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Benzocyclobutenes. Part 7.1 Synthesis and X-Ray Crystal Structure 
of Cyclobuta[/]phenanthrene-I ,2-dione and the Synthesis of Hexabenzo- 
[a,c,g,i,m,o]triphenylene 

By Nigel P. Hacker and John F. W. McOmie," School of Chemistry, The University, Bristol BS8 1TS 
Jacqueline Meunier-Piret and Maurice Van Meerssche, Laboratoire de Chimie Physique et de Cristallo- 

graphie, Universite de Louvain, B8timent Lavoisier, Place L. Pasteur, 1 B-1348 Louvain-la-Neuve, Belgium 

[2 + 21 Photocycloaddition of tetrachloroethene to phenanthrene gives 1,1,2,2-tetrachloro-l,2,2a.l Ob-tetra- 
hydrocylobuta [/] phenanthrene. Treatment of this compound with N-bromosuccinimide gives the corresponding 
tetrachlorodihydrocyclobutaphenanthrene which can be hydrolysed to cyclobuta [l]phenanthrene-l,2-dione. 
The lH and 13C n.m.r. spectra and X-ray molecular structure of the dione have been determined. Flash-vacuum 
pyrolysis of the dione gives a low yield of hexabenzo[a,c,g,i,rn,o]triphenylene. 

C Y C L ~ I ~ V T ~ ~ ~ ~ ~ P H E N A ~ T H R E N E - I  , ~ - L ) I O N E  (1) was required 
€or elcctrocliemical reduction studies, the results of which 
have already been This paper records the 
synthesis and some properties of the dione, together with 
an X-ray determination of its molecular structure. 

( 1 )  ( 2  ) R=CO,H 
( 3 )  R R  = C O . O * C O  
( 4  1 RR =CO-NHNH*CO 
( 5 )  RR =CO.N(NH,).CO 
( 6 )  RR = C O . N ( N = C H P h ) * C O  
( 7 ) R R  =CO. N [ N  =S(0)Me21-C0 

( 8 )  X = B r  
( 9 )  x =CL 
We tried first to prepare the dione by an extension of 

our general method for the synthesis of benzocyclo- 
butene-1,2-dione~.~>~ This method involves the flash- 
vacuum pyrolysis of Diels-Alder adducts of phthalazine- 
1,4-diones, which are made by oxidation of the cyclic 
hydrazides of substituted phthalic acids in the presence 
of anthracene. We prepared phenanthrene-9,lO-dicarb- 
oxylic acid (2) from phenanthrene by a new, convenient 
sequence as follows. Phenanthrene was formylated 
with dichloromethyl methyl ether by the method of 
Rieche et al.5 and the 9-carbaldehyde was reduced and 
ref ormylat ed to give 1 O-me thylphenanthrene-g-carb- 
aldehyde, which was then oxidised to the dicarboxylic 
acid using aqueous sodium dichromate (Friedman et al.'s 
method 6). Dehydration of the diacid then gave the 

anhydride (3) which, on treatment with hydrazine, did 
iiot give the desired cyclic hydrazide (4), but gave in- 
stead the N-ainino-imide (5 ) ,  characterised as its benzyl- 
idene derivative (6). The formation of the &membered 
N-amino-derivative instead of the 6-membered hydrazide 
(4) is probably caused by steric effects, since tetrachloro- 
and tetrabromo-phthalic anhydrides have, similarly, 
given N-amino-imides when treated with hydra~ine .~  
Oxidation of the N-amino-imide (5)  with lead tetra- 
acetate in dimethyl sulphoxide did not yield the expected 
sulphoximide (7) which, on flash-vacuum pyrolysis, 
might have given the phenanthrenedione (l), cf. Rees 

Our second approach to the dione (1) was based on a 
preliminary report by Sullivan et aL8 that phenanthra- 

et a1.7 

quinone 
phorane 
and the 

reacts with dibromornethylenetriphenylphos- 
(1 and 2 equiv.) to give the quinomethane (8) 
tetrabromocyclobuta[l]phenanthrene (lo), res- 

(10) X = B r  

( 1 1 )  x = C l  
( 1 2 )  

(13) 

pectively. The latter would be expected to be capable 
of hydrolysis to give the desired dione (1). Unfortun- 
ately, no experimental details were available and, in our 
hands, the reaction of phenanthraquinone with the 
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phospliorane gave the quinoniethane (8) in 2.8 yo yield 
and a tetrabromo-compound (0.4y0), the m.p. (>255 "C) 
of which differed greatly from the literature value 
(165-167 "C). Posner et al.9 have noted that yields from 
this type of reaction are drastica,lly affected by bulky 
substituents on the ketone. We then found that the 
reaction of phenanthraquinone with the less sterically- 
demanding reagent dichlorometliylenetriphenylphos- 
phorane (1 and 2 equiv.) gave the dichloroquinomethane 
(9) (8%) and the tetrachloro-compound (11) (197&), 
respectively. This tetrachloro-compound could not be 
separated completely from triphenylphosphine oxide so 
we sought an alternative route to it and this led us to the 
third (and successful) approach to the dione (1). 

Photochemical 1.2 +- 21 cycloaddition of tetracliloro- 
ethene gave the dihydroplienanthrene (12) (assumed to  
be the cis-isomer) in 17% yield. Treatment of this 
compound with N-bromosuccinimide followed by chroma- 
tography on alumina gave the phenanthrene (1 1) (71 :&), 
which, on hydrolysis with silver trifluoroacetate, gave 
cyclobuta[I]phenanthrene-l,2-dione (79%) as a stable, 
yellow solid. 

The dione (1) forms a niono-2,4-dini troplien>~11 iydra- 
zone even with an excess of the hydrazine. The reaction 
of the dione with ortho-plienylenedianiine is recorded in 
an earlier paper.l The mass spectrum of the dionc 
showed a weak molecular ion at  A f t  232 (2lo0) and two 
losses of 28 a.m.u. corresponding to  successive losses of 
carbon monoxide to give tlie ions M + 204 (43 yo) and M +  
176 ( 1 0 0 ~ o ) ,  which corresponds to phenanthryne. The 
loss of carbon oxides in the mass spectrum is well known 
for polycarbonyl compounds and this mode of decom- 
position is of ten paralleled in flash-vacuum pyrolysis 
reactions to yield b i p h e n y l e n e ~ . ~ ~ ~ ~ *  l1 Pyrolysis of the 
dione (1) at 700 "C gave a yellow hydrocarbon ( M + ,  528), 
m.p. >360 "C, which is clearly not the unknown tetra- 

beiizol u,c,g,z) biplieiiylciie but is tlie hcxabenzotriphenyl- 
ene (13). Its mass spectrum esscntially consists of 
three groups of peaks. l h e  molecular ion, M +  528 
(relative intensity 3176) is accompanied by peaks at  m / e  
529 (15:h) and six peaks of similar intensity (ca. 8q/b) 
corresponding to the loss of 1--6 hydrogen atonis. This 
behaviour would be expected because hexabenzotri- 
phenylene should readily lose hydrogen to form, eventu- 
ally, hcxabcnzocoronene. The parent ion, wi/c  352 
corresponds to a dimer of phenantliryne and the third 
main peak is a t  nz/c 176 (IS?;), corresponding to phen- 
anthryne. The peaks at  m/c 352 and 176 are acconi- 
panied by other peaks with unit spacing. The IH n.1n.r. 
spectrum of the hjdroc-arhn ( 1 3 )  consists essentially of 
two doublets and two triplets (ignoring further small 
ntetn amd long-range splitting) and thus provides very 
strong evidence for tlie structure assigned to the com- 
pound. 

Our hexabenzotriplienylene is probably the same as 
that obtained by Barton and Grinhatn by thci oxidation 
o f  1 -an~ino-lH-phenanthro[9,1O-d] triazolc , I 2  but it is 
different from the supposed hexabcnzotriphenylene 
obtained bj' the action of lithium or inagnesium on 9,10- 
tlichloro~>~ieriantlii-~rie l3 which lias been sliown reccntly 
not to possess this structure.]* 

N . AI . R . Spcct )/a of C j d o h z i  tn I I 1p1i P 11 a 1 i t laYt ' i i  c- 1 , Z-diojz c 
and Rclatcd Dio~zc,s.--'Tlie 'H n.1n.r. spectra of benzo- 
cyclobutene-1 ,%dime l5 (1  4) and cyclobutaj blnaphtha- 
lene-1 ,Z-dione (15) have already been published; that 
o f  the plienantlirenedione (1) is recorded in the experi- 
mental section. The lH n.m.r. spectra of these three 
compounds are unexceptional. 

We have measured the 13C n.1n.r. spectra of the same 
three diones in order to find out if there is any correlation 
between the chemical shifts and the bond structure of the 
diones. The l3C n.rn.r. spectra had to be measured in 

TABLE 1 
13C N.1n.r. spectra of the diones (14), (15), and ( 1 )  '' 

7 

( 1 4 )  (15) 

Carbon 
1 
2 
3 
4 
5 
6 
7 
8 

No. of scans 

CDCI, b CD,NO, 
(room (room CD,NO, 
temp.) temp.) ( + 100 "C) 
194.2 196.6 197.1 
173.2 174.3 175.2 
135.4 137.4 137.9 
122.3 123.5 124.0 

C,D,NO, 
(room CI),NO, 
temp.) (+ 90 "C) 

197.7 
164.8 

(132.5) (132.6) 
138.1 

(132.5) (132.6) 
(123.0) (123.0) 

2 200 6 022 58 000 2 3  000 

( 1  1 

CD,NO, 
(+ 100 "C) 

-- r--h -- 

184.9 
170.8 

(135.1) 
(125.8) 
(125.8) 
(128.8) 
(130.7) 
(134.4) 
7 7  000 

* The chemical shifts in parentheses are tentative assignments. b A. J .  Jones, P. J .  Garratt, and K. P. C. Vollhardt, Angew. Chern., 
lnt. Ed.  Engl., 1973, 12, 241. 



CD,NO, and at  elevated temperatures for the tri- and 
tetra-cyclic compounds because of their low solubility. 
However, i t  is clear from Table 1 that there is little 
solvent effect in changing from CDCl, to CD,NO, (6 ca. 
2 p.p.m.) and that the temperature dependence is even 
less (6 ca. 0.5 p.p.m.). On simple resonance theory 
(assigning equal weight to each of the possible canonical 
forms) the bond orders of the bond common to the four- 
and the six-membered rings would be 1.33, 1.5, and 1.8 
for the dimes (15), (14), and ( l) ,  'respectively. Table 1 
shows that the 13C chemical shifts for the C-2 * carbon 
atoms follow this sequence, i .e. 6c ca. 165, 175, and lS0 
p.p.m. These values may reflect, in part, the additional 
ring strain caused by increasing bond order in the cyclo- 
butene ring. This spread (6 ca. 15 p.p.m.) in chemical 
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pi, a = 9.762(4), b = 9.129(4), c = 7.049(3) A, a = 
107.71(4), p = 97.97(4), y = 64.45 O ,  2 = 2, D, = 1.429 
Mg m-,, Cu-K, ( A  1.5418 A). A four circles diffracto- 
meter Picker instrument was used with an a-scan of 
28,,. 120" and 1 595 reflections were measured of which 
1 370 were observed [I > 2.50 (I)]. The structure was 
solved by direct methods using the program system 
MULTAN.18 After several cycles of isotropic and aniso- 
tropic refinement of 0 and C atoms, the H atoms were 
located by a difference Fourier-synthesis and included in 
3 further refinement cycles with isotropic temperature- 
factors. The refinement was carried out by the NRC- 
CRYSTALLOGRAPHIC to a final R 
value of 0.047 for the 1 370 observed reflections. Lists of 
structure factors and anisotropic thermal parameters are 

TABLE 2 
Atomic co-ordinates ( x lo4) and thermal parameters ( x  lo5 for Bij in Hi2 for B of hydrogen atoms) for compound ( 1 ) .  

The anisotropic temperature factor is expressed in the form: 
B = exp] - (Bl,h2 + BZ2k2 + B,,Z2 + B,,kZ + B,,hZ + B12hk)I 

X 

4 128(2) 
7 867(1) 
5 047(2) 
6 823(2) 
6 596(2) 
5 064(2) 

4 862(2) 
6 517(2) 
7 405(2) 
8 983(2) 
9 686(2) 
8 827(2) 
7 275(2) 
3 951(2) 
2 404(2) 
1690(2) 
2 538(2) 
9 585(24) 

10 755(23) 
9 316(22) 
6 716(23) 
4 357(22) 
1778(23) 

5 7 8 (24) 
2 086(20) 

4 111(2) 

Y 
9 448(1) 
7 609(2) 
8 092(2) 

5 664(2) 
6 416(2) 
5 541(2) 
3 795(2) 
2 986(2) 
3 928(2) 
3 164(2) 
1 482(2) 

553(2) 
1275(2) 
2 897(2) 
3 679(2) 
5 38512) 
6 304(2) 
3 859(27) 
1 OOl(25) 

530(25) 
1741(24) 
3 053(25) 
5 893(26) 
7 516(23) 

7 220(2) 

-644(25) 

z 
2 755(2) 
3 418(2) 
2 868(2) 
3 176(2) 
2 94412) 
2 695(2) 
2 343(2) 
2 264(2) 
2 523(2) 
2 876(2) 
3 127(3) 
3 013(3) 
2 694(3) 
2 456(3) 
1 924(2) 
1670(3) 
1750(3) 
2 082(2) 
3 437(31) 
3 263(30) 
2 708(28) 
2 2Y0(30) 
1 800(29) 
1496(29) 
153R(31) 
2 202(27) 

311 
80 
56 
39 
32 
03 
01 
93 
96 
96 
89 
86 
93 

129 
119 
124 
115 
92 
90 

B 3.8 
3.2 
3.1 
3.1 
2.9 
3.3 
3.6 
2.5 

B 2 2  B 3 3  

107 385 
193 375 
115 197 
134 205 
119 157 
103 149 
108 155 
117 149 
113 164 
123 172 
170 
170 
126 
112 
148 
207 
204 
140 

253 
321 
383 
311 
212 
26 1 
248 
197 

shift is not observed in the systems without the cyclo- given 
butene ring, thus the corresponding carbon atoms in 
naphthalene, benzene, and phenanthrene have 13C chem- 
ical shifts of 126.1, 128.5, and 127.3,lG i.e. close to 127 -& 
1 p.p.m. It is known that 13C chemical shifts are rela- 
tively insensitive to ring-currents, but are very sensitive 
to structural and substituent changes.16 

The X-ray crystal structure of benzocyclobutene-l,2- 
dione (14) has already been pub1ished.l' We have 
determined that of the phenanthrenedione (l), but we 
were unable to grow crystals of the naphthalenedione (15) 
suitable for X-ray studies. 

Crystal and Molecular Structure of Cyclobuta[l]fihenan- 
threne-l,2-dione (1) .-Crystal data: C,,H,O,, triclinic, 

* The numbering used to discuss n.m.r. data is not that  of the 
IUPAC systematic name and is shown in Table 1. 

For details of Supplementary Publications see Notice to  
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323 
51 
95 
75 
76 
72 
69 
75 
86 
00 
93 

139 
161 
162 
145 
105 
118 
110 

93 

B13 
6 
7 

22 
10 
17 
16 
23 
11 
1 
3 

B 1 2  
- 80 
- 247 
- 108 
- 146 
- 106 
- 7 9  
- 66 
- 98 
- 81 
-- 89 

- 11 - 97 
- 14 - 35 
- 21 - 46 
- 14 - 76 

9 - 157 
23 - 189 
11 - 114 

- 13 - 69 

in Supplementary Publication No. SUP 23173 - 
(10 pp).t The positional and thermal parameters are 
listed in Table 2 and the bond lengths and angles in 

TABLE 3 
Bond lengths (A) and angles (") for compound (1)  

C(3)-0 (1) 1.195 (2) C (9)-C ( 14) 1.399 (2) 
1.193(2) C(S)-C( 15) 1 .404 ( 3) 
1.580(3) C (1 5)-C ( 16) 1.3 76 (3) 
1.487( 3) C(16)-C(17) 1.391(3) 
1.491 (2) C ( 1 7)-C ( 1 8) 1.368 (3) 

1.398 (2) 1.362( 2) C ( 7)-C ( 18) 
1.422( 2) C( 1l)-H( 19) l.OO(3) 
1.425 (2) C( 12)-H (20) 0.96 ( 2) 

C( 13)-H (2 1) 0.99 (2) 1.469 (2) 
1.41 7 (2) C ( 14)-H (2 2) 
1.423 (2) C( 15)-H( 23) 0.95( 2) C( 5)-C ( 10) 

0.98 (2) C( 10)-C( 11) 1.401 (3) C( 16)-H (24) 
C( 1 1)-C( 12) 1.365 (3) C ( 1 7)-H ( 25) 0.99( 3) 
C( 12)-C( 13) 1.386(3) C ( 18)-H (26) 0.98(2) 
C ( 13)-C (14) 

c (41-0 (2) 
C(3)-C( 4) 
C(4)-C(5) 
C(3)-C(6) 
c (5)-c ( 6) 
C( 6)-c (7) 
C(71-C (8) 

1.01 (2) : :;;I: I%)  

1.376( 3) 
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0 ( 1)-C( 3)-C( 4) 
0 (1)-C( 3)-C (6) 
C (4)-C (3)-C (6) 
C (3)-C (6)-C ( 5 )  
C (5)-C (6)-C (7) 
C (6)-C (7)-C ( 8) 
C( 7)-C(S)-C( 9) 
C (7)-C( 8)-C ( 15) 
C (8)-C( 15)-C( 16) 
C( 15)-C( 16)-C( 17) 
C( 16)-C ( 17) -C( 18) 
C( 17)-C( 18)-C( 7) 
C (8)-C ( 7)-C ( 1 8) 
C (3)-C(6)-C (7) 
C( 6)-C( 7)-C( 18) 
C (9)-C ( 8)-C ( 1 5 )  

TABLE 3 (continued) 

85.9(1) c (3)-c (4)-c ( 5 )  

137.0( 2) 
13 7.1 (2) 

94.0( 1) 
123.3( 1) 

0 (2)-C( 4)-C( 3) 
0 (2)-C( 4)-C ( 5 )  

C (4)-C (5)-C ( 6) 
C (6)-C (5)-C ( 10) 

11 5.6 ( 1) c (5)-C (1O)-C ( 9) 
121.0(1) C( lO)-C(9)-C(8) 
117.0( 1) C(lO)-C(9)-C(14) 
12 1 .o (2) c (9)-C( 14)-c (1 3) 
12 1.3( 2) C( 14)-C( 13)-C( 12) 
119.5( 2) C( 13)-C( 12)-c ( 1 1) 
120.4(2) c ( l 2 ) - c ( l l ) - c ( l o )  
120.8( 1) c ( 1 1 )-c ( 10)-c ( 9) 
142.7( 2) 
123.5 (1) c(~)-c(lo)-c(ll) C( $)-C( 5)-C( 10) 

122.1 (1) C(S)-C(9)-C( 14) 

137.2 (2) 
137.0( 2) 
85.7(1) 
94.4(1) 

123.6 (2) 
115.8(1) 
120.8( 1) 
11 7.4( 2) 
120.4 (2) 
12 1.6(2) 
11 9.6(  2) 
119.9(2) 

142 .O (2) 
123.2 (2) 
12 1.8 (2) 

12 1 .O(  2) 

Table 3. The atomic numbering (which is not that of the 
IUPAC systematic name) is explained in the Figure. 

The bond lengths, C-C and C-0 ,  in the cyclobutene 
ring agree well with results for the dione (14).17 How- 
ever, the distance C(5)-C(6) [1.362(2) A] is intermediate 

25 
8 

*,,kYZ6 18 

22@. 

($3 
20 

Crystallographic numbering for compound (1) 

between that of the corresponding bond in the dione (14) 
[1.384(11) A] and in phenanthrene [1.341 (7) A]; 2o it 
corresponds to a bond order of 1.65 calculated according 
to Pauling's equation.21 

EXPERIMENTAL 

General directions are given in ref. 3. lH N.m.r. 
spectra were recorded on a Varian HA-100 spectrometer for 
solutions in deuteriochloroform. 13C N.m.r. spectra were 
recorded on a Jeol JNM-PS-100 spectrometer for solutions 
in deuteriochloroform and in nitromethane. Tetramethyl- 
silane (6 0.00) was used as an internal standard. 

Phenanthrene-9,lO-dicarboxylic Anhydride (3) .-Dichloro- 
methyl methyl ether (18 g )  was added as drops to a vig- 
orously stirred, ice-cold mixture of phenanthrene (1 7 . 8  g) 
and stannic chloride (39.1 g). The mixture was allowed to 
warm to room temperature while being stirred for 24 h, 
after which i t  was poured into ice-cold 3~ hydrochloric acid 

and stirred for 30 min. The organic layer was collected and 
the aqueous layer extracted with dichloromethane. The 
organic layers were combined and evaporated, and the 
residue was chromatographed in benzene on a dry column of 
alumina ( 4 0  x 2 in), The material from the yellow band 
consisted of phenantlirene- 9-carbaldehyde (8.3 g, 43 % ) , 
n1.p. 88-95 "C (lit.,22 100--101 "C). 

The crude aldehyde (5 g) ,  potassium hydroxide (5 g), and 
liydrazine hydrate ( 1 0  nil) were heated in digol (100 nil) 
Water and hydrazine were distilled off until the tempera- 
ture reached 180 "C. The mixture was then refluxed for 
3 h, cooled, diluted with water, acidified, and the precipitate 
collected to give 9-niethylphenanthrene (4.5 g, 95%,), m.p. 
75-80 "C (lit.,23 90-91 "C). 

Stannic chloride (12 ml) was added a t  0 "C to a stirred 
mixture of 9-methylphenanthrene (0.8 g), 1,2-dichloro- 
ethane (15 ml), and clichloromethyl methyl ether ( 3  nil) 
The mixture was stirred for 24 h and then poured into ice- 
cold 3~ hydrochloric acid (40 ml) (CAUTION: the tempera- 
ture must be kept below 25 "C). 'The product, collected in 
dichloromethane, was recrystallised from ethanol-water to 
give 10-methylphenanthrene-9-carbaldehyde (0.58 g, 630,/,), 
m.p. 115-120 "C (lit.,24 130-131 "C). 

The methyl-aldehyde (2 g), sodium dichromate (7  g), and 
water (20 ml) were heated in a rocking autoclave a t  250 "C 
for 18 h. The mixture was filtered and the filtrate was 
acidified, thereby giving plienanthrene-9,10-dicarboxylic 
acid (2). This acid was heated with acetic anhydride to give 
phenantlirene-9,lO-dicarboxylic anhydride (3) (1 .7  g, 83%), 
m.p. 317 "C (lit.,6 317-318 "C). 

N-Aminophenanthrene-9,lO-dicarboximide (5)-( I..l7ith 
M. E. CRACKNELL) .-Phenanthrene-9,1O-dicarboxylic an- 
hydride (97 mg) and hydrazine hydrate (0.15 ml) in ethanol 
(5 ml) was boiled under reflux for 6 h. The mixture was 
cooled and the solid was collected, washed successively with 
ethanol and light petroleum to give the N-amino-imide (5) 
(67 mg, 65%) as yellow, fluffy needles (from ethanol) which 
melted a t  ca. 285-290 "C, then resolidified, but did not 
remelt up to 390 "C (Found: C, 10.6; H ,  7 2 . 9 ;  hT, 3.8. 
C,,H,,N,O, requires C, 10.7; H, 73.3; N, 3.80,/0); vmax. 
3 350,  3 250(NH), 1 770, and 1 720 ( G O )  cm-l. 
N-Benzylidenenminophenanthrene-9,lO-dicarboximide ( 6 ) .  

-The N-amino-imide (5) (200 mg), benzaldehyde (100 mg), 
acetic acid (2  drops), and ethanol (50 ml) were boiled under 
reflux for 1 h. The mixture, when cooled, gave the S- 
benzylidene-derivative (6) ( 18@ mg, 67 yo) as yellow plates 
(from ethanol), which decomposed a t  ~ a .  300 "C, but did not 
melt up to 360 "C (Found: C, 7 8 . 5 ;  H, 4 .2 ;  N, 8.0. C,,H,,- 
N,O, requires C, 78.8;  H, 4.0; N, 8.0%). 

Reactions of 9,1 O-Phenanthraquinone with Dibromonzethyl- 
enetriphenylphosphovane .-Phenanthraquinone (5.2 g) in 
dichloromethane (100 nil) was added, under nitrogen, to a 
solution of carbon tetrabromide (33 g) and triphenylphos- 
phine (53.4 g) in dichloromethane (250 ml) a t  0 "C. The 
mixture was allowed to warm to room temperature and was 
then stirred for 2 h. The solvent was removed under 
reduced pressure and the oily residue filtered. The filtrate, 
when added to light petroleum, gave a solid which was 
extracted with light petroleum (2 1). Evaporation of the 
solvent left a yellow residue which was chromatographed in 
light petroleum on a column of dry alumina (40 cm long). 
The first eluate was evaporated and the residue (250 mg) 
was purified on thick silica-gel plates to give, presumably, 
the tetrabromo-compound (10) (50 mg, 0.390/,), m.p. 
255 "C (lit.,8 165-167 "C) (Found: M+, 516. Calc. for 
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Cl,H,7QBr4: M ,  516); vmax. 3 070, 875, 800, 760, 735, and 
725 cm-l. 

Further elution of the alumina column yielded the yellow 
ketone (8) (250 mg, 2.8:6), m.p. 120-130 "C (lit.,* 135 "C) ; 
vmxxc. 3 050. 1 725, 1 600, 805, 800, 750, 720, 695, and 655 
crn -l. 

1,1,2,2- Tetmchlovo- 1,2, 2a, 1 Ob-tetvah3~dvo~yclobuta[l]phe.n- 
anthJJene ( I 2) --A solution of phenanthrene (recrystallised 
from ethanol) (5 g) in freshly distilled tetrachloroethane 
(100 mi) a n d  liesane (850 ml) was purged with nitrogen and 
then irratlintett for 79 h with a 450-W Hanovia medium- 
pressure niei-iiiry lamp. 'I'he reaction mixture was chro- 
matograplid 011 a dry column of alumina (25 x 3.5 cni) 
using pentany as eluant; 50-nil fractions were collected and 
g r o u p  of these were then united. The eluate, in order of 
elution, consisted of fractions 1--4, phenanthrene ( G U .  2 g, 
40%) recovery), and 5-15, phenanthrene plus the cyclo- 
adduct. Fractions 5--15 were rechromatographed as 
before on the  same column to give fractions 1-7, phen- 
aritlirene ( 1  . O  g, 20%) and fractions 8-15 which contained 
1, I ,2,2-tet~ncJilovo- 1,2,2a, lOb-tetvahyd~o~yclobuta[l]phen- 
antl~vene (11 ' )  (1 .7  g, 17.57;) as needles (from ethanol), m.p. 
1(iti--lti8 "C (Found: C, 56.1; H, 2.9; C1, 41.2. C16H1,C14 
requires C, 55.8; H, 2.9; C1, 41.2:L); vlrlax. 3 100, 3 050, 
3 010, 895, 8i0, 800, 775, 750, 715, 700, and 675 cm.-l; 4nas. 
JC'H,('l,) 234, 34241, 269sh, 279, 288sh, and 360 nm (log E 

4.49, 4.28, 4.46, 4.55, 4.40, and 3.20, respectively); S 4.63 
( 2  H, s, ?a- and lob-H), 7.36 (6 H,  m, 3-, 4-, 5-, 8-, !I-, and 10- 
H ) ,  and 7.99 (2  14, m, 6- and 7-H). 

1, I ,B,%Tetvuclilovo- 1 , 2 - d a ~ ~ y d r o c y c l o b u t n ~ ~ ~ p ~ ~ e ~ ~ a n t ~ a ~ e ~ ~ e  
(1 l).----A inisture of the tetracliloro-compound (12) (2.1 g) ,  
i~~-bromosiiccinirliitle (2.1 g), and dibenzoyl peroxide (ca. 
25 mg) in cartmn tetrachloride (15 ml) was refluxed for 2 h. 
'The hot inixt,ure was filtered and the filtrate was cooled, 
wished Lvitli 0 . 1 ~  sodium thiosulphate (100 ml), then dried 
a ~ i d  e\~spor;ite:ct. The residue was dissolved in light petrol- 
eum and c.lirornatolJraphed on a column of dry alumina with 
the same solvent as eluant. The eluate yielded the phen-  
antlwene ( 1  1 )  (1.5 g, 71%) as plates (from ethanol), m.p. 
229----230 "C (Found: C, 56.5; H,  2.5. C16H,C14 requires C, 
56.2; vlnax. 3 070, 3 050, 3 020, 845, 805, 790, 
7 6 0 ,  750, 735, 720, and 695 cm-l; A,,,,,. (CH,Cl,) 235, 250sh, 
257, 265sh, 27Osli, 281, 292, and 305 nm (log E 4.54, 4.76, 
4.81, 4.42, 4.18, 4.05, 3.90, and 4.01, respectively); 8 7.78 
(4 H, m, 4-, 5-, 8-, and 9-H), 8.18 (2 H,  m, 3- and 10-H), and 
8.70 (2 H, m,  6- and 7-H). 

Cyclohuta[l]phenant12.vene- 1,2-dione ( 1) .-Silver trifluoro- 
acetate (1 .7  g),  distilled water (0.5 ml), and 1,1,2,2-tetra- 
cliloro- 1,2-cliliydrocyclobuta[l]plienanthrene (1 1) (0.5 g) in 
acetonitrile (35 nil) were refluxed for 24 h whilst protected 
from light. The hot mixture was filtered and the filtrate 
evaporated off. The residue was dissolved in dichloro- 
methane (250 nil) and washed successively with water (2 x 
75 nil) ant1 saturated sodium chloride (2 x 75 ml). The 
solution (dried over sodium sulphate) was evaporated to 
give cyclobzcta~l]~henanthvene- 1,2-dione (1) (0.27 g, 79%) as 
yellow needles, m.p. 285-286 "C (Found: C, 82.6; H,  3.4. 
Cl,H,O, requires C, 82.8; wmax. 3 090, 3 050, 
1 835, 1 77.5, 1 700, 1610, 945, 765, 750, 725, and 715 cm-l; 
A,,,,,. (CH,Cx12) 262, 298, 315sh, and 346sh (log E 4.65, 4.66, 
4.23, and 3.46, respectively) ; S 7.92 (4 H ,  m, 4-, 5-, 9-, and 
1 0 - H ) ,  8.54 ( 2  H, ni, 3- and 10- or 6- and 7-H), and 8.75 (2 H,  
in, 6- and i- or 3- and 10-H). 

H, 2.4'%,); 

H,  3.5%) i 

The dione gave the mono-2,4-dinitrophenylhydrazone as 
orange needles (from aqueous dimethyl sulphoxide) , m.p. 
>360 "C (Found: C, 63.5; H, 3.0; N, 13.2. C,,H,,N40, 
requires C, 64.1; H, 2.9; N, 13.6%); m/e 412 (.%f+). 

Pyvolysis of the Dione (1 )  .-The dione (50 mg) was pyro- 
lysed a t  700 "C and 0.01 mmHg by passage through a silica 
tube (45 x 1 cm i.d.).3 The pyrolysate was chromato- 
graphed on silica gel using toluene-light petroleum (1 : 1) as 
eluant and gave hexabenzo[a,c,g,i,m,ojtviphenylene (1 3) as 
yellow crystals (5 mg), m.p. >360 "C (Found: Mt,  528.188. 
C,,H,, requires M ,  528.188); vmax. 3 060, 880, 815, and 735 
cm-l; A,,,,. (CH,Cl,) 240, 251sh, 303sh, 351sh, 365, and 
380sh (log E 4.48, 4.45, 3.99, 4.20, 4.31, and 4.04, respective- 
ly) ;  S 7.21 and 7.55br (t, 2- and 3-H or vice versa), 8.15 and 
8.54br (d, 1- and 4-H or vice versa) (the other protons are 
equivalent, by symmetry, to 1-, 2-, 3-, and 4-H). 

We thank Dr. R.I. Murray for help in the measurement and 
interpretation of the I3C n.m.r. spectra. 
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