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N-Alkyl- and N-fluoroalkyl-substituted oxazolidinium- and morpholinium-based quaternary salts and ionic liquids
have been synthesized and characterized. Reactions of N-methyloxazolidine (1) or N-methylmorpholine (2) with
3-fluoropropyl bromide or iodopropane in THF at 25 °C gave the quaternary salts (3a,b, 4a,b). These salts were
metathesized with various metal salts to yield the corresponding ionic liquids (5a—h, 6a—i). N-Alkoxyethyl- and
N-(fluoroalkoxy)ethyl-substituted morpholines (8—11) were prepared and quaternized with methyl iodide (8a—11a).
Their corresponding ionic liquids (12—18) were obtained by anion exchange and characterized. For both series of
compounds, nitrate, hexafluorophosphate, perchlorate, triflate, and bis(trifluoromethanesulfonyl)amide were utilized.
Most of the final products are liquids at 25 °C and are thermally stable with long liquid ranges as determined by
thermal gravimetric analyses. For compounds 12, 16, and 18, thermal stabilities of >400 °C were observed. All
the new compounds were characterized by spectroscopic and elemental analyses. Their densities and viscosities
were also determined.

Introduction Early during our study ofN-methyloxazolidine and\-

Since the discovery of the first ambient-temperature molten Methylmorpholine as possible precursors to ionic liquids, two
salt in 1914} many classes of molten salts have been lMited reports appeared that describe Kaputyl-N-meth-
investigated. In recent years, ionic liquids have been ylmo_rpholln_lum b|s(trlfluoromethanesuprnyl)an_wlde as alow
recognized as “green solvents” due to their negligible vapor Melting solid;® (b) X-ray crystallographic studies of novel
pressure, wide liquid range, high thermal stability, high ionic 1onic liquids based of\-alkylmorpholinium salts? and (c)
conductivity, and potential for being recycled more easily N—butyI—N-methonxazoI|d|n|L_1m b|§(tr|f_luoromethanesulfon-
than organic solven&The properties of these materials are Y)amide (butyimethyloxazolium bis(trifluoromethanesulfon-
optimizable and can be modified as need arises. Because of)amide [sic]):® Quaternized oxazolidinium and morpho-

these unusual characteristics, they have promise as solventinium halo, perchlorate, and other salts are known, and some

for a wide range of inorganic and organic reactions and may (10) wasserscheid, P.; Keim, Wngew. Chem., Int. EQ00Q 39, 3772

be the key to clean processes and green chendi$t®yich ) 33118?{1 R AChem. C {2001 2392407
. . . . . elaon, R. em. Commu .
properties allow these extraordinary liquids, many of which (12) lonic Liquids in SynthesjsVasserscheid, P., Welton, T., Eds.; Wiley-

possess nitrogen-containing heteroatom rings as the cationic ~ VCH: Weinheim, Germany, 2003. _
cores, to have potential useful applications far beyond acting 13) Hagwara, R.; Hirashige, T.; Tsuda, T.; lto, X Fluorine Chem1999

. 99, 1-3.
strictly as solvent$.* (14) Hagiwara, RElectrochemistry (Tokyc3002 70 (2), 130-136.
(15) lonic Liquids: Industrial Applications to Green Chemistifgogers,
* Author to whom correspondence should be addressed. E-mail: jshreeve@ R. D., Seddon, K. R., Eds.; ACS Symposium Series 818; American
uidaho.edu. Chemical Society: Washington, DC, 2002.
(1) Walden, PBull. Acad. Imp. Sci. St. Petersbut®14 1800. Sugden, (16) Bonhae, P.; Dias, A.-P.; Papageorgio, N.; Kalyansundaram, K;
S.; Wilkins, H.J. Chem. Sacl929 1291. Grézel, M. Inorg. Chem 1996 35, 1168-1178.
(2) Blanchard, L. A.; Brennecke, J. Nature 1999 339, 28. (17) lonic Liquids as Green Seénts: Progress and ProspectRogers,
(3) Freemantle, MChem. Eng. New2001, 79 (1), 21—-25. R. D., Seddon, K. R., Eds.; American Chemical Society: Washington,
(4) Freemantle, MChem. Eng. New200Q 78 (20), 37-50. DC, 2003.
(5) Handy, S. T.; Zhang, XOrg. Lett.2001 3, 233-236. (18) Oldham, W. J., Jr.; Costa, D. A.; Smith, W. H.lémic Liquids Rogers,
(6) Laali, K. K.; Gettwert, V. JJ. Fluorine Chem2001, 107, 31—34. R. D., Seddon, K R., Eds.; ACS Symposium Series 818; American
(7) Seddon, K. RJ. Chem. Technol. Biotechndl997, 68, 351—-356. Chemical Society: Washington, DC, 2002; pp 1838.
(8) Welton, T.Chem. Re. 1999 99, 2071-2083. (19) Swatloski, R. P.; Rogers, R. D.; Lea, C. R.; Miller, I. A.; Brown, D.
(9) Scott, J. L.; MacFarlane, D. R.; Raston, C. L.; Teoh, C.Gfeen M. Abstracts of Papers226th National Meeting of the American
Chem 200Q 2, 123-126. Chemical Society, New York, Sep-71, 2003; IEC-129.
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applications have been suggestett. None of these com-
pounds is classified as an ionic liquid. Recently we synthe-
sized a variety of fluorinated imidazolium-, pyridinium-,
bipyridinium-, and triazolium-based ionic liquid%.?¢ Now

we report the syntheses and characterization of several new =1y, 2 (n=2)

N-methyloxazolidinium- andN-methylmorpholinium-based
ionic liquids where the cations contain eithgspropyl or
N-fluoropropy! substitutents. Alsd\-alkoxyethyl- andN-
(fluoroalkoxy)ethyl-substitutet-methylmorpholinium-cen-

tered ionic liquids are described. These are the first samples

of quaternary salts that, with the exception of one or two
thiazolium compound¥, contain two different heteroatoms
in the cationic ring and which exhibit properties normally
associated with ionic liquids (e.g., mp 100 °C)!%1° and,

in some cases, unusually high thermal stabilities.

Results

A large fraction of the known ionic liquids are composed
of alkylammonium, alkylphosphoniuniy,N'-dialkylimida-
zolium, andN-alkylpyridinium cations’ Recently, quaternary
triazolium salts have also been demonstrated to exhibit ionic
liguid characteristicd® 30 All of these systems are either

acyclic or the cation ring has at least some aromatic character.

In this work we have prepared both alkyl- and fluoroalkyl-
substituted oxazolidinium and morpholinium ionic salts
formed by quaternization with alkyl or polyfluoroalkyl
halides as well as ionic liquids derived from quaternized
alkoxyethyl and (fluoralkoxy)ethylN-methylmorpholine
compounds. The corresponding final ionic liquids were

prepared by metathesis reactions of the quaternary salts with

appropriate metal salts to form nitrate, hexafluorophosphate,
perchlorate, triflate, and bis(trifluoromethanesulfonyl)amide
salts using water or water/acetone mixture as solvent.
Synthesis of Alkyl- and Fluoroalkyl-Substituted Oxa-
zolidinium- and Morpholinium-Based Quaternary Salts

(20) For oxazolidinium salts: Pedrosa, R.; Andres, C.; Delgad&ymlett

200Q 893-896. Andres, C.; Delgado, M.; Pedrosa, R.; Rodriguez,

R. Tetrahedron Lett1993 34, 8325-8328. Andres, C.; Delgado, M.;

Pedrosa, RSynth. Commurl992 22, 829-839. Kukharev, B. F.; et

al. SU 1761752, Sep 15, 1998hem. Abstr1992 119 184058.

Stankevich, V.; et al. SU 1616913, Dec 30, 1986em. Abstr1990Q

115 11766. Nazarski, R. B.; Skowronski, R. PL 149433, Feb 28, 1990;

Chem. Abstr199Q 114, 101976. Boehme, H.; Osmers, &hem. Ber

1972 105 2237-2245. Boehme, H.; Orth, HChem. Ber1966 99,

2842-2847.

For morpholinium salts: Li, Y. CN 1121210, Sep 17, 20GBem.

Abstr.2003 136, 314762. Kleszcznska, H.; Oswiecimska, M.; Witek,

S.; Przestalski, SZ. Naturforsch., C: Biosci1998 53, 425-430.

Zanke, D.; Nega, E.; Banasiak, L.; Lyr, H. DD 299515, Apr 23, 1992;

Chem. Abstr1992 117, 151000. Mizuno, S. JP 50069241, June 10,

1975;Chem. Abstr1975 84, 79739.

(22) Singh, R. P.; Manandhar, S.; Shreeve, JTktrahedron Lett2002
43, 9497-9499.

(23) Singh, R. P.; Manandhar, S.; Shreeve, J.Syinthesi2003 1579
1585.

(24) Singh, R. P.; Shreeve, J. @hem. Commur2003 1366-1367.

(25) Singh, R. P.; Winter, R. W.; Gard, G. L.; Gao, Y.; Shreeve, J. M.
Inorg. Chem 2003 42, 6142-6146.

(26) Mirzaei, Y. R.; Shreeve, J. MBynthesi®003 24—26.

(27) Forrester, K. J.; Davis, J. H., Jretrahedron Lett1999 40, 1621~
1622.

(28) Drake, G.; Hawkins, T.; Brand, A.; Hall, L.; Mckay, NPropellants,
Explos Pyrotech.2003 28, 174-180.

(29) Mirzaei, Y.; Twamley, B.; Shreeve, J. N. Org. Chem 2002, 67,
9340-9345.

(30) Mirzaei, Y. R.; Xue, H.; Shreeve, J. Nhorg. Chem2004 43, 361—
367.

(21)

Scheme 1
Q 2a or 2b o] MY Q
[Nb)n—> [_‘i?)n I:,NO)n
Me Me/XfCHZCHZR Me/YfCHQCHZR
3a, 3b (n=1) 5a-5h (n=1)
2a = FCH,CH,CH,Br 4a, 4b (n=2) 6a-6i (n=2)

2b = CH;CH,CH,I

Y = Tf;N, PFq, NO3, ClO4, TfO
M= Li, K, Ag, Ag, K
Table 1. Yields, Densities, and Viscosities of Alkyl- and

Fluoroalkyl-Substituted Oxazolidiniunbé—h) and Morpholinium
(6a—i) Based lonic Liquids

compd CHCH;R Y yield (%)  densit¢  viscosity

5a CHoF TfoN 45 1.63 287
5b CHoF Pk 35 ¢

5c CHoF NO; 90 1.49

5d CHF CIO, 85 1.46

5e CHoF TfO 50 ¢

5f CH3 TfoN 55 1.55 340
59 CH;s PR 40 d

5h CHs NO3 90 ¢

6a CHoF TN 50 1.69

6b CHaF Pk 40 d

6¢C CHF NO3 90 d

6d CHoF ClOy 90 1.50

6e CHoF TfO 40 d

6f CHs TfoN 50 1.54

69 CHs PFs 40 d

6h CH3 NO3 90 d

6i CH3 ClO4 90 d

aglcm?, 25 °C, pycnometer, 30C. b cP. ¢ Not determinedd Solid.

and Their lonic Liquids. N-Methyloxazolidine 1) was
prepared by modification of the earlier methodol&ggnd
utilized for quaternization studies without further purification.
Initially the reactions ofl with 3,3,3-trifluoropropyl iodide
without solvent or in THF were attempted at 40 and°60
and while small amounts of the quaternized product were
obtained, it was impossible to purify the salt even after
exchanging with other anionic species. However, when
3-fluoropropyl bromide Za) or 1-iodopropaneb) was used
either under neat conditions or in THF at 25, 3a,b were
isolated in 75% vyields (Scheme 1).

N-Methylmorpholine ) did not react with 3,3,3-trifluo-
ropropyl iodide but was quaternized with 3-fluoropropyl
bromide @a) and 1-iodopropane2p) under analogous
conditions to form4ab in about 50% yields. Modifying
reaction conditions by increasing reaction time or raising the
temperature did not impact the product yields. Metathesis
reactions of the quaternary sal8a(b, 4a,b) with metal salts
(M*TY~) containing the desired anions were normally per-
formed in water/acetone mixtures at 26 to prepare the
ionic liquids 5a—h and6a—i in varying yields (Scheme 1,
Table 1).

Synthesis ofN-Alkoxy- and N-Fluoroalkoxy-Substitut-
ed Morpholines and Their Quaternary Salts and lonic
Liquids. To prepare ether-containing morpholine species
with longer chain, more flexible substitutents, 4-(2-chloro-

(31) Heaney, H.; Papageorgiou, G.; Wilkins, R.Tetrahedronl997, 53,
14381-14396.
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Scheme 2
[0] O o) 0.
woong L) () o )
N 2 \ CHSL °N MY N
g.HCL NaH/THF THF7O°CTash M€ | \_ HaOlAcetone. M€y~ \_
Reflux/12-72h Q 0
. \_
cl O R R
R
7 8-11 8a-11a 12-18
MY =Li'NTf,, K'PFs
Table 2. Yields, Densities, and Viscosities dFAlkoxy (15, 18) and Table 4. Thermal Decomposition Temperaturé€) of Oxazolidinum

N-Fluoroalkoxy (2—14, 16, 17) Substituted Morpholinium-Based lonic and Morpholinium Salts As Determined by TGA

Liquids — — — — —
TfoN PR NO3 ClOq4 TfO
compd GH,OCHR Y yield (%) density  viscosity N—Me Oxazolidinum
12 CF3 TN 90 1.69 N—(CHy)2CHoF 330 191 245 268 283
13  CR PR 98 c N—(CHy)2CHs 347 239 183
d
1451 gﬁ 'll\'lfolil gg 154 N—Me Morpholinium
S 2 : N—(CHy,)2CH2F 342 196 289 276 293
16  (CR)CHR.  TfN 95 1.86 970 B
N—(CH,)2CHs 200 200 285 @ 312
17  (CR)CHR PR 95 ¢ N—(CHz)20CH,CFs 412 268 277
18 (CH2CHs TN 95 1.38 223 22
N—(CHz)20CH,CHs 389
ag/cn®, 25 °C, pycnometer? cP, 30°C. ¢ Solid. ¢ Not determined. N—(CH2)20CHy(CF;)3CHF, 400 260
N—(CHy)20(CHz)4CHs 410

Table 3. Phase Transition Temperatur&g (Tg) (°C) of the Quaternary
Salts As Determined by DSC

TN~ PR-  NOs~ CIOs~  TfO~

guaternary salts (excluding bromides or iodides) are ther-
mally stable over a range between 196 (N-methylN-

N (CHsCHF N—Me Oxazo'ﬁgg)m . . . fluoropropylmorpholinium hexafluorophosphagby) to 400
N—(CH,)2CH;z 44 41 (-60) °C and beyond. While the substitutemethylmorpholinium
N—Me Morpholinium (6af, 12, 15, 16, 18) andN-methyloxazolidinium $a,f) Tf.N
N—(CHy)2,CHoF (-51) 80 58 a 68 salts are more stable by100 °C than any of the others,
H:Egngzg'éib - E:ggg ?g 58 91 even the nitrate and perchlorate (fluoropropyl and propyl)
N—(CHz)s0CH,CHs (-53) derivatives are remarkably stable over a range between 250
N—(CH,),0CH(CR,)sCHF,  (—53) 62 and 312°C (excepting5h). Interestingly, while propyl
N—(CH2)20(CH;)4CHs (—54) N-morpholinium (TfyN (6f) is considerably less stable
a< —78°C (Ty). thermally than its pyrazinium analogu&y(= 216 vs 316

°C), the fluoropropylN-methylmorpholinium §a) salt is
ethyl)morpholine hydrochloride7f was reacted with alkyl ~ markedly more stable than the analogous saturated fluoro-
and fluoroalkyl alcohols using a modified literature proce- ethyl 1,4-dimethylpiperazinium or the fluoroethyl pyrazinium
dure®? to form N-alkoxyethyl- or N-((fluoroalkoxy)ethyl)- compound Ty = 342 vs 199 vs 252C). In general, there
morpholine derivatives3-11) (Scheme 2). The introduction  appears to be little difference in the thermal stabilities of
of an oxygen-containing substitutent was anticipated to have the N-propyl andN-fluoropropyl N—Me oxazolidinium T§N
considerable impact on the physical properties of the derivatives in contrast with the analogous morpholinium
quaternized morpholinium salts compared to their alkyl- and compounds. Regardless of substituent, the morpholinium
polyfluoroalkyl-substituted analogues. Each of the morpho- ether derivatives (EN) have remarkable thermal stability,
line ethers was quaternized with methyl iodide in THF as comparable to bis(fluoroethyl)-1,4-dimethylpiperazine.

solvent at 70C to form the respective quaternary saa- While all of theN-(fluoropropyl)N-methyloxazolidinium
114). The iodide ion was subsequently exchanged with other quaternary salts are liquids with loly's (Table 3), it is
metal salts to form several new ionic liquids2—18, in surprising that thé\-(fluoropropyl)hexafluorophosphatblf)
excellent yields (Table 2). is liquid. Supercooling may play a role, but in our hands it

The thermal properties of these new quaternary salts werewas not possible to cause the compound to solidify and to
examined using differential scanning calorimetry (DSC, remain solid at 25C. This phenomenon may also explain
Table 3) and thermogravimetric analysis (TGA, Table 4). the low Ty of the propyl oxazolidinium nitrate5f). All of

Viscosity data are presented in Tables 1 and 2. the substitutedN-methylmorpholinium TiN salts 6af, 12,
) _ 15, 16, 18) are liquids withTy's ranging betweenr-38 and
Discussion —54 °C. These values are somewhat lower than those for

With the exception oiN-methylN-propyloxazolidinium several substituted 3-Me imidazolium ;Nf salts!®233%3

nitrate 6h), which decomposes at 183C, all of the

(33) Matsumoto, H.; Kageyama, H.; Miyazaki, €hem. Commur2002

1726-1727.
(32) Quici, S.; Cavazzini, M.; Ceragioli, S.; Montanari, F.; Pozzi, G. (34) Dzyuba, S. V.; Bartsch, R. AChemphyscherf002 3, 161-166.
Tetrahedron Lett1999 40, 3647-3650. (35) Wilkes, J. S.; Zaworotko, M. hem. Commuri992 965-966.
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However, when the hexafluorophosphates are compared, theeoncomitant higher viscosities suggests higher temperature

imidazolium derivatives are lower melting by several tens
of degrees, but all are solids at 26.

Perhaps most unexpected is the lack of influence on any

of the physical properties (except thermal) of the-Me
morpholinium salts (with TAN) formed when ether-contain-

ing moieties are substituted on the ring. While less efficient
packing would be expected as the substitutent chain increase
in length or becomes more flexible as occurs with oxygen
in the chain (e.g., the case where lower melting points are

fluids applications.

Experimental Section

General Methods. H, 1°C, 1%, and3P NMR spectra were
recorded in acetonds (unless otherwise stated) on a 300 MHz
spectrometer operating at 300, 76, 282, and 121 MHz, respectively.

euterium oxide was frequently added to enhance solubility.

hemical shifts are reported in ppm relative to the appropriate
standard. GC/MS spectra were determined by insertion using the
solid probe. M is the mass of cation. IR spectra were recorded

observed for butyl-substituted imidazoles compared to meth- sing NacCl plates for neat liquids and KBr pellets for solidis.

yl), essentially no difference in th&; is observed when
changing from propyl &f) to 2,2,3,3,4,4,5,5,-octafluoro-
pentoxyethyl 16) to pentoxyethyl {8) among the bis-
(trifluoromethanesulfonyl)amide salts. Although the density
of 16is relatively high at 1.86 g/cithe densities of all the
liquid salts fall between 1.38 and 1.69 gfenWith the
exception of the 1-Me-(trifluoroethyl)imidazolium s#lt
whose viscosity approximates the oxazolidinium s&H) (
and the (pentoxyethyl)morpholinium salif], the viscosities

of the oxazolidinium and the morpholinium;N compounds

and Ty were recorded on a differential scanning calorimeter at a
scan rate of 10°C/min. Thermal stability were determined by
thermogravimetric analysis (TGA). Density and viscosity were
measured using a pycnometer and a viscometer (Minivis 1, Grabner
Instruments), respectively. Elemental analyses were performed by
the Shanghai Institute of Organic Chemistry.

General Procedure for the Preparation of Quaternary Salts
(3a,b, 4a,b).In a typical reactionN-methyloxazolidine (10 mmol)
was taken in a 50 mL flask and dissolved in 6 mL of THF. RY
(Y = Brorl) (11 mmol) was added under nitrogen atZ5 The
reaction mixture was stirred for 3 days at 26. All volatile

are in some cases more than 1 order of magnitude greatematerials were removed at reduced pressure, and the residue was

than the similar imidazolium and pyrrolidinium counter-
parts!®37 (Octafluoropentoxy)ethyl)morpholinium ¥ (16)
is significantly more viscous than is its nonfluorinated
analoguel8.

Recently it has been pointed out that fi@entylC-ethyl-
or N-methyl/C-ethyl-substituted oxazolinium cation has low
stability with concomitant ring opening under acidic condi-

tions although the hexafluorophosphate salts were prepare

under aqueous acid conditions in 91% yiéidDur meta-

subjected to dynamic vacuum for 1day leaving the pure quaternary
salt.

N-(3-Fluoropropyl)- N-methyloxazolidinium bromide (3a): 75%
yield, yellow viscous liquid; IR (KBr) 3425, 2978, 2912, 2068,
1630, 1466, 1388, 1341, 1126, 1043, 1190, 900 ¢riH NMR
(300 MHz, D,O) ¢ 2.20 (dm, 2H), 3.15 (s, 3H), 3.71 (m, 2H), 3.58
(m, 2H), 4.55 (dtJy—F = 46.72 Hz,Jy—4 = 5.37 Hz, 2H), 4.85

c‘dd,J = 19.45 Hz,J = 5.77 Hz, 2H);*C NMR (125 MHz, B,O)

5 93.91 (t,J = 1.91 Hz), 82.28 (dJc_r = 162.54 Hz), 67.28,
61.12 (t,J = 3.73 Hz), 60.01 (br m), 48.57 (@, = 3.68 Hz), 25.55

thetical syntheses of oxazolidinium and morpholinium salts (4 3. . . = 19.94 Hz);9F NMR (282 MHz, DO) 6 —218.76
are accomplished using water or water/acetone solutions for(sept,J,_r = 48.01 Hz,Jy_r = 28.24 Hz, 1F); MS (solid probe)
anion exchange. Under these conditions no evidence wasEl) m/z (%) 148 (M, 6), 104 (M" — CsHg, 100).

found for ring opening; however, stability or lack of stability

N-Propyl-N-methyloxazolidinum iodide (3b): 75% yield, wax;

of the latter salts under strongly acidic conditions has not IR (KBr) 3450, 2970, 2360, 1463, 1093, 948, 915, 875, 756%¢m

been determined.

Conclusion

IH NMR (300 MHz) 6 1.04 (t,J = 7.32 Hz, 3H), 1.97 (m, 2H),
3.48 (s, 3H), 3.84 (m, 2H), 4.13 (dm, 2H),4.52 (m, 2H), 5.28 (dd,
J = 14.21 Hz,J = 5.38 Hz, 2H);)3C NMR (125 MHz)d 93.78,
67.21, 63.78, 60.76, 48.54 @,= 12.90 Hz), 17.99, 10.97; MS

In summary, we have synthesized and characterized(solid probe) (E)nz (%) 128 (M" — 2, 3).

N-alkyl- and N-fluoroalkyl-substituted oxazolinium- and

N-(3-Fluoropropyl)- N-methylmorpholinium bromide (4a):

morpholinium-based quaternary salts and their corresponding50% yield, white solid; IR (KBr) 3433, 2360, 2076, 1635, 1477,

ionic liquids as well as ionic liquids obtained from quater-
nization of alkoxyethyl- and (fluoroalkoxy)ethyl-substituted
morpholine compounds. All of the bis(trifluoromethane-
sulfonyl)amide morpholinium products are liquids atZ5

and have interesting physical properties. Each of the new

1350, 1124, 1043, 891 criy 'H NMR (300 MHz, acetonels + 1
drop of D,O) 6 2.23 (dm, 2H), 3.17 (s, 3H), 3.49 (m, 4H), 3.63
(m, 2H), 4.03 (br s, 4H), 4.60 (df_r = 46.70 Hz,Jy_ = 5.44
Hz, 2H); 13C NMR (125 MHz, acetonels + 1 drop of D,O) 6
82.22 (dJc—F = 162.67 Hz), 62.97, 61.29, 60.70 Jt= 2.77 Hz),
60.01 (br m), 47.69 (t) = 3.45 Hz), 23.56 (dJc-c—F = 19.92

quaternary salts (not bromide or iodide) has been confirmed Hz): F NMR (282 MHz, acetonek + 1 drop of D0) & —220.58
via elemental analysis. They are stable thermally and have g, 3, - = 48.00 Hz,Jy_r = 25.42 Hz, 1F); MS (solid probe) (El)

long liquid ranges. Overall these ionic liquids with saturated

miz (%) 148 (M" — CH,, 6); 58 (OGH.N*, 100).

core rings tend to exhibit greater thermal stabilities than those  N-Propyl-N-methylmorpholinium iodide (4b): 50% yield,
composed of unsaturated rings. This property plus the white solid; IR (KBr) 3457, 2971, 2879, 2360, 1471, 1624, 1346,

(36) Fuller, J.; Carlin, R. T.; DeLong, H. C.; Haworth, Dhem. Commun.
1994 299-300.

(37) MacFarlane, D. R.; Meakin, P.; Sun, J.; Amini, N.; Forsyth, M.
Phys. Chem. B999 103 4164-4170.

(38) Wasserscheid, P.;'Bmann, A.; Bolm, CChem. Commur2002 200—
201.

1112, 1019, 972, 939, 885 ch 'H NMR (300 MHz, acetonels
+ 1 drop of D:0) 6 0.91 (t,J = 7.31 Hz, 3H), 1.74 (m, 2H), 3.11
(s, 3H), 3.35 (m, 2H), 3.40 (m, 4H), 3.97 (brs, 4FAC NMR (125
MHz, acetoneds + 1 drop of D;O) 6 67.36, 61.27, 60.41 (] =
2.66 Hz), 47.82, 15.59, 10.73; MS (solid probe) (Eig (%) 142
(M*+ — 2, 48), 100 (M — CH; — CH,CHjs, 100).
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N-(3-Fluoropropyl)- N-methyloxazolidinium  bis(trifluoro-
methanesulfonyl)amide (5a):45% yield, viscous liquid; IR (KBr)

Kim et al.

N-Propyl-N-methyloxazolidinum bis(trifluoromethane-
sulfonyl)amide (5f): 55% yield, viscous yellow liquid; IR (KBr)

3560, 3049, 2987, 2918, 2360, 1798, 1627, 1472, 1192,1056, 906,2982, 1932, 1464, 1352, 1195, 1138, 1057, 975, 951, 916, 876,

740 cn1t; 'H NMR (300 MHz) 6 2.41 (dm, 2H), 3.45 (s, 3H),
3.85 (m, 2H), 4.02 (m, 2H), 4.51 (m, 2H), 4.65 (dt,—r = 47.08
Hz, J4—4 = 5.52 Hz, 2H), 5.15 (ddJ = 13.20 Hz,J = 5.69 Hz,
2H); 13C NMR (125 MHz) 6 120.94 (g, = 321.16 Hz), 94.21,
81.56 (d,Jc-r = 160.82 Hz), 80.50, 61.29 (,= 3.68 Hz), 60.11
(m), 48.43 (t,J = 3.73 Hz), 25.79 (dJc—c-F = 20.13 Hz);1%F
NMR (282 MHz, D,O) 6 —79.885 (s, 6F);-222.09(tt J4—r = 42.36
Hz, J4—¢ = 25.79 Hz, 1F); MS (solid probe) (Eiz (%) 148 (M',
100). Anal. Calcd for GH15F/N2OsS,: C, 25.23; H, 3.50. Found:
C, 25.35; H, 3.68.

N-(3-Fluoropropyl)- N-methyloxazolidinium hexafluorophos-
phate (5b): 35% yield, viscous liquid; IR (KBr) 3430, 2357, 2084,
2088, 1637, 1464, 1394, 1190, 1078, 1044, 858 %rtH NMR
(300 MHz, acetonels + 1 drop of D,O) 6 2.41 (dm, 2H), 3.40 (s,
3H), 3.80 (brt, 2H), 3.97 (m, 2H), 4.50 (m, 2H), 4.64 (dr =
47.08 Hz,Jy—n = 5.54 Hz, 2H), 4.85 (dd]) = 12.06 Hz,J = 5.48
Hz, 2H); 3C NMR (125 MHz)6 94.19 (t,J = 1.91 Hz), 81.60 (d,
Je-r = 164.19 Hz), 67.34, 61.27 (§ = 3.81 Hz), 60.02 (brm),
48.41 (t,J = 3.81 Hz), 25.76 (dJc—c—r = 20.18 Hz);1% NMR
(282 MHz) 6 —72.40 (d,J = 707.6, 6F),—222.02 (tt,J = 45.18,
J=28.24, 1F)3P NMR (121 MHz)—138.95 (sept)p_¢ = 707.1
Hz, 1P); MS (solid probe) (Elwz (%) 149 (M" + 1, 3), 42 (Ch-
CH,N", 100). Anal. Calcd for H,s/NOP: C, 28.68; H, 5.16.
Found: C, 29.08; H, 5.45.

N-(3-Fluoropropyl)- N-methyloxazolidinium nitrate (5c): 90%
yield, viscous liquid; IR (KBr) 3413, 2982, 2395, 2064, 1634, 1392,
1190, 1129, 1043, 947, 900, 826 cm!H NMR (300 MHz) &
2.43 (dm, 2H), 3.48 (s, 3H), 3.86 (m, 2H), 3.94 (m, 2H), 4.49 (m,
2H), 4.66 (dt,Jy—r = 48.00 Hz,J4—n = 5.89 Hz, 2H), 5.24 (dd)
= 16.57 Hz,J = 5.56 Hz, 2H);3C NMR (125 MHz)d 93.99,
82.03 (d,Jc-r = 164.05 Hz), 67.31, 61.06 (§,= 3.41 Hz), 59.77
(m), 48.43 (t,J = 3.47 Hz), 25.83 (dJc—c-Fr = 20.08 Hz);'%F
NMR (282 MHz, D,O) 6 —221.21 (tt,Jy—r = 47.99 HZ,Jy—F =
25.41 Hz, 1F); MS (solid probe) (Ekyvz (%) 148 (M", 7), 104
(M* — CyHy4, 100). Anal. Calcd for @H;sFN,O4-H,0: C, 36.84;
H, 7.46. Found, C, 36.78; H, 6.88.

N-(3-Fluoropropyl)-N-methyloxazolidinium  perchlorate
(5d): 85% yield, viscous liquid; IR (KBr) 3428, 2979, 2913, 2360,
1635, 1469, 1392, 1361, 1093, 902, 767 ¢mMH NMR (300 MHz)

0 2.43 (dm, 2H), 2.90 (s, 3H), 3.83 (m, 2H), 4.00 (m, 2H), 4.50
(m, 2H), 4.65 (dtJy—¢ = 47.11 Hz,Jy—y = 5.56 Hz, 2H), 5.13
(dd, J = 14.17 Hz,J = 5.68 Hz, 2H);3C NMR (125 MHz)d
93.96, 81.88 (dJc—r = 164.64 Hz), 67.29, 60.94 (3,= 3.45 Hz),
59.62 (m), 48.31 (t) = 3.43 Hz), 25.93 (dJc-c-r = 20.19 Hz);
19F NMR (282 MHz, B,O) 0 —221.21 (tt,Jy—r = 48.00 Hz,Jy—r

= 25.41 Hz, 1F); MS (solid probe) (Ejvz (%) 148 (M, 5), 104
(M* — C,Hy4, 100). Anal. Calcd for €HisFNOsCI: C, 33.95; H,
6.11. Found: C, 33.35; H, 6.07.

N-(3-Fluoropropyl)- N-methyloxazolidinium trifluorometh-
anesulfonate (5e):50% vyield, viscous liquid; IR (KBr) 3558, 283,
2918, 2360, 1635, 1472, 1393, 1261, 1030, 905, 758 ciH NMR
(300 MHz) 6 2.43 (dm, 2H), 3.45 (s, 3H), 3.86 (m, 2H), 4.04 (m,
2H), 4.49 (m, 2H), 4.65 (dt)y—r = 47.13 Hz,Jy_r = 5.44 Hz,
2H), 5.16 (dd,J = 15.67 Hz,J = 5.51 Hz, 2H);13C NMR (125
MHz) 6 122.18 (q,Jc—r = 321.54 Hz), 94.18, 81.56 (dc—¢ =
165.08 Hz), 67.35, 61.23 {@,= 3.86 Hz), 59.99 (M), 48.42 (8,=
3.70 Hz), 25.82 (dJc—c—r = 20.22 Hz);%F NMR (282 MHz, BO)

0 —79.99 (s, 6F);-222.09 (tt,Jy—r = 48.00 Hz,Jy—¢ = 25.41 Hz,
1F); MS (solid probe) (ElyWz (%) 148 (M", 100). Anal. Calcd
for CgH1sFsNO,S: C, 32.32; H, 5.09. Found: C, 33.75; H, 5.29.
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790, 740 cm?; 'H NMR (300 MHz) ¢ 1.04 (t,J = 7.32 Hz, 3H),
1.99 (m, 2H), 3.38 (s, 3H), 3.62 (m, 2H), 3.96 (m, 2H), 4.47 (m,
2H), 5.08 (dd,J = 18.10 Hz,J = 5.68 Hz, 2H);3C NMR (125
MHz) 6 120.93 (q,Jc-F = 321.08 Hz), 93.97, 67.23, 64.48, 61.11
(t, J = 3.76 Hz), 48.30 (tJ) = 3.71 Hz), 17.81, 10.83%F NMR
(282 MHz) 6 —79.88 (s, 6F); MS (solid probe) (Eijvz (%) 130
(M*, 100). Anal. Calcd for GH16FsN20sS;: C, 26.34; H, 3.93.
Found: C, 26.42; H, 3.84.

N-Propyl-N-methyloxazolidinum hexafluorophosphate (5g):
40% yield, wax; IR (KBr) 3429, 2981, 1629, 1469, 1197, 950, 916,
845 cml; IH NMR (300 MHz)¢6 1.01 (t,J = 7.31, 3H), 1.94 (m,
2H), 3.35 (s, 3H), 3.56 (m, 2H), 3.90 (m, 2H), 4.44 (m, 2H), 5.03
(dd, J = 19.67 Hz,J = 5.66 Hz, 2H);*3C NMR (125 MHz) 6
93.84, 67.15, 64.35, 60.97 (t= 3.80 Hz), 48.17 () = 3.67 Hz),
17.99, 10.86; MS (solid probe) (Eyz (%) 130 (M, 21), 85 (M"

— CyHg, 100);3P MNR 6 —144.21 (sept) = 708.28, 1P). Anal.
Calcd for GH16FsNOP: C, 30.55; H, 5.86. Found: C, 29.51; H,
6.11.

N-Propyl-N-methyloxazolidinum nitrate (5h): 90% yield, wax;

IR (KBr) 3434, 2978, 2360, 1645, 1377, 1202, 1128, 1095, 950
cm™L; IH NMR (300 MHz) ¢ 1.02 (t,J = 3.66 Hz, 3H), 1.96 (m,
2H), 3.67 (m, 2H), 4.00 (m, 2H), 4.45 (m, 2H), 5.14 (dd+ 21.12
Hz,J = 5.56 Hz, 2H)13C NMR (125 MHz)6 93.70, 67.22, 64.00,
60.76 (t,J = 3.40 Hz), 47.93 (tJ = 3.57 Hz), 17.85, 11.05; MS
(solid probe) (El)m/z (%) 130 (M, 36), 85 (M" — C,H,4, 100).
Anal. Calcd for GH1N>O4: C, 43.74; H, 8.39. Found: C, 43.67;
H, 8.90.

N-(3-Fluoropropyl)- N-methylmorpholinium  bis(trifluoro-
methanesulfonyl)amide (6a): 50% yield, viscous solid; IR (KBr)
2982, 1478, 1196, 1134, 1056, 894, 790 ¢mH NMR (300 MHz)

0 2.43 (dm, 2H), 3.48 (s, 3H), 3.75 (m, 4H), 3.88 (m, 2H), 4.15
(m, 4H), 4.67 (dt,Jy—r = 47.06 Hz,J4—y = 5.51 Hz, 2H);1%C
NMR (125 MHz) 6 120.96 (qJc—r = 321.23 Hz), 81.53 (dJc-F

= 165.63 Hz), 63.01, 61.17, 61.00 §~= 2.67 Hz), 47.55, 23.82
(d, Jo—c—r = 20.28 Hz);'%F NMR (282 MHz)6 —79.89 (s, 6F),
—221.91 (tt,Jy-r = 48.00 Hz,Jy_r = 25.41 Hz, 1F); MS (solid
probe) (El)m/z (%) 162 (M, 100). Anal. Calcd for GH;-F+-
N>OsS,: C, 27.15; H, 3.87. Found: C, 27.24; H, 4.01.

N-(3-Fluoropropyl)- N-methylmorpholinium hexafluorophos-
phate (6b): 40% yield, pink solid; IR (KBr) 2360, 1479, 1128,
1045, 837 cm’; 'H NMR (300 MHz) § 2.28 (dm, 2H), 3.24 (s,
3H), 3.56 (m, 4H), 3.67 (m, 2H), 4.08 (br s, 4H), 4.61 @, r =
47.02 Hz,Jy—n = 5.55 Hz, 2H);}3C NMR (125 MHz)¢ 82.28 (d,
Jc—F = 162.61 Hz), 63.00, 61.32, 60.73 {t= 2.75 Hz), 47.73 (t,
J=3.31 Hz), 23.59 (dJc-c-r = 19.93 Hz);'%F NMR (282 MHz,
acetoneds) 6 —220.46 (tt,Jyu—r = 45.00 Hz,Jy_r = 28.24 Hz,
1F); 3P NMR (121 MHz, acetones); MS (solid probe) (El)mwz
(%) 162 (M*, 3), 58 (OGH4N*, 100). Anal. Calcd for gH;7F+-
NOP-0.5H,0: C, 30.37; H, 5.69. Found: C, 30.07; H, 5.53.

N-(3-Fluoropropyl)- N-methylmorpholinium nitrate (6c): 90%
yield, yellow solid; IR (KBr) 3429, 2980, 2067, 1638, 1475, 1379,
1238, 1126, 1043, 893, 826 cf 'H NMR (300 MHz) 6 2.17
(dm, 2H), 3.12 (s, 3H), 3.44 (m, 4H), 3.56 (m, 2H), 3.97 (brs, 4H),
4.54 (dt,Jy—r = 46.66 Hz,Jy_y = 5.43 Hz, 2H);13C NMR (125
MHz) 6 81.91 (d,Jc—¢ = 164.35 Hz), 62.90, 61.24, 60.80 {t=
2.41 Hz), 47.23, 23.80 (dlc—c-r = 20.14 Hz);'%F NMR (282
MHz) 6 —218.69 (tt,Ju—F = 45.18 Hz,Jy—¢ = 25.41 Hz, 1F); MS
(solid probe) (El)mvz (%) 100 (M" — CH,CH,CH,F, 31), 58
(OCH4NT, 100). Anal. Calcd for gH17FN,O4-0.5H,0: C, 41.20;

H, 7.72. Found: C, 41.27; H, 7.73.
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N-(3-Fluoropropyl)- N-methylmorpholinium  perchlorate
(6d): 90% vyield, solid; IR (KBr) 3433, 2979, 1635, 1477, 1388,
1103, 893 cm?; H NMR (300 MHz) 6 2.40 (dm, 2H), 3.45 (s,
3H), 3.71 (brt, 4H), 3.84 (m, 2H), 4.14 (br s, 4H), 4.66 @i, r =
47.10 Hz,Jy—p = 5.59 Hz, 2H);}3C NMR (125 MHz)6 81.77 (d,
Jc-r = 164.88 Hz), 62.84, 61.20, 60.84 Jt= 2.52 Hz), 47.31 (br
s), 23.84 (dJc-c—F = 20.22 Hz);*F NMR (282 MHz)d —78.95
(s, 6F),—221.52 (tt,Jq—r = 45.18 Hz,Jy—y = 25.41 Hz, 1F); MS
(solid probe) (Em/z (%) 142 (M" — F, 1), 43 (GH7", 100). Anal.
Calcd for GH17/FNGsCI-0.5H,0: C, 35.55; H, 6.66. Found: C,
35.74; H, 6.54.

N-(3-Fluoropropyl)- N-methylmorpholinium trifluorometh-
anesulfonate (6e):40% vyield, solid; IR (KBr) 2980, 2360, 1635,
1479, 1261, 1162, 1030, 893, 758 cin'H NMR (300 MHz) 6
2.40 (dm, 2H), 3.45 (s, 3H), 3.72 (br s, 4H), 3.85 (m, 2H), 4.13
(brs, 4H), 4.66 (dtJy—F = 47.10 Hz,Jy—y = 5.57 Hz, 2H);1°C
NMR (125 MHz) 6 122.19 (q,Jc-F = 321.45), 81.67 (dJc—F =
164.95 Hz), 62.86, 61.18, 60.87 {t—= 2.64 Hz), 47.31, 23.84 (d,
Jo-c—F = 20.22 Hz);F NMR (282 MHz) 6 —78.95 (s, 6F),
—221.78 (tt,Ju—F = 48.00 Hz,Jy—r = 25.41 Hz, 1F); MS (solid
probe) (El)m/z (%) 142 (M" — F, 100), 43 (GH;", 100). Anal.
Calcd for GH17FsNO4S'H,0: C, 33.75; H, 5.62. Found: C, 33.69;
H, 5.30.

N-Propyl-N-methylmorpholinium bis(trifluoromethane-
sulfonyl)amide (6f): 50% vyield, viscous liquid; IR (KBr) 3443,

was transferred into a 250 mL three-necked flask, and then 80 mL
THF was added by syringe. Trifluoroethanol (8 g, 80 mmol) of
was added slowly to the cooled reaction mixture and stirred for 1
h at ambient temperature. Finally, 14.5 g of 4-(2-chloroethyl)-
morpholine hydrochloride was added to the reaction mixture, and
the mixture was stirred fol h at 25°C and then warmed at 7&

for 8 h. The product was extracted with ether, and the solvent was
removed by vacuum distillation. Flash column chromatography was
used to purify the products.

N-((Trifluoroethoxy)ethyl)morpholine (8): 70% yield, brown
liquid; IR (KBr) 3423, 2961, 2858, 2812, 2361, 1638, 1454, 1358,
1278, 1157, 1117, 1007, 962, 916, 767, 734, 665%¢iH NMR
(300 MHz) 6 2.46 (brt,J = 4.70 Hz, 4H), 2.57 (tJ = 5.72 Hz,
2H), 3.60 (br t,J = 4.63 Hz, 4H), 3.77 (tJ = 5.73 Hz, 2H), 4.03
(g, Jh—fF = 9.17 Hz, 2H);33C NMR (125 MHz)6 125.43 (q.Jc—F
= 278.74 Hz), 70.88, 68.63 (dc-c-F = 33.14 Hz), 67.44, 58.75,
54.85;1%F NMR (282 MHz)6 —70.30 (t,J4—r = 9.04 Hz, 3F);

MS (solid probe) (El)nz (%) 213 (M*, 1), 100 (M" — CH,OCH,-
CF;, 100).

N-((Trifluoroethoxy)ethyl)- N-methylmorpholinium iodide
(8a): 75% yield, brown solid; IR (KBr) 3495, 2360, 2071, 1636,
1457, 1357, 1352, 1123, 1042 cinH NMR (300 MHz) 6 3.67
(s, 3H), 3.92 (br tJ = 9.86, 4H) 4.19 (br mJ = 4.64 Hz, 4H),
4.30 (br m,J =5.04 Hz, 4H), 4.35 (gJu-r = 9.06 Hz, 2H), 4.41
(brs, 2H);13C NMR (125 MHz)6 125.14 (qJc—r = 278.07 Hz),

2981, 2888, 1633, 1475, 1351, 1200, 1058, 973, 940, 887, 791,68.69 (q,Jc-c-r = 33.92 Hz), 66.11, 64.14, 61.55, 61.25, 49.52;

740 cntt; 'H NMR (300 MHz) ¢ 1.04 (t,J = 7.31 Hz, 3H), 1.97
(m, 2H), 3.41 (s, 3H), 3.67 (m, 6H), 4.11 (br s, 4H¥C NMR
(125 MHz) 6 120.98 (q,Jc-r = 321.45 Hz), 67.28, 61.17, 60.78
(t, J = 2.75 Hz), 47.62, 15.70, 10.72%F NMR (282 MHz)
—79.89 (s, 6F); MS (solid probe) (Efyz (%) 144 (M", 100). Anal.
Calcd for GoH1sFsN20sS,: C, 28.30; H, 4.28. Found: C, 28.16;
H, 4.27.

N-Propyl-N-methylmorpholinium  hexafluorophosphate
(69): 40% yield, white solid; IR (KBr) 3432, 2978, 2885, 2360,
2056, 1636, 1475, 1354, 1056, 1110, 973, 850%¢AH NMR (300
MHz) 6 1.02 (t,J = 7.30 Hz, 3H), 1.94 (m, 2H), 3.40 (s, 3H),
3.67 (m, 6H), 4.08 (brs, 4H}3C NMR (125 MHz) 67.24, 61.23,
60.69 (t,J = 2.72 Hz), 47.67, 15.77, 10.88F NMR (282 MHz)
0 —72.30 (d,J = 707.85 Hz, 6F)3'P NMR (121 MHz)6 —144.22
(sept,Jp—r = 708.28 Hz); MS (solid probe) (Ehvz (%) 142 (M*
-2, 4), 100 (M — CzHg, 100) Anal. Calcd for eH1gFsNOP: C,
33.22; H, 6.27. Found: C, 34.74; H, 6.54.

N-Propyl-N-methylmorpholinium nitrate (6h): 90% vyield,
viscous liquid; IR (KBr) 3427, 2974, 2882, 2359, 1636, 1113, 1056,
940, 973, 825 cm'; *H NMR (300 MHz, acetonal + 1 drop of
D,0) ¢ 0.89 (t,J = 7.31 Hz, 3H), 1.71 (m, 2H), 3.31 (m, 2H),
3.08 (s, 3H), 3.37 (m, 4H), 3.95 (brs, 4HFC NMR (125 MHz,
acetoneds + 1 drop of DO) 6 67.37, 61.23, 60.36 (1] = 2.66
Hz), 47.62, 15.50, 10.60; MS (solid probe) (Etjz (%) 129 (M*

— CHg, 3), 43 (GH;", 100).

N-Propyl-N-methylmorpholinium perchlorate (6i): 90% yield,
colorless solid; IR (KBr) 3432, 2976, 2884, 2360, 1636, 1392, 1232,
1111, 1021, 973, 941, 887 crh *H NMR (300 MHz, acetonel
+ 1 drop of O) 6 0.91 (t,J = 7.31 Hz, 3H), 1.71 (m, 2H), 3.10
(s, 3H), 3.33 (m, 2H), 3.40 (m, 4H), 3.97 (s, 4HC NMR (125
MHz, acetoneds + 1 drop of D,O) 6 67.41, 61.25, 60.37 (] =
2.69 Hz), 47.64, 15.52, 10.64; MS (solid probe) (E¥g (%) 142
(Mt — 2, 8), 43 (GH;*, 100). Anal. Calcd for gH1gNOsCl: C,
39.45; H, 7.45. Found: C, 39.39; H, 7.42.

General Procedure for the Preparation of 8-11. This synthesis
is a modification of the procedure report€dThe entire process
was performed under nitrogen. Sodium hydride (2.4 g, 100 mmol)

19F NMR (282 MHz)6 —74.66 (t,Ju—r = 9.04 Hz, 3F); MS (solid
probe) (El)mvz (%) 213 (M" — CHjs, 2), 100 (M — CH,OCH,-
CFR; — CHg, 100).

N-(Ethoxyethyl)morpholine (9). With vigorous stirring, 2.3 g
of sodium was taken in a 25 mL three-necked flask under nitrogen
and dissolved in 45 mL of ethanol at room temperature. After the
ethoxide was formed completely, 14.5 g of 4-(2-chloroethyl)-
morpholine hydrochloride was added to the reaction mixture and
stirred at 78 C for 40 h: 60% yield, brown liquid; IR (KBr) 3457,
2536, 2055, 1634, 1472, 1303, 1116, 955, 881%AH NMR (300
MHz) 6 1.13 (t,J = 7.00 Hz, 3H), 2.44 (br tJ = 4.59 Hz, 4H),
2.49 (t,J = 2.48 Hz, 2H), 3.45 (g) = 7.00 Hz, 2H), 3.52 (tJ =
5.96 Hz, 2H), 3.59 (br tJ = 4.69 Hz, 4H);3C NMR (125 MHz)

0 69.19, 67.45, 66.61, 59.06, 55.05, 15.55; MS (solid probe) (EI)
m'z (%) 114 (Mt — OCH,CHs, 1), 100 (M" — CH,OCH,CHs,
100).

N-(Ethoxyethyl)-N-methylmorpholinium iodide (9a): 90%
yield, brown liquid; IR (KBr) 3457, 2058, 1637, 1473, 1459, 1305,
1235, 1116, 1047, 881 crfy 'H NMR (300 MHz, acetonels) 6
1.17 (t,J = 7.00, 3H), 3.50 (s, 3H), 3.59 (¢, = 7.00 Hz, 2H),
3.77 (m, 4H), 4.02 (m, 4H), 4.10 (bid,= 1.97 Hz, 4H);13C NMR
(125 MHz, acetonek) 6 67.16, 64.42, 64.35, 61.57 {,= 2.47),
61.30, 49.40, 15.28; MS (solid probe) (Et)yz (%) 174 (M*, 2),
100 (M" — CH,OCH,CH;z; — CHjs, 100).

N-(2,2,3,3,4,4,5,5-Octafluoro-1-pentoxyethyl)morpholine
(10): 75% yield, yellow liquid; IR (KBr) 3456, 2958, 2863, 2815,
1636, 1456, 1359, 1280, 1070, 1037, 974, 910, 859, 754, 704 cm
H NMR (300 MHz) 6 2.46 (t,J = 4.52 Hz, 4H), 2.57 (1) = 5.59
Hz, 2H), 3.60 (tJ = 4.85 Hz, 4H), 3.79 (t) = 5.56 Hz, 2H), 4.16
(tt, Ju—F = 14.24 Hz,Jy—¢ = 1.59 Hz, 1H), 6.81 (ttJu—F = 45.36
Hz, Ju—¢ = 5.74 Hz, 1H);3C NMR (125 MHz)6 116.00 (tt,Jc—r
= 255.00 Hz,Jc c—¢ = 29.96 Hz, 2F), 115.8%114.80 (m), 114
(tt, Je-F = 251.00 Hz,Jc—c-f = 30.18 Hz, 2F), 108.00107.49
(m), 70.84, 68.01 (tJc—c—F = 25.66 Hz), 67.34, 58.75, 54.76F
NMR (282 MHz)6 —120.75 (m, 2F);~126.65 (br t, 2F);-131.22
(m, 2F),—139.16 (m, 2F); MS (solid probe) (Etyz (%) 345 (M,

1), 100 (M" — CH,OCH,CF, CF,CF,CF,H, 100).
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N-(2,2,3,3,4,4,5,5-Octafluoro-1-pentoxyethylN-methylmor-
pholinium iodide (10a): 75% yield, yellow liquid; IR (KBr) 3454,

Kim et al.

228 (M, 10), 100 (M' — CHCH,OCH,CF; — H, 100). Anal. Calcd
for CoH17FsN,OsH,0: C, 35.06; H, 6.16. Found: C, 34.79; H,

2030, 1630, 1473, 1289, 1170, 1126, 1043, 956, 884, 807, 7546.12.

cm % 1H NMR (300 MHz) 6 3.62 (s, 3H), 3.88 (br m, 4H), 4.15
(br m, 4H), 4.24 (br m, 2H), 4.40 (br m, 4H), 6.88 @t = 51.05
Hz, Juy = 5.63 Hz, 1H);’3C NMR (125 MHz)¢ 116.52 (tt,J =
255.80,J = 30.64), 116-111 (m), 109.06 (ttJ = 252.34,J =
30.78), 109-106 (m), 68.14 (tJ = 25.27), 66.45, 64.15, 61.55,
61.23, 49.502%F NMR (282 MHz)6 —120.61 (m, 2F)—~125.85
(br t, 2F), —130.96 (m, 2F),—139.16 (m, 2F); MS (solid probe)
(El) m/'z(%) 360 (M+, 77), 100 (M — CH,OCH,CF,CF,CF,CFH

— CHs, 100).

N-(Pentoxyethyl)morpholine (11): 75% vyield, yellow liquid;
IR (KBr) 2932, 2857, 2805, 2360, 1645, 1455, 1353, 1301, 1377,
1277, 1011, 945, 914 cm; *H NMR (300 MHz) 6 0.91 (m, 3H),
1.32 (m, 4H), 1.54 (m, 2H), 2.44 (§,= 4.52 Hz, 4H), 2.50 (t)
= 5.90 Hz, 2H), 3.40 (tJ = 6.50 Hz, 2H), 3.52 (tJ = 5.90 Hz,
2H), 3.95 (br t,J = 4.60 Hz, 4H);}3C NMR (125 MHz)¢6 71.41,
69.53, 67.48, 59.07, 55.07, 30.22, 29.16, 23.15, 14.35; MS (solid
probe) (El)m/z (%) 201 (M, 2), 100 (M" — CH,OCH,CH,CH,-
CH,CHa, 100).

N-(Pentoxyethyl)N-methylmorpholinium iodide (11a): 75%
yield, viscous liquid; IR (KBr) 3458, 2931, 2870, 2360, 2029, 1634,
1468, 1362, 1304, 1232, 1117, 1039, 953, 882%iH NMR (300
MHz) 6 0.89 (m, 3H), 1.33 (m, 4H), 1.59 (m, 4H), 3.62 (s, 3H),
3.87 (m, 4H), 4.06 (br s, 2H), 4.17 (br m, 6HFC NMR (125
MHz) 6 71.89, 64.74, 64.15, 61.49, 61.30, 49.61, 29.89, 29.01,
23.09, 14.31; MS (solid probe) (EiWwz (%) 201 (M"™ — CHg, 1),
100 (M* — CH,OCH,CH,CH,CH,CH; — CHs, 100).

N-((Trifluoroethoxy)ethyl)- N-methylmorpholinium bis(tri-
fluoromethanesulfonyl)amide (12): 90% vyield, viscous brown
liquid; IR (KBr) 2953, 2889, 1474, 1351, 1280, 1190, 1133, 1055,
964, 789, 738, 655 cnt; 'H NMR (300 MHz) ¢ 3.53 (s, 3H),
3.79 (m, 4H), 4.08 (br m, 2H), 4.14 (br s, 4H), 4.19 (g, r =
8.93, 2H), 4.36 (brs, 2H}3C NMR (125 MHz)d 125.00 (qJc—r
= 277.96 Hz), 120.97 (glc-r = 321.28 Hz), 68.54 (Q)c—c-F =
34.17 Hz), 66.03, 64.65, 61.74 &= 2.25 Hz), 61.18, 49.09°F
NMR (282 MHz) 6 —74.94 (t,Jy—r = 9.04 Hz, 3F),—79.87 (s,
6F); MS (solid probe) (Elyw'z (%) 228 (M", 100). Anal. Calcd
for C11H17FgN206S,: C, 25.99; H, 3.37. Found: C, 25.96; H, 3.44.

N-((Trifluoroethoxy)ethyl)- N-methylmorpholinium  hexa-
fluorophosphate (13):98% yield, brown solid; IR (KBr) 2954,
2360, 1475, 1280, 1165, 1131, 964 ¢m'H NMR (300 MHz,
acetoneds) 6 3.56 (s, 3H), 3.81 (m, 4H), 4.11 (br m, 2H), 4.16 (br
s, 4H), 4.21 (gJ = 8.97, 2H), 4.38 (br s, 2H)}3C NMR (125
MHz) 6 125.04 (q,Jc-r = 278.07 Hz), 68.50 (qJc—c-r = 34.16
Hz), 66.03, 64.59, 61.70 (§, = 2.36 Hz), 61.18, 49.04°F NMR
(282 MHz) 6 —72.38 (d,Jp_¢ = 707.69 Hz, 6F);~74.90 (t,Ju-r
= 9.04 Hz, 3F);3P NMR (121 MHz)¢ —144.15 (septJp_¢ =
707.07 Hz, 1P); MS (solid probe) (Ehvz (%) 100 (M™ — CH,-
OCH,CF; — CHg, 63), 43 (GH7, 100). Anal. Calcd for GH;7Fe-
NO,P: C, 28.97; H, 4.59. Found: C, 28.77; H, 4.47.

N-((Trifluoroethoxy)ethyl)- N-methylmorpholinium nitrate
(14): 95% yield, viscous brown liquid; IR (KBr) 3442, 2956, 2360,
1337, 1279, 1164, 1127, 1043, 964, 884, 829 &rtH NMR (300
MHz) 6 3.54 (s, 3H), 3.79 (m, 4H), 4.08 (br m, 2H), 4.14 (br s,
4H), 4.19 (q,Ju-F = 8.97 Hz, 2H), 4.37 (brs, 2H}3C NMR (125
MHz) 6 125.18 (gJc-r = 277.85 Hz), 68.31 (q)c—c—r = 33.99
Hz), 66.10, 64.25, 61.44, 61.23, 48.73F NMR (282 MHz) o
—74.80 (t,Ju—F = 9.04 Hz, 3F); MS (solid probe) (Elz (%)
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N-(Ethoxyethyl)-N-methylmorpholinium bis(trifluoromethane-
sulfonyl)amide (15): 95% vyield, viscous brown liquid; IR (KBr)
3453, 2981, 2885, 2068, 1634, 1474, 1195, 1352, 1135, 1057, 985,
882, 790, 738 cmt; *H NMR (300 MHz)6 1.19 (t,J = 7.01, 3H),
3.54 (s, 3H), 3.60 (gqJ = 7.00 Hz, 2H), 3.78 (m, 4H), 3.99 (m,
2H), 4.06 (m, 2H), 4.14 (br tJ = 1.99 Hz, 4H);3C NMR (125
MHz) 6 120.96 (qJ = 321.23 Hz), 67.18, 64.63, 64.19, 61.67 (t,
J=2.34 Hz), 61.22, 49.21, 15.1%F NMR (282 MHz)6 —79.90
(s, 6F); MS (solid probe) (Elwz (%) 174 (M*, 100). Anal. Calcd
for Cy1H17FsN206S,°H0: C, 28.14; H, 4.05. Found: C, 28.37; H,
4.27.

N-(2,2,3,3,4,4,5,5-Octafluoro-1-pentoxyethylN-methylmor-
pholinium bis(trifluoromethanesulfonyl)amide (16): 95% yield,
viscous liquid; IR (KBr) 3449, 2958, 2936, 2873,2360, 1847, 1471,
1354, 1213, 1058, 957, 883, 790 tim'H NMR (300 MHz) 6
0.88 (m, 3H), 1.32 (m, 4H), 1.59 (m, 2H), 3.49 (s, 3H), 3.53 (m,
J=6.52 Hz, 2H), 3.76 (m, 4H), 3.97 (m, 2H), 4.05 (brs, 2H), 4.12
(br m, 4H);3C NMR (125 MHz)d 120.97 (q,J = 321.33 Hz),
71.93, 64.59, 64.47, 61.67, 61.23, 49.36, 29.80, 28.97, 23.02, 14.21;
19F NMR (282 MHz)6 —79.86 (s, 6F); MS (solid probe) (Ehyz
(%) 360 (M, 100). Anal. Calcd for GH1gF14N206S;; C, 26.25;

H, 2.81. Found: C, 25.89; H, 2.90.

N-(2,2,3,3,4,4,5,5-Octafluoro-1-pentoxyethylN-methylmor-
pholinium hexafluorophosphate (17): 95% yield, yellow liquid;

IR (KBr) 2356, 1475, 1284, 1172, 1128, 956, 845, 740 &mH
NMR (300 MHz) 6 3.52 (s, 3H), 3.78 (m, 4H), 4.07 (m, 2H), 4.13
(br s, 4H), 4.30 (tJ = 14.50 Hz, 2H), 4.37 (br s, 2H), 6.74 (i,
Jo—F = 51.00,J = 5.56, 1H);13C NMR (125 MHz)6 116.47 (tt,
Je—F = 255.51,Jc—c-r = 30.71), 116.46-:111.00 (m), 109.44 (tt,
Jo—F = 251.36,Jc-c—F = 30.71), 109.06-106.00 (m), 67.94 (t,
Jo-r = 25.30 Hz), 66.24, 64.34, 61.59, 61.14, 49.0°¢ NMR
(282 MHz) 6 —72.33 (d,J = 706.00 Hz, 6F)—120.66 (m, 2F),
—130.86 (m, 2F);-134.62 (dm, 2F)%P NMR (121 MHz, acetone-
ds) 0 —144.15 (septJr—¢ = 5.83, 1P); MS (solid probe) (Eiyz
(%) 360 (M, 44), 100 (M- — C,H,OC,FgH — H, 100). Anal. Calcd
for C1oH1gNF140,P: C, 28.53; H, 3.59. Found: C, 27.93; H, 3.23.

N-(Pentoxyethyl)N-methylmorpholinium bis(trifluoro-
methanesulfonyl)amide (18) 95% vyield, viscous liquid; IR (KBr)
3449, 2958, 2936, 2873, 2360, 1847, 1627, 1471, 1354, 1213, 1058,
957, 883, 790 cm; 'H NMR (300 MHz) ¢ 0.88 (m, 3H), 1.32
(m, 4H), 1.59 (m, 2H), 3.49 (s, 3H), 3.53 (= 6.52 Hz, 2H),
3.76 (m, 4H), 3.97 (m, 2H), 4.05 (br s, 2H), 4.12 (br m, 4H%
NMR (125 MHz)¢ 120.97 (qJ = 321.33 Hz), 71.93, 64.59, 64.47,
61.67, 61.23, 49.36, 29.80, 28.97, 23.02, 14PF, NMR (282
MHz) 6 —79.86 (s, 6F); MS (solid probe) (Etjvz (%) 216 (M,
32), 100 (M- — CH,OCH,CH,CH,CH,CH3 — CHg), 100). Anal.
Calcd for GoH1gF14N-O6S,; C, 30.39; H, 5.53. Found: C, 30.88;
H, 5.02.
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