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Abstract: A series of 1,1'-(2,4-di-X-benzene-1,3- 3-diyl)bis[1-(4-Y -phenyl)-2-picrylhydrazine]s were prepared
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comnounds with X = H in the ESR measurement. Modification of the central benzene ring (X = Me) and N-
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phenyl group (Y = OMe, Ph, -Bu) allowed the detection of their triplet diradicals. Es_pecnall_y, the diradical with
X =Me, Y = (-Bu was successfully purified, isolated at O °C as a purple solid, and was shown to be in a triplet
ground state. © 1998 Elsevier Science Ltd. All rights reserved.
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1.Introduction

Stable high-spin molecules have attracted much attention because of their potential
applicability to molecular ferromagnets [1]. It has been desired for this purpose to develop a
wide variety of stable high-spin species. However, only a limited number of stable spin units,
typically as nitroxide radicals, has been employed. The reason is due to the stability of the
radicals. Frequently, stable monoradicals do not ensure the stability of polyradicals. For
instance, diphenylpicrylhydrazyl (DPPH) is a well-known stable radical [2]. However, the
diradicals derived from it by suitable chemical modifications may not be stable. In fact,
Heideberg and Weil prepared a very unstable bis-DPPH analogue using 2,4,6-
trinitrobenzene-1,3-diyl as a coupler. Unfortunately, the generated species was ESR silent
and assumed to be a diamagnetic spin-paired species [3]. In the course of our study of the
spin-spin interaction of heteroatomic multi-spin systems [4-6], we have designed new m-
phenylene coupled bis-DPPH diradicals, 1,1'-(2,4-di-X-benzene-1,3-diyl)bis[1-(4-Y -phenyl)-
2-picryl-hydrazyl] diradicals (1a-e). The preparation, detection [for 1c-e (X = Me and Y =
OMe, Ph, and -Bu, respectively), isolation (for 1e at 0 °C), and the determination of the spin
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precursor 2a, chemical modification was achieved to stabilize the diradical. The strategy of
the modification used in this study is based on the blocking the reactive center (the 2,4-
positions in the central benzene ring and the 4-position of the N-phenyl group) by appropriate
substituents. For this purpose, the radical precursors 2b-e were prepared. Scheme 1
illustrates their syntheses. N,N'-Diphenyl-m-phenylenediamine Sa was prepared by the
condensation of resorcinol (3a) with aniline (4a) in 17% yield according to the reported
procedure [7]. Other phenylenediamines Sh-e were prepared in 46-70% yields via Ullmann
coupling reactions (190 °C for 2-3 days) of 3b-e with 4b-e followed by deprotection of the
amines. The compounds 5 were lithiated by n-butyllithium, nitrosated by isoamyl nitrite in
THF, and followed by reduction with a large excess of zinc powder in acetic acid to give the
expected bishydrazine 6 in 33-78% yields. The bishydrazine 6 was treated by picryl chloride
in the presence of potassium carbonate in dichloromethane to give the diradical precursors 2
in 22-69% vyields.1
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reagents; a) 1, (for a); Cu, K,CO;, then HCI (for b-¢); b) n-BuLi, i-AmONO; ¢) Zn; d) PicCl, K,CO;

When a toluene solution of the precursors la-e was oxidized with a large excess of
lead dioxide or silver oxide at low temperature (-20 ~ 0 °C) under nitrogen atmosphere, the
brownish color turned to purple (Amax: 516-556 nm). The oxidation was monitored by
measuring the ESR spectra in frozen toluene at -150 °C. No triplet signal was detected for
the unprotected m-phenylene-coupled compound 2a. Similar results were observed for 2b.
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which showed many decomposition products. In contrast to ia and b, the oxidation of 2¢
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afforded a weak, randomly oriented triplet pattern (D = 10.4 mT, £ = 0.0 mT) beside strong
monoradical signals. Interestingly, the oxidation of 2d and 2e dramatically increased the
intensity of the tripiet signais (D = 10.4 mT, E = 0.0 mT for 2d; D = 10.0 mT, E = 0.0 mT
for 2e). These D-values correspond to ca. 6.5 A as an averaged distance between the two
radical centers by the point dipole approximation. The calculated value is compatible with
the model of a m-phenylene-linked bishydrazyl diradical.3 The forbidden Amg = +2
transition signals were also observed in the half-magnetic field region for both cases.

Rapid monitoring (TLC on silica gel) of the oxidation products from 2d,e showed that
the monoradical and the diradical are separable for 2e, but their spots are very close and
hardly separable for 2d. The mixture from the oxidation of 2e with silver oxide was then
rapidly separated at 0 °C by column chromatography on silica gel using hexane-ether (8 : 2)
as a developing solvent. The almost pure diradical 1e was obtained as a purple solid. Figure
1 shows the ESR spectrum of the isolated 1e in frozen toluene at -150 °C. This spectrum
contains only a small amount of the monoradical. The diradical 1e is stable at low
temperature (< 0 °C) even under aerated conditions but unstable both in solution4 and in solid

state5 at room temperature. The diradical signals were converted into monoradical signals

after standing at room temperature for 15 min in solution. Apparently, the instability of this
diradical is not due to the reactivity toward oxygen, but is related to the thermal instability of
the second hydrazyl radical, which may undergo hydrogen abstraction or dimerization.®
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Figure 1. ESR spectrum of the purified 1e
in frozen toluene at -150 °C.
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Figure 2. Curie plots for the signal intensity for 1e
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low-spin ground state for 7 and 8 is ascribable to the large dihedral angle between the
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lane and the plane of the ceniral benzene ring {10]. In the present bis-DFPH
diradicals, the dihedrai angie between the plane of the central benzene ring and the nodal
plane of the hydrazyl radical may be smaller than those of 7 and 8, since steric repuision
would be released by the rotation of the N-phenyl rings or the picryl groups (1eA).

Me Me / Me - FBuU
Rj& g@e KUV
I-BU:NQT‘:FBU t'Bu Nﬁ% rBu
O Me O
Plc Pic
7: singlet 8: singlet 1eA: triplet

Isolation at room temperature and clarification of magnetic properties are under way.
This work was supported by a grant (No. 10146101) from Ministry of Education, Science
and Culture, Japan.
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In 1H NMR spectrum of 1a, two unequivalent aromatic protons (& = 8.00 and 8.55 ppm in bromobenzene-d35) on the picryl
group were observed at 30 °C.  These two signals coalesce at 50 °C and become a sharp singlet (8 = 8.35 ppm) at 100 °C.
This spectral change indicates that the rotation of the picryl group is rather slow because of the double bond character of

Clnicrv)-Nthvdrazine) hond  Similar regults were ohserved for other derivativeg.
LPicrys - INayarazing) oond. SHNLAT Iesiais Were ODSCrvea 1or olner aenvany

2. Since there is no particular reason why the second oxidation of 2a,b is slow, it is reasonable to assume that the diradicals 1a,b
is generated as an intermediate to produce decomposition producls The cleaner oxidation reaction for the relativcly stable
diradicais 2d,e which gave aimost no iow Rf component (TLC) in conirast to that of Za,b aiso supporis this hypoihesis.
Although the origin for the instability of 1a,b is not clear at present, the dimerization or the oxygenation reaction at the 2-
position of the central benzene ring or the 4-position in the N-phenyl ring is probable.

3. According to the molecular model, the distance between the two nitrogens attached to m-phenylene is about 4.9 A. The distance
between the two nitrogens attached to the picryl group is about 5.0 A in syn-conformation, about 7.5 A in anti-conformation.
The calculated distance from the D-values is close to the averaged value.

4. The ESR signal intensity (measured at - 150 °C) under degassed condition drops almost to the 1/9 of the original intensity with
appearance of the strong monoradical signal after standing the ESR tube for 15 min at room temperature.
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considerably darken and the diradical spot (TLC) almost disappeared.

6. The instability of 1e is not due to the reactivity toward oxygen. This is confirmed by several experiments: 1) 1e was isolated
under aerated column chromatography conditions. 2) The ESR signal intensity (-160 °C in frozen toluene) in degassed ESR tube
quickly decreased by warming up to room temperature but did not change by opening to air. The hydrogen abstraction may
occur via direct hydrogen abstraction from the solvent or via intramolecular hydrogen abstraction from the methyl group on the
central benzene ring.
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