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Elucidation of the Moisture Absorption Mechanism
of 1,2,4-Triazolium Dimethylphosphate Ionic Liquids

Toshiyuki ITOH"

Tonic liquids (ILs) have received an extensive attention due to their interesting physicochemical properties,
and numerous applications of ILs have been proposed in various fields. However, the molecular origins of
many of their properties are still not well understood. To clarify the origin of the moisture absorption
capability of the ILs, we systematically synthesized 18 types of ILs by the combination of the
dimethylphosphonium anion with various types of alkyl group-substituted cyclic cations, i.e., imidazolium,
pyrazolium, 1,2,3-triazolium, and 1,2,4-triazolium cations, and found that the ILs exhibited a high
dehumidification capability (DC); the best DC was attained for 1-(cyclohexylmethyl)-4-methyl-1,2,4-
triazolium dimethylphosphate and this salt displayed over a 14-times higher DC (mol) compared to that
of the popular solid desiccants like CaCl, and silica gel. The small- and wide-angle X-ray scattering
(SWAXS) analysis of 8 types of 1,2,4-triazolium dimethylphosphate ILs revealed that three types of
nanostructures exist in these ILs and these forms depend on the water contents. Water molecules in the
atmosphere are absorbed in the space of the nanostructure and the space works as a water pocket. Since
the aggregation form of the ILs depends on the alkyl side chain of the cation, it can determine the DC and
the temperature-driven equilibrium water vapor pressure of the IL. We thus succeeded in clarifying the
origin of the moisture absorption mechanism of the IL from the molecular base.
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TZ8-100 : 124-Tz-1,8. TZ4-100 : 124-Tz-1,4. TZ2-100 :
124-Tz-1,2. q = |q| = 47 sin6/A, d = A/2 sind = 27/q.
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=|q| = 4p sin@/A, d = /2 sin6 = 2p/q. TZ8_100 : pure IL,
TZ8_90 : 90% (w/w) aq. solution (yIL = 0.34), TZ8_80 : 80%
(w/w) aq. solution (¥IL = 0.18), TZ8_60 : 60% (w/w) aq. solution
(7IL = 0.08), TZ8_40 : 40% (w/w) aq. solution (yIL = 0.04).
B : Bicontinuous microemulsion-type form, M : Micelle-like
form.
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B: Bicontinuous micro emulsion form

Peak | Peak Il

Snap shot of the MD simulation

M: Micelle-like
form
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OV IHEEIEN T 5 2 L 235 L Tw s, CL,EO0;OM
BIEA & M TZ143 A F e v ) EWIEH B A,
TZ141%Z C,EO;OM & OB PSR EVEE Z SN
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¥ —#ErE (Hform) 2y, 4088 % /KIEHICR D EM
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720 A7 L QKRG STDIEA A Y $ KA °
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9 TZ14 ® SWAXS 7 Hrfs #.
q=|q|=4psin@/A, d= /2 sind=2p/q. TZ14_100 : pure IL (¥IL
=1.0), TZ14_90 : 90% (w/w) aq. solution (yIL = 0.29), TZ14_
80 : 80% (w/w) aq. solution (yIL =0.15), TZ14_60 : 60% (w/w)
aq. solution (¥IL =0.06), TZ14_40 : 40% (w/w) aq. solution (yIL
= 0.03). L : Lamellar form, H : Hexagonal cylinder form, M :
Micelle-like form.

L: Lamellar form H: Hexagonal cylinder

form

:

M : Micelle-like form

10 TZ14 DELIREET V.

A VNIRRFEN-ZEZ/RLTWS. ZOfEIZTZS &
DHREL, TZ8 L TZ14DWET) (DC) D% B <
KWLl T3, TZ14 (124-Tz-1,14) IZBW TR E#M T
V¥V 2% van del Waals J) T  f5 A LT b 72012
T X FHEIED LR Y, W N XA VI2% L DKGT-
T HIENTELLEEZONS. B, TZ1413
BWIRRHERTA, BRTTIVIRTDH Y, FOKEHR
DREVED KD T, o TR IZIFE TdH 5 25
2RO TIRM B IIZP R NEEZON 5.

BRAHGHD124-b1) 7)) 7 A3I22OWTH SWAXS
SR ERATV, BRI BIT 2 EAIREEZR111IR
L 7z. 124-TZ-1,10, 124-TZ-1,8, 124-TZ-1,6, 124-TZ-1,
(2-Et)6, 124-TZ-1,c6, 124-Tz-1,4 TIEFAM 13 B form
THY, KBEIEZ T LB LEREI L, 124-
TZ-1,10 Tix H form Z M L T 3 V& (M form) 12
BALT A D bhb. ZORNTIE124-TZ-1,c-6 Dl
ERERITEH SN D, ZOA F VAR ARBINZ 7
WK Y s unF v EEATA VEBICHET A H
1R L7z X912, 124-TZ-1,¢-6 1% 60 B i % KW &
TBform#% & 0, M formZ#HE3IINformIZ7 % 2
Eb o7z Nform 4R 2 EERPTER S e w»
[ABA ORETH L. T2, 124-Tz- 14128V TIE
Mform %M T 5 2 & 7% { 60" i % K& TN form
Wb el bhrolz. 124-Tz-12128W T, 80 &
% KL £ TIEP-PRI OIS 5 AT DL
I LTCHDOLNTZ72ONMB) LR L7225 60" & %L
TTIEERIINformIZR D FEAERETBR LW &P
bwrolz 124-Tz- 1 20WR I K TH Y, 124-Tz-
LATRICHERII AR, e T, ZofERiE, 124-b
V7T A=Y VY AT VA F VHEARIK & W
NERET H72011ELform b L £ 1ZB form A EE T
HBHIEERELTVWAS.

124-Tz-1,6, 124-Tz-1,8, 124-TZ-1,10, B £ 1*124-Tz-
Le-6 xR vk & <, Lad 80 & % AR O -
IKZEZE APV 500s DIEDYK E V. 5T, Bformd L <

IL concentration
IL 100% 90% (w/w) | 80% (w/w) | 60% 20%
(w/w) %IL=0.29~ %IL=0.15~ (w/w) (w/w)
xIL=1.0 0.41 0.23 xIL=0.06~ | %IL=0.03~
0.10 0.05
124-12-1,14 L H
124-12-1,10 H
124-12-1,8 M
124-T2-1,(2-
Et)6
124-12-1,6
124-12-1,¢6
124-12-1,4
124121, N(B) | N

11 8F124-F Y 7V A=Y XFNY VEEA F VKD KK
SFREEIC B 2 AR v T
L : Lamellar form, H : Hexagonal cylinder form, B : Bicon-
tinuous micro emulsion form, M : Micelle-like form, N(B) :
Partly aggregated form, N : No aggregation form.
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XL form 3% Td YA A 4 VRSP RFEE NS
Nl '/.7§, %b‘[&iﬂll‘ék j( RS &APV50_25 %ﬁ?‘f:y)blﬁ?&
ThbLEZOLND.

4. ¥ & 1)

A F PR R AR DE A ZEHIREE LTifFsn s
TR oM & LTifFshTnsd., Eh
TRREBYEA F VR E YA VT 572012, RFECT
VR VEBRIELZ LS RIAIFTV )L, KTV Y
L, 124-N) TV YT LA, 123-F) TV A AT F v
DI AFNVY) YBEI8HE AR L, oA F Vil
IZDOWTIRHERE, P ASTEOmMBEEL Rz £
DORER, IR & R E % APV R T A F Vil
KR OP -T2, DXL, TNSA T VAR OREE &)
WHREOMBZ L 5R572012124-b ) 7Y 7 A3 A
T VAR 2 BT TMI XKRREGLA X7 vz fllE
L7258, 124-b ) 7V o A4+ ViR B X OED
Kz 5 # 5 (L form), hexagonal cylinder (H form),
Bicontenuous micro emulsion (B form), I tIVERES
k& (Mform), B X OECEIN formDELSREL LD,
ZFDOIRFEZA F VRO A F F VBRI OREE & K5
JECHAEST B ZEHBHS T R o7z, £/, TZ8OMD
YIalb—va YEBRIZED, KGR AT
KT BT S EERNOMmYE R AL JIZEREL, K=
BN 5I22oN TR AL AL XHIEKRT ST EDD
Motz AF VIKRPEEEDF ) EEKERET AT &
HHSNT WS, 20BN A + VROV 7%
BURNC M STV B0 &) MIEAHITh - 72%.
ARWFTENEA & AR DOWERYEREDS A 4 ik T/ R E
HROWHEIRKT 2L E2HLNICLRDOBITH
259

R 22 R O FRIRAT I 3 % 72 0 i Ak T
SRBEEERE RV EIRDEN TS, ShIEK
L 724 % VAR ET L LICLK BT & B TRiPE AR
EVHoo, SEBEEIFHEEITIR, KAL)
b LICIKE R & 1181 % 72 9 i 2 3 i 22 A% FH o0 3R i A
W25 EMfFE NG, INOEDA T VHRIZHBEEN Y
APV ATFED MR TERTE LN FETE
L. FRAAEFCICRRIREFEIEZETZLVEED
NDH, A F 225G 22 R I b 2 H Ak
HTEEBLAIZILTWAS,

1

5. % B O B
ERA IS A X 7 1 )L ix Magritek # Spinsolve 80 car-
bon (80 MHz for 'H, 20 MHz for °C) & %\ i3 H A& T
# INM-ECA500 (500 MHz for 'H, 125 MHz for °C) %1
AL, mruuafkia (CDCL), X% 7 —)L (CD,OD)
b L<IEEA (D,O) ZHWTERTHE L. '"HNMR

DALY 7 METF F I AF VY T v (TMS) % IERE
L L7 BB w58 (HRMS) (& Thermo Fisher
Scientific EXACTIVE mass spectrometer % ff i L T illl
E L7

IRA - AN XHREREL (SWAXS) lEiEHnb v v o
O bu it vy — BL3S3A A - /A XM HEL I E %
BEEHHLTITo7. B EKEZRAEL, 14 Yk
#igh (IL-100), 90 wt% (IL-90), 80 wt% (IL-80), 60
wt% (IL-60), 40 wt% (IL-40) ZF#E L, ¢ 1.5 mm D i
XY ET)—IZHAL, #E092A (135KeV), 7 2
FE45cm, gL ¥ ¥0.60 —23 (nm™') i #5PILATUS
300K THAELARZ bV & HIE L7,

MD ¥ 3 2 L — ¥ 3 » 213 Gromacs program’” % fii Ji]
L 7z. OPLS-AA force field parametersm EhFA, T
=4 VIMEH L, KT TIE TIP4P2005 potential
model™ M L7z. %5+ » &#iid Gaussian 09”7 MP2/
cc-pVTZ (-f)/RHF/6-31G (d) level T CHelpG method™
TROAGEREZMH L7, ¥ I 21— 3 ~iZCubic cell
180D TZ8 A * ¥ & & 820 DK% T % Air (TZ8
D 80 i % KIEM (¥IL=0.18) 1ZHI24 3 %), Nose-
Hoover thermostat i <G 1 bar ® 4 CREFIR % 0.1
B L5 psiZikE L, isotropic Parrinello-Rahman barostat
T2, 7 — 1 ¥ Jjid smooth Particle-Mesh Ewald
#: (SPME)™ C#1 L7z, Real-space cut-off distance I&
Lennard-Jones (L)) & 7 —w Y#EAEH, 3£121.2nm T
7% & L 72. NPT ensemble (2 3 1F 5 Stochastic dynamics
simulations % 17 \», Bennett Acceptance Ratio (BAR)
B RN LT BRSBTS IS ROV ¥ — % LRk
b ot
5.1.1. l-ethyl-2-methylpyrazolium dimethylphosphate

([Pyra-1,2] [IDMPO4) &A%

(1) Yaua—1+ary7rH—L100mL I f&EGEE T
O— k%35 L7500 mL =119 27 7 2 312k #E{bF
MU A (NaH) (124 g, ca. 60% in Mineral oil, 310
mmol) ZF2VIY, 7T UEHRLZOLERTdry
ANFFCEMATEERAZIERE 20, SEPMs
Zrwiz, 2w Tdry7 Mk Fu 7 F >~ (THF) 100
mLEZERTMATEREIRE L, TO7IRXITEKHIC
B, €5V —)v (11) (20.42 g,300 mL) @ik THF
(100 mL) % 0C T M L7z, T DR, KFEH XD
T 25720, FELKEN A LR L 550 1REH D
T TLTH MY YA (12) 2K S TS
THRICERTIURRBEEL, >wTavfbzFL (5147
g, 330 mmol) @ dry THF (100 mL) & % = il T 3045
T T L, T TH#%70C TI9R I BRT S &7,
B %I20C Tk 558 g (310 mmol) %A, =T
304U LAz a kT YAk T4 b
WL ThHRE, WNEWEZS00mL—I1+F27 723128
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L, U—%Y—I/NEL— % TRERME L ALl Z %R
HESELOBL, viglie B2 24 L TRIESRDTr 94
¥ U #H EIT\W, 1-ethyl-1,2-pyrazole (bp 72-75°C/22
hPa, 21.17 g, 220 mmol) ZI{¥73% T#7: : 'H NMR
(500 MHz, ppm, CDCl3) 61.47 (3H, t, J = 7.2 Hz), 4.17
(2H, q,/=7.2Hz), 6.22 (1H, t, J = 2.4 Hz), 7.37 (1H, d,
J=4.0Hz),7.48 (1H, d, J = 2.4 Hz);"C NMR (20 MHz,
ppm, CDCL,) 515.6, 45.8, 105.2, 128.1, 139.0;bp 72—
75T /22 hPa.

(2) Yrau—1traryFrY—x%E%KFL72200mL =1
F A7 F A 212 1-ethyl-1,2-pyrazole (20.60 g, 214 mmol)
e, WEPSY VEENY ATV (33.1 g, 236 mmol)
RERTMAZ, TVIYHATT T v v a2 LTSRN
ETNT A ATEME L7205 120C TT2REHEEL
7o, BiRFE TG HISHIAK 100 mL % il 2 TRER E L
T, KEZT—7VT3NPELLOL, gFfitk, -
WT50C, 7.1 hPaTTRMEZME L7z & 2 5 Bl IR i
MR & L T [Pyra-1,2] [DMPO,] (49.29 g, 209 mmol)
%% 97% TH7: : '"HNMR (500 MHz, ppm, CDCl;)
81.60 BH, t, J = 7.2 Hz), 3.56 (3H, s), 3.71 (6H, s), 4.42
(2H, g,/ =7.2Hz), 6.80 (1H, t, J = 2.4 Hz), 8.16 2H, t, J =
3.2Hz);”"C NMR (20 MHz, ppm, CDCl,) §13.1, 36.5,
45.3,53.0, 53.2,107.3, 137.1, 139.6 ppm. HRMS (ESD
CeH N3 111.09227 ;found 111.0922; HRMS (ES]) caled
for C,H¢O,P 125.000382 ; found 124.9995.

[FI#DTFC, 1-butyl-2-methyl-1,2-pyrazolium dimeth-
yl phosphate ([Pyra-1,4] [DMPO,]), 1-octyl-2-methyl-1,2-
pyrazolium dimethyl phosphate ([Pyra-1,8] [DMPO,]) %
AL

[Pyra-1,4] [DMPO,] : 'H NMR (500 MHz, ppm, CDCl,)
50.87 (3H, t, J = 6.4 Hz), 1.23-1.60 (2H, m), 1.72-2.09
(2H, m), 3.42 (3H, s), 3.44 (3H, s), 4.28 (3H, s), 4.57
(2H, t,J=6.4 Hz), 6.57 (1H, t, J = 2.4 Hz), 8.47 (1H, s),
8.84 (IH, d, J = 3.2Hz):"C NMR (20 MHz, ppm,
CDCly) 613.5, 19.4, 31.3, 37.1, 50.0, 52.2, 52.5, 107.7,
137.8, 139.7;HRMS (ESD (M") CgH,5N; 139.12359;
found 139.1221; HRMS (ESID) caled for C,H,O,P"
125.000382 ; found 124.9986.

[Pyra-1,8] [IDMPO,] : 'H NMR (500 MHz, ppm, CDCl,)
50.79 (3H, t, J = 5.6 Hz), 1.30-1.70 (10H, m), 1.76-2.50
(2H, m), 3.54 (3H, s), 3.41 (3H, s), 3.43 (3H, s), 4.19
(3H, s), 4.50 (2H, t, J = 6.4 Hz), 6.65 (1H, t, J = 3.2 Hz),
8.26 (1H, d, /= 3.2 Hz), 8.56 (1H, d, J = 3.2 Hz);°C
NMR (20 MHz, ppm, CDCl,) §14.1, 22.6, 26.2, 29.1,
29.4,31.7,37.2,50.3, 52.3, 52.6, 107.5, 137.7, 139.7;
HRMS (ESI) (M") C,H,;N; 195.18623;found 195.1847;
HRMS (ESI) calcd for C,HsO4P" 125.000382;found
124.9992.

5.1.2. l-ethyl-4-methyl-1,2,4-triazolium dimethylphos-
phate ([124-Tz-12] [DMPO,) Ok

(1) Yyaag—traryrF % —&100mL & T
O— b&2%HL7Z500mL=10F A7 T A3+ b)Y
LI A FFYF (NaOMe: 10.86 g, 320 mmol) % i %
DIy, 7THVIVEBRLIZOBERTHAXSY 2 —
(MeOH) 70 mL Z il 2 CT## L7z, Z OIS 1H-1,2,4-
triazole (13.81 g, 200 mmol) @ik 2 ¥ 7 —) (50 mL)
B2 0C T30 TH N L7z, i T T RICIAR
# T LR L, 2\ T 1-bromoethane (23.97 g,
220 mmol) ®BiAK X % 7 —) (50mL) B % EiRT
302 T T L7z PR T BAWRZ 80T T24
KRR T 2 LIRA O BRE R Sz, LR
fLF P a%ET 4 MEBLTRE, WEWZS500
mL—I1+2X772a2ZL, u—%)—2NNKL—%
TRERFL, 27— VEBRARE S0 bES
¢ Claisen 7554 % 17\ 1-ethyl-1H-1,2,4-triazole (13.19
g, 136 mmol) # i fk & L TINE68% T 72 1 bp
53-55°C, 2.9 hPa;'H NMR (500 MHz, ppm, CDCl;)
51.46 3H, t,J=7.2Hz), 4.18 2H, q, J = 7.2Hz), 7.87
(1H, s), 8.04 (1H, 5); °C NMR (20 MHz, ppm, CDCl)
015.0,44.6, 142.2, 151.8.

(2) vau—tbarFr¥—%%51L72100mL—1
F A 7 F A 32 l-ethyl-1H-1,2 4-triazole (13.14 g, 135
mmol) % & 1), % T trimethyl phosphate (20.85 g, 149
mmol) Mz, TNVIYHATTIy 2L THIEHR
Wa T T Y AATERLIDE 120C T4 RHBEIEL
oo B FE TS RICAFY Y 2R), YZFrz—T
V17 > bR L, KRR A% 2= (50mL) (2
B LCHHEER (1.0g) ZMAT50T T1RMEHEL,
W2 Y 7 4 MIE# L CTRELZZIER»O XY ) — L
O —%1) —TI)NKRL =% TiEREL, 2w T50C
THIE (5.7 hPa) W2l #x SEERIATH 2 & CT[123-Tz-1,4]
[DMPO,] (32.11 g, 135 mmol) =ik & L e =
#912#472 © ~'H NMR (80 MHz, ppm, CDCl;) §1.63 (3H,
t,J=7.2Hz), 3.53 (3H, s), 3.66 (3H, s), 4.20 (3H, s), 4.53
(2H, q, J = 7.2 Hz), 9.36 (1H, s), 11.53 (1H, s); °C NMR
(20 MHz, ppm, CDCly) §14.3, 34.5, 47.8, 52.5, 52.7,
144.4, 145.7 ;HRMS (ESD) (M") CsH,(N3 112.08751;
found 112.0874 ; HRMS (ESI) calcd for C,HsO,P"
125.000382; found 124.9986.

F#kDF5 T, 1-butyl-4-methyl-1.2,4-triazolium di-
methyl phosphate ([124-Tz-1,4] [DMPO,]), 1-hexyl-4-
methyl-1,2,4-triazolium dimethyl phosphate ([124-Tz-
1,6] [DMPOQ,]), 1-octyl-4-methyl-1,2,4-triazolium di-
methyl phosphate ([124-Tz-1,8] [DMPO,]), 1-decyl-4-
methyl-1,2,4-triazolium dimethyl phosphate ([124-Tz-
1,10] [DMPO.]), 1-tetradecyl-4-methyl-1,2,4-triazolium
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dimethyl phosphate ([124-Tz-1,14] [DMPO,)), 1-(cyclo-
hexyl)methyl-4-methyl-1,2,4-triazolium dimethyl phos-
phate ([124-Tz-1,c6] [DMPO,]), 7 & T~IZ 1-(2-ethyl)
hexyl-4-methyl-1,2,4-triazolium dimethyl phosphate
([124-Tz-1,92-Etl6] [DMPO,]) & &1k L 7z

[124-Tz-1,4] [DMPO,] : '"H NMR (500 MHz, ppm,
CDCl3) 50.99 (3H, t, J = 6.4 Hz), 1.19-1.54 (2H, m), 1.64
—2.15 (2H, m), 3.53 (3H, s), 3.62 (3H, 5), 4.19 (3H, s),
4.46 (2H, t,J = 6.4 Hz), 9.36 (1H, s), 11.63 (1H, 5);°C
NMR (20 MHz, ppm, CDCl5) §13.4, 19.4, 30.9, 34.5, 52.2,
52.4,52.7, 144.8, 145.7 ; HRMS (ESI) (M") C,H;;N}
140.11883 ; found 140.1183 ; HRMS (ESID) caled for
C,HO,P™ 125.000382 ; found 124.9986.

[124-Tz-1,6] [DMPO,] : 'H NMR (500MHz, ppm,
CDCly) §0.94 (3H, t, J=5.6 Hz), 1.25-1.75 (6H, m),
1.70-2.25 (2H, m), 3.44 (3H, 5), 3.57 (3H, s), 4.23 (3H, s),
4.49 2H,J=17.2),9.4 (1H, s), 11.5 (1H, 5); °C NMR (20
MHz, ppm, CDCl;) §14.0, 22.4,25.9,29.0, 31.3, 52.5,
52.8, 52.8, 144.7, 145.8 ; HRMS (ESD) (M") C,H 4N}
166.15015 ; found 166.1494 ; HRMS (ESI) calcd for
C,Hs0,P™ 125.000382: found 124.9992.

[124-Tz-1,8] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl3) §0.92 (3H, t, J = 6.4 Hz), 1.2-1.6 (10H, brs), 1.9—
2.2 (4H, m), 3.56 (3H, s), 3.69 (3H, s), 4.22 (3H, 5), 4.47
(2H, t,J = 6.4 Hz), 9.43 (1H, s), 11.55 (1H, 5); "C NMR
(20 MHz, ppm, CDCl;) §14.1, 22.6, 26.2, 29.1, 31.7,
34.5,52.5, 52.8, 144.7, 145.8 ; HRMS (ESI) (M*)
C,;H,N3 196.18147 ;found 196.1813 ; HRMS (ESI) caled
for C,HsO,P™ 125.000382; found 124.9987.

[124-Tz-1,10] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl3) 60.95 (3H, t, J = 5.6 Hz), 1.25-1.75 (17H, m),
1.75-2.25 (2H, m), 3.57 (3H, 5), 3.70 (3H, s), 4.25 (3H, s),
4.47 (2H, t,J = 5.6 Hz), 9.50 (1H, s), 11.5 (1H, s); °C
NMR (20 MHz, ppm, CDCl;) §14.2, 22.7, 26.3, 29.1,
29.3,29.5,31.9, 34.5, 52.5, 52.8, 144.6, 146.0;HRMS
(ESI) (M") C,3Hy6N3 224.21279 : found 224.212 ; HRMS
(ESD) calcd for C,H,O,P™ 125.000382; found 124.9994.

[124-Tz-1,14] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl;) 60.98 (3H, t, J = 6.4 Hz), 1.20-1.75 (22H, brs),
2.0 (2H, brs), 3.62 (3H, 5), 3.75 (3H, s), 4.23 (3H, S), 4.52
(2H, t, J= 6.4 Hz), 9.02 (1H, s), 11.2 (1H, 5); 13C NMR
(20 MHz, ppm, CDCI3) §14.2, 22.8, 26.3, 29.1,29.4, 29.5,
29.7, 32.0, 34.6, 52.6, 52.9, 144.6, 145.4;HRMS (ESID)
(M") C,;H3,N3 280.27543 ; found 280.2744 ; HRMS (ESI)
caled for C,HgO,P~ 125.000382 ; found 124.9993.

[124-Tz-1,c6] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl;) §0.75-1.20 (5H, m), 1.20-20.0 (6H, m), 3.40
(3H, s), 3.52 (3H, ), 3.87 (3H, ), 4.16 2H, d, J = 6.4 ),

8.70 (1H,s), 9.64 (1H,s):”C NMR (20 MHz, ppm,
CDCly) 624.9, 25.2, 25.5,29.4, 34.0, 37.0, 52.8, 52.9, 58.0,
142.5, 145.4 ; HRMS (ESI) (M") C,oHsN3 180.15015;
found 112.0874 ; HRMS (ESI) calcd for C,HsO,P"
125.000382 ; found 124.9992.
1-(2-ethyDhexyl-4-methyl-1,2,4-triazolium dimethyl
phosphate ([124-Tz-1,92-Et]6] [DMPO,]) : 'H NMR (80
MHz, ppm, CDCI3) §10.94 (3H, t, J = 5.6), 1.25-1.75
(6H, brs), 1.70-2.25 (2H, m), 3.44 (3H, s), 3.57 (3H, s),
4.23 (3H, s), 4.49 2H, t, J =7.2), 9.40 (1H, s), 11.46
(1H, s);°C NMR (20 MHz, ppm, CDCl5) §9.6, 13.3,
22.2,22.8,27.7,29.3, 34.0, 38.6, 52.8, 52.9, 55.5, 144.7,
145.8 ;HRMS (ESD (M") C,H,,N3 196.18147 ;found
196.1804 ; HRMS (EST) calcd for C,HsO4P™ 125.000382;
found 124.9992.
5.1.3. 1-butyl-3-methyl-1,2,3-triazolium dimethylphos-
phate ([123-Tz-1,4] [IDMPO,]) D&k

(1) Yau—bar7Fr4—LMHERETFa— 1 (100
mL) ###% L72500mL=> 07 F &3 IZKHKILF b
1) 7 2 (NaH, ca. 60% in #:#77) (4.00 g, 100 mmol) %
20D, 7T EE L7205 ER T dry hexane &
MZAE TSSO LEAREZ 20 ) I TY) LT
BB & B2 L7z, 2w K THF 50 mL Z il
27z A U7BEWC 1H-1,2,3-F ) 7V — )L (25) (6.91
g, 100 mmol) ®dry THF (25mL) # i % 0T T404
MFTHTL, DWTEHIRTIRMEELZ. W e
WZARFEA ADFEA UK RS ATE bz, O
WICEIRTI-S—F7% >~ (20.2 g, 110 mmol) @ THF
(25mL) BWE30G2TTHEL, W THE TV
T YA AFET, 70T T4 #tYE$ 5 & I3k
F SR A O USSR 2 b L7z, o L CEI
olzb AT, 7 (1.80 g, 100 mmol) % 0T T Z#
Bl OKFALF b ) 7 A& T B LG EH OB
o7z, THITHARRER S MY 7 A2 THRIEL T
BiAKL, iz T NNRL—F Tl Lz0bY U 7
7TV aNTAIURNTTT 4 —RITW (NFH -
Fi:fE = 7 1 10:1~1:2) 1-butyl-/H-1,2,3-triazole (9.45
g, 75.5 mmol) % JL#76% T £ 72 : 'H NMR (80 MHz,
ppm, CDCl;) §0.98 (3H, t, J = 7.2 Hz), 1.20-1.62 (2H,
m), 1.76-2.07 (2H, m), 4.44 (2H, t, J = 7.2 Hz),7.66 (1H,
s), 7.71 (1H, s); °C NMR (20 MHz, ppm, CDCL;) 513.5,
19.7,32.3,49.9, 123.4, 133.7.

(2) 1-butyl-1H-1,2,3-triazole (9.45 g, 75.5 mmol)
(9.45 g,75.5mmol) #300mL—I1F+ A7 5 & I
By, |iR<Ty yEhY x50 (21) (11.63 g, 83.0
mmol) Mz, 7NITVEHKTI20C, 48H:M#EHE
L7z, ZIME TR LR, AFHFTTH v Mk
@mE) L7zob, EEzFVv (100 mL) %z CTHER



14 124807V LT AFNY VEEA T 2 HARO TR O ]

L, it (5.0g) %A T40C TR L 2. &
FA4 MEBLTEEREREL, BiREa—% ) —xn
AL — % T, DWW THEZEEZEL T[123-Tz-1,4]
[DMPO,] (16.47 g, 62.1 mmol) % Y{%83% T 72 : 'H
NMR (80 MHz, ppm, CDCl;) §1.07 (3H, t, J = 6.4 Hz),
1.25-1.73 (2H, m), 1.92-2.28 (2H, m), 3.61 (3H, s), 3.74
(3H, s), 4.58 (3H, s), 4.84 (2H, q, J = 6.4 Hz), 9.90 (2H,
s);”C NMR (20 MHz, ppm, CDCl;) §13.4, 19.5, 31.7,
40.1, 52.4,52.7, 53.6, 132.5, 133.3;HRMS (ESD (M")
C,H ;N7 140.11883 ; found 140.1183 ; HRMS (ESI) calcd
for C,H,O,P~ 125.000382; found 124.9987.

£k D T2 T 1-ethyl-3-methyltriazolium dimethylphos-
phate ([123-Tz-1,2] [DMPO,]) % & 5% L 72 : 'H NMR (80
MHz, ppm, CDCl;) §1.69 (3H, t, J = 7.2 Hz), 3.54 (3H, s),
3.68 (3H, s), 4.49 (3H, s), 4.82 (2H, q, J = 7.2 Hz), 9.56
(1H, s), 9.61 (1H, s); °C NMR (20 MHz, ppm, CDCL;)
514.8,40.1,49.3,52.6, 52.9, 131.9, 133.0:HRMS (ESD
(M") CsH N3 112.08751 :found 112.0873 ; HRMS (ESI)
calcd for C;HqO,P™ 125.000382 ;found 124.9985.

5.1.4. 4-butyl-1-ethyl-3-methyl-1,2,3-triazolium dimethyl-
phosphate ([123-Tz-1,24]1 [DMPO,]) ®& %

(1) Yyaua—rbar5sr¥—=100mL M8~
O— b E2EELZILZOF A7 227 4T M)
7 & (NaN;) (26.0 g, 400 mmol) # 2 )Ly, T
TVEBELZ2OB L TDME S0 mL #1272 (58412
BEML W), ZHICHETR/ILZF )V (21.8 g, 200
mmol) @ DMF (25 mL) W % 30027 T F L, i
TAET #80°C T24 Mg MR T 2 & BUS RN H kB
AT L7z, BUS L CHRIC R 722 25T, HIE»S
3 7 4bsil (Cul) (3.81g,20mmol) #FH AL A4
Lozl iz. DWW, HFE— 225 1-hexyne
(19.7 g, 240 mmol) @ N,N-dimethylformamide (DMF)
(25mL) %3052 TH T L, 2w T80T T24
W #E L7z 1-hexyne @i F &3I4+ L ¥ T HhNH 2
JRAGIRERICZAL L7z, s L CRUBR AR IRIC % -
foZ b R MERBICHER T L (100mL) THML, &
T4 MEBLTI VA BRE L. Wl EIT) LR
IR OICE L. ZoOMlEeE—5 ) —T VR L —
% (70C) TDMFZkr\w7:. R&RiE%Em = 5L (100
mL) &VIFVI—F)V (20mL) (Z#HEME, Kk 3
m) L7zob, £HERE% #EKMgSO, THEL, u—7%
Y—INKL =%, DWTHEEET S L 0K
(4236 g) DMESNIZ. THEBIESN (4.8hPa) T
54 ¥ v#EYET 5 & 4-butyl-1-ethyl-1H-1,2,3-triazole
(26.2 g, 171 mmol, bp 97°C, 4.6 hPa) AifEuiifke LT
L% 85% T3 572 - '"H NMR (80 MHz, ppm, CDCl;)
50.98 (3H, t, J = 6.4 Hz), 1.33-1.89 (4H, m), 1.58 (3H, t,
J=72Hz),2.77 QH,t,J =64 Hz), 442 (2H, q, J = 7.2

Hz), 7.39 (1H, s);°C NMR (20 MHz, ppm, CDCl,)
613.9,15.6,22.4,25.5,31.7,45.1, 120.1, 148 4.

(2) 4-Butyl-1-ethyl-1H-1,2,3-triazole (26.2 g, 171
mmol) %500mL—F A7 5 AWy, =HiRTY
YEERYU AF OV (9) (205mmol, 28.70g) #IMZ, T
VT ERAKTTI20C, 24WH#BE L2 i E Tl
WLtk ANFFTFH Y MR Q) Lzob,
A% =) (100mL) ZINZCTHEML, Htkxk (5.0 g)
ZIMATS0CTIRMBIELZZ. T4 ME# LTtk
xR Ltk SR EZREZE (65°C, 5.5 hPa) ZfTw
[123-Tz-1,2,4] [DMPO,] (45.74 g, 156 mmol) % #1&{4
Wifk & LTI 91% T 72 - 'H NMR (500 MHz, ppm,
CDCl;) §0.98 (3H, t, J = 7.3 Hz), 1.47-1.49 (2H, m),
1.67 (3H, t, J = 6.7 Hz), 1.75-1.85 (2H, m), 2.89 (2H, t,
J=7.8Hz), 3.58 (6H, s), 4.22 (3H, s), 4.83 2H, q, J =
7.1 Hz), 9.70 (1H, s); °C NMR (125 MHz, ppm, CDCl;)
613.6, 14.7,22.2,23.1, 29.1, 37.6, 49.3, 52.5, 130.3,
144.3;ESI-MS m/z (M") caled for CoH sN3 168.15015,
found 168.1486, m/z (X") calcd for C,HO,P™ 125.0004 ;
found 124.9990; mp —77.4°C (DSC), 10% decomposition
temperature was 204°C (TG-TDA).

[{ % @ F ¢ 1,4-dibutyl-3-methyl-1,2,3-triazolium
dimethylphosphate ([123-Tz-1,4,4] [DMPO,]) (CAS
1198330-44-7) 7 & U°IZ 1-(2-methoxy)ethyl-3-methyl-4-
butyl-1,2,3-triazolium dimethylphosphate ([123-Tz-
1,4, ME| [DMPO,D) & & L7z

[123-Tz-1,4,4] [DMPO,] (CAS 1198330-44-7) : mp
-65.7°C (DSC), 10% decomposition temperature was
205°C (TG-TDA);'H NMR (80 MHz, ppm, CDCl;)
81.05 (3H, t, J = 6.4 Hz), 1.28-2.19 (8H, m), 3.02 (2H, t,
J=6.4Hz),3.56 (3H, s), 3.69 (3H, s), 4.37 (3H, s), 4.82
(2H, t, /= 7.2 H2), 0, 9.56 (1H, s); °C NMR (20 MHz,
ppm, CDCl;) §13.5, 13.7, 19.6, 22.3, 23.2, 29.3, 31.5,
37.7,52.3,52.6, 53.7, 130.4, 144.5;ESI-MS m/z (M")
caled for C H,,Nj 196.18147, found 196.1797, m/z (X))
caled for C,HgO,P™ 125.0004 ; found 124.9989.

[123-Tz-1,4,ME] [DMPO,] : mp —-61.7°C (DSC);'H
NMR (80 MHz, ppm, CDCl;) §1.01(3H, t, J = 6.4), 1.29—
2.00 (4H, m), 2.93 CH, t, J =7.2),3.97 2H, t, J = 6.4),
3.39 (3H, ), 3.52 (3H, s), 3.65 (3H, ), 4.30 (3H, s), 9.75
(1H, s):°C NMR (20 MHz, ppm, CDCl;) §13.6, 22.3,
23.2,29.1,37.5,52.2,52.5,53.7,58.8,69.6, 130.7, 144.35 ;
ESI-MS m/z (M") caled for C,(H,N;0" 196.16072,
found 198.1601, m/z (X) calcd for C,HsO,P™ 125.0004;
found 124.9986.

5.2. 47 L ROREIERERER™
521. WBRENE : > TVAV DY v — L, BEG
(PR S T&D HERE - AV - T - BET— % 0
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7= TR-74Ui) L H#IZ A5 ~ L AL (200 x 185 x 30
mm) LICEE, §XTE2F v v 7fF&RYE QUL
FA—n7uy sy BRREHEY y Tuy 7 (BEEE),
273 mm X 268 mm) (2 AR (W% 1,110em’). Th%
30C DEEMEIC AN THIE L, KV ENOUEE DR
BIET L FToRELILTIE L. WEIROMKIC
FEhi L7z, PORVENICEKRKEZ AN TR BHNORE
B (%RH) 2380% LA 27 o722 & % R I & /KK
EWOBEE, FRAFFE LA S VAR AS T2 v —
LaRVEIZANTELICHIEL, RUESNORELE(L
F—Fuf—Citsk L7z WM R i E oAl
(A%RH) ZHOENEELR/- ) BLUPOEZHHL
RILEE (DC (mol)) & LT L7z, F7o, Wiy
13, fERIZESUER 2 &0 U CRERNSE L 72 E o d i
fili (1/2A%RH) %K, ZFOMEIZET S T TORH
(172T) THEIY E)V Y472 THH L Rate (mol) & L TR
L7z, MBDIFIZHOWTH FERICIRREZ A L, iR
L CCaCl, (+7 54 7 Z 2 ik, Lot No. MOA0090.
FIEER) 2OV TIGRAE L WRHEEZFH L. &5
2, R (g) U720 OWINEE L IIGEE b HIL, Zh
ZhDC (g) &5 Rate (g) & LTORLA. ZOFEE
FiEZHEY TH 2 PBENET2H T oL SRS 5

ZEEMERLTVD.
5.2.2. 4 % ¥ WK E MO SRR E LT 2 S OV Ffif K
ALV E R 2

WEAE I F COME & MBRIZ200mL [+ A7 5 A3
WY TIVER10.0 g2 A, D O BRI O B
FhEZELAAR, 2y =23y 7VEPICANL. =)
Iy 7% RMLTCTFYE VY S = —EHE (Okano
i-Pascal) EHZET 4 VIIORE, YU T IVKERIST
DFICR2ETREZGH LI-OBEHET [ v L
L, MELT—EFEICE 72 IAHTHET L YD
HEL7z, DWW T, KiBxZ65CETHISHEENLTTH
ML, V¥ FIVKEHEIZDOWT2TC R TRERE %l
EL SHAER LA T VROV TIZ80EE %,
607 %, 40E 5 % KIEWAZ D\ TP AR LE 2 Hl
€ L, P K 2 SUE O SN X 80 B % /K I ol 58
FEIRL 2 L CAPvsoos i Z 5 L 72,

Eil

AWML SR R R E (C) No. 21K05159 & 5 1 %
Y3, SHBALARIZET O E 2 T T o 72 W
fiEBe B i AT & DSCIUZ & % Bl E 122 W TS IUR
FLAETRE b B, WA IR 24 T D S B
RERERICBHEE 22 o 72, IR, BUE, BURRYRE:
BT h b F — B A e RHE LR RS T & S 12 2 B
ATV, A XHIBELA X7 FOVIIE & AT 138
RIFEFIINRHEE L 2b0THY, P TVIY

LA X VHAEOMD Y I 2L —3 3 VIZKED— X
F— 21 K% Hyung J. Kim##% & Andrew DeYoung
WLicka2b0ThHsb. F72, 44 ko500 MHz
NMR A7 bV OR5E 1% 8 H H ISR O SR — IR
WCBMEEIC R o7z, A A VRO UERE ORI % 451 L
NV EWPTIIRIEIER AW T —< TH ), 2
ISR L72Z L OF T Tz 2 ERifge % 2% T %
ZENTE BUOHBEEZELLLW,
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