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Abstract: Octaphenylbiphenylene, the expected dimer of tetraphenylbenzyne, has been prepared in low
yield by diazotization of 3,4,5,6-tetraphenylanthranilic acid, and its X-ray structure has been determined.
The X-ray structure of a second, abnormal dimer of tetraphenylbenzyne, 1,2,3,8,9,10-hexaphenyldibenzo-
[fg,oplnaphthacene has also been determined,; this is a saddle-shaped polycyclic aromatic hydrocarbon.
1,2,3,4,5,6,7,8,13,14,15,16-Dodecaphenyltriptycene, perhaps the most crowded triptycene derivative yet
prepared, has been made by the reaction of tetraphenylbenzyne with 1,2,3,4,5,6,7,8-octaphenylanthracene,
which in turn was synthesized in two steps from commercial starting materials. The X-ray structure of the
dodecaphenyltriptycene nonabenzene solvate is a remarkable channel containing structure in which more
than 50% of the unit cell volume is occupied by the benzene molecules.

Introduction the diazotization, but we did not observe any products formed
by the dimerization of tetraphenylbenzyne itself. Our interest

Polyphenyl polycyclic aromatic molecules and even larger
in such reactions was renewed unexpectedly by the solution of

“polyphenylene nanostructures” have received increased atten- :
tion in recent year2 By using both classical and modern the structure of an “anomalous crystal”. In 1998, we reported

synthetic techniques, one-, two-, or three-dimensional macro- the synthesis of various methylated octaphenylnaphthaienes
molecules possessing well-defined conformations and high (Such as3) by the diazotization ofl (or its methylated
stability can be constructed with relative ease, with potential derivatives) in the presence of methylated tetracyclones (such

applications ranging from electronic materials to molecular 252)- The assignment of the stereochemistrydgis or trans

separations. We have been especially interested in the synthesi@?€thyls) was not trivial, and we crystallized many samples in
the hope of obtaining an X-ray structure, but none of the crystals

of perphenyl derivatives of simple polycyclic aromatics (for X
example, octaphenylnaphthaletfejecaphenylanthracefec- was satisfactory.
taphenylfluorenongand decaphenylbipherty) studies of which

form the basis for understanding the structures and properties bh on COH o-Tol b isoamyl
of more complex polyphenyl molecules. 2 + 0 nitrite
Tetraphenylbenzyne, generated most conveniently by diazo- Ph NH, Ph
tization of 3,4,5,6-tetraphenylanthranilic acld,(is a convenient Ph o-Tol
precursor of polyphenyl aromatic hydrocarbons by means of 1 2
Diels—Alder reactions with various diené4.6 However, if the
dienes are sterically hindered, then compoliatid the products O
of its diazotization may react in unusual ways. Several years Me Ph
ago, we characterized one such product, 1,2,3,4,5,6,7,8-octaphen- Ph Ph
ylcarbazol€, which appears to result from the reaction of Ph O‘ Ph +
tetraphenylbenzyne with a nitrogen-containing intermediate from Me Ph
* Corresponding author. E-mail: snake@chemvax.princeton.edu. O
1) 1B%gesheim, A. J.; Mier, M.; Millen, K. Chem. Re. 1999 99, 1747 3 4

2) Watsbn, M. D.; Fechterikr; Mullen, K. Chem. Re. 2001, 101, 1267
1300. .
(3) Qiao, X.; Padula, M. A.; Ho, D. M.; Vogelaar, N. J.; Schuitt, C. E.; Pascal, A few years after these experiments were performed, our

R. A., Jr.J. Am. Chem. S0 1996 118 741—745. i itive di
(4) O, X.. Pelczer. | Paseal, R. A.. Bhirality 1098 10, 154158, department acquired a more sensitive dlffractometer,. and agmall
(5) Tong, L.; Lau, H.; Ho, D. M.: Pascal, R. A., It. Am. Chem. S0d.998 crystal of3 was found among the old samples that might suffice

120, 6000-6006. for diffraction experiments. To our great surprise, this crystal

(6) (a) Qiao, X.; Ho, D. M.; Pascal, R. A., JAngew. Chem., Int. Ed. Engl. :
1997 36, 1531-1532. (b) Tong, L.; Ho, D. M.: Vogelaar, N. J.: Schutt, C. ~ was found to contain a 1:2 complex®&nd4, and the structures
E.; Pascal, R. A., JiTetrahedron Lett1997 38, 7—10. (c) Tong, L.; Ho, ; i f <
D.M.. Vogelaar. N. J.; Schutt, C. E.. Pascal. R. A..IrAm. Chern. Soc. of these molecules are illustrated in Figure 1. Compodinsl
1997 119 7291-7302. (d) Pascal, R. A., Jr.; Barnett, L.; Qiao, X.; Ho,
D. M. J. Org. Chem200Q 65, 7711-7717. (e) Zhang, J.; Ho, D. M; (7) Qiao, X.; Ho, D. M.; Pascal, R. A., Jd. Org. Chem1996 61, 6748
Pascal, R. A., JrJ. Am. Chem. So2001, 123 10919-10926. 6750.
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a D, symmetric structure. However, computational studies at
the HF/3-21G level of theoRjindicate that theC,, conformation

is more stable than th®, conformation by 13.0 kcal/mol,
despite the fact that the latter requires less distortion from
planarity. Indeed, the degree of deformation of the dibenzonaph-
thacene core i is quite large; the average deviation of the
carbon atoms from the mean plane of thig Rexacycle is 0.63

A, and the maximum deviation is 1.11 A. For comparison, the
same values for [7]circulef&(the paradigmatic saddle-shaped
hydrocarbon) are 0.51 and 1.07 A. No crystal structure exists
for dibenzofg,oplnaphthacene or any simple derivative, but HF/
3-21G calculations indicate that the parent hydrocarbon should
be strictly planar withD,, symmetry.

The molecule o# is well-ordered in the crystal structure of
the complex, but its companion, the dimethylated octaphenyl-
naphthaleng, is disordered across a crystallographic center of
inversion. The disorder is such that it is not possible to assign
unambiguously its geometry as cis or trans or a mixture of the
two, which had been the original purpose of the diffraction ex-
periment! The structure refined best with a 55:45 ratio of cis
and trans isomers included in the disorder model, but this result
is not conclusive, and none of the metrical parameters from
this part of the structure should be taken to be particularly
reliable.

In the 1996 repoftfrom this research group of the formation
of octaphenylcarbazole by diazotization of tetraphenylanthranilic
acid (1), it was noted that “no trace of [octaphenylbiphenylene
(5)] was observed, even though many fractions... were screened
by mass spectrometry.” This result had seemed strange, but the
later observation o provided, for a time, a rationalization for
the absence d@. If the initial dimerization of tetraphenylbenzyne
(7) gives the diradicas, then subsequent addition of the radicals
to nearby phenyl groups would lead to intermed@tend its
Figure 1. Molecular structure of 1,2,3,8,9,10-hexaphenyldibefgofl- dehydrogenation would yieldi (oxidants such as isoamyl nitrite
naphthacene4( above), and a unit cell diagram of the X-ray structure of . . . . .
its complex with an octaaryinaphthaler@3(4)-CH,Cl,, below]. are present in the reaction mixture). The small difference in

the masses of (CgoHzg, M = 758) and5 (CeoHao, M = 760)
apparently a dimer of tetraphenylbenzyne, but it is not the might explain the failure of the previous mass spectrometry-
“normal” 2+2 dimer octaphenylbiphenylen&)( In this paper based search fds.
we discuss the structure dfand its possible origin, and we

report the synthesis and structurebofn addition, we describe p 4 Ph Ph
the synthesis of another aryne-derived polyphenyl aromatic O Ph Ph
compound, 1,2,3,4,5,6,7,8,13,14,15,16-dodecaphenyltriptycene Z .
(6), as well as the crystal structure of its remarkable benzene O — O O
solvate. O '
Ph
Ph Ph
Ph Ph 7
Ph Ph
=)
Ph Ph
Ph Ph
5

Results and Discussion

Dimers of Tetraphenylbenzyne.The X-ray structure of

1,2,3,8,9,10-hexaphenyldibenimpplnaphthacened) shows it 9 4
to be a saddle-shaped polycyclic aromatic hydrocarbon pos- )
sessing approximat€,, symmetry (see Figure 1). This is In the hope of generating more cleanly, we conducted

unusual; almost all of the crowded polyphenyl polycyclic several diazotization reactions within the absence of any

aromatm_hydrocarbons that we h_ave_ pre_pared exhibit twlst|ng (8) Smyth, N.; Van Engen, D.; Pascal, R. A.,dIrOrg. Chem1990 55, 1937
deformations from planarit§>-8 which in this case would yield 1940.
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greater than that predicted for HF/3-21G calculations’j 1181t
still very modest.

In addition to compoun8, the mass spectra of some fractions
from various diazotization reactions contained the characteristic
m/z 758 ion, which presumably indicates the presence of the
alternative dime#d, but in none of these was this the principal
component, and compourwas never isolated in pure form.
Moreover, not even a tiny amount of pudecould be obtained
from the few available crystals of its 2:1 complex wBhthe
two compounds cochromatographed upon TLC in several
solvent systems. Thus, for the presehimust remain a minor,
anomalous product known only by means of its fortuitous
crystallization with the naphthalerg

Dodecaphenyltriptycene.Among the most dramatic dem-
onstrations of benzyne’s utility is Wittig’s one-step synthesis
of triptycene in 28% yield from anthracefta task that had
required seven steps in Bartlett’s original synthé%ighen
anthranilic acid is used as a benzyne precursor, the yield of
Figure_Z. Molecular structure of octaphenylb@phenyler@. (Thermal triptycene can be as h|gh as 75%We have previous|y prepared
ellipsoids have been drawn at the 50% probability level, polyphenyl versions of several common aromatic hydrocarbons
including naphthalene, anthracettgiphenyl, fluorené€,and now

of isoamyl nitrite in dichloroethane and heated for an hour, just b{phenyleneand the synthesis of a polyph_enyl version of
triptycene seemed to be a natural extension of this work.

; d
as in our past syntheses of octaal_rylnaphthqléﬁébs. In_ those Furthermore, our experience with the crystal structures of very
synthesgs, we used EXCESSes of |sogmyl nitrite ranging f.rom 1'51 arge, polyphenyl aromatics indicates that most of these
to 5 equiv; 1 to 10 equiv were used in the present experiments. molecules form complex, channel-containing sofi€&d and

Several products were characterized by NMR and mass spec; we suspected that a polyphenyl triptycene, with three built-in

trometry, including octaphenylcarbazole, 1,2,3,4-tetraphenyl-
molecular clefts around a central axis, would likely form crystals
benzene, and 2,3,4,5-tetraphenylnitrobenzene. When large ex
with especially large channels.

cesses of the nitrite were used, the last of these became the .
dominant product. However, only one dimer of tetraphenyl- Addition of tetraphenylben;yne?X to the central ring of
benzyne was isolated. Spectroscopic data indicated that thisdecaphenylanthrac_ene IS sterlcall)_/_precluded by the C-9 and
material was the previously undetected octaphenylbiphenylenec'10 phenyl substituents, but addition dto 1,2,3,4,5,6,7,8-

(5), and this was confirmed by an X-ray structure determination octaphenylanthracend, Sc_heme 1) to give 1,2,3,4,5,6,7.8,
(Figure 2). The yields 05 were very low, and never more than 13,14,15,16-dodecaphenyltriptyceit ¢eemed to be a reason-

5%. We were surprised to find compoubBdt all; there is no gbiethgqal. (i(r)]mpounmz. has been rteportfed by Hart an.dlﬁtk, i
apparent difference between the diazotization conditions em- ut their synthesis requires Seven steps from commercial starting

. . materials, and the key reaction, a double amination of 1,5-
glxopy :r?n:r;r?tggé (when we failed to observe) and the present dihydrobenzo[1,2}:4,5-d]bistriazole, proved to be very trouble-

. . . some in our hands. However, a two-step synthesis of octaphen-
Compound5 crystallized in the orthorhombic space group .
o . . ylanthracenel2 (and thus a three-step synthesis &)ffrom
Pbcn and it lies on a special position, so that the molecule has . . . . -
- commercial starting materials was easy to imagine (Scheme 1).
exactC, symmetry (and approximai®, symmetry). Except for . . . -
- . We found this new synthesis to be short and convenient, but it
the presence of the four-membered rifgeems to be relatively

unstrained, and the geometry of its biphenylene nucleus is does not give high yields,

extremely similar to those of the parent hydrocaibamd its There are several close analogues in the literature for the first
octamethyl derivativé?13For example, the central C(3L(4) step, a double DietsAlder addition of benzoguinone to
bond distance irb is 1.521 (4) A (se,e Figure 2), while the tetracyclone under conditions that promote decarbonylation and

average values for this bond in the determinations of biphenyleneOlehy(fgog-]jenat'On (_)f th? |n|t|a_| adduct, and th? yields are often
itself and octamethylbiphenylene are 1.512 and 1.521 A, good? Howgver, in this particular case, the isolated yield of
respectively. However, these smaller molecules are essentlallypure‘ crystalline octaphenylgnthraqwr!oﬂle)(wa§ never apove
planar, buts exhibits a small twist along its long axis: the 10%. Fortunately, the starting materials are inexpensive, and
torsior; angle C(1Ay C(1)-C(6)~C(6A) is 6.3. This twist is in an initial synthetic step, the losses are not so painful. Quinone

e 11 was resistant to catalytic hydrogenation, and hydride reagents
(9) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, AInitio Molecular gave mixtures of oxygenated reduction prOdL}Etbut it was

Orbital Theory John Wiley & Sons: New York, 1986; pp 63.00. reduced to the desired anthracetizby boiling in hydriodic
(10) (a) Yamamoto, K.; Harada, T.; Nakazaki, M.; Nakao, T.; Kai, Y.; Harada,

S.; Kasai, N.J. Am. Chem. S0d.983 105 7171-7172. (b) Yamamoto,
K.; Harada, T.; Okamoto, Y.; Chikamatsu, H.; Nakazaki, M.; Kai, Y.; (14) (a) Wittig, G. Org. Synth.1959 39, 75-77. (b) Wittig, G. Organic

reactive diene. Compountiwas added to refluxing solutions

Nakao, T.; Tanaka, M.; Harada, S.; Kasai, N.Am. Chem. Sod. 988 SynthesesWiley: New York, 1963; Collect. Vol. IV, pp 964966.
110 3578-3584. (15) Bartlett, P. D.; Ryan, M. J.; Cohen, S. G.Am. Chem. Sod 942 64,
(11) Fawcett, J. K.; Trotter, Acta Crystallogr.1966 20, 87—93. 2649-2653.
(12) Jones, J. B.; Brown, D. S.; Hales, K. A.; Massey, AA@ta Crystallogr., (16) Friedman, L.; Logullo, F. MJ. Am. Chem. S0d.963 85, 1549.
Sect. C1988 44, 1757-1759. (17) Hart, H,; Ok DJ. Org. Chem1986 51, 979-986.
(13) Le Magueres, P.; Lindeman, S. V.; Kochi, J. Brganometallics2001, (18) Ogllaruso M. A;; Romanelli, M. G.; Becker, E.Chem Re. 1965 65,

20, 115-125. 261-367.
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Scheme 1
Ph benzoquinone Ph O  Ph
Ph PhNO, Ph Ph
o2 T T
Ph 8% Ph Ph
Ph Ph O Ph
11
10
HI
32% | HOAc
reflux
Ph Ph H Ph
Ph CO,H Ph l l l Ph
Ph NH, Ph Ph
Ph Ph H Ph
1 12
o, | iIsoamyl o, | isoamyl
3% | nitrite 1% | nitrite
Ph Ph
Ph O O Ph
Ph Ph
Ph Ph
5

acid and acetic acid for prolonged perid8sTwo weeks of
reaction gavd 2in 32% yield. Addition of tetraphenylbenzyne
to 12 gave the desired dodecaphenyltriphenyléne11% yield,
a satisfactory result given the steric crowding in the prodtict.

Compound6 is soluble in a variety of organic solvents and
it crystallizes readily, always forming structures with substantial
amounts of included solvent. Two such structures are reported
here: the dichloromethane and ben_zgne solvates. Crystallizationg;g,re 3. Molecular structure of 1,2,3,4,5,6,7,8,13,14,15,16-dodecaphen-
from CH,Cl,—MeOH gave monoclinic crystals, space group yltriptycene ), taken from the X-ray structure of its benzene solvée (
P2,/c, with Z = 8: that is, there are two independent molecules 9CsHe). Thermal ellipsoids have been drawn at the 50% probability level.
of 6 in the asymmetric unit. In addition, 20.5% of the unit cell ) ) . ) ]
volume is occupied by dichloromethane molecules which are Substituents is known, Hart's “supertriptycerf&fn which there
disordered to varying degrees, but this is not an unusual degree?® Six 9,10-anthradiyl moieties fused to a central triptycene,
of solvation for a molecular solid. More impressive are the but he reports that the solvent molecules included in the crystals
crystals obtained from benzene; these are orthorhombic, spacdn@de itimpossible to S°|'Ve the crystal structéfrét.seems that
groupPna2;. The asymmetric unit contains a single molecule W& Were more fortunate! -
of 6 along withninemolecules of benzene; the included solvent ~ The 12 phenyl groups 06 are accommodated with little
occupies 50.5% of the unit cell volume. With 12 phenyl distortion of the triptycene coré.For example, the 12 crys-
substituents6 is by far the most highly substituted triptycene  tallographically independent bridgehesarene bonds in the
to have been crystallographically characterized, and its moleculardichloromethane solvate & average 1.53% 0.007 A, and
structure is illustrated in Figure 3. The Cambridge Structural this value is 1.531 0.008 A for the six independent bonds in
Databas# (CSD) contains only three triptycene derivatives with the benzene solvate. For comparison, two existing X-ray
as many as six substituer?f&24 One other triptycene with 12 structures of triptycene itself yield average distances of £53

0.03 A7 and 1.526+ 0.014 A8 for the same bonds. In all three
(19) Zhang, J.; Ho, D. M.; Pascal, R. A., Tetrahedron Lett1999 40, 3859- determinations 06, the 12 phenyl rings are interlocked in the
3862. ) _
(20) Konieczny, M.; Harvey, R. GJ. Org. Chem1979 44, 4813-4816. same fashion, so that the mOIeCUIes have. approxm@_&el&nd
(21) A referee noted that the low yield in the synthesi$ sEems inconsistent not Dsp, symmetry. There is a roughly cylindrical cavity above

with the molecule’s apparent lack of strain. However, such low strain applies agch of the bridgehead hydrogensGobut this is too small to
only to the ground state o6 in which the phenyl groups are nicely . .
interdigitated; in the transition state leading to the formatior§,ofhere be occupied by a guest solvent molecule, and substitution of
may be substantial conflicts between the phenyls of the precursors.

(22) Allen, F. H.; Kennard, O.; Taylor, RAcc. Chem. Resl983 16, 146—
153

. (25) Shahlai, K.; Hart, HJ. Am. Chem. So0d.99Q 112 3687-3688.
(23) Bashir-Hashemi, A.; Hart, H.; Ward, D. 0. Am. Chem. S0d.986 108 (26) Hart, H.Pure Appl. Chem1993 65, 27—34.
6675-6679. (27) Anzenhofer, K.; de Boer, J. 4. Kristallogr. 197Q 131, 103-113.
(24) Toyota, S.; Endo, M.; Teruhi, M.; Noda, Y.; Oki, M.; Yamasaki, M.; (28) Veen, E. M.; Postma, P. M.; Jonkman, H. T.; Spek, A. L.; Feringa, B. L.
Shibahara, TBull. Chem. Soc. Jprl993 66, 2088-2096. Chem. Commuril999 1709-1710.
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Figure 4. Stereoview of the crystal structure 699CsHg viewed down the crystallographi&caxis. The molecules & are shown as simple line drawings;
the benzene molecules as ball-and-stick drawings.

the bridgehead hydrogens with larger atoms would undoubtedly git;’faiieri'iﬁgeg‘;ggﬁ!fg;’g,‘f’y'eéo?gf;f},i'.'Zgr)?p“'ca"y

be difficult.

. vol%  CSD
As noted above, the crystals 6ffrom benzene are highly solvent reported formula non-Hunon-H,s  solvent®  refcode
solvated. The solvent is located mainly in infinite channels par- 3 penzene GH201°CeHe 27/24=1.12 60.0 CEPJOW
allel to thea axis, which are illustrated in Figure 4. These chan- b benzene GHe229CsHs 92/54=1.70 505 d
¢ benzene &HeoSis=7CeHs 78/42=1.86 47.1 BASVIA

nels have roughly elliptical cross sections with major {and_mlnor d benzonitile  GHAN:OgTGHN  56/56= 100 632 NIPXIT

axes of 25 and 10 A, respectively. A careful examination of e tertbutanol GaHagOs-4C4H10 20/20=1.00 64.3 XEHPEF
the structure shows that six of the nine crystallographically in- f chloroform  GgHsgOs'12CHCE ~ 54/48=1.13  57.9 FUJGOG
dependent benzene molecules are arranged in three infinite col-) chioroform  GHiNe-4CHCh 30/16=1.88  56.6 HUFWAG

T o chloroform GeHaoN44CHChL 30/16=1.88 50.2 WAQMIK
umns within the channels, and the remaining three benzenes 2-chiorophenol GH.Ng*5CeHsCIO  48/40=1.20 57.3 YOVVEK

are found in the three V-shaped clefts of the dodecaphenyltrip-i Eyhillghexane C&ilz?ghleQH o ig/ﬁg 82-81270 g;-g Y\?ULSSSF
[ 1601136124° 9 . .

tycene. The vast majority of the benzeri®nzene and benzene _ DMSO CoHaOr 18GHSO  64/72= 089 713 RETKAC
phenyl contacts are of the edge-to-face or edge-to-edge varietyim pmso GHagO1212GHsSO  64/48=1.33 64.1 GIYTAJ
there are few interactions that may be characterized stack- n DMSO CsHag012710GHSO  64/40=1.60 585 GIYSUC
in o ethylacetate  @HaNsOg5CsHsO, 56/30=1.87 53.0 NIPXEP
g. . p propionic acid GoH1eN4O4Sir4C3HgO, 29/20= 1.45 57.7 YINJOU
Nearly all of our crystals of very large polyphenyl aromatic g propionic acid GsH3N4Os8CsHeO; 61/40=1.52  51.2 VOJFEF
m n with>1 r n@—d,z ntain Iven f r pyridine GoH40012214GHsN 64/84=0.76 68.6 RETKEG

crystallization as part of the structure, but in none does the ¢ pyridine GeHuuNOsSrACHN 46/24=1.02 54.3 GOWVAP
primary molecule occupy less than 50% of the unit cell volume, u pyridine GagH1105°8CsHsN 96/48=2.00 46.5 LAYKUR
ioh i . v TFA CosHasN30-4CHF;0, 32/28=1.14 513 DEXQIG
which is the case foi6-9CsHg. The fact that _the benzene w TFA o NORACHE O, 36/28— 120 461 QEFCE)
molecules are, for the most part, well-ordered is also unusual.y Tga CaHogNa4CHF0,  44/28=157 43.1 FIZFEZ

Wondering how common were such highly solvated structures,

we conducted a search of the CSD for two-component organic 2 Criteria for inclusion in this table: (1) the structures are binary solvates
. . . with the compositiorA+-nS, whereA andS are neutral organic molecules
crystals which contained large proportions of solvent of crystal- ¢ taining no metal atoms amd 4; (2) the ratio of non-H atoms iA o

lization. The results are presented in Tablé® 1A detailed those innSiis 2 or less; and (3) the atomic coordinates of the structure (at

analysis of these structures is inappropriate here (the interestedgast for the primary molecul) have been deposited in the CSD (ref 21).
This quantity is the percent “solvent accessible volume” as calculated by

reader can acces_s them easily by way of the C_SD_ refcodes).ie voip/soLv option in PLATON (ref 34) when only the primary
but one observation stands out. In the great majority of these molecule f) is included in the crystallographic input file See ref 30 for
exceptionally solvated crystals, both components are p0|arthefull cuatlons.dThls work. ¢ The deposited coordinates for this structure

. are idealized & and cyclohexane molecules, and Rdactor is given, so
molecules capable of hydrogen bonding (at least as donors Ofine volume calculation must be considered approximate at best.
acceptors). Thus, for example, the chloroform molecules in
entriesf, g, and h306vh'°dor_1ate hydrogen bonds to oxygen or  Waals interactions between the primary molecules and the
nitrogen atoms in the primary organic components. A pure included benzene, and their relative rigidity in turn helps to
hydrocarbon binary system, such as the present case @ntry  support the benzene molecules in an ordered array.
with 50% solvent by volume is extremely unusual. Only two
other structures in Table 1 lack any polar functionality, the Conclusion
dodecaphenylcyclohexasilane benzene sohag¢é&and the G
cyclohexane solvatg )3%s It is interesting that botth andc
contain large polyphenyl molecules. Perhaps their large surface
area permits the formation of particularly favorable van der

In sum, tetraphenylbenzyne undergoes “expected” reactions
with itself, to form octaphenylbiphenylenes)( and with
1,2,3,4,5,6,7,8-octaphenylanthraceb® (to form dodecaphen-
yltriptycene6. Compoundss and 6 are two new members of

(29) Pascal, R. A., Jr.; Hayashi, N.; Ho, D. Metrahedror2001, 57, 3549 the growing class of polypheny! derivatives of simple polycyclic
3555. aromatics. The yields in these syntheses are lower than those

J. AM. CHEM. SOC. = VOL. 124, NO. 27, 2002 8039
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Table 2. Crystallographic Data for Compounds 3—6

3:2(4)-CH,Cl, 5-2CH,Cl, 6-CH,Cl, 6-9C¢Hs
chemical formula @JH44'2C60H33 CeoH4o'2CH2C|2'CH2C|2 C92H62'CH2C|2 C92H52'9C6H6
formula weight 2367.69 930.77 1252.34 1870.39
crystal size (mrf) 0.15x 0.10x 0.05 0.22x 0.05x 0.05 0.20x 0.12x 0.05 0.42x 0.35x 0.07
space group P1 (No. 2) Pbcn(No. 60) P2;/c (No. 14) Pna2; (No. 33)
a, 13.8946 (6) 18.6482 (5) 19.2738 (4) 24.155 (2)
b, A 15.1490 (9) 24.2381 (8) 28.5548 (5) 17.016 (1)
c, A 17.4672 (10) 10.5573 (3) 32.3310 (5) 26.221 (2)
o, deg 75.587 (2) 20 90 90
f, deg 67.113 (3) 90 125.4847 (8) 90
y, deg 70.637 (3) 90 90 90
vV, A3 3165.0 (3) 4771.9 (2) 14488.9 (5) 10778 (1)
z 1 4 8 4
Ocalca 9/CMP 1.242 1.296 1.148 1.153
m, mm1 0.111 0.289 0.136 0.065
T, K 200 (2) 200 (2) 200 (2) 200 (2)
Omax deg 22.5 25.0 22.5 22.5
no. of reflcns
total 25504 20081 82861 29102
unique 8242 4217 18933 13354
obsd | > 2s()] 5443 2767 12780 9682
R(F) (obsd datd) 0.097 0.063 0.075 0.060
WR(F?) (obsd data) 0.208 0.153 0.207 0.118
S(obsd dated 1.21 1.08 1.17 1.11
R(F) (all data} 0.147 0.104 0.112 0.099
WR(F?) (all data} 0.235 0.180 0.227 0.139
S(all data} 1.09 1.02 1.04 1.06

a R(F) = S ||Fo| — |Fdl/S|Fol; WR(F?) = [IW(Fo2 — FAYSW(F,2)FY2 T = goodness-of-fit o2 = [SW(Fe2 — F2)Z(n — p)]¥2, wheren is the number
of reflections andp is the number of parameters refined.

for the parent hydrocarbons, due probably to the steric restric- extracted with chloroform (100 mL). The extract was washed twice
tions imposed by the many phenyl groups. However, the extra ach with saturated NaHGGand water, dried over N8O, and
phenyl groups also give an opportunity for unusual reactivity, concentrated to dryness. The residue was chromatographed on a silica
as in the formation of dime# in which three new carbon gel column (solvent, 3:1 hexanebenzene), and the fraction witk
carbon bonds have been made. All of these polyphenyl aromatic0-28 (silica gel TLC; solvent, 3:1 hexanelsenzene) was collected.

Further purification by preparative TLC in the same solvent gave
compounds are prone to form solvated crystals, of witich
po! pre y compounds (11 mg, 0.014 mmol, 2.6%); mp 26267 °C. H NMR
9CsHs is an exceptional example.

(CDCls) 6 6.44-6.50 (m, 16 H), 6.626.65 (m, 8 H), 6.71 (tJ =6

Hz, 4 H), 6.79-6.84 (m, 12 H);:3C NMR (CDCk) ¢ 125.5, 126.2,

126.7,126.9, 129.3, 131.7, 132.3, 137.2, 140.3, 141.7, 148.0 (11 of 11
Octaphenylbiphenylene (5) A solution of isoamyl nitrite (0.15 mL, expected resonances observed); MS (&b 760 (M", 100), 736 (M

1.1 mmol) in 1,2-dichloroethane (10 mL) was heated to reflux under — ¢, 30), 682 (M— CgHg, 2), 660 (M— C, — CgHs, 36); exact mass

argon. A mixture of 3,4,5,6-tetraphenylanthranilic &cffl, 246 mg, 760.3138, calcd for GHao 760.3130.

0.56 mmol) in dichloroethane (30 mL) was added dropwise over 1 h,

and heating was continued for 3 h. Ethanol (8 mL) and 1% NaOH (32

mL) were added to quench the reaction, and the resulting mixture was

Experimental Section

Octaphenylanthraquinone (11).Tetracyclone 10, 10.00 g, 26.0
mmol) and p-benzoquinone (1.41 g, 13.0 mmol) were heated in
refluxing nitrobenzene (20 mL) for 22 h. After cooling, methanetQ

(30) References for the structures in Table 1: (a) BASVIA: Drager, M.; Walter, mL) Yvas ad.ded, anq the res.ultln.g dark pre(:|p|.tate was collected. by
K. G. Z. Anorg. Allg. Chem1981, 479, 65—74. (b) CEPJOW: Radcliffe, filtration. This material was air-dried, and then it was extracted with

gﬂdaDgscéﬂg%r;eZ(,)As S)L%Jg' JAE.:I Miglom\//, K.%I-_ Alzn- ghetr)n- EO%'QEIM hot benzene fio5 h (Soxhlet). The extract was concentrated and then

. (C . ele, S.; vVogtll, K.; Seebach, blelv. A

Chim. Actal999 82, 1539-1558. (d) Fm:EZ? Hall, D. M. Hwang, H.- chromatographed on a silica gel column_ (sqlvent, b_enzene_), and the
Y.; Insole, J. M.; Walker, N. P. CJ. Chem. Soc., Perkin Trans.1D87, fraction withRr 0.37 was collected. Crystallization of this material from

1763-1769. (e) FUIGOG: Kohnke, F. H.; Slawin, A. M. Z.; Stoddart, J.
F.. Williams, D, J.Angew. Chem., Int. Ed. Englo87, 26, 895-894. (f) benzene-methanol gave pure compourid (824 mg, 1.01 mmol,

GIYSUC, GIYTAJ: Shivanyuk, A.; Bohmer, V.; Paulus, E.Gazz. Chim. 7.8%); mp 39%+392°C. *H NMR (CDCl) 6 6.71 (dd,J = 8, 2 Hz, 8

'htla't- 191 1‘27,;43571‘5&(953  SONIVAP: %%cw#wggelﬂf: Eller 2 H), 6.80-6.84 (m, 12 H), 6.926.98 (m, 20 H):2*C NMR (CDCk) o
aturforsch., Tei , — . : onso, M.;

Stoeckli-Evans, HActa Crystallogr., Sect. E (Structure Rep. Onligép1, 125.9, 126.1, 126.7, 126.9, 130.3, 130.7, 135.4, 137.8, 138.7, 139.7,
|57,I 02_42—&?44. 0] ’\IA_AYKURI: gﬁugg,l I\l/li; 3T2i532_%;3§.;(j)SpN%e\:(rL (%. 146.3, 188.6 (12 of 12 expected resonances); MS It)816 (M,
nclusion enom. iacrocycl. e , . . .

MacGillivray, L. R ; Atwood, J. L.J. Am. Chem. 504997, 119, 6931 100); exact mass 816.2985, calcd foriaO, 816.3030.

393'&2- (kz:a“PXlTS, '\ngé%lfql Bhgiggl_)gsgé; V\I/”SSE,TSK-A%: SRuEs-ll—llc(kEé( S. 1,2,3,4,5,6,7,8-Octaphenylanthracene (1Zyompoundl1 (220 mg,
S;hi\,?,;yuk’e,r;' p;’umS’ E. Fa Bohmer, V_;'V(ggt’ \Angew. Chem., Int. 0.270 mmol) was added to acetic acid (100 mL), and the mixture was

Ed. Engl.1997 36, 1301-1303. (m) VOJFEF: Simard, M.; Su, D.; Wuest,  heated to reflux. Hydriodic acid (10 mL) was added, and heating was
j"%lingam'h% h?@pggl‘}gl? 3 &ﬁgbffrg%“ésgi'nf"?;\ﬁgﬁBé{f&g%rzaTi 4D' continued for 2 weeks under argon, with the addition of more hydriodic
7765-7773. (0) WAQMIK: Lloyd, J.; Vatsadze, S. Z.: Robson, D. A.;  acid on three occasions (5 mL each). The hot solution was poured into
Blake, A. J.; Mountford, D. PJ. Organomet. Chen1999 591, 114-126. 8% sodium bisulfite (200 mL), and the resulting yellow precipitate was

XEHPEF: Gorbitz, C. H.; Hersleth H.-RActa Crystallogr., Sect. B . . . . .
(2%)00 56, 1094-1102. (g) YINJOU: Wang, X.; Sima?/d, M.;%Nuest,\]. D. collected by filtration and washed with water. This material was

i'. Asr?..ChfmGSIgtg%Al Illgt 12115%(:1fEll20-| Q) Y%\{]VEKi K'\;Iupitsky,l chromatographed on a silica gel column (solvent, toluene), and the
.; Stein, Z.; Goldberg, I.; Strouse, C. E.Inclusion Phenom. Macrocycl. . - .
Chem.1994 18, 177-192. (s) YOLSOH: Jansen, M.; Waidmann, 2. fraction withR; 0.92 was collected and concentrated to drynes_s to give
Anorg. Allg. Chem1995 621 14—18. compound12 (67.2 mg, 0.086 mmol, 32%); mp 36870 °C (lit.1’
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mp 415-417 °C). *H NMR (CDCl;) ¢ 6.69-6.72 (m, 8 H), 6.76- 12 H), 6.6+6.70 (m, 24 H), 6.726.79 (m, 18 H), 6.95 (ttJ =7, 2

6.80 (m, 12 H), 6.876.89 (m, 8 H), 6.926.97 (m, 12 H);*3C NMR Hz, 6 H);3*C NMR (CDCk) 6 47.0, 125.1, 125.9, 126.7, 127.4, 131.1,

(CDCl;) 6 125.3, 126.0, 126.7, 127.5, 130.6, 131.6, 136.6, 139.0, 139.1, 132.0, 137.1, 138.6, 141.2, 143.6 (11 of 12 expected resonances); MS

139.9, 140.9 (11 of 12 expected resonances); MS (FAR)786 (M", (FAB) m/z 1168 (M + H [*2Cy'%C,], 100), 788 (38).

100), 711 (22), 551 (82). General X-ray Crystallographic Procedures. X-ray data were
1,2,3,4,5,6,7,8,13,14,15,16-Dodecaphenyltriptycene @)olution collected by using graphite monochromated Mo Ka radiation (0.71073

of compoundl2 (67 mg, 0.085 mmol) in 1,2-dichloroethane (15 mL)  A) on a Nonius KappaCCD diffractometer. The diffraction data were

was heated to reflux. Isoamyl nitrite (19 mL, 0.14 mmol) in dichlo- processed by using the program DENZQ\ll structures were solved

roethane (1 mL) was added, and then compal(@2 mg, 0.14 mmol) by direct methods with Siemens SHELXPEand all were refined by

in dichloroethane (15 mL) was added over 25 min. After 2 h, ethanol full-matrix least squares df? with SHELXTL. All non-hydrogen atoms

(6 mL) and 1% NaOH (10 mL) were added to quench the reaction, were refined anisotropically, and hydrogens were included with a riding

and the resulting mixture was extracted twice with chloroform. The model. The structure of-CH,Cl, contained some highly disordered

combined extracts were washed with saturated Naki@@ed over solvent of crystallization; this was treated by using the SQUEEZE/

NaSO;, and concentrated to dryness. The residue was subjected twiceBYPASS procedur® implemented in PLATON-96% Specific crystal,

to preparative TLC (solvents, 1:1 hexard®nzene and 5:1 hexares reflection, and refinement data are contained in Table 2, and full details

ethyl acetate) to give compouBdR; 0.53, 5:1 hexanesethyl acetate), are provided in the Supporting Information.
which was recrystallized from Gi€l,—MeOH (10.7 mg, 0.0092 mmol, Computational Studies.All ab initio calculations were performed
11%); mp>450°C.H NMR (CDCly) ¢ 6.38 (s, 2 H), 6.556.58 (m, by using GAUSSIAN 98?2 and its built-in default thresholds for wave
function and gradient convergence were employed. Analytical frequency
(31) Otwinowski, Z.; Minor, W.Methods Enzymoll997, 276, 307—326. i ; ; i
(32} Sheldrick. G. MSHELXT, Version 5. Siemens Analytical X-ray Instru- caIcuIanon; estqb”shed that all of the conformations discussed represent
ments:, Madison, WI, 1996. true potential minima.
(33) Van der Sluis, P.; Spek, A. lActa Crystallogr., Sect. A99Q 46, 194— . .
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