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Abstract: Annelated triple-calix[4]arene-based tetradecaeth€®Me)y4 is synthesized. Its three isomerkX-
(OMe)14, 1Y-(OMe)14, 1Z-(OMe)14, are isolated and characterized. The corresponding triarylmethyl carbopolyanion
is prepared and oxidized to polyradical SQUID magnetometry fot in THF-dg/2-MeTHF givesS = 6.2, below

the theoretical value of 7 expected for strong ferromagnetic coupling between 14 “unpaired” electrons. Chemical
guenching studies suggest that approximately one deuterium from the deuterated solvent is incorptyatecds in
accounting in part foS < 7. Study of the temperature dependence of magnetization indicates that ferromagnetic
coupling between “unpaired” electrons is not very strong;ine., the thermal population of low-spin excited states

is detected in the cryogenic temperature range. Upon exposurénof HF-dg/2-MeTHF to ambient temperature

for 30 min, a narrow distribution of spin systems with an “average® 2.5 is obtained; upon a longer exposure
time of 24 h, an “averageS = 1 is produced.

Introduction

Two- and three-dimensional networks are prerequisites for
numerous interesting magnetic phenoméndetworks of
organic -conjugated polyradicals, in which strong through-
bond ferromagnetic couplings are achieved, may provide a route
to an organic ferromagnet with a high Curie temperatdierom
the synthetic point of view, polyradical networks, which are

highly annelated polymacrocyclic systems, are difficult tarfjets. Nog \Q/C' s €2 Q,
Oligomeric fragments of 2-strand are more straightforward ; ; Q/

synthetic goals (Figure B. Trimeric fragments of 2-strand, O +O-< VYAl ey
with three linearly annelated macrocyclic rings, are especially *@\ﬂcﬂc/@ﬁ\y@
attractive targets, accessible by convergent synthetic routes. . : : : .
Representative examples of such molecules are provided by @ @ @ @ @

annelated calix[4]arenes, annelated macrocyclic DNA strands,
or annelated tetra-phenylene$.”

Calix[4]arene-based polyradicals have been shown to have
adequate properties as high-spin building blotk8.Synthesis

® Abstract published ifAdvance ACS Abstract€ctober 15, 1997.
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H. Adv. Phys. Org. Chentl99Q 26, 179. (b) Dougherty, D. AAcc. Chem. electrons (e.g., triarylmethyl sites). Circles and lines in the spin cluster
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R. Chem: Eur. J1995 1, 403. ) )
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Sugimoto. T., Thompson, L. K., Eds.; ACS Symposium Series 644; ; . ; i
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Scheme 1.Synthesis of Triple-Calix[4]arene Tetradecaethki®©Me),4 (The Three Isolated Isomers Are Labeled-(OMe)14,
1Y-(OMe)14, and 1Z-(OMe)14)
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with a 2-strand, as illustrated by a cluster representation for ~70 and~50% for dendrimers with 15 and 31 sitésand
1(-)14, may help to maintaim-conjugation and ferromagnetic ~ ~25% for a linear chain with 30 sité8. Therefore, high-spin
coupling between all remaining electrons (Figure 1). In order polyradicals, based on 2-strands, should posses ferromagnetic
to quantitatively evaluate the impact of defects on ferromagnetic coupling even in the presence of moderate density of defects.
coupling in a high-spin polyradical, it is convenient to definea  This paper describes synthesis and magnetic studies of
parameter @), the percentage of polyradicals, in which all 2-strand trimacrocyclic high-spin polyradical.

remaining “unpaired” electrons are contained in a single spin

system with uninterrupted couplidg. For example, if a yield Results and Discussion

for generation of site with “unpaired” electron is 95%, the hesis of | . i h
following values of Q are obtained: 98, 97, and 96% for 1. Synthesis of Annelated Trimacrocyclic Tetradecaether

2-strands with 14, 26, and 38 sites (Figurenl= 1, 3, and 1-(OMe)s. The synthesis is based upon a convergent route,

5),1299 and 94% for monomacrocycles with 8 and 14 sites i.e., the construction of the two outer calix[4]arene rings
' ' precedes the assembly of the center ring. Because of large
(10) Borden, W. T.; Davidson, E. R. Am. Chem. Sod977, 99, 4587. number of possible cis/trans isomers flog{OMe)y4, only one

Fang, S.; Lee, M.-S.; Hrovat, D. A,; Borden, W. J. Am. Chem. Soc. f the most ndant isomers of th ter calix[4]larene ring i
1995 117, 6727. Ovchinnikov, A. ATheor. Chim. Actal978 47, 297. of the most abund somers of the outer calix{4]arene ring is

West, A. P., Jr.,; Silverman, S. K.; Dougherty, D. A. Am. Chem. Soc. used in_the SyntheSiS' )
1996 118, 1452. o _ Addition of methyl 4tert-butylbenzoate to 2 equiv of
(11) For selected examples of organic high-spin molecules and polymers, monolithiated 1,3,5-tribromobenzéfien ether produces alcohol

see: Nakamura, K.; Inoue, K.; lwamura, Angew. Chem., Int. Ed. Engl. . e . . - L
1993 32, 872. Murray, M. A.; Kaszynski, P.; Kaisaki, D. A.; Chang, W.- 2; subsequent etherification & with sodium hydride/iodo-

H.; Dougherty, D. A.J. Am. Chem. Sod 994 116, 8152. Matsuda, K.; methane gives eth& (Scheme 1). Double Li/Br exchange of
Nakamura, N.; Inoue, K.; Koga, N.; lwamura, Bull. Chem. Soc. Jpn.
1996 69, 1483. Nishide, H.; Kaneko, T.; Nii, T.; Katoh, K.; Tsuschida, E.; (14) Rajca, A.; Utamapanya, S. Am. Chem. Sod.993 115 10688.
Lahti, P.J. Am. Chem. S0d.996 118 9695. (15) Utamapanya, S.; Kakegawa, H.; Bryant, L.; RajcaCAem. Mater.
(12) Rajca, S.; Rajca, Al. Am. Chem. Sod.995 117, 9172. 1993 5, 1053.
(13) Rajca, A. IlModular Chemistry Michl, J., Ed.; Kluwer Academic (16) For 3,5-dibromophenyllithium, see: Chen, G. J.; Tamborski.C.

Publications: Dordrecht, The Netherlands; in press. Organomet. Cheml983 251, 149.
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Figure 2. Cis/trans isomers of calix[4]arene did@s"Ar” corresponds
to 4-tert-butylphenyl.

3 with t-BuLi in THF followed by addition of 1-(4ert-
butylbenzoyl)pyrrolidine and hydrolysis provides diketofe
In the macrocyclization step to form the outer calix[4]arene ring,
5(0.010 M in THF) is subjected to double Li/Br exchange with
t-BuLi (1.7 or 1.5 M in pentane); subsequently, diketohe
(0.025 M in THF) is rapidly cannulated to a precooled78
°C) solution of the dilithium compoun®!’ Four cis/trans
isomers for calix[4]arene did are isolated§A (7%), 6B (11%),
6C (7%), and6D (variable, very small yields)] in the order of
increasing polarity on silica gel. Compoungl& and6B have
no elements of symmetrgC and6D have a symmetry plane
on the NMR time scale. Among six possible cis/trans isomers
for diol 6, two of them have no elements of symmetry and the
other four have a symmetry plane (Figure 2). The two possible
nonsymmetrical isomers correspondé@ and 6B.
Etherifications o6A—C provide the corresponding isomers
7A—C. The isomer7B is selected for further synthetic
transformations. Following conversion 0B to diketone, the
macrocyclization step to form the center calix[4]arene ring
mimics the procedure outlined above, excéptand8 (0.013
M in THF) are used in the place &fand4.817 Three isomers
are isolated for triple-calix[4]arene dio@X (~8%),9Y (~9%),
and 9Z (~9%); the first two isomers have no element of
symmetry, and the third one has a 2-fold element of symmetry
on the NMR time scale. Etherifications &X—Z give the
corresponding tetradecaethdr¥-(OMe)14, 1Y-(OMe)14, and
1Z-(OMe)14.18

IR spectra show the presence of the OH groups in the products

of both macrocyclization steps, calix[4]arene di6&s—D and
triple-calix[4]arene diol9X and9Y.

In FAB MS, all 14 macrocylic intermediates give the expected
(M — OCHg)™ cluster ions as the most intense signals in the
high mass range; the diols show additional, moderately intense
(M — OH)" cluster ions. Measured and calculated isotopic
distributions for (M— OCHg)™ cluster ions show satisfactory
agreement. FAB MS for triple-calix[4]arentY-(OMe).4 is
shown in Figure 3.

Most NMR spectra are obtained in CRClIHowever, for
some polyethers with large number ofs80X (X = H, CHy)
moieties, benzends and cyclohexane; are used as solvents.
For selected diol$5C, 6D, 9Y, 9Z, H NMR spectra are also
recorded in the presence of small amounts gd0n order to
identify resonances corresponding to the OH groups.

(17) Rajca, A.; Padmakumar, R.; Smithhisler, D. J.; Desai, R. S.; Ross,
C. R.; Stezowski, J. J. Org. Chem1994 59, 7701.

(18) Detailed analysis of the possible isomers for the annelated triple-
calix[4]arenes is complicated becaud® used in the synthesis, corresponds
to one of the two nonsymmetrical isomers ©f Another problem is the
possibility of the noninterconverting (rigid) conformations for the center
calix[4]arene ring (ref 6). We thank the reviewer for pointing out rigidity
of the center ring in the annelated triple-calix[4]arenes.
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Figure 3. FAB MS for 1Y-(OMe)us. (A) Partial low-resolution
spectrum. (B) Stick plot for the (M- OCH)* ion cluster from the
high-resolution spectrum. (C) Calculated stick plot for the (M
OCH)*' ion cluster with formula @sgH297013 at natural isotopic
abundance.

13C DEPT/NMR spectra are obtained for most synthetic
intermediates in Scheme 1, except for all triple-calix[4]arene
derivatives, which are available only in small amounts. The
spectra are analyzed by comparing numbers of the expected
and measured resonances in distinct spectral regions (e.g.,
guaternary aromatic). Several spectral overlaps are encountered
for each calix[4]arene derivative, containing between 47 and
98 nonequivalent carbon atoms. Among the least resolved
spectral regions are methyl carbons of the t-Bu groups and
nonquaternary carbons in the aromatic region.

All compounds with only one calix[4]arene ring have sharp
IH NMR spectra at ambient temperature. For triple-calix[4]-
arene derivativesH NMR spectra at ambient temperature are
broadened. However, at elevated temperatures (348 K), sharp
spectra are obtained, suggesting fast exchange between con-
formations on the NMR time scale (Figures 4 and 5).

All synthetic intermediates in Scheme 1 poss#dsreso-
nances in three regions: aromatic (883 ppm), C-OCHC-
OH moieties (3.2-2.1 ppm), andert-butyl groups (1.41.1
ppm) (Figures 4 and 5). For selected macrocylic polyethers,
aromatic regions are analyzed with the helptidf-H COSY
correlations. The following discussion of thd NMR spectra
for two isomers of triple-calix[4]arene tetradecaethél-
(OMe)14 and 1Z-(OMe)14, highlights the spectral patterns
encountered in all other macrocyclic derivatives described in
this work.

The isomerlY-(OMe)14, which lacks elements of symmetry
on the NMR time scale, gives the most compféx NMR
spectrum in the aromatic region. In the COSY spectrum, there
are 48 “singlet” off-diagonal peaks, 32 “quadruplet” off-diagonal
peaks, and two singlets without off-diagonal peaks. The 48
“singlet” off-diagonal peaks correlate 24 1-proton triplét¢
2 Hz) resonances (eight 3-proton AMX/ABC spin systems),
corresponding to the eight inner benzene rings. The 32
“quadruplet” off-diagonal peaks correlate 32 2-proton doublet
(J = 9 Hz) resonances (16 4-proton AX/AB spin systems),
corresponding to 16 outer benzene ringgdet-butylphenyls).
The two prominent singlets (at 7.214 and 7.181 ppm) are two
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Figure 4. *H NMR (500 MHz, GD¢) spectrum forlY-(OMe)14 at 348 K. Main plot: full spectrum, EM= —1.85, GB= 1.20. Insert plot:'H—1H
COSY correlation in the aromatic region.

diagonal peaks correlate 12 2-proton triplets % 2 Hz),
corresponding to four pairs of the inner benzene rings. The 20
“quadruplet” off-diagonal” peaks correlate 4 2-proton and 16
4-proton doublets)~ 9 Hz), corresponding to two single and
) eight pairs of the outer benzene rings.
‘ 7 For all 14 macrocyclic intermediates, most peaks are resolved
| | I - for the C-OCH/C-OH moieties, with the exception of accidental
f | ﬂ;‘ L wwwf'w‘“ spectral overlaps. This spectral region is the least congested
- R TR————— and provides the best insight into purity of triple-calix[4]arene
derivatives. ThéH NMR spectrum forlY-(OMe)y4 at 348 K
| shows 12 3-proton and 1 6-proton resonances, in addition to
| | | several small peaks. The latter may correspond to another
| \‘ isomer of tetradecaether or an unknown impurity. However,
‘ ‘ | ] 14 3-proton singlets can be resolved at 328 K (Figure 5). For
| ‘ “ \ the symmetrical isomef,Z-(OMe)14, 6 sharp and 1 broadened
‘ ‘ | \ 6-proton resonances are found at 348 K.
\ ‘ In the t-Bu group region, the number of singlet resonances
"**»me“ “"’"M/ﬁ"’l"“‘l"“"%wwmwv. equals to the numt_Jer of the AX/AB spin syste_ms with= 9
‘ Hz for the aromatic protons, except for accidental spectral

overlaps. ForlY-(OMe)is, 14 9-proton and 2 18-proton
{ ‘ ! ‘ resonances are resolved. For the symmetrical isomér,
| n

\
|

A\ A,
———g Novrpaade”

|
| |
‘ . ¥

i ——— LT

W

(OMe)14, at 348 K, 5 18-proton and 1 54-proton resonances
are resolved, in addition to 1 18-proton resonance overlapped
‘ | with the signal from the solvent.

The analysis of théH NMR spectra forlY-(OMe)y4 (and,
“‘ analogously, forlX-(OMe)14) indicates lack of elements of
e symmetry on the NMR scale for this isomer. However,Idr
82 3 30 28 28 27 26 25 pem (OMe)14 2-fold element of symmetry, which divides the center
Figure 5. Partial'H NMR (500 MHz, GDs) spectra forlY-(OMe)1a calix[4]arene ring, is found. Eight tert-butylphenyls, associ-

in the C-OCHg region. Top: 298 K, EM= 0.10. Middle: 328 K, EM  ated with the exocyclic triarylmethyl centers, appear as four
= —1.85, GB= 1.20. Bottom: 348 K, EM= —1.85, GB= 1.20. diastereotopic pairs

collapsed 4-proton AB systems, corresponding to the remaining 2. Preparation and Quenching Studies of Annelated
two outer benzene rings (4+t-butylphenyls) (Figure 4). Trimacrocyclic Polyradical 1. In these studies, isomerkX-

The symmetrical isomef,Z-(OMe)14, provides much simpler ~ (OMe)14, 1Y-(OMe)14, and1Z-(OMe).4 are typically used as
picture. In the COSY45 spectrum, there are 24 “singlet” and a mixture, designated ds(OMe),s. Polyradicals are generated
20 “quadruplet” off-diagonal” peaks. The 24 “singlet” off- by the sequential procedure, similar to that described previ-

, N
- wwwwm} L,wr FUTUPRBIPTIPUUPSY Sopoete g ,»«M‘J ,_o«“J et bt
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Scheme 2 Generation of Polyradical and Quenching
Studies Where “Ar” Corresponds totért-Butylphenyl

Na/K I2, <168 K
. : —_—>
1-(OMe)14 W carbopolyanion| < 1
MeOH <168 - 195 K
or MeOD
4 Ar Ar Ar 4
% | | | X
Ar” \Q/X\Q/X\Q/X\Q/ “Ar
Ar— Ar‘? —Ar —Ar
Ars X X X ~Ar
X | ! | |
Ar Ar Ar Ar Ar

1-(H)14 (X = CH), 1-(D)14 (X = CD), 1-(D)13(H); (X = CD, CH)

ously®20put with modifications to accommodate micromolar

scale (Scheme 2).
Treatment of tetradecaeth&r(OMe);4 with an excess of
Na/K alloy in tetrahydrofuran (THF) or tetrahydrofurds-

J. Am. Chem. Soc., Vol. 119, No. 43, 190339
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Figure 6. SQUID magnetometryH{ = 0—5.0 T) for polyradicall in
THF-dg/2-MeTHF. Main plot: M/Msa vs HI(T — 0), 6 = —0.34 K;

(THF-dg) gives red solutions of the corresponding carbopoly-  the experimental points are obtainedTat 2, 3, and 5 K. The lines
anion. A quenching experiment is carried out in order to verify correspond to thé&s = 5, 6, and 7 Brillouin functions. The fitting

structure of carbopolyanion.
prepared in THF and treated with MeOH, hydrocarfiefiH)4
is isolated. Thé'H NMR spectra ofl-(H)14 consist of broad

When the carbopolyanion is parameters af = 2, 3, and 5 K ar&S= 6.20, 6.22, and 6.20 andsx

x 10 = 6.03, 6.03, and 5.98 emu; the parameter dependence is 0.33,
0.44, and 0.60. Insert: plot MTvsTatH =0.5T.

resonances suggesting a complex mixture of isomers possessinghift corresponding to triarylmethane deuteria is observed in

aromatic, triarylmethane (A€H), andtert-butyl hydrogens and

devoid of CHO groups. FAB MS shows (M- H)™ ion cluster,

with the most intense isotopic componentnalz 3179.1%1
Oxidation of the carbopolyanion in TH& with I, at the

the 2H NMR spectrum. FAB MS shows an ion cluster with
significantly wider isotopic distribution, shifted by12/13 amu,
compared to that fot-(H).14. Because of the possible isotope
effects, the contributions of (M- D)*, (M — H)*, and other

temperatures close to the freezing point of the reaction mixture, plausible clusters to the overall intensity is not known;

gives the annelated trimacrocyclic polyradi¢al [The addition

consequently, the relative amounts af,BD;; isotopomers are

of Iz in small portions is accompanied by transfers of small difficult to estimate. This product, labeldd(D)4, corresponds

amounts of THRdg or 2-methyltetrahydrofuran (2-MeTHF).]

Part of the reaction mixture is transferred at low temperature to

to a distribution of highly deuterated isotopomerslefH)14.
Magnetization 1) is measured as a function of magnetic field

a quartz tube, flame sealed, and stored in liquid nitrogen for (H = 0—5.0 T) and temperaturd (= 1.8—130 K) for 0.001 M
magnetic studies; the remaining reaction mixture in the oxidation 1 in THF-dg/2-MeTHF or 1 in THF-dg, using a SQUID
vessel is stirred with Na/K alloy at low temperature and, magnetometer.

subsequently, treated with MeOH or MeOD.

For1in THF-dg/2-MeTHF, theM vs H data afl = 2, 3, and

The hydrocarbon product isolated from the MeOH-quench 5 K are initially fit to a Brillouin function,M vs H/T, with two

of polyradicall in THF-dg gives andH NMR spectrum similar
to that for1-(H);4. However, FAB MS shows an ion cluster

variable parameters, spi, and magnetization at saturation,
Msa: However, temperature-dependent valueS afe obtained,

with identical isotopic peak height pattern, which is shifted by suggesting presence of small antiferromagnetic interactions.

+1 amu, compared to that fdr-(H)14.222% This discrepancy
may result from errors in integrations in tHe NMR spectrum.

Introduction of a mean-field parametef, = —0.34, i.e.,
replacingH/T with H/(T — 6), gives an adequate fit witG =

Because of large numbers of protons and broadeness of peakss.2 (Figure 6%4 When the sample is melted at 130 K and,

such errors may be on the order [dH|. These results are
compatible with1-(H)13(D)1 (D isotopomer ofl-(H)14), for
which (M — H)* cluster is observed in FAB MS.

then, slowly refrozen in the magnetomet8iioes not change
but |0| decreases from 0.34 to 0.23. Analogous analysid for
in THF-dg givesS= 5.8 and a very smalp| < 0.05 K (@ <

The hydrocarbon product isolated from MeOD quench of 0) but the fit to Brillouin function is not as good as for the

polyradicall in 2-MeTHF/THFdg gives alH NMR spectrum

sample withS= 6.2 (Figure 7). Increasing temperature of the

with integration suggesting presence of approximately two sample to 170 K, followed by slow cooling in the magnetometer,
triarylmethane hydrogens. Also, a broad singlet at the chemical also decrease9)|.

(19) Rajca, AJ. Am. Chem. S0d.990 112, 5890.

(20) Rajca, A.; Rajca, SI. Am. Chem. Sod.996 118 8121.

(21) Isotopic intensities in FAB MS for low molecular weight calix[4]-
arene-based polyarylmethanes are compatible withaid (M + H)*
clusters (ref 8).

(22) The+1 amu mass shift of the (M- H)* clusters betweef-(H)14
and 1-(H)13(D)1 was confirmed by repeating FAB MS analysis for both

TheM vs T data at constarid = 0.5 T are plotted aMT vs
T (Figures 6 and 7, insert plots). A downward turn of the plot
at low T is consistent with both negative mean-field parameter
(6 < 0) and partial saturation dfl at low T. More important
is the downward slope at high suggesting thermal population
of low-spin excited states; that is, the intramolecular ferro-

compounds, using a narrow mass range, high-resolution scan with identicalmagnetic coupling is not strong.

mass calibration.
(23) The amount of.-(H)13(D):1 was insufficient to permit observation
of its °ZH NMR spectrum in a reasonable acquisition time.

(24) Carlin, R. L.MagnetochemistrySpringer-Verlag: Berlin, 1986.
Also, see: note 28.
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Figure 7. SQUID magnetometryH = 0—4.8 T) for polyradicall in
THF-ds. Main plot: M/Msy vs HI(T — 6), 6 = —0.025 K; the
experimental points are obtained Bt= 1.8, 3, and 5 K. The lines
correspond to thes = 5, 6, and 7 Brillouin functions. The fitting
parameters at = 1.8, 3, ad 5 K areS= 5.77, 5.78, and 5.76 and
Msat x 10° = 3.85 emu at all temperatures; the parameter dependence
is 0.29, 0.42, and 0.63. Insert: plot MTvsTatH =0.5T.

The lower value ofS, compared to the theoretic8l= 7 for
a perfect high-spin tetradecaradical, may be explained by the

presence of defects. Quenching experiments suggest that in the

Rajca et al.

Figure 8. Tentative structure for polyradicdland the corresponding
symmetric trimer model. “Ar” corresponds totért-butylphenyl.
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reaction sequence in Scheme 2, one deuteron (or deuterium) is

abstracted from the solvent, at the stage of carbopolyanion (or
tetradecaradical); this would lead to a polyradical v8ts 6.5.
Furthermore, inadvertent moisture, excesszpflimerization,
etc., could further lower the averagdo the observed value of
S=6.2 for1in THF-dg/2-MeTHF andS= 5.8 for 1 in THF-

ds. Differences in values dBbetween the two types of samples
may arise from different temperatures at which their oxidations
are carried out; that is, the melting points (or softening range)
of the two reaction mixtures are significantly different. The
sites of the defects, corresponding to lowering valu& fsbm

7 to 6.2 and 5.8, could not rigorously be determined.

For isolated polyradicals, in which intramolecular ferro-
magnetic coupling between all its “unpaired” electrons is
associated with energy exceedRg (strong coupling), the data
M vs H/T should follow one Brillouin function and the plot
MT vs T should be flat throughout th& range; i.e., the
polyradical would behave as a perfect paramagnet. The drop
off in the MT vs T plot at highT suggests the presence of low-
lying low-spin excited state(s). One of the possible structures
is shown in Figure 8. Our speculation is that strain in the center
calix[4]arene ring may increase basicity of its arylmethyl
carbanion sites and, therefore, facilitate formation of the defect.
Furthermore, severe twisting of arylmethyl bonds around the
remaining site with “unpaired” electron in the center calix[4]-
arene ring could weaken the spin coupling. Therefore, the
resultant structure could be approximated as a trimeg of
Y,, S = S = 3. For such symmetric trimer, the Heisenberg
hamiltonian, —2J($;S; + $:S), is analytically solvabl@$26
elucidation of eigenvalues reveals that the energy difference
between thes = 1%/, ground state an& = 1/, lowest excited

(25) Heisenberg, WZ. Phys.1926 38, 441. Dirac, P. A. M.Proc. R.
Soc.1926 112A 661.
(26) Belorizky, E.; Fries, P. HJ. Chim. Phys. (Paris1993 90, 1077.

H/(T-6)(T/K)
Figure 9. SQUID magnetometryH{ = 0—5.0 T) for polyradicall in
THF-dg/2-MeTHF, following exposure to ambient temperature. (The
initial value of Sis 6.2, see Figure 6.) The lines correspond to the
Brillouin functions with S = 7, 5,, and 1. After 0.5 h at ambient
temperature, th#1/Msa vs H/(T — 6), 8 = —0.20 K, plot corresponds

to the experimental points &t= 1.8, 3, and 5 K. The fitting parameters
atT=1.8, 3, anl 5 K areS= 2.56, 2.54, and 2.59 andsy x 10° =

2.62, 2.62, and 2.61 emu; the parameter dependence is 0.41, 0.62, and
0.84. After 24 h at ambient temperature, M8V, vs HI(T — 6), 6 =

0 K, plot corresponds to the experimental point§at 1.8, 3, and 5

K. The fitting parameters & = 1.8, 3, anl 5 K areS= 1.04, 1.14,

and 1.13 andVls x 10° = 1.13, 1.11, and 1.12 emu; the parameter
dependence is 0.52, 0.80, and 0.96.

state is onlyd. Forlin THF-dg, theMT vs T data are fit to the
trimer model withJ/k ~ 70 K2728 This J/k should be scaled
by a factor of 2 to obtair'/k across “twisted” 1,3-phenylene
moieties in the center calix[4]arene ring, i.8/k ~ 140 K?°
The small but significant valu@g|, (6 < 0) of the mean-
field correction, especially for more concentrafeth THF-dg/
2-MeTHF, suggests small antiferromagnetic interactions for

(27) Adequate fit to the trimer model requires introduction of a third
variable parameteigia, (J @and number of molesy, are the other two
parameters) to account for a small error (ca. 1%) of point-by-point correction
for diamagnetism. Standard errors and parameter dependencies for variable
parameters are as follows: 3% and 0.9, 0.1% and 0.51N), 5% and
0.97 Maia).

(28) Consideration of simple Boltzman factors shows that population of
the excited states in the =8 K range is negligible for the model trimer
with J/k = 70 K. More rigorously, wheM(H, T) is calculated for the model
trimer, excellent fits to Brillouin function af = 1.8, 3, and 5 K, with two
variableS andMs,; are obtained; i.eS= 6.500 in the 1.85 K range, as
expected for the ground state of the model trimer.

(29) Itoh, K. Pure Appl. Chem1978 50, 1251. Jacobs, S. J.; Schultz,
D. A.; Jain, R.; Novak, J.; Dougherty, D. A. Am. Chem. S0d.993 115
1744.
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polyradicals in frozen solution. Determination of whether these with water and the solution was extracted with ether, the ether layer
antiferromagnetic interactions are intra- or intermolecular by was washed with water and brine and then dried over MgSO
dilution studies is hampered by the lack of sufficient amount Concentration in vacuo gave a brown solid (19.43 g). Recrystallization

of tetradecaether precursors for polyradical.
Interestingly, when 0.001 Ml in THF-dg/2-MeTHF is

from hexane gave 13.86 g (81%) of light yellow crystals. From three
reactions on the 18 g scale, 41.15 g (81%) of alcé¢halas obtained
from 15.52 g of methyl 4ert-butylbenzoate; mp 146C; *H NMR

measured after exposures to ambient temperature for 30 MiNCDC) 7.615 (1,0 = 2, 2 H), 7.431 (dJ = 2, 4 H), 7.382 (dJ = 8.5,

and 24 h, theM vs H data approximately follow Brillouin
functions and indicate decreaseS®from the original value of
6.2 to~2.5 and~1, respectively (Figure 9). Alsdsy x 10°,

2 H), 7.069 (dJ = 8.5, 2 H), 2.678 (s, 1 H), 1.332 (s, 9 HFC{H} -
DEPT(135) NMR (CDCls) 151.7, 149.5, 141.5, 133.4, 129.5, 127.4,
125.7, 122.9, 80.5, 34.6, 31.2; CH, GH33.4, 129.5, 127.4, 125.7,

which is linearly related to the number of “unpaired” electrons 31.2.

in the sample, decreases from 6.0 to 2.6 and 1.1 emu,

respectively. HoweverMs,{S, which is linearly related to
number of moles of spin systems with an “averagg”is
approximately constant for the samples wih= 6.2, ~2.5,
and ~1. Suprisingly, thermal decomposition &fdoes not

interrupt ferromagnetic coupling between the remaining “un-
paired” electrons; i.e., the “unpaired” electrons belong to a single

ferromagnetically coupled spin system.

Conclusion

Ether 3. Sodium hydride (4.16 g of 60% dispersion in mineral olil,
0.104 mol) was washed with pentane under nitrogen flow followed by
addition of THF (215 mL). The resultant suspension was cooled to 0
°C. A solution of alcohoR (13.14 g, 20.79 mmol) in THF was added
to the suspension, followed, after 1 h, by iodomethane (20.8 mL, 0.333
mol). The reaction mixture was allowed to warm to ambient temper-
ature and followed with TLC until the starting material was not
detectable. After extraction with ether, the combined organic layer
was washed with water and brine and then dried over MgSO
Concentration in vacuo gave a light yellow solid, which was recrystal-
lized from MeOH/ether to give two crops of colorless crystals (12.41

A trimeric fragment of 2-strand, based on calix[4]arene g, 92%) of ethel3. From three reactions on the 13 g scale, 37.67 g

macrocycles, provides polyradical with high-spin ground state.

The measured value of spiS,= 6.2, is below the theoretical

(90%) of ether3 was obtained from 40.90 g of alcohal mp 180°C;
1H NMR (CDCly) 7.565 (t,d = 2, 2 H), 7.516 (dJ = 2, 4 H), 7.378
(d,J=8.5,2H), 7.177 (dJ = 8.5, 2 H), 3.007 (s, 3 H), 1.337 (s, 9

value of 7. Quenching studies suggest presence of defects; i.€.,). 13014} DEPT(138) NMR (CDCl) 151.3, 147.9, 136.6, 133.1,
not all 14 but only 12 or 13 “unpaired” electrons are generated 1299 129.1 1253, 122.7, 85.5 52.2, 34.6, 31.3: CH, T33.1, 129.8,
in polyradicall. Furthermore, ferromagnetic coupling between 129.1, 125.3, 52.2, 31.3. Anal. Calcd fop82,0Brs: C, 44.62; H,
these “unpaired” electrons is relatively weak, compared to that 3.43. Found: C, 44.54; H, 3.77.

of typical 1,3-phenylene-based polyarylmethyls, presumably,

because of out-of-plane distortion of theconjugated system.

Diketone 4. t-BuLi (26.3 mL of a 1.5 M solution in pentane, 39.5
mmol) was added to eth&(6.380 g, 9.876 mmol) in THF (200 mL)

Two- or three-dimensional net will require careful design to at—78°C over a period of 20 min. After 3 h, 1-(rt-butylbenzoyl)-

accommodater-conjugation, connectivity compatible with

pyrrolidine (5.018 g, 21.72 mmol) in THF (100 mL) was quickly added

ferromagnetic coupling, adequate steric hindrance to stabilize to the reaction mixture. The reaction mixture was allowed to warm to

radical sites, and efficient synthetic methodology.

Experimental Section

Materials and Special Procedures. Ether and tetrahydrofuran

ambient temperature overnight. After the reaction was quenched with
water and the solution was extracted with ether, the combined organic
layer was washed with water and brine and then dried over MgSO
Concentration in vacuo gave a light yellow solid (9.085 g). Column
chromatography (silica gel, 230100 mesh, 5% ether in hexane)

(THF) for use on vacuum line were distilled from sodium/benzophenone produced 7.290 g (91%) of colorless solid of diketdnehich was of

in a nitrogen atmosphere.
ultradry) was obtained from Johnson-Mathey. TH§(99.95% D),

lodine (99.999%, resublimed crystals, sufficient purity for the next step in the synthesis. From four reactions

on the 3, 4, and 6 g scales, 21.71 g (85%) of diketdémeas obtained

which was obtained from Cambridge Isotope Labs, was doubly vacuum from 20.42 g of etheB. A sample for elemental analysis was obtained

transferred from sodium/benzophenone prior to the usBulLi was
obtained from either Aldrich (1.7 M in pentane) or Across (1.5 M in
pentane). Other major chemicals, including MeOD (994D), were
obtained from Aldrich. Synthesis of dibromotriettiewas previously
described. Vacuum lines (10° Torr) were used for all air-sensitive
synthetic procedureX.

NMR Spectroscopy and Other Analyses. NMR spectra were
obtained with Omega spectrometeltd,(300 and 500 MHz) in CDG]
benzeneds, and acetoneks; the chemical shift references wéte (TMS,
0.0 ppm; benzends, 7.15 ppm; acetonds, 2.04 ppm) and3C (CDCk,
77.0 ppm). Coupling constantd) @re given in hertz. Unless indicated
otherwise, exponential multiplications (EM) of 0.1 and 1.0 Hz, prior
to Fourier transform, were used fdH and '3C NMR spectra,
respectively. For those selectédl and 3C NMR spectra, where

spectral resolution was enhanced by combination of exponential

by additional treatment with MeOH (to remove residual hexanes): mp
128-130 °C; FAB MS (ONPOE),m/z (% RA for m/z 300-810) at
(M + H)* 807.1 (50), 808.1 (30), 809.1 (100), 810.1 (50), 811.1 (60),
812.1 (20) at (M— OCHg)* 775.1 (25), 776.1 (15), 777.1 (50), 778.1
(30), 779.1 (30), 780.1 (15); calcd. foudElssOsBr, at (M + H)*™ 807.2
(50), 808.2 (30), 809.2 (100), 810.2 (50), 811.2 (60), 812.2 (39);
NMR (CDCls) 7.904 (t,J = 2, 2 H), 7.826 (tJ = 2, 2 H), 7.715 (tJ
=2,2H), 7.666 (dJ = 8.5, 4 H), 7.456 (dJ = 8.9, 4 H), 7.367 (d,
J=28.5,4H), 7.248 (d) = 8.5, 4 H), 3.046 (s, 3 H), 1.333 (s, 18 H),
1.332 (s, 9 H):C{*H} DEPT(133) NMR (CDCl) 194.3, 156.9, 151.2,
146.6, 139.5, 137.2, 134.1, 133.8, 131.5, 130.2, 129.0, 128.4, 125.5,
125.3,122.6, 86.0,52.2, 35.1, 34.5,31.3, 31.1. CHz:C134.1, 131.6,
130.2, 129.0, 128.3, 125.5, 125.3, 52.2, 31.3, 31.0. Anal. Calcd for
Cu6H4803Br2: C, 68.32; H, 5.98. Found: C, 68.29; H, 6.17.
Calix[4]arene Diols 6. t-BuLi (5.90 mL of 1.7 M solution in

multiplication and Gaussian broadening (GB), prior to Fourier trans- pentane, 10.0 mmol) was added to a solution of dibromo trigbher

form, parameters EM and GB are shown with the spectral d&tha.
NMR spectrum forl-(D).4 (and attempted spectrum far(H)13(D)1)

(2.764 g in 250 mL of THF, 2.50 mmol) at78 °C. After 1 h, a
solution of diketone4 (2.022 g in 100 mL of THF, 2.50 mmol) was

in acetone was obtained without lock (40 000 scans, 0.13 s acquisition cannulated to the reaction mixture. The reaction mixture was allowed

time). IR spectra were obtained as previously descrited.

to warm to ambient temperature overnight. After the reaction was

Elemental analyses were completed by M-H-W Laboratories, P.O. quenched with water (25 mL) and the solution was extracted with ether,

Box 15149, Phoenix, AZ 85060.
Alcohol 2. n-BulLi (24.0 mL of a 2.5 M solution in hexanes, 60.0

the combined organic layer was washed with water and brine and then
dried over MgS@ concentration in vacuo gave a yellow solid. Column

mmol) was added dropwise to 1,3,5-tribromobenzene (18.89 g, 60.0 chromatography (TLC grade silica gel, hexane/ether, 6 to 9%) produced

mmol) in ether (500 mL) at-78 °C. After 2 h, methyl 4tert-

three isomers (in the order of increasing polarity on silica §4l)6B,

butylbenzoate (5.174 g, 26.92 mmol) in ether (20 mL) was added to and6C, which were of sufficient purity for the next step in the synthesis.
the above reaction mixture. The reaction mixture was allowed to warm For example, from eight reactions on the d&hg scales, 1.941 g of
to ambient temperature overnight. After the reaction was quenched 6A (7%), 3.250 g 06B (11%), and 2.021 g &C (7%) were obtained
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from 17.956 g of dibromo triethes. In selected runs, a small amount  (q), 34.40 (q), 34.38 (q), 34.36 (q), 31.40, 31.37, 31.33; IR({rB500
of the forth isome6D was isolated. (O—H), 1599 (Ar).

For 6A: FAB MS (ONPOE),m/z (% RA for m/z 400—2000) at (M For 6D: FAB MS (3-NBA) m/z (% RA for m/z 400—2300) at (M
— OCHy)* 1721.8 (50), 1722.8 (60), 1723.8 (100), 1724.8 (95), 1725.8 — OCH)* 1721.9 (45), 1722.9 (55), 1723.9 (100), 1724.9 (95), 1725.9
(85), 1726.8 (65), 1727.8 (35) at (M OH)* 1735.7 (20), 1736.7 (25), (85), 1726.9 (60), 1727.9 (30), 1728.9 (10); at (MOH)* 1736.0
1737.7 (45), 1738.7 (45), 1739.7 (40), 1740.7 (30), 1741.7 (15); calcd (15), 1737.0 (20), 1738.0 (40), 1739.0 (35), 1740.0 (35), 1741.0 (20),
for Cy13H1270sBr> at (M — OCHg)* 1721.8 (35), 1722.8 (45), 1723.8  1742.0 (10)H NMR (500 MHz, EM= —1.1, GB= + 0.5, CDC})
(100), 1724.8 (100), 1725.8 (95), 1726.8 (70), 1727.8 (35), 1728.8 (15); 7.467 (t,J=2,2 H), 7.447 (tJ=2,2 H), 7.372 (t)= 2, 2 H), 7.355

1H NMR (500 MHz, EM= —1.9, GB= +0.9, CDC}) 7.534 (t,J = (t, J=2,2H),7.318 (dJ =9, 4 H), 7.24-7.07 (m, 20 H), 7.016 (d,

2, 1 H), 7.492 (tJ = 2, 1 H), 7.439-7.421 (m, 4 H), 7.360 (1) = 2, J=09,2H),6.872(dJ=9, 2 H), 6.858 (dJ = 9, 4 H), 6.705 (tJ

1 H), 7.273 (tJ = 2, 1 H), 7.258-7.256 (m, 4 H), 7.2467.054 (m, =2, 2 H), 6.477 (tJ = 2, 2 H), 6.706 (bs, 2 H), 6.477 (bs, 2 H),
22 H), 7.015 (dJ = 9, 2 H), 6.912-6.895 (m, 3 H), 6.805 (d]) = 9, 2.898 (s, 3 H), 2.808 (s, 6 H), 2.746 (s, 2 H, exchangeab®)[®.712

2 H), 6.769 (tJ = 2, 1 H), 6.635 (tJ = 2, 1 H), 6.337 (tJ = 2, 1 H), (s, 3 H), 1.370 (s, 18 H), 1.310 (s, 9 H), 1.275 (s, 18 H), 1.270 (s, 18

2.859 (s, 3 H), 2.722 (s, 3 H), 2.764 (s, 3 H), 2.745 (s, 2 H), 2.721 (s, H), 1.267 (s, 9 H); IR (cm!) 3500 (O-H), 1567 (Ar).

3 H), 1.311 (s, 9 H), 1.301 (s, 9 H), 1.290 (s, 9 H), 1.271 (s, 9 H), Calix[4]arene Hexaethers 7. Sodium hydride (0.42 g of 60%
1.263 (s, 27 H), 1.238 (s, 9 HRC{*H}DEPT(135) NMR (125 MHz, dispersion in mineral oil, 10.6 mmol) was washed with pentane under
EM = —1.1, GB= + 0.9, CDC}) aromatic quaternary region expected nitrogen flow followed by addition of THF (40 mL). The resultant
28 resonances, found 27 resonances at 150.5 (), 150.2 (g), 150.1 (g)suspension was cooled to°C. A solution of6A (1.857 g in 30 mL
149.7 (9), 149.40 (), 149.36 (), 149.32 (), 149.0 (q), 148.7 (9), 146.1 of THF, 1.060 mmol) was added to the suspension. After 15 min,
(9), 145.6 (q), 145.3 (9), 144.8 (q), 144.4 (), 143.8 (q), 143.31 (q), iodomethane (4.51 g, 3.29 mmol) was added to the reaction mixture.
143.27 (q), 143.24 (q), 142.9 (q), 141.10 (q), 141.04 (g), 140.98 (g), The reaction mixture was allowed to warm to ambient temperature
140.87 (), 139.0 (g), 138.3 (g), 122.0 (g), 121.8 (g); aromatic slowly. After the mixture was extracted with ether, the combined
nonquaternary region expected 28 resonances, found 28 resonances airganic layer was washed with water and brine and then dried over
129.7,129.4,129.3, 129.0, 128.8, 128.7, 128.41, 128.40, 128.34, 128.25MgSQy; concentration in vacuo gave a yellow solid. An analogous
127.9,127.8,127.60, 127.55, 127.44, 127.37, 127.1, 126.0, 125.8, 125.6 procedure was used to convert isomgBsand6C to the corresponding
124.8, 124.7, 124.6, 124.5, 124.41, 124.36, 124.34, 124.32; aliphatic hexaether§gB and7C.

region 87.1 (), 86.9 (q), 86.7 (q), 86.2 (q), 81.8 (), 81.4 (4), 52.1,  7A. From6A (1.857 g), 1.652 g of crudeA was obtained. Column
52.0, 51.96, 51.9, 34.46 (q), 34.43 (q), 34.41 (), 34.37 (0), 34.35(d). chromatography (TLC grade silica gel, hexane/ether, 96:4) gave a pale
31.38, 31.37, 31.34, 31.32; IR (c) 3500 (O-H), 1596 (Ar). yellow solid, 1.200 g. Crystallization/precipitation from methanol/ether
For 6B: FAB MS (ONPOE),n/z (% RA for nVz 400—-1800) at (M gave a white powder, 0.782 g (41 %), with mp196—197°C. For
— OCHg)* 1720.9 (10), 1721.9 (45), 1723.0 (55), 1724.0 (100), 1725.0 7A: FAB MS (3-NBA) mVz (% RA for nVz 400—-1900) at (M-OCHg)™
(90), 1726.0 (85), 1727.0 (60), 1728.0 (30); at (MOH)* 1736.0 1748.8 (15), 1749.8 (50), 1750.8 (60), 1751.8 (100), 1752.8 (100),
(20), 1737.0 (25), 1737.9 (40), 1738.9 (40), 1739.9 (35), 1741.0 (25), 1753.8 (85), 1754.8 (65), 1755.8 (30), 1756.8 (15); calcd fig#Gs0s-
1742.0 (10);*H NMR (500 MHz, EM= —1.9, GB= +0.9, CDC}) Br; at (M—OCHs)* 1749.8 (35), 1750.8 (45), 1751.8 (95), 1752.8 (100),
7.482-7.472 (m, 2 H), 7.461 (1) = 2, 1 H), 7.442 (tJ = 2, 1H), 1753.8 (95), 1754.8 (70), 1755.8 (40), 1756.8 (1B)NMR (500 MHz,
7.420 (t,J =2, 1 H), 7.300 (tJ = 2, 1 H), 7.246-6.968 (m, 33 H), EM = —-1.2, GB= +0.7, CDC}, *H—'H COSY cross-peak) 7.582 (t,
6.868 (t,J=2,2 H), 6.829 (tJ =2, 1 H), 6.635 (tJ =2, 1 H), 2.849 J=2,1H,7.276, 6.776), 7.513 (§,= 2, 1 H, 7.344, 7.049), 7.389
(s, 3H), 2.823 (s, 3 H), 2.770 (s, 3 H), 2.684 (s, 3 H), 2.608 (s, 1 H), (t,J=2, 1H,7.357,7.115), 7.357 d,= 2, 1 H, 7.389, 7.115), 7.344
2.585 (s, 1 H), 1.288 (s, 9 H), 1.282 (s, 9 H), 1.280 (s, 9 H), 1.272 (s, (t,J=2,1H, 7.513, 7.049), 7.292 @,= 2, 1 H, 7.152, 7.108), 7.284
18 H), 1.270 (s, 9 H), 1.266 (s, 9 H), 1.260 (s, 9 HJC{*H}- (d,J=09, 2 H, 7.158), 7.269 (t) = 2, 1 H, 7.582, 6.776), 7.220 (d,
DEPT(1358) NMR (125 MHz, EM = —1.2, GB = +2.0, CDC}) J=09,4H,7.161),7.220(d] =9, 2 H, 7.124), 7.213 (A1 =9, 2 H,
aromatic quaternary region expected 28 resonances, found 27 resonance&017), 7.200 (dJ = 9, 2 H, 7.051), 7.191 (d) = 9, 2 H, 7.120),
at 150.3 (q), 150.2 (q), 150.0 (q), 149.52 (q), 149.46 (q), 149.43 (q), 7.161 (d,J=9, 4 H, 7.220), 7.161 (d] = 9, 2 H, 6.944),7.158 (d]
149.34 (q), 149.30 (q), 148.81 (q), 148.78 (q), 145.32 (q), 145.21 (q), = 9, 2 H, 7.284), 7.152 (t) = 2, 1 H, 7.292 (overlapped), 7.108),
145.16 (q), 145.10 (q), 143.7 (q), 143.6 (q), 143.24 (q), 143.21 (q), 7.124 (d,J =19, 2 H, 7.220), 7.120 () =9, 2 H, 7.191), 7.115 ({J
142.9 (qg), 142.7 (q), 141.4 (g), 141.3 (q), 140.6 (q), 140.1 (g), 138.9 =2, 1 H, 7.389, 7.357), 7.051 (d,= 9, 2 H, 7.200), 7.049 () = 2,
(a), 122.0 (), 121.8 (qg); aromatic nonquaternary region expected 28 1 H, 7.513, 7.344), 7.017 (3,= 9, 2 H, 7.213), 7.018 (1 = 2, 1 H,
resonances, found 24 resonances at 130.0, 129.6, 129.2, 128.9, 128.64,152, 7.292), 6.944 (d,= 9, 2 H, 7.161), 6.776 (1 = 2, 1 H, 7.582,
128.59, 128.48, 128.14, 128.11, 128.06, 127.9, 127.8, 127.48, 127.44,7.276), 2.910 (s, 3 H), 2.849 (s, 3 H), 2.844 (s, 3 H), 2.788 (s, 3 H),
127.39,126.72, 126.66, 125.0, 124.73, 124.64, 124.56, 124.47, 124.392.648 (s, 3 H), 2.619 (s, 3 H), 1.311 (s, 9 H), 1.284 (s, 18 H), 1.282 (s,
124.36; aliphatic region 87.0 (q), 86.8 (q), 86.7 (q), 86.2 (q), 81.63 9 H), 1.278 (s, 9 H), 1.269 (s, 9 H), 1.267 (s, 18 H3C{'H}-
(), 81.60 (q), 52.2, 52.1, 52.0, 34.4 (q), 34.47 (q), 34.34 (q), 31.42, DEPT(1358) NMR (125 MHz, EM = —1.0, GB = +2.0, CDC})
31.37; IR (cm!) 3500 (O-H), 1598 (Ar). aromatic quaternary region expected 28 resonances, found 26 resonances
For 6C: FAB MS (3-NBA) mVz (% RA for m/z 400-2000) at (M at 150.12 (q), 149.96 (q), 149.91 (q), 149.40 (q), 149.35 (q), 149.28
— OCHg)* 1721.8 (50), 1722.8 (60), 1723.8 (100), 1724.8 (95), 1725.8 (0),148.3 (q), 147.8 (q), 146.0 (q), 145.0 (q), 143.4 (q), 143.3 (q), 142.8
(85), 1726.8 (60), 1727.8 (30), 1728.8 (10); at (MOH)* 1735.8 (), 142.0 (g), 141.5 (q), 141.4 (q), 141.3 (q), 141.2 (q), 141.1 (),
(20), 1736.8 (25), 1737.8 (40), 1738.8 (40), 1739.8 (35), 1740.8 (25), 140.8 (g), 140.6 (q), 139.3 (q), 139.0 (q), 138.8 (g), 121.5 (g), 121.4
1741.8 (15). '"H NMR (500 MHz, EM= —1.9, GB= +0.9, CDC}): (q); aromatic nonquaternary region expected 28 resonances, found 23
7.473 (tJ=2,2H), 7.465 (t) =2, 2 H), 7.421 (tJ =2, 2 H), 7.318 resonances at 130.0, 129.6, 129.5, 129.2, 129.1, 129.0, 128.9, 128.8,
(d,J=9,4H), 7.272 (tJ= 2,2 H), 7.230 - 7.212 (m, 8 H), 7.088 128.47, 128.44, 128.35, 128.32, 128.26, 128.1, 127.6, 127.5, 127.3,
(d,J=9, 2 H), 7.001 (d) =9, 4 H), 6.944 (dJ =9, 4 H), 6.867 (d, 126.4,124.8,124.6, 124.5, 124.4, 124.3; aliphatic region 87.3 (q), 86.9
J=09,2H),6.732 (tJ =2, 2 H), 6.456 (tJ =2, 2 H), 2.819 (s, 6 (0), 86.8 (q), 86.62 (q), 86.59 (q), 86.47 (q), 52.4, 52.3, 51.99, 51.95,
H), 2.797 (s, 2 H, exch. D20), 2.751 (s, 3 H), 2.589 (s, 3 H), 1.328 51.91, 34.46 (q), 34.37 (q), 34.34 (q), 31.39, 31.34; IR (Y1598
(s, 18 H), 1.300 (s, 9 H), 1.287 (s, 18 H), 1.274 (s, 9 H), 1.270 (s, 18 (Ar). Anal. Calcd for GieH13O0eBr>: C, 78.09; H, 7.57. Found: C,
H); 3C{H} DEPT(135) NMR (125 MHz, EM= —1.1, GB= +0.9, 78.13; H, 7.65.
CDCl;) aromatic quaternary region expected 16 resonances, found 15 7B. From6B (2.969 g), 2.679 g of crudéB was obtained. Column
resonances at 150.4 (q), 149.8 (q), 149.5 (q), 149.4 (q), 148.7 (q), 145.1chromatography (TLC grade silica gel, hexane/ether, 96.5:3.5) gave a
(), 145.0 (qg), 143.9 (q), 143.4 (q), 142.6 (q), 141.2 (g), 140.8 (q), colorless solid, 1.602 g. A sample of 1.35 g was repurified by column
140.5 (q), 139.7 (q), 122.0 (g); aromatic nonquaternary region expected chromatography and precipitation from methanol/ether to give a white
16 resonance, found 14 resonances at 130.1, 129.8, 128.5, 128.4, 128.3jowder, 0.8028 g (27%), with mpp 192—194°C; FAB MS (3-NBA)
127.9,127.7,127.5,127.46, 127.4, 126.2, 124.8, 124.5, 124.4; aliphaticm/z (% RA for m/z 400—2000) at (M-OCHs)* 1748.2 (10), 1749.2
region 87.1 (q), 86.7 (q), 86.2 (q), 81.9 (q), 52.05, 51.97, 51.94, 34.49 (15), 1750.2 (50), 1751.2 (55), 1752.2 (100), 1753.2 (90), 1754.2 (85),
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1755.2 (60), 1756.2 (30), 1757.2 (184 NMR (500 MHz, EM =
—0.6, GB= +0.5, CDC}, 'H—'H COSY cross-peak) 7.556 {,= 2,
1H, 7.294, 6.815), 7.474 (8, = 2, 1 H, 7.341, 7.118), 7.414 @,=

2, 1 H, 7.354, 7.170), 7.354 (3,= 2, 1 H, 7.414, 7.170), 7.341 (4,
=2,1H,7.474,7.118), 7.294 4,= 2, 1 H, 7.556, 6.815), 7.269 (d,
J=9, 2H, 7.198), 7.238 (tJ = 2, 1 H, 7.134, 7.091), 7.231 (s,
collapsed AB system, 4 H), 7.229 (@= 9, 2 H, 7.182), 7.209 (d]
=9,2H,7.012),7.202 (d) =9, 2 H, 7.101), 7.202 (] = 9, 2 H,
7.091), 7.198 (dJ = 9, 2 H, 7.269), 7.198 (d) = 9, 2 H, 7.016),
7.189 (d,J =19, 2 H, 7.094), 7.182 (d] =9, 2 H, 7.091), 7.170 (1
=2,1H,7.414,7.354),7.134 3,= 2, 1 H, 7.238, 7.091), 7.118 (t,
J=2,1H, 7.474,7.341), 7.101 (d,= 9, 2 H, 7.202), 7.094 (d] =

9, 2 H, 7.189), 7.091 (d) = 9, 2 H, 7.202), 7.091 (1) = 2, 1 H,
7.238,7.134),7.016 (d,= 9, 2 H, 7.198), 7.012 (d = 9, 2 H, 7.209),
6.815 (t,J = 2, 1 H, 7.556, 7.294), 2.905 (s, 3 H), 2.855 (s, 3 H),
2.821 (s, 3 H), 2.756 (s, 3 H), 2.729 (s, 3 H), 2.667 (s, 3 H), 1.286 (s,
18 H), 1.284 (s, 9 H), 1.282 (s, 9 H), 1.276 (s, 9 H), 1.275 (s, 9 H),
1.270 (s, 18 H)C{*H}DEPT(135) NMR (125 MHz, EM= —1.1,

GB = +0.5, CDC}) aromatic quaternary region expected 28 reso-
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hexane/ether, 90:10) gave a light yellow solid, which was of sufficient
purity for the next step in the synthesis. From two reactions on the
0.2 and 0.3 g scales, 0.295 g (54%) of calix[4]arene dike®meas
obtained from 0.500 g ofB. For8: FAB MS (3-NBA) m/z (% RA

for m'z 400-2300) at (M— OCHg)* 1912.6 (15), 1913.6 (20), 1914.6
(75), 1915.6 (100), 1916.6 (75), 1917.6 (40), 1918.6 (1B)NMR
(500 MHz, EM = —1.85, GB= 1.20, GDg, H—H COSY cross-
peak) 8.519 (tJ = 2, 1 H, 8.028, 7.986), 8.393 @,= 2, 1 H, 8.188,
8.154), 8.188 () =2, 1 H, 8.393, 8.154), 8.154 3,= 2, 1 H, 8.393,
8.188), 8.121 (tJ = 2, 1 H, 7.871, 7.502), 8.028 (bs, 1 H, 8.519,
7.986), 7.986 (1) =2, 1 H, 8.519, 8.028), 7.871 @,= 2, 1 H, 8.121,
7.502), 7.799 (t)=2,1H, 7.792, 7.702), 7.792 @,= 2, 1 H, 7.799,
7.702), 7.747 (d) = 9, 2 H, 7.182), 7.702 (| = 2, 1 H, 7.799, 7.792),
7.694 (dJ=9,2H, 7.135), 7.540 (d = 9, 2 H, 7.204), 7.507 (d]
=9, 2H,7.248), 7.502 () = 2, 1 H, 8.121, 7.871), 7.496 (d,= 9,
2H,7.233),7.475 () =9, 2 H, 7.281), 7.461 (] = 9, 2 H, 7.152),
7.438(dJ=9, 2 H, 7.146), 7.433 (d] = 9, 2 H, 7.233), 7.384 (d]
=9,2H,7.186),7.281 (] =9, 2 H, 7.475), 7.248 (d] =9, 2 H,
7.507), 7.233 (dJ = 9, 2 H, 7.433), 7.224 (d) = 9, 2 H, 7.496),

nances, found 25 resonances at 150.0 (q), 149.9 (q), 149.8 (q), 149.447.204 (d,J =9, 2 H, 7.540), 7.186 (A =9, 2 H, 7.384), 7.182 (d]

(@), 149.37 (q), 149.26 (), 149.23 (q), 148.3 (q), 148.2 (q), 145.9 (q),

=9,2H,7.747), 7.152 (d) = 9, 2 H, 7.475), 7.146 (d) = 9, 2 H,

144.5 (), 143.7 (q), 142.7 (q), 142.6 (q), 141.9 (q)), 141.37 (q), 141.33 7.438), 7.135 (dJ = 9, 2 H, 7.694), 3.019 (s, 3 H), 3.000 (s, 3 H),

(q), 141.2 (q), 140.94 (qg), 140.90 (qg), 140.6 (qg), 139.25 (q), 139.20

2.958 (s, 3 H), 2.931 (s, 3 H), 2.908 (s, 3 H), 2.849 (s, 3 H), 1.210 (s,

(9), 139.15 (q), 121.4 (qg); aromatic nonquaternary region expected 28 9 H), 1.203 (s, 9 H), 1.190 (s, 9 H), 1.183 (s, 9 H), 1.177 (s, 9 H),
resonances found 25 resonances at 130.4, 129.8, 129.5, 129.2, 129.11.174 (s, 9 H), 1.160 (s, 9 H), 1.142 (s, 9 H), 1.129 (s, 9 H), 1.118 (s,
128.80, 128.76, 128.50, 128.46, 128.30, 128.22, 128.10, 128.05, 127.99 H); **C{'H} DEPT(135) NMR (125 MHz, EM= —1.10, GB= 0.90,

127.7,127.3,125.7,124.9, 124.6, 124.5, 124.43, 124.41, 124.38, 124.36 CDCl;) carbonyl group region expected 2 resonances, found 2

124.33; aliphatic region 87.1 (q), 86.9 (q), 86.8 (q), 86.6 (q), 86.3 (q),

52.3, 52.2, 52.0, 51.97, 51.96, 51.94, 34.43 (q), 34.39 (q), 34.37 (q),

34.35 (q), 34.34 (q), 31.37, 31.34, 31.32; IR (&n1598 (Ar). Anal.
Calcd for G1dH13406Br2: C, 78.09; H, 7.57. Found: C, 78.12; H, 7.64.
7C. From6C (1.920 g), 1.824 g of crudeC was obtained. Column
chromatography (TLC grade silica gel, hexane/ether, 98:2) followed
by crystallization/precipitation from methanol/ether gave a light yellow
powder, 0.520 g (27%). A sample of analytical purity was obtained
from another small scale reaction (from 0.105 g &€); column

resonances at 195.70 (q), 195.66 (g); aromatic quaternary region
expected 32 resonances found 31 resonances at 156.09 (q), 156.07 (q),
149.87 (q), 149.84 (q), 149.7 (q), 149.4 (q), 149.3 (q), 149.22 (), 149.18
(q), 146.36 (), 146.32 (q), 143.9 (q), 143.6 (q), 143.5 (), 143.1 (q),
142.6 (q), 141.8 (q), 141.6 (), 141.41 (q), 141.37 (q), 141.29 (q), 141.24
(9), 140.9 (q), 140.5 (q), 139.6 (q), 139.42 (q), 139.37 (q), 137.1 (q),
136.8 (q), 134.58 (qg), 134.50 (q); aromatic nonquaternary region
expected 32 resonances, found 25 resonances at 132.3, 130.6, 130.4,
130.3, 129.7, 129.25, 129.19, 128.8, 128.6, 128.53, 128.46, 128.42,

colorless solid, 0.035 g (33%), with mp 188—-189 °C: FAB MS
(3-NBA) m/z (% RA for m/z 400-2100) at (M—-OCHs)* 1749.9 (55),

1750.9 (65), 1751.9 (100), 1752.9 (100), 1753.9 (90), 1754.9 (70),

1755.9 (40);'H NMR (500 MHz, EM= —1.85, GB= +1.20, CDC},
IH—'H COSY cross-peak) 7.428 @,= 2, 2 H, 7.252, 6.974), 7.390
(t,J=12,2H,7.298,7.111), 7.298 @,= 2, 2 H, 7.390, 7.111), 7.290
(d,J=19, 2 H, 7.149), 7.252 (1) = 2, 2 H, 7.428, 6.974), 7.223 (d,
J=29,4H,7.192),7.205 (d] =9, 2 H, 7.069), 7.193 (d]=9, 4 H,
7.145), 7.192 (dJ = 9, 4 H, 7.223), 7.187 (d) = 9, 4 H, 7.013),
7.149 (d,J=9, 2 H, 7.290), 7.145 (d] = 9, 4 H, 7.193), 7.111 (1)
=2,2H, 7.390, 7.298), 7.069 (d,= 9, 2 H, 7.205), 7.013 (d] = 9,

4 H, 7.187), 6.974 (t) = 2, 2 H, 7.428, 7.252), 2.927 (s, 3 H), 2.817
(s, 6 H), 2.787 (s, 6 H), 2.774 (s, 3 H), 1.327 (s, 9 H), 1.293 (s, 9 H),
1.284 (s, 36 H), 1.269 (s, 18 HFC{*H} DEPT(133) NMR (125 MHz,
EM = —1.0, GB= +2.0, CDC}) aromatic quaternary region expected

124.36, 124.35, 124.33, 124.28; aliphatic region 87.2 (q), 86.93 (q),
86.91 (qg), 86.80 (q), 86.77 (), 52.5, 52.22, 52.11, 52.09, 52.00, 51.91,
35.02 (q), 35.00 (q), 34.39 (q), 34.34 (q), 34.32 (q), 34.30 (q), 34.27
(0), 34.23 (qg), 31.36, 31.34, 31.29, 31.27, 31.10, 31.09; IR {4662
(C=0), 1599 (Ar).

Triple-calix[4]arene Diols 9. t-BuLi (0.28 mL of 1.7 M solution
in pentane, 0.48 mmol) was added to a solutioryBf(0.209 g in 9
mL of THF, 0.12 mmol) at-=78 °C. After 1 h, the reaction mixture
was warmed to—50 °C for 10 min. A solution of calix[4]arene
diketone8 (0.229 g in 9 mL of THF, 0.12 mmol) was fast cannulated
to the above reaction mixture at78 °C. The reaction mixture was
allowed to warm to ambient temperature. After 48 h, the reaction was
guenched with water (2 mL), and aqueous workup gave a yellow solid,
0.500 g. Column chromatography (TLC grade silica gel, hexane/ether,
~10:1) gave three isome®X (following further purification by PTLC,

16 resonances, found 16 resonances at 150.0 (q), 149.8 (q), 149.5 (g)34.2 mg, 8%)9Y (38.1 mg, 9%), an®Z (38.9 mg, 9%), which were
149.3 (q), 149.2 (q), 147.4 (q), 145.5 (q), 143.0 (q), 142.5 (q), 141.42 of sufficient purity for the next step in the synthesis.

(@), 141.33 (q), 141.26 (q), 140.4 (q), 139.6 (g), 138.4 (q), 121.5 (q);

For 9X: FAB MS (3-NBA) wide-range scamvz (% RA for m/z

aromatic nonquaternary region expected 16 resonances, found 163400-4100) 3510 (35), 3525 (30), 3541 (100), 3555 (35); narrow-
resonances at 130.2, 130.0, 128.9, 128.54, 128.5, 128.21, 128.17range scany/z (% RA for m/z 3490-3560) at (M— OCHs)* 3537.1
128.13, 128.11, 127.8, 127.3, 124.9, 124.6, 124.43, 124.39, 124.33,;(15), 3538.1 (25), 3539.1 (50), 3540.1 (85), 3541.1 (100), 3542.1 (90),

aliphatic region 87.2 (q), 86.9 (q), 86.6 (q), 86.4 (q), 52.4, 52.3, 52.1,
34.46 (q), 34.42 (q), 34.38 (q), 34.36 (q), 31.4; IR (@&mL597 (Ar).
Anal. Calcd for GigH13406Br2: C, 78.09; H, 7.57. Found: C, 78.35;
H, 7.73.

Calix[4]arene Diketone 8. t-BuLi (0.27 mL of a 1.7 M solution in
pentane, 0.46 mmol) was added to a solution of hexaétBg0.200
g in 2.5 mL of THF, 0.11 mmol) at-78 °C. After 1 h, the reaction
mixture was allowed to warm te-50 °C for 10 min by replacing the
dry ice/acetone bath with an EtOH/liquich Math. After a solution of
1-(4+ert-butylbenzoyl)pyrrolidine (57.2 mg in 0.7 mL of THF, 0.25
mmol) was added to the reaction mixture -a8 °C, the reaction

3542.1 (60), 3544.1 (35), 3545.1 (20); calcd foksl29:0:3 at (M —
OCHs)* 3539.2 (25), 3540.2 (70), 3541.2 (100), 3542.2 (95), 3543.2
(70), 3544.2 (40), 3545.2 (20), 3546.3 (18); NMR (CDCls) 8.200~
6.570 (m, ArH), 2.799-1.838 (OCH, OH), 1.33+1.139 (C(CH)3);

IR (cm™1) 3500 (O-H), 1598 (Ar).

For 9Y: FAB MS (3-NBA) wide-range scamvz (% RA for nvz
3400-4100) 3510 (35), 3525 (35), 3541 (100), 3555 (40); narrow-
range scanm/z (% RA for m/z 3490-3575) at (M—-OCHs)* 3537.2
(20), 3538.2 (30), 3539.2 (55), 3540.2 (85), 3541.2 (100), 3542.2 (85),
3543.2 (65), 3544.2 (35), 3545.2 (28K NMR (500 MHz, EM =
—2.10, GB=1.10, GDg) 8.572-6.987 (m, Ar-H), 2.963 (s, 3H), 2.938

temperature was raised to room temperature overnight. The reaction(s, 3 H), 2.910 (s, 3 H), 2.898 (s, 3 H), 2.864 (s, 3 H), 2.846 (s, 6 H),

was quenched with water (1 mL) followed by aqueous workup of the
resulting solution. Column chromatography (TLC grade silica gel,

2.779 (s, 3 H), 2.762 (s, 3 H), 2.725 (s, 3 H), 2.704 (s, 2 H,
exchangeable D), 2.683 (s, 3 H), 2.661 (s, 3 H), 1.314 (s, 9 H),
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1.301 (s, 9 H), 1.290 (s, 9 H), 1.269 (s, 9 H), 1.235 (s, 9 H), 1.220 (s,
9 H), 1.209 (s, 18 H), 1.202 (s, 9 H), 1.198 (s, 9 H), 1.194 (s, 9 H),
1.183 (s, 9 H), 1.178 (s, 9 H), 1.175 (s, 36 H), 1.158 (s, 9 H); IR
(cm™1) 3500 (O-H), 1596 (Ar).

For 9Z: FAB MS (3-NBA) wide-range scamvz (% RA for n/z
3400-4100) 3510 (40), 3525 (40), 3541 (100), 3555 (40); narrow-
range scanmmvz (% RA for m/z 3475-3580) at (M— OCHs)* 3537.3

(20), 3538.3 (30), 3539.3 (55), 3540.3 (85), 3541.3 (100), 3542.3 (90),

3543.3 (65), 3544.3 (35), 3545.3 (36H NMR (CDCl;) 7.857-6.684

(m, Ar-H), 2.719 (s, 6 H), 2.687 (s, 6 H), 2.645 (s, 6 H), 2.613 (s, 6

H), 2.581 (s, 1 H, exchangeable®), 2.542 (s, 6 H), 2.198 (s, 1 H,

exchangeable @), 2.146 (s, 6 H), 1.3411.180 (C(CH)3).
Triple-calix[4]arene Tetradecaethers 1-(OMe)s. Sodium hydride

(0.30 g of 60% dispersion in mineral oil) was washed with pentane

under nitrogen flow followed by addition of THF (3 mL). One-half

Rajca et al.

(t,J=2,1H,7.799, 7.670), 7.568 d,= 2, 1 H, 7.757, 7.481), 7.560
(d,J=09, 2 H, 7.219), 7.514 (d] = 9, 2 H, 7.258), 7.514 (d] = 9,
2 H, 7.219), 7.496 (t) = 2, 1 H, 7.857, 7.649), 7.481 (,= 2, 7.670,
7.568), 7.477 () = 9, 2 H, 7.186), 7.475 (] = 2, 1 H, 7.971, 7.568),
7.472(dJ=9, 2 H, 7.258), 7.468 (] = 2, 1 H, 7.900, 7.712), 7.467
(d,J=09, 2 H, 7.279), 7.461 (d] = 9, 2 H, 7.210), 7.415 (d] = 9,
2 H, 7.245), 7.413 (1) = 2, 1 H, 8.182, 7.364), 7.412 (d,= 9, 2 H,
7.147), 7.405 (dJ = 9, 2 H, 7.169), 7.373 (d) = 9, 2 H, 7.186),
7.365 (d,J =9, 2 H, 7.133), 7.364 (] = 2, 1 H, 8.182, 7.413), 7.360
(d,J=09, 2 H,7.173), 7.329 (d] = 9, 2 H, 7.147), 7.311 (d] = 9,
2 H,7.227),7.279 (d) = 9, 2 H, 7.467), 7.271 () = 2, 1 H, 8.665,
7.629), 7.271 (dJ = 9, 2 H, 7.791), 7.258 (d) = 9, 2 H, 7.514),
7.258 (dJ=9, 2 H, 7.472), 7.254 (] = 2, 1 H, 8.272, 8.008), 7.245
(d,J=9, 2 H, 7.415), 7.227 () = 9, 2 H, 7.311), 7.219 (d] = 9,
2 H, 7.560), 7.219 (d) = 9, 7.514), 7.214 (s, 4 H), 7.210 (d= 9,

(1.5 mL) of the resultant suspension was transferred to a solution of 2 H, 7.461), 7.186 (d) = 9, 2 H, 7.477), 7.186 (d] = 9, 2 H, 7.373),

diol 9Y (31.2 mg in 1 mL of THF) at O°C; the other half (1.5 mL)
was transferred to a solution of di®Z (24.1 mg in 1 mL of THF) at

7.181 (bs, 4 H), 7.173 (d] = 9, 2 H, 7.360), 7.169 (d) = 9, 2 H,
7.405), 7.147 (dJ = 9, 2 H, 7.412), 7.147 (d) = 9, 2 H, 7.329),

0°C. After 10 min, iodomethane (0.1 mL) was added to each reaction 7-133 (d,J =9, 2 H, 7.365), 3.199 (s, 3 H), 2.976 (s, 3 H), 2.946 (s,
mixture. The reactions were quenched with a few drops of methanol 3 H), 2.914 (s, 3 H), 2.912 (s, 3 H), 2.887 (s, 3 H), 2.836 (s, 3 H),
followed by aqueous workup. PTLC (hexane/ether, 10:1) followed by 2.815 (s, 3 H), 2.779 (s, 3 H), 2.776 (s, 6 H), 2.762 (s, 3 H), 2.621 (s,

treatment with methanol gave tetradecaethiers(OMe)4 (5.8 mg,
18%) and1Z-(OMe)i4 (4.9 mg, 20%). Tetradecaeth&K-(OMe)14

3 H), 2.604 (s, 3 H), 1.316 (s, 9 H), 1.312 (s, 9 H), 1.291 (s, 9 H),
1.288 (s, 9 H), 1.242 (s, 9 H), 1.231 (s, 9 H), 1.227 (s, 9 H), 1.221 (s,

(7.0 mg, 20%) was obtained by the same method from 34.2 mg of diol 9 H), 1.217 (s, 9 H), 1.210 (s, 9 H), 1.204 (s, 18 H), 1.192 (s, 9 H),

9X.

For 1X-(OMe)14. FAB MS (3-NBA) wide-range scamvz (% RA
for m/’z 700-4800) 3538 (40), 3570 (100); narrow-range sacafz, (%
RA for m/z 3520-3585) at (M - OCH)* 3565.5 (15), 3566.5 (20),

1.189 (s, 9 H), 1.183 (s, 18 H), 1.174 (s, 9 H), 1.161 (s, 9 H); partial
(methoxy andert-butyl groups)*H NMR (500 MHz, EM = —1.85,

GB = 1.20, GDg, 328 K) 3.168 (s, 3 H), 2.966 (s, 3 H), 2.945 (s, 3
H), 2.923 (s, 3 H), 2.901 (s, 3 H), 2.896 (s, 3 H), 2.812 (s, 3 H), 2.794

3567.5 (50), 3568.5 (80), 3569.5 (100), 3570.5 (90), 3571.5 (65), 3572.5 (S: 3 H), 2.780 (s, 3 H), 2.769 (s, 3 H), 2.756 (s, 3 H), 2.753 (s, 3 H),

(35), 3573.4 (15); Calcd for £g5H29/013 at (M — OCHs) ™ 3567.3 (25),
3568.3 (70), 3569.3 (100), 3570.3 (100), 3571.3 (70), 3572.3 (40),
3573.3 (20), 3574.3 (10¥H NMR (500 MHz, GDs, 298 K) 8.756-
6.990 (m, ArH), 3.099 (s, 3 H), 2.982 (s, 3 H), 2.946 (s, 3 H), 2.897
(s, 3H), 2.871 (s, 3 H), 2.853 (s, 3 H), 2.788 (s, 3 H), 2.771 (s, 3 H),
2.727 (s, 3 H), 2.685 (s, 3 H), 2.666 (s, 9 H), 2.312 (s, 3 H), 1.331 (s,
9 H), 1.321 (s, 9 H), 1.290 (s, 9 H), 1.276 (s, 9 H), 1.270 (s, 9 H),
1.249 (s, 9 H), 1.233 (s, 9 H), 1.209 (s, 9 H), 1.202 (s, 18 H), 1.199 (s,
9 H), 1.190 (s, 9 H), 1.174 (s, 9 H), 1.160 (s, 9 H), 1.156 (s, 18 H),
1.120 (s, 9 H), 1.072 (s, 9 H}H NMR (500 MHz, EM= —1.85, GB
= 1.20, GDs, 348 K) 8.652 (t,J = 2, 1 H), 8.153 (tJ = 2, 1 H),
8.085 (t,J=2,1H), 8.072 (tJ =2, 1 H), 7.890 (tJ =2, 1 H), 7.846
(t,J=2,1H),7.820 (tJ=2,1H),7.804 (dJ=9, 1H), 7.788 (t,
J=2,1H),7.734 (tJ=2,1H),7.724 (tJ=2, 1 H), 7.692 (tJ =
2, 1 H), 7.669 (tJ =2, 1 H), 7.654 (tJ =2, 1 H), 7.627 (tJ = 2,
1H), 7593 (dJ =9, 1 H), 7.530 (tJ = 2, 1 H), 7.51%7.150 (m,
ArH), 7.127 (d,J =9, 1 H), 7.104 (dJ =9, 1 H), 7.076 (dJ =9, 1
H), 7.033 (dJ =9, 1 H), 6.991 (tJ = 2, 1 H), 3.210 (s, 3 H), 2.975
(s, 3H), 2.917 (s, 6 H), 2.892 (s, 3 H), 2.851 (s, 3 H), 2.847 (s, 3 H),
2.820 (s, 3 H), 2.815 (s, 3 H), 2.803 (s, 3 H), 2.758 (s, 3 H), 2.750 (s,
3 H), 2.724 (s, 3 H), 2.430 (s, 3 H), 1.329 (s, 9 H), 1.317 (s, 9 H),
1.308 (s, 9 H), 1.263 (s, 9 H), 1.243 (s, 9 H), 1.240 (s, 9 H), 1.233 (s,
9 H), 1.222 (s, 9 H), 1.221 (s, 9 H), 1.214 (s, 9 H), 1.205 (s, 9 H),
1.198 (s, 18 H), 1.186 (s, 9 H), 1.181 (s, 9 H), 1.165 (s, 9 H), 1.151 (s,
9 H), 1.129 (s, 9 H).

For 1Y-(OMe)1s FAB MS (3-NBA) wide-range scamvz (% RA
for m/'z 700-4800) 3538 (45), 3570 (100); narrow-range saafz,(%
RA for m/z 3515-3590) at (M— OCHs)*™ 3565.5 (15), 3566.5 (20),

2.648 (s, 3H), 2.575 (bs, 3 H), 1.315 (s, 9 H), 1.306 (s, 9 H), 1.298 (s,
9 H), 1.283 (s, 9 H), 1.247 (s, 9 H), 1.239 (s, 9 H), 1.227 (s, 9 H),
1.222 (s, 9 H), 1.215 (s, 9 H), 1.206 (s, 9 H), 1.201 (s, 9 H), 1.197 (s,
9 H), 1.194 (s, 9 H), 1.191 (s, 9 H), 1.184 (s, 9 H), 1.178 (s, 9 H),
1.170 (s, 9 H), 1.153 (s, 9 H).

For 1Z-(OMe).14. FAB MS (3-NBA) wide-range scamvz (% RA
for m/z 700—4800) 3538 (40), 3570 (100); narrow-range saafz,(%
RA for m/z 3510-3595) at (M— OCHs)* 3566.5 (20), 3567.5 (50),
3568.5 (85), 3569.5 (100), 3570.5 (95), 3571.5 (65), 3572.5 (40), 3573.5
(20); 'H NMR (500 MHz, cyclohexaneh,, 298 K) 8.297 (bs, ArH),
7.447 (s, ArH), 7.2886.939 (m, ArH), 7.795 (s, ArH), 7.697 (s, ArH),
2.779 (bs, OCH), 2.693 (s, OCH), 2.619 (s, OCH), 2.423-1.810 (2
bs, OCH), 1.381-1.217 (overlapped, C(C$); *H NMR (500 MHz,
EM = —1.85, GB= 1.20, cyclohexanehy, 348 K,'H—1H COSY45
cross-peak) 8.087 (§ = 2, 2 H, 6.948, 6.682), 7.547 @,= 2, 2 H,
7.079, 6.936, after 2-Hz Gaussian broadening in both dimensions), 7.344
(t,J=2,2H, 7.251, 6.878), 7.271 (d,= 9, 4 H, 7.167), 7.251 (I
=2,2H,7.344,6.878), 7.211 @,= 2, 2 H, 7.190, 7.001), 7.190 (t,
J=2,2H,7.211, 7.001), 7.177 (d,= 9, 4 H, 7.103), 7.167 (d] =
9, 4 H, 7.271), 7.160 (d) = 9, 4 H, 7.075), 7.140 (dJ = 9, 4 H,
7.066), 7.131 (dJ = 9, 2 H, 7.016), 7.103 (d) = 9, 4 H, 7.177),
7.079 (dJ =9, 4 H, 6.836), 7.075 (d =9, 4 H, 7.160), 7.079 (U
=2,2H, 7.547,6.936), 7.071 (d,= 9, 4 H, 7.031), 7.066 (d] = 9,
4 H, 7.140), 7.050 (dJ) =9, 2 H, 7.014), 7.050 (d] = 9, 4 H, 7.031),
7.031 (dJ=9, 4 H, 7.050), 7.031 (d] =9, 4 H, 7.071), 7.016 (dJ
=9, 2H,7.131),7.014 (d) =9, 2 H, 7.050), 7.010 (] =9, 4 H,
6.845), 7.001 (t) =2, 2 H, 7.211, 7.190), 6.948 @,= 2, 2 H, 8.087,
6.682), 6.936 (t) =2, 2 H, 7.547, 7.079), 6.878 @,= 2, 2 H, 7.251,

3567.5 (45), 3568.5 (80), 3569.5 (100), 3570.5 (85), 3571.5 (65), 3572.5 7-344), 6.845 (dJ = 9, 4 H, 7.010), 6.836 (d) = 9, 4 H, 7.079),

(35), 3573.5 (20), 3574.4 (10}H NMR (500 MHz, GDs, 298 K)
8.752-6.989 (m, ArH), 3.111 (s, 3 H), 3.001 (s, 3 H), 2.938 (s, 3 H),
2.903 (s, 3 H), 2.879 (s, 3 H), 2.792.709 (27 H), 1.299 (s, 9 H),
1.283 (s, 9 H), 1.273 (s, 9 H), 1.253 (s, 9 H), 1.220 (s, 9 H), 1.211 (bs,
18 H), 1.194 (s, 27 H), 1.190 (s, 9 H), 1.182 (s, 9 H), 1.161 (bs, 27 H),
1.136 (s, 9 H)*H NMR (500 MHz, EM= —1.85, GB= 1.20, GDs,

348 K, *H—H COSY cross-peak) 8.665 (= 2, 1 H, 7.629, 7.271),
8.272 (t,J =2, 1H, 8.008, 7.254), 8.182 d,= 2, 1 H, 7.413, 7.364),
8.008 (t,J=2, 1 H, 8.272, 7.254), 7.971 4,= 2, 1 H, 7.614, 7.475),
7.900 (t,J=2,1H,7.712, 7.468), 7.857 @,= 2, 1 H, 7.649, 7.496),
7.799 (tJ=2,1H,7.670, 7.601), 7.791 (d,=9, 2 H, 7.271), 7.757
(t,J=2,1H,7.568, 7.481), 7.712 @,= 2, 1 H, 7.900, 7.486), 7.670
(t,J=2,1H,7.799, 7.601), 7.649 @,= 2, 1 H, 7.857, 7.496), 7.629
(t,J=2,1H, 8.665, 7.271), 7.614 3,= 2, 1 H, 7.971, 7.475), 7.601

6.682 (t,J = 2, 2 H, 8.087, 6.948), 2.841 (s, 6 H), 2.707 (s, 6 H),
2.680 (s, 6 H), 2.637 (s, 6 H), 2.607 (s, 6 H), 2.486 (s, 6 H), 2.156 (bs,
6 H), 1.380 (bs, cyclohexart possibly overlapping some resonances
for t-Bu groups), 1.293 (s, 18 H), 1.252 (s, 54 H), 1.245 (s, 18 H),
1.239 (s, 18 H), 1.232 (s, 18 H), 1.214 (s, 18 H).

Reaction of Tetradecaethers 1-(OMe) with Na/K and MeOH
Quenching Product 1-(H)4. A drop of Na/K alloy was added to a
stirred tetradecaether( mg) in THF ~0.5 mL) in a Schlenk vessel.
After 4 days of stirring, MeOH (few drops) was added. The usual
aqueous workup with ether gave crude product. Preparative TLC (2%
ether in hexane) gavé-(H)14 (~1 mg), most likely, as a mixture of
isomers: *H NMR (500 MHz, acetonek) 7.7—6.2 (bm, 96 H), 5.6
4.8 (bm,~14 H), 1.5-1.0 (bm,~200 H); FAB MS (3-NBA) wide-
range scanmz (% RA for m/z 1150-4900) 1399 (90), 3180 (100);
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Figure 10. Vessel for preparation of polyradical. “A” is a
compartment for generation of carbopolyanion, “B” is a coarse glass
frit, “C” is a compartment for generation of polyradical, “D” is a glass-
to-quartz seal, “E”"$ a 5 mmo.d. quartz tube with a thin flat bottom,
ca. 65 mm from the end of the tube, “F” is a 4-mm high-vacuum Kontes
stopcock, and “G”s a 9 mmsolv-seal joint.

narrow-range scamyz (% RA for m/z3110-3230) at (M— H)* 3177.1
(40), 3178.1 (75), 3179.1 (100), 3180.1 (95), 3181.1 (85), 3182.1 (60);
calcd for GaHa71 3177.1 (27), 3178.1 (73), 3179.1 (100), 3180.1 (90),
3181.1 (61), 3182.1 (33).

Tetradecaradical 1: Quenching Studies and SQUID Magnetom-
etry. Tetradecaether~2 mg) was placed in the compartment A of
the oxidation vessel (Figure 10). Following the heating of the vessel
under vacuum overnight (compartment A+®0 °C and the rest of
the vessel to 200C), the vessel was moved to an argon-filled glovebox
and a drop of Na/K alloy was attached to the wall in the compartment
A. The vessel was connected to the vacuum line, TglF~0.3 mL)
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follow up solvent), this process was repeated-18 times until the
reaction mixture attained pale yellow-green color. While maintaining
the reaction mixture at near freezing point, a small portion of the
reaction mixture was transferred to the quartz tube to form a band of
the ~4 mm height, 65 mm from the end of the tube. The tube was
flame sealed and stored in liquid nitrogen for insertion to SQUID
magnetometer.

The remainder of the polyradical was stirred with Na/K at near
freezing point of the reaction mixture for several hours and, then, at
—78°C a few days. At-78°C, either MeOH or MeOD (few drops)
was added. The usual aqueous workup with ether gave crude product.
Preparative TLC (2% ether in hexane) gal#X).14 (X = H, D, ~1
mg), most likely, as a mixture of isomers.

Tetradecaradical 1 in THF-dg/2-MeTHF after MeOD quench,
1-(D)1s *H NMR (500 MHz, acetoneag) 7.7—6.2 (bm, 96 H), 5.6
4.8 (bm,~2 H), 1.5-1.0 (bm,~200 H);?H NMR (76.8 MHz, acetone-
he) ~5.4 (bs); FAB MS (3-NBA) wide-range scamyz (% RA for nvz
1500-3280) 3193 (100); narrow-range scamz (% RA for m'z 3000~
3260) at (M— D)*/(M — H)* 3188.1 (50), 3189.1 (70), 3190.1 (85),
3191.1 (100), 3192.1 (100), 3193.1 (93), 3194.2 (70), 3195.2 (55).

Tetradecaradical 1 in THF-ds after MeOH quench, 1-(H)3(D)1:

IH NMR (500 MHz, acetonek) 7.7—6.2 (bm, 96 H), 5.64.8 (bm,
~14 H), 1.5-1.0 (bm,~200 H); FAB MS (3-NBA) wide-range scan,
m/'z (% RA for m/z 1500-3280) 3181 (100); narrow-range scamnz

(% RA for m/z 3000-3260) at (M— H)* 3178.2 (65), 3179.2 (80),
3180.2 (100), 3181.2 (95), 3182.2 (85), 3183.2 (70); calcd for
CoaHo7dD1 3178.1 (27), 3179.1 (73), 3180.1 (100), 3181.1 (90), 3182.1
(61), 3183.1 (33).

SQUID Magnetometry. A Quantum Design (San Diego, CA)
MPMS5S was used. The sample tubes were inserted to the mag-
netometer at low temperature under helium atmosphere as described
previously3° Following the insertion to the sample chamber at 10 K,
the sample was immediately cooled to-3®0 K for a few minutes.
Subsequently, temperature in the sample chamber was increased to 90
K for 15—20 min and several sequences of helium purging and pumping
were applied to remove residual oxygen.

Following the measurement, the sample tube was allowed to attain
ambient temperature. After 6 weeks, the magnetic moment was
negligible ~~1% of the original value) and the sample was carefully
inserted to the magnetometer and subjected to the identical sequence
of measurements as the original sample. Such data were used for point-
by-point correction for diamagnetism.

Numerical Curve Fitting. SigmaPlot for Windows software
package was used for numerical curve fitting. The reliability of a fit
is measured by the parameter dependence, which is defined as
dependence= 1 — ((variance of the parameter, other parameter
constant)/(variance of the parameter, other parameters changing)).
Values close to 1 indicate overparametrized fit.
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