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Abstract: Cyclobisacylation of para,para’-disubstituted biphenyls with diacid chloride 3 has been developed as a route to a di- 
benzo derivative of bicyclo[6.2.0]decapentaene. Application of this approach to p,@-dimethylbiphenyl and 2,7-di-tert- butyl- 
fluorene afforded diketones 6 and 11, respectively. ‘ H  N M R  spectroscopy revealed that 6 is a twisted, highly rigid, enantio- 
merically stable, bridged biphenyl in contrast to 11, in which the biphenyl unit is essentially planar due to the structural con- 
straints of the fluorene moiety. Hydride reduction of 6 and 11 led to cis,syn-diols 7 and 12, respectively. Attempts to decomplex 
7 to hydrocarbon 8 with hydrochloric acid in tetrahydrofuran failed. Similar decomplexation of 12, however, afforded hydro- 
carbon 13 as an unstable solid. The contrast in decomplexation results could reflect an increased stability in 13 through flatten- 
ing of the biphenyl unit. Comparison with the known tribenzo derivative 17, however, reveals that any stabilization gained 
through such a flattening process is much less effective than fusion of an additional benzene ring to the system. 13 exhibits 
dienophilic reactivity with 1,3-diphenylisobenzofuran a t  the cyclobutene olefinic bond to give adduct 14. Significant shielding 
of methyl, methylene, olefinic, and fluorenyl protons in the latter could be due to shielding by distant aromatic moieties or to 
a paramagnetic ring current associated with a flattened (81annulene system. 14 was dehydrated to the highly extended hydro- 
carbon 15. 

Introduction 
In  the course of developing the [4]annulene tricarbonyliron 

route to bicyclo[6.2.0]decapentaene (l),’ we considered the 
possibility of applying to complexes of type 2 our previously 
reported method for conversion of o-diacyl[4]annulene tri- 
carbonyliron complexes to dimethylenecyclobutenes.* Since 
2 itself did not seem accessible by any straightforward existent 

synthetic methodology, we directed our efforts instead toward 
exploration of ortho,ortho’-cyclobisacylation of biphenyls with 
bis(acid chloride) 33 as a route to [3,4:5,6]dibenzo derivatives 
of 2. Apparently the only precedent for this type of reaction 
is that of Liebermann who in 191 1 reported the Friedel-Crafts 
acylation of 4,4’-dimethylbiphenyI with oxalyl chloride to give 
2,7-dimethylphenanthra-9,lO-quinone (45-5Wh) and who also 
pointed out the necessity of using a para,para’-disubstituted 
biphenyl to  block preferred para attacks4 W e  have now found 
that [8]annelation of this type can, in fact, be effected with 3 
and describe here the preparation and decomplexation of two 
structural variants of 2. The results are particularly interesting 
in demonstrating the dependence of the course of decom- 
plexation on substrate stereochemistry and in leading to an 
isolable dibenzo derivative of 1 in which structural constraints 
force the eight-membered ring to be approximately planar. 

Results and Discussion 
When bis(acid chloride) 3 was arylated with 4,4’-dimeth- 

ylbiphenyl (4) and aluminum chloride in refluxing carbon 
disulfide, there were obtained after separation by column 
chromatography two diones, 5 and 6, corresponding to linear 
and intramolecular diarylation, respectively. 

Dione 5 was obtained in 6% yield as a pale-yellow crystalline 
solid. While the ‘H N M R  spectrum [6 (CC14) 2.40 (s, 12 H, 

lCOJJFe* 

-CH3), 4.07 (s, 2 H, [4]annulene protons), and 6.98-7.14 (m, 
14 H,  aromatic protons)] was consistent with C, molecular 
symmetry, there was no direct information on the directionality 
of acylation. Structure 5 has consequently been assigned on 
the basis of expected preferred ortho attack on 4. However, the 
lack in 5 of chemical shift effects normally associated with 
aroyl and tricarbonyl[4]annulenoyliron groups3 is itself 
noteworthy and suggests that the biphenyl and [4]annulene 
moieties twist with respect to the ketone carbonyl groups in 
order to avoid the steric congestion which is evident in models 
of various coplanar arrangements. 

Dione 6 was obtained in 24% yield as bright-yellow crystals. 
While all spectral and analytical data  supported the assigned 
structure, it was soon evident from a detailed ‘H N M R  spectral 
examination that a bridged biphenyl of unusually high con- 
formational rigidity had been generated. The ambient tem- 
perature ‘ H  N M R  spectrum in CDC13 exhibited a singlet a t  
6 2.40 for six methyl protons, singlets a t  6 4.91 and 4.94 for 
H( 1)  and H(2), a two-proton multiplet a t  6 6.81-6.93, and a 
four-proton multiplet a t  6 7.14-7.32. Upon addition of 
E ~ ( f o d ) 3 ~  up to a twofold excess, differential shifts of all ab- 
sorptions to lower field led to almost complete resolution of the 
spectrum as summarized in Table I. In this process, the sepa- 
ration and shift of two of the low field aromatic protons as  
slightly broadened singlets by A6 2.56 and 5.98 identified them 
collectively as H(4)  and H (  11). Since the shift reagent un- 
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doubtedly binds preferentially to the ketone carbonyl groups,6 
the large difference in induced shifts of H(4) and H( 11) is most 
readily explained on the basis of a stereochemically controlled 
selectivity in complexation a t  these two nonequivalent sites. 
A molecular model of 6 supports this view since the oxygen a t  
C-3 (only one enantiomer is shown) projects below the four- 
membered ring and is thus more exposed while that a t  C (  12) 
projects up toward the tricarbonyliron group and should be 
relatively less accessible. On the assumption that induced shifts 
primarily reflect proximity to sites of complexation, this 
argument then leads to the conclusion that H(2) and H(4)  
correspond to the protons dramatically shifted by A6 4.28 and 
5.98, respectively. 

The remaining aromatic absorption, corresponding to H(6), 
H(7), H(8), and H(9), finally appeared as two overlapping AB 
quartets. By analogy to the relative chemical shifts in biphenyl 
itself,' H(7) and H(8) have been identified with the remaining 
two low field aromatic protons. The enantiomeric makeup of 
6 was also confirmed via interaction with a chiral shift reagent. 
When 50 mol % of tris[3-(trifluoromethylhydroxymeth- 
ylene-d-camphorato]europium8 was added to 6 in CDCI3, 
distinct resonances appeared for each enantiomer and, in 
particular, H ( l )  and H(2) appeared as four closely spaced but 
sharp singlets in the range 6 5.05-5.18. 

An attempt was also made to observe enantiomeric inter- 
conversion by heating 6 in MezSO-ds, using coalescence of the 
H( 1 )  and H(2) singlets as a probe for racemization. However, 
a t  temperatures up to 180 OC, the two singlets never coalesced, 
the only observable change being a decrease in 4 6  from 0.19 
to 0.12. 6 thus represents another example of the formidable 
barriers to atropisomerism encountered in biphenyl bridged 
with four trigonal atoms9 and, in principle, should be resolvable 
into stable enantiomers.lo 

Dione 6 was then subjected to our previously reported pro- 
cedure for conversion of such diacyl complexes to the corre- 
sponding dimethylenecyclobutenes.2 Reduction of 6 with di- 
isobutylaluminum hydride produced a single crystalline diol 
in 82% yield to which we have assigned the cis,syn structure 
7 on the assumption that hydride is delivered on the face of 

w H O H  

iC e = 

each carbonyl group opposite to the bulky tricarbonyliron 
function. The 'H N M R  spectrum in MezSO-ds exhibited 
singlets a t  6 2.35 and 2.38 for six methyl protons, singlets a t  
6 4.07 and 4.55 for H (  1) and H(2), two AB quartets for vicinal 
methine and hydroxyl protons ( 6 ~  4.91, 6~ 5.47, JAB = 4.1 Hz; 
6~ 4.76,68 5.64, J A B  = 5.3 Hz), a multiplet a t  6 6.75-7.18 for 
H(6), H(7), H(8), and H(9), and two broadened, overlapping 
singlets between 6 7.38-7.43 for H(4)  and H (  11).  The  as- 
signments of methine and hydroxyl protons were verified by 
DzO exchange. 

Attempts to generate the desired hydrocarbon 8 from 7 with 
hydrochloric acid in THF at  room temperature failed com- 
pletely. Careful monitoring by T L C  indicated slow reaction 
of the diol without concurrent formation of nonpolar prod- 
ucts. 

Table I. Induced Chemical Shifts Resulting from Addition of 2 
mol equiv of Eu(fod)l to -0.25 M 6 in CDClj 

CH3 2.40 2.43, 2.68 0.03, 0.28 
H(1) 4.91 7.40 2.49 
H(2) 4.94 9.22 4.28 
H(6), H(9) 6.84,6.88 8.46, 8.12 1.62, 1.29 
H(7), H(8) 7.20, 7.22 8.16, 7.60 0.96, 0.38 
H(4) 7.28 13.26 5.98 
H(11) 7.20 9.76 2.56 

Since it appeared likely that the sluggish reactivity of 7 and 
the failure to isolate 8 reflected the stringent conformational 
requirements of the bridged biphenyl system, either through 
diversion of the decomplexation process or through destabili- 
zation of 8, we next considered suitable approaches to over- 
come these problems. While variation of decomplexation 
conditions is a line of attack which may yet prove fruitful, we 
were at  this stage instead attracted to the strategy of stabilizing 
8 by incorporation of the biphenyl framework as a fluorene 
moiety. Employment of such a doubly bridged derivative was 
thus envisaged to flatten the system to such an extent that bi- 
phenyl twist would be eliminated as a destabilizing factor, 
although not without the concomitant expense of increased 
bond angle strain in the eight-membered ring. However, off- 
setting this latter effect was the expectation that deformation 
of the fluorene system with the attendant spreading of exterior 
angles a t  C(4a) and C(4b) (see 9) to about 13OoI1 would fa- 
cilitate fusion of a planar [8]annulene moiety by virtue of closer 
compatability with natural interior angles of ~ 1 3 5 ~  in the 
latter unit. Equally attractive was the general prospect of de- 
veloping synthetic access to [8]annulene derivatives which 
might contribute to current understanding of the electronic 
consequences of enforced flattening of this much studied sys- 
tem.I2 

Since fluorene itself undergoes electrophilic substitution in 
a manner analogous to biphenyl, Le., preferentially a t  C(2) and 
C(7),I3 the use of a blocked derivative was also necessary in 
this approach. While 2,7-dimethylfluorene would have been 
the conventional substrate for this purpose, the reported syn- 
thesis of the compound is tedious and time consuming.13 We 
consequently sought a more accessible derivative and, after 
some exploratory work, discovered that alkylation of fluorene 
at  0 O C  in tert-butyl chloride with a catalytic amount of alu- 
minum chloride afforded a crystalline di-tert-butyl derivative 
in 68% yield which on the basis of full ' H  N M R  analysisI5 was 
identified as the desired 2,7-isomer 10.l6 Acylation of the latter 
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with 3 then proceeded to give a single diketone, 11, in 27% yield 
as a bright-yellow solid. The IH N M R  spectrum of 11 [ 6  
(CDC13) 1.39 (s, 18 H ,  -CH3), 3.95 (broad s, -CHz-), 5.13 
(s, 2 H ,  H(9) and H (  lo)) ,  and 7.96 and 8.1 5 (AB quartet, 4 
H ;  H(3), H(5)  and H ( I ) ,  H(7) ,  respectively; J A B  = 2.4 Hz)] 
clearly reflected the anticipated flattening effect of the fluorene 
moiety. Reduction of 11 with borane in THF then afforded a 
single diol in 80% yield (diisobutylaluminum hydride gave the 
diol in only 52% yield) which, by the same steric argument 
given with regard to 7, we designate as the cis,syn stereoisomer 
12. The IH N M R  spectrum of 12 [6 (MezSOd6) 1.33 (s, 18 
H ,  -CH,), 3.95 (broads, 2 H ,  -CH2-), 4.31 (s, 2 H ,  H(9)  and 
H(IO)), 4.91 (d, 2 H ,  J = 7.0 Hz, methine protons), 7.02 (d, 
2 H ,  J = 7.0 Hz, O H ,  confirmed by DzO exchange), and 7.32 
and 7.56 (two d's, 4 H; H(1) ,  H(3) ,  H(5), and H(7); J = 1.8 
Hz)] was in accord with a symmetrical ( C , )  isomer. In contrast 
to 7, decomplexation of 12 with hydrochloric acid in THF a t  
room temperature proceeded rapidly, with observable gas 
evolution, to give an unstable but isolable pale-yellow crys- 
talline solid in 35% yield. Although the inherent instability of 
the compound precluded a satisfactory compositional analysis, 
spectral data were fully consistent with the assigned structure 
13. The IH N M R  spectrum of 13 in CDC13 exhibited a singlet 
a t  6 1.37 for 18 methyl protons, a broad singlet at 6 3.90 for two 
methylene protons, a singlet a t  6 6.29 for H(8) and H( 1 l) ,  and 
a multiplet a t  6 7.21-7.43 for four aromatic protons plus H(9) 
and H(10). In the mass spectrum, the molecular ion appeared 
as  base peak at  m/e 352, and the electronic spectrum in cy- 
clohexane exhibited several strong maxima and shoulders 
between -225-400 nm (see Experimental Section). 

With regard to chemical properties, 13 has thus far been 
shown to exhibit dienophilic reactivity a t  C(9)-C( IO) .  When 
the hydrocarbon was heated in benzene with 1,3-diphenyl- 
isobenzofuran, there was obtained a single stable, bright-red 
crystalline adduct in 15% yield (based on diol 12). The 'H 
N M R  spectrum of this material [ 6  (CDC13) 1.14 (s, 18 H ,  
-CH3), 3.19 (s, 2 H, methine protons), 3.29 (broad s, 2 H ,  
-CHz-), 4.53 (s, 2 H ,  olefinic protons), 5.98 and 6.83 (AB 
quartet, 4 H ,  J A B  = 2.0 Hz, fluorenyl protons), and 7.41-7.78 
(m, 14 H ,  aromatic protons)] is notable for the pronounced 
shift of methyl, methylene, olefinic, and fluorenyl protons 
relative to 13. Since models indicate that shielding of these 
protons by the three aromatic rings introduced with the eno- 
phile should be significantly greater in the endo adduct, the 
latter stereochemistry has been assigned on this basis. Clouding 
this interpretation, however, is the possibility that part of the 
shifts are  due to a paramagnetic ring current" associated with 
an [8]annulene system which, as mentioned above, was an- 
ticipated to be considerably flattened.lZ Although the potential 
operation of the latter effect prevents individual assessment 
of both shielding mechanisms, the indicated reactivity of 13 
a t  the cyclobutene olefinic bond suggests routes to simpler 
derivatives which should help clarify this intriguing ques- 
tion. 

Compound 14 was also characterized by dehydration with 
hydrogen bromide in acetic anhydride to the highly extended, 
brick red hydrocarbon 15 in 72% yield. 

The question as to what extent benzo annelation in 13 at-  
tenuates properties which might otherwise be attributable to 
a flattened bicyclo[6.2.0]decapentaene unit is difficult to an- 
swer on the basis of presently available data. The electronic 
spectrum of 13 reveals interaction between the dimethylene- 
cyclobutene and fluorene moieties,I8 but an evaluation of ring 
current effects in the IH N M R  spectrum suffers from the 
difficulty of defining suitable reference data.20.21 However, 
the close similarity of the olefinic proton chemical shifts of 13 
to those of cyclobutadienopleiadiene (16) [ 6  (CDC13) 6.27 
(H(7), H(  lo)), 7.08 (H(8), H(9)l2 suggests the absence of any 
special delocalization effects. On the other hand, if the success 
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and failure in isolating 13 and 8, respectively, reflect the rel- 
ative stabilities of the two systems, then comparison of these 
two with the known tribenzo derivative 17, which is very stable 
and probably nonplanar,z2 is instructive. If 8 is also nonplanar, 
a not unreasonable conclusion in view of the close structural 
relationship to 17, then the pronounced electronic stabilizing 
effect of additional benzo annelation in the latter is evident. 
The greater stability of 13 compared with 8, however, would 
appear to reflect some extra electronic stability attendant upon 
flattening of the ring system and large enough to overcome the 
increased bond angle strain incurred in the same process. 
Studies currently in progress on the chemistry of 13 will 
hopefully clarify this interrelationship of electronic and con- 
formational factors. 

Experimental Section 
General. The general procedures followed are described in ref 1 .  

Instantaneous melting points (inst mp) were obtained for compounds 
which decomposed prior to melting and are uncorrected. All N M R  
spectra were measured at  100 MHz. 

Tricarbon yl[ 1,2,2a, 12a-7-5,lO-dimeth yldibenzo[ a,c]c yclobuta- 
[ flcyclooctene-3,12-dione]iron 1 (6) and Tricarbonyl[ 1,2,3,4- 
~-1,2-bis(4,4'-dimethylbiphenyl-2-carbonyl)cyc~obutadiene]iron (5). 
A vigorously stirred suspension of diacid chloride 3 (2.00 g, 6.40 
mmol), 4,4'-dimethylbiphenyl (0.39 g,  2.13 mmol), and anhydrous 
aluminum chloride (2.56 g, 19.2 mmol) in 150 ml of carbon disulfide 
was heated at reflux in a 500-ml round-bottomed flask fitted with a 
mechanical stirrer and a condenser protected with a drying tube 
(CaS04). Additional 0.39-g increments of 4,4'-dimethylbiphenyl were 
added after 48 and 96 h, respectively. The mixture was stirred at reflux 
72 h longer, cooled to room temperature, and evaporated under re- 
duced pressure. The residue was stirred for 1 h with 200 ml of 1% 
hydrochloric acid and then extracted with 3 X 200 ml of methylene 
chloride. The combined extracts were washed subsequentially with 
300 ml of saturated aqueous N a H C 0 3  and 300 ml of water, dried 
(MgSOd), filtered, and evaporated in vacuo to give a viscous, yel- 
low-orange oil. Chromatography of the latter on a 5 X 45 cm column 
of alumina effected separation of the respective acylation products. 
The less polar diketone was resolved with carbon tetrachloride and 
eluted with benzene. Evaporation of the eluate and recrystallization 
of the residual solid from cyclohexane afforded 650 mg (24%) of 6 as 
bright-yellow rods: mp 228.5-232 OC dec; IR (CHC13) 2065 (vs), 
2005 (vs), 1640 (s), and 1602 cm-' (m); N M R ,  see text; electronic 
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spectrum (EtOH), max ( e ) ,  258 nm (18 200), sh (e), 322 nm (5750); 
m/e 426 (2.5%), 342 (100%). 

Anal. Calcd for C23Hl4Fe05: C,  64.81; H ,  3.31; Fe, 13.10. Found: 
C,  64.85; H ,  3.37; Fe, 12.99. 

The more polar diketone was resolved with benzene and eluted with 
chloroform. Evaporation of the eluate afforded a viscous yellow oil 
which crystallized slowly at  -20 OC. Repeated recrystallization from 
hexane gave 212 mg (6%) of 5 as pale-yellow microcrystalline rods: 
mp 167-171 "C; IR (CHCI?) 2058 (vs), 2002 (vs), 1993 (vs), 1652 
cm-I (s); N M R ,  see text; m/e 608 (0.25%), 524 (100%). 

Anal. Calcd for C37H28FeOj: C ,  73.03; H ,  4.64; Fe, 9.18. Found: 
C ,  73.35; H ,  4.88; Fe, 8.84. 

cis,syn-Tricarbonyq 1,2,2a,l2a-q-3,12-dihydro-5,10-dimethyi- 
dibenzo[a,c]cyclobuta[flcyclooctene-3,12-diol]iron (7). In a 25-ml 
round-bottomed flask equipped with a rubber septum and a source 
of dry nitrogen was prepared a solution of diketone 6 (213 mg, 0.500 
mmol) in 5 ml of anhydrous benzene. To the solution, a t  0 OC under 
nitrogen, was then added, with magnetic stirring, 3.33 ml of a 1.5 M 
solution of diisobutylaluminum hydride (5.00 mmol) in benzene. The 
mixture was stirred 0.25 h at  0 "C and 1.5 h at  ambient temperature, 
at  which point excess hydride was destroyed by slow addition of 0.24 
ml of methanol in 2.5 ml of benzene, and 0.25 h thereafter, 0.27 ml 
of water in 3 ml of methanol. The resulting suspension was stirred 1 
h longer, and then filtered with suction. The gelatinous solid thus 
collected was thoroughly washed with benzene, ether, and methanol, 
respectively. Evaporation of the combined filtrate and washings then 
afforded an off-white solid which was recrystallized from hexane to 
give 176 mg (82%) of 7 as very pale-yellow rectangular plates, inst 
mp 202-204 "C dec; IR (CHCI3) 3605 (m), 2045 (vs), and 1970 cm-I 
(vs); N M R ,  see text; electronic spectrum (EtOH), sh ( e ) ,  285 nm 
(2040); m/e 430 (1 5%), 346 (100%). 

Anal. Calcd for C23H1805Fe: C,  64.71; H ,  4.22; Fe, 12.98. Found: 
C, 64.46; H ,  4.02; Fe, 12.70. 

Attempted Preparation of 5,1O-Dimethyldibenzo[ a,c]cyclobuta[ fl- 
cyclooctene (8). A solution of diol 7 (43 mg, 0.10 mmol) in 0.5 ml of 
methylene chloride was stirred vigorously at  room temperature for 
24 h with 0.5 ml of concentrated hydrochloric acid. The reaction was 
monitored periodically by analytical TLC (silica gel/hexane). Diol 
7 was gradually consumed, but a t  no point could the formation of a 
nonpolar reaction product be detected. The mixture was diluted with 
I O  ml of methylene chloride and poured into an equal volume of water. 
The organic layer was separated, washed with 2 X 10 ml of saturated 
aqueous NaHCO3, dried (Na2S04), filtered, and evaporated. Ex- 
amination of the residue by T L C  (silica gel/benzene) indicated the 
product to be a complex mixture of at  least five moderately polar 
components which were not characterized further. 

2,7-Di-tert-butylfluorene (10). In  a 50-ml flask fitted with a drying 
tube (CaS04) was prepared a solution of fluorene (0.83 g, 5.0 mmol) 
in 10 ml of 2-chloro-2-methylpropane (5.50 g, 100 mmol). The solu- 
tion was cooled quickly with magnetic stirring to 0 OC to produce a 
fine suspension of the substrate. Anhydrous aluminum chloride (50 
mg, 0.38 mmol) was added, and the mixture was stirred 1 h longer a t  
0 "C. Unreacted 2-chloro-2-methylpropane was then evaporated a t  
ambient temperature under reduced pressure. The residue was mixed 
with 25 ml of water and extracted with 2 X 50 ml of methylene chlo- 
ride. The combined extracts were washed with 50 ml of saturated 
aqueous N a H C 0 3  and 50 ml of water, dried (MgSOd), filtered, and 
evaporated in vacuo to give crude 10 as an off-white crystalline solid. 
Recrystallization from 95% ethanol followed by sublimation [bath 
temperature 110-115 OC (0.05-0.10 mm Hg)] afforded 945 mg 
(68%) of 10 as colorless, rhombohedral plates, mp 122-127 "C. An 
analytical sample was prepared by repeated recrystallization from 
methanol to give colorless needles: mp 128.5-130 "C; IR (CC14) 1478 
(s), 1460 (m), 1415 (m), 1390 (m), 1360 (s), 864 (m), 820 cm-I (m); 
N M R  (CC14) 6 1.35 (s,  18 H ,  -CH3), 3.74 (s, broad, 2 H ,  -CH>-),  
and 7.18-7.54 (m, 6 H, aromatic); electronic spectrum (EtOH), max 
( e ) ,  260 (15 800), 267 (17 800), 271 (18 600), 278 (14 I O O ) ,  295 
(6310), 300 (5500), and 306 nm (8320), sh (t) ,  221 (12 600), and 283 
nm (10 700); m/e 278 ( l O O % ) .  

Anal. Calcd for C21H26: C, 90.59; H ,  9.41. Found: C,  90.47; H ,  
9.53. 

Full analysis of the aromatic proton absorption, with spin decou- 
pling of the methylene protons, and correlation of chemical shifts with 
those of other fluorene de r iva t ive~ '~  yielded the following parameters: 
6 7.24 (H(3), H(6)),  7.42 (H(1). H(8)),  7.50 (H(4),  H(5));  J i .3  = 
J 6 . 8  = 1.7, J3 .4  = Js.6 = 8.0. J 1 . j  = J5.8 = 0.2 Hz. 
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Tricarbonyl[8a,9,10,lOa-~-2,6-di- tert-butyl-4H-c yclobuta- 
[6,7]cycloocta[l,2,3,4-deflfluoren-8,1 I-dionelir~n (1 1). A vigorously 
stirred suspension of diacid chloride 3 (3.00 g, 9.60 mmol), 2,7-di- 
tert-butylfluorene (0.88 g, 3.20 mmol), and anhydrous aluminum 
chloride (3.84 g, 28.8 mmol) in 225 ml of carbon disulfide was heated 
at reflux in a 1-1. round-bottomed flask fitted with a mechanical stirrer 
and a condenser protected with a drying tube (CaS04). After periods 
of 48 and 96 h, respectively, additional 0.88-9 increments of 2,7-di- 
tert-butylfluorene were added to the flask. The mixture was stirred 
a t  reflux 72 h longer, cooled to room temperature, and evaporated 
under reduced pressure. The residue was stirred for I h with 200 ml 
of 1% aqueous hydrochloric acid and then extracted with 4 X 250 ml 
of methylene chloride. The combined extracts were washed succes- 
sively with 500 ml of saturated aqueous NaHC03  and 500 ml of water, 
dried (MgS04),  filtered, and evaporated in vacuo to give a viscous. 
yellow-orange oil which was chromatographed with carbon tetra- 
chloride on a 5 X 45 cm column of alumina. After elution of unreacted 
2,7-di-tert-butylfluorene with carbon tetrachloride, elution with 
benzene afforded, upon evaporation of solvent and recrystallization 
from hexane, 1.36 g (27%) of diketone 11 as bright-yellow rectangular 
plates: mp 194-197 OC; IR (CHC13) 2058 (vs), 1998 (vs) ,  1627 (s), 
and 1598 cm-I (s); NMR,  see text; electronic spectrum (EtOH), max 
(e) ,  266 (26 300) and 354 nm ( I O  500), sh ( c ) ,  299 nm (1450); m/e 
522 ( I % ) ,  438 (100%). 

Anal. Calcd for C30H260jFe: C ,  68.98; H ,  5.02; Fe, 10.69. Found: 
C,  69.07; H ,  5.18: Fe, 10.50. 

cis,syn-Tricarbonyl[8a,9,10,1 Oa-q-2,6-di- tert-butyl-8,ll -dihy- 
dro-4H-cyclobuta[6,7]cycloocta[ 1,2,3,4-deflfluorene-8,1 I-diolliron 
(12). Into a 5 0 4  flask equipped with a condenser protected with a 
drying tube (CaS04) were placed diketone 11 (832 mg, 1.60 mmol) 
and 24 ml of a 1 M solution of borane in THF.  The mixture was stirred 
2 h at  room temperature and 2 h at reflux, cooled to 0 OC, and poured 
onto 100 g of crushed ice. After standing 1 h, the hydrolysate was 
extracted with 3 X 150 ml of methylene chloride. The combined ex- 
tracts were dried (MgS04), filtered, and evaporated to give crude 12 
as an off-white crystalline solid. Recrystallization was effected by 
dissolving the crude solid in a minimum volume of boiling cyclohexane, 
adding an equal volume of hexane, and cooling the mixture to 0 OC 
to afford 674 mg (80%) of 12 as rectangular prisms. An analytical 
sample was prepared by further recrystallization from hexane: inst 
mp 236-238 OC; 1R (CC14) 3565 (w), 3495 (w), 3475 (w), 3385 (w), 
2039 (vs), 1980 (vs), and 1968 cm-' (vs); N M R ,  see text; electronic 
spectrum (EtOH), max ( e ) ,  269 (13 800), 298 ( I O  500), and 310 nm 
( 1  1 200), sh ( e ) ,  241 nm (18 600); m/e 526 (0.25%), 352 (IOOYo). 

Anal. Calcd for C30H3005Fe: C,  68.45; H ,  5.74; Fe, 10.61. Found: 
C ,  68.61; H ,  5.83; Fe, 10.40. 

2,6-Di-tert-butyl-4H-cyclobuta[6,7]cycloocta[ 1,2,3,4-deflfluorene 
(13). A solution of diol 12 (IO6 mg, 0.200 mmol) in I O  ml of methylene 
chloride was shaken vigorously in a separatory funnel with 3 ml of 
concentrated hydrochloric acid for 5 min. Gas evolution was observed 
immediately upon mixing. the organic layer was separated, washed 
successively with 10 ml of water and 10 ml of saturated aqueous 
NaHCO3, dried (Na2S04), filtered, and evaporated at  room tem- 
perature under reduced pressure. The residue was chromatographed 
in the dark with carbon tetrachloride on four preparative silica gel 
TLC plates. Extraction of the least polar band with methylene chloride 
and evaporation of the extract in vacuo afforded 24 mg (35%) of crude 
13 as an air- and light-sensitive pale-yellow crystalline solid. The latter 
was taken up in a minimum volume of cold ether, and the resulting 
solution was filtered, diluted with methanol, and evaporated under 
a stream of nitrogen until a thick slurry of crystals formed. Crystal- 
lization was then completed at  -20 "C. The solid was collected by 
filtration, washed with cold methanol, and dried in vacuo to give 16 
mg (24%) of relatively pure 13 as pale-yellow rectangular prisms 
which decomposed without melting; IR (CHC13) 3005 (m), 2960 (s), 
2862 (m), 1632 (w), 1600 (m), 1470 (m), 1395 (m), 1364 (m), 850 
(m), and 712 cm-' (s); NMR, see text; electronic spectrum (cyclo- 
hexane), max ( e ) ,  278 (50 100). 325 (5650), 335 (4270), and 342 nm 
(3980), sh ( e ) ,  226 (16 200), 251 (21 400), 254 (25 700), 262 (32 400), 
272 (43 700), 287 (33 IOO), 297 (18 600), 310 (8320), 350 (2570), 
367 (1860). 380 (1450), 393 (IOOO),  and 413 nm (330); m/e 352 

Because of the inherent instability of the compound, a satisfactory 
elemental analysis could not be obtained. 

Adduct of 1,3-Diphenylisobenzofuran and Hydrocarbon (13). Hy- 
drocarbon 13 was prepared as described in the preceding experiment 
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from diol 12 (21 2 mg, 0.400 mmol) and chromatographed with carbon 
tetrachloride in the dark on a preparative silica gel TLC plate. To the 
product was added 108 mg (0.400 mmol) of 1,3-diphenylisobenzo- 
furan and 3 ml of benzene. The resulting mixture was refluxed for 3 
h, cooled to room temperature, and evaporated under reduced pres- 
sure. The residue was chromatographed in the dark with carbon tet- 
rachloride on two preparative silica gel TLC plates. Unreacted 1,3- 
diphenylisobenzofuran separated first followed by 14 as a bright 
red-orange band. Extraction of the latter with methylene chloride and 
evaporation of the extract in vacuo afforded a red-orange oil which, 
upon crystallization from hexane, gave 36 mg ( 1  5% yield based on 12) 
of adduct 14 as red monoclinic prisms, mp 238-243 OC dec. An ana- 
lytical sample was prepared by repeated recrystallization from hexane: 
mp 245-249 OC; IR (CHC13) 1665 (w), 1600 (m), 1555 (w), 1535 
(w), 1492 (m), 1395 (sh), 1355 (m), 853 (m), and 695 cm-' (s); 
N M R ,  see text; electronic spectrum (cyclohexane), max ( t ) ,  262 
(28 200), 272 (29 500) 281 (29 500), 293 (31 600), 306 (33 900), 326 
(5620), 340 (6030), 363 (4470), and 383 nm (4070), sh ( e ) ,  224 
(20 900); m/e 622 (3%), 270 (100%). 

Anal. Calcd for C47H420: C, 90.63; H, 6.80. Found: C, 90.56; H. 
6.92. 

2,6-Di-tert-butyl-4H-naphtho(2",3":3',4']cyclobuta[ 1',2':6,7]cy- 
cloocta[1,2,3,4-defjfluorene (15). A suspension of adduct 14 (36 mg, 
0.060 mmol) in 0.60 ml of acetic anhydride was prepared in a 5-mI 
flask equipped with a condenser protected with a drying tube (CaS04). 
After the suspension was cooled to 0 "C, 0.1 0 ml of 48% aqueous hy- 
drobromic acid was slowly added with magnetic stirring. The mixture 
was heated for 1 h at reflux, cooled to room temperature, and poured 
into 50 ml of water. The resulting suspension was extracted with 2 X 
50 ml of methylene chloride, and the combined extracts were washed 
successively with 3 X 50 ml of saturated aqueous N a H C 0 3  and 50 
ml of water, dried (Na*S04),  filtered, and evaporated. The residue 
was chromatographed with carbon tetrachloride on a preparative silica 
gel TLC plate with repeated solvent development. Extraction of the 
resulting bright-red band with methylene chloride, evaporation of the 
extract in vacuo, and recrystallization of the resulting solid from 
hexane-caibon tetrachloride at  -20 OC afforded 25 mg (72%) of 15 
as a brick-red, microcrystalline powder. An analytical sample was 
prepared by further recrystallization from carbon tetrachloride: mp 
288-290 'C; IR (KBr) 1598 (m). 1584 (m). 1532 (w), 1508 (m), 1385 
(m),  1352(m) ,852  (m) ,772(s ) ,755  (s),748 (s),and 698 cm-l (s); 
N M R  6 (CC14) 1.26 (s, 18 H, -CH3), 3.58 (broad s, 2 H ,  -CH*-), 
5.94 (s, 2 H, olefinic protons), 6.50 and 7.07 (AB quartet, 4 H, fluo- 
rene protons; J A B  = 2.0 Hz), 7.30 and 7.83 (AA'BB' multiplet, 4 H, 
aromatic protons), and 7.42-7.70 (m,  10 H,  aromatic protons); 
electronic spectrum (cyclohexane), max ( e ) ,  257 (32 400) 310 
(69 200), 326 (67 600), 360 (8510), 381 (8130), 401 (13 200), 425 
(15 goo), 470 (1620), and 505 nm (813), sh ( e ) ,  218 (20 900), 247 
(24 500), 287 (31 600), 297 (45 700), and 314 nm (64 600); m/e 604 
(100%). 

Anal. Calcd for C47H40: C, 93.33; H ,  6.67. Found: C ,  93.14; H, 
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