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Factors Affecting the Conformational Preference and Magnetic Shielding
of Isobutenylene Chains in Macrocyclic Salicylideneaniline Derivatives
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The "HNMR chemical shifts and X-ray crystal structures of various salicylideneaniline derivatives containing an
isobutenylene (2-methylenepropane-1,3-diyl) chain were analyzed in detail. In solution, these compounds were present
to some extent as syn—syn conformers with respect to the isobutenylene chain; the actual syn—syn population depended on
the molecular structure, especially on the size of the macrocycle. Small substituents on the phenyl ring hardly affected the
stability of the syn—syn form at all, whereas replacement of the phenyl group with a naphthalene moiety considerably de-
stabilized the syn—syn form relative to the syn—skew form. The conformation—chemical shift relationship was validly
maintained irrespective of the substituent, provided the conformational preference was correctly taken into account.

Macrocyclic and macroacyclic Schiff bases have been exten-
sively employed as ligands for mono- or multinuclear metal
complexes, which are applicable to biomimetic catalysts, trans-
port reagents, magnetic or electronic functional materials,
building materials in nano-space construction and so on.'
The ligands must be sophisticatedly designed so that their pre-
ferred conformation is appropriate for the desired complexation
and architecture, especially in the integrated systems such as
helicates which are accomplished by self—assembly.9 Recently,
we reported on several dinuclear metal complexes of salicylal-
doimine ligands containing the isobutenylene (2-methylenepro-
pane-1,3-diyl; Fig. 1a) chain.'”"?  These complexes exhibit
helicate, meso-helicate, and tripodal cage structures, where
the isobutenylene chains play a key role in regulating the
three-dimensional structure. For example, the helicate com-
plexes have the isobutenylene chain in skew—skew form
(Fig. 1b, I), while the meso-helicate complexes have syn—skew
form (Fig. 1b, II)."*"* Inspired by this conformational varia-
tion, we could also propose a molecular system convertible be-
tween helicate and meso-helicate in response to an environ-
mental change.

Now, we continue the study of the various complexes which
show characteristic architecture and properties depending on
the conformation of the isobutenylene chains. While the intro-
duction of various substituents, including the replacement of ar-
omatic rings, may fine-tune the properties, their effects on the
conformational preference need to be clarified. Furthermore,
it is suggested that a proper conformation of isobutenylene
chain is crucial for the efficient synthesis of rotaxane that has
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Fig. 1. (a) Designation of protons (H* and H®) and dihedral
angles (¢, and ¢,) in the isobutenylene chain. (b) Three
conformers grouped by the dihedral angles (¢, ¢,): L,
skew—skew (¢; ~ 110°, ¢, ~ 110°); II, syn-skew (¢, ~
110°, ¢, ~ 0°); and I, syn—syn (¢, ~ 0°, ¢, ~ 0°).

been recently developed by Hiratani et al.'* Itis thus important
to know the conformational preference of isobutenylene chains
in a given chemical structure.

In a previous study, we demonstrated that the "H NMR sig-
nals of H* and H® (Fig. 1a) of macrocyclic salicylideneaniline
derivatives appear within a limited region corresponding to
each conformer of the isobutenylene chains found in the X-
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Fig. 2. Chemical structures of the imine compounds.

ray structure. Utilizing the chart of the conformation—
chemical shift relationship, we were able to follow the confor-
mational change of a pincers-type crown ether derivative dur-
ing its complexation with alkali metal ions. In that study, we
also assumed that the isobutenylene chains of 1a, 2a, and 3a
(Fig. 2) adopt the syn—syn conformation, in spite of the lack
of X-ray crystal structures for these compounds. However,
the chemical shifts of these compounds were distributed in a
wide range compared to the other groups of compounds, imply-
ing that the actual conformational population in solution sensi-
tively reflects their chemical structure, namely the size of the
macrocycle. Conversely, these compounds are good objects
to examine the various factors affecting the conformational
preference and magnetic shieldings of the isobutenylene
chains. In this paper, we investigate a series of derivatives
and analogues of 1a, 2a, and 3a to clarify substituent effects
and ring size effects on the actual conformational population.

Results and Discussion

Figure 2 shows the chemical structures of the compounds
studied. The letters a—f denote the substituents on the phenyl
ring of the salicylidene group. The length of the oxyethylene
chain connecting the two aniline moieties in 1-3 is indicated
by the compound number (1, n=1;2, n=2;3, n=3; n is
the number of the oxyethylene units). The compounds 4a—f,
5a, Se, and 5f are acyclic analogues. Of these 24 compounds,
we newly obtained the crystal structures of 2¢, 2f, and 3b. In
the crystal structure of 2¢ (Fig. 3a), a macrocycle with a
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Fig. 3. Crystal structures of (a) 2¢, (b) 2f, and (c) 3b. The
hydrogen atoms and the solvent(s) of crystallization are
omitted for clarity.

triethylene glycol chain, the dihedral angles (¢, ¢,) are
(3.3°, —3.3°); thus, the conformation of the isobutenylene chain
was classified as syn—syn. The crystal structure of 2f (Fig. 3b),
in which the phenyl groups of 2¢ are replaced by naphthalene
moieties, revealed that the dihedral angles (¢, ¢,) of the iso-
butenylene chain are (6.2°, —140.0°). Thus, the conformation
of the isobutenylene chain in 2f was classified as the syn—skew.
In the crystal structure of 3b (Fig. 3¢), a macrocycle with a tet-
raethylene glycol chain, the dihedral angles (¢, ¢,) of the iso-
butenylene chain are (8.7°, —110.7°), and the conformation of
the isobutenylene chain was classified as the syn—skew.

To estimate the conformation of cyclophanes based on the
magnetic shieldings caused by ring current effect is a well-
known and established method.'® Previously, we found that
the chemical shifts (SH* and §HP) of the exo-methylene and
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Fig. 4. Chemical shifts (§H*) of imines 1-3 (open circles: a
(R =H), open triangles: b (R = Me), crosses: ¢ (R = #-Bu),
solid circles: d (R = MeO), solid triangles: e (R = Cl),
open squares: f (naphthalene)) as a function of size of the
macrocycles (cf. Fig. 2). Acyclic imine 4 is included for
reference.

benzylic protons (H* and H in Fig. 1a) are a useful for identi-
fying the conformation of the isobutenylene chain.”” In the
present study, we focused on H*, which shows a relatively large
change in chemical shift. Figure 4 shows the variation of §H?
as a function of the size of the macrocycle for the series of com-
pounds a—f (1, 2, and 3 have 24-, 27-, and 30-membered rings;
cf. Fig. 2); acyclic compound 4 is included in Fig. 4 for
reference. For series a (R = H), b (R = Me), and ¢ (R = ¢-
Bu), the plots are concave, with a minimum at 2, and quite sim-
ilar, indicating that the alkyl substituents hardly affect the §H*
value. Since the §H? value is mainly determined by the confor-
mation of the isobutenylene chain, these three series a—c of
compounds 1-3 are conformationally similar in solution. For
series d (R = MeO) and e (R = Cl), the plots are again
similar. Moreover, these plots are similar to those for series
a—c, but with an overall downfield shift of ~0.03 ppm. This
downfield shift can be attributed to magnetic anisotropy effects
of the oxygen or chlorine atoms. In contrast with the plots for
series a—e, the plot for series f (naphthalene derivatives) is al-
most flat, showing only a slight dependence on the size of the
macrocycle. The SH* value of 2f is 4.57 ppm, which is 0.11
ppm upfield of the H? value of 2a (4.68 ppm).

The similarity of the values of the chemical shifts of 2a—e
(Fig. 4) indicates that the conformations of these compounds
are likely to be similar irrespective of the substituent. Accord-
ing to our previous study, there is a fairly good correlation be-
tween the X-ray crystal structures and the solvated structures
presumed from the "HNMR chemical shifts.'”> When the iso-
butenylene chain adopts the syn conformation, the exo-methyl-
ene proton (H") undergoes magnetic shielding by through-
space effects, including the ring current effect and the y-steric
effect, resulting in an upfield shift of the resonance. Thus, the
upfield-shifted SH* of 2¢ is consistent with its crystal structure,
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in which the isobutenylene chain adopts the syn—syn form. Ac-
cordingly, we suggest that the syn—syn conformer predominant-
ly contributes to the structure of 2a—e in solution. The §H? val-
ues for 3a—e fall between those of 2a—e and those of the acyclic
analogues 4a—e, which have fewer constraints for conforma-
tional distribution, indicating that 3a—e can move in the confor-
mational space more freely than 2a—e can. In view of the fact
that 3b adopts the syn—skew conformation in the crystal
(Fig. 3c), the conformational distributions of 3a—e may be
biased toward the syn—skew form to some extent. In addition,
the packing force in the crystal might have favored the syn—
skew conformer. We suggest that the conformers of 1a—e, like
those of 3a—e, are in equilibrium, with less contribution of the
syn—syn form compared to the case for 2a—e. Consequently, we
can assume that the syn—syn conformer corresponds to a local
potential minimum with relatively high energy, and that the tri-
ethylene glycol chain of 2a—e has a length appropriate for sta-
bilizing the syn—syn form.

For the compounds 1f—4f, we observed only a slight change
in 6H* with respect to the length of the linker moiety. There are
two possible interpretations for the considerable substituent ef-
fects that occur when the phenyl groups are replaced by naph-
thalene moieties: (1) the equilibrium among the conformers
does not depend on the molecular structure, that is, the size
of the macrocycle; (2) the conformational dependence of the
SH? value is negligibly small. The assumption (1) is consistent
with the fact that the isobutenylene chain of 2f adopts the syn—
skew form in the crystal (Fig. 3), even though 2f has a trieth-
ylene glycol linkage, which could stabilize the syn—syn form.
This result suggests that replacing the phenyl groups with naph-
thalene moieties destabilizes syn—syn conformer, and thereby
1f—4f have similar conformational distributions with relatively
low contributions of the syn—syn form. Disfavor of the syn—syn
form is attributable to steric repulsion between the two naphtha-
lene rings that are forced to be in proximity (cf. Fig. 1b). This
assumption is supported by our preliminary ab initio molecular
orbital calculation (MP2/6-311G** //HF/6-311G**),"” which
revealed that the relative energy (2.05 kcal/mol) of the syn—syn
conformer with respect to the syn—skew conformer for a naph-
thalene derivative is nearly twice as high as that (1.21 kcal/
mol) of the corresponding phenyl derivative. The large upfield
shift of the resonance of 4f (4.55 ppm) compared with that of 4a
(4.84 ppm) can be explained by the potentially strong ring cur-
rent effect of the naphthalene group. On the other hand, the as-
sumption (2) that the conformational dependence of the SH?
values is negligibly small seems hardly acceptable at once,
since the naphthalene ring would exert stronger ring current
effect. One possible case is that the H* proton keeps under-
going strong ring current effects of the naphthalene rings all
through the conformational change, resulting in the leveling
of the SH? values.

The assumption (2) can be disproved by observing an obvi-
ous change in 8H? by the conformational change. A benzo-15-
crown-5-bearing compound such as 5a is useful for examining
the conformational dependence of H, since it changes from a
free-rotation state (equilibrium among three forms) to a skew—
skew form upon addition of alkali metal ion (Fig. 5)."° The
'HNMR spectra of the chloro (5e) and naphthalene (5f)
derivatives (Fig. 2) were measured before and after mixing
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Fig. 5. Structure of the complex of 5f and potassium ion.

Table 1. Chemical Shifts (ppm) of H* before and after Addi-
tion of Potassium Ion

Compound  §H? (without K*)  SH?® (with K*)  ASH?
5a% 4.83 5.13 0.30
Seb 4.90 5.19 0.29
5t 4.55 5.50 0.95

a) Ref. 15. b) This work.

Fig. 6. Skew-skew conformer of 3-(1-naphthyl)-2-(1-naph-
thylmethyl)-1-propene as a model of the naphthalene de-
rivatives of the isobutenylene-linked compounds.

with potassium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate
(K-TFPB). The binding constants K = [5-KT]/[5][K"] of
5a, 5e, and 5f were estimated to be 8.2 x 10°, 2.2 x 104,
3.6 x 10> M~! (chloroform), respectively, from the titration
experiments. Table 1 summarizes the H* chemical shifts of
5a, Se, and 5f at free rotation, and those at K.TFPB-bound
state. As shown in the last column of the table, the ASH? values
of 5a and 5e (0.30 and 0.29 ppm, respectively) are similar,
whereas the ASH* value of 5f (0.95 ppm) is approximately
three times as large as the ASH? values of 5a and Se. This dif-
ference suggests that the conformational dependence of SH* of
5f is larger than that expected from the second assumption in
the previous paragraph. The large change in chemical shift
can be explained by the relative geometry of the exo-methylene
group and the naphthalene ring. A molecular modeling study17
shows that, when one C=C-C-C moiety adopts the skew form,
the H* atom is located in the plane of the naphthalene ring
(Fig. 6), resulting in a deshielding effect on H*. Therefore,
we conclude that the invariable chemical shift observed for
the naphthalene derivatives is attributable not to the collapse
of the conformation—chemical shift relationship, but to the
change in conformational distribution, namely, the reduced
population of the syn—syn form.

Through the above discussion, we stand on the assumption
that the crystal structures are predominantly reflected in the
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structures in solution. In view of a clear correspondence be-
tween the crystal structure and chemical shift distribution ob-
served for numbers of compounds, this assumption seems valid
as far as the present series of compounds is concerned. Never-
theless, we found some exceptions: for example, 3b is the syn—
skew form with respect to the isobutenylene chain in the crys-
tal, while the chemical shift suggests an equilibrium involving
syn—syn forms in solution. We should note that the chemical
shift is obtained as a thermodynamical average among several
conformers even for the apparently rigid molecular systems,
and should pay attention to such a case if the conformers with
shallow potential minima are involved. For such cases, anal-
yses of the temperature-dependence of the 'HNMR spectra
are potentially effective to identify the most stable conformer,
though we confined our study to room-temperature experiments
to accomplish our current purpose.

Conclusions

We have analyzed the '"HNMR chemical shifts and crystal
structures of several isobutenylene-linked Schiff bases in
detail. We focused on compounds that were presumed to adopt
the syn—syn conformation with respect to the isobutenylene
chain in solution. X-ray crystal structure analysis revealed that
one of these compounds adopts a syn—syn form, which validates
the prediction based on the analysis of the "HNMR chemical
shifts. The syn—syn conformer is not very preferable in a con-
formational space, and therefore its population in solution sig-
nificantly depends on its molecular structure, especially the size
of the macrocycle. Small substituents (z-butyl, methyl, me-
thoxy, and chloro) on the phenyl ring hardly affected the stabil-
ity of the syn—syn form, whereas replacement of phenyl groups
with naphthalene moieties destabilized the syn—syn form. In a
previous study,15 we demonstrated the utility of the conforma-
tion—chemical shift relationship, particularly in monitoring the
change in molecular conformation during supramolecular
complexation. Our present results have shown that the confor-
mation—chemical shift relationship is valid irrespective of sub-
stituent, including naphthalene, provided the conformational
preference is correctly taken into account.

Experimental

The Schiff base compounds were prepared similarly to la-5a:"
the corresponding bis(hydroxybenzaldehyde) (0.5 mmol) and ani-
line derivative (0.5 mmol for diamine or 1.0 mmol for monoamine)
were dissolved in chloroform (20 mL), and then methanol was
gradually added over several days to allow a crystalline precipitate
to separate out. The 'H and *CNMR spectra were measured in
CDCl; at 25 °C using a Bruker AVANCES00 (500 MHz for 'H
nuclei). ESI mass spectra were measured in the positive mode us-
ing a Waters 2690 system. The X-ray single crystal diffraction data
were collected at —80 °C on a Rigaku RAXIS-RAPID imaging
plate diffractometer (4(Mo Ka) = 0.7107 A). The structure was
solved by direct methods and expanded using Fourier techniques.
The non-hydrogen atoms were refined anisotropically. Hydrogen
atoms’ coordinates were calculated. The final cycle of full-matrix
least-square refinement was based on the observed reflections of
1 > 1.50(I) and the variable parameters, and converged with un-
weighted and weighted agreement factors R; and Ry,. All calcula-
tions were performed using the teXsan crystallographic software
package of Molecular Structure Corporation.18 Crystallographic
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data have been deposited at the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK and copies can be obtained on request, free of
charge, by quoting the publication citation and the deposition num-
bers 218388-218390.

Compound 1b: '"HNMR § 2.28 (s, Ar—CHj3, 6H), 3.56 (s, Ar—
CH,—C(=CH;)-, 4H), 4.07 (t, J = 5.0 Hz, Ar—O-CH,-CH,-O-,
4H), 4.18 (t, J =4.9 Hz, Ar-O-CH,-CH,-O-, 4H), 4.81 (s,
—C(=CH,)-, 2H), 7.00 (d, J = 8.0 Hz, ArH, 2H), 7.01 (t, J =
8.0 Hz, ArH, 2H), 7.03 (d, J = 1.7 Hz, ArH, 2H), 7.07 (d, J =
1.8 Hz, ArH, 2H), 7.20 (t, J = 7.8 Hz, ArH, 2H), 7.24 (d, J =
7.8 Hz, ArH, 2H), 8.63 (s, Ar—-CH=N-, 2H), 13.90 (s, Ar-OH,
2H). 'SCNMR § 20.4, 35.9, 69.6, 70.6, 114.8, 118.1, 118.6,
121.7, 126.9, 127.7, 128.1, 129.9, 135.0, 137.8, 147.3, 152.7,
157.9, 161.0. ESI MS m/z 599.4 (caled for M + Na': m/z
599.7). Elemental Analysis Found: C, 73.94; H, 6.11; N, 4.70%.
Calcd for C36H36N205+(H20)05: C, 73.82; H, 6.37; N, 4.78%.

Compound 1c: "THNMR § 1.32 (s, Ar—-C(CH3)3, 18H), 3.60 (s,
Ar-CH,—C(=CH,)—, 4H), 4.08 (t, J = 4.9 Hz, Ar—-O-CH,-CH,—
O-, 4H), 4.18 (t, J = 4.9 Hz, Ar-O-CH,—CH,-O-, 4H), 4.77 (s,
—C(=CH,)-, 2H), 7.01 (d, J = 8.1 Hz, ArH, 2H), 7.02 (t, J =
8.1 Hz, ArH, 2H), 7.20 (t, J = 7.8 Hz, ArH, 2H), 7.23 (d, J =
2.5 Hz, ArH, 2H), 7.26 (d, J = 7.7 Hz, ArH, 2H), 7.32 (d, J =
2.5 Hz, ArH, 2H), 8.69 (s, Ar—-CH=N-, 2H), 13.94 (s, Ar-OH,
2H). BCNMR § 31.5, 34.0, 36.4, 69.7, 70.7, 111.2, 114.9,
118.1, 118.2, 121.8, 126.3, 127.7, 127.8, 131.7, 138.0, 140.6,
148.3, 152.8, 158.0, 161.4. ESI MS m/z 661.5 (calcd for M +
H*: m/z 661.8). Elemental Analysis Found: C, 75.69; H, 7.20;
N, 4.16%. Calcd for C4yHygN,Os-(H,0)p33: C, 75.64; H, 7.36;
N, 4.20%.

Compound 1d: 'HNMR § 3.57 (s, Ar—CH,—C(=CH,)-, 4H),
3.79 (s, Ar—-OCHj3, 6H), 4.08 (t, J/ = 5.0 Hz), Ar—-O-CH,-CH,—
O-, 4H), 4.18 (t, J = 5.0 Hz), Ar—-O-CH,—-CH,-0O—-, 4H), 4.85
(s, -C(=CH>)-, 2H), 6.75 (d, J = 3.1 Hz, ArH, 2H), 6.91 (d, J =
3.1 Hz, ArH, 2H), 7.00 (d, J = 7.9 Hz, ArH, 2H), 7.01 (t, / = 7.9
Hz, ArH, 2H), 7.21 (t, J = 7.5 Hz, ArH, 2H), 7.25 (d, J/ = 7.5 Hz,
ArH, 2H), 8.65 (s, Ar—-CH=N-, 2H), 13.74 (s, Ar—OH, 2H).
BCNMR § 36.0, 55.9, 69.6, 70.6, 112.6, 114.7, 118.1, 121.6,
121.7, 127.9, 129.7, 137.6, 147.6, 151.5, 152.7, 154.7, 160.6.
ESI MS m/z 609.4 (caled for M + H™: m/z 609.7). Elemental
Analysis Found: C, 70.55; H, 5.82; N, 4.49%. Calcd for
C36H36N207-(H20)0'25Z C, 7051, H, 6.00; N, 4.57%.

Compound le: 'THNMR § 3.55 (s, Ar—CH,—C(=CH,)-, 4H),
4.07 (t, J = 5.0 Hz, Ar—O-CH,-CH,-0O-, 4H), 4.19 (t, J = 5.0
Hz, Ar-O-CH,—-CH,-O-, 4H), 4.88 (s, -C(=CH;)-, 2H), 6.99
(d, J =17.1 Hz, ArH, 2H), 7.02 (t, J = 7.6 Hz, ArH, 2H), 7.19
(d, J = 2.6 Hz, ArH, 2H), 7.21 (t, J = 2.6 Hz, ArH, 2H), 7.23 (t,
J =17.7 Hz, ArH, 2H), 7.26 (d, J = 7.8 Hz, ArH, 2H), 8.62 (s,
Ar—-CH=N-, 2H), 14.31 (s, Ar—OH, 2H). '*CNMR § 35.7, 69.3,
70.5, 1144, 118.0, 119.6, 121.7, 122.7, 128.4, 128.9, 130.5,
133.3, 158.8, 159.2. ESI MS m/z 617.4 (caled for M + H: m/z
617.6). Elemental Analysis Found: C, 65.45; H, 4.69; N, 4.38%.
Calcd for C34H30C1,N, 05« (H20)g 331 C, 65.49; H, 4.96; N, 4.49%.

Compound 1f: THNMR § 4.10 (s, Ar—CH,—C(=CH,)-, 4H),
4.20-26 (m, Ar-O-CH,-CH,-O-, 8H), 4.57 (s, -C(=CH,)-,
2H), 7.04 (d, J = 8.1 Hz, ArH, 2H), 7.06 (t, J = 7.8 Hz, ArH,
2H), 7.26 (t, J = 8.0 Hz, ArH, 2H), 7.29 (t, J/ = 8.0 Hz, ArH,
2H), 7.40 (d, J = 7.8 Hz, ArH, 2H), 7.47 (t, J = 7.6 Hz, ArH,
2H), 7.80 (d, J = 8.1 Hz, ArH, 2H), 7.83 (d, J = 8.7 Hz, ArH,
2H), 7.88 (s, ArH, 2H), 8.91 (s, Ar—CH=N-, 2H), 13.99 (s, Ar-
OH, 2H). The BCNMR spectrum was not measured owing to
low solubility. ESI MS m/z 649.5 (caled for M + Na' m/z
649.7). Elemental Analysis Found: C, 76.79; H, 5.40; N, 4.08%.
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Calcd for C4oH36N,05+(Hy0)95: C, 76.69; H, 5.67; N, 4.26%.

Compound 2b: '"HNMR § 2.30 (s, Ar-CH3, 6H), 3.50 (s, Ar—
CH,—C(=CH,)-, 4H), 3.92 (s, Ar—-O-CH,-CH,-O-Ar, 4H),
3.92 (t, J = 3.9 Hz, Ar—O-CH,-CH,-O-, 4H), 4.16 (t, J =3.9
Hz, Ar-O-CH,-CH,-0O-, 4H), 4.68 (s, —-C(=CH;)—, 2H), 6.92
(d, J =8.2 Hz, ArH, 2H), 6.98 (t, J/ = 8.0 Hz, ArH, 2H), 7.06
(m, ArH, 4H), 7.20 (t, J = 8.0 Hz, ArH, 2H), 7.23 (d, J = 8.0
Hz, ArH, 2H), 8.64 (s, Ar—CH=N-, 2H), 13.99 (s, Ar-OH, 2H).
BCNMR § 20.4, 35.9, 69.5, 69.9, 72.0, 110.4, 112.7, 117.9,
118.7, 121.0, 127.0, 127.8, 130.0, 135.1, 137.1, 148.7, 152.8,
157.7, 160.8. ESI MS m/z 643.3 (calcd for M + Na': m/z
643.7). Elemental Analysis Found: C, 72.95; H, 6.42; N, 4.40%.
Calcd for C3gH49N2Og - (H20)g25: C, 73.00; H, 6.53; N, 4.48%.

Compound 2¢: "THNMR § 1.33 (s, Ar—-C(CHs);, 18H), 3.54 (s,
Ar-CH,-C(=CH,)-, 4H), 3.93 (s, Ar—O-CH,~CH,—-0O-Ar, 4H),
393 (t, J = 4.0 Hz, Ar—-O-CH,-CH,-O-, 4H), 4.16 (t, J = 4.0
Hz, Ar-O-CH,-CH,-0O-, 4H), 4.68 (s, —-C(=CH;)—, 2H), 6.92
(d, J = 8.1 Hz, ArH, 2H), 6.99 (t, J = 8.1 Hz, ArH, 2H), 7.20 (t,
J =17.8 Hz, ArH, 2H), 7.23-26 (m, ArH, 4H), 7.29 (d, J =2.5
Hz, ArH, 2H), 8.69 (s, Ar—CH=N-, 2H), 13.97 (s, Ar—OH, 2H).
BCNMR § 31.5, 34.0, 36.3, 69.6, 69.9, 72.1, 110.5, 112.7,
117.9, 118.3, 121.0, 126.4, 127.5, 127.7, 131.9, 137.4, 140.6,
148.6, 152.8, 157.8, 161.3. ESI MS m/z 727.5 (calcd for M +
Nat: m/z 727.9). Elemental Analysis Found: C, 65.69; H, 6.52;
N, 3.31%. Calcd for C44H5;N,Og+CHCl5: C, 65.57; H, 6.48; N,
3.40%.

Crystal data for 2¢: C45H53N2O6Clz, MW = 824.28, crystal sys-
tem = orthorhombic, space group P2;/n2;/m2/a (#62),Z = 4 in
a cell of dimensions: a = 25.7433(3), b = 30.4536(4), ¢ =
5.5793(1) A, V =4374.06(10) A3, Deyea = 1.252 g/em®. 1 =
2.57/cm, 36591 measured and 5112 unique reflections (204 =
55.0°, Rin = 0.055). R; = 0.066, R, = 0.121. The C23-C23*
bond is extremely short (1.029 A). In view of the large anisotropy
of this carbon atom, we conclude that this short bond is due to the
conformational disorder of the ethylene glycol chain.

Compound 2d: 'HNMR § 3.51 (s, Ar—CH,—C(=CH,)-, 4H),
3.80 (s, Ar—~OCHj3, 6H), 3.93 (s, Ar-O-CH,-CH,-0O-Ar, 4H),
3.94 (t, J = 4.1 Hz, Ar—O-CH,-CH,-O-, 4H), 4.17 (t, J = 4.1
Hz, Ar—-O-CH,—-CH,-O-, 4H), 4.73 (s, -C(=CH,)-, 2H), 6.78
(d, J =3.1 Hz, ArH, 2H), 6.90 (t, J = 3.1 Hz, ArH, 2H), 6.92
(d, J = 7.3 Hz, ArH, 2H), 6.99 (t, /] = 7.6 Hz, ArH, 2H), 7.21 (t,
J = 8.3 Hz, ArH, 2H), 7.25 (d, J = 7.9 Hz, ArH, 2H), 8.65 (s,
Ar-CH=N-, 2H), 13.78 (s, Ar—-OH, 2H). 3CNMR § 36.0, 55.9,
69.5, 69.9, 72.0, 112.7, 113.0, 117.9, 118.6, 121.0, 121.6, 128.0,
129.3, 137.0, 147.9, 151.5, 152.8, 154.5, 160.5. ESI MS m/z
675.4 (caled for M + Na't: m/z 675.7). Elemental Analysis Found:
C, 68.90; H, 601, N, 4.13%. Calcd for C33H4()N203 -(H20)0,5: C,
68.97; H, 6.25; N, 4.23%.

Compound 2e: 'THNMR § 3.49 (s, Ar—-CH,—C(=CH,)-, 4H),
3.92 (s, -O-CH,—CH,-O-, 4H), 3.94 (t, J =4.1 Hz, Ar-O-
CH,-CH,-0O-, 4H), 4.18 (t, J = 4.1 Hz, Ar-O-CH,-CH,-O-,
4H), 4.74 (s, -C(=CH,)-, 2H), 6.93 (d, J = 8.3 Hz, ArH, 2H),
7.00 (t, J =7.7 Hz, ArH, 2H), 7.20 (d, J = 2.6 Hz, ArH, 2H),
7.22-26 (m, ArH, 6H), 8.63 (s, Ar—CH=N-, 2H), 14.32 (s, Ar—
OH, 2H). BCNMR § 35.7, 69.4, 69.9, 72.0, 111.9, 112.7, 117.9,
119.8, 121.1, 122.7, 128.5, 129.0, 130.0, 133.5, 136.2, 146.9,
152.8, 158.6, 159.3. ESI MS m/z 683.4 (caled for M + Na™:
m/z 683.6). Elemental Analysis Found: C, 65.25; H, 5.10; N,
4.11%. Calcd for C36H34C1,N>Oq: C, 65.35; H, 5.18; N, 4.24%.

Compound 2f: "THNMR § 4.00 (t, J = 4.1 Hz, Ar—O-CH,—
CH,-0O-, 4H), 4.05 (s, Ar—-CH,—C(=CH;)-, 4H), 4.08 (s, -O—
CH,-CH,-0O-, 4H), 4.22 (t, J = 4.1 Hz, Ar—-O-CH,—CH;,-0O-,
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4H), 4.56 (s, -C(=CH,)—, 2H), 6.96 (d, J = 8.2 Hz, ArH, 2H), 7.03
(t, J = 7.6 Hz, ArH, 2H), 7.26 (t, J = 7.9 Hz, ArH, 2H), 7.29 (t,
J =7.2Hz, ArH, 2H), 7.33 (d, J = 7.8 Hz, ArH, 2H), 7.39 (t, ] =
7.7 Hz, ArH, 2H), 7.72 (d, J = 8.6 Hz, ArH, 2H), 7.80 (d, J = 7.8
Hz, ArH, 2H), 7.89 (s, ArH, 2H), 8.87 (s, A—CH=N-, 2H), 13.78
(s, Ar—OH, 2H). The '*CNMR spectrum was not measured owing
to low solubility. ESI MS m/z 693.5 (caled for M + H*: m/z
693.8). Elemental Analysis Found: C, 74.86; H, 5.70; N, 3.82%.
Calcd for C44H40N206-(H20)()A673 C, 74.97; H, 5.91; N, 3.98%.

Crystal data for 2f: Cy65H43Cl75N,06, MW = 991.76, crystal
system = triclinic, space group P1 (#2), Z = 2 in a cell of dimen-
sions: a = 17.0224(5), b = 17.5847(3), ¢ =9.1478(1) A, a =
95.816(2), B = 102.718(3), y = 117.858(1)°, V = 2294.4(1) A3,
Deaiea = 1.435 g/em?. 0 = 5.12/cm, 19821 measured and 9728
unique reflections (20,.x = 55.0°, Ry = 0.045). R; =0.119,
Ry, = 0.240. The non-integral composition is a result of counting
half of the chloroform molecule. This chloroform molecule is
located around the crystallographic inversion point and is dis-
ordered with respect to its direction. The rather high R values seem
to be attributable to this disorder.

Compound 3b: 'THNMR § 2.30 (s, Ar—CHs, 6H), 3.50 (s, Ar—
CH,-C(=CH;)-, 4H), 3.70 (t, J =4.9 Hz, -O-CH,-CH,-O-,
4H), 3.82 (t, J = 4.9 Hz, -O-CH,-CH,-0O-, 4H), 392 (t, J =
4.1 Hz, Ar-O-CH,-CH,-O-, 4H), 4.16 (t, J = 4.1 Hz, Ar-O-
CH,-CH,-0O-, 4H), 4.75 (s, -C(=CH;)—, 2H), 6.93 (d, J/ = 8.3
Hz, ArH, 2H), 6.99 (t, J = 7.6 Hz, ArH, 2H), 7.06-07 (m, ArH,
4H), 7.18-23 (m, ArH, 4H), 8.65 (s, Ar—CH=N-, 2H), 13.82 (s,
Ar-OH, 2H). '3CNMR § 20.4, 35.6, 69.1, 69.6, 70.5, 70.9,
111.5, 112.8, 118.5, 118.8, 121.1, 127.1, 127.5, 127.7, 130.2,
134.9,137.5, 148.1, 152.5, 157.6, 161.5. ESIMS m/z 687.5 (calcd
for M + H': m/z 687.8). Elemental Analysis Found: C, 72.27; H,
6.65; N, 4.05%. Calcd for C4Hy4N,0O7: C, 72.27; H, 6.67; N,
4.21%.

Crystal data for 3b: C4oHy4N,O7, MW = 664.80, crystal system
= orthorhombic, space group Pca2; (#29), Z = 4 in a cell of di-
mensions: a = 8.6766(2), b = 21.9579(5), ¢ = 18.5332(4) A, V =
3530.9(3) A3, Degiea = 1.250 g/cm?. 4 = 0.85/cm, 29392 mea-
sured and 4179 unique reflections (20,.x = 55.0°, Riy = 0.051).
R; = 0.042, Ry, = 0.080.

Compound 3e: THNMR § 3.48 (s, Ar—-CH,—C(=CH,)-, 4H),
3.71 (t, J = 5.0 Hz, -O-CH,—CH,-0O-, 4H), 3.80 (t, / = 5.0 Hz,
—-O-CH,-CH,-0O-, 4H), 3.92 (t, J = 4.1 Hz, Ar—O-CH,-CH,—
O-, 4H), 4.16 (t, J = 4.1 Hz, Ar—~O-CH,—CH,-O—-, 4H), 4.81 (s,
—C(=CH,)-, 2H), 6.93 (d, J = 8.4 Hz, ArH, 2H), 6.99 (t, J =
7.6 Hz, ArH, 2H), 7.20 (d, J = 2.6 Hz, ArH, 2H), 7.22-26 (m,
ArH, 6H), 8.65 (s, Ar—-CH=N-, 2H), 14.18 (s, Ar-OH, 2H).
IBCNMR § 35.8, 69.4, 70.1, 71.0, 71.3, 113.2, 119.0, 120.3,
121.4, 121.6, 123.2, 128.8, 129.5, 130.2, 133.6, 136.8, 146.7,
153.0, 158.9, 160.3. ESI MS m/z 727.4 (calcd for M + Na™:
m/z 727.7). Elemental Analysis Found: C, 64.35; H, 5.29; N,
3.84%. Calcd for C3gH33C1,N,O7: C, 64.68; H, 5.43; N, 3.97%.

Compound 4b: 'THNMR § 2.29 (s, Ar—CH3, 6H), 3.49 (s,
Ar-CH,—C(=CH,)-, 4H), 3.84 s, Ar-O-CH;, 6H), 4.85 (s,
—-C(=CH,)-, 2H), 6.93 (d, J = 9.0 Hz, ArH, 2H), 7.04 (d, J =
1.7 Hz, ArH, 2H), 7.10 (d, J = 1.7 Hz, ArH, 2H), 7.25 (d, J =
9.0 Hz, ArH, 4H), 8.55 (s, Ar—-CH=N-, 2H), 13.47 (s, Ar-OH,
2H). "CNMR 8 204, 35.8, 55.5, 112.2, 114.5, 118.5, 121.2,
127.3, 127.5, 130.2, 134.9, 141.6, 157.0, 158.6, 160.6. ESI MS
m/z 557.4 (caled for M + Na't: m/z 557.6). Elemental Analysis
Found: C, 76.36; H, 6.32; N, 5.17%. Calcd for C34H34N,O4: C,
76.38; H, 6.41; N, 5.24%.

Compound 4c: '"HNMR § 1.33 (s, Ar—-C(CH3)3, 18H), 3.52
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(s, Ar—CH,—C(=CH,)-, 4H), 3.84 (s, Ar—O-CHj3, 6H), 4.86 (s,
-C(=CH,)-, 2H), 6.94 (d, J =9.0 Hz, ArH, 2H), 7.24 d, J =
2.5 Hz, ArH, 2H), 7.27 (d, J = 9.0 Hz, ArH, 4H), 7.36 (d, J =
2.5 Hz, ArH, 2H), 8.62 (s, Ar—-CH=N-, 2H), 13.52 (s, Ar-OH,
2H). '>CNMR § 31.5, 34.0, 36.0, 55.5, 112.4, 114.6, 118.1,
122.2, 126.6, 127.0, 131.5, 141.1, 141.7, 147.0, 157.0, 158.6,
161.1. ESI MS m/z 641.5 (caled for M + Na': m/z 641.8).
Elemental Analysis Found: C, 77.48; H, 7.47; N, 4.40%. Calcd
for C40H46N204I C, 77.64; H, 7.49; N, 4.53%.

Compound 4d: '"HNMR & 3.50 (s, Ar—CH,—C(=CH,)—, 4H),
3.79 (s, Ar-OCH3, 6H), 3.85 (s, Ar—O-CHs, 6H), 4.89 (s,
-C(=CH,)-, 2H), 6.76 (d, J = 3.1 Hz, ArH, 2H), 6.93 (d, J =
8.9 Hz, ArH, 2H), 6.94 (d, J = 3.1 Hz, ArH, 2H), 7.25 (d, J =
9.0 Hz, ArH, 4H), 8.56 (s, Ar—CH=N-, 2H), 13.25 (s, Ar—OH,
2H). BCNMR § 35.9, 55.5, 55.9, 113.5, 114.6, 118.5, 120.9,
122.3, 128.8, 141.5, 151.8, 153.6, 158.8, 160.3. ESI MS m/z
567.4 (calcd for M + H*: m/z 567.6). Elemental Analysis Found:
C, 72.23; H, 6.00; N, 4.92%. Calcd for C34H34N,Og: C, 72.06; H,
6.05; N, 4.95%.

Compound 4e: THNMR § 3.47 (s, Ar—-CH,—C(=CH,)-, 4H),
3.84 (s, Ar—-O-CHj3, 6H), 4.91 (s, -C(=CH,)—, 2H), 6.93 (d, J =
8.9 Hz, ArH, 2H), 7.20 (d, J = 2.6 Hz, ArH, 2H), 7.22 (d, J =
2.6 Hz, ArH, 2H), 7.25 (d, J = 9.0 Hz, ArH, 2H), 8.51 (s, Ar-
CH=N-, 2H), 13.74 (s, Ar—-OH, 2H). 3CNMR § 35.5, 55.5,
113.8, 114.7, 119.6, 122.4, 123.2, 129.1, 129.5, 133.2, 140.8,
145.6, 157.8, 159.0. ESI MS m/z 575.3 (calcd for M + H": m/z
575.6). Elemental Analysis Found: C, 66.91; H, 4.77; N, 4.79%.
Calcd for C3pHpgCIN,Oy: C, 66.78; H, 4.90; N, 4.87%.

Compound 4f: 'HNMR § 3.86 (s, Ar-O—CH3, 6H), 4.08 (s, Ar—
CH,—C(=CH,)-, 4H), 4.55 (s, -C(=CH,)-, 2H), 6.97 (d, J = 8.9
Hz, ArH, 4H), 7.29 (t, J = 7.5 Hz, ArH, 2H), 7.34 (d, J = 8.9 Hz,
ArH,4H),7.41 (t,J = 7.7 Hz, ArH,2H),7.79 (d,J = 7.5 Hz, ArH,
2H), 7.81 (d, J = 8.1 Hz, ArH, 2H), 7.86 (s, ArH, 2H), 8.79 (s, Ar—
CH=N-, 2H), 13.26 (s, Ar—-OH, 2H). The 3CNMR spectrum was
not measured owing to low solubility. ESI MS m/z 607.5 (calcd
for M + H*: m/z 607.7). Elemental Analysis Found: C, 77.49;
H, 530, N, 4.30%. Calcd for C40H34N204-(H20)0'672 C, 7764,
H, 5.76; N, 4.53%.

Compound 5e: 'HNMR § 3.47 (s, Ar-CH,—C(=CH,)—-, 4H),
3.76-78 (m, -O-CH,-CH,-O-, 16H), 3.92-94 (m, —O-CH,-
CH,-O-, 8H), 4.16-18 (m, —-O-CH,—-CH,-0O-, 8H), 4.90 (s,
—-C(=CH,)-, 2H), 6.85-90 (m, ArH, 6H), 7.21 (d, J = 2.6 Hz,
ArH, 2H), 7.23 (d, J = 2.6 Hz, ArH, 2H), 8.51 (s, Ar—CH=N-,
2H), 13.72 (s, Ar—OH, 2H). '3CNMR § 35.6, 69.0, 69.3, 69.5,
69.6, 70.5, 70.5, 71.1, 107.7, 113.4, 113.7, 114.3, 119.5, 123.2,
129.2, 129.6, 133.3, 141.5, 145.5, 148.8, 149.8, 157.8, 159.3.
ESI MS m/z 895.5 (calcd for M + H™: m/z 895.9). Elemental
Analysis Found: C, 61.13; H, 5.76; N, 2.98%. Calcd for
C46H52C12N2012-(H20)0,52 C, 61.06; H, 5.90; N, 3.10%.

Compound 5f: '"HNMR § 3.76-80 (m, —O-CH,—CH,—O-,
16H), 3.93-96 (m, -O-CH,—-CH,-0O-, 8H), 4.08 (s, Ar-CH,—
C(=CH,)-, 4H), 4.17-21 (m, -O-CH,-CH,-0O-, 8H), 4.55 (s,
-C(=CH;)—-, 2H), 6.91-96 (m, ArH, 6H), 7.29 (t, J = 7.4 Hz,
ArH, 2H), 7.41 (t, J = 7.7 Hz, ArH, 2H), 7.79 (d, J = 7.0 Hz,
ArH, 2H), 7.80 (d, J = 8.7 Hz, ArH, 2H), 7.87 (s, ArH, 2H),
8.77 (s, Ar—-CH=N-, 2H), 13.22 (s, Ar—-OH, 2H). '3CNMR §
31.7, 69.0, 69.3, 69.5, 69.6, 70.5, 70.5, 71.1, 107.8, 113.4, 114.3,
119.1, 121.0, 123.1, 123.8, 127.6, 128.2, 129.1, 132.9, 135.4,
142.0, 146.5, 148.6, 149.7, 154.5, 160.7. ESI MS m/z927.6 (calcd
for M + H™: m/7928.0). Elemental Analysis Found: C, 69.15; H,
621, N, 2.86%. Calcd for C54H53N2012-(H20)0‘51 C, 6929, H,
6.35; N, 2.99%.
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