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Borabenzene reacts with strong dienophiles such as dimethylacetylenedicarboxylate or benzyne to afford substituted borabarrelenes and
borabenzobarrelene, respectively. The resultant Diels ~ —Alder adducts display high stability due to increased Lewis acidity at boron.

Barrelené and benzobarrelef@re parent compounds ina and 155 examples from group 13 are to our knowledge
family of hydrocarbons with highly directional bicyclic cores unknown? Such compounds might be expected to possess
that comprise the iptycenes, of which trypticene is an enhanced Lewis acidity over typical triaryl boranes because
example. Although they have long been of theoretical of the pyramidal geometry enforced at boron by the [2.2.2]
interest, they and their derivatives have recently found bicyclic core of the molecul® providing linkages strong
application as ROMP monomeémnd as photoactive building  enough to sustain macromolecular structdreBecause
blocks in fluorescent materiatsThe incorporation of het-  iptycenes are typically prepared via Dielalder (DA)
eroatoms into such hydrocarbon frameworks represents areactions, we surmised that the borabarrelene framework may
means to alter the photophysical properties of the group andbe accessible via such a methodology. Although bora- and
potentially provide bonding handles for further chemistry. boratabenzenes have been known for many y&érappears
that their susceptibility to DA chemistry has not been

O O investigated; despite the fact that the HOMO of the pyridine
(4) See, for example: Chen, Z.; Amara, J. P.; Thomas, S. W.; Swager,
7 = = T. M. Macromolecule£006,39, 3202.
4 0 Q (5) (a) Dam, M. A.; Akkerman, O. S.; de Kanter, F. J. J.; Bickelhaupt,
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Although 1-elementa derivatives of both barrelenes and 1979, 880. (b) Ashe, A. J., Ill; Diephouse, T. R.; El-Sheikh, M.JYAm.
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adduct of borabenzene (see Supporting Information) is
associated with the boron containing heterocycle and has the

appropriate symmetry to engage in a regiochemical DA 2 O1
reaction.

Accordingly, reactions of pyridine and trimethylphosphine-
stabilized borabenzenes, prepared by the method of Fu et
al.*2with the strong dienophile dimethylacetylenedicarboxy-
late proceed smoothly at room temperature to afford the
1-borabarrelene productspy and1-PMes (Scheme 1). Their
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Figure 1. Thermal ellipsoid diagram ofl-py (50%), with
CH, hydrogens omitted. Selected bond distances (A): BKI(L), 1.584-
3 (3); B(1)—C(1), 1.646(3); B(1)-€(5), 1.624(3); B(1)-€(7), 1.616-
jB / (3); C(1y-C(2), 1.348(3); C(4)yC(5), 1.322(3); C(6yC(7), 1.326-
2-py # (3). Selected bond angles (deg): C{B(1)—C(5), 103.01(15);
KB / \—e 3 C(1)—B(1)—C(7), 103.35(17); C(5)—B(1)—C(7), 105.66(17).
/
py H,C-0O

Scheme 1). All attempts to obtain suitable crystal® qfy
met with failure, so the more well-behaved analo§ueas
prepared?® Thermal ellipsoid Crystalmaker diagrams bf
py and3 are shown in Figures 1 and 2, respectively, along

formation was indicated spectroscopically by a characteristic
triplet of triplets for the bridgehead proton at 5.8.5 ppm . .
and an upfield shift of thé'B{*H} resonance of about35 with selected metrical data.

. ; . . The highly constrained nature of the borabarrelene core
ppm in comparison to those associated with the borabenzeneOf these molecules is apparent in the ovramidalization
precursors. ThéB{*H} chemical shifts of-0.6 ppm for PP by

1-py and—16.1 ppm forl-PMe; are in the range associated _

with neutral, four-coordinate boron centers with these Lewis
bases? Light orange compound4 are air and moisture
tolerant and can be purified via column chromatography and @—'9 o1
recrystallization or sublimation, affording them in 90% c18
isolated yield.

Use of a somewhat more aggressive dienophile, in situ
generated benzyrié allows access to the 1-borabenzobar-
relene 2-py in moderate (23%) yield using the protocol
shown in Scheme 1. Given the surfeit of aromatic protons
in this derivative, the!H NMR spectrum is complex, but
the signature triplet of triplets pattern for the bridgehead
proton at 5.09 ppm and #B{'H} signal at 0.1 ppm are
indicative of successful installation of the benzyne moiety.

These structural assignments were augmented by X-ray
structural determinations of bottrpy and a derivative of
2-py prepared fromp-MeGH4B<—NCsH4-p-OMe (3, inset

Figure 2. Thermal ellipsoid diagram a3 (50%), with hydrogens
(11) DA reactions with related boracycles: Maier, G.; Henkelmann, J.; omitted. Selected bond distances (A); B{N(1), 1.589(2); B(1)-

Reisenaue_r, H. PAngew. Chem., In_t. Ed. Engl985,24, 1065. ) C(1), 1.630(2); B(1)-C(9), 1.619(2); B(1)-C(11), 1.617(2); C(H
192(316-321'5-'01%12 A.; Wolf, J. R.; Davis, W. M.; Fu, G. @rganometallics C(6), 1.412(2): C(8YC(9), 1.325(2); C(10¥C(11), 1.328(2).
(13) Kidd, R. G. INNMR of the Newly Accessible Nuclei; Laszlo, ., Selected bond angles (deg): C{B(1)-C(9), 103.27(12); C(}

Ed.; Academic: London, 1983; Vol. 2. B(1)—C(11), 103.56(12); C(9)—B(1)—C(11), 105.00(14).

(14) Himeshima, Y.; Sonoda, T.; Kobayashi,Ehem. Lett1983 1211.
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observed at boron; the sums of the B—C angles are 311.9-
(3)° for 1-py and 311.7(2)°for 3. This high level of
pyramidalization compares to that observed for several
pyridine adducts of the borane Bf&)s (Zc_g-c ~ 333%6)

and is significantly more severe than another constrained

borane-pyridine adduct, 2-spiro-1-boraadamanta¥e £—c

~ 328.3%1), Accordingly, the B-N distances of 1.584(3)

A (1-py) and 1.589(2) AZ-py) are the shortest such bond
lengths so far observed in borangyridine adducts; the
average B—N distance for 33 adducts in the Cambridge
Structural Databasgis 1.650 A. The majority of these
distances falls in the 1.60L69 A range; one example shows

Scheme 2
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(162 °C). Although the mass loss fat-py of ~27% is

a distance comparable to the present cases. The highlyconsistent with that expected for dissociation of pyridine

constrained 1,2,3-triphenylborirane derivative reported by
Denmark et al. exhibits a distance of 1.5949A.

(26.7%), it occurs over a wide temperature range. The
situation is even less clear farPMe;, which losesx~38%

Taken together, these metrical data suggest that thegs jis mass over a B0temperature range; this value is

pyridine ligands in the 1-borabarrelenes are strongly bound
to the forcibly pyramidalized boron centers. This notion is

between that expected for loss of PM25.8%) or MeG-
CC=CCQMe (48.0%) and may indicate competing exo-

supported by the observed thermal stability of the compoundsiyermic decomposition processes. Compo@ngy, on the

and our inability to induce ligand exchange. For example,
heating solutions of-py, 1-PMe;, or 2-py in the presence
of excessds-pyridine to temperatures of up to 20C in
toluene solution did not lead to production of free proteo
pyridine or PMe. Indeed, the spectra indicated that the
compounds were stable under these conditions.
DSC/TGA analysis of solid samples of the three com-
pounds indicated thermal stability #8210 °C (Figure 3).

100

200 300
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Figure 3. Thermal gravimetric analysis of compountigy, 1-
PMe;, and 2-py. Melting points for the three compounds as
measured by differential scanning calorimetry are 2221-py),
162°C (1-PMey), and 216°C (2-py).

Compoundd undergo ill-defined mass loss beginning at 222
°C; for 1-py, this is the melting point of the compound,
whereasl-PMe; melts well before this temperature regime

(15) The requisite boracyclic precursorgeMeGsH4B-—NCsHa-p-OMe
was prepared using a methodology described in: Emslie, D. J. H.; Piers,
W. E.; Parvez, MAngew. Chem., Int. EQR003,42, 1251.

(16) Piers, W. EAdv. Organomet. Chen2005,52, 1.

(17) Mikhailov, B. M.; Cherkasova, K. LZh. Obshch. Khim1972,42,
128.

(18) The Cambridge Structural Database; Version 5.27, November 2005.
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other hand, melts at 218 before rapidly losing=14% of

its mass in an exothermic process; this is close to the 11.3%
reduction expected upon loss of acetylene, suggesting that
retro DA expulsion of HC=CH is favored over pyridine
dissociation.

Given the Lewis acidic nature of the boron center in the
borabenzene “dienes”, the mechanism of the DA cycload-
dition process could conceivably proceed via a nonconcerted
pathway?® This question was probed by carrying out a
reaction between borabenzene pyridine alads-1,2-dicya-
noethylene, which proceeded rapidly at room temperature
(Scheme 2). The reaction produced a single diastereomer,
which was assigned the structutgy on the basis of NMR
spectroscopy and X-ray crystallographic analysis, which
clearly demonstrates retention of the trans configuration in
the dienophile. Figure 4 shows a thermal ellipsoid plot of
4-py, along with selected metrical data; these data do not
differ significantly from those discussed above fepy and

c12

Cé6

C7 n3 @
Figure 4. Thermal ellipsoid diagram of4-py (50%), with
hydrogens omitted. Selected bond distances (A): BK(L), 1.586-
(2); B(1)—C(1), 1.699(2); B(1)-€(5), 1.603(2); B(1)-€(6), 1.595-
(2); C(1y-C(2), 1.560(2); C(4)yC(5), 1.333(2); C(6)C(7), 1.334-
(2). Selected bond angles (deg): C{B(1)—C(5), 104.8(1); C(Ly
B(1)—C(6), 102.6(1); C(5)yB(1)—C(6), 108.7(1). Selected torsion
angle: C(13)—C(1)—C(2)—C(14), 110.7(1).
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3, apart from a lengthened CAL(2) distance resulting from  of the route into these compounds reported here opens the
its single-bond nature. Notably, treatment 4fpy with opportunity to explore the chemistry and applications of these
dimethylacetylenedicarboxylate results in slow conversion compounds further as well as the preparation of other boron-
to 1-py, indicating the reversible nature of the addition of containing frameworks; this work is ongoing.
trans-1,2-dicyanoethylene to a borabenzene pyridine.

In conclusion, we have discovered a new mode of ) , ,
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ruthenium-based olefin metathesis cataR/st®es not lead
to ROMP of this monomer, in contrast to the situation
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