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The up per rim sub sti tuted mono- and diisoxazolinomethylcalix[4]arenes 9-23 are syn the sized in good
yields from 1,3-dipolar cycloaddition re ac tions of para-sub sti tuted phenyl nitrileoxides with 5-allyl-,
5,11-diallyl- and 5,17-diallycalix[4]arenes 5-7; the struc tures of 9-23 are con sis tent with a ‘cone’ con for ma tion 
and the ‘vase-with-a-lid’ struc ture of 11 was con firmed by a sin gle-crystal x-ray anal y sis.  Pre lim i nary re sults
show that the monoisoxazolinomethylcalix[4]arene can form an in clu sion com plex with am mo nium cat ion. 

IN TRO DUC TION

Calix[4]arenes have been ex ten sively used as hosts in
supra mo lecu lar chem is try.1-3  The cav ity of the calix[4]arene
alone is small and suit able for small guests only; there fore,
con sid er able ef fort has been de voted to in creas ing the ap par -
ent size of the cav ity by at tach ing sub stitu ents to the
calixarene sys tem for in clu sion of a larger guest mol e cule.1-3

Lower rim mod i fi ca tion of calixarenes by var i ous esterifica -
tion3 and etherification4 have been shown to en hance the ac -
com mo da tion abil ity of these mol e cules.  There are also myr -
iad re ports on up per-rim mod i fi ca tion of calixarenes;5-10

among them allyl group sub sti tu tion has played a spe cial role
be cause it can be fur ther trans formed to other func tional
groups.10  Many ex am ples of allyl-group trans for ma tions have 
been ex plored by Gutsche et al., but their work was done pri -
mar ily on tetra-sub sti tuted calix[4]arenes.1, 10  

1,3-Dipolar ad di tion re ac tions of nitrile ox ides and
nitrones with alkenes lead to isoxazolines and isoxazoles, re -
spec tively.11 These heterocycles have com monly been used
as pre cur sors for many bifunctional groups such as β -
aminoalcohols, β-hydroxyketones, α,β-un sat u rated ke tones,
and so on.12-14  We en vi sion that the calixarenes would be come 
very use ful for in clu sion com plex stud ies if their cav i ties are
cou pled with these heterocycles.  Here we re port a fac ile syn -
the sis of calix[4]arene de riv a tives with mono- and diisoxazo -
lino methyl groups at their up per rims and their po ten tial ap pli -
ca tion in am mo nium ion complexation stud ies.

RE SULTS AND DIS CUS SION

Syn the sis of these isoxazolinomethyl-substituted
calix[4]arenes 9-23 was started from calix[4]arene 1.15a  Re -
cently, in a col lab o ra tion with Lin, we have re ported an ef fi -
cient method in syn the siz ing calix[4]arenes with four dif fer -
ent "lower rim" sub stitu ents, where a high yield method for
monoalkoxycalix[4]arene was dis cov ered.15b  Treat ment of 1
with allylbromide in the pres ence of so dium methoxide in
acetonitrile gave calix[4]arene monoallyl ether 2 in 75%
yield.15b  25,26-Diallyl ether calix[4]arene 3 and 25,27-diallyl
ether calix[4]arene 4 were pro duced in 50-60% yields when 1
was treated with allylbromide in the pres ence of NaH in the
for mer and K2CO3 in the lat ter.  These allyl ethers 2, 3 and 4
were then con verted to the cor re spond ing 5-allylcalix[4]arene 
5, 5,11-diallylcalix[4]arene 6,7b and 5,17-diallycalix[4]arene
77b in ca. 80% yield through heat-induced Claisen re ar range -
ments (Scheme I).  These allylcalix[4]arenes were then re -
acted with nitrile ox ides to form ei ther mono- or diisoxazo -
lino methyl groups on their up per rims. 

Ini tially, we were sur prised to find that in the syn the ses
of mono-isoxazolinomethylcalix[4]arenes 9-11, the re ac tion
did not pro ceed at all if the ra tios of nitrile ox ide (pre pared in
situ from the dehydrochlorination of para-sub sti tuted benzo -
hydro ximoyl chlo ride 8-X by NEt3) to 5 were stoichio metric. 
When a large ex cess of nitrile ox ide vs. 5 was used, how ever,
the re ac tion prod ucts were mixed with a huge amount of
furoxan pre cip i tate.  The op ti mal ra tios of 8-X and NEt3 to 5
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were found to be ca. 5 and 30, re spec tively, which gave the
mono-adducts 9-11 in 68~78% iso lated yields (Scheme I). 
Lat ter, in the se lec tive syn the ses of 5-allyl-11-isoxazolino -
methylcalix[4]arenes 12-14 or 5,11-diisoxazolinomethyl -
calix [4]arenes 15-17 from 5,11-diallylcalix[4]arene 6, we
found again that ex cess nitrile ox ide was needed.  When 3
equiv. of hydroximoyl chlo ride 8 (6 equiv. base) was added to
a di lute so lu tion of 6 in acetonitrile, the mono-adducts 12-14
were pro duced in 50~70% yields, con com i tantly with a small
amount (<5%) of bis-adducts 15-17.  The yields of bis-
 adducts 15-17 were op ti mal when 5 equiv. of 8-X with 10
equiv. NEt3 and a more con cen trated so lu tion con di tion were
used (Scheme II).

Our re sults show that the amount of base and 8 used is
cru cial for se lec tive syn the ses of ei ther mono- or bis-
 isoxazolino ad ducts.  The ex cess base needed is at trib uted to
the in her ent acid ity of calix[4]arenes, which may neu tral ize
them selves with the base NEt3.16  To ex pand the scope of the
hosts, we fur ther car ried out the 1,3-dipolar re ac tions of
5,17-diallylcalix[4]arene 7 with 8-X, which gave se lec tively
ei ther the 5-allyl-17-isoxazolino-methyl- 18-20 or 5,17-

 diisoxazolino methylcalix[4]arenes 21-23 in 55-87% yields, if 
an ap pro pri ate amount of nitrile ox ide is added and the con -
cen tra tion con trolled (Scheme III).

All the prod ucts are iden ti fied by spec tro scopic data in -
clud ing 1H- and 13C-NMR, FAB-MS and el e men tal anal y sis. 
Taking the mono-isoxazolinomethylcalix[4]arene 10 (X =
-OMe) for ex am ple, its FAB-MS is con sis tent with the ex -
pected M+1 (m/z = 614). The in cor po ra tion of the isoxazolino
group to 5 is shown by the ap pear ance of two new pairs of dou -
blets (δ 7.67 and 6.97) in 10, which rep re sent the four AA’XX’ 
pro tons of the aryl group in phenylisoxazoline.  Fur ther more,
the multiplet sig nals of the methine pro ton (CH2CH=CH2) in
start ing ma te rial 5 are shifted from δ 5.8 to 4.9 (H-5’ of the
isoxazoline).  The dis ap pear ance of 1H-NMR sig nals of the
ter mi nal meth y lene of allyl-group in δ 5~5.1 and the emerg ing 
of two new sig nals in δ 2.6-2.7 and δ 2.8-2.9 also sup ports the
for ma tion of the isoxazoline-ring.  The pat terns of 1H-NMR
spec tra of 5,11-diisoxazolino-adducts 15-17 and
5,17-diisoxazolino-adducts 21-23 are al most iden ti cal to
those of cor re spond ing mono-isoxazolinoadducts 9-11 ex cept
for dif fer ent rel a tive peak area ra tios.  Ac cord ingly, the for ma -
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tion of 5-allyl-11-isoxazolinomethylcalix[4]arenes 12-14 and 
5-allyl-17-isoxazolinoethylcalix[4]arenes 18-20 can be de ter -
mined by judg ing 1H-NMR sig nals from the char ac ter is tic pat -
tern of isoxazoline de scribed above as well as the re main ing
ally group.  All the res o nance sig nals aris ing from the bridge
meth y lene car bons of 9-23 fall in the range of δ  31.8±0.3,
which are con sis tent with a pre dic tion of syn ori en ta tion for all 
aryl groups. 17

An x-ray crys tal lo graphic in ves ti ga tion was stud ied on
the monoisoxazolino-methylcalix[4]arene 11, which re veals
an in ter est ing struc ture fea ture of the cav ity (Fig. 1 and Ta ble
1). Un like its start ing ma te rial 5,17-diallylcalix[4]arene 718a

and other ex am ples in the lit er a ture in up per-rim sub sti tuted
calix[4]arenes,18 the struc ture of 11 shows that the isoxazolino-
 group tends to bend to ward the cav ity of the calix[4]arene in
solid state.  Due to this up per-rim-substitution and the self-
 inclusion of the aryl group of isoxazoline, the calix [4] arene
cav ity is ex tended and cov ered with a "lid"  (Fig. 2).

Pre lim i nary re sults from 1H-NMR (CDCl3) ti tra tion
stud ies in di cate that pos si ble in clu sion com plexes are formed
be tween the isoxazolinomethylcalix[4]arene 10 and tetra -
butyl ammonium bro mide (TBAB) (see Fig. 3 and 4).19  Sub -
stan tial up-field shifts and broad ened sig nals of all the ar o -
matic-ring pro tons (δ 6.6-7.1) and the dis ap pear ance of the
phe nol hydroxy sig nal (δ 10.2) of 10 were ob served when var -
i ous amounts of TBAB ex isted in 5% (v/v) aque ous CDCl3

(Fig. 3c-3h).  Upon a 1:1 stoichiometry of 10 to TBAB (Fig.
3g and 4f) the spec tra reached a max i mum change in chem i cal
shifts (∆δ = ~0.08 ppm).  How ever, no change in 1H NMR of
10 was found when 1 eq. of TBAB was added with out wa ter
(Fig. 3b), which im plies that wa ter as sisted hy dro gen bond ing

may have played an im por tant role for am mo nium ion com -
plexation.  On the other hand, the chem i cal shifts of meth y -
lene sig nals of TBAB are down-field shifted by ca. 0.05 ppm
in the pres ence of 1 eq. 10 (Fig. 4).  The in clu sion of TBAB
within the cav ity of 10 can ex plain both the high field shifts of
the ar o matic 1H NMR sig nals of 10 and the downfield shift of
the meth y lene pro tons of TBAB.  Sim i lar re sults in the in clu -
sion of am mo nium ions by other calix[4]arene sys tems have
been re ported by Gutsche et al.20  Finally, a Raney-nickel cat a -
lyzed hy dro ge na tion was at tempted to hy dro lyze the para-
 isoxazolinomethly group on the calix[4]arenes to β-hydroxy -
ketones.  The re ac tion did pro ceed but their prod ucts tend to
form strong com plexes with the nickel ion which made their
iden ti fi ca tion by NMR dif fi cult.21  Al though it seems dif fi cult
to pu rify the ring-opened prod ucts of these isoxazolino -
methylcalix[4]arenes, MS and IR data21 re veal that they are
quite prom is ing for nickel ion complexation.

In sum mary, we have de vel oped a fac ile syn the sis of a
se ries of mono- and/or di-para-sub sti tuted-phenylisoxazo -
lino methylcalix[4]arenes 9-23. Since the isoxazolines are
well known to be con vert ible to many other bifunctional
groups, we have work in prog ress in this as pect and are ex -
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Fig. 1. The ORTEP of
p a r a - c y a n o - p h e n y l - i s o x a z o l i n o  -
methylcalix[4]arene 11, ther mal el lip -
soids drawn at the 30% prob a bil ity level.

Fig. 2. An il lus tra tion that de lin eates the struc tural fea -
tures of 7 and 11.

Ta ble 1. Se lected Bond Lengths (Å) and Bond An gles (deg) of
11

O(1)-C(25)
O(3)-C(27)
O(5)-N(1)
N(1)-C(32)
C(1)-C(25)
C(1)-C(25)

N(1)-O(5)-C(30)
C(25)-C(1)-C(24)
C(24)-C(1)-C(2)
C(28)-C(3)-C(4)
C(4)-C(3)-C(2)
C(6)-C(5)-C(4)
C(4)-C(5)-C(29)
C(6)-C(7)-C(28)
C(28)-C(7)-C(8)

1.388(3)
1.391(3)
1.412(3)
1.279(4)
1.395(4)
1.520(4)

108.8(2)
116.9(3)
119.9(3)
117.4(3)
121.2(3)
117.6(3)
122.6(3)
118.3(3)
120.7(3)

O(2)-C(26)
O(4)-C(28)
O(5)-C(30)
N(2)-C(39)
C(1)-C(24)
C(2)-C(3)

C(32)-N(1)-O(5)
C(25)-C(1)-C(2)
C(3)-C(2)-C(1)
C(28)-C(3)-C(2)
C(5)-C(4)-C(3)
C(6)-C(5)-C(29)
C(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(7)-C(8)-C(9)

1.385(3)
1.382(3)
1.464(4)
1.141(4)
1.396(4)
1.518(4)

108.7(3)
123.2(3)
114.9(2)
121.4(3)
122.5(3)
119.8(3)
122.5(3)
120.9(3)
109.8(2)
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Fig. 3. 1H NMR spec tra of the phe no lic and ar o matic re gions of com pound 10 (1.7 mM) in CDCl3 at 25 °C (a), and
spec trum (b) in the pres ence of a 1:1 ra tio of tetrabutylammonium bro mide (TBAB), and (c)-(h) in the pres ence of var i -
ous amount (1:0.2 to 1:10) of TBAB in 5% (v/v) wa ter.

Fig. 4. 1H NMR spec tra of tetrabutylammonium bro mide (TBAB) and the aliphatic re gions of com pound 10 (fixed at 1.7 mM)
in CDCl3 at 25 °C (a), and spec trum (b)-(g) in the pres ence of var i ous amounts (1:0.2 to 1:10) of TBAB in 5% (v/v)
aque ous CDCl3.



plor ing their use in metal ion ex trac tions.  The re sults will be
re ported in due course.

EX PER I MEN TAL SEC TION

Gen eral
Melting points were de ter mined on a Yanaca MP-500D

melt ing point ap pa ra tus and are un cor rected.  1H NMR spec tra 
were re corded on a 300 MHz NMR, 13C and DEPT were re -
corded at 75.4 MHz, and the chem i cal shifts are re ported in
parts per mil lion (δ) in val ues rel a tive to CDCl3 (δ = 7.25 for
pro ton and 77 ppm for car bon) or tetramethylsilane as in ter nal 
stan dard.  Cou pling con stants are re ported in hertz (Hz).  Mass 
spec tra were re corded on a VG-Trio 2000 spec trom e ter. 
High-resolution mass spec tra were re corded on a Joel JMS-
 HX110 or a Joel JMS-SX/SX 102A spec trom e ter of the in stru -
ment cen ter of Na tional Tsing-Hua and Na tional Chung-Hsin
Uni ver sity.  The ma trix used for FAB mass spec tra was m-
 nitrobenzylalcohol.  C,H,N com bus tion anal y ses were de ter -
mined on a Heraeus an a lyzer and all an a lyzed com pounds are
within ±0.4% of the the o ret i cal value un less oth er wise in di -
cated.  Col umn chro ma tog ra phy was per formed on sil ica gel
70-230 mesh or 230-400 mesh from E. Merck; thin layer chro -
ma tog ra phy (TLC) was per formed on glass plates coated with
sil ica gel 60 F254 from E. Merck.

Gen eral pro ce dure for the prep a ra tion of 5-[3’-(para-X-
phenyl)-4’,5’-dihydro-∆2-isoxazolino-methyl]-25,26,27,28-
tetra-hydroxycalix[4]arenes (9-11)

To a well stirred so lu tion of 0.50 g (1.1 mmol) of
monoallylcalix[4]arene 515 and 0.84 g (5.4 mmol) of para-
 sub sti tuted-benzohydroximoyl chlo ride11 8-X in CH3CN (50
mL) was added an ex cess of Et3N (3.33 g, 32.7 mmol).  The
mix ture was stirred at re flux for 24 h, washed with wa ter, and
dried with MgSO4.  Af ter fil tra tion and sol vent evap o ra tion,
the res i due was pu ri fied on a sil ica gel col umn by elu tion with
n-hex ane/chlo ro form (gra di ent from 4:1 to 1:1 v/v) to give the 
de sired 5-isoxazolinomethylcalix[4]arene 9-11.  The iso lated
yields based on 1 are as fol lows:  9 (X = H) 70%, 10 (X =
OMe) 78%, 11 (X = CN) 68%.

9 (X = H): col or less solid; mp 239-240 °C ;  1H-NMR
(CDCl3):  δ 10.09 (s, 4 H), 7.51 (d, 2 H, J = 3.5 Hz), 7.24 (s, 3
H), 6.93-6.95 (m, 6 H), 6.77 (s, 2 H), 6.61-6.62 (m, 3 H),
4.76-4.78 (m, 1 H), 4.14 (bs, 4 H), 3.42 (bs, 4 H), 3.28-3.08
(m, 1 H), 2.79-2.88 (m, 2 H), 2.58-2.51, (m, 1 H); 13C-NMR
(CDCl3):  δ 157.07 (Cq), 149.37 (Cq), 149.31 (Cq), 148.11 (Cq), 
131.14 (Cq), 130.52 (Cq), 130.23 (CH), 129.51 (CH), 129.18
(CH), 128.98 (Cq), 128.80 (Cq), 128.72 (Cq), 127.17 (CH),

122.83 (CH), 82.42 (CH), 40.67 (CH2), 39.93 (CH2), 32.23
(CH2); FAB-MS m/z: 584 (M++1).  Anal. Calcd for
C38H33O5N:  C, 78.22; H, 5.66; N, 2.40.  Calcd for C38H33O5N

.1/
2 CH3CN:  C, 77.55; H, 5.72; N, 3.48.  Found:  C, 77.76; H,
5.70; N, 3.12.

10  (X = OMe):  pale pink solid; mp 207-209 °C; 1H-
 NMR (300 MHz, CDCl3) δ 10.29 (s, 4 H), 7.67 (d, 2 H, J = 8.5
Hz), 7.14 (d, 6 H, J = 7.5 Hz), 7.04 (s, 2 H), 6.97 (d, 2 H, J =
8.5 Hz), 6.85-6.79 (m, 3 H), 4.95-4.89 (m, 1 H), 4.34 (bs, 4 H), 
3.84 (s, 3 H), 3.61 (bs, 4 H), 3.32-3.20 (m, 1 H), 3.08-2.97 (m,
2 H), 2.78-2.69 (m, 1 H); 13C-NMR (75.4 MHz, CDCl3):  δ
161.49 (Cq), 156.66 (Cq), 149.36 (Cq), 149.32 (Cq), 148.06
(Cq), 131.32 (Cq), 130.36 (CH), 129.51 (CH), 128.96 (Cq),
128.81 (Cq), 128.72 (CH), 122.82 (CH), 114.60 (CH), 82.16
(CH), 55.80 (CH), 40.69 (CH2), 40.22 (CH2), 32.22 (CH2);
FAB-MS m/z: 614 (M++1).  Anal. Calcd for C39H35O6N:  C,
76.35; H, 5.71; N, 2.28.  Calcd for C39H35O6N.1/4 n-Hexane: 
C, 76.60; H, 6.07; N, 2.21.  Found:  C, 76.90; H, 5.82; N, 2.47.

11 (X = CN):  light blue solid; mp 254-256 °C; 1H-NMR
(CDCl3):  δ 10.09 (s, 4 H), 7.48-7.56 (m, 4 H), 6.93-7.01 (m, 6
H), 6.86 (s, 2 H), 6.70-6.58 (m, 3 H), 4.84-4.94 (m, 1 H), 4.17
(bs, 4 H), 3.45 (bs, 4 H), 3.20-3.10 (m, 1 H, J = 16.7 Hz),
2.79-2.91 (m, 2 H), 2.68-2.60 (m, 1 H); 13C-NMR (CDCl3):  δ
155.20 (Cq), 148.79 (Cq), 148.65 (Cq), 147.68 (Cq), 133.90
(Cq), 132.30 (CH), 129.91 (Cq), 128.94 (CH), 128.81 (CH),
128.46 (Cq), 128.18 (Cq), 128.05 (Cq), 126.91 (CH), 122.20
(CH), 118.34 (Cq), 113.12 (Cq), 82.66 (CH), 39.89 (CH2),
38.63 (CH2), 31.63 (CH2); FAB-MS m/z: 609 (M++1).  Anal.
Calcd for C39H32O5N2:  C, 76.97; H, 5.26; N, 4.61. Calcd for
C39H32O5N2.1/2 H2O:  C, 75.85; H, 5.35; N, 4.54.  Found:  C,
76.02; H, 5.34; N, 4.71.

X-ray Struc tural Anal y sis of 11
A light blue crys tal of C39H32O5N2 was crys tal lized from 

25% chlo ro form in hex ane.  Its struc ture was de ter mined by
means of sin gle-crystal x-ray anal y sis on a Siemens SMART
CCD diffractometer with λ = 0.71073 Å, ra di a tion at 295±2 K, 
and re flec tions were con trolled us ing three dif fer ent φ set ting
an gles; each set ting was scanned by 0.3° ω be tween frames. 
The crys tals are orthorhombic, with space group Pbca and
unit cell di men sions a = 17.8131(2) Å, b = 16.6211(2) Å, c =
20.9856(2) Å, α = β = γ = 90°, V = 6213.28(12) Å3, Z = 8, ρcalcd

= 1.301 g cm-3, crys tal size (mm) 0.40 x 0.35 x 0.03, ab sorp -
tion co ef fi cient = 0.086 mm-1, 24066 re flec tions, 5470 in de -
pend ent re flec tions, 4892 with I > 3.00σ(I) and with 416 pa -
ram e ters.  The non-hydrogen at oms were re fined aniso -
tropically.  Hy dro gen at oms were fixed at cal cu lated po si tions 
and re fined us ing a rid ing mode.  The model was fi nally re -
fined by the full-matrix least-square meth ods with ω =
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1/[σ2(F0)] to fi nal R val ues of 0.0585 and Rw = 0.1207.

Gen eral pro ce dure for the prep a ra tion of 5-allyl-11-
[3’-(para-X-phenyl)-4’,5’-dihydro-∆2-isoxazolinomethyl]-
25,26,27,28-tetrahydroxy-calix[4]arenes (12-14)

To a well-stirred so lu tion of 0.31 g (0.6 mmol) of 5,11-
 diallylcalix[4]arene 67b and 0.28 g (1.8 mmol) of para-sub sti -
tuted-benzohydroximoyl chlo ride 8-X in CH3CN (50 mL) was 
added 0.36 g (3.6 mmol) of Et3N.  The mix ture was stirred at
re flux for 20 h, cooled to rt, washed with wa ter, and dried with
MgSO4.  Af ter fil tra tion and sol vent evap o ra tion, the res i due
was pu ri fied on a sil ica gel col umn by elu tion with n-hex -
ane/chlo ro form (gra di ent from 4:1 to 1:2 v/v) to give the de -
sired 5-allyl-11-isoxazolinomethyl-calix[4]arene 12-14. 
Small amounts (<5%) of bis-adducts 15-17 were iso lated.  The 
iso lated yields based on 6 are as fol lows:  12 (X = OMe) 65%,
13 (X = Br) 70%, and 14 (X = NO2) 50%.

12 (X = OMe):  light pink ish solid; mp 191-193 °C;
1H-NMR (CDCl3):  δ 10.18 (s, 4 H), 7.58 (d, 2 H, J = 8.7 Hz),
7.07-6.69 (m, 12 H), 5.91-5.81 (m, 1 H), 5.07-5.00 (m, 2 H),
4.86-4.80 (m, 1 H), 4.24 (bs, 4 H), 3.83 (s, 3 H), 3.55 (bs, 4 H),
3.28-3.16 (m, 3 H), 3.00-2.89 (m, 2 H), 2.68-2.60, (m, 1 H);
13C-NMR (CDCl3):  δ 160.94 (Cq), 156.03 (Cq), 148.83 (Cq),
148.72 (Cq), 147.55 (Cq), 146.97 (Cq), 137.41 (CH), 133.57
(Cq), 130.62 (Cq), 129.76 (CH), 128.93 (CH), 128.88 (CH),
128.41 (CH), 128.26 (CH), 128.23 (Cq), 128.16 (CH), 128.10
(CH), 128.04 (CH), 122.25 (CH), 122.12 (CH), 115.69 (CH2),
114.03 (CH), 81.62 (CH), 55.28 (CH3), 40.14 (CH2), 39.65
(CH2), 39.31 (CH2), 31.71 (CH2); FAB-MS m/z: 654 (M++1).

13 (X = Br):  light yel low ish solid; mp 110-112 °C; 1H-
 NMR (CDCl3):  δ 10.18 (s, 4 H), 7.53-7.46 (m, 4 H), 7.06-7.02 
(m, 4 H), 6.92 (s, 2 H), 6.87 (s, 2 H), 6.76-6.69 (m, 2 H), 5.91-
 5.82 (m, 1 H), 5.07-5.02 (m, 2 H), 4.91-4.85 (m, 1 H), 4.24 (bs, 
4 H), 3.51 (bs, 4 H) 3.26-3.17 (m, 3 H), 3.00-2.87 (m, 2 H),
2.69-2.62, (m, 1 H); 13C-NMR (CDCl3):  δ 155.66 (Cq), 148.85 
(Cq), 148.73 (Cq), 147.67 (Cq), 146.97 (Cq), 137.40 (CH),
133.58 (Cq), 131.85 (CH), 130.29 (Cq), 128.96 (CH), 128.92
(CH), 128.63 (Cq), 128.50 (Cq), 128.28 (Cq), 128.23 (Cq),
128.19 (Cq), 128.12 (Cq),  128.07 (CH), 128.03 (CH), 124.20
(Cq), 122.23 (CH), 122.14 (CH), 115.72 (CH2), 82.22 (CH),
40.06 (CH2), 39.31 (CH2), 39.15 (CH2), 31.72 (CH2), 31.68
(CH2); FAB-MS m/z: 704 (M+ + 1).  Calcd for C41H36O5NBr-1/ 2
MeOH:  C, 69.37; H, 5.29; N, 1.95.  Found C, 69.27; H, 5.66;
N, 2.35.  

14 (X = NO2):  light yel low ish solid; mp 174-177 °C;
1H- NMR (CDCl3):  δ 10.18 (s, 4 H), 8.23 (d, 2 H, J = 8.7 Hz),
7.77 (d, 2 H, J = 8.7 Hz), 7.06-7.02 (m, 2 H), 6.93-6.68 (m, 8
H), 5.88-5.82 (m, 1 H), 5.08-4.94 (m, 3 H), 4.22 (bs, 4 H), 3.50 
(bs, 4 H) 3.30-3.16 (m, 3 H), 3.04-2.92 (m, 2 H), 2.74-2.66, (m, 1
H); FAB-MS m/z: 670 (M+ + 2).  Calcd for C41H36 N2O7-1/ 2

NEt3:  C, 73.48; H, 6.05; N, 4.87.  Found C, 73.22; H, 6.08; N,
4.57.

Gen eral pro ce dure for the prep a ra tion of 5,11-di-[3’-
(para-X-phenyl)-4’,5’-dihydro-∆2-isoxazolino-methyl]-
25,26,27,28-tetra-hydroxycalix-[4]arenes (15-17)

To a well-stirred so lu tion of 0.31 g (0.6 mmol) of 5,11-
 diallylcalix[4]arene 67b and 0.46 g (3.0 mmol) of para-sub sti -
tuted-benzohydroximoyl chlo ride  8-X in CH3CN (25 mL)
was added 0.61 g (6.0 mmol) NEt3.  The mix ture was stirred at
re flux for 24 h, cooled to rt then washed with wa ter, and dried
with MgSO4.  Af ter fil tra tion and sol vent evap o ra tion, the res -
i due was pu ri fied on a sil ica gel col umn by elu tion with n-hex -
ane/chlo ro form (gra di ent from 4:1 to 1:3 v/v) to give the de -
sired 5,11-diisoxazolinomethylcalix[4]arene 15-17.  The iso -
lated yields based on 6 are as fol lows:  15 (X = OMe) 60%, 16
(X = Br) 75%, and 17 (X = CN) 68%.

15 (X = OMe):  light pink ish solid; mp 202-203 °C;
1H-NMR (CDCl3):  δ 10.17 (s, 4 H), 7.57 (d, 4 H, J = 8.7 Hz),
7.05 (d, 4 H, J  = 7.2 Hz), 6.95 (s, 4 H), 6.90 (d, 4 H, J = 8.7
Hz), 6.71 (t, 2 H, J = 7.7 Hz), 4.87-4.81 (m, 2 H), 4.22 (bs, 4
H), 3.83 (s, 6 H), 3.52 (bs, 4 H), 3.29-3.20 (m, 2 H), 2.98-2.90
(m, 4 H), 2.68-2.61, (m, 2 H); 13C-NMR (CDCl3):  δ 160.97
(Cq), 156.04 (Cq), 148.82 (Cq), 147.55 (Cq), 130.77 (Cq),
129.85 (CH), 128.95 (Cq), 128.35 (Cq), 128.32 (CH), 128.20
(CH), 128.12 (CH), 122.23 (CH), 122.20 (CH), 114.05 (CH),
81.59 (CH), 81.56 (CH), 55.31 (CH3), 40.20 (CH2), 39.72
(CH2), 31.70 (CH2); FAB-MS m/z: 803 (M++1).  

16 (X = Br):  ivory white solid; mp 195-197 °C; 1H-
 NMR (CDCl3):  δ 10.16 (s, 4 H), 7.50-7.43 (m, 8 H), 7.07-7.04 
(m, 4 H), 6.94-6.93 (m, 4 H), 6.71 (t, 2 H, J = 7.7 Hz),
4.90-4.86 (m, 2 H), 4.23 (bs, 4 H), 3.52 (bs, 4 H), 3.24-3.19
(m, 2 H), 2.97-2.87 (m, 4 H), 2.70-2.63 (m, 2 H); 13C-NMR
(CDCl3):  δ 155.61 (Cq), 148.75 (Cq), 147.55 (Cq), 131.76
(CH), 130.39 (Cq), 129.76 (CH), 128.93 (CH), 128.83 (CH),
128.53 (Cq), 128.47 (Cq), 128.31 (Cq), 128.16 (Cq), 128.09
(CH),  127.96 (CH), 124.13 (Cq), 122.16 (CH), 82.07 (CH),
40.09 (CH2), 40.06 (CH2), 39.18 (CH2), 31.62 (CH2);
FAB-MS m/z: 902 (M+ + 2).  

17 (X = CN):  ivory white solid; mp 107-110 °C; 1H-
 NMR (CDCl3):  δ 10.15 (s, 4 H), 7.67-7.59 (m, 8 H), 7.03 (d, 4
H, J = 8.1 Hz), 6.96 (s, 4 H), 6.66 (t, 2 H, J = 7.4 Hz), 4.97-4.94 
(m, 2 H), 4.23 (bs, 4 H), 3.52 (bs, 4 H), 3.32-3.20 (m, 2 H),
2.98-2.90 (m, 4 H), 2.78-2.71 (m, 2 H); 13C-NMR (CDCl3):  δ
155.15 (Cq), 148.69 (Cq), 147.61 (Cq), 133.81 (Cq), 132.34
(CH), 129.94 (CH), 128.98 (CH), 128.76 (CH), 128.61 (CH),
128.37 (Cq), 128.32 (Cq), 128.16 (Cq), 128.02 (Cq), 126.85
(CH), 122.19 (CH), 118.26 (Cq), 113.08 (Cq), 82.57 (CH),
39.97 (CH2), 38.70 (CH2), 31.59 (CH2); FAB-MS m/z: 793
(M+ + 1). Calcd for C50H40O6N4-5/2 H2O:  C, 71.68; H, 5.37;
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N, 6.69.  Found C, 71.53; H, 5.25; N, 6.96. 

Gen eral pro ce dure for the prep a ra tion of 5-allyl-17-  
[3’-(para-X-phenyl)-4’,5’-dihydro-∆2-isoxazolinomethyl]-
25,26,27,28-tetrahydroxy-calix[4]arenes (18-20)

To a well-stirred so lu tion of 0.50 g (1.1 mmol) of 5,17-
 diallylcalix[4]arene 77b and 0.46 g (2.96 mmol) of para-sub -
sti tuted-benzohydroximoyl chlo ride 8-X in CH3CN (100 mL)
was added an ex cess of Et3N (1.07 g, 10.5 mmol).  The mix -
ture was stirred at re flux for 12 h, washed with wa ter, and
dried with MgSO4.  Af ter fil tra tion and sol vent evap o ra tion,
the res i due was pu ri fied on a sil ica gel col umn by elu tion with
n-hex ane/chlo ro form (gra di ent from 4:1 to 1:1 v/v) to give the 
de sired 5-allyl-17-isoxazolinomethyl-calix[4]arene 18-20. 
The iso lated yields based on 7 are as fol lows:  18 (X = H) 55%, 
19 (X = OMe) 83%, 20 (X = CN) 68%.

18  (X = H):  light yel low ish solid; mp 245-246 °C; 1H-
 NMR (CDCl3):  δ 10.24 (s, 4 H), 7.67-7.64 (m, 2 H), 7.39 (t, 3
H, J = 2.3 Hz), 7.09 (d, 4 H, J = 7.6 Hz), 6.98 (s, 2 H), 6.92 (s, 2 
H), 6.76 (t, 2 H, J = 7.5 Hz), 5.91-5.78 (m, 1 H), 5.13-5.07 (m,
2 H), 4.96-4.86 (m, 1 H), 4.28 (bs, 4 H) 3.57 (bs, 4 H),
3.32-3.22 (m, 3 H), 3.03-2.97 (m, 2 H), 2.73-2.68 (m, 1 H);
13C-NMR (CDCl3):  δ 157.03 (Cq), 149.34 (Cq), 148.10 (Cq),
147.61 (Cq), 137.93 (CH), 134.08 (Cq), 131.11 (Cq), 130.49
(Cq), 130.24 (CH), 129.57 (Cq), 129.47 (Cq), 129.16 (CH),
128.99 (CH), 128.72 (Cq), 127.16 (CH), 122.78 (CH), 116.32
(CH2), 82.42 (CH), 40.66 (CH2), 39.90 (CH2), 32.29 (CH2);
FAB-MS m/z: 624 (M+ +1).  Anal. Calcd for C41H37O5N:  C,
78.97; H, 5.93; N, 2.25.  Calcd for C41H37O5N-5/4 H2O:  C,
76.22; H, 6.12; N, 2.17.  Found:  C, 76.11; H, 5.79; N, 2.48.

19 (X = OMe):  light yel low ish solid; mp 235-237 °C;
1H-NMR (CDCl3):  δ 10.14 (s, 4 H), 7.53 (d, 2 H, J =  8.9 Hz),
7.00 (d, 4 H, J  = 7.5 Hz), 6.88-6.82 (m, 6 H), 6.67 (t, 2 H, J  =
7.6 Hz), 5.86-5.74 (m, 1 H), 5.03-4.97 (m, 2 H), 4.82-4.72 (m,
1 H), 4.21-4.18 (bs, 4 H), 3.79 (s, 3 H), 3.48-3.45 (bs, 4 H)
3.22-3.12 (m, 3 H), 2.94-2.87 (m, 2 H), 2.62-2.57, (m, 1 H);
13C-NMR (CDCl3):  δ 160.85 (Cq), 156.01 (Cq), 148.70 (Cq),
147.42 (Cq), 146.96 (Cq), 137.31 (CH), 133.45 (Cq), 130.63
(Cq), 129.69 (CH), 128.92 (CH), 128.85 (CH), 128.33 (CH),
128.09 (Cq), 122.15 (CH), 115.69 (CH2), 113.95 (CH), 81.52
(CH), 55.17 (CH2), 40.04 (CH2), 39.57 (CH2), 39.24 (CH2),
31.64 (CH2); FAB-MS m/z: 654 (M++1).  Anal. Calcd for
C42H39O6N:  C, 77.18; H, 5.97; N, 2.14.  Calcd for C42H39O6N.1/
2 MeOH:  C, 76.23; H, 6.13; N, 2.09.  Found:  C, 76.27; H,
5.90; N, 2.51.

20 (X = CN):  ivory-white solid; mp 154-156 °C; 1H-
 NMR (CDCl3):  δ 10.17 (s, 4 H), 7.67-7.58 (m, 4 H), 7.04-7.00 
(m, 4 H), 6.92 (s, 2 H), 6.87 (s, 2 H), 6.68 (t, 2 H, J =7.5 Hz),
5.90-5.78 (m, 1 H), 5.07-5.01 (m, 2 H), 4.94-4.86 (m, 1 H),
4.21 (bs, 4 H) 3.50 (bs, 4 H), 3.26-3.17 (m, 3 H), 2.99-2.89 (m, 

2 H), 2.71-2.65 (m, 1 H); 13C-NMR (CDCl3):  δ 155.21 (Cq),
148.70 (Cq), 147.67 (Cq), 147.02 (Cq), 137.29 (CH), 133.91
(Cq), 133.53 (Cq), 132.32 (CH), 129.93 (Cq), 129.01 (CH),
128.90 (CH), 128.77 (CH), 128.49 (Cq), 128.18 (Cq), 128.09
(Cq), 128.03 (Cq), 126.93 (C q), 122.17 (CH), 118.33 (Cq),
115.76 (CH2), 113.12 (Cq), 82.72 (CH), 39.87 (CH2), 39.27
(CH2), 38.63 (CH2), 31.67 (CH2); FAB-MS m/z: 649 (M++1). 
Sat is fac tory re sults of the el e men tary anal y sis could not be
ob tained for this sam ple.

Gen eral pro ce dure for the prep a ra tion of 5,17-di-       
[3’-(para-X-phenyl)-4’,5’-dihydro-∆2-isoxazolino-methyl]-
25,26,27,28-tetra-hydroxycalix-[4]arenes (21-23)

To a well-stirred so lu tion of 0.50 g (1.1 mmol) of
1,3-diallylcalix[4]arene 7 and 0.77 g (4.95 mmol) of para-
 sub sti tuted-benzohydroximoyl chlo ride  8-X in CH3CN (100
mL) was added an ex cess of NEt3 (4.10 g, 40.2 mmol).  The
mix ture was stirred at re flux for 24 h, washed with wa ter, and
dried with MgSO4.  Af ter fil tra tion and sol vent evap o ra tion,
the res i due was pu ri fied on a sil ica gel col umn by elu tion with
n-hex ane/chlo ro form (gra di ent from 4:1 to 1:1 v/v) to give the 
de sired 5,17-diisoxazolinomethylcalix[4]arene 21-23.  The
iso lated yields based on 7 are as fol lows:  21 (X = H) 80%, 22
(X = OMe) 87%, 23 (X = CN) 75%.

21 (X = H):  col or less solid; mp 248-250 °C; 1H-NMR
(CDCl3):  δ 10.09 (s, 4 H), 7.53-7.50 (m, 4 H), 7.25 (d, 6 H, J  = 
2.4 Hz), 6.94 (d, 4 H, J  = 7.6 Hz), 6.85 (s, 4 H), 6.66 (t, 2 H, J
= 7.5 Hz), 4.79-4.73 (m, 2 H), 4.15 (bs, 4 H), 3.43 (bs, 4 H),
3.18-3.09 (m, 2 H), 2.89-2.81 (m, 4 H), 2.60-2.52, (m, 2 H);
13C-NMR (CDCl3):  δ 156.40 (Cq), 148.63 (Cq), 147.50 (Cq),
130.50 (Cq), 129.86 (CH), 129.70 (Cq), 129.52 (CH), 128.87
(CH), 128.52 (Cq), 128.30 (Cq), 128.00 (Cq), 126.48 (CH),
122.18 (CH), 81.71 (CH), 40.03 (CH2), 39.30 (CH2), 31.56
(CH2); FAB-MS m/z: 743 (M++1).  Anal. Calcd for C48H42O6N2.:  
C, 77.63; H, 5.66; N, 3.77.  Calcd for C48H42O6N2

.5/12 CHCl3:  
C, 73.38; H, 5.36; N, 3.54.  Found: C, 73.26; H, 5.47; N, 3.87.

22 (X = OMe):  pink ish solid; mp 237-239 °C; 1H-NMR
(CDCl3):  δ 10.13 (s, 4 H), 7.52 (d, 4 H, J  = 8.7 Hz), 7.00 (d, 4
H, J  = 7.5 Hz), 6.90 (s, 4 H), 6.85 (d, 4 H, J  = 8.7 Hz), 6.66 (t,
2 H, J  = 7.5 Hz), 4.82-4.76 (m, 2 H), 4.22-4.17 (bs, 4 H), 3.78
(s, 6 H), 3.49-3.44 (bs, 4 H), 3.25-3.15 (m, 2 H), 2.93-2.85 (m,
4 H), 2.61-2.57 (m, 2 H); 13C-NMR (CDCl3):  δ 160.91 (Cq),
156.06 (Cq), 148.71 (Cq), 147.54 (Cq), 130.70 (Cq), 129.76
(CH), 128.93 (CH), 128.36 (CH), 128.09 (Cq), 122.16 (CH),
114.00 (CH), 81.50 (CH), 55.27 (CH3), 40.12 (CH2), 39.67
(CH2), 31.64 (CH2); FAB-MS m/z: 803 (M++1).  Anal. Calcd for
C50H46O8N2:  C, 74.81; H, 5.74; N, 3.49. Calcd for C50H46O8N2

.1/ 
2 CH3OH:  C, 74.08; H, 5.87; N, 3.42.  Found:  C, 74.12; H,
5.87; N, 3.71.

23 (X = CN):  white solid; mp 147-148 °C; 1H-NMR
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(CDCl3):  δ 10.11 (s, 4 H), 7.62-7.48 (m, 8 H), 6.98-6.84 (m, 8
H), 6.61 (t, 2 H, J  = 7.0 Hz), 4.96-4.84 (m, 2 H), 4.20-4.17 (bs, 
4 H), 3.48 (bs, 4 H), 3.36-3.17 (m, 2 H), 2.92-2.78 (m, 4 H),
2.71-2.65, (m, 2 H); 13C-NMR (CDCl3):  δ 155.21 (Cq), 148.64 
(Cq), 147.79 (Cq), 133.90 (Cq), 133.08 (CH), 132.36 (CH),
130.05 (CH), 128.93 (CH), 128.45 (Cq), 128.06 (Cq), 126.95
(CH), 122.24 (CH), 119.00 (CH), 118.34 (Cq), 113.18 (Cq),
82.67 (CH), 40.00 (CH2), 38.74 (CH2), 31.67 (CH2); FAB- MS 
m/z: 793 (M++1).  Anal. Calcd for C50H40O6N4

.1/2 CHCl3:  C,
71.15; H, 4.75; N, 6.57.  Found:  C, 71.07, H, 5.07; N, 7.03.
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