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Microwave Synthesis, Characterization and Theoretical Study of para-
Toluenesulfonic Acid Threonine Salt and Its Ester Derivatives
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Abstract: Some new amino acid ionic liquids (ILs) derived from threonine (Thr) were studied. The para-toluenesulfonic
acid threonine and its methyl ester (ThrC,-TsOH) and ethyl ester (ThrC,-TsOH) derivatives were synthesized with one-
step microwave synthesis method, and their physicochemical properties, including the IR spectra, melting points, and
thermostability, were studied experimentally. Quantum chemistry calculations were also performed to study the
influence of the esterification of cation on the melting point. Geometry optimizations on the single molecules of the
Thr complex and its methyl and ethyl ester complexes in gas phase were performed with DFT B3LYP/6-311++G™
method, and the vibration frequencies of each optimized molecule were analyzed at the same level method. The
binding energies between ions were calculated and the basis set superposition error (BSSE) was corrected with
counterpoise method (CP). It was found that the esterification of cation would weaken not only the intermolecular
hydrogen bond interaction, but also the intramolecular interaction between ions obviously. And so the decrease of the
melting point is caused by the two factors, and the weakenness of intramolecular interaction should be the main factor
for the titled compound to be an ionic liquid.
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Table 1 Composition of the methyl ester (ThrC;-
TsOH) and ethyl ester (ThrC,TsOH) of para-
toluenesulfonic acid threonine salt

w(N)(%) w(C)(%) w(H)(%) w(S)(%)

ThrC-TsOH  4.67 43.96 6.36 11.66
(4.59) (47.20) 6.27) (10.50)

ThrC,TsOH ~ 4.52 44.28 6.60 10.73
(4.39) (48.89) (6.63) (10.04)

The data in the parentheses are the theoretical values.
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Fig.1 TG-DTA patterns of ThrC,-TsOH complex
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Table 2 Main IR spectra peak positions of Thr-TsOH,
ThrC,-TsOH, and ThrC,-TsOH

o/cem™
Thr-TsOH ThrC,-TsOH ThrC,-TsOH

3452.0 3457.7 3457.7
3226.3 3230.2 3232.1
3097.1 3097.1

2931.3 2919.7 2923.6
2640.1 2642.0
1924.6 1922.7 1924.6
1739.5 1708.6 1708.0
1619.9 1621.8 1621.8
1506.1 1511.9 1508.1
1454.1 1454.1
1390.4 1382.7
1301.7 1303.6 1303.0
1224.6 1222.6 1220.7
1120.4 1110.8 1108.9
1035.6 1033.7
1004.7 1006.7 1002.8
921.8 921.8
811.9 815.7 811.9
684.6 688.5 688.5
563.1 557.3 561.2
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Fig.2 Two optimized configurations of Thr-TsOH

ik AR AR AL, DR 4 F TR AR ELAE 40 9 s - (B A
AR NER s = R R, T H R DR
ARE A F A B B AR B A OB 3 B e
FIFEFH. DL ot H R R -5k S LR Ak 9k 151, A
FE43F HH I 57 B - TRI A ELAE I i A 52 .

B2 R AL BE AR K, HJT T 5 T R —
Ui, A P HThr 5 TsO 851840 B4 & A=
Ak AR5 3 Fib &0 F i T g &
AE(AE, AEQ)Z5 A T3 3 v, Hirp AEG R4
BSSE & 1EJ5 145 1. R P B v LLE ), CP &
IERYRE R BUE /DN, HASEES A RER K/ NBUT.

%3 PEIEER, BEETR LR K, BT a4
B R A L X B2 A /)N, DRI A 4 A aod i v s ]
I A KT S Al B B 1 A5 /0N, DR R R A B T 055 43
-] SRR B A 22 A0, 2k /N F [l AR AR
77, 3 P RVE RS S FEAIK. 5 Thr-TsOH L&
AHELEL, ThrC-TsOH b & Wi 45 & Re4a X E Ik /N T
24 19 kJ -mol ™, M43 HLAL A P HIE % O---H—O
SUHEFERE/NT 30 kI -mol™, DRI IS B I AR TE HE
ATTRAR 5 T B8 [ AH B T LA R 23— (AR ELAE Y
S E R — B0 2. (ARG fbE g 1, BRI AH B4R
FH AL T2 W78 2%, RS2 6] 407 B 5 350 40 1) A
HAEF AR S R s 1) R LR

I PR R Z F T R A R FH

®3 IMBBFRESTFHNBETELESH

Table 3 Binding energies between ions of 3 IL

molecules
> =
AR —AEL" _AE™ _AEL"
(kJ+mol™) (kJemol™)  (kJ*mol™)  (kJ-mol™)
Thr-TsOH 478.31 470.54 480.97 473.60
ThrC,-TsOH 464.69 456.86 468.70 460.76
ThrC,-TsOH 459.41 451.56 462.09 453.67

‘the results of configuration a in Fig.2; “the results of configuration b
in Fig.2; ""AE and AE represent the binding energies before and after
BSSE corrections under B3LYP/6-311++G™ level.
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