh 7 A HEFLE 55 A 718k column
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Fig. 2. Structures of various carbonate derivatives in this study

chromatography (SiO,, 50% EA/Hexane)Z 2] 5}o] -2t
A 29l 313510 (0.9 g, 84%)S A4l

'H NMR (CDCL;) 8 5.0 (m, 1H), 4.2 (m, 2H), 2.2 (t, 2H, ] =
7.6), 1.2-1.7 (m, 32H), 0.8 (t, 3H, ] = 6.4).

C NMR (CDCl) & 173.14, 154.58, 81.90, 67.24, 60.23,
34.47,33.69, 33.67,31.65,29.30, 29.18, 29.05, 28.99, 28.85,
28.76,24.76,24.51, 24.48,22.52,22.49, 21.71, 13.94.
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Table 1. Improvement of derived cetane number for carbonate additives in diesel fuel (amount of additives, 1000 ppm)
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