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The highly strained and distorted ketone 1,2,3-trihydrocyclohepta[3,4,5,6-defjbiphenylene-2-one 5 is prepared in 
17% yield by cyclization of 1 with TsCNMe (Ts = p-Me-C6H4S02); the X-ray analysis of 5 exhibits an extremely 
elongated C(4a)-C(4b) bond (156.4 pm) and a strong alternation of bond lengths in both benzene rings. 

Biphenylene as a planar and rigid hydrocarbon presents a 
challenge to raise its strain energy further. Since the synthesis 
of the sulfur-bridged biphenylenophane 2 was successfully2 
under dilution conditions3 and by use of the 'caesium effect'4 
we were encouraged to increase the trapezoidal distortion of 
the four-membered 'cyclobutene' ring. As MM2 and MNDOT 

t SCF-MNDO (closed shell, singlet, RHF (Restricted Hartree-Fock) 
calculations; cf. C. C. J. Roothaan, Rev. Mod.  Phys., 1951, 23, 69, 
and W. Thiel, J. Mol. Struct., 1988, 163, 415); quadratic search via 
fast-step-minimization, [MNDO '89, version 2.3 (W. Thiel, Universi- 
tat Wuppertal, 1989) on CONVEX C220, Sonderforschungsbereich 
SFB 334 of Deutsche Forschungsgemeinschaft] gave for 2, 5 and 8 
C(4a)-C(4b) bond lengths of 150.4,150.8 and 150.8 pm, C(Sa)-C(8b) 
bond lengths of 146.1, 145.2 and 145.2 pm and total energies of 
-2157, -2377 and -2084 eV, respectively; MM2/MMP1 calculations 
on HP 9000/825 SRX with MOLEK 9000, version Feb. '91, P. Bischof, 
ISKA, Bensheim, gave for 5 and 8 C(4a)-C(4b) bond lengths of 156.0 
and 159.0 pm, C(8a)-C(8b) bond lengths of 149.8 and 158.6 pm and 
'steric energies' of 264.4 and 239.3 kJ mol-1; cf. M. J. S. Dewar and 
W. Thiel, J. Am.  Chem. SOC. ,  1977, 99, 4899, 4907. 

calculations showed, this should be achieved by shortening of 
the bond lengths in the CH2-X-CH2 bridge at positions 1 and 
8 of the biphenylene. We therefore attempted to substitute the 
sulfur atom in 2 by a carbon atom, by incorporation of groups 
X where X = C(CO,Et),, CO, C(0H)H or CH2. 

Attempted preparation of the tetracyclic carbon species 4 
by reaction of the dibromo compound 1 [as a mixture of 1,s- 
and 1,8-bis(bromomethyl)biphenylene in a ratio of 44 : 56 
according to the integration of 1H NMR signals] with diethyl 
malonate was unsuccessful.5 However cyclization of 1 with 
p-tosylmethyl isocyanide (TsCNMe)6a yielded the ketone 5 
(after chromatographic work up) in 17% yield [referring to 
1,8-bis(brornomethyl)biphenylene], as well as equal amounts 
of the dimeric compound 6.7 In this reaction an equimolar 
mixture of 1 and TsCNMe in diethyl ether-dimethyl sulfoxide 
(2.5 : 1) was treated under argon with slightly more than two 
equivalents of an NaH suspension in diethyl ether. Subse- 
quent hydrolysis6 delivers the ketones 5 and 6 along with 
unidentified by-products. 

Compound 5 melts without decomposition (m.p. 137- 
138 "C) and in the solid state is stable under normal conditions, 
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although in solution decompositon occurs slowly. The 'nor- 
mal' reactivity of the carbonyl group is lost as evident from the 
failure to obtain hydrazones with either 4-nitro- or 2,4-dinitro- 
phenylhydrazine, and the starting ketone 5 could not be 
recovered. f 

The room-temperature 1H NMR spectrum (200 MHz, 
CDC13, SiMe4) of 5 shows besides the multiplet for the 
aromatic protons at 6 6.50-6.72 a sharp singlet at 6 3.73 arising 
from the methylene protons of the bridge. Temperature- 
dependent 1H NMR experiments show neither broadening or 
splitting of this singlet down to -76°C in the solvent used 
(CD2C12). In contrast to the sulfur analogue 2 we therefore 
could not evaluate the energy barrier for the ring interconver- 
sion 5a T, 5b, which is suspected to be of too low energy to 
evaluate via usual NMR spectroscopy. 

In the 13C NMR spectrum (62.89 MHz, CDC13) of 5 the 
expected eight signals for the eight anisochronous carbon 
atoms are observed. The resonance for the carbonyl carbon is 
not unusually shifted (6 204.6). The infrared spectrum of 5 
exhibits an intense absorption at 1693 cm-1 due to v(C=O). 
An intense double band (at 753 and 756 cm-1) is assigned to 
the out-of-plane oscillation of the aromatic skeleton.$ 

$ Nevertheless reduction of the ketone 5 with lithium aluminium 
hydride and of the tosylhydrazone of 5 with sodium borohydride led to 
the alcohol 7 (95% yield) and the hydrocarbon 8 (7.5% yield), 
respectively. 

D Physical and spectroscopic data for 5 ,  7 and 8. Compound 5 :  m.p. 
137-138 "C; MS (70 eV): rnlz 206.0731 (M+, 59%) and 178.0771 (M+ 
-CO, 100%); 'H NMR (200 MHz, CDC13, 25"C, SiMe4): 6 3.73 (s, 
4H, CH2), and 6.50-6.72 (m, 6H, biphenylene H); l3C NMR (62.89 
MHz, CDCl3, 25"C, SiMe4): 6 204.6 (C=O), 150.5, 148.6, 129.6, 
127.4, 120.9, 118.8 (biphenylene C) and 49.4 (CH2); IR (KBr): 
vlcm-l 1693 (C=O). Compound 7: m.p. 138-140°C; MS (70 eV): mlz 
208.0894 (M+, 100%); lH NMR (250 MHz, CDC13,25 "C, SiMe4): 6 
2.87 (dd, 2H, 2 J H H  16.5, 3JHH 2.5 Hz, 2 x 1 H, biphenylene-CH2), 
3.04 (dd, 2H, * J H H  16.5, 3JHH 7.5 Hz, 2 X lH ,  biphenylene-CH2), 
4.20-4.65 [br, 1H; CH(OH)] and 6.45-6.70 (m, 6H, biphenylene H). 
Compound 8: m.p. 77-79 "C; MS (70 eV): mlz  192 (M+, 100%); lH 
NMR (250 MHz, CDC13, 25 "C, SiMe4): 6 1.9-2.15 (br, 2H, CHZ), 2.7 
(dd, 4H, biphenylene-CH2) and 6.46-6.65 (m, 6H, biphenylene H). 

Fig. 1 A view of molecule 5 with numbering scheme. Selected bond 
distances (pm) and angles (O): C(l)-C(2) 141.3, C(2)-C(3) 138.0, 
C(3)-C(4) 141.7, C(4)-C(4a) 135.8, C(4a)-C(8b) 140.2, C(4a)-C(4b) 
156.4, C(8a)-C(Sb) 145.1, C(Sb)-C(l) 133.9, C(l)-C(ll) 151.7, 
C(ll)-C(lO) 153.6, C(10)-O(12) 121.6; C(4)-C(4a)-C(4b) 153.3, 
C(4a)-C(4b)-C( 5) 154.2, C( 8a)-C(4b)-C( 5 )  118.2, C(4b)-C( 5)-C( 6) 

C( 8a) 112.7, C(8)-C( 8a)-C(4b) 128.9, C(8a)-C(8)-C( 9) 116.9, C( 8)- 
1 15.1, C( 5)-C( 6)-C( 7) 124.7, C( 6)-C( 7)-C( 8) 120.4, C( 7)-C( 8)- 

C( 9)-C( 10) 1 1 1.8, C(9)-C( 10)-C( 1 1) 123.3. 

The formal substitution of sulfur in 2 or 3, by carbon in 5 
leads to a strongly enhanced distortion of the aromatic 
framework as established by X-ray crystallography.11 A view 
of the molecule with the numbering scheme is shown in Fig. 1 
and a van der Waals stereoplot is shown in Fig. 2. The bond 
distances and angles in the cyclobutene ring and in the 
benzene rings are highly distorted (see Table 1) and in 
addition a small but definite deviation from coplanarity occurs 
to give a boat conformation (Fig. 3). Deviation of the aromatic 
rings A and C from the plane of the cyclobutene ring B are 
2.5(2) and 3.4(2)" (Fig. 1). In the less strained compound 2 the 
corresponding angles are ca. 1.5 and 2.3". 

This enhanced distortion of 5 is reflected in the greater 
elongation (1.5 pm) of the bond C(4a)-C(4b) relative to that 
found for 2, whereas C(8a)-C(8b) is ca. 0.8 pm shorter in the 
carbonyl compound. Thus compound 5 compensates the 
additionally imposed strain relative to 2 by shortening of the 
bridge at positions 1 and 8 of the biphenylene achieving this by 
stretching of the C(4a)-C(4b) bond rather than shortening of 
C(Sa)-C(8b) (see Table 1). The C(4a)-C(4b) bond is con- 

7 Crystal structure analysis of 5 :  CI5Hl00, M ,  = 206.24, monoclinic, 
space group P21/c (no. 14); a = 1468.2(1), b = 555.7(2), c = 1273.9(2) 
pm, = 96.29(1)"; V = 1033.2(3) x lo6 pm3; Z = 4; D, = 1.326 Mg 
m-3; Mo-Ka (A = 0.71073 A); p = 0.076 mm-l; F(OO0) = 432, T = 
296 k 1 K; crystal dimensions, 0.20 x 0.20 x 0.18 mm; CAD4 
(Enraf-Nonius) diffractometer; corrections: Lorentz polarization, 
empirical absorption correction [DIFABS (N. Walker and D. Stuart, 
Acta Crystallogr., Sect. A ,  1983, 39, 158): minimum and maximum 
correction coefficients 0.875 and 1.1151; 28 = 46"; hkl  range: h -1 to 
14, k -1 to 6,1-16 to 16; 2141 measured reflections, 1423 unique (Rint 
= 0.017), 1003 with I > 3aZ. The structure was solved by direct 
methods (SHELXS, G. M. Sheldrick, in Crystallographic Computing 
3 ,  ed. G. M. Sheldrick, C. Kruger and R. Goddard, Oxford 
University Press, Oxford, 1985, p. 175). Refinement: R = 0.032, R, = 
0.038, non-hydrogen atoms anisotropically , H atoms calculated to 
their idealised positions [d(C-H) 1.00 A] and refined as riding atoms 
with fixed isotropic temperature factors (CRYSTALS program, B. 
Carruthers and D. Watkin, CRYSTALS, Chemical Crystallography 
Laboratory, Oxford, 1990). Atomic coordinates, bond lengths and 
angles, and thermal parameters have been deposited at the Cam- 
bridge Crystallographic Data Centre. See Notice to Authors, Issue 
No. 1. 
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Fig. 2 A van der Waals stereoplot of 5 

Table 1 Comparison of important bond distances (pm) and angles (") 
based on X-ray analysis of biphenylene, the sulfide 2 and the ketone 5 

The distinct alternation of the C-C bond lengths in both 
benzene rings of 5 is conspicuous and points to  partial 
localization of the double bonds and a degree of reduction of 

Biphenylene" 2h 5c aromaticity. 

C( l)-C(8b) 
C(l)-C(2) 
C( 1)-C( 11) 

C( 3)-C( 4) 
C(2)-C(3) 

C( 4)-C( 4a) 
C(4a)-C(8b) 
C( 4a)-C(4b) 
C(8a)-C( 8b) 

137.2(9) 135.6(3) 133.9(3) 
142.0(9) 140.9(4) 141.3(3) 
- 150.1(4) 151.7(3) 
138.0( 9) 138.4( 4) 138.0( 3) 
142.1(9) 142.2(3) 141.7(3) 
137.1(9) 135.5(4) 135.8(3) 
142. 5( 9) 140.9( 4) 140.2( 3 )  
151.3(9) 154.9(3) 156.4(3) 
150.9(9) 145.9(3) 145.1(3) 

C(2)-C( 1)-C(8b) 115.3(8) 113.2(2) 112.4(2) 
C( l)-C(2)-C(3) 121.9(8) 121.2(2) 120.4(2) 
C( 2)-C(3)-C(4) 122.8( 8) 123.6( 3 )  124.7( 2) 
C( 3)-C(4)-C(4a) 1 14.9( 8) 1 15.2( 2) 1 14.7( 2) 
C( l)-C(8b)-C(4a) 122.6(8) 127.1(2) 129.2(2) 
C( 4a)-C( 8b)-C( 8a) 90.0( 8) 92.2(2) 92.2( 2) 

The dramatic enlargement of the angles at the opposite side 
of the carbonyl group is remarkable. The angles C(4)-C(4a)- 
C(4b) and C(4a)-C(4b)-C(S), 1S3.3(2) and 154.2(2)" respec- 
tively, are to  our knowledge the largest angles associated with 
formally sp2 carbons. The far-reaching distortion of the 
biphenylene framework in 5 is also reflected clearly in other 
bond lengths and angles (see Table 1) in the molecule relative 
to  biphenylene.8 

We thank Mr P. M. Windscheif, Bonn, for carrying out the 
MM2 and MM20 calculations. 
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Fig. 3 Deviation from planarity of the biphenylene framework of 5 :  
(a)  side view; ( b )  top view 

siderably longer than found in biphenylene whereas bond 
length C(sa)-C(sb) is intermediate between a C-C single and 
a C=C double bond length as previously observed, albeit less 
dramatically, in the less strained sulfur derivative 2. To our 
knowledge the C(4a)-C(4b) bond in 5 is the longest C-C 
single bond between two formally sp2 carbon atoms. 
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