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Summary 

A catalytic synthesis of hexahydromethanotriphenylenes from bicyclo- 
[2.2.l]hept-2-ene and aryl bromides is reported. Palladacycles are shown 
to be intermediates. Two modes of reaction of the latter with aryl bromides 
are observed . 

The involvement of metallacycles in organometallic synthesis is attracting 
increasing attention [l] . We previously postulated the intermediacy of pallada- 
cycles in some catalytic syntheses [ 21, and we now report a new stereoselective 
synthesis of hitherto unknown hexahydromethanotriphenylenes which pro- 
vides further indirect evidence for a palladacycle intermediate which reacts 
with aryl bromides in two ways. 

If bromobenzene is treated with bicyclo[2.2.l]hept-2-ene in anisole in the 
presence of potassium t-butoxyde at 80-105°C reaction takes place readily 
to give cis,exo-1,2,3,4,4a,12b-hexahydro-l,4-methanotriphenylene in a 65% 
yield (eq. 1). 

+ 2 phE3r 

cat 
* 0 9 0 

(1) 

(I) 

Biphenyl is the major by-product. Small amounts of II and of other compounds 
resulting from addition of one molecule of bromobenzene to two molecules 
of bicycloheptene [ 2,3] are also. present. 
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The reaction was also carried out stoichiometrically with complex III [ 41, 
bromobenzene, and added triphenylphosphine (2 mol). In this case compounds 
I and II were formed in a l/2 ratio. Slight variations in reaction conditions 
appear to lead to large differences in product distribution. 

The reaction might conceivably have involved formation of a 2,3-diphenyl- 
bicycloheptene, followed by its reaction with a PdII species to give I. However, 
if this were true, with a substituted aryl bromide we should obtain a sym- 
metrically substituted I. We observed, on the contrary, that when substituents 
such as F, Cl, OMe are present in the aromatic nucleus, two products are 
formed; for example IV and V (ca. l/3 by NMR) from p-fluorobromobenzene. 

This is consistent with the formation of a palladacycle, which undergoes 
reaction with the aryl bromide at both of the two Pd-bonded carbons, as in 
the Scheme 1. 

The metallacycle reaction with bromobenzene must involve an intermediate 
complex, possibly containing Pd Iv, but this has not been isolated so far. The 
products obtained, however, show unequivocally that the catalysis involves 
two different reactions between the palladacycle and the aryl halides. 

General procedure 
The general procedure is illustrated by the synthesis of I. Pd(PPh3)4 (114 mg, 

0.098 mmol) and t-BuOK (238 mg, 2.12 mmol) are placed under Nz in a 
Schlenk-type flask containing a magnetic stirring bar. Bicycloheptene (130 mg, 
1.38 mmol) and bromobenzene (334 mg, 2.12 mmol) dissolved in dry anisole 
(4 ml) are immediately added. The mixture is stirred at 105°C for 10 h. After 
conventional work-up the product is separated by chromatography on a SiO* 
column, with hexane as eluent. A 65% yield of I, determined by GLC, is ob- 
tained, along with ca. 6% of biphenyl and 2-4% of compound II and of other 
compounds corresponding to addition of one molecule of bromobenzene to 
two molecules of bicycloheptene [ 2,3] . Approximately 10% of unchanged 
bromobenzene is also detected. 

Compound I: white crystals, m.p. (n-hexane, 0°C) 139-141°C. MS (70 eV): 
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M’ = 246, m/e 217,205,203,202,180,179,178,177,176,152,151,108, 
101,94,67, 53; ‘H NMR (200 MHz, CDCl,, TMS): 6 7.89-7.78 (m, 2H), 
7.28-7.10 (m, 6H), 3.19 (d, J1.4 Hz, 2H, HC(4a), HC(lBb)), 2.36 (br s, 2H, 
HC(l), HC(4)), 1.76-1.53 (m, 4H, HzC(2), H,C(3)), 1.40 (d quintets, J 
10 Hz, J 1.7 Hz, lH, HC(methano) syn), 1.02 (d further split, J 10 Hz, J 1.7 Hz, 
J 1.4 Hz, lH, HC (methano) anti) ppm; 13C NMR (25.2 MHz, CDCl, TMS): 
6 137.4, 131.0, 129.9, 127.3, 125.9, 121.7 (aromatic carbons), 49.4 (d, C(4a), 
C(12b)), 45.8 (d, C(l), C(4)), 33.1 (t, C(methano)), 30.2 (t, C(2), C(3)) ppm. 

Starting from p-fluorobromobenzene compounds IV and V were obtained 
in 45% yield (ca. l/3 molar ratio) together with 10% of p,p’-difluorobiphenyl. 

Compound IV: MS (70 eV): M’ = 282. ‘H NMR (200 MHz, CDCl,, TMS): 
6 7.37 (dd, Jll Hz, J2.6 Hz, 2H, HC(8), HC(9)), 7.18 (dd, J8.5 Hz, J6.0 Hz, 
2H, HC(5), HC(12)), 6.92 (ddd, J 10.6 Hz, J 8.5 Hz, J 2.6 Hz, 2H, HC(6), 
HC(ll)), 3.19 (br s, 2H, HC(4a), HC(12b)), 2.32 (br s, 2H, HC(l), HC(4)), 
1.75-1.56 (m, 4H, H,C(2), H,C(3)), 1.35 (d quintets, J 10 Hz, J 1.7 Hz, lH, 
HC(methano) syn), 1.05 (d further split, J 10 Hz, J 1.6 Hz, J 1.4 Hz, lH, 
HC(methano) anti) ppm. 

Compound V: white crystals, m.p. (n-hexane, 0°C) 107°C. MS (70 eV): 
M’ = 282, m/e 253,241, 216,215,214, 67; ‘H NMR (200 MHz, CDCl,, TMS): 
6 7.66 (dd, J 8.5 Hz, J 5.5 Hz, lH, HC(8)), 7.40 (dd, J 11 Hz, J 2.6 Hz, lH, 
HC(9)), 7.17 (dd, J8.5 Hz, J6 Hz, lH, HC (12)), 6.95-6.82 (m, 3H, HC(5), 
HC(7), HC(ll)), 3.19 (br s, 2H, HC(4a), HC(12b)), 2.36 (br s, lH, HC(4) or 
HC(l)), 2.32 (br s, lH, HC(l) or HC(4)), 1.74-1.54 (m, 4H, H2C(2), H,C(3)), 
1.35 (d quintets, J 10 Hz, J 1.6 Hz, lH, HC(methano) syn), 1.05 (d further 
split, J 10 Hz, J 1.5 Hz, J 1.4 Hz, lH, HC(methano) anti) ppm. 
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