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ELECTRONIC AND MOLECULAR STRUCTURE OF ROOM-TEMPERATURE
STABLE TRIPLET CARBENE AS STUDIED BY ESR SPECTROSCOPY

KATSUHIKO FURUKAWA,! TAKEJI TAKUIL2 KOICHI ITOH,? TETSUYA
WATANABE,* KATSUYUKI HIRAL* AND HIDEO TOMIOKA#

TAdvanced Science and Technology Center for Cooperative Research, Kyushu
University, 6-1 Kasugakoen, Kasuga, Fukuoka 816, Japan; 2Department of
Chemistry and 3Department of Material Science, Faculty of Science, Osaka City
University, 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558, Japan; 4Chemistry
Department for Materials, Faculty of Engineering, Mie University, Uehama, Tsu,
Mie 514, Japan

Abstract A ground-state triplet diphenylcarbene derivative, 2,2',4,4',6,6'-
hexabromodiphenylcarbene 1 was synthesized and generated to be a model for
chemically stable organic high-spin molecules. Electron Spin Resonance
spectroscopy showed that 1 was a triplet molecule in the ground state and survived
up 1o room temperature in the crystal state. 1 is the first stable triplet carbene in fluid
solution at low temperature and in the crystal state at room temperature.

INTRODUCTION

High-spin carbene is suitable as models for building blocks of high-spin molecular
clusters and organic superpara- and ferro-magnets whose molecular designs are based on
through-bond approach (topologically controlled mt-spin polarization). A weakness of
carbene, however, is that in general it is a highly reactive intermediate. Thus, the quest for
stable organic high-spin systems with robust n-spin polarization has been an important
issue for studying supramolecular functionalities of super high-spin molecules and their
molecular assemblages. Among the diverse topics of organic molecular magnetism,
syntheses and detection of room-temperature stable triplet carbene as a prototype of stable
high-spin systems have been the focus of current topics in high spin chemistry.!

In this paper, we report ESR detection of the first triplet carbene, 2,2',4,4',6,6'-
hexabromodiphenylcarbene 1 which is stable in solids at room temperature: 1 is stable
even in fluid solution.!™ We have studied the chemical stability of 1 by monitoring the
fine-structure ESR spectra of 1 from random orientation. From the fine-structure spectra
observed in the neat crystal of the diazo precursor of 1, it has been shown that 1 survives
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at room temperature in the neat crystal upon exposure to air. The comparison of the
experimentally derived fine-structure constants with the theoretically predicted ones for
non-substituted diphenylcarbene has provided us with the molecular conformation
responsible for the extreme stability of 1.

EXPERIMENTAL

Sample Preparation

The preparation of the diazo precursor of 1 will be described elsewhere.!™ The diazo
precursor was fairly soluble in 2-MTHF. A solution of the diazo precursor of 1 was
degassed by freeze-pump thaw cycles and sealed off on a vacuum line. 2-MTHF was
purified according to usual methods. The solution yielded a dark red glass at 2.3K in the
sample site of a cryostat. Upon irradiating the glassy sample with light of 405 nm wave
length, several new peaks appeared in the ESR spectrum over a wide range of 0.05-
0.75T, indicating the generation of 1. 1 was generated by the photo-dissociation of the
precursor diazomethane as follows:

Br Br Br Br Br Br
LY e LT
Br N, Br Br Br

at2.3K

in 2-MTHF glass matrix or single crystal 1
of the diazo precursor

ESR Measurements

ESR measurements were carried out at X band microwave frequencies by use of magnetic
field modulation of 100kHz. The temperature dependence of the ESR spectral intensity for
the glassy sample was observed in the range of 2.5 to 110K. The temperature was
controlled by an Oxford ESR 910 helium gas flow system.

The chemical stability of 1 was investigated in the crystal state of the diazo
precursor. 1 in the crystal state was obtained by irradiating the single crystal of the diazo
precursor which was prepared at 20 C” by slowly evaporating the benzene solution of the
diazo precursor. The temperature dependence of ESR spectra for 1 in the crystal state was
observed in the range of 2.5 to 300K.
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(a) Observed (2-MTHEF,; before annealing)
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FIGUREl1  X-band ESR spectra observed at 5K in a 2-MTHF glass from
the triplet state of 1. (a) before annealing (b) after annealing.
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RESULTS AND DISCUSSION

Figure 1a shows the ESR spectrum observed at 5K after the irradiation of the diazo
precursor of 1. This ESR spectrum is typical for randomly oriented triplet molecules with
the fine-structure constant D~0.4cm-1, except for the signal observed at 0.34T. The
signal at 0.34T originates from by-products during the sample preparation and/or
photochemical decomposition of the diazo precursor. The values of D and E can be
calculated exactly from the observed resonance fields denoted by Hx, Hy, and Hz in
Figure 1a using the following equations

Hyx2=(ge/gxx)2[(Ho+D'-E")(Ho—2E")]
Hy2=(ge/gyy)*[(Ho+D'+E")(Ho+2E")]
22=(ge/gzz)2[(HO*'D')Z"E'Z)]

where the g tensor was assumed to be isotropic and equal to 2.003 (g=ge=gxx,8yy:8z2)
Ho=hw/2ng.B, D'=D/gP, and E'=E/gf. The values of D, |E|, and IE/DI are summarized
in Table 1. The determinations of the signs of D and E by use of single-crystal ESR
experiments are under way.

When the 2-MTHF glass was warmed to 150K for 10 seconds, there was a striking
shift in the positions of the Hy and Hy lines, which moved closer together (Figure 1b),
resulting in nearly zero E value. Re-cooling the sample did not reverse this change. Since
the E/D depends on the magnitude of the central C-C-C angle, it indicates that, on
warming, the carbene relaxes to a structure with an expand C-C-C angle presumably to
gain relief from steric compression.!2) These observations are in accord with the UV/vis
studies!™ showing that 1 is kinetically stable and undergoes substantial geometrical
changes upon annealing.

In 1971 Higuchi predicted the relation between the fine-structure constants and
molecular conformations of non-substituted diphenylcarbene on the basis of LCAO-MO
calculations.? Figure 2 shows the calculated D and E values of non-substituted
diphenylcarbene as a function of the central C-C-C bond angle (8) assuming the planar
structure (0=0°) and the structure with the two phenyl groups perpendicular to the plane
of the central C-C-C triangle (¢=90"). It is well known that this result coincides with the
observed values® of D=0.4050cm-! and E=0.01918cm-! for non-substituted
diphenylcarbene. Because molecular conformation changes affect the fine-structure
constants more than functional group substitutions do,3) it seems reasonable that the
relation shown in Figure 2 applies to the case of 1. According to Higuchi's model, 6 and
o of 1 are 140° and 90°, respectively. On the other hand, the X-ray crystal
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TABLEI Fine-structure constants and E/D of 1

matrix temp,K IDI,cm-! |El,cm-? |[E/DI
before annealing
2-MTHF 5 0.3598 0.0295 0.0820
after annealing (T,=150K)
2-MTHF 5 0.3656 < 0.0002 50
analysis of the diazo precursor of
1 showed that © and o are 131° 1.0 r .

and 85°, respectively.®) Higuchi's
model considered only the dipolar
interaction between the two
unpaired electrons for the
estimation of the molecular
conformation of non-substituted
diphenylcarbene. The model does
not expect any significant effect of
electron-donating substituent
functional groups on the fine-
structure tensor. The calculations
incorporating such effect of the
substituent groups are under way.
A direct intramolecular interaction
between the substituted bromines
and non-bonding MO's is
considered. In a semi-quantitative
sense the feature of the molecular
conformation of 1 before
annealing is close to 6 and a
obtained by the X-ray crystal
analysis of the diazo precursor of
1.

Before annealing
dihedral angle = 90°
bond angle = 140°

Dlkc and E[hc (em~-')

-~ E(90")

0.0 ~E(90%) E(p‘)

T80 120° 150° 180°
Bond angle

FIGURE 2 Relation between the fine-structure
constants and molecular conforma-

tions.y)
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(a) Observed (Single Crystal; T= 2.5 K)
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| 1 I | 1
0.2 0.4 0.6
Magnetic Field /T

FIGURE3 X-band ESR spectra from the triplet state of 1 in the neat crystal
of the diazo precursor. (a) T=2.5K (b) T=300K.
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The remarkably reduction in E by annealing shows an increase of axial symmetry of
1, indicating that the central C-C-C bond angle becomes expanded and the dihedral angle
of the two phenyl rings becomes closer to 90°. Thus, the phenyl rings are perpendicular
to each other and the reactive center (divalent carbon atom) is protected by the six bromo
groups of the two phenyl rings in this conformation.

Figure 3 shows the ESR spectra observed from a single crystal [(a) at 2.5K, (b)
300K], indicating that the signals occurred at 2.5K in the neat crystal of the diazo
precursor survived up to room temperature without loss of intensity, considering the
effect of Boltzmann factor. The signals have still survived at room temperature in a
nitrogen gas atmosphere for half a year. These facts indicate the remarkable chemical
stability of 1 in comparison with the other diphenylcarbene derivatives. In conclusion,
triplet diphenylcarbene derivative 1 regarded as highly reactive intermediates can be
stabilized by the substitution of 2-, 4-, and 6-position of the two phenyl rings, causing
the bent perpendicular molecular conformation.

LUSION

The electronic structure and the chemical stability of 1 were investigated by ESR
spectroscopy, and the molecular conformation responsible for this stability was shown
LCAO-MO calculations of the fine-structure constants and the X-ray crystal analysis of
the diazo precursor of 1. The observed fine-structure constants were |DI=0.3598cm™!,
IEI=0.0295c¢m™! before annealing, IDI=0.3656cm™!, |El<0.0002cm~! after annealing in 2-
MTHF glass. The single-crystal ESR experiment showed that 1 survived up to room
temperature without loss of intensity in the neat crystal. The LCAO-MO calculations and
the X-ray crystal analysis of the diazo precursor of 1 indicated that the stability of 1 was
due-to the perpendicular conformation.

ACKNOWLEDGMENTS

This work was partially supported by Grand-in-Aid for Scientific Research on Priority
Area (Grant Nos. 02205102, 04242103, and 04242105), Grand-in-Aid for General
Scientific Research (Grant Nos. 02453014 and 03640429), Grand-in-Aid for Scientific
Research on Priority Areas "Molecular Magnetism" (Area No. 228/04242103 and
0424104) from the Ministry of Education, Science and Culture, Japan, and NEDO
project "Organic Magnets” from the Ministry of International Trade and Industry, Japan.



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:37 18 February 2013

278/1988] K. FURUKAWA et al.

REFERENCES
1. (a) H. E. Zimmerman, and D. H. Paskovich, J. Am. Chem. Soc., 86, 2149 (1964).

b w

(b) A. S. Nazran, E. J. Gabe, Y. LePage D. J. Northcott, J. M. Park, and D. Griller,
L. Am. Chem. Soc,, 108, 2912 (1983). (c) A. S. Nazran, and D. Griller, J. Chem.
Soc.. Chem. Commun., 850 (1983).(d) A. S. Nazran, and D. Griller, J. Am.
Chem. Soc., 106, 543 (1984). (e) B. C. Gilbert, D. Griller, and A. S. Nazran, J.

, 50, 4738 (1985). (f) A. S. Nazran, F. L. Lee, E. J. Gabe, Y. LePage
D. J. Northcott, J. M. Park, and D. Griller, . Phys, Chem., 88, 5251 (1984). (g)
H. Tomioka, K. Hirai, and C. Fujii, Acta Chem. Scand., 46, 680 (1992). (h) H.
Tomioka, K. Hirai, and T. Nakayama, J. Am. Chem, Soc., 1185, 1285 (1993). (i)
H. Tomioka, K. Mizutani, K. Matsumoto, and K. Hirai, J, Org, Chem., 58, 7128
(1993). (j) K. Hirai, K. Komatsu, and H. Tomioka, Chem, Lett., 503 (1994). (k) H.
Tomioka, H. Okada, T. Watanabe, and K. Hirai, Angew. Chem. Int. Ed. Engl..
873 (1994). (1) K. Furukawa, Y. Teki, T. Takui, K. Itoh, T. Watanabe, K. Hirai,
and H. Tomioka, Mol, Cryst. Lig. Cryst., to be published. (m) H. Tomioka, T
Watanabe, K. Hirai, K. Furukawa, T. Takui, and K. Itoh, . Am. Chem. Soc., 117,
6376 (1995).
(a) E. Wasserman, V. J. Kuck, W. A. Yager, R. S. Hutton, F. D. Greene, V. P.
Abegg, and N. M. Weinshenker, ], Am. Chem, Sog¢., 93, 6335 (1971). (b) H.
Tukada, T. Sugawara, S. Murata, and H. Iwamura, Tetrahedron Lett., 27, 235
(1986).
J. Higuchi, J, Bull. Chem. Soc, Jpn., 44, 2634 (1971).
C. A. Hutchison Jr., and B. E. Kohler, J. Chem. Phys., 51, 3327 (1969).
R. W. R. Humphreys, and D. R. Amold, Can. J. Chem., 57, 2652 (1979).
T. Takui, K. Furukawa, K. Itoh, I. Miyahara, K. Hirotsu, T. Watanabe, K. Hirai,

and H. Tomioka, MQL_CmsL_Laq,_Cus_L to be submitted.



