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AMract-Cyclopentadienones react with certain cyclobutene dienophiles to give the anticipated carbonyl bridge 
adducts; these, on relatively mild thermolysis, yield dihydrosemibullvalene derivatives by a novel sequence 
including cheletropic loss of carbon monoxide, electrocyclic ring opening of the immmediate substituted bicy- 
clo[4,2,0joctadienes, and intramolecular 1.4. + ,f]cycloaddition of the derived cyclooctatrienes. Other pericyclic 
reactions of compounds related to those of the title compounds are also discussed. 

We earlier described2 the synthesis of derivatives 2 and 3 
of the little known’ syn and anfi isomers of tetra- 
cycl0[5,2,1,~~603~1 decene. Compounds 2 and 3 are 
readily made by photochemical deazatation of azo com- 
pound 1 and the exceptionally facile irreversible thermal 
isomerisation 2 + 3 (and analogous reactions) suggested it 
would be of interest to explore the wider implications of 
these observations by investigating the synthesis and 
properties of homologous and related polycyclic systems 
having unsaturated rings fused syn and anti to the 
cyclobutane moiety as e.g. in the tetra- 
cyclo[8,2,1 ,02’9ti”]tridecatrienes 5 and 6. 

hydrogen to the proximate dichloroolefine site in 
stereoisomer 5 in analogy to known examples.4 Other 
concerted (and non-concerted) rearrangements could be 
envisaged with these polycyclic compounds, e.g. photo- 
chemical cycle-reversions, and acid catalysed rear- 
rangements. 

Hydrazoester 8 is (quite easily) accessible from Ask- 
anis’ indirectly synthesised azodicarboxylate adduct 7 of 
cyclooctatetraene: cyclobutene dienophile 7 readily 
reacts with a variety of cyclopentadienones (see below) 
and compound 8 is stereospecifically formed by reaction 
with tetrachlorocyclopentadienone dimethyl acetal, the 

(R = OMe or Cl) 

Tetracyclic trienes such as 5 and 6 could potentially reaction resembling similar additions with the carbocy- 
exhibit at least three important classes of relatively clic analogue 9.6 Heating adduct 8 with methanolic 
obvious thermal pericyclic transformation: (a) electro- potassium hydroxide in air gives a nitrogen-free chloro- 
cyclic ring-opening and closure in the bicy- hydrocarbon CIJHI,Cl,02 assigned structure 5 on the 
clo[4,2,0]octadiene component and hence isomerisation basis of its IR (u_ 1600 cm-’ CICCCI and conj. C=C), 
(5~6) oia cyclooctatrienes; (b) irreversible in- and ‘H NMR spectrum; the latter shows typical A2X2 
tramolecular (,~,+~7rJ cycloaddition in structures such cyclobutane multiplets2 (7 6.9 and 7.4) with the higher- 
as 6 giving thermally stable cage compounds; and (c) field signal clearly coupled to the olefinic proton 
exothetic sigmatropic group transfer of allylic resonance (multiplets at 7 4.2-4.6). We previously 
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II+‘) and a more abundant ion at m/e 253 
(C&&J,02”) (l&Cl”), a characteristic fragmentation in 
a plane through the molecule for cage structures,9 and 
expected to be very favourable in the present instance 
where the other fragment is “benzene”. The mass spec- 
trum of the other product of thermolysis of triene 5 has 
m/e 732 (t&H&&O,“) and also consistent with structure 
16 are the IR v,,,,,, at 1600 cm-’ (CKXCI) and ‘H NMR 
signals at r 4.5 (broad singlet, W/2 4 Hz) (cyclohexene 
(CH=CH) and a broadened triplet at 7 3.83 (bicyclo- 
octene [cf adduct 10, T 3.55 (t), and compound 14, 3.69 
(t)] whilst the OMe signals form a narrowly separated 
group of four sharp singlets at T 6.53-6.58. No plane of 
symmetry exists as would be the case in dimers which 
involved the dichloroethylene group as 2a, cycioaddition 
component. 

Hydrolysis of the dihydro derivative of adduct 8 with 
hot concentrated sulphuric acid gives the hydrazo’ ‘-ul- 
phate salt 17 whose neutralization with excess me’ ,qc 
oxide results in concomitant oxidation to azo compound 
18. 

p--+1 - 

hv 

22: Y= 
23: Y = 

Photolysis of diazatetracyclotetradecatriene 18 gives 
tetrachloroknzene as the only crystalline product sug- 
gesting photochemical &rS + 2~,) cycloreversion as the 
primary step (leading to spontaneously unstable 2,3- 
diazabicyclo[2,2,2]octa-2,5diene as the other product) 
rather than deazatation to the octadiene 19.” However, 
base hydrolysis in air of the dihydro derivative of the 
hexachloro analogue of adduct 8 (R,R=CI) gives azo 
compound 20 whose thermolysis at 200” results in isola- 
tion of the octatriene 21, with no evidence for (za,+ 
27rS + 2a,) intramolecular addition. 

In none of these thermal reactions do any products 
arise which could be attributed to intramolecular 
hydrogen group transfer. Perhaps dimerization and in- 
tramolecular cycloaddition are much more competitive 
processes when steric inhibition at the cyclohexadiene 
system is not too severe, and in this connexion it ap- 
peared desirable to investigate compounds analogous to 
5 and 6 in which the cyclohexadiene is heavily sub- 
stituted. The synthesis of suitable model compounds by 
cycloaddition of arylated cyclopentadienones to the 
dienophilic butene ring system in tricyclo[4,2,1 ,V-‘]nona- 
3,7dienes (22 and 23)” followed by thermal or photo- 
chemical decarbonylation is readily visualised: 

Cl + 
OMe 0 O_ 

R’ 

b, c, d 

Y Y 

Cl u 

% 

/ 
Cl Cl 

\“, 
F!_R2 

24a. b, c: Y = Cl 
25a, b, c: Y = OMe 280, b, c: Y = Cl 32a, b, c: Y = Cl 

26d: Y = Cl 29a, b, c: Y = OMe 33a, b, c: Y = OMe 

27d: Y = OMe ,OMe 30d: Y =CI 34d: Y=CI 

36: ~1 = R2 = Y = Cl as C, 31d: Y = OMe 35d: Y = Ome 

OMe 37: R’ = R’ = Cl = Y 

[a: R’ = Ph R2 = o, o’-biphenylyl; b: R’ ’ = Ph; c: R’ = p-MeOC&l, R2 = 
Ph; d: R’ = Me R* = Ph] 
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Several adducts of the general type (&31) are readily 
made from each of the cyclobutenes (22 and 23) with 
phencyclone, tetracyclone, 3,4 - diphenyl - 2J - di - (p - 
anisyljcyclopentadienone, 25 - dimethyl - 3,4 - 
diphenylcyclopentadienone (“hemicyclone”), acecyclone 
(and its 2Sdimethyl analogue) and also with tetra- 
chlorocyclopentadienone dimethyl acetal. The phen- 
cyclone adducts, e.g. 24a, 2Sa, 2&, 29a, (each R’ = Ph, 
R*-Rz = o,o’-biphenylyl) are mixtures of bridge-carbonyl 
products derived from exe and endo diene addition in 
the ratio 3.5: 1 and 2: 1 respectively-a similar result to 
that in the addition of hemicyclone to compound 9” 
(exo/endo addition ratio 6) and like all products from 
these additions, whether carbonyl bridge compounds or 
decarbonylated derivatives (3237), have cyclobutane 
A2Xt’H NMR signals with Av = 3.0-3.5 Hz consistent 
with anti fused cyclobutanes. On the other hand tetra- 
chlorocyclopentadienone dimethyl acetal gives only the 
endo diene adduct 36 with compound 2Gdentical to the 
product of addition of hexachlorocyclopentadiene to its 
analogue 23. Unlike the phencyclone adducts which are 
not easily decarbonylated, and decompose extensively 
comitant with loss of carbon monoxide, the carbonyl 

r 5.7-7.0 (Table 1). Of the simple pericyclic trans- 
formation products which might be formed from the 
tetraphenyl diene ring compounds 32b and 33b (R’v2 = 
Ph) e.g. arylated analogues of diene 5, triene 13 or cage 
compound 14, none satisfactorily account for the pairs 
of singlets and doublets in the ‘H NMR spectra of 
compounds I and II; nor can the products of thermal 
[lJ]-sigmatropic H shift such as structure 38 and its 
further sigmatropic rearrangement product. Sigmatropic 
group transfer to give compound 39 also seems an un- 
likely explanation. In some experiments, ‘H NMR moni- 
toring indicates that cyclooctatriene 4Ob (R’) = Ph) is 
indeed present and may be the precursor of the unknown 
compound I. Consonant with this, the crude reaction 
products from separately heating dienophiles 22 and 23 
with di-(p-anisyl) diphenylcyclopentadienone at 144”/18h 
contain respectively: carbonyl bridge adduct, 27% and 
20%; tetraarylated cyclooctatrienes 4Oc and 41~ (R’ = p- 
MeOC& R2 = Ph), 15% and 40% and in the case of 
compound 22 a further component III exactly analogous 
to I and II in having a closely similar pair of ‘H NMR 
doublets (J = 7 Hz) and two singlets (as well as OMe 
and ArH signals) in the range T 5.8-7.0 (Table I). 

39b: Y = Cl or OMe 39b: Y = Cl or OMe 

42d 
43b 

45d 
46b 

4Qb, c, d: Y = Cl 
41 b, C, d: Y = OMe 

47d 
49b 

[a;‘= Ph R2 = o,o’-biphenylyl; b R13 = Ph; d R’ = Me R* = Ph] 

bridge hydrolysis product from acetal adduct 36 
smoothly decarbonylates on mild thermolysis to give a 
rather stable tetrachlorodiene ring compound 37;12 again 
stronger heating causes extensive decomposition. 

More interesting results are seen however in the 
thermolysis of the tetracyclone adducts 28b and29b(Rle2 = 
Ph) of tricyclononadienes 22 and 23; on heating at I77- 
185” both compounds decarbonylate and give not the 
anticipated tetraphenyl cyclohexadienes 32 and 33b 
(R’.2 = Ph)t but monomeric products I and II which 
besides showing the expected ‘H NMR signals near I 
2.13.3 (Ph) [and in the case of the product from 29-7 

6.60 and 6.67 due to )C(OMeh] exhibit two singlets and 

two doublets (J = 7 Hz) each of ‘H intensity in the range 

tAccelerated mdo adduct decarbonylation may imply that 
single ketonic adducts isolated are products of ex~ addition (e.g. 
2a31).$ 

Further information on the nature of compounds I-III 
is available from a careful study of the products of 
reaction of dienophile 22 with hemicyclone at 144”/18 hr. 
The crude product contains an adductt 3&l (R’ = Me, 
R2 = Ph) @I%), dimethyldiphenylcyclohexadiene 34d 
(R’ = Me, R2 = Ph) (20%) and the cyclooctatriene 406 
(Y =CI, R’=Me, R’=Ph) (5%) from which the car- 
bonyl-bridge and cyclohexadiene products are readily 
separated and character&d as anti fused cyclobutanes; 
on being separately thermolysed at 160-190” each of 
these compounds gives a similar product mixture. For 
example at W/24hr the cyclohexadiene is recovered 
mainly unchanged (80%) but ca 20% cyclooctatriene 
tautomer is formed. At higher temperatures (1900-260“) 
the carbonyl-bridge (exot or endo) adduct substantially 
decarbonylates (75%100%) yielding mixtures containing 
34d cyclooctatriene 4Od and a new compound IV, analo- 
gous to compounds I-III, characterised by two ‘H NMR 
singlets and two doublets in the range 7 6.5-7.6. 
Singilicantly two Me singlets appear at T 8.2 and 9; it is 
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I b: Y=CI 

II b: Y=OMe 
Illc: Y = Cl 
IVd: Y = Cl 

Vllb 
Villa 

[a: R’ = Ph Ra = o,o’-biphenylyl; b: R’,’ = Ph; c: R’ = p MeOCsH, R? = pb; d: 
R’ = Me Rz = Ph] 

_____---- 
: HOMO ! 

(.T. + ,a.)cycloaddition 

Scheme 2. 

structures by energy release in cyclisation from a state of 
relatively high potential. Further work is necessary to 
establish to what extent the processes leading to the 
compounds I-VI are reversible, and this is in hand 
together with a study of certain other transformations of 
these compounds. 

WPSRIMENTAL 
NMK data were obtained with Varian HA100 and Jeol PSI00 

spectrometers (‘H) or a Jeol JNM PSI00 IT machine (“C) and 
refer to solns in CUCll with TMS as internal standard. Mass 
spectra refer to data from a GEC-AEI MS992 double-focussing 
instrument; halogenated ions had the correct ‘JCI/3’CI isotopic 
abundance ratios. IR spectra were recorded with a Perkin-Elmer 
257 instrument for solutions in Ccl, or CHsCis, and UV light 
absorption data were obtained for solns in EtOH or hexane using 
a Unicam SP8W spectrometer. Silica gel chromatography refers 
to preparative tic on 0.8mm coated plates of silica gel GFru 

thfodels indicate that alternative tautomers of compound 51(a) 
are equally plausible. 

Scheme 3. 

visuahsed under a fluoroscope, unless otherwise stated. 
Petroleum refers to the fraction b.p. 60-80’. M.p’s are not cor- 
rected. 

Addition of dimethoxytetrachlorocyclopentadiene to Askanis’ 
ester 7. Compound 7 prepared by R. Askanis’ methodr (792g, 
u) mmol) was heated at 130” with dimethoxytetrachlorocyclo- 
pentadiene (7.86g. 30 mmol) in chlorobenzene (50 ml) 36 hr. 
Evaporation of the solvent gave a brown oil. which triturated 
with MeOH gave colourless crystals of diethyl 45.6.7 - tetra- 
chlorw - IS,15 - dimethoxy - 11.12 - diazapentacy- 
cIo[8~,2,1’“~~~~pentadeca - 5.13 - diene - 1 I,12 - dicarboxyl- 
ate g (l1.4g, 79%) m.p. 193-194” Y,, 1680-1760 (C&Et) 
1605 cm-’ (CIGCCI) 7: 8.78 (t, J=6.5 Hz) (6H, 2Me). 5Wdq) 
(4H 2-OCH3, 7.52(m) (4H, H-2,3 and H-8,9), 6.56(s) and 6.58(s) 
(each 3H 2-OCH,), 5.13(m) (2H. H-1.10). 3.34W. m) (2H. Hl3, 
H14). (Found: C, 46.6; H. 4.35: Cl, 26.1. Calc. for Cr,Hr,C&NrO~: 
C, 46.5; H, 4.45; Cl. 26.15%). 

Hydrolysis of adduct 8 to giw anti-endo-anti-tetracyc/o- 
tridecatriene 5. The adduct 8. prepared as above, (log. 
18.5 mmol) was heated with KOH (15 g, 260mmol) in MeOH 
(120 ml) 12 hr under N2. Precipitated K&O, was filtered off, and 
the filtrate evaporated, the residue suspended in water, extracted 
with CH2C12 and the extracts washed, dried (Na,SO,) and 



Pericyclic transformations of tetracyclo[8,2,1.~~90-‘“]trideca-t,6,1 I-trienes 3027 

evaporated. Column chromatography of the light-yellow oil 
(MFC silica gel/dichloromethane 10% in petroleum) gave a 
colourless solid which recrvstallised from CH$&-petroleum 
gave anti - endo - anti - 1,2,3,4 - tetrachloro - 13.13 - dimethoxy- 
tefrocyc/o[8,2,1,029(ybltrideca - 4.6.1 I - rriene 5 (4.7 g. 7%) mp. 

98-99” yin?., 1604cm- (CIGCCI) r: 7.29(m) and 6.88(m) (each 
2H. H-5,12 and H-6.1 I AzX2 system), 6.53(s) (6H. 2-OMe). 4.26 
4.35 and 4.47-4.62 (each m, 4H H-7.8.9.10). (Found: C, 48.8; H, 
3.65. Calc. for C H Cl 0 : C. 48.9; H, 3.85%). I( II I 2 

Photoolysis of tefrocyclofridecofriene 5. The tetracyclic triene 
(5OOmg) was irradiated (24 hr) in CH2C12 (6Oml) in a water 
cooled silica vessel with light from a l25W medium pressure Hg 
ard lamp; column chromatomphy of the product on silica gel 
gave a colourless oil (25Omg) with v,,, 1606 (CIC=CCI) and r: 
6.54(s), 6.56(s) (each 3H 2-OMe), 3.584s) (=CH) (ratio OMe/=CH, 
5: I). The data suggested a mixture of 12,3.4-tetrachloro - 7.7 - 
dimethoxybicyclo[2,2,l]heptadiene* and tetramethoxyethylene. 

77wmolysis of tetracyclotridecatriene S ro give dimer 16 and 
cage compound 14. Tetracyclotriene 5 (100 mg, 2.7 mmol) was 
heated in a sealed tube at 180’ overnight; the glassy solid 
obtained on cooling was recrystallised from CHC13 to give the 
dimer 16 (80 mg, 80%) m.p. 21621s” Y,,, 1603 cm-’ (CIGCCI) 7: 
7.2-8.0 (comolex m) (IZH). 6.53. 6.55. 6.56 and 6.58 (ah s. each 
3H 4-OMek’4.50 (bs’Wl2 4Hz) and 3.83 (I. J=tHz) (each 2H 
cyclohexene and bicyclo(2,2,2]octene CH=CH). m/e 732 (M+ ) 
(Found: C, 48.75; H. 3.7. Calc. for &,,H&I,,O~: C, 48.9: H, 
3.85%). 

Tetracyclotriene 5 (2OOmg. 0.54mmol) was heated in boiling 
p-cymene (25 ml) overnight, the solvent largely removed, and the 
residue cooled (liq. N2) and scratched. Crystals appeared as the 
sample warmed to 25”; these were filtered off and recrystallised 
from CH$&-petroleum to give 1,2,7,8 - tefrachloro - 13.13 - 
dimefhoxyhexocyc/o[6.4. I ,02.7(Y.“06.‘009.‘2]trideca - 4 - ene 14 
(50mg, 25%) m.p. 17&171” Y,.~ 16OOcm~ characteristic of 
CIC=CCI absent. T: 6.88(m) and 7.58(cm) (each 2H cyclobutane 
A,X, svstem. Au - 7 Hz). 6.58(m) (2H C=CCH-). 6.41 and 6.46 
(both s: each 3H 2-OMe). 3.69(m) (2H bicyclol2,2,2]octene type 
CH=CH). “C ppm: 36.26, 46.59, 48.78, 51.30, 51.84, 77.71 (weak 

%-Cl) 82.41 (weak %-Cl) 107.27 (weak 
\ 
,C(OMe)r) and 

129.01. m/e 366 (M’ ). 331 (M-Cl+ ). 288 (C7H2C&(OMe)2* ). 
(Found: C, 48.6; H. 3.81. Calc. for CIJH,,Cl,02: C.48.9: H, 3.85%). 
The product residues contained dimer (16). 

Maleic anhydride adduct of tetracyclotriene 5. Compound 5, 
(I.1 g. 3 mmol) was heated with maleic anhydride (490 mg, 
5 mmol) in boiling benzene overnight. The crude product 
obtained by diluting the evaporated mixture with MeOH was 
recrystallised from~CH2Cl&roleum to give the adducl 10 
(I.2 e. 87%) m.o. 286287” Y-. 1790 (-CO.O.C@) 1605cm-’ 
(Cl&Cl) ;: 7.50(m) and 7.9’i’i;n) (each 2H, cyclodutane A2B2 
system), 6.71(m) (2H), 7.08 (t, J = I.5 Hz) (2H), 3.55(t) (2H bicy- 
clo]2,2,2]octene type CH=CH) (Found: C, 49.0; H, 3.35. Calc. for 
CIyHlnCIdOs: C, 48.9; H, 3.45%) [cf Ref. 12, m.p. 289-291”). 

Bethy/ 4.5.6.7 - tetrachloro - IS.15 - dimerhoxy - I I.12 - 
diazapantacyclo[8.2.2.1’~7~~~8]pentadec - 5 - ene - II.12 - 
decarboxylate and its conversion to 4,5,6,7 - tetrachloro - 1 I,12 - 
diuzatetracyc/o[8,2,2,12”13d]tetradeco - 4.6.1 I - friene 18. 
Adduct 8 (2.2g, 4mmol) in EtOAc @ml) containing 
PdKaCO, catalyst was treated with H2 (uptake 120 ml/2h). The 
filtered product was evaporated and the residue recrystallised 
from CH,Cl,petroleum to give the 13.14 - dihydro deriuutiue of 
adduct 8 (2g, 90%) m.p. 194-195” Y,,, 1680-1750 (CO,Et) 1602 
(CIC-CCI) 7: 8.76(r) and 8.77(t) (each 3H) and 5.80-5.9O(dq) (each 

2H conformationally nonequivalent EtOrC-J$-CO,Et), 7.69(m) 

and 7.00(m) (each 2H cyclobutane AIX, system), 5.80-5.90(m) (2H 
bridgehead H-l.10 overlapping ester Et signal), 8.0(m) (4H 2-CH2), 
6.50 and 6.52 (each s, 6H 2-OMe). (Found: C. 45.95: H. 4.7. Catc. for 
C2,HZ&l,N206: C, 46.3; H, 4.8%). 

The product from similar experiments (log, I8 mmol) was 
stirred in cone H,SO, (IO ml) at 95-98” until aas evolution ceased 
( - I hr) and the bark soln poured onto c&red ice. The crude 
solid product [hydrazosulphate 171 (I g, 2.4 nunol) was stirred 

with mercuric oxide (I.08 g, 5 mmol) in dry CHzClr overnight, the 
grey solid filtered off and the filtrate evaporated. The colourless 
solid was recrystallised from CH,Cl,petroleum to give uzo 
compound 18 (25Omg. 33%) m.p. 205-207” (decrepitation, dec) 
after chromatography, v,,,., 1618 (conj. CIC) ISIScm- (N=N) 
A m1 304nm C,~ 3300 (tetrachlorocyclohexadiene system? 7: 
4.8(m) (2H H-l, IO), 6.54(m) and 7.57(m) (each 2H. cyclo- 
butane ArX& 8.00(d) and 8.69(d) (each 2H, J = 8 Hz 2CHz) m/e 
322 (M’ ) 294 (M-N*+ ) 259(M-N&I+‘). (Found: C. 45.35; H, 3.5; 
N, 8.6. Calc. for C,2H,0C&N2: C, 44.5 H, 3.1; N. 8.65%; M, 
321.9597 requires 321.9594). 

Photolysis of 4,5,6,7 - tefrachloro - I I.12 - diazatelracy- 
clo[8,2,2,12s’I’S]teirodrco - 4.6.1 I - triene 18. The azo compound 
18 (240 mg, 0.8 mmol) dissolved in CH+& (50 ml) was irradiated 
(5 hr) in water-cooled Pyrex reactor with light from a l25W 
medium pressure Hg arc lamp. Evaporation of the solvent and 
column chromatography of the residue (silica gel, 10% CH2C12 in 
petroleum) gave tetrachlorobenzene (100 mg, 6%) identical to the 
authentic comootu@ (IR and ‘H NMR). 

LXethyl 4,5,6,7,15,15~ - hexachloro : II,12 - diazapentacy- 
clo(8.2,2,1’~7@~8]pentadeco - 5,13 - diene - I I.12 - dicnrboxyl- 
ate and its conversion info azo compound 20. Askanis ester 7 
(IO g, 37 mmol) was heated with hexachlorocyclopentadiene 
(log, 37 mmol) in boiling chlorobenzene (4Oml) ca I8 hr. 
Chlorobenzene was removed in uacuo and trituration of the 
viscous oily product with MeOH gave a colourless solid which, 
recrystallised from CH#&-petroleum gave endo-exo dierhyl 
4,5,6,7,15,15 - hexochloro - II,12 - diazapentacy- 
c/o[82,2,14~‘~~~“]p~t~deco - 5.13 - diene - II.12 - dicarboxyl- 
ate (l4g, 7C%) m.p. 175-176” Y,,, 1680-1760 (COrEt) 1608cm-’ 
(CIGCCI) T: 8.78(t) (6H 2-Me), S.&ydq) (4H 2-OCHr), 7.30(m) 
and 7.49(m) (each 2H cyclobutane A2B2 system), 5.10(m) (2H 
H-1,10). 3.33(m) (2H H-13, H-14). (Found: C, 41.55; H, 3.4. Calc. 
for &,H,&&NzO,: C. 41.4; H, 3.3%). The adduct (IO g, I8 mmol), 
hydrogenated in ethylacetate (100 ml) over Pd/CaCOr, absorbed 
the theoretical quantity of hydrogen; filtration and recrystal- 
lisation of the oroduct gave adihydro de&&e (9.7 g, 97%) m.p. 
168-169” Y,; 1680-1750 and 1608cm- (COrEt; ClC=CCl) ;: 
8.77(t) (6H 2-Me). 5.85 and 5.86 (each a. 4H 2-OCH3.6.80(m) and 
7.60(m) (each ~2H cyclobutane ‘A2X2 system), 5.7&5.90(m) (2H 
H-1,10), 8.01(m) (4H 2-CH3. (Found: C, 41.25; H, 3.55. Calc. for 
CIPH&,N201: C. 41.4; H. 3.65%). 

endo-exo 4,5,6,7,15,15 - Hexachloro - II.12 - diazapentacy- 
clo[8,2,2,14.‘~~90)8]pen~adeca - 5,ll - diene u). Dihydro ester 
adduct, prepared as above (I3 g. 23 mmol) was stirred with cone 
HISOd at 90-95” for I hr, the product poured onto crushed ice 
and a colourless solid filtered off. The crude hydrazo sulphate 
was washed several times with benzene and dried (yield 9.Og, 
80%). The hydrazosulphate (9.0g, I8 mmol) was stirred with 
mercuric oxide (8.68 K. 40 mmol) in CHCI, (120 ml) overnight at 
20-25” and the ‘mixture then filtered through celite, the filtrate 
decolourized with charcoal, filtered and diluted with petroleum 
whereupon crystals slowly separated to give endo-exo - 
4,5,6,7,15,15 - hexachloro - II,12 - diazapentacy- 
cIo[SJ.2,l’~‘~~~“]pe~~eco - 5,ll - diene 20 (5.5g. 80%) m.p. 
198-199” Y,, 1610 (CIC=CCI) I519cm- (N=N) r: 6.78(m) and 
8.25(m) (each 2H cyclobutane AzX,), 8.74(d) and 8.0(d) (each 
2H. 2-CHz), 4.82&s, W/2 8.5Hz) (2H H-1.10). Found: C, 38.6; 
H,c~~nC;lc. for CIJHI&bN2: C, 38.35; H, 2.45%). 

- 1,10,11,12,13,13 - Hexachlorotricy- 
c/o[8,2,l,@~trideca - 3.7.1 I - triene 21: Azo compound 20 from 
the above experiment (40 mg, I mmol) was heated in a small tube 
to 200-205” (oil bath) until gas evolution ceased. Column 
chromatography of the product<silica gel, petroleum) gave cis- 
endo - 1,10.11,12,13,13 - hexachlorotricyc/o[8,2,1,02*~trideca - 
3.7.11 - triene 21, (U)mg, 80%) m.p. 109-110” Y,, 16lOcm“ 
fCIC=CCI) T: 7.50-8.Ofcomolex m) f4H 2CH3). 6.0 (bs. W/2 
6 Hz) (2H H-2,9), 4.264.78-&m) (4H,‘H-3.4 and’H7,8).‘(Found: 
C, 41.55; H, 2.85. Calc. for C,,H,&,: C, 41.2; H, 2.65%). Mild 
thermolysis of the tridecatriene 21 at 15s” overnight resulted in 
its recovery unchanged (60%). endo 23 was made by the method 
of Warrener.” 

Aaiiition of phencyclone to tricyc/ononudiene 23. Compound 
2.3 (360mg, I.1 mol) was heated with phencyclone (42Omg, 
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I .I mmol) in boiling toluene ( - IO ml) 5 hr. decolorisation occur- 
red within 2 hr and on cooling crystals separated; these were 
filtered off and washed with toluene and petroleum to give 
endo-antixxo - 1.10.11.12 - ferrachloro - 13.13 - dimethoxv - 4.7 - 
- diphenyl - 5,6 - (0.0’ - biphenylyl) - penlacy- 
cIo[8,2,1’~‘01’~70290’E]fefradeca - 5,ll i diei - 14 - bne 26 
(55Oma. 70%) m.o. 342-344” (dec) (from ocvmene) Y,.. 1790 
(bridgiring CO) lb00 cm-’ (ClC=CCl and aromatic C&Zjqe 668 
(M-CO’), 661 (M-Cl’, 633 (M-CO-Cl+‘, 406 (cycloreversion 
fragment), 380 (I 4diphenyltriphenylene). (Found: C, 68.85; H, 
4.25. Calc. for C&&l~O,: C, 68.8; H, 4.0%). Also isolated, by 
mother liquor evaporation the endo-anti-end0 isomert 2Sa of the 
pentacyclotetradecadienone (I50 mg, 20%) recrystallised ben- 
zene-MeOH m.p. 340-342” (dec) v,,,,, 1800 vs cm-’ (bridged ring 
CO) r: 1.3(m), 2.4-3.2(m) (l8H ArH), 6.5(m) (2H) and 7.25(m) 
(2H) (cyclobutane ArXr mults. separation of principal lines 
3.5 Hz), 6.62(s) (3H OMe), 7.18(s) (3H OMe), m/e closely similar 
to the carbonyl compound above 668(M-C0’ 633 (M-CO-Cl+ 
406 (Retro-D&Is-Alder fragment) 380(1,4diphenyltriphenylene). 
(Found: C. 68.55: H. 4.1 I. Calc. for LH&LOI: C. 68.8: H. 4.0%). - - _ _ 

endo-Hexachlomtricyclo[4,2,1,02-’]nona-3,7-diene 22 was made 
by an analogous method to that for compound 23.” 

Addition of phencyclone to tricyclononadiene 22. Compound 
22 (34Omg, I.1 mmol) was heated with pheocyclone (4oomg, 
I.1 mmol) (as above) to give endo-anti-exe 1.10,11,12,13.13- 
hexachloro - 4,7 - diphenyl - 5,6 - (0.0’ - biphenylyl)pentacy- 
~l0183.1’~‘~1’~‘02~~~ltetr~ec~ - 5.11 - dien - I4 - one 28a 
(350 mg, 47%) recrystallised decalin m.p. 337-338” (variable, dec) 
v,,, 1786 vs cm-’ (bridged-ring CO) (Found: C, 64.75: H, 3.4, 
average of two results. Calc. for C3sH&,0: C, 64.5; H, 3.1%). 
Work-up of the mother liquors gave the endo-anti-end0 isomer 
24a (19Omg. 29%) recrystallised benzene-MeOH m.p. 331-332” 
(dec) v,,, 179Ocm- m/e 704(M’), 67qM-C0+‘), idl(M-CCL 
Cl+. 606(M-CO-CI,‘). 406(R-DA fraement from M-CO’). 
closely similar to -2lta (Found: C, 64%; H, 3.1. Calc. for 
CsH&O: C, 64.5; H, 3.1%). 

Attempted decarbonylation of phencyclone adducts of com- 
pounds 22 and 23. The stereoisomeric adducts, prepared as 
above, were heated in p-cymene and decalin; unchanged ketones 
were recovered, and these were boiled in 1,2,4_trichlorobenzene 
when extensive decomposition occurred. 

Addition of tetracyclone to tricyclononadiene 22. Compound 
22 (2&o mg, 0.9 mmol) and tetracyclone (300 mg, 0.9 mmol) were 
heated together and the product isolated and purified as above to 
give endo-antixxo 1,10,11,12,13,13 - hexachloro - 4,5,6,7- 
tetraphenylpentacyclo[82.1 ‘.‘014~7~~90-‘.8]fetr~ecan - 5.1 I - dien - 
I4 - one 28b or 24bt (26Omg, 45%) m.p. 227-w (dec) v,, 1788 
vs cm-’ 7: 2.75(s) and 2.77-3.4(m) (20H ArH), 7.O(bs) (4H). m/e 
678(M-C0+ ), 64&M-CO-CI+ ), 609(M-CO-Q+ ), 408(RDA 
fragment from 678). 382 (Ph&Hz+ ). (Found: C, 64.0, H, 3.15. 
Calc. for t&H&O: C, 64.3; H, 3.4%). 

Thennolysis of adduct 28b to give dihydmsemibullvalene I. A 
sample of adduct 28b was heated in odichlorobenzene 2 hr to 
give 85% decarbonylated compound which recrystallised from 
benzene-MeOH gave endo - 1,10,11.12,13,13 - hexachlom - 
4.56.7 - tetrapheny/pentacyc/o[8,2,l,~~~‘~~~tnadeca - 4,l I - 
diene I m.p. 240-242” Y,,, 1608, 1498, 1445,7OOcm- 7: 2.8(s), 
2.9-3.3(m) (2OH ArH). 5.71s) (IH). 6.2(d) (IH) and 6.68(d) (1H) 
(J = 7.dHz): 6&s) (HI), ‘ml; 67g(M’.j, ‘643(M-CI+ ), 6u9(M- 
Cl,“), 408(RDA fragment M-C&L,+ ), 382(tetraphenylbenzene+‘). 
(Found: C, 64.9: H, 3.4. Calc. for C1,HZIC&: C, 65.2: H, 3.5%). 

Addition of letracyclone to tricyclononadiene 23. Compound 
23 (MOmg, 0.5 mmol) was heated with tetracyclone (19Omg, 
0.5 mmol) in tolwne (as above), the mixture was concentrated 
and acetone added: the pink solid product was recrystallised 
from benzene+MeOH to give endo-anti-exo l,lO,ll,l2, - tefra- 
chloro - 13.13 - dimethoxy - 4,5,6.7 - letraphenylpentacy- 
clo18.2.1’~‘01’~70290)91ctrodecan - 5.11 - dien - I4 - one 29bt 
(2Og r$ 57%) m.p. 242-243” (effervescence) Y,, 1784 (bridged- 
ring CO) m/e 67O(MCO+‘). 635(M-CO-C1+‘). 408(RDA fragment 
from 670), 382(Ph,C&+‘). (Found: C. 68.5; H, 4.13. Calc. for 
C,,,H,Cl&: C, 68.55; H, 4.3%). 

Themrolysis of adduct 29b to give dihydmsemibullvalene 
II. The adduct (180 mg) was heated to its m.p. in a small fusion 

tube for 2 min. Vigorous effervescence occurred, and the cooled 
product was recrystallised from benzene-M&H to give endo 
~,lO,ll,l2 - terrachlom - l3,13 - dimethoxy - 4,5,6,7 - tetra- 
phenylpentacyclo[8,2, I ,@.wWd]triadeca - 4,ll - diene II ( - 
9Omg, 55%) m.p. 18&19o”v,, 2950,2840, 1603, 1495, 1445, 1190. 
ll30,990,700cm~‘~:2.7-3.3(m)(20H),5.8(s)(IH)6.38(d)(lH)and 
6.94(d) (IH) (J = 7.0 Hz). 6.42(s). 6.58(s). (6H 2-OMe). 6.!&) (IH). 
m/e’ ’ 670&i+ h 635&cl5; 408(k~A, M~7H&i02+)~ 
382(C&IH,+‘). (Found: C. 69.9; H, 4.4. Calc. for &H,,,Cl,Oz: C. 
69.65: H, 4.5%). 

Attempted dehydmgenation of compounds I and II with 
bromine and 2,3-dichloro-5.6dicyanobenzoquinone. Compounds 
I and II (TO-200 mg) were recovered unchanged after treatment 
with Br, in boiling redistilled CHCL: or when heated with di- 
chlorod~yanoben&uinone in toluene in a Carius tube at 
9tP/% hr. 

77re reaction of 2J - di(p - methoxyphenyl) - 3.4 - diphenyl- 
cyclopentadienone with tticyclononadiene 23. Tricyclononadiene 
(240 mg, 0.75 mmol) and 2.5 - di(p - methoxyphenyl) - 3.4 - 
diphenylcyclopentadienone (333 mg, 0.75 mmol) were boiled in 
xylene (ca 2Oml) for I8 hr. and after vacuum evaporation and 
cooling I : I cyclohexane-MeOH (IO ml) was added; the ppt 
(370 mg, 64%) gave as second eluent on column chromatography 
(silica gel-CH2Cl,) the adducf 29ct (8Omg. 14%) m.p. 240-242 
(dec) v,,,,, 1780 vs cm-’ (bridge-ring CO) I: 2.13.5(m) (l8H 
ArH), 6.7(s) (6H) and 6.5, 7&each s, 3H) (4-OMe). 7.1(m) (2H), 
7.2(m) (2H). m/e 73O(M-C0’), 695(M-CO-CI+ ), 468(RDA 
fragment), 442(C~~H~02 @-MeCKdi4kCd42 GH5k+') (Found: 
C, 66.6; H, 4.7. Calc. for C12HUCl,0r: C, 66.35; H, 4.5%). 
Subtraction of the ‘H NMR spectrum from that of the crude 
product left signals characteristic of cyclooctatriene (41~) r: 
2.C3.5 (18H. ArH), 4.2(m) (ZH=C-H), 6.08(m) (2H C=CCH), 
6.32(s) (6H), 6.44 and 6.46 (each s, 3H) (4-OMe). 

Reaction of 25 - di(p - methoxyphenyl) - 3.4 - diphenylcyclo- 
pentadienone with tricyclononadiene 22. The cyclopentadienone 
(666 mg, I.5 mmol) boiled in xylene (18h) with 22 (483 mg, 
I.5 mmol) and the evaporated soln diluted with n-hexane gave a 
fraction A (55Omg) part of which column chromatographed on 
silica gel gave the adduct 2&t (60 mg, 10%) m.p. 234-235” (dec) 
from CHCIrn-hexarm, v,,,,, 1787 vs cm-’ (bridge-ring CO) T: 
2.8-3.4(m) (18H). 6.3(s) (6H 2-OMe). 7.05(s) (4H) coincident 
cyclobutane signals); m/e 738 (M-CO+‘), 703 (M-CO-Cl+‘), 468 
(RDA from M”), 442 ((p-MeOC,H& C6H2(C6HJbf’). (Found: C. 
62.5: H. 3.5. Calc. for CmH,sCkOI: C. 62.4: H. 3.65%). Mother 
liquor evaporation gave a s~id”B’(l4tl m&substantially dihy- 
drosemibulvalene (III), and a viscous oil C (UK) mg), mainly 4tk. 
A similar experiment in boiling toluene (under Nr) gave adduct 
2& (60%). and from the crystallisation liquors cyclooctatriene 
4oc (12%) m.p. 228-2uP (from CHCls-Me-OH) r: 2.7-3.4(m) (18H 
ArH), 4.15(m) (2H =C-H), 5.88(m) (2H C=CCH), 6.3(s) (6H 
2-OMe); m/e 738 (M”) 703 (MCI+ ) (Found: C, 64.25; H, 3.95. 
Calc. for C~zsCl& C. 64.55; H, 3.9%). 

Samples A and B of adduct 28c (132 mg) were fused at 235” 
(metal bath, 2 min under Nz, CO evolved); the cooled products 
were dissolved in CHCI, and MeOH added. Solid precipitated 
from evaporated sample- B was chromatographed to give one 
main product (65 mg); this was recrystallised (CC&-MeOH) and 
the crystals (40 ma) combined with those separated from sample 
A (35 mg). Recrys~allisation of the combineb yield gave product 
m.o. 231-232.5” (dec) (55 ma) which on chromatography (5% 
ether in CQ-petrol: IO mg/?Ocm x 2Ocm plate) resolved into 
two fractions, (i) dihydmsemibutlvalene III (36mg. 14% m.p. 
233-w (from Ccl, n-hexane) 7: 2.8(s) and 2.9-3.7(m) (18H 
ArH), 5.8(s) (IH), 625(d) (IH) and 6.82(d) (IH) (J =7 Hz), 6.34 
and 6.46 (each s, 3H 2-OMe), 7.0(s) (IH); m/e 738(M’ ) 703(M- 
Cl+‘) 468(RDA, M-C&L,+ ); M 738.0199. Calc. for C39H28CL,02: 
738.0200; and (ii) an isomer of III, (36mg. 14%) m.p. 184-185 
(CCL-n-hexane) r (CCL) 2.8-3.7 (cm) (l8H ArH), 5.85(s) (IH). 
6.43(d) (IH) and 6.77(d) (IH) (J = 7 Hz), 6.24 and 6.36(s) (6H 
2-OMe). 6.97(s) (1H): m/e identical to compound HI above. 

The ‘aa’dition .of .i,5 - dimethyl - 3,4 - diphenylcyclopen- 
tadienone (“Hemicyclone”) to tricyclononadiene (22): Hemi- 
cyclone dimer (2.Og, 4 mmol) and 22 (2.46g, 8.0 mmol) were 
boiled in xylene (40 ml; I8 hr); on cooling crystals separated and 





3030 W. P. LAv et al. 

diphenyl - IO.1 ho.0 - biphenylyl) - tetracyclo[6$,1 .@‘Os’~l*]dodeca 
- 3.5.10 - triene VIII (1.3g. 80%) m.p. 207-209” r: I.3-3.3(cm) 
(l8H ArH), 4.19-4.6(cm) (4H. H-3,4,5,6), 5.5l(narrow m), 6.7(d), 
689(narrow m), 7.63-7.79(cm) (each IH, H-1,2,8,7) “C ppm: 
35.87, 41.06. 54.41. 55.09. 60.96. 616Usaturated C) 122.89- 
142.07(23 signals resolved, 2). (Found: d. 94.55; H, 5.95. Calc. 
for CMHX: C, 94.3; H, 5.7%). 

Maleic anhydride adduct of compound VIII. Heated in 
chlorobenzene (25 ml) I8 hr, with maleic anhydride (IO0 mg, 
I mmol) VIII (46omg. I mmol) gave, after chromatography as 
above. an adduct (500 mg, 90%) ma 285-29O”(Found: C, 86.05; H, 
5.05. Calc. for C,H,O,: C. 86.3: H. 5.1%). 

LXethyl 4,7 - ~ph&yl - 5,6 - (perinaphthylyl) - I I,12 - diaza- 
tetracyclo[8,2,2,~s’&‘x]tetradeca - 4,6,13 - triene - II,12 - 
dicarboxylate. Ester 7 (3.44 g, I2 mmol) was boiled with ace- 
cyclone (4 g, I2 mmol) in chlorobenzene (40 ml) - 20 hr. The 
solvent was removed in uacuo and the residue triturated with 
MeOH and the solid recrystallised from CH+&petroleum to 
give diethyl 4.7 - diphenyl - 5,6 - (perinaphthylyl) - I I.12 - diaza- 
tetracyc/o[8,2,2,~~90)8]tetradeca - 4,6,13 - trien - IL12 - &car- 
boxy/ate (5.6g. 76%) m.p. 159-160” Y,., l680-1750cm- (CO,Et) 
r: 2.5-3.(Kcm) (l6H ArH). 3.49(m) (2H. H-13.14). 5.25-5.47(cm) 
(2H. H-1,10); 66%.87(&t) and 6.89(m) (4H; Hi2,3,8,9), 5.78: 
6.07(dq) (4H 2-OCHr). 8.71-8.9O(dt) (6H 2-Me) (Found: C, 79.0; 
H, 5.55. Calc. for CUIHr2NrOI: C. 79.2; H, 5.6%). Hydrolysed in 
an ethanolic soln of KOH the ester save lO.l3dinhenvlfluoran- 
thene (54%) m.p. 163-164” T: 2.3-2.&m), m/e 354 (&HIS+ ). 
(Found: C, 94.15; H, 5.35. Calc. for &Hi,,: C, 94.9; H, 5.1%). 

Addition of 2.5 - dimethyl - 3.4 - diphenylcyclopentadienone to 
Askanis’ ester 7. 25 - Dimethyl - 3,4 _ diphenylcyclopen- 
tadienone dime?’ (2.6Og. IO mmol) and 7 (2.78 g, IO mmol) were 
boiled overnight under N2 in toluene (50 ml). The solvent was 
removed in uacuo and the product recrystallised from CH2Clr 
petroleum giving diethy/ - 4.7 - dimethyl - 5.6 - diphenyl - I I.12 - 
diazapentacyclo[8,2.2,14~‘~“]pentadeca - 5,13 - diene-- I5 - one 
- I I.12 - dicarboxylate 425 (4.73 R. 88%) m.n. 2l(P(dec) Y,.. I770 ..__ 
and’ 1680-1740 cm-’ 7: 2.83.6&n) (l2H 2-CnHs ‘and CH=CH), 
5.0-5.2(m) (2H, H-1,10), 7.6-7.7 and 7.9-8.2 (both m, 4H, H- 
2,3,8,9), 8.8(s) (6H 2-Me), 5.7-6.1&l) (4H 2-OCHz) and 8.76(dt) 
(6H 2-Me), m/e 538&f+ ), SlO(MCO+‘). (Found: C, 73.65; H, 5.8. 
Calc. for C 33 Y 2 5 H N 0 : C, 73.6; H, 6.35%). 

Hydrolysis of adduct 42 with oxidative decarboxylation and 
deazatation to give tetracyclic ketone 45. The adduct (538mg. 
I mmol) was hydrolysed with KOH (1.4~. 25 mmol) in boiling 
EtOH (55 ml) during 24 hr, insoluble salts filtered off, the residue 
diluted with water and the organic product taken up in CHrCI,; 
the washed and dried (CaC12) soln was evaporated in uacuo and 
the residue (355 mg) subjected to preparative tic (I : I CH#&- 
petroleum) to give endo-anti - I,10 - dimethy/ - I I,12 - diphenyl- 
tetracyclo[8,2,1.~sO’d]tetradeca - 4,6,1 I - the - I3 - one 455 
(224 mg, 61%) m.p. 139-141” (from petroleum) v,, l77Ocm-’ T: 
2.7-3&m) (IOH 2-&H,), 4.1-4.5(cm) (4H. H4,5,6,7), 7.3(bs) 
(4H. H-2.3,8,9). 8.75(s) (6H ZMe). “C NMR ppm: 7.89, 28.76, 
53.81, 56.73(saturated C), 121.04, 126.14, 127.04, 127.%, 129.23, 

134.45. 142.21 (=C<) and 208.65. m/e 364(M’ ), 336(M-C0’ ), 

258(M-CD-C&,+ ) (Found: C. 88.65; H, 6.55. Calc. for Cz,H2,0: 
C, 88.95; H, 6.65. 

Thennolysis of compound 45. The product from the previous 
experiment (IO0 mg) was heated in hexacblorobutadiene (2 ml) at 
200” until evolution of gases had ceased: the solvent was 
removed in uacuo and the residue chromatographed (I: I 
CH#&-petroleum, silica gel) to give 2’,5’dimethyl o-terphenyl 
identical to the authentic compound.” 
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