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AbrbwtSupplcmmtary evidence has been obtained for the formulation of the cycloetatetracae tctramcr as 1. 
Thus tcbacyano-ethykm gives a 2:l adduct 7. and at co 310” the tetramcr fragments ckaniy to a&d the 
cyck-octatetrncne dimer 9. Additions to dimer 9 may be effected s&ctively at the 4,Sdoubk bond. and occur in 
the are-mode. The wwation of IcUachbrobemc from 3,4J,6-tetrachlorobenzcnediinium ca&oxyktc in 
tetmhydrofursn ~.3ulis in tk ctkr*hx 22. 

Structure 1 for the tetramer obtained by thermal oli- 
gomerisation of cyck-octatetraene has been proposed by 
Hoes& et al.2 Our own investigations,’ leading to the 
same conclusion, gathered the following additional evi- 
dence in support of this formulation. 

As reported,2 the temperaturedependent ‘H NMR 
spectrum of the tetramer revealed the presence of two 
fluxional3,4-homotropilidene systems. Comparison with 
the spectrum of compound 2’ was instructive. In this 
molecule, the two protons H” and HE, which retain their 
vinytic character when rearmngement of the homotro- 
pihdene system occurs, give rise to two apparent triplets 
(actually double doubkts,t J 9 and 9 HzS at T 4.07 (1H) 
and 4.33 (1H). The spectrum of the tetramer (under the 
same conditions) included similar signals as follows: 7 
4.10 (2H, two coincidental dds,t I values co 9 Hz), 4.32 
(lH, dd, I9and 9.5 Hz), and 4.35 (1H. dd, I9 and 9Hz). 

The bridged homotropilidene systems of e.g. 
barba&ne 3,” barbaralone 4: and dihydrobullvalene 
5’ undergo formal [2 + 2+ 21 cycloadditions with tetra- 
cyanoethylene to give products of structure 6. Analo- 
gously, reaction of the tetramer with tetracyanoethylene 
aflorded a 2:l adduct, the PMR spectrum of which 
showed that homtropilidene systems were no longer 
present, indicating structure 7. (An attempted reaction of 
the tetramer with tetrachlorobenzyne is described later). 

The tetramer can be produced bJ heating the cyclo- 
octatetraene dimer of stnrcture 8,’ which is known to 
be highly reactive as a conjugati dkne in the Diels- 
Alder reaction (see Ref. 10). and has been assigned the 
dienophilic role in its addition to cyclopentadiiae.” 
Some supporting evidence for the formulation of the 
tetramer as a Dkls-Alder dimer of compound 8 was 
obtained from thennolysis experiments, in which the 
tetramer was found to fragment cleanly above 300” to 
give high yields of the caged compound 9. This is ther- 
modynamically the most stable of the cyclo-octatetraene 
dimers and results’z” from dimer 8, via dimer 10, at 
temperatures much lower than that required for the 
tbermolysis of the tetramer. 

tRcve&d by double inadktko cxperimenta. 
$I vahlca of co 9 Hz arc typical of such protons (cf. Rd. 5). 
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The cheoistry of the cyclo+ctatetraene dimcr 9 is 
little kt~wn,‘~ and its ready formation from the tetramer 
1 provided a stimuhrs for the invest@ioos described 
below. 

Inspection of a model of stnrcture 9 indicated that the 
4J-okfSc bond mi&t be expected to show some 
resemblance to the strained C=C of norborneoe, while 
the 13,14double bond should have a much lower reac- 
tivity, commensurate with that of a bicyclo[2.2.2]octene 
system. !Mective attack at the 4Jdouble bond could 
therefore be prognosticated, and was indeed real&d in 
addition reactions, usin, the reaRents listed below, in 
which the non-involvement of the 13,14double bond was 
evident from the presence, in the PMR spectra of the 
products, of the characteristic signals of its vinylic pro- 
tons. Moreover, the stereochemistry of the products 
could be inferred from the splitting patterns of the pro- 
tons in positions 4 and 5. Examination of molecular 
models indicated that when H-4 or H-5 possesses errdo 
stereochemistry, very small coupliqs with the vi&al 
bridgehead protons would be expected (c$ the norbor- 
nane system”); furthermore, I~rrro)~-) should also be 
very small. 

Bruminc The addition of bromine in dichlormethane 
at cu. - 1s” yielded a diimide which could be as&red 
structure 1100 the basis of the spectral evidence (Table 
1). Debromination of the product, usins zinc in acetic 
acid, regenerated the starting material 9. 

Acetyl hypobumitc This reagent, generated in siru 
from N-bromoacetamide and lithium acetate in acetic 
~cid,‘~ produced a mixture of two bromoacetates, which 
could be formulated as 12 (minor product) and 13 (major 
product) (Table 1). The ilhrstrated stereochemistry was 
contkmed by the followinR results. 

Treatment of the bromo-acetates 12 and 13 with 
aqueous sodium hydroxide was expected to lead to the 
same mdocpoxide 14, but initial experiments in which 

~Bymulqywiththenorbornanqsy6tem,thctennaendoandexo 
arc used here for convenient denotation of the stcrcochemisby at 
position 4 and 5. 

Tabk 1. NMR splittin patterm of H4 and H-5 in addition 
products of dime-r 9 (from 110 MHZ spectra; 8weepwidth lam Hz) 

SiQul (2 valea in w 

E-4 E-5 

ii d(3) dd(6 aad 31 

g : d(5) ddq and 5) 

I.2 d’(7) 2 

I.! d(3) dOI 

I.9 d(6) d(6) 

2 d(5) d(5) 

E d(6) d(6) 

Y d(6) d(6) 

ktll fart&r fine Splittin& 

the reaction products were ChromatoRraphed on silica 
resulted in a mixture of two ketones. 

Observation of the relative shifts of the vinylic protons 
induced by Pr(fod~” enabled the major and miaor 
components of this mixture to be assigned structures 15 
and 16 respectively; no skeletal change accompanied the 
formation of these products, as shown by theii coo- 
version via sodium borohydride reduction, tosylatioo, 
and elimination into tire parent hydrocarbon 9. The aufo- 
epoxide 14 was eventually secured by employing alkali- 
treated silica for its chromatogaphic puritkation. 

u4hloropnbmtoic acid. Direct epoxidation of the 
dimer 9 with this reagent Rave the exo-epoxide 17 (Table 
1). This product was much more stable than its endo- 
isomer 14, and was unchaqed by chromatography on 
‘urureat~ silica. 

Dichlorocarkne. Addition of dichlorocarbene, 
geocrated from chloroform and aqueous sodium 
hydroxide in the presence of a phase transfer catalyst,” 
yielded the exe-adduct 18 (Table 1). 

P!uvtyl axi& This reaReot was found to Rive rise to 
two products separabk by TLC, but extraction of the 
silica on which these products were absorbed, using 
boii ethyl acetate, gave a .sinRle compound. It was 
evident that the two isomeric triaxolines expected to be 
formed by an initial Udipolar addition had undergone 
thermal extrusion of nitrogen to Rive an N-phenylax- 
iridinc, having the exo-co&uration 19 (Table 1). 

1,2,3,4 - Tetrachlon, - $5 - ethylenedioxycycbpen- 
tad&?ne. Cycloaddition of this electrondeficient diene to 
dimer 9 at loo” in the absence of a solvent yielded two 
isomeric 1: 1 adducts, of m.p. 243&W (minor product) and 
157-1590 (major product) respectively. It was apparent that 
these both resulted from exe-addition to the 4Jdoubie 
bond of 9 (Table 1). They could therefore bc assigned the 
two structures #) and 21, but it was not possible to tell 
which was which. 

To summarise, the strained 4,Solefinic bond in the 
cyclo-octatetraeoe dimer 9 shows a reactivity 
reminiscent of oorbornene, and this resemblance extends 
to a similar preference for exe-addition. 

As mentioned above, an attempt was made to effect a 
reaction between the tetramer 1 and tctrachlorohenxyne. 
When the latter was generated via tetrachlorobert- 
xeoediazonium carboxylate from tetrachloroanthrani& 
acid and iso-amyl nitrite in tetrahydrofuran, the major 
product was a compound C17HloCb0,. It was soon real- 
ised that this was also formed in the abseuce of the 
tetramer, and the spectroscopic evidence indicated 
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mtcture 22. This was cm6rmed by alkahe hydrolysis, 
which gave the known” 2,3,4J-teuachlorobenic acid 
and an alcohol whose elemental composition and spectral 
properties were consistent with structue 23. Cleavage of 
tetrabydrofuran by benzyne (from benzensdiazonium 
carboxylate) has been observed by Wolthois n &I9 
although this reaction took a somewhat merent course 
and resulted in the products 24 and 2!5, or, in tbe 
presence of water, 25 and 26. 

~tpctroleommcanstlmfractionofb.p.4&6V.IBxpe&a 
were determined for Nujol q ulk: PMB xpectm were measured at 
100 MHZ lming x&s in CDCI, 

22: X=CI. R=H 
24: X=H, R=NHPh 

23: X = CI.R = H 
25: X = H, R = Ph 

OR 
26: X=H.R=H 

27: R=H 
22: R=Ts 

The cydo - octotumm4? rumma - tdmcyanoethylttu i:2 
odduct 7. A mixture of 1 (2OOmg) and tetrecyanoethylew 
(125 me) in tohR.nc (2Oml) wax heated m&r rcihu for 22 II. 
Sowadduct7acpxr&d,andmorewasobminedbyconcen- 
tration of the mother-liqm (total yield 174 s 54%). An aonly- 
tical spmpk wax pnppred by rccrystahtion from EtOAc @cc. 
above 3OW without m&it& (Found: C, 78.1: H. 4.8; N. 16.9. 
C.&N, requires: C. 785;&48; N, 16.7%); IB o& 1638 cm-‘; 
PMB r 3.6S3.M (ZH). 4.33 (2H. br a). 6.1-6.3 IW). 6.3-63 (W). 
7.15-7.85 (12H).8:1ti:9 (lti): .. . .. . .. 

7kndys& of the cycle-octattimetc tttmmer 1. TIM tctxamcr 
(3.75 g) was brated uader Nz with a free &me until, at co 31V, 
an exotbermic reaction commenced. wbcn bating was dis- 
continued. After the reaction bxd aubxii. the prodoct was 
cooled rxpidly and then cbromatogrxplled on sil.ica. Elution with 
light pctrokum xhrded the dimer 9 (291~. 78%), identical with 
an autbentk sampk;’ PMR T 3.S3.75 (III), 3.8S-4.3 (3H). 
6.95-8.05 (IOH). 8.1-8.4 (1H). 8.6-8.85 (IH). 

The silver nitrntc compkx had m.p. 197-IW (lit.= 1%9. 
lRe a7bthde 11. Bromine (340 me) in CH$Z12 (15 ml) was 

addeddming0.5ttrtoasotnofdimcr9(44Om@intkexame 
solvent (25 ml) at - 15’ (ice-salt bath). Tbc solvent wax removed 
andthcre&tucwaxchromDtoBrpphcd 00 aiika E4lltion with 
he= yielded 11(17Om& 22%). r0.p. 124-1250 from hexme. 
(Found: c, 52.1; H, 4.4; Bi, 43.9. C&Br2 requires: C. 52.2; H, 
4.4: Br, 43.4%): IB V, 1608cm-‘: PMB f 3.55-4.05 (W). 5.32 
(1H. dd. I 6 -imd 3@. 559 (lti. d. I 3Hz), 6.8-h iilH), 
8.3-8.65 (1H). 

tkbromhtion of the pM with 20 dust in &cixl AcOH at 
rwm temp. lplve the dimer 9 (78%), identical with an wthntic 
speimtn.” 

m bmmo-acuaw l2 ad 13. A mixture of dimer 9 (243 III,&, 
N~mo~(lUmp),aadLithium~(1.6g)inplPcLl 
AcOH (16 ml) was at&d at room temp. for Ubr. and ha 
poured into water. The product wax colkctcd in light petrokum. 
aIMI chromatographed on prcp4rative Iilica phtcx (1:l L!enWW- 
li2llt pctrhum) to give two komelic hmo4wmW. 

(i) BIWUMWWC l3 (125m2, 30%). m.p. W-140’ (from 
bcxanc) (pouad: %, 61.9; H, 5.6; Br. 229. C&&Br rc&cs: 
C, 622; H, 5.5; Br, 23.0%); IR r, 1741, -i616&-‘; I% c 
3.5ti.05 (m). 4.55 (1H. d. [with fmtbcz the splittin& I 7 Hz), 
5.22 (1H. s [with 2nc xplittin& 6.2-3.611 (MI). 
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(ii] Eromo-acetate 12 (25 mg, 6%). m.p. 12CLY from bexane. 
(Found: C. 622; H, 5.7; Br,-226%); @ Y, 1745. 1617cm-‘; 
PME 7 3.64.1 (w), 4.47 (1H. dd. J 5 and 5 Hz). 5.67 (IH, d. I 5 
and 1 Hz), 7.05-8.9(1SH): 

When the reaction was cerried out on a larger scak, the major 
isomer 13 could be obtained simpiy by fractiona) c~s~i~~n. 

‘fL6e cndc+cpoxidL 14. A mixture of 13 (1.39g) in benxene 
@ml) end NaOH (1.60s) in MeOH (17Oml) and water (1 ml) 
was heated under reflux for 4 br, end then poured into wetcr. The 
product was collected in CIi&, and chromatograpbed on silica 
plates which had been prepared u&8 aqueous 0.4M KOH in 
place of water. Elution with I:1 benxene-light petroleum gave 
the endo- as an oil (0.37 g, 41%). which ti pu&ed fur& by 
distillation [so” (bath)/6mmj @our& M (mass spectrum), 
2X12@. C,&O requires: M, 224.1201: v, (liquid film) 
1616cm-‘; PMR v 3.6-4.05 (W), 6.2-6.5 (2H), 6.75-8.6 (12H). 

The kdona 1s ulkf 16. when la (1.21 gl was treated as 
described above, and the product was chrometographod on a 
siica column, &ion wit& etker-benxene (l:SO) pftorded 15, 
wide e~utian with ether-bciusne (4~50) Save an oil which was 
subjected to Mve tk on s&a. Mu e&ion with 
EtOAc*xane (1:lO) then yielded a further qua&y of 18, end 
the isomeric ketone 16. 

(i) Ketone 15 (454 mg, 58%), m.p. 77-79’ from bexane at -75’. 
(Fwnd: C. 85.3: H. 7.3. C&L,0 reauires: C. 85.7: H. 7.4%): IR ._ ._ 
;i 1738~‘1611 cm”; PMR T 3.55-4~05 (2H); 6.9-s.6 il4H).-Thc 
2.4diniiphenylhydraxone had m.p. 213214” fmm EtGH- 
h&CO. (Fouad: C, 64-k X, 5.0; N, 13.9. C&&G, reqoiresz 
C, 65.3; H, 5.0; N, 13.9%). 

(ii) Ketone 16 (l2l ntg, 15%). m.p. 76-v from hexane. (Foundz 
C, 85.2; H, 7.2%). The ~~~~ny~y~e bed m.p. 
20!&2ll* (fmm M&O) (Four& C, 65.3; H. 4.9; N, 14.1%). 

ne ketone IS was also obtained by tre@ent of 12 with 
aqueous elkeli. but no 16 we8 iralated @ossiiy becaose of the 
small scsk of the experiment). 

77~ exe-epoxide 17. A soln of m-chl~~rberu&c acid 
(4l4ma)inCH2Ct,(Sml)wasufdedhniPs#Imiatoae~ 
soln of.9 (4% nlg) in the same solvent (5 ml); StininD was then 
continued for lJ hr. Tbe mixture wee ~oun~I into 2% NeOHaq 
(50ml). and the product was & in light petroleum. The 
resulting ao- 17 14!Xl mg, 84%) waa then puritkd by preparative 
tkz. followed bv distillation 170” &athl/O.2mml; m.~. 52-34’ 
[F&u& M (n&i spectrum), 224.119. C,J&& req&res: M, 
224XOj; iR v, 1615 cm-‘; PMR T 35-4.1 (2H). 653 OH, d, I 
3 Hz), 6.61 OH, d (with further fine splitting), f 3 Hz] 7.0-8.8 
(12H). 

Rrconeenk?~ of kemes 1 and 16 trro dima 9. (a) Ketone 15 
(257 mg) in Meow (10 ml) was added during l5 min to NaBI& 
(87 mg) and NaOH (gmgl in the aame solvent (25 ml). The 
mixture was stirred for 2hr, and theo 5% HClaq (1Oml) was 
added, by water (lOOmI). Co&&ion of the product in 
CH& gave 27 (187mg. 72%), m.p. 112-IlP from bexane. 
(Four& C, 84.1; H, 7.9. C&& re&w C, 84.9; H, 8.096); SR 
V, 3355br, l617cm-‘: PhfR T 3.5-4.05 (W), S.4-5.75 OH). 
7.1-8.7 (15H). 

Similar treatment of 16 (I%@ afforded fbfi iaomeric 1 
(lUntg, 54%). m.p. lo&1oP from hexene. (Found: C, 84.7; H, 
8.2%); IR vu 3330 br. 1615 cm-‘; PMR r 3.5-4.05 (2Hh 5.35-5.7 
flHl. 7.w.85 (1SH). 

poimd onto ice. i-iii resld& c2ryitaRine i9 (25 me) was dried, 
andbeatedindrycol&line(2ml)underreUuxinaN~atmosfor 
16hr.TbcmixtunWarpwndintotnrtefaadocidi&darithHCh 
andtheproductwas&ectedinligbtpetro~toyield~ 
(12ms. 88%). identicel with an authentic w&n. 

A&go&y, 21(57 mg) gave 3g (79 a-77%). which in re&rx- 
~~~~~~~~~g(~~*~)* 

The dichlonw&waddncZ 18. A mixture of f (241 mg), ben- 
zvl triethvlarnmonium cbbtide (90 mn). CHCh 0.74&, nod 50% 
fiaOHsqi4.6 ml) was &red v&mu& for 4hr,~thcnpwnd into 
we&s. CoUection of the prodDct in CHZCCL gave the adduct 18 
(175 mg. 52%), m.p. 136-137’ from acetone. (Found: C, 70.1; H, 
5.6; Cl, 2.4. C,,H,&+& requires: C, 70.1; H. 5.5; Cl, 24.4%); IR 

1612crn”‘; PMR r 3.55-4.05 (2H). 7.1-8.25 (1lH) @&dii A% 
9: 7.84 flH, d, J 8Hx) sod 8.05 (lH, d, f 8 Hz)], 8.45-8.7 (IH). 

temp. for 4 days. Removal of the &vent rbuowed by preparative 
tic of the residue on silica 0: 10 EtGAc-hexane) gave two bandi 
which were extracted separately with boiling EtGAc (usiog a 
Soxhlet apparatus). in e&h Case evaporation of the extract 
tiorded 19 Mtal yield 3Mmn. 69%). m.p. 136-137” (from 
MesO) (Fouod: C,-87.8; H, 7.i; N, 4.6. C&N requires: C, 
8.2; H, 7.1; N, 4.7%); IR v, 1616, MOOcm-‘: PMR ? 2.65-3.25 
(JH). 3.55-4.05 (2H), 7.05-8.3 (13H) [iluding AB q: 7.19 (lH, d, 
I 5 Hz) end 7.31 (1H. d, J S Hz)), 8.5-8.75 (IH). 

I7tt L&&Alder U&UC& 21 iand 21. A mixture of 9 (42% 
12J,~~~~r~5Scxycy~~ne 

$mg) was heated at 100’ (bath) for 3hr. Fractional crystal- 
lisatioa of the result& gum fmm MeOH then gave the two 
isomeric # and 21: (i) m.p. 243-2450 (21 mg, 22%) (Fou& C, 
59.2: H, 4.3; Cl, 29.5. C&&C& requires C, 58.8; H, 4.3: Cl, 
30.2%& IR Y, 1614, 15%cm-‘; PMR I 3.6-4.0 @Ii). 5.65-6.0 _-. 
(4H), 6.% (lH, d, J 8 Hz), 7.1-83 (13H) [in&ding 4, i 8 Hz. at t 
7.301: (ii? m.o. 157-159’ (55 me. 59%) (Four& C. 58.8: H. 4.4~ Cl. 
30&j; iR -&& 1617, i599cm-‘: I+& T 3.b4.1 cw,; 5.86.0 
(4H),6.90 (lH, d, I EHz), 7.10(lH, d. J 8Hz),7.15-8.85 (12H). 

4 - (2,3,4,S - Tetmchlomphcnoxy)bufyi 2,3,4.5-rumchlotuben- 
tie 22. A wla of tebacbloroanthmnilic acid (2.658) in dry 
THF (35 ml) was added during 20 min to a stirred aoln of iso-amyl 
nitrite (10 ml) in the same solvent (50 ml) at 45’ (bath) under a N2 
atmor. The mixture was stirred at the same temp. for a further 
4hr. end the solvent was removed under reduced pressure. 
Catchy of the residue on silica, using 1:l baw&ght 
petroleum aa &ant, gave 22 (0.75 g. 14%). m.p. 115..116. (from 
I&CO)(Fotmd: C,37.6;H, l.9;C1,f1.8.CI,H~ICh4~~~: C. 
37.4 H, 19; Cf. 52.0%); IR v,,,, 1734, 1707cm-‘; PMR r 2.21 
OH, s), 3.M OH, s), 5.35-5.6 (2H), 5X-6.0 (2H), 7.8-8.1 (4H). 

Hy~lys~ of flu ester 22. A mixture of Ibc ester (2%m& 
NaOH (2.5 g). MeOH (25 ml), water (5 ml), and benzene (10 ml) 
was heated under r&x for 4hr. Water was added, and the 
mixture was extracted repeatedly with ether. Acidilication of the 
aqueous layer with HCI then precipiited 2,3.45-te~rachlorohen- 
zoic acid (53% 38%), m.p. 192194@ (lit.” l!M-1957 from 
&CO. 

The comb&d ethereal extracts were washed with water, dried 

an oil [Four& M (mass spe&Nm) 301,%2 (@Cl) C&i&l& 
requireir: M, Ml.%3 (=Cl)]. 

The 3$dinitmbenxo& bed m.p. 13&13P (de& from Et@ 
Me&O. (Fou& C, 40.9; 8, 2.7; Cl, 283; N, 5.6. C,~H,&l&U, 
requires: C,41.0; H, 2.4; Cl, 285; N, 5.6%). 

Acltrro~mnrtr--This work was made pos&k by the kind- 
lmss of Dr. w. 0. Jones (British o%ySen Compmlyh who pro- 
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