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Abstract: Alkylation reactions of active methylene
compounds, alcohols and phenols with alkyl halides in
aqueous NaOH solution can be carried out without
the need for any added organic solvents in most cases.
The water-soluble calix[n]arenes, which contain tri-
methylammoniomethyl groups on the upper rim,
were used as inverse phase-transfer catalysts, result-

ing in the corresponding alkylated products in good to
high yields. The scope of this methodology in aqueous
biphasic alkylation reactions and the mechanistic
implications are discussed.
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Introduction

The ‘greening’ of global chemical processes has become
a major issue in the chemical industry."?l Biphasic
catalysis has many advantages as a methodology for
organic reactions from the vantage points of the
effective two-phase separation of a catalyst and product,
as well as catalyst recycling.”! Thus, the catalyst is
immobilized in a liquid phase which can be separated
from the product-containing phase. Among some of the
possibilities, e.g., fluorous phasesP®! and non-aqueous
ionic liquids,* aqueous biphasic reaction systems are
appealing because of the ‘green’ nature of water as a
solvent and the fact that it is inexpensive.’) However, its
application is limited generally to substrates which have
appreciable water solubility. To solve this problem,
polar water-miscible organic solvents (co-solvents)®! or
surfactants”®! are frequently used. On the other hand,
use of these additives usually complicates work-up
procedures, particularly in regard to product separation
and the recovery of the catalyst and additive itself.

In order to circumvent this dilemma, we recently
developed a new reaction system,*'3!4 which is based
on the inverse phase-transfer catalysis (IPTC)!>16 of
water-soluble calix[n]arenes.l'’!8] For example, C-alkyl-
ation reactions of active methylene compounds with
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alkyl halides proceed smoothly in aqueous NaOH
solution without the need for any added organic solvent
using water-soluble calix[n]arenes, p-(trimethylammo-
niomethyl)calix[n]arene methyl ethers (n =4, 6, and §;
TAC,M, see Scheme 1) as catalysts,'] as do the aldol-
type condensation and Michael addition reactions of
activated methyl and methylene compounds.[''! We have
also reported that rhodium complexes with water-
soluble calix[4]arenes which contain two phosphine
moieties on the upper rim are able to function not only
as homogeneous metal catalysts but also as inverse
phase-transfer catalysts in aqueous biphasic hydrofor-
mylation reactions.!'>!3]

We describe herein the scope of this methodology in
which TAC,M is used in aqueous biphasic C- and O-
alkylations of active methylene compounds, alcohols

N*MesCI~

CH,
n
OMe

TACM (n = 4, 6, 8)

B-CD

Scheme 1. The structures of the water soluble calix[n]arenes,
TAC,M, and p-cyclodextrin.

Adv. Synth. Catal. 2002, 344, No.3+4



Water-Soluble Calixarenes as New Inverse Phase-Transfer Catalysts

FULL PAPERS

and phenols with alkyl halides.'"" In this biphasic system
which employs aqueous NaOH solutions, the TAC,M
catalysts exhibit a selectivity for the size and/or shape of
the acidic reactants, and the selective monoalkylations
of active methylene compounds and aromatic diols can
be achieved. Finally, the mechanistic implications of
biphasic alkylation reactions are briefly discussed on the
basis of these remarkable features.

Results and Discussion

The activity and selectivity of water-soluble calix[rn]ar-
enes TAC,M - nH,0 (n =4, 6 and 8) were first tested in
model alkylation reactions of phenylacetone with alkyl
halides in aqueous NaOH solution, and these results are
summarized in Table 1. The treatment of phenylacetone
with octyl bromide in 4 N aqueous NaOH solution for
10 h at 100 °C afforded only trace amounts of 3-phenyl-
2-undecanone and octyl alcohol, along with the recovery

Table 1. C-Alkylations of phenylacetone in aqueous NaOH
solution.

m+ R—X

Catalyst 1.0 mol %
4 N NaOH 3 mL
B — e

A + R-OH
wo°c,10n (L J &
4.8 mmol 4.0 mmol 1 2
Isolated yield [%]

Entry Catalyst R-X 1 2

1 none CH3(CH,);Br trace trace

2 p-cDE CH3(CH,)7Br 14 trace

3 TBABP!  CHs(CH,)Br 76 (+trace)l 17

4l TBABIP!  CH3(CH,)/Br 73(+5) 8

5 HTPBIEl  CH3(CH,);Br 71 (+8)F 2

6 TACsM  CHs(CH,);Br 86 6

7 TAC4M CH3(CH,)/ClI 12 trace

8 TAC4M  CHs(CHy)l 84 4

9 TAC;M  CI(CH,)4Br 651 (9)ld
10 TAC:M  Br(CHy)4Br 8 (+63)  (trace)d
11 TAC4M  CH,=CH(CH,)sBr 75 0
121 TAC4M  ¢-CgH11CH,Br 91 0
1301 TAC,M 4-t-BuCgH4CH,Br 94 trace
1401 TACM 4-BrCgH4CH,Br 92 0
1501 TAC,M 2-C1oH7CH,Br 87 0

[l B-Cyclodextrin.

(] Tetrabutylammmonium bromide 4.0 mol %.

[c] 2-Methyl-3-oxa-1-phenyl-1-undecene was also formed as
an O-alkylated product.

[l Dibutyl ether (3 mL) was used as a solvent.

[l Hexadecyltributylphosphonium bromide 4.0 mol %.

[fl 7-Chloro-3-phenyl-2-heptanone was formed selectively.

le] 7-Hydroxy-3-phenyl-2-heptanone.

(" 1-(1-Phenylcyclopentyl)ethanone.

[l Reaction time 20 h.

lil Reaction temperature 60 °C.
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of the starting material in 85% yield (entry 1). The
addition of B-cyclodextrin (f-CD) as an inverse phase-
transfer catalyst gave poor yields of 3-phenyl-2-unde-
canone (entry 2). However, when the same reaction was
carried out in the presence of the water-soluble calix[4]-
arene TAC,M, the yield increased to 86% (entry 6). For
the sake of comparison, we examined reactions in which
tetrabutylammonium bromide (TBAB) and hexadecyl-
tributylphosphonium bromide (HTPB) were employed
as normal phase-transfer catalysts,['*?! and found that
there were significant increases in the yields of O-
alkylated products (entries4 and 5).?) When using
TBAB with dibutyl ether or HTPB, the reaction largely
takes place in the organic phase in which the hydration
of the oxygen of the enolate is depressed. The data
clearly show that the TAC,M catalyst is more efficient
than TBAB and HTPB in terms of alkylation/hydrolysis
and C-/O-alkylation selectivities in addition to the two
major advantages of IPTC, viz. ease of separation of the
aqueous catalyst solution and no necessity of using an
organic solvent. The observed order of reactivity of the
alkyl halides is I &~ Br > Cl (entries 6 — 8). This order
suggests that alkyl iodides can be used as alkylating
reagents in IPTC reaction systems, which is contrary
from that in normal PTC reaction systems. This is
presumably the result of a drop in the affinity of the
iodide ion for the quaternary cation in aqueous media,
that is, a diminished level of catalyst poisoning.??! The
difference in reactivity between alkyl bromide and
chloride was confirmed by the reactions with 1-bromo-
4-chlorobutane and 1,4-dibromobutane, in which 7-
chloro-3-phenyl-2-heptanone and 1-(1-phenylcyclopen-
tyl)ethanone were obtained, respectively, as major
products (entries 9 and 10). When activated organic
halides, such as 4-tert-butylbenzyl, 4-bromobenzyl and
2-naphthylmethyl bromides, were used as alkylating
reagents, high to excellent yields were obtained, even at
60 °C (entries 13 — 15).

Some examples of TAC,M-catalyzed alkylation reac-
tions of active methylene compounds are summarized in
Table 2. In all cases, the reactions proceeded smoothly in
aqueous NaOH solution to afford the corresponding
alkylated products in good to high yields. When 2.4-
pentanedione and benzoylacetonitrile were used as
substrates, an aqueous 2 N NaOH solution is sufficiently
basic to generate the corresponding carbanions to give
high yields of alkylated products (entries 3 and 4). In the
reaction of phenylacetonitrile, the monoalkylated prod-
uct was formed with excellent selectivity compared to
that for a normal PTC reaction (entry 6).2 With 2-
chlorophenylacetonitrile and 1-naphthylacetonitrile,
complete selectivity for monoalkylation was achieved
(entries 8 and 14). Furthermore, the alkylation of indene
selectively gave the monoalkylated product 3-(1-naph-
thylmethyl)indene® even though it is known that
dialkylation takes place to a considerable extent under
PTC conditions in the case of highly activated organic
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Table 2. C-Alkylations of various active methylene compounds in aqueous NaOH solution.

O TAC,M R
RI-R2+ Br  ———— |
O ANNaOH3mL g1~ g2
4.0 mmol 3

+ + R-OH
1/LR2
4

R R

R R= 1-C10H7CH2

2

Isolated yield [%]

Entry R1-CH,—R2 [mmol] Catalyst [mol%]  Conditions 3 4 2

1(el CH3COCH,COCH;5 (12.0) none 60°C,0.5h 11 (+trace)?! 0 0

2la CH3COCH,COCH; (12.0) TACgM (1.0) 60°C,0.5h 50 (+2)! trace 0

3lal CH3COCH,COCH; (12.0) TACgM (1.0) 60°C,2h 88 (+3)[] 3 0

4l CgH5COCH,CN (12.0) TACgM (1.0) 60°C,2h 82 12 (trace)l
5lal CgH5COCH,CN (4.8) TACgM (1.0) 60°C,2h 69 22 (trace)!®]
6 CeHsCH,CN (12.0) TAC4M (1.0) 70°C, 10 h 90 8 0

7 CeHsCH,CN (4.8) TAC4M (1.0) 70°C,10h 68 19 13

8 2-CICgH,CH,CN (4.8) TAC4M (1.0) 60°C, 10 h 84 0 0

9 CgHa-1,2-(-CH=CH-CH,-) (4.8) TAC4M (1.0) 70°C, 10 h 740] tracel®) 4 (+6)
1off 1-C1oH7CH,CN (4.8) none 70°C,2h 21 0 0
1100 1-C1oH7CH,CN (4.8) TAC4M (1.5) 70°C,2h 58 0 trace
10 1-C1oH7CH,CN (4.8) TACgM (1.0) 70°C,2h 66 0 trace
131 1-C1oH7CH,CN (4.8) TACgM (0.75) 70°C,2h 78 0 trace
1410 1-C1gH7CH,CN (4.8) TACGM (1.0) 70°C,5h 91 0 trace

[a1 2 N Aqueous NaOH was used in the place of 4 N aqueous NaOH.
[®] 6-(1-Naphthyl)-2,4-hexanedione was isolated as a mixture with 3-(1-naphthylmethyl)-2,4-pentanedione.

[] Bis(1-naphthylmethyl) ether.

[ 3-(1-Naphthylmethyl)indene.

] 1,3-Bis(1-naphthylmethyl)indene.

Il Dipropyl ether (3 mL) was used as a solvent.

halides, such as benzyl and allyl chlorides (entry 9).1%]
The formation of 3-(1-naphthylmethyl)indene can be
ascribed to the basic isomerization of the initially
formed 1-alkylindene.®! Taking into account the molar
amounts of catalysts added, the activities of catalysts
TAC,M increase in the order of TACM < TACM <
TACM for the alkylation reactions of 1-naphthylace-
tonitrile (entries 11 —13). This may be a reflection of the
following interfacial mechanism, because the distribu-
tion of TAC,M in the organic phase was negligible.l’) In
the aqueous phase near the interface, the water-soluble
calix[n]arenes TAC,M would form host-guest com-
plexes with a carbanion, produced via the deprotonation
of the active methylene compound by hydroxide ions,
and nucleophilic attack by the anion on an alkyl halide
would take place at the interface.

The water-soluble calix[n]arenes TAC,M were also
examined with respect to O-alkylation reactions of
alcohols and phenols with alkyl halides in aqueous
NaOH solution, and the results are summarized in
Table 3. Treatment of 1-hexanol with 4-fert-butylbenzyl
bromide in 4 N aqueous NaOH solution for 3 h at 60 °C
afforded the 4-tert-butylbenzyl hexyl ether in 22% yield
(entry 1). However, when the same reaction was carried
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out in the presence of the water-soluble calix[6]arene
TACM, the yield increased to 75% (entry 3). When
cetyltrimethylammonium bromide (hexadecyltrimeth-
ylammonium bromide, CTAB) was used, in place of
TACM as a cationic surfactant, the yield of desired
unsymmetrical ether was diminished to 56% (entry 2)
accompanied by the formation of an emulsion during
the work-up. The TAC¢M catalyst is superior to CTAB
in terms of yield, selectivity and product separation. A
secondary alkyl halide was found to be unsuitable as an
alkylating reagent (entry 6). In all other cases where
TAC,M was used, the reactions proceeded smoothly to
afford the corresponding O-alkylated products in good
to high yields. When 1-bromo-4-chlorobutane is used,
the butoxide ion reacts predominantly with the bromide
substituent. Thus, 1-butoxy-4-chlorobutane is selective-
ly obtained as a monoether (entry 5). When phenol and
4-methylphenol were used instead of alcohols, the
reaction afforded O-alkylated products in good yields
(entries 9 and 10). The selective formation of O-
alkylated products in our system is in sharp contrast to
the reported reactions of allyl and benzyl halides with
sodium phenoxide in water.?% In the case of an aromatic
diol, 1,4-benzenedimethanol, good selectivity for the
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Table 3. O-Alkylations of various alcohols and phenols in aqueous NaOH solution.

Catalyst
R3-OH + R—X ——————> R¥*~O-R + R-O-R + R-OH
4 N NaOH 3 mL
5 6 2
Isolated yield [%]
Entry R3-OH [mmol] R—X [4.0 mmol] Catalyst [mol %] Conditions 5 6 2

1 CH3(CH2)5OH (120) 4-t-BuCgH4CH,Br none

60°C,3h 22 trace trace

2 CH3(CH,)sOH (12.0) 4-t-BuCgH4CH,Br  CTABI (0.50) 60°C,3h 56 12 5

3 CHj3(CH,)s0H (12.0) 4-t-BUCgH4CH,Br  TACgM (0.50) 60 °C, 3 h 75 trace 3

4 CH3(CH,)30H (12.0) 4-BrCgH4CH,Br TAC,M (0.50) 60°C,2h 87 0 3

5 CH3(CHy)30H (12.0) CI(CHo)4Br TAC,M (1.0)  100°C,8h  79PI (+8)l1 0 0

6  CH3(CH,)30H (12.0) CH3(CH,)sCHBrCH; TAC4M (1.0)  100°C,10h 17 0 6 (+6)d
7 CH,=CHCH,OH (12.0) 4-t-BuCgH4CH,Br ~ TAC4M (0.50)  60°C,2h 86 4 5

8  CH3CHOMe(CH,),0H (12.0) 4-t-BuCgH,CH,Br  TAC,M (0.50) 60°C,3h 78 4 6
olel  CgHsOH (4.8) 4-t-BuCgH4CH,Br  TAC4M (0.50) 60°C, 7h 82 (+trace)ll 0 8
101 4-MeCgH4OH (4.8) 4-t-BuCgH,CHBr  TACgM (0.50) 60°C,7h  82(+9)dl 0 trace
11 CgHsCH,OH (12.0) CH3(CH,);Br TAC,M (1.0) 100°C,2h 83 0 3
12 CgH4-1,4-(-CH,OH), (8.0) CHg(CHy)sBr HTPBM (1.0) 100°C,2h 21 (+47)1  trace 13
13 CgHs-1,4-(-CH,0H), (8.0) CH3(CHy)sBr TACgM (1.0)  100°C,2h 49 (+12)1  trace 21

[ Cetyltrimethylammonium bromide (hexadecyltrimethylammonium bromide).

[®] 1-Butoxy-4-chlorobutane.
[] 1,4-Dibutoxybutane.
[ 2-Octene.

[l 1 N Aqueous NaOH was used in the place of 4 N aqueous NaOH.

[fl 2-(4-tert-Butylbenzyl )phenol.

el 2-(4-ter--Butylbenzyl)-4-methylphenol.
(" Hexadecyltributylphosphonium bromide.
[l 1,4-Bis(hexyloxymethyl)benzene.

mono-0O-alkylated product was achieved by using TAC;
M (entry 13). The monoether/diether ratio of 4.1 is 9.1
times larger than that (0.45) observed in the presence of
HTPB. This selectivity of TACsM as an inverse phase-
transfer catalyst, which is opposite to HTPB as a phase-
transfer catalyst, is of interest.

For mechanistic considerations, the effects of size and/
or shape of alcohol molecules and catalyst cavities on O-
alkylations in aqueous NaOH solution were examined,
and the results are summarized in Table 4. The effi-
ciency of the TAC,M catalyst in terms of yield of desired
unsymmetrical ether increases with an increase in the
molecular size of alcohols from methanol to butanol
(entries 1 — 4), whereas it decreases in the case of a
reaction of hexanol (entry5). In the reactions of
methanol to butanol, the efficiency increases with a
decrease in the solubility of alcohols in water. Taking
into account the molar amounts of catalysts added, the
activities of the TAC,M catalysts increase in the order of
TACM < TAC(M < TACM for an alkylation reaction
using 2-(hydroxymethyl)naphthalene (entries7 - 9).
These results show that the mechanism for the O-
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alkylation reaction is similar to that for the C-alkylation
reaction. In the aqueous phase near the interface, the
water-soluble calix[n]arenes TAC,M form host-guest
complexes with alkoxide anions, and a nucleophilic
attack by the anion on an alkyl halide takes place at the
interface. This is somewhat different from the interfacial
mechanism of normal phase-transfer catalysis as pro-
posed by Makosza, which involves a C-C bond-forming
reaction within the bulk organic phase.l”®! In the case of
reactions of aliphatic alcohols, the size of the TAC,M
cavity may be sufficiently large to accommodate meth-
anol to butanol, but may be somewhat small to
accommodate hexanol. In the case of reactions of 2-
(hydroxymethyl)naphthalene, the size of the TAC;M
cavity may be sufficiently large to accommodate the
naphthyl ring, but those of TAC,;M and TAC¢M may be
too small. This is reminiscent of the result where
relatively good selectivity for the mono-O-alkylated
product was achieved by using TAC,M in the reaction of
1,4-benzenedimethanol, indicating that the size of the
TACM cavity might be too small to accommodate the
mono-0-alkylated product, 1-(hexyloxymethyl)-4-hy-
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Table 4. Effects of size and/or shape of alcohol molecules and catalyst cavities on O-alkylations in aqueous NaOH solution.

Catalyst
R3-OH + R—X —————— R¥*-0-R + R-O-R + R-OH
4 N NaOH 3 mL
6 2
Isolated yield [%)]
Entry  R3-OH [mmol] R—-X [mmol] Catalyst [mol %]  Conditions 5 6 2
1 CH30H (12.0) 4-t-BuCgH4CH,Br (4.0) TAC4M (0.50) 60°C,3h 32 5 trace
2 CH3CH,0H (12.0) 4-t-BuCgH4CH,Br (4.0) TAC4M (0.50) 60 °C, 3 h 48 9 trace
3 CH3(CH,),0H (12.0)  4-t-BuCgH4CH2Br (4.0) TAC4M (0.50) 60 °C,3h 73 5 6
4 CH3(CH5)30H (12.0)  4-t-BuCgH4CH,Br (4.0) TAC4M (0.50) 60 °C, 3 h 81 3 4
5 CH3(CHp)s0H (12.0)  4-t-BuCgH4CH,Br (4.0) TAC4M (0.50) 60°C,3h 62 trace trace
6 2-C1gH7CH,0H (12.0) CHj3(CH,);Br (4.0) none 100°C,2h 19 0 trace
7 2-C1gH7CH,0H (12.0) CH3(CH,);Br (4.0) TAC4M (1.0) 100°C,2h 68 0 trace
8 2-C19H7CH,0H (12.0) CH3(CH,);Br (4.0) TACgM (0.67) 100°C, 2 h 72 0 trace
9 2-C19H7CH,0H (12.0) CH3(CH,),Br (4.0) TACgM (0.50) 100°C,2h 81 0 trace
10 none CsHsCH,Br (8.0) none 60°C,5h - trace 21
11 none CgHsCH,Br (8.0) B-CD™ (0.25) 60 °C,5h - 8 27
12 none CgH5CH,Br (8.0) TAC,4M (0.25) 60°C,5h - 62 17

[ B-Cyclodextrin.

droxymethylbenzene. Thus, the efficiency of the TAC,M
catalyst varies depending on the size and/or shape of the
acidic substrate molecules, but not the alkyl halide
molecules. This mechanistic consideration is supported
by the finding that the selective formation of dibenzyl
ether was observed in the reaction of benzyl bromide in
aqueous NaOH solution (entry 12).

Conclusion

The water-soluble calix[n]arene TAC,M was found to
catalyze alkylation reactions of active methylene com-
pounds, alcohols, and phenols with alkyl halides smooth-
ly in aqueous NaOH solution. This water-soluble
catalytic system employing TAC,M provides additional
options in aqueous biphasic reactions, in terms of
synthetic chemistry and process engineering.

Experimental Section

General Remarks

Melting points were determined on a Yazawa BY-1 micro
melting-point apparatus and are uncorrected. 'H and
BCNMR spectra were recorded with a JEOL JNM-EX90
spectrometer at 89.5 and 22.5 MHz, a JEOL JNM—-GX67S
spectrometer at 270 and 67.9 MHz, or Bruker Avance-400 at
400 and 100 MHz, respectively. IR spectra were recorded on a
Bio-Rad FTS-60A spectrometer. Mass spectra were obtained
on a JEOL JMS-AXS500 mass spectrometer (EI, 70 eV) using
an interfaced GC-MS or a direct-insertion probe. Microanal-
yses were performed on a Perkin-Elmer 240C or 240011
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elemental analyzer. Gas-liquid chromatography (GC) was
performed with a Hewlett-Packard GC 5890A using capillary
columns (DB-1701 and DB-WAX, 30 m x 0.25 mm). Prepa-
rative gel-permeation chromatography (GPC) was done with a
JAI model 908 liquid chromatograph using JAIGEL-1H and
2H columns. Preparative thin layer chromatography (TLC)
and flash chromatography were carried out on precoated silica
gel 60 F,5, plates (20 cm x 20 cm x 2 mm, E. Merck) and with
silica gel 60 (spherical 0.040 —0.100 mm, Kanto), respectively.
Tetrahydrofuran (THF) was freshly distilled from Na-benzo-
phenone. The 1-(bromomethyl)naphthalene used herein was
prepared by the reaction of 1-(chloromethyl)naphthalene with
CaBr, in the presence of tetrabutylammonium bromide, and
purified by recrystallization from hexane-diethyl ether. Unless
otherwise noted, starting materials and substrates were
commercially available materials and were used without
further purification.

Catalyst Preparation

p-tert-Butylcalix[n]arenes (n=4, 6, and 8)?" were prepared
following literature methods.?®! They were debutylated by
treatment with AlCl; and phenol in toluene.?”) The calix[n]ar-
enes (n=4, 6, and 8) thus obtained were converted to their
methyl ether derivatives by treatment with CH;I and NaH.[#30
The methyl ether of the tetramer, 25,26,27,28-tetramethoxy-
calix[4]arene, was treated with paraformaldehyde, acetic acid,
concentrated HCI, and 85% phosphoric acid in dioxane to give
the chloromethyl derivative, 5,11,17,23-tetrakis(chlorometh-
y1)-25,26,27,28-tetramethoxycalix[4]arene, according to a pro-
cedure developed by Shinkai et al.?l The chloromethyl
derivatives of the hexamer and octamer were prepared from
the corresponding methyl ethers by treatment with chloro-
methyl methyl ether and ZnCl, in CS,-CH,Cl,.5%?!

Adv. Synth. Catal. 2002, 344, 370-378
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25,26,27,28-Tetramethoxy-5,11,17,23-tetrakis(trimethyl-
ammoniomethyl)calix[4]arene Tetrachloride
Tetrahydrate (TAC,M -4 H,0)

The procedure used for this material was analogous to the
literature method,B" with minor modifications. Through a
stirred DMF solution (80 mL) of the chloromethylated tet-
ramer, 5,11,17,23-tetrakis(chloromethyl)-25,26,27,28-tetrame-
thoxycalix[4]arene, (4.00 g, 5.9 mmol) was bubbled gaseous
trimethylamine for 6 h at room temperature, which essentially
follows the established method. The precipitate was collected
by filtration, washed with diethyl ether, recrystallized from
ethanol-diethyl ether (11:4), and dried under vacuum to give
TACM as a white powder; yield: 4.27 g (4.3 mmol, 73% ); mp
(decomp) > 253°C [anhydrous TAC,M; lit.?Y mp (decomp)
> 270°C]; '"H NMR (89.5 MHz, TSP, D,0): 6 =7.40 (s, 8H),
4.48 (s, 8H), 3.85 (s, 8H), 3.68 (s, 12H), 3.08 (s, 36H); IR (KBr):
v=23430, 873 cm™!; anal. caled. for C,x;H,,CI,N,O, -4 H,O: C
58.65, H 8.20, N 5.70; found: C 58.67, H 8.22, N 5.68.

37,38,39,40,41,42-Hexamethoxy-5,11,17,23,29,35-
hexakis(trimethylammoniomethyl)calix[6]arene
Hexachloride Hexahydrate (TAC,M - 6 H,0)

This compound was prepared from the chloromethylated
hexamer (4.0 g, 4.0 mmol) following the procedure described
above for TAC,M and was obtained as a white powder from
ethanol-diethyl ether (4:3); yield: 3.12 g (2.1 mmol, 53% ); mp
(decomp) > 248°C; 'H NMR (89.5 MHz, TSP, D,0): 6 =7.29
(s,12H), 4.42 (s, 12H), 4.1 (s, 12H), 3.50 (s, 18H), 3.10 (s, 54H);
IR (KBr): v=3410, 874 cm™}; anal. calcd. for C;,H;(ClgN¢Oy -
6 H,0: C 58.65, H 8.20, N 5.70; found: C 58.46, H 8.43, N 5.35.

49,50,51,52,53,54,55,56-Octamethoxy-
5,11,17,23,29,35,41,47-
octakis(trimethylammoniomethyl)calix[8]arene
Octachloride Octahydrate (TAC;M -8 H,0)

This compound was prepared from the chloromethylated
octamer (4.0 g, 3.0 mmol) following the procedure described
above for TAC,M and was obtained as a white powder from
methanol-ethanol-diethyl ether (7:3:5); yield: 3.26¢g
(1.7 mmol, 56%); mp (decomp) > 255°C; 'HNMR
(89.5 MHz, TSP, D,0): 6 =7.37 (br s, 16H), 4.49 (br s, 16H),
4.06 (brs, 16H), 3.37 (s,24H), 3.08 (s, 72H); IR (KBr): v = 3410,
875 cm™!; anal. calcd. for CyqH, 4, ClgNgOg -8 H,O: C 58.65, H
8.20, N 5.70; found: C 58.59, H 8.47, N 5.16.

Typical Procedure for C- and O-Alkylations under
Aqueous Biphasic Conditions

A mixture of active methylene compound (4.8 mmol), alkyl
halide (4.0 mmol), a catalytic amount (1.0 mol % ) of TAC, M
-nH,0, and aqueous 4 N NaOH (3 mL) was heated to 60 —
100 °C for 0.5-10 h and stirred with a magnetic stirring bar (&4
x 10 mm) at 1000 rpm. After the addition of water (5 mL), the
resulting mixture was extracted with chloroform (10 mL x
4).%1 The combined extracts were dried over anhydrous
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Na,SO, and evaporated. The products were purified by pre-
parative GPC and/or TLC and the isolated yields were
determined.
3-Phenyl-2-undecanone:* 'H NMR (400 MHz, CDCl,):
0=7.19 - 7.34 (m, 5H), 3.59 (t, J=7.4 Hz, 1H), 2.04 (s, 3H),
1.13-1.27 (m, 14H), 0.86 (t, J=6.8 Hz, 3H); *C NMR
(100 MHz, CDCl;): 8 =208.65, 139.17, 128.86, 128.24, 127.16,
59.82,31.85,31.80,29.55,29.39,29.24,29.02,27.46,22.65, 14.10;
IR (KBr): v =2926,2855,1715,1455,1354,1159,757,701 cm ™,
MS (EIL 70 eV): m/z =246 (M, 1), 203 (19), 147 (8), 134 (29),
119 (14), 105 (23), 91 (100), 69 (4), 57 (7), 43 (16).
2-Methyl-3-oxa-1-phenyl-1-undecene: '"H NMR (400 MHz,
CDCl,): 6=7.76 (d,J=7.5Hz,2H), 7.1 - 7.5 (m, 3H), 5.33 (s,
1H),3.94 (t,J = 6.6 Hz, 2H), 2.07 (s, 3H), 0.89 — 1.78 (m, 15H);
MS (EL 70 eV): m/z =246 (M, 13), 155 (8), 134 (100), 117 (8),
116 (7), 115 (8), 105 (7), 91 (23), 43 (35).
3-Phenyl-7-octene-2-one: 'H NMR (400 MHz, CDCl;): 8 =
7.19-7.34 (m, 5H), 5.69-5.79 (ddt, J=17.0,10.3, 6.7 Hz, 1H),
4.90-5.01 (m, 2H), 3.60 (t,J = 7.4 Hz, 1H), 2.01 -2.07 (m, 6H),
1.66 - 1.75 (m, 1H), 1.18 — 1.37 (m, 2H); *C NMR (100 MHz,
CDCl;): 6=208.54, 138.96, 138.38, 128.98, 128.95, 128.91,
128.22, 127.24, 114.70, 59.64, 33.62, 31.22, 29.02, 26.71; IR
(KBr): v=3029, 2937, 2861, 1641, 1713, 1355, 1160, 912, 757,
702 cm~!; MS (EI, 70 eV): m/z =202 (M*, 6), 159 (17), 134 (9),
117 (24), 91 (100), 81 (19), 43 (27).
4-(4-tert-Butylphenyl)-3-phenyl-2-butanone: 'H NMR
(400 MHz, CDCl;): 8=7.19 - 7.31 (m, 7H), 6.99 — 7.01 (m,
2H),3.93(t,/ =7.3 Hz,1H),3.42(dd,J =13.9,8.0 Hz, 1H),2.86
(dd, J=13.9, 6.6 Hz, 1H), 2.00 (s, 3H), 1.27 (s, 9H); C NMR
(100 MHz, CDCl;): 8 =207.72, 148.80, 138.68, 136.63, 128.86,
128.55,128.27,127.31, 125.12, 61.37, 37.75, 34.28, 31.33, 29.50;
IR (KBr): v=2923, 2869, 1715, 1493, 1356, 1155, 825, 751,
701 cm~'; MS (EL 70 eV): m/z =280 (M+,23),265 (5),237 (39),
147 (100), 132 (10), 117 (9), 105 (6), 91 (7), 57 (48).
4-(4-Bromophenyl)-3-phenyl-2-butanone: 'H NMR
(400 MHz, CDCl,): =723 — 7.33 (m, 5H), 7.13 — 7.15 (m,
2H), 6.88 — 6.91 (m, 2H), 3.85 (t,/=7.4 Hz, 1H), 3.36 (dd, /=
13.9, 7.2 Hz, 1H), 2.84 (dd, /=13.9, 7.5 Hz, 1H), 2.02 (s, 3H);
BCNMR (100 MHz, CDCl;): 6=207.28, 138.67, 138.02,
131.28, 130.77, 129.00, 128.32, 127.54, 119.97, 61.36, 37.69,
29.45; IR (KBr): v=2910, 1716, 1486, 1354, 1219, 1154, 1008,
818, 741, 705 cm~!; MS (EIL, 70 eV): m/z =304 (27), 302 (28),
261 (51), 259 (54), 223 (11), 180 (100), 171 (30), 169 (34), 165
(16), 90 (13), 89 (13), 77 (14), 43 (47).
4-(2-Naphthyl)-3-phenyl-2-butanone: 'H NMR (400 MHz,
CDCl;): §=7.66 — 7.76 (m, 3H), 7.49 (s, 1H), 7.36 — 7.42 (m,
2H), 7.16 — 7.30 (m, 6H), 4.00 (t,/=7.3 Hz, 1H), 3.59 (dd, J =
13.8, 7.5 Hz, 1H), 3.05 (dd, /=13.8, 7.2 Hz, 1H), 2.01 (s, 3H);
BCNMR (100 MHz, CDCl;): 8=207.59, 138.40, 137.23,
133.42, 132.02, 128.92, 128.34, 127.77, 127.52, 127.49, 127.40,
127.39, 125.84, 125.28, 61.47, 38.49, 29.55; IR (KBr): v=2933,
1710, 1492, 1357, 1223, 1155, 961, 814, 751, 697 cm~!; MS (EI,
70 eV): m/z =274 (M, 31), 231 (26), 215 (7), 153 (23), 141
(100), 115 (8), 103 (5), 77 (5), 43 (7).
7-Chloro-3-phenyl-2-heptanone: 'HNMR (400 MHz,
CDCl,): 6=7.31 - 7.35 (m, 2H), 7.24 — 7.28 (m, 1H), 7.19 -
7.21 (m,2H),3.60 (t,/ =7.4 Hz, 1H), 3.46 —3.49 (m, 2H), 2.00 -
2.09 (m,4H), 1.66 - 1.82 (m, 3H), 1.22 - 1.42 (m, 2H); *C NMR
(100 MHz, CDCl;): 8 =208.21, 138.75, 128.99, 128.19, 127.36,
59.57,44.73,32.48,31.00,29.09,24.75; IR (KBr): v = 2942,2865,
1712, 1454, 1356, 1164, 755, 702 cm™%; MS (EL 70 eV): m/z =
224 (M*, 1), 181 (20), 145 (16), 91 (100).
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7-Hydroxy-3-phenyl-2-heptanone: 'H NMR (400 MHz,
CDCl): 8=17.19 - 7.35 (m, 5H), 3.59 - 3.63 (m, 2H), 2.05 (s,
3H), 1.22 - 1.75 (m, 8H); *CNMR (100 MHz, CDCl,): 6 =
208.51,138.93,128.97,128.22,127.31, 62.65, 59.76, 32.56, 31.49,
29.12, 23.66; IR (KBr): v=3405, 2932, 2861, 1710, 1453, 1355,
1159, 1069, 753, 701 cm~'; MS (EI, 70 eV): m/z =206 (M™, 3),
188 (9), 161 (26), 145 (49), 117 (58), 105 (44), 91 (100), 77 (44),
43 (74).

7-Bromo-3-phenyl-2-heptanone: 'HNMR (400 MHz,
CDCl;): 6=7.19 - 7.36 (m, 5H), 3.60 (t, /=7.4 Hz, 1H), 3.36
(t,J=6.8 Hz,2H), 2.05 (s, 3H), 1.66 — 1.93 (m, 4H), 1.22 - 1.43
(m, 2H); BCNMR (100 MHz, CDCl;): 6=208.23, 138.73,
129.01,128.20,127.38,59.57,33.49,32.65,30.87,29.11,26.03; IR
(KBr): v=2940, 2863, 1713, 1454, 1355, 1162, 753, 702 cm™;
MS (EL 70 eV): m/z =227 (15), 225 (15), 145 (25), 134 (21), 91
(100), 77 (6), 43 (30).

3-(1-Naphthylmethyl)-2,4-pentanedione: '"H NMR
(400 MHz, CDCl;): 8 =7.17 — 8.13 (m, 7H), 4.06 (s, 2H), 2.03
- 2.09 (m, 7H); BCNMR (100 MHz, CDCl;): 6 =192.30,
134.70, 133.77, 131.90, 128.93, 127.13, 126.20, 125.82, 125.72,
123.35, 122.68, 106.92, 29.63, 23.01; IR (KBr): v=3051, 2919,
1726, 1700, 1596, 1357, 1149, 795,776 cm~'; MS (EL, 70 eV): m/
7=240 (M, 22),222 (9), 197 (74), 179 (57), 153 (17), 141 (43),
128 (12), 115 (14), 43 (100).

6-(1-Naphthyl)-2,4-hexanedione: MS (EI, 70 eV): m/z =240
(M*,1),197 (3), 179 (6), 141 (100), 115 (14), 43 (6).

3,3-Bis(1-naphthylmethyl)-2,4-pentanedione: 'H NMR
(400 MHz, CDCl;): 6=7.84 (d, J=8.5Hz, 2H), 7.79 (d, J =
8.2Hz,2H),7.71(d,J =8.1 Hz,2H),7.21-7.42 (m,8H),3.91 (s,
4H), 2.00 (s, 6H); ); *C NMR (100 MHz, CDCl;): 6 =207.35,
133.80, 132.61, 132.51, 128.78, 127.64, 126.45, 126.02, 125.67,
125.19, 123.38, 71.10, 33.25, 28.41; IR (KBr): v=3049, 1717,
1696, 1510, 1356, 1178, 797, 779 cm™!; MS (EL 70 eV): m/z =
380 (MT, 31), 337 (12), 239 (39), 209 (52), 141 (100), 115 (50).

2-Benzoyl-3-(1-naphthyl)propanenitrile: 'H NMR
(400 MHz, CDCL): 6=7.87 — 7.92 (m, 4H), 7.78 (d, J=
8.1Hz, 1H), 7.40 — 7.61 (m, 7H), 4.68 (dd, J=9.0, 5.9 Hz,
1H), 3.90 (dd, J=14.4, 5.9 Hz, 1H), 3.63 (dd, J=14.4, 9.0 Hz,
1H); 3C NMR (100 MHz, CDCl;): 8 =190.19, 134.59, 134.14,
133.98, 131.69, 131.16, 129.34, 129.03, 128.79, 128.51, 128.10,
126.75, 125.93, 125.59, 122.44, 117.06, 40.31, 32.42; IR (KBr):
v=3060, 2244, 1693, 1597, 1449, 1266, 779 cm~'; MS (EI,
70 eV): m/z =285 (M*, 33), 152 (7), 141 (74), 128 (7), 115 (12),
105 (100), 77 (44).

2-Benzoyl-3-(1-naphthyl)-2-(1-naphthylmethyl)propaneni-
trile: '"H NMR (400 MHz, CDCl;):  =8.10 (d,J =8.4 Hz, 2H),
7.82(d,J=8.0 Hz,2H), 7.78 (d,/ =8.2 Hz, 2H), 7.38 - 7.55 (m,
8H), 7.27 —7.31 (m, 1H), 7.05 - 7.12 (m, 4H), 4.10 (d, /=
14.2 Hz, 1H), 3.87 (d, /=14.2 Hz, 1H); ¥C NMR (100 MHz,
CDCl;): 6=198.02, 136.60, 133.91, 132.64, 132.34, 130.73,
129.02, 128.78, 128.66, 128.30, 127.79, 126.31, 125.86, 125.24,
123.94, 121.44, 55.38, 40.12; IR (KBr): v=3051, 2936, 2232,
1682, 1597, 1447, 1232, 778 cm~'; MS (EIL, 70 eV): m/z =425
(M, 9), 285 (6), 141 (100), 115 (10), 105 (42), 77 (17).

2-(2-Chlorophenyl)-3-(1-naphthyl)propanenitrile:
'"H NMR (400 MHz, CDCl,): 6 =8.07 (d,/=8.2 Hz, 1H), 7.79
-7.89 (m,2H),7.40-7.59 (m, 6H),7.24-7.32 (m,2H), 4.73 (dd,
J=9.9, 53 Hz, 1H), 3.71 (dd, J=14.0, 5.3 Hz, 1H), 3.46 (dd,
J=14.0,9.9 Hz, 1H); BC NMR (100 MHz, CDCl;): = 133.88,
133.47, 132.71, 131.95, 131.64, 130.04, 129.74, 129.22, 129.05,
128.46, 128.25, 127.77, 126.42, 125.78, 125.46, 122.85, 119.76,
37.49, 36.34; IR (KBr): v=3062, 2941, 2244, 1511, 1476, 1443,
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1038, 791, 757cm~1; MS (EIL, 70 eV): m/z =293 (2), 291 (M*,7),
141 (100), 115 (16), 91 (2), 63 (3).

2,3-Bis(1-naphthyl)propanenitrile: 'H NMR (400 MHz,
CDClL): 6=7.36 — 7.97 (m, 14H), 4.89 (t, /J=7.3 Hz, 1H),
3.77 - 3.80 (m, 2H); *C NMR (100 MHz, CDCl,): v=134.01,
133.93, 132.50, 131.50, 131.46, 130.14, 129.34, 129.20, 129.18,
128.30, 127.86, 126.95, 126.44, 126.14, 126.01, 125.79, 125.51,
125.48, 122.67, 122.06, 120.78, 37.88, 35.51; IR (KBr) 3059,
3051, 2936, 2241, 1598, 1512, 1397, 797, 776 cm™'; MS (EI,
70 eV): m/z =307 (M*, 9), 141 (100), 115 (11).

3-(1-Naphthylmethyl)indene: '"H NMR (270 MHz, CDCL,):
0=7.70-7.98 (m,3H),7.17-7.45 (m, 8H), 5.84 (s, 1H), 4.27 (s,
2H), 3.24 (s,2H); '"H NMR (90 MHz, CDCl;): 6 =7.6 - 8.1 (m,
3H), 7.1 - 7.5 (m, 8H), 5.86 (t, J=2.0Hz, 1H), 429 (d, J =
2.2 Hz, 2H), 3.26 (d, J=2.2 Hz, 2H); *C NMR (67.9 MHz,
CDCl;): 0=145.21, 144.42, 143.00, 135.33, 133.80, 132.20,
130.44, 128.57, 127.03, 126.88, 126.07, 125.77, 125.54, 125.46,
124.67,124.31,123.76,119.08, 37.70, 31.57; IR (KBr): v =3064,
2896, 2885, 1509, 1461, 1396, 968, 772, 717 cm™%; MS (EI,
70 eV): m/z =256 (M, 33), 239 (5), 141 (100), 128 (12), 115
(18).

1,3-Bis(1-naphthylmethyl)indene: 'H NMR (89.5 MHz,
CDCl;):=67.6-8.1 (m, 6H), 7.1 - 7.5 (m, 12H), 5.79 (d, J =
1.7 Hz, 1H), 4.27 (s, 2H), 2.8 — 4.0 (m, 2H); IR (KBr): v=3062,
3043, 2927, 1712, 1597, 1510, 1460, 1397, 1018, 789, 776 cm™};
MS (EL, 70 eV): m/z =396 (M*, 14), 255 (25),237 (9), 141 (100),
111 (11), 97 (22), 83 (25), 75 (23), 64 (24), 59 (31).

4-tert-Butylbenzyl hexyl ether: 'H NMR (400 MHz, CDCl,):
0=7.35-"7.38 (m, 2H), 7.26 - 7.28 (m, 2H), 4.47 (s, 2H), 3.46
(t,J=6.7 Hz, 2H), 1.61 (quint, J =7.1 Hz, 2H), 1.27 - 1.38 (m,
15H), 0.88 (t, J=6.9 Hz, 3H); *C NMR (100 MHz, CDCl,):
0=150.41, 135.68, 127.50, 125.26, 72.68, 70.51, 34.51, 31.73,
31.37,29.77,25.90,22.65, 14.08; IR (KBr): v =2960, 2932, 2859,
1515,1464,1362,1269,1105,1019,817 cm~'; MS (EL 70 eV): m/
7=248 (M, 23), 233 (91), 191 (10), 147 (100), 133 (30), 117
(18), 92 (57), 57 (36), 43 (31).

4-tert-Butylbenzyl ~ 3-methoxybutyl ether: 'HNMR
(89.5 MHz, CDCl;): 6=7.2 - 7.5 (m, 4H), 4.46 (s, 2H), 3.4 -
3.7 (m,2H),3.30 (s,3H), 1.6 - 1.9 (m, 2H), 1.31 (s, 9H), 1.14 (d,
J=6.2Hz, 3H); IR (KBr): v=2966, 2868, 1514, 1464, 1364,
1269, 1092, 1019, 817 cm~!; MS (EL 70 eV): m/z =250 (M+,9),
203 (8), 176 (17), 163 (100), 161 (36), 147 (78), 131 (16), 117
(17), 91 (15), 59 (48).

4-tert--Butylbenzyl ~ 4-methylphenyl ether: 'HNMR
(400 MHz, CDCl;): 8=17.35 — 7.41 (m, 4H), 7.06 — 7.08 (m,
2H), 6.86 - 6.89 (m, 2H), 4.98 (s, 2H), 2.28 (s, 3H), 1.32 (s, 9H);
BCNMR (100 MHz, CDCl;): 6=156.81, 150.88, 134.17,
129.99, 129.87, 127.41, 125.49, 114.62, 69.89, 34.56, 31.34,
20.47; IR (KBr): v=3031, 2969, 2871, 1612, 1513, 1364, 1237,
1176,1121, 1110, 1004, 825, 806 cm~!; MS (EI, 70 eV): m/z =
254 (M, 14), 239 (9), 147 (100), 132 (14), 117 (10), 105 (7), 91
(6), 77 (3).

2-(4-tert-Butylbenzyl)-4-methylphenol: 'H NMR
(400 MHz, CDCl;): §=7.28 — 7.31 (m, 2H), 7.14 - 7.16 (m,
2H), 6.89-6.94 (m,2H), 6.65-6.67 (m, 1H),4.70 (brs, 1H),3.92
(s,2H),2.24 (s,3H), 1.29 (s, 9H); *C NMR (100 MHz, CDCl;):
6=151.52, 149.11, 136.80, 131.54, 130.03, 128.20, 128.16,
126.75, 125.56, 115.65, 35.92, 34.36, 31.36, 20.51; IR (KBr):
v =3530, 2963, 2868, 1611, 1510, 1363, 1264, 1203, 1115, 1099,
1020, 919, 812 cm~!; MS (EI, 70 eV): m/z =254 (M*, 49), 239
(100), 198 (19),197 (12), 121 (35), 120 (15), 106 (14),91 (14),77
(7), 57 (12).
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1-(Hexyloxymethyl)-4-hydroxymethylbenzene: 'H NMR
(400 MHz, CDCl,): 6 =17.30 (s, 4H), 4.61 (s, 2H), 4.47 (s, 2H),
3.44(t,J=6.7Hz,2H),2.48 (brs, 1H), 1.56-1.63 (m, 2H), 1.24
- 1.38 (m, 6H), 0.88 (t, J=6.9 Hz, 3H); *C NMR (100 MHz,
CDCl;): 6 =140.26, 137.91, 127.84, 127.00, 72.57, 70.50, 64.89,
31.69,29.68,25.85,22.63,14.07; IR (KBr). v=3377,3009, 2956,
2932, 2860, 1515, 1421, 1362, 1214, 1099, 1050, 1018, 807,
757 cm™'; MS (EIL 70 eV): m/z =222 (M*, 8), 191 (6), 137 (6),
121 (100), 104 (59), 92 (50), 77 (17), 56 (9), 43 (41).

1,4-Bis(hexyloxymethyl)benzene: 'H NMR (400 MHz,
CDCl,): 6=7.31 (s, 4H), 4.49 (s, 4H), 3.45 (t, /=6.7 Hz, 4H),
1.57 - 1.67 (m, 4H), 1.25 - 1.39 (m, 12H), 0.88 (t, /=6.9 Hz,
3H); BC NMR (100 MHz, CDCl;): 6 =137.95, 127.68, 72.64,
70.46,31.71,29.75,25.88,22.64,14.07; IR (KBr): v =2957,2932,
2859, 1467, 1360, 1216, 1099, 1021, 807, 758 cm~'; MS (EI,
70 eV): m/z =306 (M, 7),221 (4),205 (41), 191 (16), 121 (39),
107 (44), 104 (100), 85 (55), 58 (15), 43 (68).

4-tert-Butylbenzyl ethyl ether: 'H NMR (89.5 MHz, CDCl;):
0=7.2-175(m,4H), 4.47 (s,2H),3.53 (q,/ = 6.9 Hz,3H), 1.1 -
1.4 (m, 12H); IR (KBr): v=2966, 2867, 2806, 1365, 1269, 1191,
1107, 1019, 825 cm~'; MS (EL, 70 eV): m/z =192 (M+, 29), 177
(100), 147 (16), 135 (21), 117 (9), 107 (12), 92 (15), 91 (15), 59
(12), 57 (15).

4-tert-Butylbenzyl propyl ether: 'HNMR (89.5 MHz,
CDCl,): 6=7.2-7.5 (m, 4H), 4.47 (s, 2H), 3.43 (t, /="7.1 Hz,
2H), 1.4 - 1.8 (m, 2H), 1.31 (s, 9H), 0.93 (t,/ =7.5 Hz, 3H); IR
(KBr): v=2964, 2872, 1459, 1363, 1271, 1106, 824 cm~'; MS
(EL 70 eV):m/z =206 (M™,25),191 (100), 163 (4), 147 (56),132
(16), 117 (15), 107 (31), 92 (32), 57 (28), 43 (27).

Butyl 4-tert-butylbenzyl ether: 'H NMR (89.5 MHz, CDCl,):
0=7.2-7.5(m,4H), 4.46 (s,2H), 3.47 (t,J =6.1 Hz,2H), 1.2 -
1.7 (m, 13H), 0.91 (t,J/ = 6.5 Hz, 3H); IR (KBr): v =2961, 2935,
2868, 1515, 1463, 1362, 1269, 1101, 1019, 818 cm~!; MS (EI,
70 eV): m/z =220 (M, 22), 205 (100), 163 (19), 147 (57), 132
(16), 117 (18), 107 (38), 92 (48), 57 (50).

2-Naphthylmethyl octyl ether: 'H NMR (400 MHz, CDCl;):
0=7.76-7.82 (m,4H),7.42-7.47 (m, 3H), 4.65 (s,2H), 3.49 (t,
J=6.7Hz, 2H), 1.63 (quint, J=7.1 Hz, 2H), 1.26 — 1.40 (m,
10H), 0.87 (t, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCl;):
0=136.22, 133.31, 132.94, 128.09, 127.84, 127.67, 126.24,
126.00, 125.75, 125.72, 72.93, 70.54, 31.84, 29.81, 29.46, 29.29,
26.23,22.67,14.11; IR (KBr): v=3055, 2928, 2855, 1458, 1373,
1101, 853, 815, 748 cm~!; MS (EI, 70 eV): m/z =270 (M*, 14),
158 (6), 142 (100), 129 (10), 115 (9), 69 (4), 43 (4).

Acknowledgements

The authors wish to thank Naoyuki Shimada, Asami Koga and
Atsushi Yamaguchi for their assistance in this study.

References and Notes

[1] @) P. T. Anastas, J. C. Warner, Green Chemistry: Theory
and Practice, Oxford University Press, Oxford, 1998; b) J.
Haggin, Chem. Eng. News 1994, 72(16),22 —25; c) E. M.
Kirschner, Chem. Eng. News 1994, 72(25), 13-20;
d) D. L. lllman, Chem. Eng. News 1994, 72(36), 22-27.

[2] R. T. Baker, W. Tumas, Science 1999, 284, 1477 —-1479.

Adv. Synth. Catal. 2002, 344, 370-378

[3] For reviews, see: a) E. de Wolf, G. van Koten, B.-I.
Deelman, Chem. Soc. Rev. 1999, 28, 37-41; b)B.
Betzemeier, P. Knochel, in Modern Solvents in Organic
Synthesis, (Ed.: P. Knochel), Springer, Berlin, 1999, pp.
61-78; c¢) J.J. Maul, P. J. Ostrowski, G. A. Ublacker, B.
Linclau, D. P. Curran, in Modern Solvents in Organic
Synthesis, (Ed.: P. Knochel), Springer, Berlin, 1999, pp.
79-105; d) L. P. Barthel-Rosa, J. A. Gladysz, Coord.
Chem. Rev. 1999, 190-192, 587-605; ¢) 1. T. Horvath, in
Aqueous-Phase Organometallic Catalysis: Concepts and
Applications, (Eds.: B. Cornils, W. A. Herrmann), Wiley-
VCH, Weinheim, 1998, pp. 548 — 554.

[4] For reviews, see: a) P. Wasserscheid, W. Keim, Angew.
Chem. 2000, 112, 3926-3945; Angew. Chem. Int. Ed.
2000, 39, 3772-3789; b) T. Welton, Chem. Rev., 1999, 99,
2071-2083; c) H. Olivier, in Aqueous-Phase Organo-
metallic Catalysis: Concepts and Applications, (Eds.: B.
Cornils, W. A. Herrmann), Wiley-VCH, Weinheim, 1998,
pp- 555-563.

[5] @) B. Cornils, in Modern Solvents in Organic Synthesis,
(Ed.: P. Knochel), Springer, Berlin, 1999, pp. 133-152;
b) B. Cornils, E. Wiebus, in Aqueous-Phase Organo-
metallic Catalysis: Concepts and Applications, (Eds.: B.
Cornils, W. A. Herrmann), Wiley-VCH, Weinheim, 1998,
pp- 259 -268.

[6] a) D. B. G. Williams, H. Lombard, C.W. Holzapfel,
Synth. Commun. 2001, 31, 2077-2081; b) K. Yonehara,
T. Hashizume, K. Mori, K. Ohe, S. Uemura, J. Org.
Chem. 1999, 64, 5593 -5598; b) P. Purwanto, H. Delmas,
Catal. Today 1995, 24, 135-140; d) S. Kobayashi, I.
Hachiya, Y. Yamanoi, Bull. Chem. Soc. Jpn. 1994, 67,
2342-2344; e)F. Monteil, R. Quéau, P. Kalck, J.
Organomet. Chem. 1994, 480, 177-184.

[71a) Y. Mori, K. Manabe, S. Kobayashi, Angew. Chem.
2001, 713, 2897-2900; Angew. Chem. Int. Ed. 2001, 40,
2816-2818; b) K. Manabe, N. Aoyama, S. Kobayashi,
Adv. Synth. Catal. 2001, 343, 174—-176; c) M. Lautens, A.
Roy, K. Fukuoka, K. Fagnou, B. Martin-Matute, J. Am.
Chem. Soc. 2001, 123, 5358-5359; d) T. Akiyama, J.
Takaya, H. Kagoshima, Tetrahedron Lett. 2001, 42,
4025-4028; e) K. Manabe, Y. Mori, S. Kobayashi,
Tetrahedron 2001, 57, 2537-2544; f) H.-Y. Tian, Y.-J.
Chen, D. Wang, Y.-P. Bu, C.-]. Li, Tetrahedron Lett. 2001,
42,1803 -1805; g) H.-Y. Tian, Y.-J. Chen, D. Wang, C.-C.
Zeng, C.-J. Li, Tetrahedron Lett. 2000, 41, 2529 -2532;
h) Y. Mori, K. Kakumoto, K. Manabe, S. Kobayashi,
Tetrahedron Lett. 2000, 41, 3107-3111; i) K. Manabe, Y.
Mori, T. Wakabayashi, S. Nagayama, S. Kobayashi, J.
Am. Chem. Soc. 2000, 122, 7202-7207; j) K. Manabe, S.
Kobayashi, Org. Lett. 1999, 1, 1965 -1967; k) K. Manabe,
Y. Mori, S. Kobayashi, Synletr 1999, 1401-1402; 1) K.
Yonehara, K. Ohe, S. Uemura, J. Org. Chem. 1999, 64,
9381-9385; m) T. Kida, K. Isogawa, W. Zhang, Y.
Nakatsuji, 1. Tkeda, Tetrahedron Lett. 1998, 39, 4339—
4342; n) S. Kobayashi, T. Wakabayashi, H. Oyamada,
Chem. Lett. 1997, 831-832; o) S. Kobayashi, T. Waka-
bayashi, S. Nagayama, H. Oyamada, Tetrahedron Lett.
1997, 38, 4559 -4562.

377



FULL PAPERS

Shoichi Shimizu et al.

[8] a) Y. Kita, H. Nambu, N. G. Ramesh, G. Anilkumar, M.
Matsugi, Org. Lett. 2001, 3, 1157 — 1160; b) J. J. V. Eynde,
I. Mailleux, Synth. Commun. 2001, 31, 1 — 7; c¢) B. Boyer,
A. Hambardzoumian, J.-P. Roque, N. Beylerian, Tetra-
hedron 2000, 56, 303-307; d) T. Battal, C. Siswanto, J. F.
Rathman, Langmuir 1997, 13, 6053 -6057; e) C. Siswan-
to, T. Battal, O. E. Schuss, J. F. Rathman, Langmuir 1997,
13,6047 -6052; f) R. Ballini, G. Bosica, Tetrahedron Lett.
1996, 37, 8027-8030; g)F. Fringuelli G. Pani, O.
Piermatti, F. Pizzo, Tetrahedron 1994, 50, 11499 —-11508;
h) K. R. Nivalkar, C. D. Mudaliar, S. H. Mashraqui, J.
Chem. Research (S) 1992, 98 —99; i) M. Bassetti, G.
Cerichelli, B. Floris, Gazz. Chim. Ital. 1991, 121, 527 -
532.

[9] S. Shimizu, K. Kito, Y. Sasaki, C. Hirai, Chem. Commun.
1997, 1629-1630.

[10] Preliminary communication: S. Shimizu, T. Suzuki, Y.
Sasaki, C. Hirai, Synlett 2000, 1664 —1666.

[11] S. Shimizu, S. Shirakawa, T. Suzuki, Y. Sasaki, Tetrahe-
dron 2001, 57, 6169-6173.

[12] S. Shimizu, S. Shirakawa, Y. Sasaki, C. Hirai, Angew.
Chem. 2000, 112, 1313-1315; Angew. Chem. Int. Ed.
2000, 39, 1256 —1259.

[13] S. Shirakwa, S. Shimizu, Y. Sasaki, New J. Chem. 2001,
25, 777-779.

[14] Recently, a reaction system which was essentially the
same was independently reported by Schatz’s group; M.
Baur, M. Frank, J. Schatz, F. Schildbach, Tetrahedron
2001, 57, 6985-6991.

[15] L. J. Mathias, R. A. Vaidya, J. Am. Chem. Soc. 1986, 108,
1093 -1094.

[16] For reviews, see: a) C.M. Starks, C.L. Liotta, M.
Halpern, Phase-Transfer Catalysis: Fundamentals, Appli-
cations, and Industrial Perspectives, Chapman, London,
1994, pp. 179-183; b) Y. Goldberg, Phase Transfer
Catalysis: Selected Problems and Applications, Gordon,
Berkshire, 1992, pp. 359 -366.

[17] For representative reviews on calixarenes, see: a) Calix-
arenes in Action, (Eds.. L. Mandolini, R. Ungaro),
Imperial College Press, London, 2000; b) C. D. Gutsche,
Caixarenes Revisited, Monographs in Supramolecular
Chemistry, The Royal Society of Chemistry, Cambridge,
1998; c) A. Pochini, R. Ungaro, in Comprehensive
Supramolecular Chemistry, (Ed.: F. Vogtle), Pergamon
Press, Oxford, 1996, Vol. 2, pp. 103-142; d) V. Béhmer,
Angew. Chem. 1995, 107, 785; Angew. Chem. Int. Ed.
Engl. 1995, 34, 713-745; e) M. Takeshita, S. Shinkai,
Bull. Chem. Soc. Jpn. 1995, 68, 1088 -1097; f) S. Shinkai,
Tetrahedron 1993, 49, 8933-8968; g) Calixarenes: A
Versatile Class of Macrocyclic Compounds; Topics in
Inclusion Science 3, (Eds.: J. Vicens, V. Bohmer),
Kluwer, Dordrecht, 1991; h) C. D. Gutsche, Calixarenes;

Monographs in Supramolecular Chemistry, (Ed.: L. F.
Stoddart), The Royal Society of Chemistry, Cambridge,
1989.

[18] For the use of calixarenes as normal phase-transfer
catalysts, see: a) H. Taniguchi, Y. Otsuji, E. Nomura,
Bull. Chem. Soc. Jpn. 1995, 68, 3563-3567; b)E.
Nomura, H. Taniguchi, Y. Otsuji, Bull. Chem. Soc. Jpn.
1994, 67, 309-311, 792-799; c¢)S.J. Harris, A. M.
Kinahan, M. J. Meegan, R.C. Prendergast, J. Chem.
Research (S) 1994, 342-343; J. Chem. Research (M)
1994, 1832-1845; d) Y. Okada, Y. Sugitani, Y. Kasai, J.
Nishimura, Bull. Chem. Soc. Jpn. 1994, 67, 586—588;
e) E. Nomura, H. Taniguchi, K. Kawaguchin, Y. Otsuji, J.
Org. Chem. 1993, 58, 4709 -4715; f) K. Araki, A. Yanagi,
S. Shinkai, Tetrahedron 1993, 49, 6763-6772; g)E.
Nomura, H. Taniguchi, K. Kawaguchi, Y. Otsuji, Chem.
Lett. 1991, 2167-2170; h) H. Taniguchi, E. Nomura,
Chem. Lett. 1988, 1773 -1776.

[19] For alkylation by liquid-liquid PTC using triethylbenzyl-
ammonium chloride, see: a) A. Jonczyk, M. Makosza,
Tetrahedron Lett. 1971, 12, 1351-1352; b) A. Jonczyk, B.
Serafin, M. Makosza, Rocz. Chem. 1971, 45, 1027 -1037.

[20] For alkylation by solid-liquid PTC using TBAB, see: A.
Aranda, A. Diaz, E. Diez-Barra, A. dela Hoz, A.
Moreno, P. Sanchez-Verdu, J. Chem. Soc. Perkin Trans. 1
1992, 2427 —-2430.

[21] N. Kornblum, P. J. Berrigan, W. J. le Noble, J. Am. Chem.
Soc. 1963, 85, 1141-1147.

[22] C. M. Starks, J. Am. Chem. Soc. 1971, 93, 195-199.

[23] M. Makosza, Pure Appl. Chem. 1975, 43, 439-462.

[24] For characteristics of "H NMR coupling constants, see: L.
Meurling, Acta Chem. Scand. B 1974, 28, 295 —300.

[25] M. Makosza, Tetrahedron Lett. 1966, 4621 —4624.

[26] N. Kornblum, P.J. Berrigan, W.J. Le Noble, J. Am.
Chem. Soc. 1963, 85, 1141 -1147.

[27] For spectral data, see: C. D. Gutsche, B. Dhawan, K. H.
No, R. Muthukrishnan, J. Am. Chem. Soc. 1981, 103,
3782-3792.

[28] a) C. D. Gutsche, M. Igbal, Org. Synth. 1989, 68, 234 —
237;b) C. D. Gutsche, B. Dhawan, M. Leonis, D. Stewart,
Org. Synth. 1989, 68, 238-242; ¢)J. H. Munch, C. D.
Gutsche, Org. Synth. 1989, 68, 243 —246.

[29] C. D. Gutsche, L.-G. Lin, Tetrahedron 1986, 42, 1633 —
1640.

[30] C. D. Gutsche, B. Dhawan, J. A. Levine, K. H. No, L. J.
Bauer, Tetrahedron 1983, 39, 409 —426.

[31] T. Nagasaki, K. Sisido, T. Arima, S. Shinkai, Tetrahedron
1992, 48, 797 -804.

[32] Y. Kondo, T. Yamamoto, S. Shinkai, T. Matsuda, Jap P
02,229,198, 1990; Chem. Abstr. 1990, 114, 143712.

[33] Extraction solvents other than chloroform can also be
used.

378

Adv. Synth. Catal. 2002, 344, 370-378



