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Current interest in very-high-spin organic molecules and
polymers is driven by a possibility of attaining purely organic

magnetic materials based upon through-bond magnetic interactions

(exchange coupling).® The progress in this area is measured by

the synthesis of molecules and polymers with increasing values

of the spin quantum numbeS$)(in the electronic ground stafte®

From both synthesis and materials points of view, polymers are
among the most desirable targets. However, all polymers reported

to date have onlg < 5578 significantly belowS= 10 obtained
for a well-definedz-conjugated molecule (oligomet).

We propose a novel design for a high-spin polymer as
implemented in polyradical network®° Polyradicall consists
of S= 2 macrocyclic modules, which are cross-linked with-
1/, connecting moduleX.In 1, high density of macrocycles should
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Scheme 1. Synthesis of Polyradical®
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a(a) tBuLi, THF, 195 K (2 h), 253 K (15 min), (b) ZnG| from 195
K to ambient temp, (c) Pd(PBh (3% mol per CC bond) (6 equiv) or
4 (1 equiv), THF, 373 K, (d) Na/K, 283 K, (e) MeOH, (f,1170-167
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The synthetic route to the network polyethi&grprecursor to
polyradicall, relies on multistep syntheses of tetrafunctionalized
macrocyclic calix[4]arene modulésand4. Polymerization of3
and 4 is expected to provide a polymer with large density of
macrocyclic rings from the monomers and intramolecular mac-
rocyclizations (annelations) (Scheme 1).

The final steps in the synthesis #fre implemented with two
Negishi reaction$® (1) a single 2-fold symmetricistransisomer
of tetrabromocalix[4]arene and a racemic linke5 gives a
mixture of stereoisomers ¢f in 17% yield, (2) coupling of3
and4 (both ca. 0.015 M) provides a polyether network (Scheme
1).1617In the polymerization step, the onset of the gelation of the
reaction mixture and, also, the relative amounts of the benzene-
soluble and benzene-insoluble product are varitblibe benzene-
soluble product is purified by thin-layer chromatography (silica,
methanol/ether, 1/3); the immobile fraction corresponds to poly-

address the problems with defects; the alternating connectivity giper2.

of two types of radical modules with unequal spins should
facilitate large net values for either ferromagnetic or antiferro-
magnetic coupling between the modul&s® Although 2p-
connectivity inl is compatible with ferromagnetic couplidg?
out-of-plane twisting within ther-conjugated system, especially

about the CC bonds at the connecting biphenyl modules, may (5 10F) and (4x 10%—(3 x 1CP) Da, respectivelyNu/M,

lead to reversal of spin coupling (ferromagnetic to antiferromag-

Gel permeation chromatography (GPC) with refractive index
and light-scattering detectors € 690 nm at 458, 90°, 135°) for
polyether 2 in tetrahydrofuran (THF) suggests polydisperse
molecular mass distributions. The weight-averad#,)( and
number-average molar mass&,) are in the range (& 10%)—

2-5). Using rigorous Schlenk techniqueswith M, > 1 x 10°

netic)!* This report describes synthesis and magnetic character-pg g reproducibly obtained. Bofid NMR and IR spectra fo2

ization of 1 with an average spin d& > 40.
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are similar to those observed for the previously reported poly-
arylmethyl polyethers, except that tAEl resonances i2 are
relatively broad!

Preparation of polyradicdl starts with treatment of polyether
2 (0.8-1.7 mg) with Na/K alloy in THFdg (40—80 uL) at 283
K for 4 days!® The reaction mixture, which is partially insoluble
in THF-ds, is filtered (course glass frit) into 5-mm o.d. quartz
tube. lodine is added in small portions at 37167 K until the
reaction mixture turns green (Scheme’1).
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(16) For another example of cross-linked polyarylmethane, see: Urban,
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i systems with highS and the presence of thermally populated
excited states with relatively lo\8.

For quantitative analysis of magnetic data, number-avei@ye (
and spin-averages{) spin quantum numbers are defined, analo-
A He05Tel gous toM, andM,.?* For a sample of, T ~ 6.7 emuK/mol at
& H= 005 Tesla 1.8 K andMs, = 0.43ug are obtained (Figure 1), corresponding
H = 0005 Tisls to the lower bound ofs; ~ 26 and spin concentration of 43%,
respectively??

Averages§ independent of mass balance in the generation of
polyradical, is obtained from numerical fits to linear combinations
of Brillouin functions (Figure 1B}. A straightforward method
for generation of Brillouin functions with a minimum of variable
parameters foll is a simple percolation model, based on linear
chains of alternating spiffz linkers and spir&, macrocyclic
modules,S—Y>—(S—Y2)n-3—S—¥>—S, whereS, = 2—6 and
n = 9—-133112By assuming identical probability for finding
an unpaired electron at each triarylmethyl site (yield per sitg 100
%), the spin systems, resulting from the defects at the 9pin-
sites, are explicitly enumerated. The defects at the Spmedules
are approximately accounted for kp&, scaling and explicit
addition of spinY/, systems (as fractiow;,). Either two ¢ and
Msap OF three p, Msa, Wio) variable parameters are used; oply
is related to the average sgi?* The S, of 1 roughly correlates
with the molecular weight of the corresponding polyeth€erhus,

2 with M, = 1P Da reproducibly givel with §, > 40 (at 1.8 K);
. the best preparation df givesS, = 48 + 2 at 1.8 K (Figure
. a0 Oh e 1B). Polyetherg with the lowestM, ~ 4 x 10* Da give 1 with
0.0 T T S = 17. For all samples ofl, the S, sharply decrease with
] | 2 3 increasingT (Figure 1)?°
= (T k) Polyradical networkl possesses number average spiis af
Figure 1. SQUID magnetometry for polyradicdl in THF-ds. Plot A: 40, a new record spin value for polymers. The results indicate
xTvsT. Plot B: M/Msavs H/T . Representative parameters (with standard that polymer networks with cross-linked macrocyclic modules

errors) for the number averag®, = 48 + 2, (S~ 66) at 1.8 Kip = with unequal spin are promising targets for very-high-spin
0.968+ 0.003 andMsxl (7 = 1.072+ 0.004 emu (in the units of magnetic ~ polymers.
moment) with the parameter dependence of 0.4, andw,; are set
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X-band ESR spectra fdrin THF-dg/2-methyltetrahydrofuran

(~1/5) at 80 K show an intense single-line resonance imiime JA990881D

= 1region g ~ 2.0) and a relatively wealhms = 2 resonance. (21) AverageS number-averages, = ZxS/Zx and spin-averages, =

Magnetization 1) for 1 in THF-dg is measured as a function of  %xS2/ZxS, wherex; is a fraction of spin systems with spin-valtie

magnetic field H = 0—5.0 T) and temperaturel (= 1.8—160 (22) Magnetic susceptibilityy) and magnetization at saturatioMd; =
. . o 0.2—-0.5 ug) are calculated per mole of the triarylmethyl ether moiety2in

K), using a SQUID magnetomet&Plo'gs ofyTvsT (y =MH, (23) Stauffer, D.Introduction to Percolation Theoryraylor and Francis:

magnetic susceptibility), show saturation (as a downward turn in London, 1985. _

the plot) at relatively small values ®/T; at the lowH (0.005 (24) All constant parameters, suchraand$, (andwiy), have little effect

. - . on the number average spi&,), provided thatS, < nS§ + n/2 + .
T), theyT increases even nedr= 1.8 K (Figure 1A). Plots of (25) In the previously studied small-molecule polyradicals, with biphenyl-

M/Msavs HIT (Msa= M at saturation) show a steep temperature- based coupling pathwayShad a constant value at low temperatufess(5
dependent rise at low fields and slow saturation at high fields, K) and only slowly decreased at higher temperatures. For colli§eag,—

. - . . . S spin trimers § > S = %), which might be viewed as fragments hfthe
compared to a single Brillouin function (Figure 1B). These ground states are expected to have a large net spin for either ferromagnetic or

qualitative features of the magnetic data suggest mixtures of spinantiferromagnetic pairwise exchange coupling; the lowest excited states are
low-spin in either casé&: Large out-of-plane twistings of the-conjugated

(20) Following the magnetization studies, the samples are allowed to attain system of1 may lead to very weak ferromagnetic or antiferromagnetic
room temperature for several weeks, until the paramagnetic susceptibility is intermodule exchange couplings with the resultant near degeneracy of the
<1% of the original value, and, then, the identical sequence of measurementsground and excited states. Defects and through-space antiferromagnetic
is repeated for point-by-point background correction. Both the negligible interactions between the polymer molecules or branches may also contribute
magnetic moment for such decomposed samples (includingHoand T) to such near degeneracte®efects, antiferromagnetic couplings, and an
and the background correction preclude interference from magnetic transition incomplete mass transfer during preparatiori efiay be responsible for the
metal impurities. measured low spin concentratioMd; < 1.0 ug).




