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Nonbenzenoid Aromatic Compounds containing a Fused Four-membered 
Ring. Formation and Properties of Benzo [3,4]cyclo buta [I ,2]cyclohept- 
en-6-one Derivatives 
By Masaru Sato, Seiji Ebine,' and Josuke Tsunetsugu, Department of Chemistry, Faculty of Science, Saitama 

University, Urawa, Saitama 338, Japan 

The ring-enlargement reaction of 1 -methoxybiphenylene with dichlorocarbene gives 5-~hlorobenzo[3,4]cyclo- 
buta[l ,2]cyclohepten-6-one (6) as well as fluorenone derivatives (7) and (8), although in low yields. Similar 
reactions of 2-methoxybiphenylene and its derivatives give the corresponding benzocyclobutacycloheptenones 
(11). (12), (14). (1 5), (17). and (18). The spectral data of the benzocyclobutacycloheptenones suggest that the 
four-membered ring assumes a tetramethylenecyclobutane (or dimefhylenecyclobutene) form, excluding a potential 
cyclobutadiene form, and the seven-membered ring resembles the tropone ring of benzocycloheptenone. 

CONSIDERABLE interest has recently been focused on the 
properties of fused polycyclic compounds containing 
both 4mx- and (4n + 2)x-electron ring systems. Bi- 
phenylene,2 a representative of this type of compound, 
is stable despite the presence of a 4nx-electron system. 
The stability appears to be due to the fact that the 
four-membered ring is in a tetramethylenecyclobutane 
form, rather than a cyclobutadiene form, as shown by 
X-ray ana ly~ i s .~  However, a contribution of a cyclo- 
butadiene form to biphenylene is suggested by a para- 
magnetic ring-current effect towards the benzenoid 
protons in the lH n.m.r. spectrum and the ring junction 
carbon atoms in the 13C n.m.r. ~pec t rum.~  Replacement 
of one of the benzene rings in biphenylene with a hetero- 
aromatic ring produces analogues such as thianorbi- 
phenylene ,6. m~noazabiphenylene,~ and 5,lO-diazabenzo- 

1 Preliminary account, M. Sato, S. Ebine, and J. Tsunetsugu, 
J.C.S. Chem. Comm., 1974, 846; Corrigenda, ibid., 1975, 236. 

2 For review, see, M. P. Cava and M. J. Mitchell, ' Cyclo- 
butadiene and Related Compounds,' Academic Press, New York, 
1967. 

J.  Waser and C.3. Lu, J .  Amer. Chem. SOC., 1944, 66, 2035; 
T. C. W. Makand J.  Trotter, J .  Chem. SOC., 1962, 1. 

H. P. Figeys, Chem. Comm., 1967, 495; G. Fraenkel, Y. 
Asahi, M. J .  Mitchell, and M. P. Cava, Tetrahedron, 1964,530, 1179; 
A. R. Katritzky and R. E. Reavill, Rec. Trav. chim., 1964, 83, 
1230. 

6 A. J. Jones and D. M. Grant, Chem. Comm., 1968, 1670. 

[albiphenylene? which have been shown to retain 
properties similar to those of the parent biphenylene. 
Biphenylene analogues in which one of the benzene rings 

is replaced with a nonbenzenoid aromatic ring, such as 
norbiphenylene anion (1) ,9 homobiphenylene cation (2) ,lo 

benzo [a] benzo [3,4] cyclobut a[ 1,241 cyclohept ene cation 
(3) ,11 and dibenzo [a, c] benzo [3,4] cyclobuta[ 1,2-f] cyclo- 

6 P. J .  Garratt and K. P. C. Vollhardt, Chem. Comm., 1970, 
109. 

7 J. W. Barton and R. B. Walker, Tetrahedron Letters, 1975, 
569. 

8 M. P. Cava, D. R. Napier, and R. J. Pohl, J .  Amer. Chem. 
SOC., 1963, 85. 2076. 

8 M. P. Cava, K. Narasimhan, W. Zieger, L. J .  Radonovich, 
and M. D. Glick, J .  Amer. Chem. SOC., 1969, 91, 2378. 

10 L. Lombard0 and D. Wege, Tetrahedron Letters, 1972, 4859. 
l1 P. J. Garratt and K. P. C. Vollhardt, Chem. Comm., 1971, 

1143. 
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octene dianion (4),12 have been described. We now 
report the synthesis of benzo[3,4]cyclobuta[1,2]cyclo- 
hepten-6-one derivatives, in which one of the benzene 
rings of biphenylene is replaced by a neutral non- 
benzenoid aromatic tropone ring, and discuss the effect 
of benzocyclobutadiene annelation on the tropone 
nucleus in these compounds. 

Benzo [3,4]cyclobuta[ 1,2]cyclohepten-6-0ne derivatives 

mass spectrum showed peaks at m/e 296 (M+,  O.lyo), 
261 ( M +  - C1, 19%), and 233 (M+ - C1 - CO, 100~o) .  
The i.r. spectrum showed strong absorptions at  1643 
and 1 612 cm-1. The n.m.r. spectrum showed a doublet 
( J  6.4 Hz) in the aliphatic region (6  3.08) assigned to 
H-9, and a doublet ( J  13.0 Hz) and a double doublet 
( J  13.0 and 6.4 Hz) in the olefinic region ( 6  6.33 and 
6.66), assigned to H-7 and -8, respectively. 

?Me I 

HO yMe OMe 
H-0 \ 

SCHEME 1 

were prepared in one step by ring enlargement of 
methoxybiphenylenes with dichlorocarbene. The re- 
action of 1-methoxybiphenylene with dichlorocarbene, 
generated by the action of alkali on chloroform in the 
presence of trimethylhexadecylammonium chloride,13 
afforded 5-chlorobenzo[3,4]cyclobuta[ 1,2]cyclohepten-6- 
one (6) in 1.7% yield along with 55-65% of the starting 
biphenylene. The mass spectrum of (6) showed a parent 
peak at m/e 214 (22%) and a base peak at 186, due to 
loss of CO, typical of troponoids.14 The electronic 
spectrum showed a characteristic strong absorption at  
294 nm (log E 4.55). The lH n.m.r. spectrum showed 
signals a t  6 7.1-7.5 (4 H, m, benzenoid), 6.72 (1 H, dd, 
J,,* 12.6, J s , g  6.9 Hz, H-8), 6.51 (1 H, dd, 1.4 Hz, 
H-7), and 6.31 (1 H, dd, H-9). The i.r. spectrum 
showed a tropone-like carbonyl absorption at 1 603 cm-1. 
Two other products, 1-methoxyfluorenone (7) l5 (0.8%) 
and 2-chlorofluorenone (8) l6 (1.3y0), were identical 
(mixed m.p. and i.r. spectrum) with authentic samples. 

Use of a longer reaction time gave an additional 
product, tentatively identified as the chlorobenzocyclo- 
butacycloheptenone-dichlorocarbene adduct (9). The 

* The H-7 signal of 6-chloro-9-methoxybenzocycloheptcn-5- 
one appears a t  6 7.58 in a similar manner; see ref. 17. 

l2 C. S. Baxter, P.  J. Garratt, and K. P. C. Vollhardt, J .  Amer. 
Chem. SOC.,  1969, 91, 7783. 

l3 G. C. Joshi, N. Singh, and L. M. Pande, Tetrahedron Letters, 
1972, 1461. 

The reaction of 2-methoxybiphenylene with dichloro- 
carbene under similar conditions gave 7-chlorobenzo- 
[3,4]cyclobuta[l,2]cyclohepten-6-one (11) (3.4%) and its 
9-chloro-isomer (12) (1.2%). The mass, Lr., and U.V. 
spectra of (11) and (12) were very similar to those of the 
5-chloro-isomer (6). The n.m.r. spectrum of (1 1) 
exhibited a singlet at 6 6.59 assignable to H-5, and two 
doublets at 6 6.18 and 7.35 with a small coupling constant 
(J  9.0 Hz) assignable to H-9 and -8, respectively. A 
large low-field shift of the H-8 signal is probably due to 
the combined electron-attracting effect of the carbonyl 
and chloro-substituents.* The n.m.r. spectrum of (12), 
on the other hand, showed a doublet ( J  1.8 Hz) a t  
6 6.41, assigned to H-5, coupled with H-7. A large 
coupling constant ( J  13.0 Hz) between H-8 [6 6.63 (d)] 
and H-7 [S 6.43 (dd)] was in agreement with structure 

Similarly, the reaction of 2,6-dimethoxybiphenylene 
(13) with dichlorocarbene provided 2-methoxy-7-chloro- 
( 14) (3.2 yo) and 2-methoxy-9-chloro-benzo [3,4] cyclo- 

1* H. Budzikiewicz, C. Djerassi, and D. H. Williams, ' Inter- 
pretation of Mass Spectra of Organic Compounds,' Holden-Day, 
San Francisco, 1964, p. 213. 

l5 G. Heyl, J .  prakt. Ckem., 1893, [2] 59, 453; L. Horner and 
D. W. Baston, Annalen, 1973, 910. 

l6 C. Courtot and C. Vignati, Compt. rend., 1927, 184, 1180; 
P. Chanusspt, Anales Asoc. quim. argentina, 1927, 15, 216. 

l7 M. Sato, J. Tsunetsugu, and S. Ebine, Bull. Chem. SOC. 
Japan, 1976, 49, 2230. 

(12). 
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buta[l,2]cyclohepten-6-one (15) (2.0%). The reaction 
of 2,7-dimethoxybiphenylene (16) with dichlorocarbene 
gave 3-methoxy-7-chloro- (17) (3.976) and 3-methoxy- 
9-chloro-benzo [3,4] cyclobut a [ 1,2] c yclo hepten-6-one ( 18) 

These methoxybiphenylene-dichlorocarbene additions 
can be considered to proceed in the following manner. 
Addition of dichlorocarbene to l-methoxybiphenylene 
(5) occurs a t  the 1,8b-bond to give 5-chlorobenzo[3,4]- 
cyclobuta[ 1,2]cyclohepten-6-0ne (6) and l-methoxy- 
fluorenone (7), and at the 2,3-bond to give 2-chloro- 
fluorenone (8) (Scheme 1). Hydroxide ion should play 
an important part in the formation of the fluorenone 
derivatives. This is supported by the fact that the 
reaction of (5 )  with Seyferth's reagent as a source of 
dichlorocarbene gave (6) (1.5%) as the sole isolated 
product, no fluorenone derivative being detected. The 
observed orientation of dichlorocarbene addition to 
methoxybiphenylene is explicable as follows. The 

(2.5%) * 

illustrated in the Schemes. A similar trend has been 
observed in dichlorocarbene-methoxynaphthalene addi- 
tions .l7 

The electronic spectrum of the 7-chloro-isomer (1 1) is 
shown in the Figure, along with those of 2-chloro- 
tropone 2o and 6-chlorobenzocyclohepten-7-one.21 The 
spectra of the 5- (6) and 9-chloro-isomers (12) were very 
similar to that of (11) (Table 1). The shapes of the 
spectra of the benzocyclobutacycloheptenones seem to 
resemble that of benzocyclohepten-7-one, although the 
absorptions of the former show a considerable batho- 
chromic shift particularly in the long-wave region as 
compared with the latter, suggesting that troponoid 
characteristics remain to a considerable extent in the 
benzocyclobutacycloheptenones . 

The lower frequency i.r. absorption (1 603 cm-l) of 
the 5- (6) and 7-chloro isomers (11) in the region of 
1 550-1 630 cm-l (Table 2), presumably assignable to 
carbonyl stretching,22 is a t  higher frequency than that 

R' ' 

(10) R ' = R ~ = H  L 'qoMe - (13) R' =OMe, R2= H 
(16) R1 = H, R2 =OMe 

CL 

SCHEME 2 

(11) R ~ = + = H  
(14) R' =OMe, R2= H 
(17) R' = H, R2 = OMe 

(12) R ' = R ~ = H  
(15) R'=OMe, R2=H 
(18) R' =H,  R2=OMe 

double-bond character of biphenylene is shown to be 
highest a t  the 2,3-bond and next highest a t  the 1,8b- 
bond, by HMO calculation l 8  and by the reaction of 
biphenylene with ethyl diazoacetate.lg It can, therefore, 
be presumed that the 2,3-bonds of (5 )  and (10) are highly 
reactive and that the 1,8b-bond of (5) and the 4,4a-bond 
of (10) are also reactive because of activation by the 
methoxy-groups. Thus the addition takes place at the 
1,8b- and 2,3-bonds of (5) and a t  the 2,3- and 4,4a-bonds 
of (10). The same orientation was observed with other 
2-methoxybiphenylenes (13) and (16). In  the dichloro- 
carbene-methoxybiphenylene additions described here, 
no product was isolated which would result from 
addition of dichlorocarbene at the 1,2- and 3,4-bonds. 
This indicates that the benzene rings of biphenylene are 
largely fixed in one of two canonical formulae, as 

18 A. Streitwieser, jun., ' Molecular Orbital Theory for Organic 
Chemists,' Wiley, New York and London, 1961, p. 268. 

19 A. S. Kende and P. T. MacGregor, J .  Amer. Chem. SOC., 1964, 
86, 2088. 

2O W. von E. Doering and C .  P. Hiskey, J .  Amer. Chem. SOC., 
1952, 74, 5688. 

of 2-chlorotropone (1 590 cm-1),20 but is the same as 
that of 6-chlorobenzocyclohepten-7-one (1 605 cm-1) .21 

A pair of weak absorptions in the region 1640-1 710 
cm-l suggests a slight contribution from a dimethylene- 
cyclobut ene form. 23 

The benzenoid protons of 5- (6), 7- (ll), and 9-chloro- 
benzo[3,4]cyclobuta[1,2]cyclohepten-6-one (12), as well 
as those of the parent resonate in the 
normal region ( 6  7.1-7.5; Table 3), in contrast with the 
fact that the corresponding protons of b i~henylene ,~  
m~noazabiphenylene,~ and thianorbiphenylene resonate 
a t  6 6.6-6.9. It has been suggested that the central 
four-membered ring in the latter compounds sustains a 
paramagnetic ring current, resulting in a high-field shift 
of the benzenoid protons. The absence of a high-field 

21 W. E. Parham, D. A. Bolon, and E. E. Schweizer, J .  Amer. 

22 H. H. Rennhard, G. Di Modica, W. Simon, E. Heilbronner, 

23 M. P. Cava, R. J.  Pohl, and M. J. Mitchell, J .  Amer. Chem. 

2 4  L. Lombard0 and D. Wege, Tetrahedron Letters, 1975, 135. 

Ckem. SOC., 1961, 83, 603. 

and A. Eschenmoser, Helv. Chim. Ada ,  1957, 40, 957. 

SOC., 1963, 85, 2080. 
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shift of the benzenoid protons in compounds (6), ( l l ) ,  
and (12), therefore, suggests that  the 4b,9a-bond in the 

250 300 3 50 4 00 
X i n m  

cyclohepten-6-one, (b) 2-chlorotropone, and ( c )  6-chlorobenzo- 
cyclohepten-7-one (in ethanol) 

seven-membered ring has little x-bond character and 
that the central four-membered ring is in a dimethylene- 
cyclobutene or tetramethylenecyclobutane form, ex- 
cluding a potential cyclobutadiene form. The n.m.r. 
chemical shifts of the seven-membered ring protons of 
compounds (6), (ll), and (12) (8 6.18-6.72), except for 
H-8 of (ll),  appear a t  higher field than those of tropone 
(8  7.0).25 The coupling constant difference for com- 
pound (6) (J7,8 - J8.9 = 5.7 Hz) is considerably larger 
than the corresponding values for tropone (J2 ,3  - J3,* = 
3.7 Hz) and 2-chlorotropone (J6.7 - J5.6 = 4.1 H z ) . ~ ~  
These two facts indicate an increased bond alternation 
in the seven-membered ring of the benzocyclobuta- 
cycloheptenones, as compared with monocyclic tropones. 
The coupling constants between H-8 and H-9 in (6) 
(6.9 Hz) and (11) (9.0 Hz) were smaller than the corre- 
sponding values for 2-chlorotropone (15.6 8.3, J3,a 9.5 
Hz) ,26 respectively, suggesting that the planarity of 
2-chlorotropone 27 is significantly reduced in the seven- 
membered ring in benzocyclo but acyclo hept enones. 

The 7-chlorobenzocyclobutacycloheptenone (1 1) dis- 
solved in sulphuric acid showed an electronic spectrum 
closely similar to that of homobiphenylene cation (2) ,lo 

indicating the formation of 7-chloro-6-hydroxyhomo- 
biphenylene cation (19). The n.m.r. low-field shift 
( A 8  0.5 p.p.m.) of the seven-membered ring protons on 
dissolving (1 1) in trifluoroacetic acid is considerably 
smaller than that (A8 1.1-2.0 p.p.m.) of tropone itself. 
The chemical shifts of the seven-membered ring protons 
in the cation (19) carrying a hydroxy-group are higher 
than those for the parent cation (2),1° whereas those of 
tropylium and hydroxytropylium ions are almost 
identical.26 The reason may be that contributions to 

25 D. J .  Bertelli, C. Golino, and D. L. Dreyer, J .  Amer. Chem. 
SOC., 1964. 86, 3329. 

26 D. J .  Bertelli, T. G. Andrews, jun., and P. 0. Crews, J .  
Amer. Chem. Soc., 1969, 91, 5286. 

27 M. J .  Barrow, 0. S. Mills, and G. Fillpini, J.C.S.  Chem. 
Comm., 1973, 66. 

28 H. Hosoya and S. Nagakura, Bull. Chem. SOC. Japan, 1966, 
39, 1414. 

Electronic spectra of (a) 7-chlorobenzo[ 3,4] cyclobuta[ 1,2] 

the structure of the cation (19) from the protonated 
cycloheptatrienone structure (19b) where the positive 
charge is localized on the hydroxy-group, rather than 
the tropylium structure (19a), are significant. 

The basicity of 7-chlorobenzo[3,4]cyclobuta[l,2]cyclo- 
hepten-6-one (1 1) was determined by examining the 
U.V. spectrum as a function of Ho of the solvent (aqueous 
sulphuric acid). Although (11) did not behave as an 
ideal Hammett base, a rough titration curve was 
obtained with a mid-point (half protonation) at  H o ( p K ~ )  
-3.6. This can be compared with the pKE value 
(-3.5) for 6-chlorobenzocyclohepten-7-one, indicating 
that the basicity of (11) is closely similar to that of 
benzocyclohep t enone derivatives, and intermediate be- 
tween those of tropone (- 1.02) 28 and dibenzocyclo- 
heptenone (-5.25) .29 An analogous trend has been 
observed in the benzocycloheptene cation series : benzo- 
cycloheptene cation ( ~ K R +  + 1.7),30 benzo[a]benzo[3,4]- 
cyclobuta[l,2-d]cycloheptene cation (3) (-1.3),11 di- 
benzocycloheptene cation (- 1.9) .3O 

Finally, 2-methoxy- (10) and 2,6- (13) and 2,7-di- 
methoxy-biphenylenes (16) were prepared according to 
the method of Campbell and Rees31 The oxidation of 

(a) (b) 

(19) 

1-amino-5-methoxybenzotriazole with lead tetra-acetate 
gave a mixture of (13) and (16) in 79% yield, which was 
separated by chromatography on alumina. The oxid- 
ation of a mixture of l-aminobenzotriazole and l-amino- 
5-methoxybenzotriazole gave biphenylene (57%), (6) 
(33%), and a mixture of (13) and (16) (24%). 

EXPERIMENTAL 

Materials.-1- 32 and 2-Methoxybiphenylenes 32 were 
prepared according t o  the  literature. 2,6- 33 and 2,7-Di- 
methoxybiphenylenes 34 were prepared from 2-nitro-4- 
methoxyaniline by the  method of Campbell and Rees.,1 
The intermediates and products are described below. 

Diethyl mesoxalate 2-natro-4-methoxyfihenylhydrazone (72% 
yield), yellow needles, had m.p. 132-133' (from ethanol) 
(Found: C, 49.75; H, 5.0; N, 12.45. C,,H,,N,O, requires 
C, 49.55; H, 5.05; N, 12.4y0), vmax. (KBr) 3 420, 2 920, 
1 720, 1580, 860, and 805 cm-l, 8 (CDCl,) 1.40 (6 H, d t ,  
2 x CH,), 3.90 (3  H,  s, OCH,), 4.42 (4 H, dq, 2 x CH,), 
7.34 (1 H,  dd,  H-5, J 2.5 and 9 Hz), 7.71 ( 1  H ,  d ,  H-3, 
J 2.5 Hz), and 8.17 (1 H ,  d, H-7, J 7 Hz). 

Diethyl (5-m~thoxybenzotriazol- l-y1)iminomaZonate (82.3% 

29 R. Stewards, M. K. Ganger, R. B. Moodie, and L. J .  

30 G. Naville, H. Strauss, and E. Heilbronner, Helv. Chim. 

31 C .  D. Campbell and C. W. Rees, J .  Chem. SOC. ( C ) ,  1969, 742. 
32 W. Baker, J. W. Barton, and J ,  F. W. McOmie, J .  Chem. 

33 J. M. Blatchly, D. V. Gardner, and J. F. W. McOmie, J .  

34 W. C .  Lothrop, J .  Amev. Chem. SOC., 1942, 64, 1968. 

Muenster, Canad. J .  Chem., 1963, 41, 1065. 

Acta, 1960, 43, 1221. 

SOC., 1958, 2658. 

Chem. SOC. ( C ) ,  1967, 272. 
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yield), dark-red prisms, had m.p. 82-83" (from ethanol) 
(Found: C, 52.5; H,  4.9; N, 17.75. C14Hl,N,05 requires 
C, 52.5; H,  5.05; N, 17.5y0), v,,~. (KBr) 1737, 1255, and 
1024 cm-l, 6 (CDC1,) 1.42 (6 H, dt,  2 x CH,), 3.93 (3 H,  s, 
OCH,), 4.53 (4 H, dq, 2 x CH,), 7.22 (1 H,  dd, H-6), 
7.41br (1 H,  s, H-4), and 7.79 (1 H, d,  H-7, J 7 Hz). 

l-Amino-5-unethoxybenzotriazoZe (85% yield), plates, had 
m.p. 135-136" (from ethanol) (Found: C, 51.25; H, 4.6; 
N, 34.25. C,H,N,O requires C, 51.2; H,  4.9; N, 34.15%), 
vrnax. (KBr) 3 300, 3 230, 1415, 1 283, 830, and 801 cm-l, 
6 (CDC1,) 3.89 (3  H, s, OCH,), 5.34br (2 H. s, NH,), 7.17 
(1 H, m, H-6), 7.27 (1 H, d ,  H-4, J 1.3 Hz), and 7.56 (1 H ,  
dd, H-7, J 1.3 and 9 Hz). 

Oxidation of 1-amino-5-methoxybenzotriazole with lead 
tetra-acetate, by the procedure of Campbell and Rees,,' 
gave a mixture of two biphenylenes (79% yield), which was 

0.8%) (yellow needles, m.p. 142.5") by comparison (mixed 
m.p. and i.r. spectra) with an authentic ~arnp1e.l~ 

When the reaction was run for 4-5 h, an additional 
product, crystals, m.p. 155-156.5", was isolated and 
tentatively assigned the structure (9) of the dichloro- 
carbene adduct from the following spectral data : vmX. (KBr) 
1 687w, 1 643s, 1 612m, 1 210, 930, and 756s cm-l, 6 (CDCl,) 
3.08 (1 H, d, J 6.4 Hz), 6.33 (1 H ,  d ,  J 13.0 Hz), 6.66 (1 H, 
dd, J 6.4and 13.0 Hz), and 7.2-7.6 (4 H,  m) (Found: C, 
56.7; H, 2.25. C,,H,Cl,O requires C, 56.5; H ,  2.35%). 

7- (1 1) and 9-ChZorobenzo[3,4]cyclobutu[l,2]cycZohe~ten- 
6-ones ( 12) .-2-Methoxybiphenylene-dichlorocarbene addi- 
tion was carried out by the standard procedure. Re- 
chromatography and sublimation of the reaction mixture 
gave -two products, as well as starting material (1.02 g, 
70%). One product (58 mg, 3.4%) was recrystallized from 

TABLE 1 
Electronic spectra of benzo[3,4]cyclobuta[ 1,2]cyclohepten-6-0nes (in ethanol) 

Compound Lax./nm (log E )  

5-C1 (6) 282.5sh (4.14), 294 (4.67), 325sh (3.87), 345 (3.70) 
7-C1 (11) 
9-c1 (12) 218 (4.23), 289.3 (4.55), 328 (3.79), 360 (3.79) 
7-Cl-2-MeO (14) 
9-Cl-2-MeO (15) 
7-Cl-3-MeO (17) 
9-Cl-3-MeO (18) 

225 (4.28), 278sh (4.61), 287.9 (4.69), 313.4 (4.12), 331.3 (3.99), 365.2 (4.02) 

232 (4.38), 305.6 (4.75), 338 (4.11), 378.8 (3.95), 399.2 (3.92) 
226 (4.32), 308 (4.55), 312 (4.54), 375 (3.69), 395 (3.61) 
229.7 (4.19), 278.7 (4.45), 298 (4.40), 340 (3.93), 379 (4.12), 395 (4.11) 
228 (4.30), 281sh (4.40), 298 (4.45), 337 (3.80), 373 (4.06), 389 (4.03) 

separated by alumina column chromatography into 2,6- 33 

and 2,7-dimetho~ybiphenylenes.~~ 
2-Methoxybiphenylene 32 was also obtained on oxidation 

of a mixture of l-aminobenzotriazole and l-amino-5- 
iiiethoxybenzotriazole with lead tetra-acetate. Thus, 1 - 
aminobenzotriazole (8.66 g) and l-amino-5-methoxybenzo- 
triazole (4.33 g) gave a mixture of biphenylene (2.84 g), 
2-niethoxybiphenylene ( 1.62 g), and dimethoxybiphenylenes 
(0.66 g). 

Standard Procedure for Methoxybiphenylene-Dichloro- 
carbene A ddition.-The methoxybiphenylene (8  mmol) , 
chloroform (2 nil, 2.4 mniol), aqueous 50% sodium 
hydroxide (4 ml) , and hexadecyltrimethylammonium 
chloride (25 mg) were placed in a 30 ml Erlenmeyer flask 
equipped with a potassium hydroxide tube, and stirred a t  
about 20 "C for 2 h. [Dichloromethane ( 2  ml) was added 
to the mixture as a dilueiit if the methoxybiphenylene was 
insufficiently soluble in 2 ml of chloroform.] The mixture 
was then diluted with water and extracted with dichloro- 
methane. The extract was washed with saturated aqueous 
sodium chloride, dried (Na,SO,), and evaporated and the 
residue was chromatographed on silica gel (elution with 
benzene-ether) . Each fraction separated was purified by 
further chromatography or sublimation. 

5-ChZorobenzo [ 3,4]cycZobuta[ 1, 2lcycZohepten- 6-one (6), 1 - 
MethoxyfEuorenone (7),  and 2-ChZorofEuorenone (8) .-1- 
Methoxybiphenylene was subjected to the reaction with 
dichlorocarbene. After the standard work-up, chromato- 
graphy of the reaction mixture, followed by re-chromato- 
graphy and sublimation, gave three products, besides the 
starting material (0.93 g, 64%). The first product, yellow 
crystals, m.p. 123" (22 mg, 1.3y0), was identified as 2- 
chlorofluorenone by comparison (mixed m.p. and i.r. 
spectra) with an authentic sample .16 The second product, 
pale yellow needles (30 mg, 1.7%), was 5-chZorobenzo[3,4]- 
cyclobuta[ 1,2]cycZohepten-6-one (6), m.p. 178-1 79" (from 
ethanol) (Found: C, 72.6; H,  3.15. Cl,H,C1O requires C, 
72.75; H, 3.3%); for spectra see Tables 1-3. The third 
product was identified as l-methoxyfluorenone ( 13 mg, 

hexane-benzene to give 7-chZorobenzo[3,4]cycZobuta[ 1,2]- 
cyclohefiten-6-one (11) as yellow needles, m.p. 157-158' 
(Found: C, 73.0; H, 3.1. Cl,H,C1O requires C, 72.75; 
H,  3.3%). The other product, orange crystals (21 mg, 
1.2 yo), was recrystallized from benzene-hexane to  give 
9-chlorobenzo [ 3,4] cyclobuta [ 1,2]cycZohepten- 6- one ( 1 2), m. p. 
247.5-148" (Found: C, 72.5; H, 3.25%). For spectra see 

TABLE 2 
1.r. spectra of benzo[3,4]cyclobuta[ 1,2]cyclohepten-6-ones 

(KBr discs) 
Cornpound vmax. Icm-' 

1689, 1643, 1613, 1603 
1 690, 1643, 1 603 
1 693, 1 642, 1596, 1 580 7-Cl-2-MeO (14) 

7-Cl-3-MeO (1 7) 1 699, 1 641, 1606, 1592 
1695, 1650, 1600, 1583 
1 702, 1643, 1585, 1578 9-C1-2-Me0 (1 5) 

9-Cl-3-MeO (1 8) 1 702, 1 640, 1585, 1 570 

5-c1 (6) 
7-C1 (11) 

9-c1 (12) 

Tables 1-3. The electronic spectrum of (11) in sulphuric 
acid showed A,,,. 228 (log E 4.29), 255.4 (4.03), 332 (4.72), 
392 (3.73), 408 (3.84), and 495 nm (2.95). Its n.m.r. 
spectrum in trifluoroacetic acid showed 8 6.61 (1 H, d, 
J 8 , e  9.5 Hz, H-9), 7.03br (1 H ,  s, H-5), 7.91 (1 H, d,  H-8), 
and 7.1-7.4 (4 H,  m, aromatic). 

7- (14) and 9-ChZoro-2-methoxybenzo[3,4]cycZobuta[ 1,2]- 
cyclohepten-6-one ( 15) .-2,6-Dimethoxybiphenylene-di- 
chlorocarbene addition was carried out by the standard 
procedure. Re-chromatography and sublimation gave two 
products, as well as starting material (0.81 g, 47%). One 
product, yellow crystals (62 mg, 3.2y0), was recrystallized 
from ethanol to give 7-chloro- 2-methoxybenzo [ 3,4] cyclobuta- 
[1,2]cyclohepten-6-one (14) as yellow needles, m.p. 162- 
163" (Found: C, 69.0; H,  3.55. C,,H,C10, requires C, 
68.7; H, 3.7%). The other (40 mg, 2.0%) was recrystal- 
lized from cyclohexane-benzene to give 9-chloro-2-methoxy- 
benzo[3,4]cycZobuta[ 1,2]cyclohefiten-6-one (15) as yellow 
crystals, m.p. 166-167" (Found: C, 68.6; H, 3.55%). 
For spectra see Tables 1-3. 
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TABLE 3 

6 
N.m.r. data of benzo[3,4]cyclobuta[1,2]cyclohepten-6-ones (60 MHz; 

r 
Compound Benzenoid H - 5  H-7 H-8 HT9 

5-C1 a (6) 7.18-7.58 (4 H ,  in) 6.51 6.72 6.31 

7.16-7.33 (4 H, m) 6.59 7.35 6.18 
6.64-6.89 (2 H ,  m),  6.43 7.30 6.10 7-Cl-2-MeO (14) 

7-Cl-3-MeO (17) 6.66-6.92 (2 H, m), 6.51 7.29 5.98 

7-C1 (11) 

7.17 (1 H, d,  J 8.2 Hz) 

7.07 (1 H,  d ,  J 8.3 Hz) 
7.1-7.5 (4 H,  m) 6.41 6.43 6.63 
6.69-7.0 (2 H, m), 6.29 6.25 6.61 9-Cl-2-MeO (15) 

7.27 (1 H, d ,  J 8.0 Hz) 
9-Cl-3-MeO (19) 6.71-6.95 (2 H, m), 6.37 6.20 6.61 

7.28 (1 H, d,  J 9.0 Hz) 
Unsu bst .b 7.2 6.46 6.38 6.61 6.27 

9-c1 (12) 

CDCl,) 

Js .  9 8.9 

a Taken at 100 MHz. Data from ref. 24. 

7- ( 17) and  9-ChZoro-3-methoxybenzo[3,4]cycZobuta[ 1,2]- 
cyclohepten-6-one ( 18) .-2,7-Dimethoxybiphenylene (16) 
was subjected to addition with dichlorocarbene by the 
standard procedure. Re-chromatography and sublimation 
gave starting material (0.97 g, 58%) and two products. 
One product, orange crystals (77 mg, 3.9%) was re- 
crystallized from cyclohexane-benzene to give 'I-chloro- 
3-methoxybenzo[3,4]cycZobuta[ 1,2]cycZohepten-6-one (17) as 
orange needles, m.p. 167-167.5' (Found: C, 68.85; H, 
3.5. C,,H,ClO, requires C, 68.7; H,  3.7%). The other 
(48 mg, 2.5%) was recrystallized from benzene-cyclohexane 
to give 9-chZoro-3-methoxybenzo[3,4]cycZobuta[ 1,2]cyclohepten- 
6-one (18) as yellow needles, m.p. 188.5-189.5' (Found : 
C, 68.65; H,  3 .7%) .  For spectra see Tables 1-3. 

Basicity of the Benzocyclobutacycloheptenone ( 1 1) .-This 

was determined by measuring the U.V. spectrum of (11) in 
aqueous sulphuric acid. The pKR value was determined 
by the method of Davis and Gei~sman.,~ The difference 
[E (332 nm) - E (277 nm)] was plotted over ten points of an  
H, range of -9.25 to -2.33. A rough titration curve was 
obtained, whose midpoint, corresponding to 50% proton- 
ation, was a t  ~ K R  = H, = -3.6. 

The basicity of 6-chlorobenzocyclohepten-7-one was 
determined in a similar manner ( ~ K R  - 3.5). 

We thank Professor Kazuo Suzuki, Utsunomiya Uni- 
versity, Japan, for some authentic samples of fluorenone 
derivatives. 
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