
3214 J .  Org. Chem. 1990, 55, 3214-3221 

Synthesis of Benzo-Fused Tetraphenylenes and Crystal Structure of a 4:l 
Clathrate Inclusion Compound of Dibenzo[ b ,h Itetraphenylene with 

p -Xylene' 

Yuet-Ming Man, Thomas C. W. Mak,* and Henry N. C. Wong*,, 

Department of Chemistry, The Chinese Uniuersity of Hong Kong, Shatin,  New Territories, Hong Kong 

Received January  26, 1990 

Benzo-fused tetraphenylenes 2-6 were successfully prepared by the combined deployment of the Diels-Alder 
cycloaddition between some strained cyclooctynes and furans and subsequent low-valent-titanium deogygenation 
of the resulting 1,4-endoxides. As expected, clathrate inclusion compounds were obtained for compounds 2 and 
6, which both possess a C2 symmetry axis. The detailed X-ray crystallographic study of a 4:l clathrate inclusion 
compound of 6 with p-xylene is reported. 

Introduction 

Tetraphenylene (1) is a molecule of considerable inter- 
est.3 It was first reported in 1943 that tetraphenylene (1) 
formed 2:1 adducts with a variety of solvent  molecule^.^ 
This indicated that there were guest-host interactions in 
the solvates and led us to commence systematic studies 
of the clathrate inclusion compounds formed by tetra- 
phenylene and a wide variety of guest species, ranging in 
size from methylene chloride to cy~lohexane .~-~  

In order to obtain clathrate inclusion compounds con- 
taining guest species of larger sizes, a series of benzo-fused 
tetraphenylenes, namely tetrabenzo[ b,h,n,t]tetraphenylene 
(2), benzo[ b ]  tetraphenylene (31, tribenzo[b,h,n]tetra- 
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phenylene (4), dibenzo[b,n]tetraphenylene (51, and di- 
benzo[ b,h]tetraphenylene (6) were designed and synthes- 
ized. Among them, only 2 and 6 possess a C, axis passing 
through the center of a pair of opposite C-C single bonds. 
It is now well recognized that two-fold molecular symmetry 
plays a dominant role in the architecture of clathration 
lattices consolidated by van der Waals attraction and/or 
hydrogen b ~ n d i n g . ~ , ~  If it is indeed the case, only 2 and 
6 can serve as clathration hosts, while the other three 
analogues will show no inclusion ability. In conformity 
with this notion, indeed only 2 and 6 form inclusion com- 
pounds with suitable guest species. Compounds 3 , 4 ,  and 
5 were unable to form clathrate inclusion compounds with 
all the solvents tried (i.e., benzene, toluene, xylenes, and 
trimethylbenzenes). 

Results and  Discussion 

A. Synthesis of Benzo-Fused Tetraphenylenes. 
Many synthetic routes for preparing tetraphenylene have 
been reported."15 One of them was reported by Wong and 
Sondheimer in which dehydrobromination of tetrabromide 
7 gave diacetylene Sal5 This diacetylene readily underwent 
Diels-Alder cycloaddition with furan to furnish the en- 
doxide 9, which was subjected to deoxygenation with 
low-valent titanium generated by in situ reduction of ti- 
tanium(1V) chloride with lithium aluminum hydride to 
afford tetraphenylene (1)16 (Scheme I). All the benzo- 
fused tetraphenylenes can be prepared in a similar manner. 

Scheme I1 shows the synthetic strategy of 2 in which the 
basic skeleton of tetraphenylene, i.e., the central cyclo- 
octatetraene ring, was constructed by a Wittig reaction. 
Thus 2,3-naphthalenedicarboxaldehyde17 and 2,3- 
naphthalenediyldimethylenebis[phosphonium bromide]18J9 
underwent the Wittig reaction to give 1,2:5,6-dinaphtho- 
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[b]cyclooctatetraene (lo), but in only 2.4% yield.lg For- 
tunately, the Wittig reaction also gave an 18% yield of a 
byproduct 1 1,19 which could be easily converted to 10 by 
elimination with lithium diisopropylamide in 42 % yield. 
Bromination15 of 1,2:5,6-dinaphtho[b]cyclooctatetraene 
(10) at refluxing temperature afforded tetrabromide 13 in 
59% yield. Alternatively, ethoxy compound 11 was treated 
with boron trifluoride etherate in acetic anhydride at  0 O C n ,  
to furnish dihydrocyclooctatetraene 12 in 33% yield. 
Bromination of 12 under irradiation also gave tetrabromide 
13 in 25% yield. Dehydr~bromination'~ of tetrabromide 
13 with potassium tert-butoxide at  room temperature 
generated diacetylene 14, which was identified by high- 
resolution mass spectrometry. Without isolation (14 was 
rather insoluble in general organic solvents), diacetylene 
14 was subjected directly to Diels-Alder cy~loaddition'~ 
with isobenzofuran21t22 to afford endoxide 15 in 36% yield. 

(20) Narayanan, C. R.; Iyer, K. N. Tetrahedron Let t .  1964, 759-763. 
(21) Rynard, C. M.; Thankachan, C.; Tidwell, T. T. J.  Am. Chem. SOC. 

(22) Naito, K.; Rickborn, B. J. Org. Chem. 1980, 45, 4061-4062. 
1979, 102, 1196-1201. 

L.OErIE!OH/Dhff 

90-ICO"C, N: 

OEr a*& - - 
16 17 

Br Br 



Man et al. 3216 J.  Org. Chem., Val. 55, No. 10, 1990 

Scheme IV 

0 
A A 

W A . Y W 
5 22 

Scheme V 
cu 

' B U O K I W  

R.T.. y 
26 

2 8  27 

Bi, i m. 1 R.T. 

Br B. 

I R 
A , N2 0 

6 

The synthesis of 6 is not trivial (Scheme V) since the 
fusion of a" on opposite sides of the cyclooctatetraene 
ring is unsymmetrical. Hence the benzene ring and the 
naphthalene group on opposite sides must be introduced 
separately. The ideal starting material for this synthesis 
was monoacetylene 26 due to different reactivities of the 
double bond and the triple bond. Only the acetylenic bond 
could undergo Diels-Alder cycloaddition with furan. Ap- 
parently, the precursor of monoacetylene 26 should be 
dibromide 23. However, all attempts to brominate only 

Br *r 

23 

one double bond on 1,2-benzo-5,6-naphtho[b]cyclo- 
octatetraene (16) merely resulted in a complex reaction 
mixture. Eventually, it  was discovered that bromination 
of dihydrocyclooctene 24 a t  room temperature gave tri- 
bromide 25 in 40% yield, which could serve as precursor 
of the acetylene 26. Compound 24 can he obtained in 41% 
yield by treating ethoxy compound 17 with boron tri- 
fluoride etherate in acetic anhydride a t  0 T . 2 O  Dehy- 
dr~bromination'~ of tribromide 25 with potassium tert- 
butoxide furnished monoacetylene 26, which was identified 
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Figure 1. An ORTEP plot of 6 with atom numbering for host 
molecule I. The corresponding carbon atoms in host molecule 
I1 are obtained by adding 32 to the numbers enclosed in par- 
entheses. 
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by both high-resolution mass spectrometry and proton 
NMR spectrometry. 

Acetylene 26 underwent Did-Alder cycl~addition'~ with 
furan to afford endoxide 27 in 64% yield. Deoxygenation'6 
of 27 with low-valent titanium gave 28 in 81% yield. 
Bromination of 28 at room temperature resulted in the 
isolation of dibromide 29 in 75% yield. Dehydrobromi- 
nation of 29 with potassium tert-butoxide should give 
acetylene 31. However, 31 was so reactive that it un- 
derwent addition reaction with tert-butoxy anion to afford 
enol ether 32, which was converted to ketone 33 after acidic 
workup. The instability of the acetylene 31 was not a 
surprising result. This can be attributed to its planar 
structure, whose neighboring protons on the naphthalene 
rings and the benzene rings should suffer severe H-H 
nonbonded interactions if a planar geometry of the 
eight-membered ring is attained.23 T o  avoid this unde- 
sirable reaction, a mixture of dibromide 29 and isobenzo- 
furanz1tzZ was subjected to dehydrobromination with po- 
tassium tert-butoxide. Due to the fact that isobenzofuran 
is a very reactive diene, the acetylene 31 generated from 
dehydrobromination of dibromide 29 immediately un- 
derwent Diels-Alder cycloaddition with isobenzofuran 
rather than addition reaction with tert-butoxy anion. 
Endoxide 30 was isolated and, without further purification, 
was subjected to deoxygenation16 with low-valent titanium 
t o  afford dibenzo[b,h]tetraphenylene (6) as colorless 
crystals in 77% yield. The structure of 6 was substantiated 
by the proton NMR spectrum. 

B. Crystal Structure of a 4 1  Clathrate of Di- 
benzo[b,b]tetraphenylene (6) with p-Xylene. Di- 
benzo[b,h]tetraphenylene (6) forms a 4 1  clathrate with 

(23) Chan. T.-L.; Huang, N. Z.: Sondheimer, F. Tetrahedron 1983,39, 
427-432. 
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Figure 2. Stereoview of the molecular packing in the 4:l clathrate of 6 with p-xylene. The origin of the unit cell lies a t  the lower 
left corner, with a pointing toward the reader, b from left to right a t  a slant, and c vertically upward. 

p-xylene as colorless stout pr isms upon slow evaporation 
of a solution of 6 i n  p-xylene. X-ray analysis has shown 
that this clathrate differs markedly from the clathrates of 
tetraphenylene (1)3 and tetrabenzo[b,h,n,t]ttraphenylene 
(2)24 in  regard to stoichiometry, tenacity of retention, mode 
of accommodat ion,  and order/disorder  of the enclosed 
guest  species. 

There are two independent  host molecules in  the asym- 
metr ic  u n i t  of the present clathrate: molecule I is com- 
posed of atoms C(1) to C(32) (see Figure 11, and molecule 
I1 comprises atoms C(33) to C(64). The mode of molecular 
packing is illustrated i n  Figure 2, which shows that the 
p-xylene molecule [disordered model represented by  atoms 
C(65) t o  C(69) as described i n  the Experimental  Section] 
is encaged i n  an ellipsoidal cavity lined by  eight  hos t  
molecules. The closest host-guest C-C contacts  involve 
C(69) [with C(51) at 3.69 A and C(6O;-x,l-y,-z) at 3.67 A] 
and C(66) [with C(5;1-x,l-y,-z) at 3.68 A, C(G;l-x,l-y,-z) 
at 3.77 A, C(23;x,l+y,z) at 3.74 A, and C(49) at 3.63 A] of 
t h e  p-xylene molecule, whereas all others exceed 3.82 A. 
These data indicate that the guest molecule interacts much 
more strongly with host molecule I1 than with I, which is 
supported b y  a comparison of the measured dimensions 
of the central eight-membered rings i n  these host mole- 
cules. As seen from Figure 3, the geometry of the eight- 
membered ring of I is qu i te  regular and conforms closely 
to that of 1 as observed in its crystalline form [C-C, 1.494 
(3); C=C, 1.400 (3) A; torsion angle about the C-C bond, 
64.7 (3) and -67.6 (3)"].25 On the other  hand, the central 
ring of 11 is significantly distorted as a result of its inter- 
actions with the surrounding guest molecules in the present 
c la thrate .  

Experimental Section 
Solvents used were purified by standard procedures. All 

evaporation of organic solvents was carried out by a rotary 
evaporator in conjunction with a water aspirator. Proton NMR 
spectra were recorded on a Bruker Cryospec WM 250 (250 MHz) 
spectrometer. The chemical shift (ppm) was measured with 
tetramethylsilane (TMS) serving as internal standard. Mass 
spectra were recorded on a VG Micromass 7070F spectrometer. 

(24) Wong, H. N. C.; Man, Y.-M.; Mak, T. C. W. Tetrahedron Let t .  

(25) Imgartinger, H.; Reibel, W. R. K. Acta Crystallogr., Sect. B 1981, 
1987,28, 6359-6362. 

37, 1724-1728. 

C11 1.419 CZO C43 1.425 C52 

1.434 

C32 1.396 C27 C64 1.401 C59 

Figure 3. Comparison of the central eight-membered rings in 
host molecules I and 11. The estimated standard deviations of 
the bond len ths and torsion angles (shown inside the ring) are 
about 0.004 1 and 0.6", respectively. 

Elemental analyses were carried out a t  the Shanghai Institute 
of Organic Chemistry, Academia Sinica, China. Merck silica gel 
(60 F,,,) precoated on an aluminum sheet was used for TLC 
studies, and Merck silica gel (70-230 mesh) was used for column 
chromatography. Melting points were measured on a hot-stage 
microscope and were uncorrected. 

l-Methoxy-l,4-dihydroisobenzofuran.21 Diisobutyl- 
aluminum hydride (0.05 mol in toluene) was added over 30 min 
to a stirred solution of phthalide (6.7 g) in toluene (100 mL) under 
nitrogen at  -78 "C. Ether (50 mL) was added and the solution 
was stirred for 4 h. The cold bath was removed. Ether (150 mL) 
was immediately added, followed by saturated sodium chloride 
solution (100 mL). The layers were separated and the aqueous 
layer was extracted with ether (5 X 100 mL). The combined 
ethereal solution was dried over anhydrous magnesium sulfate. 
Evaporation of solvent gave an oil, which was dissolved in 
methanol (200 mL). Boron trifluoride etherate (1 mL) was added 
to the methanol solution a t  0 "C. After 2 h of stirring, the reaction 
mixture was poured into saturated sodium chloride solution (450 
mL) and extracted with pentane (4 X 100 mL). The combined 
pentane solution was washed with water (100 mL), dried over 
anhydrous magnesium sulfate, and evaporated. Vacuum distil- 
lation gave a colorless liquid (5.2 g, 69%) of l-methoxy-1,4-di- 
hydroisobenzofuran: bp 104-106 "C (12 mm) [lit.21 bp 62-64 "C 
(3 mm)l. 

Isobenzofuran.22 n-Butyllithium (45 mL, 1.6 M/ 15% in 
hexane) was added to diisopropylamine (3.6 mL). The resulting 
mixture was stirred for 15 min. This lithium diisopropylamide 
solution was added dropwise to a solution of l-methoxy-1,4-di- 
hydroisobenzofuran (4.8 g) in benzene (180 mL). After 15 min 
of stirring, saturated ammonium chloride solution (180 mL) was 
added. The organic layer was separated, washed with water (2 
X 150 mL), and dried over anhydrous magnesium sulfate. The 
organic solution of isobenzofuran could then be used directly 
without further purification. 
2,3-Bi~(bromomethyl)naphthalene.'~ A mixture of 2,3-di- 

methylnaphthalene (14.5 g), N-bromosuccinimide (32.5 g), benzoyl 
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peroxide (0.45 g), and carbon tetrachloride (75 mL) was refluxed 
for 8 h. The mixture was filtered while hot. The filtrate was 
cooled and filtered to give yellow solid. Recrystallization from 
carbon tetrachloride gave yellow crystals of 2,3-bis(bromo- 
methy1)naphthalene (17 g, 58%): mp 144-146 "C (lit.I8 mp 

2,3-Bi~(dibromomethyl)naphthalene.'~ A mixture of 2,3- 
bis(bromomethy1)naphthalene (8.4 g), N-bromosuccinimide (9.6 
g), benzoyl peroxide (0.7 g), and carbon tetrachloride (30 mL) was 
refluxed for 20 h. The mixture was filtered while hot. The filtrate 
was cooled and filtered to give an orange solid. Recrystallization 
from carbon tetrachloride gave yellow crystals of 2,3-bis(di- 
bromomethy1)naphthalene (8 g, 63%): mp 160-161 "C (lit.17 mp 
161 "C). 
2,3-Naphthalenediyldimethylenebis[phosphonium brom- 

ide].*8v'9 A mixture of 2,3-bis(bromomethyl)naphthalene (5.0 g), 
triphenylphosphine (8.8 g), and Nfl-dimethylformamide (60 mL) 
was refluxed for 4 h. The reaction mixture was then concentrated 
under reduced pressure. The precipitate was filtered, washed with 
ether, and recrystallized from ethanol to give pale yellow crystals 
of bisphosphonium salt (12 g, 89%): mp >300 "C (lit.19 mp 
316-320 "C). 
2,3-Naphthalenedi~arboxaldehyde.'~ A mixture of 2,3- 

bis(dibromomethy1)naphthalene (18 g), potassium oxalate (14.5 
g), water (100 mL), and ethanol (100 mL) was refluxed for 48 h. 
Ethanol (90 mL) was removed by distillation. The precipitate 
was filtered and recrystallized from ethyl acetate to give yellow 
needles of 2,3-naphthalenedicarboxaldehyde (5 g, 71%): mp 
130-131 "C (lit.17 mp 129-132 "C). 

1,2:5,6-Dinaphtho[ b]cyclooctatetraene (10).19 (a) By 
Wittig Reaction. A mixture of 2,3-naphthalenediyldi- 
methylenebis[phosphonium bromide] (28 g) and 2,3- 
naphthalenedicarboxaldehyde (5 g) in N,N-dimethylformamide 
(200 mL) was heated to 100 "C. Lithium ethoxide [lithium (4 
g) in absolute ethanol (200 mL)] was added to the clear solution 
over 0.5 h under nitrogen. The mixture was then stirred at  120 
"C for 2 h. Water (1000 mL) was added, followed by extraction 
with ether (800 + 400 + 200 mL). The ethereal solution was then 
dried over anhydrous magnesium sulfate and evaporated. The 
residue was chromatographed on silica gel (benzene eluent) in 
order to remove the triphenylphosphine oxide. After evaporation 
of solvent, the residue was rechromatographed on silica gel 
(hexanes/benzene = 1:2 eluent) to give two major portions. 
Further chromatography of the first portion on silica gel (hexanes 
eluent) and recrystallization from benzene gave colorless crystals 
of 1,2:5,6-dinaphtho[b]cyclooctatetraene (10) (0.2 g, 2.4%): mp 
244-245 "C (lit.26 mp 245.5-246.5 "C); 'H NMR (acetone-d6) 6 

7.66 (s, 4 H). The second portion was recrystallized from benz- 
ene-hexane to give a pale yellow solid of 7-ethoxy-7,8-dihydro- 
1,2:5,6-dinaphtho[b]cyclooctatetraene (11) (1.7 g, 18%): mp 
126-128 "C (lit.19 mp 128-129 "C); 'H NMR (CDCl,) 6 1.26 (t,  
J = 8 Hz, 3 H), 3.12-3.60 (m, 4 H), 4.95 (t, J = 7.5 Hz, 1 H), 6.90 
(s, 2 H), 7.00-7.86 (m, 12 H). 

(b) By Treatment of 7-Ethoxy-7,8-dihydro-1,2:5,6-di- 
naphtho[b]cyclooctatetraene (11) with Lithium Diiso- 
propylamide. Lithium diisopropylamide [prepared by adding 
n-butyllithium (5.0 mL, 1.6 M/15% in hexane) to diisopropyl- 
amine (0.52 mL) at  room temperature with stirring for 15 min] 
was added dropwise to a solution of the ethoxy compound 11 (0.5 
g) in benzene (10 mL) under nitrogen at room temperature. After 
20 h of stirring, saturated ammonium chloride solution (30 mL) 
was added, followed by extraction with ether (3 X 30 mL). The 
organic layer was dried over anhydrous magnesium sulfate and 
evaporated. Chromatography on silica gel (hexanes eluent) and 
recrystallization from benzene gave colorless crystals (10,0.18 g, 
42%): mp 244-245 "C. The spectroscopic data are identical with 
those of an authentic sample prepared previously. 

7,8-Dihydro- 1,2:5,6-dinaphtho[b Icyclooctatetraene (12). 
Ethoxy compound 11 (1.4 g), acetic anhydride (64 mL), boron 
trifluoride etherate (11 mL), and ether (16 mL) were mixed at  
room temperature and kept at 0 "C for 1.5 days. The reaction 
mixture was then neutralized with saturated sodium hydroxide 

(26) Sparks, R. A. In Crystallographic Computing Techniques: 

145-145.5 "C). 

7.11 (s, 4 H), 7.36-7.40, 7.74-7.77 (AZB,, J = 3.3, 6.3 Hz, 8 H). 

Ahmed, F. R., Ed.; Munksgaard: Copenhagen, 1976; p 452. 

solution, extracted with chloroform (3 X 200 mL), and dried over 
anhydrous magnesium sulfate. After evaporation of solvent, the 
residue was chromatographed on silica gel (hexanes eluent) and 
recrystallized from benzene to give colorless crystals (12,0.41 g, 
33%): mp 229-233 "C; lH NMR (CDCl,) 6 3.35 (s, 4 H), 7.06 (s, 
2 H), 7.32-7.40 (m, 4 H), 7.61 (s, 2 H), 7.65 (s, 2 H), 7.67-7.75 (ni, 
4 H); MS measured M+ 306.1389, calcd for C,,H,,: 306.1408. 
3,4,7,8-Tetrabromo-3,4,7,8-tetrahydro-l,2:5,6-dinaphtho- 

[ b  Icyclooctatetraene (13). (a) By Bromination of 1,2:5,6- 
Dinaphtho[ blcyclooctatetraene (10). Bromine (4 g) in carbon 
tetrachloride (15 mL) was added dropwise to a solution of 
1,2:5,6-dinaphtho[b]cyclooctatetraene (10) (1.6 g) in carbon tet- 
rachloride (160 mL). The mixture was refluxed until the reaction 
was complete (monitored by TLC). The reaction mixtue was then 
washed with saturated sodium thiosulfate solution (180 mL), dried 
over anhydrous magnesium sulfate, and evaporated. Chroma- 
tography on silica gel (hexanes eluent) and recrystallization from 
carbon tetrachloride gave colorless crystals (13, 2.0 g, 59%): mp 
260-265 "C dec; 'H NMR (CDC1,) 6 5.63 (d, J = 9.6 Hz, 2 H), 
6.54 (d, J = 9.6 Hz, 2 H), 7.31 (s, 2 H), 7.35-7.44 (m, 4 H), 7.54 
(d, J = 7.7 Hz, 2 H), 7.73 (d, J = 7.7 Hz, 2 H), 8.28 (s, 2 H). Anal. 
Found: C, 46.18; H, 2.54; Br, 50.30. Calcd for CXHl6Br4: C, 46.19; 
H,  2.58; Br, 51.23. 

(b) By Bromination of 7,8-Dihydro- 1,2:5,6-dinaphtho[ b 1- 
cyclooctatetraene (12). Bromine (1.6 g) in carbon tetrachloride 
(7 mL) was added dropwise to a solution of 7,8-dihydro-1,2:5,6- 
dinaphtho[b]cyclooctatetraene (12) (0.40 g) in carbon tetrachloride 
(150 mL) with stirring. The mixture was irradiated with a sun- 
lamp (500 W). After the reaction was complete (monitored by 
TLC), the resulting mixture was washed with saturated sodium 
thiosulfate solution (150 mL), dried over anhydrous magnesium 
sulfate, and evaporated. Chromatography on silica gel (hexanes 
eluent) and recrystallization from carbon tetrachloride gave 
colorless crystals (13, 0.21 g, 25%): mp 260-265 "C dec. The 
spectroscopic data are identical with those of an authentic sample 
prepared previously. 

1,4,9,12-Tetrahydro-1,4:9,12-diendoxytetrabenzo[ b ,h ,n ,- 
t Itetraphenylene (15). A solution of 3,4,7,8-tetrabromo- 
3,4,7,8-tetrahydro-l,25,6-dinaphtho[ b]cyclooctatetraene (13) (1.9 
g) in tetrahydrofuran (80 mL) was added dropwise to a suspension 
of potassium tert-butoxide (4.5 g) in tetrahydrofuran (80 mL) 
under nitrogen a t  room temperature. The mixture was then 
stirred for 15 min. [A yellow solid of diacetylene 14 (MS measured 
M+ 300.0945, calcd for CZ4Hl2: 300.0939) could be obtained after 
a general workup procedure. It was rather insoluble in general 
organic solvents.] A freshly prepared isobenzofuran solution (230 
mL) [prepared from l-methoxy-1,4-dihydroisobenzofuran (4.8 g)] 
was added and stirred for 15 min. Hydrochloric acid (2 N; 250 
mL) was added, followed by extraction with chloroform (2 X 200 
mL). The organic layer was washed with water (2 X 250 mL) and 
dried over anhydrous magnesium sulfate. After evaporation of 
solvent, the residue was chromatographed on silica gel (1:4 ethyl 
acetate/hexanes eluent) and recrystallized from benzene to give 
pale yellow needles (15, 0.61 g, 36%): mp >300 "C; 'H NMR 
(acetone-de) 6 5.98 (s, 4 H), 7.24-7.27, 8.01-8.04 (A,B2, J = 2.9, 

7.73 (s, 4 H); MS measured M+ 536.1772, calcd for C40H2402: 
536.1776. Anal. Found: C, 89.52; H, 4.48. Calcd for C40H2402: 
C, 89.53; H, 4.50. 
Tetrabenzo[b,h ,n ,t Itetraphenylene (2). Tetrahydrofuran 

(65 mL) was added to titanium(1V) chloride (1.3 mL) under 
nitrogen with stirring. Lithium aluminum hydride (0.35 g) was 
added, followed by a solution of triethylamine (0.65 mL) in 
tetrahydrofuran (6.5 mL). After 15 min of refluxing, a solution 
of endoxide 15 (0.41 g) in tetrahydrofuran (38 mL) was added 
dropwise to the low-valent-titanium solution. The reaction 
mixture was then refluxed for 2 h. Saturated potassium carbonate 
solution (300 mL) was added, followed by extraction with chlo- 
roform (3 X 250 mL). The organic layer was dried over anhydrous 
magnesium sulfate and evaporated. Chromatography on silica 
gel (hexanes eluent) and recrystallization from benzene gave 
colorless crystals (2,0.30 g, 77%): mp >300 "C; 'H NMR (ace- 
toned,) 6 7.45-7.49, 7.86-7.90 (AzB2, J = 3.3, 6.2 Hz, 16 H), 7.84 
(s, 8 H); MS measured M+ 504.1875, calcd for C40H24: 504.1878. 
Anal. Found: C, 95.21; H, 4.72. Calcd for C40H24: C, 95.21; H, 
4.79. 

5.2 Hz, 8 H), 7.42-7.45, 7.82-7.86 (AZB,, J = 3.3, 6.2 Hz, 8 H), 
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1,2-Benzo-5,6-naphtho[ b]cyclooctatetraene (16) a n d  7- 
E thoxy-7 ,8 -d ihydro -  1 ,2 -benzo-5 ,6 -naph tho[  b ]cycle- 
octatetraene a n d / o r  8-Ethoxy-7,8-dihydro-1,2-benzo-5,6- 
naphtho[b]cyclooctatetraene (17). A mixture of 2,3- 
naphthalenediyldimethylenebis[phosphonium bromide] (56 g) and 
phthalaldehyde (9 g) in N,N-dimethylformamide (400 mL) was 
heated to 100 "C. Lithium ethoxide [lithium (8 g) in absolute 
ethanol (400 mL)] was added to the clear solution over 1 h under 
nitrogen. The reaction mixture was then stirred a t  120 "C for 
24 h. Water (2 L) was added, followed by extraction with ether 
(1.6 L + 800 mL + 400 mL + 200 mL). The ethereal solution 
was then dried over anhydrous magnesium sulfate and evaporated. 
The residue was chromatographed on silica gel (benzene eluent) 
to remove the triphenylphosphine oxide. After evaporation of 
solvent, the residue was rechromatographed on silica gel (1:2 
benzenelhexanes eluent) to give two major portions. Further 
chromatography of the first portion on silica gel (hexanes eluent) 
and recrystallization from benzene-ethanol gave colorless crystals 
of 1,2-benzo-5,6-naphtho[b]cyclooctatetraene (16) (0.61 g, 3.6%): 
mp 148-149 "C; 'H NMR (acetone-d6) 6 6.87 (d, J = 12.0 Hz, 2 
H),  7.01 (d, J = 12.0 Hz, 2 H),  7.09-7.13, 7.14-7.18 (A2B2, J = 
3.4, 6.1 Hz, 4 H),  7.38-7.42, 7.75-7.78 (AZBZ, J = 3.3, 6.2 Hz, 4 
H),  7.61 (s, 2 H); MS measured M+ 254.1096, calcd for C20H14: 
254.1095. Anal. Found: C, 94.10; H, 5.62. Calcd for C20H14: C, 
94.45; H, 5.55. Evaporation of solvent of the second portion gave 
the ethoxy compound 17 (3.1 g, 15%): white solid was obtained 
after prolonged standing, mp 70-72 "C; 'H NMR (CDC13) d 1.22 
(t ,  J = 7.0 Hz, 3 H),  3.19-3.29 (dd, J = 9.3, 14.8 Hz, 1 H),  3.42 
(q,J=:7.0H~,2H),3.57-3.65(dd,J=7.1,14.8H~,lH),5.10-5.17 
(dd, J = 7.1, 9.3 Hz, 1 H),  6.94 (d, J = 12.2 Hz, 1 H), 7.03 (d, J 
= 12.2 Hz, 1 H),  7.01-7.10 (m, 4 H),  7.37-7.40 (m, 2 H),  7.57 (s, 
1 H), 7.69-7.80 (m, 2 H), 7.84 (s, 1 H); MS measured M+ 300.1514, 
calcd for CZ2Hz00: 300.1514. Anal. Found: C, 88.34; H, 6.71. 
Calcd for C22H200: C, 87.96; H, 6.71. 
3,4,7,8-Tetrabromo-3,4,7,8-tetrahydro- 1,2-benzo-5,6- 

naphtho[ b]cyclooctatetraene (18). Bromine (0.2 g) in carbon 
tetrachloride (2 mL) was added dropwise to a solution of 1,2- 
benzo-5,6-naphtho[ b]cyclooctatetraene (16) (0.11 g) in carbon 
tetrachloride (12 mL). The mixture was refluxed until the reaction 
was complete (monitored by TLC). The reaction mixture was 
then washed with saturated sodium thiosulfate solution (10 mL) 
and dried over anhydrous magnesium sulfate. After evaporation 
of solvent, the residue was chromatographed on silica gel (hexanes 
eluent) and recrystallized from carbon tetrachloride to  give 
colorless crystals (18, 0.13 g, 55%): mp 220-222 "C; 'H NMR 
(CDC13) d 5.37 (d, J = 9.7 Hz, 1 H), 5.55 (d, J = 9.7 Hz, 1 H), 6.39 
(d, J = 8.1 Hz, 1 H),  6.43 (d, J = 8.1 Hz, 1 H),  6.77-6.80 (dd, J 
= 1.1, 8.3 Hz, 1 H), 6.90-6.96 (dt, J = 1.2, 7.5 Hz, 1 H), 7.11-7.17 
(dt, J = 1.2,7.6 Hz, 1 H), 7.32 (s, 1 H), 7.39-7.50 (m, 2 H), 7.6C-7.63 
(m, 1 H), 7.76 (d, J = 8.6 Hz, 2 H), 8.26 (s, 1 H). Anal. Found: 
C, 41.82; H, 2.39; Br, 55.79. Calcd for CZ0Hl4Br4: C, 41.85; H, 
2.46; Br, 55.69. 
5,8,13,16-Tetrahydro-5,8:13,16-diendoxybenzo[ b ]tetra- 

phenylene (20). A solution of 3,4,7,8-tetrabromo-3,4,7,8-tetra- 
hydro-1,2-benzo-5,6-naphtho[b]cyclooctatetraene (18) (0.32 g) in 
tetrahydrofuran (15 mL) was added dropwise to a suspension of 
potassium tert-butoxide (0.9 g) in tetrahydrofuran (20 mL) under 
nitrogen a t  room temperature. After 15 min of stirring, 2 N 
hydrochloric acid (25 mL) was added, followed by extraction with 
chloroform (2 x 20 mL). The organic layer was washed with water 
(2  X 50 mL), dried over anhydrous magnesium sulfate, and 
evaporated to give brown crystals of diacetylene 19 [MS measured 
M+ 250.0789, calcd for C2,Hlo: 250.07831. Furan (25 mL) was 
added to the brown crystals, and the mixture was stirred at  room 
temperature for 2.5 days. Evaporation of solvent, chromatography 
on silica gel (1:4 ethyl acetate/hexanes eluent), and recrystalli- 
zation from benzene gave yellow crystals (20, 0.13 g, 63%): de- 
composition at  245 "C upon melting point determination; 'H NMR 
(acetone-&) d 5.41 (t, J = 1.6 Hz, 2 H),  5.46 (t, J = 1.6 Hz, 2 H), 
6.93-6.97, 7.23-7.27 (A2B2, J = 3.3, 5.8 Hz, 4 H),  7.39-7.43, 
7.78-7.82 (A2B2, J = 3.4, 6.2 Hz, 4 H), 7.41 (s, 2 H), 7.56-7.58, 
7.69-7.72 (dd, J = 1.8, 5.3 Hz, 4 H); MS measured M+ 386.1310, 
calcd for Cz8Hl8OZ: 386.1307. Anal. Found: C, 87.06; H, 4.62. 
Calcd for CZ8Hl8O2: C, 87.02, H, 4.70. 

Benzo[b]tetraphenylene (3). Tetrahydrofuran (40 mL) was 
added to titanium(1V) chloride (0.8 mL) under nitrogen with 

J .  Org. Chem., Vol. 55, No. 10, 1990 3219 

stirring. Lithium aluminum hydride (0.14 g) was added, followed 
by triethylamine (0.4 mL). After 15 min of refluxing, a solution 
of endoxide 20 (0.13 g) in tetrahydrofuran (24 mL) was added 
dropwise to the low-valent-titanium solution. The reaction 
mixture was then refluxed for 2 h. Saturated potassium carbonate 
solution (200 mL) was added, followed by extraction with chlo- 
roform (3 X 200 mL). The organic layer was dried over anhydrous 
magnesium sulfate and evaporated. Chromatography on silica 
gel (hexanes eluent) and recrystallization from cyclohexane gave 
colorless crystals (3, 67 mg, 54%): mp 250-254 "C; 'H NMR 
(a~e t0ne -d~)  6 7.15-7.37 (m, 1 2  H), 7.46-7.50, 7.86-7.89 (AzB2, J 
= 3.3,6.2 Hz, 4 H), 7.67 (s, 2 H); MS measured M+ 354.1404, calcd 
for CzsH18: 354.1408. Anal. Found: C, 94.48; H, 5.26. Calcd for 

1,4,9,12-Tetrahydro-1,4:9,12-diendoxytribenzo[ b ,h ,n 1- 
tetraphenylene (21). A solution of 3,4,7,8-tetrabromo-3,4,7,8- 
tetrahydro-l,2-benzo-5,6-naphtho[b]cyclooctatetraene (18) (0.13 
g) in tetrahydrofuran (3 mL) was added dropwise to a suspension 
of potassium tert-butoxide (0.5 g) in tetrahydrofuran (10 mL) 
under nitrogen at room temperature. After 15 min of stirring, 
2 N hydrochloric acid (20 mL) was added, followed by extraction 
with chloroform (20 mL). The organic layer was washed with 
water (3 x 20 mL), dried over anhydrous magnesium sulfate, and 
evaporated to give brown crystals. A freshly prepared iso- 
benzofuran solution (50 mL) [prepared from l-methoxy-1,4-di- 
hydroisobenzofuran (1 g)] was added, and the mixture was stirred 
a t  room temperature for 24 h. Evaporation of solvent, chroma- 
tography on silica gel (benzene eluent), and recrystallization from 
benzene gave pale yellow crystals (21, 73 mg, 66%): mp >300 
"C; 'H NMR (a~e t0ne -d~)  d 5.84 (s, 2 H),  5.91 (s, 2 H), 7.18-7.26 
(m, 8 H),  7.40-7.44, 7.95-7.99 (A2B2, J = 3.2, 6.2 Hz, 4 H),  7.63 
(s, 2 H),  7.76-7.82 (m, 4 H); MS measured M+ 486.1614, calcd 
for C36H2202: 486.1620. 

Tribenzo[b,h ,n Itetraphenylene (4). Tetrahydrofuran (20 
mL) was added to titanium(1V) chloride (0.5 mL) under nitrogen 
with stirring. Lithium aluminum hydride (80 mg) was added, 
followed by a solution of triethylamine (0.11 g) in tetrahydrofuran 
(2.5 mL). After 15 min of refluxing, a solution of endoxide 21 
(73 mg) in tetrahydrofuran (12 mL) was added dropwise to the 
low-valent-titanium solution. The reaction mixture was then 
refluxed for 2 h. Saturated potassium carbonate solution (100 
mL) was added, followed by extraction with chloroform (3 X 100 
mL). The organic layer was dried over anhydrous magnesium 
sulfate and evaporated. Chromatography on silica gel (hexanes 
eluent) and recrystallization from cyclohexane gave colorless 
crystals (4,35 mg, 51%): mp 290-292 "C; 'H NMR (acetone-d6) 
6 7.32-7.33 (m, 4 H), 7.43-7.47, 8.84-8.87 (A2B2, J = 3.3, 6.2 Hz, 

2 H), 7.81 (s, 2 H), 7.83 (s, 2 H); MS measured M+ 454.1718, calcd 
for CSHz2: 454.1721. Anal. Found: C, 94.87; H, 5.03. Calcd for 

1,4,9,12-Tetrahydro-1,4:9,12-diendoxydibenzo[ b,n ]tetra- 
phenylene (22). A solution of 5,6,11,12-tetrabromo-5,6,11,12- 
dihydrodibenzo[a,e]cyclooctene (7) (0.21 g) in tetrahydrofuran 
(3 mL) was added dropwise to a suspension of potassium tert- 
butoxide (0.5 g) in tetrahydrofuran (10 mL) under nitrogen at  
room temperature. After 15 min of stirring, 2 N hydrochloric acid 
(20 mL) was added, followed by extraction with ether (20 mL). 
The organic layer was washed with water (3 X 20 mL) and dried 
over anhydrous magnesium sulfate. After evaporation of solvent, 
the residue was chromatographed on alumina (pentane eluent) 
to give a yellow residue. A freshly prepared isobenzofuran solution 
(40 mL) [prepared from l-methoxy-l,4-dihydroisobenzofuran (0.8 
g)] was added, and the mixture was stirred at  room temperature 
for 20 h. The precipitate was filtered to give a pale yellow solid 
(22, 0.16 g, 66%): mp >300 "C; 'H NMR (acetone-d6) 6 5.77 (s, 

7.72-7.75 (A2B2, J = 3.0,5.1 Hz, 4 H); MS measured M+ 436.1468, 
calcd for C32H2002: 436.1463. Anal. Found: C, 88.05; H, 4.51. 
Calcd for C32H2002: C, 88.05; H ,  4.62. 

Dibenzo[ b,n Itetraphenylene (5). Tetrahydrofuran (10 mL) 
was added to titanium(1V) chloride (0.2 mL) under nitrogen with 
stirring. Lithium aluminum hydride (30 mg) was added, followed 
by a solution of triethylamine (43 mg) in tetrahydrofuran (1 mL). 
After 5 min of refluxing, a solution of endoxide 22 (52 mg) in 
tetrahydrofuran (6 mL) was added dropwise to the low-valent- 

C28HiB: C, 94.88; H, 5.12. 

8 H),  7.50-7.54, 7.91-7.95 (A2B2, J = 3.3, 6.2 Hz, 4 H), 7.71 (s, 

C36H22: C, 95.12; H, 4.88. 

4 H), 7.08-7.12, 7.22-7.25 (AzB2, J = 3.3, 5.8 Hz, 8 H), 7.13-7.17, 
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titanium solution. The reaction mixture was then stirred at  room 
temperature for 20 h. Saturated potassium carbonate solution 
(40 mL) was added, followed by extraction with chloroform (3 
x 40 mL). The organic layer was dried over anhydrous magnesium 
sulfate and evaporated. Chromatography on silica gel (hexanes 
eluent) and recrystallization from cyclohexane gave colorless 
crystals (5,42 mg, 89%): mp 288-291 "C; 'H NMR (acetone-d,) 
6 7.25-7.36 (m, 8 H), 7.36-7.42, 7.73-7.79 (A2B2, J = 3.4,6.9 Hz, 
8 H), 7.64 (s, 4 H); MS measured M+ 404.1549, calcd for C32H20: 
404.1565. Anal. Found: C, 94.99; H, 5.00. Calcd for C32H20: C, 
95.02; H, 4.98. 
7,8-Dihydro-1,2-benzo-5,6-naphtho[ b]cyclooctatetraene 

(24). Ethoxy compound 17 (0.78 g), acetic anhydride (36 mL), 
boron trifluoride etherate (6.3 mL), and ether (9 mL) were mixed 
at room temperature and kept a t  0 "C for 1.5 days. The reaction 
mixture was then neutralized with saturated sodium hydroxide 
solution and extracted with chloroform (3 X 100 mL). The organic 
layer was dried over anhydrous magnesium sulfate and evaporated. 
Chromatography on silica gel (hexanes eluent) and recrystalliition 
from cyclohexane gave colorless crystals (24, 0.28 g, 41%): mp 
125 "C; lH NMR (CDC13) 6 3.19-3.34 (m, 4 H), 6.85 (d, J = 12.8 
Hz, 1 H), 6.96 (d, J = 12.8 Hz, 1 H), 7.04-7.14 (m, 4 H), 7.34-7.38 
(m, 2 H), 7.61 (s, 2 H), 7.68-7.72 (m, 2 H); MS measured M+ 
256.1255, calcd for CmHIB: 256.1252. Anal. Found: C, 93.88; 
H, 6.30. Calcd for CzoH16: C, 93.71; H, 6.29. 
3,4,7-Tribromo-3,4,7,8-tetrahydro- 1,2-benzo-5,6-naphtho- 

[ b]cyclooctatetraene and/or 3,4,8-Tribromo-3,4,7,8-tetra- 
hydro- 1,2-benzo-5,6-napht ho[ b ]cyclooctatetraene (25). 
Bromine (3.6 g) in carbon tetrachloride (5 mL) was added dropwise 
to a solution of 7,8-dihydro-1,2-benzo-5,6-naphtho[b]cyclo- 
octatetraene (24) (1.5 g) in carbon tetrachloride (60 mL). After 
stirring at  room temperature for 4 days, the reaction mixture was 
washed with saturated sodium thiosulfate solution (75 mL) and 
dried over anhydrous magnesium sulfate. After evaporation of 
solvent, the residue was chromatographed on silica gel (hexanes 
eluent) and recrystallized from carbon tetrachloride to give 
colorless crystals (25, 1.1 g, 40%): mp 223-225 "C;  'H NMR (in 

= 10.5, 14.8 Hz, 1 H), 5.42 (d, J = 9.9 Hz, 1 H), 6.59 (d, J = 9.9 
Hz, 1 H), 5.55 (t, J = 9.9 Hz, 1 H), 6.86-6.96 (m, 2 H), 7.04-7.07 
(m, 2 H), 7.36 (s, 1 H), 7.40-7.47 (m, 2 H), 7.60-7.63 (m, 1 H), 
7.76-7.79 (m, 1 H), 8.31 (s, 1 H); MS measured M+ 491.8715, calcd 
for C&,,Br3: 491.8725. Anal. Found C, 47.95; H, 2.95; Br, 49.11. 
Calcd for Cal5Br3:  C, 48.52; H, 3.05; Br, 48.43. (The large error 
of the microanalysis is possibly due to the contamination of some 
tetrabromides.) 

1,4-Dihydro-1,4-endoxy-6,7-benzotribenzo[a ,c ,e lcyclo- 
octatetraene (27). A solution of tribromide 25 (0.85 g) in tet- 
rahydrofuran (15 mL) was added dropwise to a suspension of 
potassium tert-butoxide (2 g) in tetrahydrofuran (45 mL) under 
nitrogen at  room temperature. After 15 min of stirring, 2 N 
hydrochloric acid (100 mL) was added, followed by extraction with 
chloroform (2 X 100 mL). The organic layer was washed with 
water (3 x 150 mL), dried over anhydrous magnesium sulfate, 
and evaporated to give brown crystals of acetylene 26 [MS 
measured M+ 252.0934, calcd for CmHl,: 252.0939; 'H NMR 
(CDCl,) 6 5.80 (d, J = 15.5 Hz, 1 H), 5.93 (d, J = 15.5 Hz, 1 H), 
6.85-7.05 (m, 4 H), 7.08 (s, 1 H), 7.21 (s, 1 H), 7.51-7.55 (A2B2, 
J = 3.3, 5.8 Hz, 4 H)]. Furan (40 mL) was added to the brown 
crystals, and the mixture was stirred at  room temperature for 3 
days. Evaporation of solvent, chromatography on silica gel (1:2 
benzene/ hexanes eluent), and recrystallization from benzene gave 
pale yellow crystals (27,0.35 g, 64%): mp 228-232 "C; 'H NMR 
(acetone-d6) 6 5.47 (t, J = 1.6 Hz, 1 H), 5.54 (t, J = 1.6 Hz, 1 H), 
6.79 (d, J = 12.5 Hz, 1 H), 6.90 (d, J = 12.5 Hz, 1 H), 6.90-6.94 
(m, 1 H), 7.17-7.23 (m, 3 H), 7.39-7.43 (m, 2 H), 7.44 (s, 1 H), 
7.56-7.59, 7.70-7.73 (dd, J = 1.8, 5.3 Hz, 2 H), 7.63 (s, 1 H), 
7.75-7.82 (m, 2 H); MS measured M+ 320.1204, calcd for C,H160: 
320.1201. Anal. Found: C, 89.66; H, 5.04. Calcd for CZ4Hl60: 
C, 89.97; H, 5.03. 

1,2:3,4-Dibenzo-5,6-naphtho[b]cyclooctatetraene (28). 
Tetrahydrofuran (50 mL) was added to titanium(1V) chloride (1 
mL) under nitrogen with stirring. Lithium aluminum hydride 
(0.2 g) was added, followed by triethylamine (0.4 mL). After 5 
min of refluxing, a solution of endoxide 27 (0.27 g) in tetra- 
hydrofuran (30 mL) was added dropwise to the low-valent-tita- 

CDCl3) d 3.76-3.85 (dd, J = 9.2, 14.8 Hz, 1 H), 4.14-4.24 (dd, J 

Table I. Atomic Coordinates (XlO') and Equivalent Isotropic 
Temperature Factorsn (A* X 10') for the 4:l Clathrate Formed 

between 6 and p-Xylene 
atom X Y 2 U- 

5146 (3) 
5973 (3) 
5653 (3) 
6502 (4) 
6126 (4) 
4904 (4) 
4074 (3) 
4419 (3) 
3575 (3) 
3902 (3) 
2908 (3) 
1860 (3) 
817 (3) 

-255 (3) 
-1251 (3) 
-1223 (4) 
-201 (3) 

855 (3) 
1949 (3) 
2970 (3) 
4049 (3) 
3834 (3) 
4772 (4) 
5942 (4) 
6181 (3) 
5260 (3) 
5562 (3) 
5959 (3) 
6274 (3) 
6219 (4) 
5845 (3) 
5510 (3) 

1002 (3) 
132 (3) 
285 (3) 

-611 (3) 
-433 (4) 
641 (4) 

1522 (4) 
1364 (3) 
2259 (3) 
2100 (3) 
3109 (3) 
4276 (3) 
5330 (3) 
6541 (3) 
7528 (3) 
7374 (3) 
6244 (3) 
5176 (3) 
3978 (3) 
2947 (3) 
1714 (3) 
1607 (3) 
507 (4) 

-521 (4) 
-438 (3) 

665 (3) 
711 (3) 
538 (3) 
501 (3) 
618 (3) 
803 (3) 
853 (3) 

3872 (5) 
4943 (7) 
6150 (7) 
7167 (8) 
2694 (7) 

Host Molecule I 
1254 (2) 
1665 (3) 
1560 (3) 
1983 (3) 
1876 (3) 
1347 (3) 
928 (3) 

1014 (3) 
579 (2) 
690 (2) 
313 (2) 
676 (2) 
322 (3) 
705 (3) 
322 (3) 

-467 (3) 
-831 (3) 
-456 (2) 
-813 (2) 
-450 (2) 
-928 (2) 

-1993 (3) 
-2492 (3) 
-1942 (3) 

-893 (3) 
-358 (3) 

764 (3) 
1087 (3) 
2117 (3) 
2841 (3) 
2533 (3) 
1503 (3) 

2478 (2) 
2130 (2) 
1212 (2) 
834 (3) 
-56 (3) 

-621 (3) 
-295 (2) 

628 (2) 
999 (2) 

1888 (2) 
2221 (2) 
2054 (2) 
2277 (2) 
2103 (2) 
2329 (3) 
2723 (3) 
2897 (3) 
2689 (2) 
2869 (2) 
2651 (2) 
2830 (2) 
2455 (2) 
2662 (2) 
3248 (3) 
3625 (2) 
3425 (2) 
3904 (2) 
4836 (2) 
5325 (2) 
4890 (2) 
3970 (2) 
3467 (2) 

Host Molecule I1 
3970 (2) 3154 (2) 
3634 (3) 
2910 (3) 
2566 (3) 
1877 (3) 
1508 (3) 
1825 (3) 
2538 (3) 
2895 (3) 
3587 (2) 
3967 (2) 
4490 (3) 
4767 (2) 
5298 (3) 
5497 (3) 
5157 (3) 
4653 (3) 
4448 (3) 

3719 (2) 
3192 (2) 
2296 (3) 
1796 (3) 
2182 (3) 
3088 (3) 
3602 (3) 
4621 (3) 
5424 (3) 
6356 (3) 
6504 (3) 
5732 (3) 
4782 (3) 

3945 (3) 

3512 (2) 
3982 (2) 
4347 (2) 
4788 (3) 
4898 (3) 
4556 (2) 
4088 (2) 
3724 (2) 
3261 (2) 
2937 (2) 
3555 (2) 
3313 (2) 
3944 (2) 
3674 (3) 
2753 (3) 
2133 (2) 
2390 (2) 
1767 (2) 
2008 (2) 
1289 (2) 
625 (2) 
-81 (2) 

-146 (2) 
486 (2) 

1211 (2) 
1828 (2) 
1480 (3) 
2005 (3) 
2880 (3) 
3243 (3) 
2732 (2) 

Guest Molecule 
5083 (4) 35 (3) 
5900 (4) 520 (3) 
5885 (5) 538 (4) 
6813 (5) 1107 (5) 
5127 (7) 48 (6) 

a The equivalent isotropic temperature factor U ,  is defined as 1 /3  of 
the trace of the orthogonalized U matrix. Atoms C(68) and C(69) have 
a site occupancy factor of 1/2. 

nium solution. The reaction mixture was then refluxed for 2 h. 
Saturated potassium carbonate solution (200 mL) was added, 
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followed by extraction with chloroform (3 X 200 mL). The organic 
layer was dried over anhydrous magnesium sulfate and evaporated. 
Chromatography on silica gel (hexanes eluent) and recrystallization 
from cyclohexane gave colorless crystals (28, 0.21 g, 81 % ): mp 
153 "C; 'H NMR (acetone-d,) 8 6.86 (d, J = 11.6 Hz, 1 H), 6.99 
(d, J = 11.6 Hz, 1 H), 7.09-7.13 (m, 1 H),  7.17-7.22 (m, 4 H),  
7.24-7.28 (m, 1 H), 7.41-7.47 (m, 4 H), 7.63 (s, 1 H), 7.66 (s, 1 H), 
7.79-7.83 (m, 2 H); MS measured M+ 304.1256, calcd for C24H16: 
304.1252. Anal. Found: C, 94.75; H, 5.25. Calcd for C2&16: C, 
94.70; H, 5.30. 
7,8-Dibromo-7,8-dihydro-1,2:3,4-dibenzo-5,6-naphtho[ b 1- 

cyclooctatetraene (29). Bromine (0.15 g) in carbon tetrachloride 
(10 mL) was added dropwise to a solution of 1,2:3,4-dibenzo- 
5,6-naphtho[b]cyclooctatetraene (28) (0.24 g) in carbon tetra- 
chloride (70 mL) and stirred a t  room temperature for 18 h. The 
reaction mixture was then washed with saturated sodium thio- 
sulfate solution (80 mL) and dried over anhydrous magnesium 
sulfate. After evaporation of solvent, the residue was chroma- 
tographed on silica gel (hexanes eluent) and recrystallized from 
hexanes to give colorless crystals (29,0.28 g, 75%): mp 159-163 
"C; 'H NMR (CDCl,) 8 5.55 (d, J = 1.3 Hz, 2 H), 6.93 (d, J = 6.5 
Hz, 1 H),  7.05-7.13 (m, 3 H), 7.42-7.47 (m, 4 H), 7.54-7.58 (m, 
3 H),  7.71-7.75 (m, 1 H),  7.83-7.86 (m, 1 H), 8.26 (s, 1 H); MS 
measured M+ 461.9618, calcd for CZ4Hl6Br2: 461.9620. Anal. 
Found: C, 62.04; H, 3.48. Calcd for CUHl6Br2: c ,  62.09; H, 3.47. 

Dibenzo[b ,h Itetraphenylene (6). A freshly prepared iso- 
benzofuran solution (70 mL) [prepared from l-methoxy-1,4-di- 
hydroisobenzofuran (1.5 g)] was mixed with dibromide 29 (0.28 
8). A suspension of potassium tert-butoxide (1.5 g) in tetra- 
hydrofuran was added dropwise to the mixture under nitrogen 
at  room temperature. After 20 min of stirring, 2 N hydrochloric 
acid (100 mL) was added, followed by extraction with chloroform 
(3 x 100 mL). The organic layer was dried over anhydrous 
magnesium sulfate and evaporated. Chromatography on silica 
gel (1:l hexanes/benzene eluent) gave a yellow solid of 1,4-di- 
hydro-1,4-endoxydibenzo[b,h]tetraphenylene (30). Without 
further purification, endoxide 30 was subjected directly to de- 
oxygenation. 

Tetrahydrofuran (40 mL) was added to titanium(1V) chloride 
(0.8 mL) under nitrogen with stirring. Lithium aluminum hydride 
(130 mg) was added, followed by triethylamine (0.4 mL). After 
15 min of refluxing, a solution of endoxide 30 obtained above in 
tetrahydrofuran (24 mL) was added dropwise to the low-va- 
lent-titanium solution. The reaction mixture was refluxed for 
2 h. Saturated potassium carbonate solution (200 mL) was added, 
followed by extraction with chloroform (3 X 150 mL). The organic 
layer was dried over anhydrous magnesium sulfate and evaporated. 
Chromatography on silica gel (hexanes eluent) and recrystallization 
from cyclohexane gave colorless crystals (6, 0.16 g, 77%): mp 
23Cb231 "C; 'H NMR (acetone-de) 6 7.1S7.31 (m, 8 H), 7.49-7.53, 

MS measured M+ 404.1571, calcd for C32H20: 404.1565. Anal. 
Found: C, 95.16; H, 4.92. Calcd for C32H20: C, 95.02; H, 4.98. 

X-ray Structural Analysis. Diffraction measurements were 
made on a Nicolet R3m four-circle diffractometer (graphite- 
monochromatized M o  Ka radiation, h = 0.71069 A), and deter- 
mination of the crystal class, orientation matrix, and accurate 
unit-cell parameters was performed according to established 
procedures.26 

Crystal data: 2C32H20a1 2C8H10, fw = 862.10, triclinic, space 

(Y = 104.87 (2)O, = 106.77 (2)O, y = 99.12 (2)O, V = 2358 (1) A3, 
Z = 2, F(000) = 906, D, = 1.210 g cm-, (flotation in KI/H20), 
D, = 1.214 g ~ m - ~ ,  ~ ( M O  Ka) = 0.64 cm-'. 

Intensities (crystal dimensions: 0.64 X 0.54 X 0.44 mm; h,*k,M; 
7026 unique data) were measured at  22 OC using the 0-28 vari- 

7.89-7.93 (AZBZ, J = 3.3,6.2 Hz, 8 H), 7.71 (s, 2 H), 7.80 (s, 2 H); 

group P1, a = 11.502 (3) A , b = 13.918 (4) A, c = 16.449 (5) A, 

able-scan (2.02-8.37' min-') technique in the bisecting mode up 
to 28,,, = 50°.26 The raw data were processed with the learnt- 
profile pr~cedure,~ '  and absorption correction based on $-scan 
data (transmission factors 0.798-0.994) was applied.28 

The structure was solved by direct phase determination guided 
by negative quartets. There are two independent dibenzo[b,- 
hltetraphenylene host molecules in the asymmetric unit. The 
p-xylene guest molecule is located at  a site of symmetry 1 with 
twofold orientational disorder of its long axis; it is represented 
by atoms C(65), C(66), and C(67) at  full site occupancy and C(68) 
and C(69) a t  half-site occupancy. All 69 carbon atoms in the 
asymmetric unit were subjected to anisotropic refinement. The 
aromatic and ethylenic hydrogen atoms of the host molecules were 
generated geometrically (C-H fixed a t  0.96 A),  allowed to ride 
on their respective parent carbon atoms, and included in structure 
factor calculations with assigned isotropic thermal parameters. 

All computations were performed on a Data General Nova 3/12 
minicomputer with the SHELXTL program package,2g and analytic 
expressions of atomic scattering factors were employed.30 Con- 
vergence for 5212 (n) observed data (IFoI > 3u1FoI) and 625 var- 
iables ( p )  was reached at  RF 5 A/XIFol = 0.063 and R, 
[ U ~ A ~ / ~ : W ~ F ~ ~ ~ ] ~ / ~  = 0.085, where A = llFol - lFcll and w = [g2(1Fo ) 
+ 0.0011F012]-1. The goodness-of-fit index S [x_wA2/(n - p ) ] l l z  
has the value 1.871 and residual extrema in the final difference 
map lie between +0.61 and -0.30 e A-3. 
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