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cis and trans Forms of a Binuclear
Subphthalocyanine**

Takamitsu Fukuda, Jay R. Stork, Richard J. Potucek,
Marilyn M. Olmstead, Bruce C. Noll,
Nagao Kobayashi,* and William S. Durfee*

In 1972 Mellor and Osskol!l reported the synthesis and
spectroscopic characterization of the boron-containing sub-
phthalocyanine (SubPc) macrocycle; the cone shape of
SubPcs was confirmed by X-ray crystallography shortly
thereafter.?l After a nearly 20year hiatus, interest in
these unusual systems was renewed when one of us (N.K.)
published the synthesis and spectroscopic study of a binuclear
SubPc in which two SubPc units shared a central benzene
ring.’l As was subsequently pointed out, the bowl shape
of the SubPc should result in cis and trans forms of the
binuclear species, having C,, and C,, molecular symmetry,
respectively.

We report here on the synthesis of a variation of the original
binuclear SubPc, the separation of the cis and trans binuclear
forms, and their spectroscopic and structural characterization
(Scheme 1). In the original procedure 4-tert-butylphthaloni-
trile and 1,2,4,5-tetracyanobenzene were allowed to react in a
20:1 ratio with BBr;. We have replaced the 4-tert-butyl-
phthalonitrile with tetrafluorophthalonitrile to prevent the
formation of positional isomers that the 4-tert-butyl substitu-
ent engenders, and to reduce the number of benzo units that
can undergo halogenation, an unavoidable side reaction when
BBr; or BCl, is used in SubPc syntheses.’! We also report the
X-ray crystal structure analysis of the perfluorinated mono-
mer,®l derived from the cyclotrimerization of tetrafluoro-
phthalonitrile, which is unavoidably the major product of the
reaction.l’]
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Scheme 1. The structures of 1, 2 (cis), and 3 (trans).

Figure 1 shows the X-ray structures of compounds 1,
2 (cis form), and 3 (trans form). The structures!®! of the
three compounds show how the tetrahedral boron
center forces a cupped geometry on the delocalized
ring system. In each molecule, the boron atom is
nearly 0.6 A out of the plane of its three bonded
nitrogen atoms. In the cis-SubPc 2, the combination of
two cupped monomer units leads to a full hemicircular
molecule large enough to encircle the hemisphere of
Cy- In the trans-SubPc 3, the molecule has crystallo-
graphic inversion symmetry and forms a novel
S-shaped molecule. Highly efficient and appealing
packing arrangements result from the mutual fit of
projections of one molecule into the cavity of its
neighbor (Figure 2). Although the near absence of
hydrogen atoms (0H in 1, 2H in 2 and 3) plays a part,
and solvated CH,Cl, molecules are present in the
structures of 2 and 3, the efficiency of the packing can
be appreciated from the volume/non-H atoms of
13.0A%in 1,143 A%in 2, and 14.5 A in 3.

Figure 3 shows the electronic absorption, magnetic
circular dichroism (MCD) spectra, and calculated
electronic spectra (AMI calculations using Hyper-
Chem Softwarel”) for 2 and 3. Compared with the

2566 © WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002

spectra of monomeric 1, the Q band of the dimer has more
structure and is shifted to the red by about 120 nm, suggesting
delocalization of electrons over the whole molecule. Both 2
and 3 show similar spectra; however, the Q band of 3 (trans
form) appears at longer wavelength than that of 2 (cis form)
by about 3-4 nm, and the absorbance at a shorter wavelength
side of the Soret band is higher for 3. The MCD peaks in the
Q-band region correspond closely to the absorption peaks
(Faraday B terms), characteristic of systems lacking degener-
ate states. Since the molecules have either C,, (2) or C,, (3)
symmetry, the doubly degenerate bands of monomeric 1 with
C,, symmetryl!'” split into two bands close in energy, and
transitions into these orbitals give rise to pairs of intense
oppositely signed B terms in the MCD spectra.l'!l Thus, in the
Q-band region, bands at about 690 -695 and 600605 nm can
be safely assigned to the split Qy, transitions.'”l The theoret-
ical spectra reproduce these experimental characteristics.
Although not shown, the Q and Soret bands of 1 were
calculated at 555 and 550 nm with an oscillator strength (f)
value of 0.515 and 0.503, and at 336 and 332 nm with an fvalue

Figure 1. The X-ray crystal structures of 1 (top), 2 (middle), and 3 (bottom). Only the
atoms of the boron coordination sphere are labeled.
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Figure 2. Crystal packing of 1 (top), 2 (middle), and 3 (bottom).

of 0.350 and 0.325, respectively. As shown in Figure 3, both 2
and 3 are expected to have intense split Q bands. The Q band
of longest wavelength of the frans isomer 3 was calculated to
lie at longer wavelength than that of the cis isomer 2. In
addition, compared to the cis isomer, for the trans isomer
many intense transitions were calculated at the shorter
wavelength side of the Soret band. These results match nicely
with observations.

In conclusion, we have separated the cis and trans isomers
of a binuclear SubPc and characterized both isomers by
various spectroscopic methods and X-ray crystallography. The
electronic absorption and MCD spectra of these dimers are
similar in shape, but the Q band of the frans isomer appeared
at longer wavelength than that of the cis isomer by about

Angew. Chem. Int. Ed. 2002, 41, No. 14
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Figure 3. MCD (a) and electronic absorption spectra (b) of 2 (solid lines)
and 3 (broken lines) in chloroform, and calculated electronic spectra for 2
(c) and 3 (d). Coordinates from the X-ray data of 2 and 3 were used for the
calculations. The electronic absorption spectrum of monomeric 1 is shown
as a dotted line in b.

3—4 nm,and the shorter wavelength side of the Soret band of
the trans isomer was stronger than that of the cis isomer.
These characteristics were reproduced by quantum-mechan-
ical calculations.

Experimental Section

Tetrafluorophthalonitrile (2.0 g, 10 mmol) and 1,2,4,5-benzenetetracarbo-
nitrile (0.089 g, 0.50 mmol) were cooled in 1,2,4-trichlorobenzene (20 mL)
to approximately 12°C. Eight to ten drops of BCl;, condensed by using a
dropping cold finger, were added and the reaction mixture was heated to
reflux (214°C) for 30 min. The solvent was then removed by vacuum
distillation. The crude product was adsorbed onto silica and purified by
flash chromatography on silica with toluene/hexanes (1:20 v/v) as eluent.
When 1 (the major product) had eluted the polarity was gradually
increased with toluene and the dimer fractions were collected. To obtain
pure samples of 2 and 3 it was necessary to chromatograph the dimer
mixture at least two more times on silica, eluting with toluene/hexanes
(1:1). By comparing X-ray data, we found that the cis isomer was eluted
first.”! The purity of the samples used for spectroscopy was confirmed by
HPLC and TLC. Slow evaporation of a solution of 1 in toluene produced
crystals suitable for X-ray diffraction. Crystals of 2 and 3 were obtained by
layering solutions of the respective compound in dichloromethane with
cyclohexane and allowing the slow mixing of the two phases.
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Synthesis and Structure of an
Azatrisilacyclobutane and Its Precursor, a
Novel Lithium Enamide Having a Tricyclic
(LiNSiO), Skeleton**

Floria Antolini, Barbara Gehrhus,* Peter B. Hitchcock,
and Michael F. Lappert*

We report results that have a bearing on two diverse but
related and currently topical areas of organometallic chem-
istry. The first concerns insertion of an a-hydrogen-free nitrile
into an Li—C bond, and specifically of 1-adamantyl cyanide
(AdCN) into the chiral bis(silyl)methyl compound Li-
[CH(SiMe,OMe)(SiMe;) | to yield the lithium enamide 1.
The second deals with the insertion of the thermally stable
bis(amino)silylene Si[ (NCH,tBu),C¢H,-1,2] (Si(NN)) 22 into
an Li—N bond, and particularly of Si(NN) into 1 to afford the
azatrisilacyclobutane 3, in which a transient insertion product
4 is a plausible intermediate.

The reactions and conditions leading to the new colorless
crystalline compounds 1 and 3 are summarized in Scheme 1.

MeO—SiMe,
Me3Si(H)C\\ |
MeOMq&\ . AdCN /C\ }i—/N\ y Ad
CHLi > ad” N ¢
MesSi Et,0, 25 °C
3 | C(H)SiMe;,
Me,Si—OMe
ref. [1]
1
thf, -40 °C
. CH,tBu
(- LiOMe) N
. N\
Ad\ //C(H)SlMe3 /Sl 2
C
| gH 1B
/N [= SI(NN)] 28U
(NN)Si Si(NN) ref- [2)
\S/
1
Mez 3

Scheme 1. Synthesis of 3 via 1.

The yields (1, 64%; 3, 50%) of X-ray quality crystalline
materials were not optimized. Each of 1 and 3 revealed the
parent molecular ion in the EI

mass spectra and gave satisfacto- Me3Si(H)C\\ (NN)
A . Si
ry microanalyses and multinu A d/C\N OIS

clear NMR spectra.

The crystalline lithium enam-
ide 1 is a centrosymmetric dimer
(Figure 1).8] Tt has a rhomboidal, planar (LiN), core (the
endocyclic angles at the Li atoms are wider than those at the N

4 Me,Si—OMe
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