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Abstract—The 'H-NMR, “C-NMR and photoclectron spectra of a variety of 2-heterobicyclo{3.2.1}octa-3 6-dienes
6 give evidence of conjugative and homoconjugative effects in these compounds, but there is no suggestion from
the data of any special contribution from the (4n +2) neutral bishomoaromatic system. Reaction of the dienes 6
with TCNE invariably yielded the product of {2 +2] addition in cases where a fully characterisable product was

obtained.

It is well known that special homoconjugative effects
operate in cationic and anionic species contiining a total of
(4n+2)w-electrons in interrupted cyclic conjugation
where the geometry allows orbital interaction to occur
through space.' Such effects have been termed
“homoaromatic” and theoretical treatments of
homosaromaticity have been made.>* Species such as the
homotropylium cation 1* and the bicyclo[3.2.1]
octadienyl anion 2° are archetypal homoaromatic
compounds and are termed monohomoaromatic and
bishomoaromatic respectively. Homoaromatic effects of
comparable magnitude to those found with charged spe-
cies have not been observed in neutral molecules and
this has been explained in terms of the closeness in
energy of the orbitals interacting through space in the
charged species compared to those same orbitals in the
neutral molecules.®

It has been a point of considerable interest over recent
years to systhesise neutral molecules with (4n+2)7-
clectrons in interrupted conjugation which might show
homoaromatic effects. The classical example of such a
compound, cis,cis cis - cyclonona - 1,47 - triene 3,
showed no evidence of neutral trishomoaromatic
character from X-ray analysis,” NMR studies,® or heats
of hydrogenation,” although it has been claimed that
significant homoconjugative interaction is shown by
photoelectron spectroscopy.” Triquinacene 4 appears to
show a smaller homoconjugative interaction than the
triene 3" and this has been explained as being due to
geometrical considerations.'’ The neutral homoaromatic
compound elassovalene § has been shown to exhibit
effects which might be ascribed to homoaromaticity in
the bridged portion of the molecule using 'H NMR and
photoelectron spectrs, and diamagnetic susceptibility
measurements.'?

It has been claimed that the aromaticity of the 6«-
excessive heterocyclic compounds, furan, pyrrole and
thiophene can be extended to analogues with 10,'* 14,'
and more"* w-electrons and so there is a parallel between
the heterocyclic compounds and their carbocyclic coun-
terparts, the annulenes. Further, the anion 2 has proper-
ties which can be explained if it is considered to be the
bishomoaromatic analogue of the cyclopentadienyl
anion.” It therefore seemed of interest to prepare the
bishomoaromatic anslogues (6, X=0, NR and S) of
furan, substituted pyrroles, and thiophene to see if they
might have any properties suggestive of bishomoaroma-

b

tic character. We have synthesised a variety of these
compounds'® and now report the results of investigation
of their 'HNMR, “CNMR and photoelectron (PE)
spectra. During the course of our woik some ol the
compounds of the azaseries (6, X = NR) were prepared"’
and it was claimed that there was some evidence of
non-bonded interactions between the two formally
isolated chromophores in these compounds.

'H and “"CNMR spectra. Assignments of chemical
shifts in the 'H NMR spectra of the various compounds
are summarised in Table 1. In all of the compounds
examined, the olefinic protons He and H, were doublets
of doublets, J,; 2-3Hz, Js 2.5-3Hz and J.;,~6Hz
Invariably irradiation at the lowest field non-olefinic pro-
ton H, removed the coupling H,~-H, and irradiation at
the frequency assigned to proton Hy removed the coupling
Hs-H,. Irradiation at either Hq or H, removed the He-H-
coupling from the other proton signal. The proton H,
was usually the lowest field olefinic proton and was a
doublet J1,~7 Hz with occasionally long range coupling
with H; in evidence. Double irradiation verified these
assignments. Proton H, was a basic triplet on which
additional long range coupling was superimposed.
Decoupling was achieved by irradiation at either Hj or
H;. The bridge protons Hg invariably appeared as a clean
AB doublet and a multiplet. Since long range coupling has
been reported™ between H, and H,, in the diene 10, we
irradiated at H in the A’ene (7, X = O) causing the H,
multiplet to simplify to s doublet of triplets. Irradiation at
H, and H; in the series also caused the Hy multiplet to be
decoupled. Geometrical arguments'® for the diene (6,
X =NSO,Ph) suggest that since the proton He, has 2
dihedral angle of 55°-60° with H, and H,, it should show
maximum coupling while since the proton He, has a
dihedral angle of 90° with H, and H,, the only coupling
to be expected would be geminal coupling. We therefore
assigned Hg, to the doublet and Hi, to the multiplet in
the series and this is in keeping with assignments in the
diene (6, X =CH,).**” Since the shifts of the protons
within the ring current of elassovalene % had been usefu!
in assigning neutral bishomoaromatic effects, assignment
of He, and H,, with confidence was important to our
study.

On comparing shift values between the 3-ene (7, X=
0) and the diene (6, X = O) in the oxa-series, very little
effect was noted on the H; (r +0.24), Hq (v —0.12) and
H,, (r+0.04) resonances on introduction of the A*-»-
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COMPOUND H; Hy B, H B, H, Ra  Hy SOLVENT
DIENE {8, X=~O) 5.15 4.23 5.08 7.5 361 4.8 LR ) ccy

.18 4320 5.0 T4 3,58 4.6 coet,
S-ENE @, X~ O 5.44 396 812 7 LXK €ney,
DIENE {8, X~ NSOFH) 537 L7 4.7 T3 3 82 538 8.6 oy,
ALENE (7, X = NSO,PY 5.5 2387 477 1M s.88 .87 Doty
A~ENK (3, X = NSOPN 5.9 .39 4.0 488 510 3 €l
sr” (3, X~ NSOPH 5.70 .75 ca,
DIENE (3, X=NCOMe) 497 364 4.5 T35 388 4.5 8.28 cDeY,
A-ENE (7, X=NCOMe} 5,28 S48 488 .80 8.38 830 CDCY, (+80%
A-ENE (8, X= NCOMe) 8.08 730 .79 412  85.09 5.47 €D,
saT” @, X = NCO,Me) 5.43 1.8 cpay,
DIENE (8, X=NMe) 8,28 448 520 .88 4.80 €D,
DIENE (8, X=NEY 622 458 551 788 415 502 83 843 cay,
INENE (8, X = NBu) 58S 432 BS3 748 418 50T &M 848
A™ENE (7, X=NM9 S.4¢4 447 s41 s CDCY, (~40Y
&-ENE (8, X=NH) 6.38 7.40 3.88 4.2 812 8.4 coet,
S-ENE (8, X=NMe 8.54 747 S  4M 827 840 CDCl, {-40%
sat® 9, x=NB) ..57 1.8 coey,
DIENE (8, X=8 $.55 4.31 432 .M 4.3 452 T80 812 ccl,

.45 415 4.18 .18  4.33 437 14 308 e,
S-ENE (T, X» 9 6.7 ¢.18 4.16 7.87 cnet,
mr’p, x-8 7.0 7.0 ooy,
DIENE (8, X = 50y 5.95 3.30 3,30 6.93 386 4.3 T40 T.08 cel,

'mmwmhfm:umdmmm
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bond. Similarly shifts were small for the olefinic protons
and the bridge proton immediately over the double bond
in the sulphonamide (6, X = NSO,Ph) (Hs r+0.17, H,
=001, H¢—-006, Hy—0.03, Hs-0.19, Hy +0.18)
compared to its dihydro-derivatives. The urethane series
again showed small shifts (Hy 7 +0.16, H¢—0.02, He+
0.06, Hya +0.19, Hy, — 0.19) for all but the olefinic proton
H, which showed an appreciable shiclding of + 0.42 ppm.

If homoconjugative effects were to be appreciable then
we might expect to see larger spectral shifts in the N-alkyl-
and thia-dienes (6, X = NR and S). In the N-methyl series
shifts were again small (H, r—0.01, H,—0.27, H+0.04)
for all but the olefinic proton H, which again showed
appreciable  shielding  (+ 0.66ppm).  Although
comparison of the bridge protons in this unstable series
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was not easy, it is evident from Table 1 that shifts were
not large. The thia-series was unfortunately imcomplete but
shifts on H; and H, were very small on converting the
3-ene (7, X = S) to the diene (6, X = S). Very large shifts
were apparent in the protons, He, Hy and Ha., which
were transannular to the heteroatom on oxidation of the
diene (6, X=35) to the sulphone (6, X =S0O,) but the
change in electronegativity here makes differentiation of
through-bond from through-space effects difficult.
Arguments for ring current effects based on **C NMR
spectral shifts have been convincing for some
compounds®™*' aithough it is generally felt that ring
current effects on °C shifts are small and are superim-
posed on other stronger effects. ™ Qur assignments for
the "CNMR spectral shifts of the 2 - heterobicy-
clo[3.2.1Jocta - 3,6 - dienes 6 and their derivatives are
summarised in Table 2. The time scale required to collect
3C NMR spectra did not allow the spectra of all of the
unstable compounds in the N-alkyl series to be obtained
and '"H NMR spectra were checked before and after all
BCNMR spectral runs. The spectra of the dienes (6,
X=0) and (6, X = N-alkyl) were complicated by the
presence of the Cope-rearranged product 11. Spectra
were proton decoupled and off-resonance decoupled and
our assignments had the expected proton coupling. In the
diene (6, X =0), C3, C4, Cs and Cq were assigned with
certainty using specific proton decoupling and this tech-
nique was used to assign C,, Cs, Cs, Cs and C, in the
diene (6, X = NSO,Ph); C¢ and C, in the 6-enc (8, X =
NSO.Ph); C;, C¢ and C, in the 3-ene (7, X = NSO,Ph);
and C,, Cs, C4 and Cs in the 3-ene (7, X = NCO:Me).

Table 2. *C NMR spectra of 2-heterobicyclo{3.2.1Joctanes, enes and dienes

CHEMICAL SHIFTS IN PPM FROM INTEENAL TMS
COMPOUND c A Cs Ce C Cy SOLVENT

IXENE (8, X = 0) T™.7 40.5 1058 3.2 142  119.8 9.8 cocy,
s-xNE X~ O T Mo lors .2 sLy coay,
DEENK (8, X= NSO,PH) 69.7 139.2 110.8 35.8 1212 1217 .6 ey,
A*-ENE (7, X= NSO,PN 88.4 12,0 11,0 33.2 35.5 coct,
A*-~ENE (8, X=NSO,PH) 9.1 37.6  137.7 135.4 40.1 cDCl,

SAT (3, X = NSOPH 56.4 33.3 coct,
IXENE §, X = NCOMe) 57.2  137.8 108.85 6.4 1217 122.2 6.4 cDCl,
S-ENE (7, X=NCO;Me) se.3t 123.1* nuss? 3sa .5 cocy,
£'~ENE (3, X=NCOMe) 56.4 353  137.1 1279 8.1 cocl,

BAT® (1, X = NCOMe 5.1 3.8 cocl,
DIENE @8, X=NBu) 45.0  136.2 118.5 1M.2 150 coay,
A-ENE (7, X=NMo §9.5 1.3 107.8 CDCl, - 80'C
A'~ENE (8, X=NMo) 8.8 7.1 1359 1247 €DCl, - 40'c
S~ENE (8, X =N 57.2 38.2 1358 127.6 cDCYy

saT’ 9, X=NBJY .9 ss.0 cey,

DIENE (8, X= § 45.0  120.6 17.6 3.8 120.8 120.6 ' M.5 cney,
A“ENE (7, X+ 8 77.0 1283 1.3 40.2 cney,

A’ x-9 40.3 3.1 coay,

‘nmdmbthmnﬂul {somers
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Other assignments were made by analogy and were in
keeping with the multiplicities observed.

C.Shielding and deshielding effects on the olefinic
carbons on conversion of the monoenes to the dienes
seemed largest at C; and C¢ for the dienes (6, X =
NSO,Ph and 6, X=NCO:Me). This may denote a
homoconjugative effect but, looking at Table 2 as a
whole, the trend is not that expected from the availability
of the lone pairs for conjugation and so some other
explanation may be indicated.

Photoelectron spectroscopy. One of the most direct
methods of measuring the interaction of non-conjugated
#-systems in ground state molecules is to examine the
difference in the ionisation potentials of the interacting
double bonds relative to the *parent” interacting
systems.** Although trishomoaromaticity is claimed to be
manifest in the PE spectrum of the triene 3, the neutral
carbocyclic analogue 12 of the 2 - heterobicy-
clo[3.2.1]octa - 3,6 - dienes had a PE spectrum® which
was essentially a superposition of the spectra of norbor-
nene 13 and cyclohepta - 1,3 - diene 14. We have sum-

P. BAxRACLOUGE o al

marised the PE spectra of the dienes 6 and their deriva-
tives in Table 3, again noting that the 'H NMR spectra of
the more unstable compounds showed them to be pure
after running the PE spectrum. Qur values for the 3-ene
(7, X = NMe) are in fair agreement with the literature,
and aithough we could not obtain a good spectrum of the
unstable diene (6, X = NMe), two of its ionisation poten-
tials have been published® and we have used these here.

In the oxa-series, the PE spectrum of the diene (6,
X =0) seems very close to a superposition of the spectra
of the 3-ene (7, X=0) and of norbornene 13. In the
aza-series, the mu'ogen lone pair is destabilised on in-
sertion of the A% bond in the saturated compound
0.54eV for (7, X=NSO.Ph), 0.67¢V for (7, X=
NCO,Me) and 094eV for (7, X=N-alkyl)). This is
expected for an enamine system, a cyclopentenamine
lone pair being destabilised by 0.88¢eV™ and a cyclo-
hexenamine lone pair by 0.53eV.™ There are much
smaller changes in the jonisation potentials of the lone
pairs or of the A%« orbitals on comparing either (a) the
saturated analogues 9 with the 6-enes § or (b) the 3-enes

Table 3. Photoelectron spectra of 2-heterobicyclo{3.2.1Joctanes, enes and dienes

IONISATION POTENTIALS (aV)
COMPOUND n s K
DIENE (8, X=0) 8.04-8.24 2.0 10.66
~ 8.42
AENE (7, X=0) 8.01-8.18 10.66
” 8.38
NORBORNENE (13) 8.95
DIENE {6, X = NSO,Ph) 8.11 9.64 10.84
A-ENE ?7 X = NSO,Ph) 8.18 10.82
~ENE (8, X=NSOPH) 8.79 9.67
sat? (8, X=NSOPH) 8.72
DIENE (6, X = NCO,Me) 8.20 9.45% 10.95
A-ENE ?7 X = NCOsMe) 8.03 10.99
I\ «ENE (8, X=NCOMe) 8.80 9.48*
saT® ©, X=NCO;Me) 8.70
DIENE (6, X=NBu) 7.06 8.85 9.93
DIENE (;, X = NMe) 7.28 10.17
»*-ENE ‘(.'} X = NMe) 7.38 10,04
A-ENE (; "X = NH) 8.60 9.30
-ENE (8, X=NMe) 8.18 9.25
sat? @, T x=Bdh 8.30
DIENE (8, X= 8 8.03-8.12 9.13 10.50
-ENE (7, X=8 7.92 10.50
sat” @ X=9 §.43-8, 52

tOverlapplng with bands attributed to the phenyl group.



Conjugative and homoconjugative effects in 2-heterobicyclof3.2. 1locta-3,6-dienes 103

7 with the dienes 6. The effects are of the order found for
homoallylic interactions™ and there would seem to be
little evidence for any special effect due to the 6 o-
electron system in the dienes 6. Comparisons in the
N-alky!l series unfortunately had to be made between
compounds with different alkyl groups and so the ap-
parently larger destabilisation of the A%« orbital here
should be treated with caution. In the thia-series there is
an obvious thioenolether conjugation but such figures as
we have suggest little more than this.

Addition of TCNE to the dienes 6. 1t is well known
that tetracyanoethylene (TCNE) undergoes non-concer-
ted ionic thermal 2 + 2 cycloaddition reactions with elec-
tron-rich olefins,®® and that norbornadiene undergoes a
4+2 cycloaddition with TCNE to give a “homo™ Diels-
Alder adduct 15 We were therefore interested to see
which course the reaction of the dienes 6§ with TCNE
would take. 2 - Oxabicyclo[3.2.1locta - 3,6 - diene (6,
X =0) was known™ to yield the {2+ 2}-adduct (16, X =
O) but, when we attempted this reaction with the 4-
methyl,”" and 4chloro™ derivatives of this diene, no
product was obtained under conditions which yielded us
the adduct (16, X =0). It is known®™ that [2+2]-ad-
ditions of TCNE with vinyl ethers is subject to steric
retardation by B-substituents but when we had such
substituents, [4+ 2]-addition did not replace [2+2]-ad-
dition. The reaction of TCNE with the dienes (6, X=
NSO,Ph, NCO;Me and NCN) gave the unmistakable
product 16 of 2+2 cyclo-addition. Reaction with (6,
X = NMe) gave a product with no olefinic protons in the
'HNMR spectrum but unfortunately neither this
compound nor adducts of further dienes 6 could be
characterised fully. The diene (6, X =CH,) gave no
adduct under the conditions used.

EXPERIMENTAL

'H NMR spectra were recorded on Varian HA 100, Perkin-Elmer
R32 or Varian and Perkin-Elmer 220 MHz instruments using
TMS as an internal standard. We thank PCMU, Harwell for the
220 MHz spectrs. ’C NMR spectra were recorded on a Jeol PRT
100 instrument at 25,1493 Hz using TMS as an internal standard.
We thank Mr. T. M. Siverns for these spectra. Photoelectron
spectra were recorded on a Perkin-Elmer PS16 instrument with a
modified high intensity lamp. Mass spectra were taken on an AEI
MS9 instrument by Mr. A. Greenway and the microanalysis was
performed by Mr. and Mrs. A. G. Olney. i

Cycloadditions of the dienes 8 with TCNE. Equimolecular
amounts of TCNE and diene ¢ at a concentration of ca. 300 mg
TCNE per 25ml benzene gave a solution which invariably
developed an intense colour; the adduct precipitated from solu-
tion and was filtered and washed with benzene and dried in
vacuo.

(a) The norbomadiene adduct 18 was obtained after 8 days in
71% yield, m.p. 184-186° (lit.® 186-188%), +((CD;1C=0) 6.90
(2H, s, H; and H,), 7.32 (1H, br s, H,), 8.02 2H, s, Hy), 826
(3H, m, H,, H, and Hy). (b) The 2 - oxabicyciol3.2.1Jocta - 3,6 -
diene adduct (16, X = O) had the expected™ spectrs and proper-
ties. (¢) The N phenylsulphony! - 2 - azabicycio(3.2.1}octa - 36 -
diene adduct (16, X = NSO,Ph) was obtained after 5 days in 43%
yield (Found: C, 61.1; H, 3.8; N, 18.4. C4H,3N;SO, requires: C,
60.8; H, 3.5; N, 18.7%), 7 ((CD;)}2CO) 2.21 (5 H, m, aromatics),
392(1H,d Xd, ] 6Hz and 3Hz Hy), 432 (1 H, dxd, J 6 Hz and
3Hz, H,), 460 (1H,dJ 11 He, H,), 522 (1 H, m, H,),60(1H,d,
J11Hz, H), 676 (1 H, m, H,), 738 (1H, d, ] 14Hz, Hyy,), 7.62
(1H,txd,J 14 Hz and 4 Hz, Hyq,). (d) The N - carbomethoxy - 2 -
azabicycio[3.2.1)octa-3,6 - diene adduct (16, X = NCO,;Me) was
obtained after 3 days in 64% yield, m/e 293 (M*), r ((CD,),CO)
372 (2H, s, Hyand Hy), 470 (1H, d, ] 10Hz, H,) 508 (1 H, m,
H,), 592 (1H, m, Hy), 6.36 (3H, s, CO;Me), 6.74 (1H, m, H,),
7.60 2 H, m, Hyo). (¢) The N - cyano - 2 - azabicycio(3.2.1)octa -
3,6 - diene adduct (16, X = NCN) was obtained after 3 wocks in

&% yield (Found: m/e 260.07958. C, H¢N, requires: 260.08104), r
((CD3):C0O) 3.50 (2H, AB, Hg and H,), 4.58 (1 H, d, J 10Hz, H,),
54 (1H,brs, H,), 5.82 (1 H, dxt, J 10Hz and 1.5 Hz, Hy), 663
(1H,m, H;), 726 (1H,d,J 14Hz, Hyy,), 7.56 (1 H, dxt, ] 14Kz
and 4HZ, H|h).
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