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Abdnct-The ‘Ii-NMR. ‘%NMR and ~botoekctron spectra of a variety of thctaobicyc~3.2l~octn-3a 
6 Bive evidence of corljugui~ and bom~ve effect8 in these coalpods, t!ut there is no su#pstba from 
the data of 8ny ~pccial contribution from the (la + 2)~ neutral bisbomwomatic system. Reaction of the diem.3 6 
with TCNE invariably yielded the product of I2 + 21 addiia in cuts wbrc a fully c-k product was _ - . 
Obtild. 

It is well known that special homoconjugative effects 
opcrateincatjonkaadanionicspcckscont&illgatotalof 
(4n+ 2)ackctrons in interrupted cyclic conjugation 
where tbc geometry allows orbital intcra&m to occur 
through space.’ Such effects have been termed 
“homoaromatic= and theoretical treatments of 
horno~o~ci~ have been made.- Specks such as the 
homotropylium cation 1’ and the bicyclo[3.2.1] 
octadienyl anion f are archctypal homoaromatic 
compounds and arc termed monohomoaromatic and 
bishomoaromatic respectively. Homoaromatic effects of 
comparable magnih& to those found with chargad spc- 
tics have not been obsa-vcd in neutral molecules and 
~~~nex~~~sof~~lo~s~ 
energy of tbc orbit& interacting through space in the 
charged specks compared to those same orbiis in the 
neutral mokcuks.* 

It has been a point of considerable interest over recent 
years to systhesisc neutral mokcuks with (4n+ 2)~ 
electrons in intezruptcd conjugation which might show 
homoaromatic effects. Tbc classical example of such a 
compound, cis,cis cis - cyclonona - 1.4.7 - trknc 3, 
showed no evidence of neutral trishomoaromatic 
character from X-ray analysis,’ NMR studies,’ or heats 
of hydrogenation,“’ although it has been claimed that 
si@cant homoconjugative interaction is shown by 
photockctron spectrosc0pyP Triquinacent 4 appears to 
show a smaller horn~~~ve interaction than the 
trkne 3” and this has been explained as being due to 
geometrical considerations.” The neutral homoaromatic 
compound elassovakne S has been shown to exhibit 
effects which might be ascrii to homoaromaticity in 
the bridged portion of the mokcuk using ‘H NMR and 
photo&&on spectra, and diamagnetic s~~~~~~ 
~~n~.‘z 

It has been claimed that tbc aromatic&y of the 6a- 
excessive hcterocyclic compounds, fMn, pyrrok and 
thiophene can be exten4kd to analogues with IO,” 14,‘. 
and more” rckctrons and so thae is a paralkl between 
the heterocyclic compounds and their carbocyclic coun- 
taparts, the ann&ncs. Mer, the anion 2 has propcr- 
tieswhichcanbecxptainadifitiscowidendtobetho 
bishomoaromatic analogue of the cyclopentadkayl 
anion? It therefore seemed of interest to prepare the 
bishomoaromatic a&ogucs (6, X=0, NR and $3) of 
furan. subs&utai pyrroks, and thiophcnc to see if they 
might have any properties suggestive of b-ma- 

tic character. We have synthesised a variety of these 
compounds’6 and now report the results of investigation 
of their ‘H NhfR, “C NMR and photoekctron (PE) 
spectra. Dur@ the course of our work some ~1 rbe 
compounds of the azascries (6, X = NR) were prepared” 
and it was &in& that &MC was some evidence of 
non-bonded interactions between the two formally 
isolated chromophorcs in these compounds. 

‘H und “CNMR specrm. Assignments of chemical 
shifts in the ‘H NMR spectra of the various compounds 
are summa&d in Table 1. In all of the compounds 
examined, the o1efinic protons Ha and H, were doubkts 
of doublets, J,, F-3 Hz, fs6 2.53 Hz and Ja, - 6 Hz. 
Invariably irradn&on at the lowest field non-olefinic pro- 
ton H, removed the coupling Hr-H, and irradiation at 
the frequency assigned to proton H, removed the coupline 
H&L. Irradiation at either I& or HI removed the HGH, 
coupling from the otha proton signal. The proton H:, 
was usually the lowest field olellnic proton and was a 
double fa,, - 7 Hz with occasionally long range coupling 
with H, in evidence. Doubk irradi&on verifkd these 
assignments. Proton I-I, was a basic triplet on which 
additional 1olQ w coupling was supcrimposcd. 
Decoupling was achkved by irradk& at either H, or 
Hlr. The bridge protons H, invariably appeared as a ckan 
ABdoubktandamultipkLSiilongrangccouplinghas 
kxnnported’8’betweenH*andHrinthediene18,we 
~~atftintbtA3~(7,X=0)~,~HI 
multipkt to simplify to a doubkt of tripkts. IrmduMn 
H,andH,iathelaksplsoUYJCd~~multipktto~ 
decoupled. Geometrical arguments” for the dkm (6, 
X= N!QPU suggest that since the proton & has a 
d&&al angk of 55”-&l” with H, and Hs, it should show 
~~~~w~s~~~~n~~a 
~~of~~H,~dH~,~eo~y~~ 
to be expected would he geminal coupling. We tbcreforc 
assigned & to the doublet and b to the multipkt in 
theseriesanlthisisinlrapinswitb~signmentsinthe 
dkm (6, X=CHl).““= Since the shifts of the protons 
within the ring current of elassovalene S had been useful 
in assigning neutral bis~mo~o~c effects, dgnmcnt 
of H,, and Hh with conikkncc was important to our 
study. 

On comparing shift values between the 3-cm (7. X = 
0) and the diem (6, x = 0) in the oxa-series, very littJe 
effect was noted on tbc H, (T +O.U), Hq (r-0.12) and 
H,, (r+O.O4) ordnances on intduction of the A’+ 
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bond siiy shifts were sm8u for the olefinic protons 
and the bridge proton immed&ly over the doubk bond 
in the sutphonamide (4, X = NSWh) (H, r+0.17, H4 
-0.01, &-0.06, H,-0.03, H&-0.19, I&&+0*18) 
#unpsndtoitsdiby~es.l.Thetha!kserits 
a&am showed small shifts (II, r+O.l&, I&-o.oz &+ 
0.06, &.+0.19, &,- 0.19) for all but the oktbiic proton 
H, which showed an appre&bk shi&ing of + 9.42ppm. 

Lf homoconjugative &cts were to be appre&W then 
wemightexpecttomelargerspectr&hiftsintheN-alkyl~ . . 

thmdmcs(6 X=NRandS).IntbNassthylmica 
ii& were qpin *imall (Hs s-0.01, H.,-0.27, H.+O.O4) 
for all but the okftaic pot011 Ht which again showed 
appreciabk shielding (+ 0.66ppm). MhoWh 
comparison of the bridge protons in this unstabk s&s 

was not easy, it is evkknt from Tabk 1 that shifts were 
notkr&l’hethia-serimwasunforumatdyimcompktebut 
shifts on H1 and Hs were very small 011 converting the 
~ne(7,x~s)tothedieas:(6*x=s).very~s~~ 
were apparent in the protons, Ha, H, and H,,, which 
were trausa~ular to the h&Worn on oxidation of the 
diem! (6, X=S) tothe sulpbone (6, X=Soz) but the 
change in ekctrouegativity here maims dBeremiation of 
through-bond from through-space effects dithcuh. 

&ument~ for ring current effects bas& on “C NhJR 
~_;EI have bpen convincing for some 

althoutjh d Is gemzauy felt that ring 
current effects oa “C shifts are small and arc superim- 
posed on other stronger efftxts.- Our ass&nents for 
the ‘%Nh#R spectral shifts of the 2 - heterobicy 
clo[3.2l)octa - 3,6 - dknes 6 and their derivatives are 
summa&d in Tabk 2. The tima scak required to cotkct 
“C NMR spectra did not allow the spectra of ah of the 
unstable compounds in the N&y1 s&s to be obtained 
and ‘H NMR spectra were checked before and after all 
“C NMR spectral NIW. The spectra of the dienes (6, 
X - 0) and (6, X= N-a&A) were complicated by the 
presence of the Cope- product 11. Spectra 
were proton deooupkd and off-resonance dccoupkd and 
our assignments had the expected proton coupling. In the 
dkne (6, x = O), c,, c*, CJ and G were assignal with 
certainty using spectic proton decoupling and this tech- 
nique was used to assign CL, c1, Cs, c, and c, in the 
diene (6, X = NSOzPh); Cr and C, in the Gene (8, X = 
NSWh); G, C, and C, in the 3+xte (7, X = NSWh); 
and Ct, C,, Cd and CS in the 3cne (7, X = NCOtMe). 

Tabk 2 "C NMR spactn of 2-Me&icyclof3.2l)oct~s, sacs aad &cats 

CWtWCALSHIFTSMPPMFit0MMTEENALTAlS 

===@,X=cr) 79.7 MO.6 106.6 511.2 l42 us.8 69.6 

AhQ&gX-a, 

==% 

n.7 l40.8 1m:s 26.2 21.) =ncl, 

XXNE~X=N1ID$'ta) 0.7 ue.2 u0.s 35.8 la2 lx.7 24.6 Clxl, 

A'-- X- CI,. NBopbb 68.4 l2s.o 114.0 55.3 S5.S CDCI, 
A‘-=‘= b X- NBqpld 69.1 2?.6 l87.7 us.4 40.1 

d, X-N&U&P@ 

CIICI, 

66.4 28.5 m'a 

nolurc&,, X=NCO,Mr, 87.2 w7.8 108.8 26.4 x21.1 UP.2 26.4 

g-=q, X-NC&b) 6&s* l22.P 113JJ* 25.1 d.6 CD% 

d-m& X-NCC&lUe) 56.4 26.2 En.1 l27.e 28.1 

SA&. X=NCO#@ 

C=% 

64.1 22.8 Clm 

DIENIt& X-N& 45.0 l28.2 1uf.s x24.2 us.0 Cm, 

Aa--& X-NEbj 69.6 191.3 107.6 CRCl,-80% 

Ak'=@, X-N%) 63.,8 27.1 125.3 124.7 CRCI,-40% 

A'-mf&. X=w 57.2 S8.2 l2S.l 127.6 

*T%&xdBu, 

CDC1, 

49.9 28.0 cm 

=='=t8, X-4 45.0 u9.S li7.8 26.8 

A*-ii%E rz, X* $ 

l2o.s UO.6 2a.5 C=% 

17.0 128.3 117.S 40.2 

S"TDg*XWb 

C=% 

40.S 28.1 CCC+ 
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7 with the dines 6. The effects are of the o&r found for 
homoallylic interaction#’ and there would seem to be 
little evidence for any special effect due to the 6~- 
&&on system in the dkncs 4. Comparisons in the 
N&y1 series unfortunately had to be made bctwccn 
com~unds with difTercnt alkyl groups and so the ap- 
parently krBcr destabiKsation of the A’-P orbital here 
should be treated with caution. In the thia-series there is 
an obvious thiocnolether conjugttion but such fisurcs as 
we have suggest littk more than this. 

Addition of TCNE to rkc dicncs 6. It is well known 
that tetracyanoethyknc (TCNE) undergoes nonconccr- 
ted ionic thermal 2 C 2 cycl~~on reactions with ekc- 
tron-rich okfins,P and that norbomadknc undergoes a 
4 + 2 cycloaddition with TCNE to give a “home” Dkls- 
Alder adduct lSzp We were thmforc interested to see 
which course the reaction of the diencs 6 with TCNE 
would take. 2 - Oxabicyclo[3.2.1jocta - 3,6 - dime (6, 
X = 0) was knowr?’ to ykld the [2+2]-adduct (16, X= 
0) but, when we attempted this reaction with the 6 
methyl,” and 4-chloron fivatives of this dine, no 
product was obtained under conditions which ykldcd us 
the adduct (16, X = 0). It is known= that [2 + 2]-ad- 
ditions of TCNE with vinyl ethers is subject to stcric 
retardation by #?-substituents but when we had such 
su~tit~nts, [4+2]-addition did not replace j2+2]-ad- 
dition. The reaction of TCNE with the dienes (6, X= 
NSOIPh, NCO&k and NCN) have the unmistahabk 
product 16 of 2+ 2 cycle-addition. R&action with (6, 
X = NMe) ~avc a product with no olefinic protons in the 
‘HNMR spectrum but unfortunately neither this 
compound nor adducts of further dkncs 6 could be 
character&d fully. The dkne (6, X =CH2) have no 
adduct under the conditions used. 

‘HNMR~wae~onV~HA1#1,PaLibELna 
R32 or Varian and Perkin-Elmer 22OMHz insbumen~ using 
TMS as alnintunaI standud. we tbmlk PCMU, HuwclI for tbl! 

(a) ?kaot6omodiuleadducrl5wa8obtakaJ8fta.lld8ysin 
71% VW. m.0. 184-186’ flks M-1887. 7IlCRhC-G~ 690 
(2H, ;, Hi d H& 7.32 (1‘H. br I, HI), Ik2 ti ti:,H$, s$# 
(3 H, m. Hh & and H,). (b) 7Re 2 - oaabicy&f3.2.l]ocfa - 3.6 - 
diarcculdurt~MX=O)bdthscxpsctsd’0tpectnmdpropsr- 
ties. (c) T&e N p!ta~ylru&xyl - 2 - aa&ycfo[3.2l)oEio - 3,6 - 
diavcrddra(16,X=NS4Ph)wacobtjaadrttaS&~in4~ 
ykId @rind: C, 61.1; H, 3.8: N. 18.4. C,,H,,Nlr,so, requ+ C, 
(io.8; H, 35; N, l&7%), T ((C&hCO) 2.21 (5 H, m. - 
3.92 (1 H, d Xd, J 6 Hz rad 3 Hz H,), 4.32 (I H, dxd, J 6 lfz &i 
3 Hz. WI). 4.60 (1 ii. d J 11 Hz. Hs)r S22 (1 H, m, Hz), 6.0 (I H. d, 
J 11 Hz, 14). 6.76 (I H, m. H,). 7.38 (I H. d, J 14H2, HI,,). 7.62 
flH,ad.JI4Htud4HrHial.ldl1lLrN-ca~~~-2- 
&&ycb[3.2.1)o-3.6 -.I#& &&t (ii, X - NCqMej vu 
obtakd lftu 3 dnys ia 64% yield. m/r 293 (M+), z ((Cl&CO) 
3.72 (2 H. s, H, mul Hv), 4.70 (1 H. d, J lOHz, HI) 5.08 (1 H. m, 
HI), 5.92 (1 H, m, 4X 6.36 (3 H. a, CCMe), 6.74 (I H. m. HT). 
2.40 (ZB. m. H~o). (e) 17u N - cymo - 2 - azabkycb[3.2l]octa - 
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