OCArticle

Significantly Enhanced Reactivities of the Nucleophilic
Substitution Reactions in lonic Liquid

Dong Wook Kim," Choong Eui Song,* and Dae Yoon Chi* '

Department of Chemistry, Inha University, 253 Yonghyundong Namgu, Inchon 402-751, Korea, and
Life Sciences Division, Korea Institute of Science and Technology, Cheongryang, Seoul 130-650, Korea

dychi@inha.ac.kr

Received January 28, 2003

We have investigated the reactivities of various metal fluorides in the nucleophilic fluorination of
2-(3-methanesulfonyloxypropyl)naphthalene (1) as a model compound in the presence of 1-n-butyl-
3-methylimidazolium tetrafluoroborate ([omim][BF4]). The higher periodic alkali metal fluorides
demonstrate greater reactivity. The fluorination using CsF among the alkali metal fluorides was
completed in 20 min, affording the desired product 2-(3-fluoropropyl)naphthalene (2a, 95%) without
any byproducts. However, the fluorinations using alkali earth, transition, and low periodic alkali
metal fluorides under the same conditions occurred rarely or not at all. We have also carried out
the various facile nucleophilic substitutions such as halogenations, acetoxylation, nitrilation, and
alkoxylations of mesyloxyalkane 1 and 2-(3-bromopropyl)naphthalene (6) at the primary aliphatic
position using the potassium halides, acetate, cyanide, and alkoxides, respectively, in the presence
of ionic liquids. These reactions provided the desired products, such as 2-(3-halopropyl)naphthalenes
5-7 (95% for CI, 96% for Br, and 93% for 1), 2-(3-acetoxypropyl)naphthalene (8, 95%), 2-(3-

cyanopropyl)naphthalene (9, 93%), and 2-(3-methoxypropyl)naphthalene (10, 92%).

Introduction

Metal salts consisting of alkali metal cations and
certain anions are generally stable, economical, and easy
to obtain and are traditional nucleophile sources in
nucleophilic substitution processes. However, their lim-
ited solubility and low nucleophilicity in organic solvents
can make the process of nucleophilic substitution dif-
ficult.* Generally, the polar aprotic solvents,? particularly
dimethyl sulfoxide (DMSO),?* hexamethylphosphoric tri-
amide (HMPA),* and N-methylpyrrolidinone (NMP), etc.,
are good solvents for the nucleophilic substitution using
metal salts. However, the high water solubility of these
solvents and their high boiling points create problems
in the separation and purification of organic product from
these polar aprotic solvents. The reactions using polar
aprotic solvents are generally less efficient in the absence
of crown ether derivatives® or phase-transfer catalysts.*
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The crown ether derivatives such as 18-crown-6 and
Kryptofix[2.2.2] and the phase-transfer catalysts such as
guaternary ammonium or phosphonium salts have been
widely used to enhance the solubility and nucleophilicity
of alkali metal salts not only in polar aprotic solvents
but in nonpolar solvents, consequently increasing the
reaction rate.3* Solid-supported phase-transfer and crown
ether derivative catalysts also have been used in such
reactions to facilitate the recovery of the catalysts.®
However, in case of the use of tight ion pair salts, such
as KF, as a nucleophile, this reaction still requires
generally vigorous conditions. Recently, we reported a
highly efficient method® for the nucleophilic fluorination
of alkyl mesylate or alkyl halide to generate fluoroalkanes
using KF in the presence of an ionic liquid such as [bmim]-
[X]7 compared with the previous fluorination methods.8°
In this method, ionic liquids enhanced not only the
reactivity of KF significantly but reduced the formation
of byproducts such as alkenes and/or alcohol. There has
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FIGURE 1. lonic liquids.

also been much attention for ionic liquids'® acting as
powerful media in some catalytic organic reactions for
facilitating catalyst recovery, accelerating reaction rate,
and improving selectivity.'* The nucleophilicity of an ionic
liquid anion itself, such as chloride, bromide, and iodide
of [bmim][X] (X = CI, Br and 1), has been reported.!?
Wheeler et al. reported the rate of the nucleophilic
substitution reaction of only benzyl chloride using potas-
sium cyanide in [bmim][PF¢], depending on tempera-
ture.’® Recently, Lourenco and Afonso also reported that
recycling and reuse of the ionic liquids were demon-
strated for the azide formation.!* The immiscibility of
some ionic liquids with some solvents, such as ether,
benzene, hexane, etc. and water, provides a bi- or
triphasic system that affords facile extraction of the
desired products from ionic liquids.1°215 In this paper, we
present the reactivity of various metal fluorides, espe-
cially alkali, alkali earth, and transition-metal fluorides
in the presence of various ionic liquids for nucleophilic
fluorination and record the various nucleophilic substitu-
tions of mesyloxyalkane or bromoalkane such as haloge-
nation, acetoxylation, nitrilation, and alkoxylation using
the potassium halides, acetate, cyanide, and alkoxides,
respectively, in the presence of ionic liquid. In this
method, the ionic liquid significantly enhanced the
reactivity of various metal salts compared with the use
of conventional methods.?~>

Results and Discussion

Table 1 illustrates the nucleophilic fluorination of 2-(3-
methanesulfonyloxypropyl)naphthalene (1) as a model
compound with various metal fluorides as fluoride sources
in the presence of [bmim][BF,]. To investigate the
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TABLE 1. Fluorination of Mesylate 1 with Various

Metal Fluorides in [bmim][BF4]?
F

OO OMs 5 equiv MF, 100 °C
CH3CN (5% H,0),

[bmim][BF 4]

! 2
entry MF reaction time (h) yield® (%)

1 LiF 48

2 NaF 48

4 RbF 30 min 93

5 CsF 20 min 95

6 CaF, 24

7 AgF 48 5¢

2 All reactions were carried out on a 1.0 mmol reaction scale of
mesylate 1 using 5 mmol of MF in 3 mL of [bmim][BF4] and 3 mL
of CH3CN (5% H,0) at 100 °C. ® Isolated yield. ¢ Determined by
IH NMR.

reactivity of various alkali metal fluorides from the
second to sixth periodic, we carried out the fluorination
with lithium fluoride, sodium fluoride, potassium fluo-
ride, rubidium fluoride, and cesium fluoride under the
conditions described in our previous report of this fluo-
rination method.® Whereas the same reaction with KF
was completed in 1.5 h, affording 2-(3-fluoropropyl)-
naphthalene (2, 94%, entry 3), the fluorination of the
mesylate 1 with LiF and NaF in the presence of [bomim]-
[BF,4] at 100 °C did not proceed at all even after 48 h
(entries 1 and 2). Entry 4 shows that the use of RbF, the
fifth periodic alkali metal fluoride, made this fluorination
proceed much faster than that of KF, presumably due to
less tightness of ion pairs of RbF than KF. Moreover, the
fluorination using CsF that is the most reactive in this
method proceeded over the shortest reaction time among
the other alkali metal fluorides, affording the desired
product 2 (95%) without byproducts such as alkenes and
alcohol (entry 5). These results mean that the reactivities
of alkali metal fluorides in this reaction depend on the
tightness of ion pairs and the size of alkali metals.'® We
also performed the fluorination with CaF, and AgF to
investigate the reactivity of alkali earth and transition
metal fluorides. However, the fluorination with CaF, did
not take place (entry 6), and it was found that AgF was
not a proper fluorination source, giving a poor yield (5%,
entry 7).

As a further study of entry 5 in Table 1 in detail, Table
2 illustrates the fluorination of mesylate 1 with CsF in
the presence or absence of [bmim][BF,4] under various
reaction conditions. Whereas the mesylate 1 was con-
verted to the fluoroalkane 2 (58%) at 25 °C for 48 h via
fluorination using CsF in the presence of [bmim][BF,]
(entry 2), the same reaction in an organic solvent such
as acetonitrile without an ionic liquid did not proceed at
all (entry 3). Even though we have carried out the
fluorination in acetonitrile at 100 °C for 48 h, the reaction
converted only the 16% of mesylate 1 to the fluoroalkane
2 (entry 4). A comparison of entries 1 and 5 demonstrates
that fluorination in the ionic liquid [bmim][BF,] not only
proceeded remarkably faster but provided fluoroalkane
2 in higher yield (95%) without any byproducts compared

(16) Dijkstra, G.; Kruizinga, W. H.; Kellog, R. H. J. Org. Chem. 1987,
52, 4230—4234.



Nucleophilic Substitution in lonic Liquid

JOC Article

TABLE 2. Fluorination of Mesylate 1 with CsF under Various Reaction Conditions?

OMs 5 equiv CsF, CH3CN
[bmim][BF,4], 100 °C

F + alcohol 3
+ alkene 4

1 2
[bmim][BF.] CHsCN T reaction yield of product” (%)
entry (mL) [equiv] (mL) (°C) time (h) 1 2 3 4
1 3 3 100 20 min 95
2 3 3 25 48 35 58 trace
3 6 25 48 94
4 6 100 48 79 16
5 18-crown-6 [2] 6 100 5 trace 88 7°

a All reactions were carried out on a 1.0 mmol reaction scale of mesylate 1 using 5 mmol of CsF. ? Isolated yield. ¢ Determined by 'H

NMR.

TABLE 3. Various Halogenations of Mesylate 1 with
Potassium Halides in [bomim][BF4]2

OMs 5 equiv KX,
CH3CN (5% H,0)

[omim][BF 4]
1
X
+ alcohol
5: X=Cl, 6: X=Br, 7: X=I 3
yield of product® (%)
entry KX  time (min) T (°C) 1 5-7 3
1 KCI 30 100 95
2 KBr 30 100 96
3 Kl 15 100 trace 93 trace
4 Kl 24 h 25 45 50 5¢

aAll reactions were carried out on a 1.0 mmol reaction scale of
mesylate 1 using 5 mmol of KX in 3 mL of [bmim][BF4] and 3 mL
of CH3CN (5% H,0) at 100 °C. ® Isolated yield. ¢ Determined by
IH NMR.

to the fluorination using 2 equiv of 18-crown-6, which
afforded the fluoroalkane 2 (88%) with alkene (7%) after
a 15 times longer reaction time.

As shown in Table 3, we have also carried out the
various nucleophilic halogenations—chlorination, bromi-
nation, and iodination—of mesylate 1 with the corre-
sponding potassium halides instead of KF in the presence
of [omim][BF,4] under the same conditions as for entry 3
in Table 1. Entries 1—3 show the chlorination, bromina-
tion, and iodination using KCI, KBr, and KI in the
presence of [omim][BF,] were completed within 30 min,
providing 2-(3-chloropropyl)naphthalene (5, 95%), 2-(3-
bromopropyl)naphthalene (6, 96%), and 2-(3-iodopropyl)-
naphthalene (7, 93%), respectively. A comparison of
nucleophilic substitution reactions with potassium ha-
lides in an ionic liquid shows that the reaction times are
shortened by the increase of nucleophilicity of the halides.

To determine whether an ionic liquid enhanced the
reactivity and selectivity significantly in other Sy2 reac-
tions, we have performed the nucleophilic acetoxylation
of bromoalkane 6 to 2-(3-acetoxypropyl)naphthalene (8)
using potassium acetate at 25 °C under the various
conditions as shown in entries 1—5 in Table 4. In general,
although the transformations of alkyl alcohols to alkyl
chlorides or bromides are quite easy, the reverse trans-
formations are not. Therefore, the acetoxylations of alkyl

chlorides or bromides would be an important step to
prepare alkyl alcohols. The acetoxylation using [bmim]-
[BF4] and CH3;CN as a cosolvent system was completed
within 2 h at 25 °C, affording the desired product 8 in
high yield (95%, entry 1), while the same reaction in only
acetonitrile without an ionic liquid did not occur even
after 48 h (entry 2). In entry 3, the acetoxylation in polar
aprotic solvent such as DMSO-dg, as monitored by NMR,
proceeded for 6 h. In entry 4, the use of 2 equiv of 18-
crown-6 as a phase-transfer catalyst gave a similar result
with the use of DMSO as a solvent. However, a compari-
son of entries 3, 4, and 1 demonstrates that DMSO and
18-crown-6 enhance the nucleophilicity of KOAc in the
reaction media less than ionic liquid [bomim][BF,] does.
In entry 5, the acetoxylation with 2 equiv of tetrabuty-
lammonium bromide as a phase-transfer catalyst in
benzene/water system at 25 °C occurred to only a small
extent, affording only 5% of 8. We have also carried out
the acetoxylations of 6 using six other ionic liquids at 50
°C to investigate the reactivity of KOAc under various
ionic liquids. Acetoxylation in [bomim][BF,] was completed
within 30 min, affording 8 in high yield (entry 6, 96%).
In entry 7, with [bmim][OAc], we obtained a similar
result in [bomim][BF,4]. These reactions in [bmim][OTf],
[bmim][PF¢], and [bmim][SbF¢] also provided 8 in good
yield (95, 94, and 89%, respectively) but required longer
reaction times (12, 24, and more than 24 h, entries 8—10).
When we carried out the same reaction with entry 9 at
90 °C in the presence of [bmim][PF¢] in CH3CN (entry
12) or 1,4-dioxane (entry 13) as a cosolvent, the reaction
rate increased significantly compared with reaction rate
at 50 °C. Low solubility of KOAc in [bmim][PFs]/CH;CN
reaction media at 50 °C makes the reaction rate slow. In
entry 11, when the acetoxylation in [bmim][NTf,] was
carried out over 24 h, bromoalkane 6 still remained.

Table 5 illustrates the nucleophilic nitrilation using 5
equiv of potassium cyanide in the presence or absence of
[bmim][BF,4] and the alkoxylation using 5 equiv of potas-
sium alkoxides in [bmim][BF,] and corresponding alco-
hols as cosolvents. Whereas the nitrilation of 6 in the
absence of [bomim][BF,] did not occur (entry 2), the same
reaction in the presence of [omim][BF,] was completed
within 1 h, affording 2-(3-cyanopropyl)naphthalene (9,
93%, entry 1). In entry 3, the methoxylation of 6 with
potassium methoxide in the presence of [bomim][BF,] at
25 °C provided 2-(3-methoxypropyl)naphthalene (10,
92%) without any byproduct. However, bromoalkane 6
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TABLE 4. Acetoxylation of Bromoalkane 6 with KOAc under Various Reaction Conditions?
Br 5 equivKOAC OAc
ionic liquid or
6 other catalyst 8
ionic liquid (mL) or T time yield® (%)
entry catalyst (2 equiv) solvent (mL) (°C) (h) 6 8
1 [bmim][BF4] (3.0) CH3CN (3.0) 25 2 95
2 CH3CN (6.0) 25 48 97 0
3¢ DMSO-ds (0.6) 25 6 trace 99d
4 18-crown-6 CH3CN (6.0) 25 6 92
5 n-BusNBr benzene/H;0 [5/1] 25 48 91 5d
6 [bmim][BF.] (3.0) CH3CN (3.0) 50 0.5 96
7 [bmim][OAc] (3.0) CH3CN (3.0) 50 1 95
8 [bmim][OTf] (3.0) CH3CN (3.0) 50 12 95
9 [bmim][PF¢] (3.0) CH3CN (3.0) 50 24 94
10 [bmim][SbFe] (3.0) CH3CN (3.0) 50 24 5d 89
11 [bmim][NTf;] (3.0) CH3CN (3.0) 50 24 24 67
12 [bmim][PFs] (3.0) CH3CN (3.0) 90 0.5 93
13 [bmim][PF¢] (3.0) 1,4-dioxane (3.0) 90 0.5 95

a All reactions were carried out on a 1.0 mmol reaction scale of bromoalkane 6 using 5 mmol of KOAc. ° Isolated yield. ¢ 0.1 mmol

reaction scale of 6. 4 Determined by 'H NMR.

TABLE 5. Nucleophilic Substitutions of Bromoalkane 6 with Various Potassium Salts in the Presence or Absence of

[bmim][BF4]2

Br

5 equiv KR, cosolvent /\R
[bmim][BF4]

6 9: R=CN, 10: R=OCHj, 11: R=0rBu
entry KR [bmim][BF4] (mL) solvent (mL) T (°C) time (min) yield® (%) comment
1 KCN 3.0 CH3CN (3.0) 50 60 93
2 KCN CH3CN (6.0) 25 48 h 0 100% SM
3 KOCH3 3.0 MeOH (3.0) 25 15h 92
4 KOCH3 3.0 MeOH (3.0) 70 25 80 15% alkene
5 KOt-Bu 3.0 t-BuOH (3.0) 70 25 0 95% alkene

a All reactions were carried out on a 1.0 mmol reaction scale of bromoalkane 6 using 5 mmol of KR in 3 mL of [omim][BF,] and 3 mL

of cosolvent. ? Isolated yield.

underwent the methoxylation and elimination simulta-
neously under more vigorous conditions (70 °C) in the
same reaction, providing the methoxyalkane (80%) with
alkene (15%) as a byproduct because potassium meth-
oxide can act not only as a nucleophile but also as a base
(entry 4). When potassium tert-butoxide was used under
the same conditions with entry 4 in Table 5, the elimina-
tion took place, but not butoxylation since potassium tert-
butoxide acted only as a base (entry 5).

Conclusion

We have demonstrated the reactivities of various metal
fluorides in the nucleophilic fluorination of the mesyla-
Ikane to the fluoroalkane in the presence of ionic liquid
[obmim][BF,]. Among alkali metal fluorides, CsF was the
most reactive in this reaction since the reactivities of
alkali metal fluorides depend on the tightness of ion pairs
and the size of alkali metals. The presence of [bomim][BF,]
not only increased the reactivity of CsF markedly but also
reduced the formation of byproducts. However, the
fluorination using alkali earth and transition-metal
fluorides under the same conditions occurred hardly or
not at all.

We have also demonstrated the various facile nucleo-
philic substitutions such as halogenations, acetoxylation,
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nitrilation, and alkoxylations of bromo- and mesyloxy-
alkanes at the primary aliphatic position using the
corresponding potassium salts as nucleophiles in the
presence of ionic liquids. lonic liquids could enhance the
reactivity of metal salts, especially alkali metal salts,
significantly in the nucleophilic substitution. This ionic
liquid method was more efficient (lower reaction tem-
perature, shorter reaction time, easier purification, etc.)
than the previous methods using phase transfer catalysts
or polar aprotic solvents. Further studies on the develop-
ment of new designed ionic liquids for a more efficient
nucleophilic substitution are in progress in our labora-
tories. Applications of other reaction methods using ionic
liquids are also under investigations.

Experimental Section

Materials. *H and 3C NMR spectra were recorded on a 400
MHz spectrometer, and chemical shifts were reported in 6
units (ppm) relative to tetramethylsilane. TLC analysis was
performed using glass plate with silica gel 60 Fzs4. Flash
chromatography was performed with 230—400 mesh silica gel.
All other known compounds and all ionic liquids were com-
mercially available.

2-(3-Hydroxypropyl)naphthalene (3). Butyllithium (52.7
mmol) in hexane (21.0 mL) was added dropwise, over 30 min,
to a well-stirred solution of 2-methylnaphthalene (5.0 g, 35.2
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mmol) and potassium tert-butoxide (5.9 g, 52.7 mmol) in dried
THF (150 mL) at 0 °C under nitrogen atmosphere. After 1 h
at 0 °C, 1-bromo-2-tert-butyldimethylsilyloxyethane (12.6 g,
52.7 mmol) was added portionwise to the mixture at 0 °C. The
reaction mixture was stirred at 25 °C for 3 h. The reaction
mixture was poured into water (200 mL) and extracted from
the aqueous phase with EtOAc (200 mL x 3). The organic layer
was dried (sodium sulfate) and evaporated under reduced
pressure. The residue was purified by short flash column
chromatography (100% EtOAc) to obtain the crude product.
The solvent was evaporated under reduced pressure. Tetrabu-
tylammonium fluoride (16.6 g, 52.7 mmol) was added to the
crude product in THF (200 mL) and stirred at 25 °C for 6 h.
The reaction mixture was dissolved in water (200 mL) and
extracted from the aqueous phase with EtOAc (200 mL x 3).
The organic layer was dried (sodium sulfate) and evaporated
under reduced pressure. The residue was purified by flash
column chromatography (30% EtOAc/hexane) to yield 5.9 g
(31.7 mmol, 90%) of 2-(3-hydroxypropyl)naphthalene (3) as a
white solid: *H NMR (400 MHz, CDCl3) 6 1.41 (s, 1H), 1.96—
2.03 (m, 2H), 2.89 (t, J = 7.6 Hz, 2H), 3.72 (t, J = 6.4 Hz, 2H),
7.34—7.37 (m, 1H), 7.41—7.48 (m, 2H), 7.65 (s, 1H), 7.77—7.82
(m, 3H); 3C NMR (100 MHz, CDCIg) 6 32.17, 34.05, 62.23,
125.16, 125.92, 126.40, 127.24,127.37, 127.58, 127.94, 131.98,
133.58, 139.28; MS (EIl) 186 (M*), 142 (100); HRMS (EI) calcd
for C13H140 (M) 186.1045, found 186.1049.

2-(3-Methanesulfonyloxypropyl)naphthalene (1). To
alcohol 3 (5.0 g, 26.8 mmol) in methylene chloride (150 mL)
were added triethylamine (4.5 mL, 32.2 mmol) and methane-
sulfonyl chloride (2.5 mL, 32.2 mmol) at 0 °C. The mixture
was stirred at 25 °C for 3 h and evaporated under reduced
pressure to remove methylene chloride. The residue was
dissolved in water (200 mL) and extracted from the aqueous
phase with EtOAc (200 mL x 3). The organic layer was dried
(sodium sulfate) and evaporated under reduced pressure. The
residue was purified by flash column chromatography (20%
EtOAc/hexane) to give 6.2 g (23.6 mmol, 88%) of 2-(3-meth-
anesulfonyloxypropyl)naphthalene (1) as a colorless oil: *H
NMR (400 MHz, CDCl3) 6 2.14-2.21 (m, 2H), 2.93 (t, J=7.6
Hz, 2H), 2.99 (s, 3H), 4.26 (t, J = 6.4 Hz, 2H), 7.32—7.35 (m,
1H), 7.44—7.50 (m, 2H), 7.65 (s, 1H), 7.79—7.84 (m, 3H); *C
NMR (100 MHz, CDCl3) 6 30.45, 31.59, 37.24, 69.10, 125.39,
126.07, 126.62, 126.92, 127.36, 127.57, 128.18, 132.06, 133.48,
137.68; MS (El) 264 (M*), 168 (100), 141; HRMS (EI) calcd
for C14H16038 (M+) 2640820, found 264.0831.

Typical Procedure of the Fluorination in Table 1. CsF
(760 mg, 5 mmol) was added to the mixture of 2-(3-methane-
sulfonyloxypropyl)naphthalene (1, 264 mg, 1.0 mmol), [obmim]-
[BF4] (3.0 mL), and HO (90 u«L, 5 mmol) in acetonitrile (3.0
mL). The mixture was stirred at 100 °C for 20 min. We
determined the reaction time by TLC. The reaction mixture
was extracted from the ionic liquid phase with ethyl ether (7
mL x 3). The ether layer was dried (sodium sulfate) and
evaporated under reduced pressure. The residue was purified
by flash column chromatography (5% EtOAc/hexane) to pro-
vide 179 mg (0.95 mmol, 95%) of 2-(3-fluoropropyl)naphthalene
(2) as a colorless oil: *H NMR (400 MHz, CDCIg) 6 2.07—2.20
(m, 2H), 2.95 (t, J = 7.6 Hz, 2H), 4.52 (dt, J = 47.6, 6.0 Hz,
2H), 7.37—7.39 (m, 1H), 7.45—7.53 (m, 2H), 7.68 (s, 1H), 7.84—
7.87 (m, 3H); 3C NMR (100 MHz, CDCl3) ¢ 31.41 (d, J = 5.4
Hz), 31.89 (d, J = 19.7 Hz), 83.05 (d, J = 163.7 Hz), 125.26,
125.97, 126.57,127.17,127.40, 127.58, 128.02, 132.03, 133.57,
138.54; MS (EIl) 188 (M*), 141 (100), 115; HRMS (EI) calcd
for Ci3H13F (M*) 188.1001, found 188.1001.

Procedure for the Halogenation in Table 3. The prepa-
ration followed the typical procedure of fluorination except that
KX (X = CI, Br, or I) was used and 195 mg (0.95 mmol, 95%)
of 2-(3-chloropropyl)naphthalene (5), 239 mg (0.96 mmol, 96%)
of 2-(3-bromopropyl)naphthalene (6), or 275 mg (0.93 mmol,
93%) of 2-(3-iodopropyl)naphthalene (7) was obtained as a
colorless oil, respectively.

2-(3-Chloropropyl)naphthalene (5): *H NMR (400 MHz,
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CDCl3) 6 2.16—2.23 (m, 2H), 2.97 (t, J = 7.4 Hz, 2H), 3.58 (t,
J = 6.4 Hz, 2H), 7.35—7.37 (m, 1H), 7.44—7.51 (m, 2H), 7.67
(s, 1H), 7.80—7.85 (m, 3H); **C NMR (100 MHz, CDCls) 6 32.84,
33.85, 44.20, 125.30, 126.00, 126.71, 127.14, 127.40, 127.58,
128.08, 132.06, 133.54, 138.12; MS (EI) 204 (M%), 141 (100),
115; HRMS (El) calcd for Ci3Hi3Cl (MT) 204.0706, found
204.0702.

2-(3-Bromopropyl)naphthalene (6): *H NMR (400 MHz,
CDCl3) 6 2.24-2.31 (m, 2H), 2.97 (t, J = 7.2 Hz, 2H), 3.44 (t,
J = 6.6 Hz, 2H), 7.34—7.37 (m, 1H), 7.44—7.51 (m, 2H), 7.67
(s, 1H), 7.80—7.85 (m, 3H); **C NMR (100 MHz, CDCls) 6 33.09,
33.97, 34.20, 125.31, 126.01, 126.74, 127.12, 127.40, 127.58,
128.09, 132.07, 133.53, 137.96; MS (El) 250 (M"), 248 (M),
141, 115; HRMS (EI) calcd for C13H13"°Br (M™) 248.0201, found
248.0200.

2-(3-lodopropyl)naphthalene (7): *H NMR (400 MHz,
CDCl3) 6 2.21-2.28 (m, 2H), 2.92 (t, J = 7.2 Hz, 2H), 3.22 (t,
J = 6.8 Hz, 2H), 7.34—7.37 (m, 1H), 7.45—7.52 (m, 2H), 7.68
(s, 1H), 7.80—7.85 (m, 3H); 1*C NMR (100 MHz, CDCls3) 6 6.37,
34.66, 36.28, 125.30, 126.00, 126.73, 127.11, 127.40, 127.58,
128.08, 132.07, 133.51, 137.80; MS (EI) 296 (M%), 141 (100);
HRMS (El) calcd for Ci3H13l (MT) 296.0062, found 296.0054.

Typical Procedure for Acetoxylation. Potassium acetate
(491 mg, 5 mmol) was added to the mixture of 2-(3-bromopro-
pyl)naphthalene (1, 249 mg, 1.0 mmol), and [bmim][BF4] (3.0
mL) in acetonitrile (3.0 mL). The mixture was stirred at 50
°C for 30 min. The reaction mixture was extracted from the
ionic liquid phase with ethyl ether (7 mL x 3). The ether layer
was dried (sodium sulfate) and evaporated under reduced
pressure. The residue was purified by flash column chroma-
tography (10% EtOAc/hexane) to yield 219 mg (0.96 mmol,
96%) of 2-(3-acetoxypropyl)naphthalene (8) as a colorless oil:
1H NMR (400 MHz, CDCl3) 6 2.04—2.11 (m, 5H), 2.88 (t, J =
7.6 Hz, 2H), 4.16 (t, J = 6.6 Hz, 2H), 7.34—7.36 (m, 1H), 7.45—
7.50 (m, 2H), 7.65 (s, 1H), 7.79—7.84 (m, 3H); 3C NMR (100
MHz, CDCls) 6 20.91, 30.02, 32.26, 63.79, 125.19, 125.92,
126.39, 127.06, 127.35, 127.54, 127.96, 131.98, 133.52, 138.62,
171.09; MS (El) 228 (M*), 168 (100), 141, 115; HRMS (El) calcd
for C15H160, (M) 228.1150, found 228.1156.

2-(3-Cyanopropyl)naphthalene (9). The preparation fol-
lowed the typical procedure of acetoxylation except that
potassium cyanide was used and 181 mg (0.93 mmol, 93%) of
2-(3-cyanopropyl)naphthalene (9) was obtained as a white
solid: *H NMR (400 MHz, CDCl3) 6 2.04—2.12 (m, 2H), 2.35
(t, 3 = 7.2 Hz, 2H), 2.95 (t, J = 7.4 Hz, 2H), 7.31-7.33 (m,
1H), 7.44—7.51 (m, 2H), 7.65 (s, 1H), 7.79—7.84 (m, 3H); 13C
NMR (100 MHz, CDCls) 6 16.36, 26.74, 34.44, 119.50, 125.55,
126.19, 126.77, 126.84, 127.44, 127.62, 128.37, 132.20, 133.51,
137.08; MS (El) 195 (M*), 141 (100), 115; HRMS (EI) calcd
for C14H13N (M™) 195.1048, found 195.1049.

2-(3-Methoxypropyl)naphthalene (10). The preparation
followed the typical procedure of acetoxylation except that
potassium methoxide was used and 184 mg (0.92 mmol, 92%)
of 2-(3-methoxypropyl)naphthalene (10) was obtained as a
colorless oil: *H NMR (400 MHz, CDCI3) 6 2.03—2.08 (m, 2H),
2.92 (t, J = 7.6 Hz, 2H), 3.42 (s, 3H), 3.47 (t, J = 6.2 Hz, 2H),
7.39—7.42 (m, 1H), 7.47—7.52 (m, 2H), 7.69 (s, 1H), 7.82—7.88
(m, 3H); *3C NMR (100 MHz, CDCls) 6 31.07, 32.36, 58.48,
71.79, 125.05, 125.80, 126.38, 127.28, 127.35, 127.53, 127.80,
131.94, 133.57, 139.40; MS (EI) 200 (M*), 168, 142 (100), 115;
HRMS (El) calcd for C14H160 (M*) 200.1201, found 200.1204.
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