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Abrmct-The synthuis of members of the scrk of rigid bichromophork norbornyio~ 4d ia ckx&d. 
Dknu 4a and b were synthgiaed according to Scheme 1. Roductivc daMorktioq ofat~@kne 2) gave 
dienu 5bl, rupcctivcly. Benzene annelation of the apprqnia& ene rubetratc, uriag tatrs&lorodi~~&oxy- 
cyclopcntadicne, as outlinad in Scheme 3, gave the dib compounds6~~ Tbtdibm+quiuo&methane 
intermediate 49 was trappal by the appropriate dime to give the biisnaphtbo aDmpounds 7a-c. The extendal 
norbomylogs ti and b were synthesized using a combination Qf metal catalpbd (2 + 2) cycloaddition of 
DMADPad(2+2+2)~ordditionofquedricyctanctoentsubStratcs(~‘~.Thcpbotodtctronspactra 
of some of the dicn- are did in terms of through bond orbital i&ractions. 

Our interest in the synthesis of”non-natural products” 
stems from the need for a variety of rigid model 
bichromophoric systems, having welldefined molecu- 
lar configurations, in order to explore systematically 
long-range electron transfer. prw and the role 
play& therein by through bond elects. Such a study is 
timely cotuiidcring the relevance of ekctron. transfer 
processes to the mechanism of biological electron 
transport phenomena 

Ho&nann’s seminal papers on the conceptual 
dissection of orbital interactions into the through- 
space (OITS) and through-bond (OITB) varittiesl~z 
formed the inspiration for our work. Since OITB is 
central to our studies, a briefdeacription of it is given. 
OITB is a form of hyperconjugatior? but in which 
two, and not one, z-orbitals, located in separate regions 
of the molecule, mutually mix with the connecting Q 
framework. This is shown schematically in Fig. 1 for the 
cases of a pair of degenerate filled a-type orbitals 
interacting through four &onds (OIT4B). The levels 
of both symmetry adapted pairs of Ip-orbitals are raised 
through their mixing with the a-orbital of appropriate 
symmetry 6ur by d*renr L171U)LmtS. This arises because 
in general the hybrid atomic orbital A03, which is 
principally responsible for the Q--X mixing, is associated 
with different coefficients in a-HOMO and CP 
SHOMOL407 The splitting, 4( of the two K levels is 
taken to be a measure of the magnitude of OITB and is 
lWaUyeqWedwithAI,theobsWeddifE&enceinthe 
n ionization potentials measured for example by 
photo&&on spoctros~py @es).’ Ar correspo& to 
the larger of the two kvel shifts brought about .by 
hmajugation and is an important quantity for it 
pro* infornration about the degrac of tx--1c mixing in 
thesymmetryadaptedMOmorca&ztedandhencethe 
extent of dekx&zation of that MO over the whok 
mokcular mework. Although OITB has beczr 
exemplifial using flkd K MOs it is a simple matter to 

extend the treatment to cover interactions involving 
n+MOs.9 

ModeI calculati~n&~ predict that 4 for OIT-n-B is 
only weakly attenuated with increasing number, n, of 
relaying a-bonds and should even be observable 
(A, = 0.2 cV’) for OIT-%B, corresponding to an 
interorbital separation of CCI 10 A. This contrasts 
sharply with OITS which becomes negligible for 
interorbital separations greater than 4 A. It was also 
predicted that, for a given value of n, A, shouId depend 
on tic conformation of the Q relay and is maximized for 
an all-trans arrangement of a-bonds. For example, this 

Fig. 1. Intuncticm diagram for a pair of- 
mixing with a relay offour a-bond& 

eorbit8b 
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%ans” effect predicts that OIT4B should diminish 
along the series 1 > 2 > 3. Perhaps even more 
intriguing than tbcnc pre#ctions is the gealiz&on’O 
that although sim$ C-ap~oximation’calc&tio&’ i 
indicate that d; bscorhe$ &?igMc for n -3 8 &bc&ls, 
this is by no means the case for A,, which is prc&cted to 
be significant even for n = 24 corresponding to an 
interorbital separation ofca 25 A. This arises because, 
although thca@icients ofA0, in the a-HOMO and o- 
SHOMO converge for n = 8, thereby making L& very 
small, the magnitudes of these cocfGcicnts diminish 
quite slowly with increasing n. Thus A,,, and the degree 
of 0-z mixing, likewise should display a sluggish 
dependence on n. This prediction has exciting 
implications for the mechanisms of long-range charge 
transfer proasscs since it prondcs a very efficient 
mechanism for the intramolecular transfer of electrons 
or positive holes between two chromophores over 
extremely large distances via the u framework. 

Notwithstanding the potential importpncc of the 
above predictions little systematic expaimmtd work 
bearing on their validity had w carried out prior to 
this study. To be suit OIT3-B has been thoroughly 
studied, particularly by pt~,‘~~~* but little u/as known 
about orbital intera&ons through four,’ z five,13 or 
more bonds. Also, although some very bca+iful 
investigations on long-range electron transfer pro- 
cesses have been carried outiC*’ they s&red from at 
least one disadvantage such as the lack of any 
molecular symmetry in the substrates, the chromo- 
phores were connected by CT relays of unequal lengths, 
or the chromophores were not rigidly attached to the 
molecular framework and were allowed to rotate with 
respect to one another. 

Our goal was to synthesize a series of substrates 
subject to the following requirements. 

(1) The framework should be rigid and readily 
amenable tg. homologation. 

(2) The chromophpres must be rigidly attached to 
the molecular backbone in order to prccludc any 
conformational %oppiness”. 

(3) The molecular framework should be such as to 
allow straightforward attachment of a wide variety of 
chromophores to the system. 

(4) The complete substrate should have at least C, 
point group symmetry since this would greatly simplify 
analysis of the data. 

The largely unknown series &icncs 68, consisting of 
linearly concatenated norbonyl rings, nicely fuEls 
these requirements. Thus each dienc is expected to be 
conformationally rigid an+I to exhibit C, point group 
symmetry. Homologation should be straightforward 
since each diene of the series is rtlatod to its immediate 
predecessor through formal Dick-Alder attachment of 
cyclopentadiene. Naturally stereocbun.ical control of 
the cycloaddition is required. Attachment of other 
chromophotes to the norbornylogs, such as benzo 6, 
naphthaleno 7, and carbonyl 8-should be achicvabk 
through annclation reactions. 

Synrhesis ofthe dienes 4 and 5 
The dicne 5b has been prepared in low yield fiorn the 

double Dicls-Alder cycloaddition of cyclopentadicne 
to norbornadiene.18~19 The stereochemistry of this 
cycloaddition reaction is representative of the vast 
majority of such reactions involving norbomadienc. 

Therefore indirect methods, involving molecular 
rearrangements are required for the synthesis of the all- 
trwudkncshandb: 

4 few deriiativcs ofb have m reportuLzo The key 
step% thait synthesis invol&s the acid cataiyzd 
skdetal rearrangement of the epoxidc 9 to 10. We chose 

4 a: n=l 
b: n.2 

5 a: n=O 
b: nml 
c: n=2 
d: n*3 

7 
6 a:n=O 

b: n=l 
c: n82 

7 a: nro 
b: nsl 
c: ?I82 

b; na2 

9 IO 

a similar, but shorter pathway to 4a but which could 
also be used in the synthesis of the next higher 
norbomyloglb.Thcaynthwisof~th~~is~ 
in Scheme 1. Cycloaddition of cyclopenticne to 
norbom-5-enc-2-one at 180” gave the enont 11 in good 
yield.” Reduction of this compound with sodium 
hohydride, followed by treatment of the resulting 
endo alcohol 12 with tbionyl chloride in HM PA gave a 
mixturcofenbd;aad~~dee13.Thismixturewas 
not puriiM but irts -ted directly with bromine in 
CH,Cl,. P’reoedent ftulm- brominations of Mated 
compounds22e23 would s@gcst that skeletal rearrangc- 
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II X= c=o 
I2 x = CHOH 
13 X = CHCI 

i 
15 X = CHCI 

14 x = (i) L 16 X = (;) 

,5 ti.tii ) 6&3 

17 X=Br 
4a X=H 

tt,tii 
t 16 

22 
‘CII 

I 
19 Y=CI : 

ti, tit 20 Y=H : x= (0”) 

21 Y*H : X’CHCI 

!3chanc 1. 

ment should accompqny bro;ninaGon of 13 tc give the 
diastereoisomeric mixture 13. owing to t&c suspcctcd 
hip$ toxicity of 2,7dibromgnorbomyl compou$s24 
the mixture of diastcreomcrs 15 was not isolated but 
was +tely bisdehydrohalo8enated to give 17. 
&ductive debromination of 17 (Na/EtOH2’) gave the 
diene k iu 22% overall yield from 11.26 

JIM k&l, 18 provided access to Ib. Unfortunately 
cycloaddition of cyclopentadiene to 18 gave only a 
paltry yield of 20, accompanied by large quantities of 
polymeric material. This problem was circumvented 
through reaction of 18 with hexachlorocyclopenta- 
diene, HCCPD, and subeuprent reduction of the 
resulting adduct 19 (Na/EtOH)25 to give 28. 
Conversion of u) to the chloro compound 21 using 
standard methods, followed by bromination delivered 
the rearranged material 22. Bisdehydrobalogenation of 
22 and reductive debromination of the resulting 
product 23 gave the diene 0) in 15% overall yield from 
18. The ‘H-NMR spectrum of 4b revealed Cl, 
symmetry, thereby fully coxGrming its structure (see 
Experimental). 

As mentioned earlier, S has been prepared from 
norbomadieue and cycloptntadiene but in low 
yield. ‘**19 We haveimproved thesynthesis ofthisdiene 
through Diels-Alder cycloaddition of HCCPD 24 to 
a&in 25, followed by reductive dechlorination of the 
adduct 26, to give 5) in 43% overall yield (Scheme 2). 
The adduct 26 could dso be prepared directly from 

norbornadiene by heating it with at least two 
equivalents of 24. In a similar fashion, the higher 
norbornylogs SC and d were rcpared from double 
addition of 24 to the die&z 4. and b, followed by 
reductive dechlorination of the resulting bisadducts. 
The ‘H-NMR spectra of these dienes ruveal that they 
possess CZ” s 
together with tImme 

try (= Experi4tcntal). This, 
c strong precedent that B&Alder 

reactions between HCCPD and norbomenes give 
excltiively endo, exe adducts, e.g. 18 + 19, clearly 
establishes the configurations of the diencs. 

We now turn to the problem of attaching aromatic 
chromophores to the dienes 4. 

Benzene annelution 
The most efficient route for the benzene annelation of 

alkenc~ utilizes tetrachlorothiophen-1,ldioxide 3Oa’* 
as shoti in Scheme 3 for the projected syntbcsis of 
dibcnzonorbomadicne from bcnzonorbomadiene 29. 
Spontaneous loss of SO2 from the initially formed 
adduct 311, between 29 and 3k, will produce 32. 
Aromatization of 32 (KOH’jm and reductive dehalo- 
~tionshouldgive~Iudecd~was~thesixdFTom 
29 in 26% yield using this procedure and represents a 
considerable improvement over the previously re- 
ported synthesis involving the double Diels-Alder 
cycloaddition of butadiene to norbomadiene.30 

However, because large quantities of dibenzo 
compounds 6 were required an alternative (but 
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“6 

24 

24 

24 

25 26 X = CI 
5b X=H 

4a - 

27 X=CI 
5c X=H 

4b T 

28 X=CI 
5d X=H 

schcmc 2. 

somewhat lengthier) annelation method was devised in 
which the more readily available . and cheaper 
te~achlorodimetboxy~~o~~~~e~ was used in 
placc0fthethiophene-l,ldioxi&~‘(Schemc3).Inthis 
scheme the adduct 31 b is deacetalized to the ketone 3tc 
which is thermally decarbonylated to 32. The overall 
yield of 6a from 29 using this method is 13%. 

Thedibenzocompounds6bandcwcrcsyntbtsizadin 
a similar fashion (Schcinc’4).~BromInation of 34a, the 
cycloadduct of cyclopcntadime and bcnzonor- 
bomadicnc,32 gave the rearrand dibromo compound 
3!b which was readily converted into 36a using 
techniques shown in Scheme 1. Benzene annelation of 
36a gave 6b. Reaction of 36u with cyclopcntadicne gave 
31b,whicbwastheneasilyconvertedinto6cvia35band 
36b. 

introduction of the mphthaleni chmmophore 
The standard synthetic ent,ry into naphthalene 

containing norbornyl compounds is via the adduct 37 
of l&naphthoquinone and cyclopcntUene, from 
which both 38a3’ and 3$b3’ arc readily obtained. We 
have exploited this technique to synthesize & and 45 in 
which the naphthalmc and carbonyl chromophores 

are separated by eight and ten a-bonds, respectively 
(Scheme 5). 

Ruthenium catalyscd (2-t 2) cycloaddition= of 
dimcthylaoctyltfie dicarboxylatc @MAD) to 3& 
cleanly gave the adduct -which then underwent the 
~xpectcd~~ (2+2+2) ( tl~errtd cycloaddition with 
quadricycfane. The resulting adduct 41r was converted 
to the dimethyl an.aloS 416 &ough the diol41b, and 
LiAlH, reduction of the bismcsylatc derivative 41~. 
Cycloaddition of the cyclopentadicnc 3Ob to 4ld gave 
43a which, upon treatment with Na/EtOH, gave not 
only the desired 43h, but also products resulting from 
the partial reduction of the naphthalent ring. However, 
rearomatization of these compounds was easily 
achieved through treatment of the @xture with DDQ. 
Conversion of 4S to %s, and ’ thence to 46, w’as 
straightforward. Thiket’one 43 was obtained from 39 
using tbc same procadti as were just described. The 
compound 39 was prepared from 47 using the 
rearrangement methodology described in Scheme 1. 

A veritable host of rigid systems in which the 
naphthalcne and aubonyl chromophorcs arc separa- 
ted by virtually any dcsital number of a-bonds should 
be acccssibIc using the reactions outlined in Scheme 5. 

30 a: x=so2 

b : X = C[OM& 
31 a: X=SO2 

b : X = C[OMeJ, 
c; x=c=o 

‘I’=:} @ KQH ) @$&J$” 
3’bH30,-31c- 

33 X=C1 x 
6a X=H. 
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34 a: ntl 
b: n=t 

35 a: n=l 
b: n=2 I 

6 - 

& n 

36 a: n=l 
b: n=2 

!schclnc 4. 

OH 

@ 
0 I 

OH 
37 

X e 00 / 
X 

38 a: X = OMe 
b: X=H 

SO a : X-X = CHz-CH2 

b: X-X = Gil-CH 

Thust.hc~ynthuisofI!&in w~chthe&romophoresare 
separated by twelve a-bonds, ti been almost 
corn@4 in our laboratory. We also sought an 
alteraatiye strategy fdr introducing the napbthaknt 
moktj into our systems through annelation of double 
bonds since this would provide access to the series 7 
from the dienes 4. 

It is well known37+1a that treatment of 48 with NaI 
in DMF produces the evanescent dibrotnoquine 
dimcthanc 49 which can be trapped with electron- 
deficient dicnophiles. such w molcic anhydride, to give 
naphthakne aranclated pro&rcts through spontaneous 
loss of HBr (Scheme 6) .&KN@I the ability of 
unactivsted alkenes to trap,* seems not to have been 
previously investigated we were leased to discover 
that double bonds of norbomeny P systems’do indeed 
trap 49 quite effectively. Thus aorbomene reacts with 
49 to give the adduct * in 78% yield. Norbornacbcne 
gives the m&&&&.~9 *‘usin a &me: 48 moIar 
ratioof~Bt~;.~ebisadduct78iepr~.w~the 
d.iosle:4Dntipk~l:6.lasairr;trmUm8r!bisyl;ductr.7b 
and .c wa w. from 4a and b,, rely. 

1 
IWOfOJT-B 

Chm 6tbcamt weful way4 ofstudyiug OiTS and 
OITB &I &rough pes and electron -ion 

spectroscopy” since they provide direct ~ptiruates 
(through Koopmans’ theorem) of tki erj+s of @led 
and vi+al MOs, res#octively~ Apptiatien of these 
technique@ to the series of dienea 4 astd,s and’benzo 

48’ 6 has prodti much v&abIe’&ua on 

oibital cpgics, determined by pes, and the 
correspor$ing 4 valu~.of so* dicncs, The & values 
for 4a arid b arc impressively large and must bc’thc 
collscqucnce of OIT4B and OIT-GB, respect- 
iveIy.‘e4’ The latter result provided the first 
unequivocal experimental evidence that Off-n-B can 
operate over such large distances (7.5 A). The form of 
the decay of A, with n can be determined from the series 
of all-trcurs dienes 51,” 4a, S2,*’ and 4h, along which n 
increasts from 3 to 6. As predicts’ an exponential 
decay was found : 

In 4 = -0.4&J+ 1.56. 

From this equation it can be seen that the magnitude of 
A,issignificant(3meV)~for~asl~as 16or, 
equivalently, for an inter-a-orbital separation of 21 A! 

Interestingly, for large values of n ( > 16), when A, 
becomes negligible, both K levels converge to a limiting 
value of ca - 8.8 cV, which liea 0.55 cV above the x + x 
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380 n.0 
39 n=t 

.- 
43 n=O 0: x=c1 bMe 

41 n=O Q : co2ws 
44 nsf b: X=H 42 n=T b: CH2OH 

c : CH20Ms 

d: CH3 

80 n:O;X=O 
46 n = 0 ; X = C(CNl2 

1 DMAD, RuH2COiPPh3)3 

ii No /EtOH 

. iii DDQ 

4s n=l;X=O 

iv H2/Pd 

v H30’ 

scheme 5. 

level ( - 9.35 cV) for 4a. This v&e_ which is a measure of 
A,,, the degree of IJ--1L hyperconjugative mixing.& thi n 
bit%, is su~~ti~, even wh& tbt rs M0s arc 
separatedbysuchalargenumberofa-bondsthatOITB 
(as measured by AJ is negligible. Because A, ia larger 
than was bit&to t.ho~gbt,~~ hyperconjugative 
interactiofis couldvery well play Ptl &xn%ant role ip 
long-fad ~~01~ ektr& traQsf& prdccsses. 

The pes‘data for the dimes 5 are pa&&rIy 
interesting in that their analysis has revealed a new type 
of byperconjugative interaction. The A, values for these 
dimes (Fig. 2) arc much too large to be accounted for in 
terms of OIT-n-B ~vol~g the connecting a-bonds. 
For exampie it is cxpectul that A, for #‘should be 
egrcatcrtbanthat forSbsinactbeconnactingsixa_bonds 

a 0 

crier, 
Nat 

CHBr, 
OMF 

48 

t Bf J 

!Schixnc 6. 

have the optimum ali-tmu conformation in the former 
compolrs& In fact A, for 5bis almost double that for 4bl 
For diene !5c, in which the M0s are connected by eight 
a-bonds, A, is comparable to that for 4b. Tbc 

snomalousA,valuesfor!%andcareattributedtoatype 
of h FWnjugatios called l&cyclic byperconjuga- 
tion,’ in which the IS MCh mix with the pseuderr MOs 
of *e stung CH, groupa as in 53. Latkyclic 
hyperconjugation,Iike OTTO, appcarS to operate over 
large distances (the double bon& in SC arc ca 9.5 A 
apart)* 

Although these studies have only just commenced 
the preliminary results ark extremely encouraging For 
example the rate of photoinduad intramolecular 
electron transfer in b was found to be 1.47 x 10“ 
s-‘.4SThistateisex~r~yrapid~~gthe 
large separation of 13.5 A between the chromophores. 
It is almost certain that OITE is pla@g an import&t 
role in this process. 

The synthesis of the ridd norbornylogs 68 is 
providing uniqw opportunities for studying long- 
range prm. sash -pb intramolecular ela%ron 
transfer, between two c~omopho~ as a Freon of 
their relative orientation and separtttion. Those studies 
are of pa&&r MWUMS~ to the mechanism of 
biologid electron tramrport phenomena, including 
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T 
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_L 
- 8.76 

-6.6 

4b Sb 

Fig 2. x MO energies (ev) for some dhw. 

those occurringwithin thephothemical unit. But this 
is only the first step ii.l what promises to be an exciting 
but ccunpicx journey: attachment of chromophom, 
such as porpb- to the norbomyloga and the 
synthesis of rigid systems cmntaining more than two 
chromoph~ that cw3titute~a gradient of redox 
centres arranged withh a spitially welldefined array 
are goals for the near future! 

ExPERllmNrAL 

Gerwd nwrhuds. M.ps arc unwmctdd and were racorded 
on an eloarothennal m.p. apparatw. ‘H-NMR spaztra wctc 
run at 60 MHz on a JEOL modd PMX-60 qxctromcter; 
CDCI,was~ruasorvtntwithTMSemployadasintcrnal 
JtandudLRrpsFtrowaeruaonaPerLio-~model621 
spaztrouutef. Moss spcclra were llnmucd on an AEI. 
MS902-Pyc IO5 GLC-MS systema 

(ls4s4sB,S~8a48a(r~l,23,4,~5,48a_0cr~~l,4:5, 
8dkkwn4.aphthakt-2+me ethykne &, 18 

The ketone 11” (34.8 g, 0.2 mol) wu convertsd into the 
~14(44&~~~~qtnndard~odology(ethona1~- 
dial 13 g; tic, 350 ml; ptoluenarullonic acid, 100 mg; 
DanStulr trrp) ‘H-NMR 6 0.953.0 (m, 12H), 3.83 (br s, 
4H),5.95(t$H).rllc8oklrotidalwunotcbRnekdfurthcr. 
Br, (33 g 03md) in CHtCIl (2S ml) rvu dti dropwist to a 
~lnol14~3.6go~nrol)incH,c1,(23oml)at25”.s~ 
workup procu!urc for this rau!tion~b gave rurraq& 
dibromidq fi (70 

5? 
which was not cknctek& owing to itll 

8Uspedtoety. Aw&of16(70.2I),DMso(4aIml)aad 
t-BuOK~40~036aPof)nrrQrsdfor48 hrst 25”. Workup” 
gavecnlde11($+~urthickoilwbicbmsi.lmnc!diatiy 

rcductivcly dcbrominated uring Na (23 g, 1 mol) in rcfiuxing 
EtOH (325 ml),to give, after standard work~p,‘~ 18 at a low 
melting solid (62% from 11); ‘H-NMR 6 0.9-23(m, lOH), 286 
(IQ 2H), 3.83 (Ix s, 4H), 6.16 (t, w). 

(~cqla4~,5B,~8,~~~,~3,4,4aS,8+~~~~yd~~l,4:5, 
8-&nktkwnup&zks2~ne ahyim acetd, 20 

AdditiimdHCCPD(47g.0.17mol) to 18(28.3g,O.l3mol) 
at 140” and 26 hr, gave adduct 19, mq. 178-17Y (ac#om)(S4 
g%Sb/J;‘H-NMR8 1.~24(m,loH),2.38(~2Hj,267($2H). 
3.87(brs,~Dachlo~tianofLhismataial(24.Sg,O.~mol) 
with Na (46 g, 2 mol) in rrduxing EtCIH, foliowed by the usual 
workup pnx~Uur$~ gave 20 (9.5 01 67’%), m.p. 92-94” 
(~ohelMtO~;‘H-NMRb0.~255(m. 16H),28(~2H), 
3.83(brs,lH),5.88(t,ZH).(Found: M+‘,284.1780.C,&12r0~ 
Requins : M, 284.1776.) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
10, Kb-l)sccr)ryrbo-1,4: 9,lO: 5, &cr&uJ~~~, 4) 

~~nof#)(216g,7.6mmol;THF,25ml; 1 M 
H#O+, 25 ml, 2S”, 18 hr) gave #) (X = (30) in quantitative 
yieldTreatmcntofzO(x = CO)(1.8g)withLiAlH,(O.58g)in 
rcfluxing THF @I ml) for 1 .S br, followed by rtrndsrd workup 
procedure, gave the alcohol a0 (X = CHOH) (1.75 g, %yJ. 
l-hi8 mwriol w8a my wnvcrtaAl into 21 IJaing the 
SOClJHMPAprocedurersdblOfibOd~b~t~~~Thenudt 
21(12~~~2Q,(10ml)wu~~withBr2(0.8g.5mmol) 
in cH,cl, (3 aat) and workai up’6 to give crude ll!arlm@ 
dibromo material which was immaliatiy dehydro- 
brominatedusingt-Bu0K(3g)inDM80(30ml)(2S0,18hr)to 
give 23. Dsbtomination of 23 ( 1.08 g) with Na (4.0~ 0.17 mol) 
in refluxing Et0H gave, afttr normal wom2’ 4 (0.44 g 
269/,fkom2O),tnp. 123-125”(acetonc/McUH); ‘H-NMRd 1.0 
(d, J = 10 Hq WY, 1.28 (s, 4H), 1.7-2.2 (m, 6H), 263 (m, 4H), 
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6.11 (t, 4H). (Found: M”, 224.1568. CI,Hlo Requires: M, 
224.1565.) 

(ls4a44~~~89~,9a~r,~OB,l0aat)_l,4,4a,5,8,8~9,9a, 
10, lOa-Decd+r&mf~~ne, Sb 

Amixtureofal&in25(36.5g.0.1 moQandHCCPDU(54.6 
8 0.2 mol) was heated at 150” for 36 hr. The produft mixture 
wastrituratedwiiMeOH and thcruultingso!id,presumably 
X (58 g so”/&), Gas immediately subjected to reductive 
dechlorination” using Na (143 g) in a rcfhxing hxturc of i- 
PrOH (540 ml) and THF (900 ml). Normal workup 
proced~re’~ gave sb (7.2 g, 48%) whose spectral properties 
were identical with those reportal.La*19 

(1s 49 4aa, 5B, 5aoc, 6fl. baa, 7a. lOa, lOa lV, llaog 12S, 
12a+l, 4, 4a, 5, 54 4 6a, 7, 10, lOa, 11, lla, 12, 12a- 
Tetradecah~&o - 1,4: 5,12:6,11: 7,lO - tetramethunoneph- 
thacene, !k 

A mixture of (Ir (1.1 g, 7 mmol) and HCCPD, 24 (10.9 g, 40 
tnmol) was hcatCd in a stakd tube at l#p for 48 hr. 
Recrystallixarion of the product from EtOAc gave 27 (4.3 g, 
88%); ‘H-NMR (ClXl,) d 1.2 (6 1= 15 I-4 2H), 1.83 (d, J 
= 15~2H),25(~,2H),2.62(brs,4H),2.85(~,4H).Theadduct 
27 (3.1 g, 4.3 mmol) was dechlorinated using Na (8.0 g. 0.35 
mot), i-PrOH (25 ml) and THF (50 ml). Normal workup 
procedure gave Se (0.6 g, 48x), m.p. 195-198” 
(CH,ClfleOH); ‘H-NMR (CDCl,) ~5 1.09-l,% (m, 18H), 
278 (m, 4Ht. 5 87 I 111. JH). (Found : C, 90.38; H, 8.94. C&HI* 
Requires C, ur) 98,liq 9.02%) 

(ls4c44aa,5B,5as68,6aa,78,7aa,8ar, llor, llaar, 128,12as 
13/I,13aa,14/?,14au)-1,4,4a,5,5a,6,6a,7,7a,8,11,11a.12,12a, 
13,134 14, 14a-0a&c~y~~1,4:5,14:6,13:7,12:8, ll- 
pentamethanopentacenf, 51 

A mixture of 4b (0.2 g 0.89 mmol), HCCPD U (2.g 7.3 
mmol) and NaHCO, (50 mg) was heated at 110” for 20 hr. 
Additionofacotone totheproductmixtungavcadduct28(0.5 
g, 74%) which was immediately dcchlorinatcd using Na (3 g) in 
a reiluxing mixture of i-P&H (10 ml) and THF (20 ml). 
Normal workup promlure gave S(O.11 g, 47%), mp. 226 
226’(CH,Cl,IMeOH);‘H-NMRS0.8821@,24H),278(br 
s. 4H1, 5.89 (t, 4H). (Found: C, 90.29; H, 9.25. C2,Hs2 
Requires: C. 90.95 ; H. 9.05*,.) 

9.1 O_Dihydr*9, l~merhiurwnthracene, 6a 
(a) From texrachkwodimezhnycycio~, 3% A 

mixture of 29 (282 g, 20 t!nmol) and 3Ob(7!9 g 30 nun@) was 
heatedat l#)“for6br.Additionof~eOH~vctheadduct31b 
[6.2g 76.4”6 which was used without further pur&cat.ion The 
adduct3lbwaJdcrrccu~byslirringroamixtureofCH,C1, 
(60 ml) and cone H,SO, ( 10 ml) at room temp. Usual workup 
gave 3lc (3.1 g, 6L4*-;) which was dccarbonylated m boiling 
xyleocI2Oml~(5hr)1o~ve32laquaotitalivcyicldTrcatmen~ 
of 32 wilh cthanolic KOH 16 8 in SO ml) and oo& workup 
ga~e33~1.5g,bO”~.‘H-~hlR1CDCI,~d,‘~O1m JHr.4 5>trn, 
2H), 6.8s7.50 (m, 5H). 

Compound 33 (0.95 g, 3.2 mmol) was dechlorinated by 
treatmentwithNa(l,9g8Ommol)inaboilingmixtureofTHF 
(10 ml) and i-P&H (S ml) as described earlier. The crude 
product was purified by chromatography (neutral alumin 
petroleum spu-it cluant). followed by recrystallization IO give 
pure h (0.44 g. 71*,). m.p. lS5’ treponed’* 1.54”). ‘H-NMR 
(CDCI,) d 248 (t, 2H), 4.23 (t, 2H), 6.7s7.31 (sym m, 8H). The 
overall yield of ti from tr was 21%. 

(b) From tetracMorothioplmtecpkn+ I ,1-&a+& Xh, An equi- 
molu mixture of 19 (1.42 g, 10 mmol) and 3fta was heated at 
130” for 15 hr. Dilation with MeOH gave a ppt of 32 (3.15 
g, 95%) whose spectroscopic properties were identical to that 
prepared by method (a). The overall yieM of 6a from 28 by this 
method was41%. 

(5.z. 5a& 6a, lltx, lb+, 12+5, 54 6, 11, 114 12-He3&‘d* 
S,12:6,ll-&te~~,~ 

To a soln of alkcnc 34a (6.28, 30 mmol) in CH,(50 ml) 
wasaddeddropwise Br, (5.1 g, 32mmol)in CH2C12 (10ml)at 

room temp. Normal workup gave crude 3& which was 
dehydrohalogenated with t-BuOK (7.Og. 62 mmol) in DMSO 
(50 ml) as discussed above. The crude product was 
rocrystallixcd from acetone to give 4.2 g (4Y/d of brome 
monoenc, m.p. 144-145”. 1 H-NMR (CDCld S 1.47-1.87 (m, 
4H),23O(dt, lH),3.10(m,2H),3.20(1n,2H),5.15(brs, lm6.16 
(m, 2H), 7.03 (m, 4H). The debromination of bromemonoenc 
was carried out by treatment with Na (5.0 g, 022 mol) in 
refluxing EtOH (50 ml) to give 36a (14 g &I%), mp. 6162” 
(acetone/McOH). ‘H-NMR(CDCl,)6 1.47(aymm,ZH), 1.63 
@, 2H), 2.33 (sym m, 2H), 273 (m, 2H), 3.10 (m, 2H), 6.15 (m, 
2H),7.00(m,4H).(Found:C,9234;H7.74.C,~H,bRoquircs: 
C, 9226; H, 7.740/,.) 

A mixture of 36a (1.6 g, 7.7 mmol) and 3or (27 g 10 mmol) 
was heated at 130’ for 15 hr. Workup gave crude tetrachloro 
adduct (3.0 g) which was immcdiatel~ dehydrohaiogcnated 
using ethanolic KOH (15 g in 150 ml) and then dehalogenated 
using Na/EtOH as described above for 6a. Pure 6b was 
obtained by chromatography (neutral A120,, petroleum 
spirit), followed by rccrystallixation, m.p. 142-144” (hexane- 
EtOH) in an overall yield of 43.8% (0.87 g). ‘H-NMR (CDCI,) 
S 1.47-1.77 (m, 4H), 2.47 (dt, 2H), 327 (m, 4H), 6.93 (rn, 8H). 
(Found: C, 93.14; H, 7.19. &HI,, Requires: C, 92.98 ; H, 
7.02%) 

~la,~,~S,5s5aB.6a,llrx,llaB,12a,1~~~,4,4a,5,5a,6,ll, 
114 12, 12a-Dec&y&~l, 4:5, 12:6, ll-rrimcthanonaph- 
thacene, 3tib 

AmixtureofXa(3.12g 15mmol)andcydopcntadicne(4.0 
g, 60 mmol) was heated at 185-190” for 24 hr. The crude 
product was purified by chromatography (neutral A120sr 
petroleum spirit), followed by recrystallixation, m.p. 206-208” 
(aceton*MeOH) to give 34h (2.1 g, sa”/. ‘H-NMR (CDCI,) 6 
l.t_&243(m,l2H),2.77(m,2H),3.15(brs,22H),5.%(t,2H),7.0 
(br a, 4H). (Found : M + ‘, 274.1723. CI,H22 Requires: M, 
274.1722) 

Rearrangement of 34b to 36b aa shown in Scheme 4 was 
carriedoutesdescribcda~vefor~from~in35.40/,yidd, 
m.p. 132-134” (acctone-MeOH); ‘H-NMR (CD&) b 0.83- 
2.33(m. 12H),263(m,2H),3.17(brs,2H),6.00(m,2H),6.97(rn, 
4H). (Found M”, 274.1722. CzIHzI Requires: M, 274.t722.) 

(5s5a/Vc6aS,7s 1202as, 1% 13aB, 14+5,5&6647* 12, 
1% 13, 134 14-DecuIlydro-5, 14:6, 13:7, 12-nfmrrharrct 
/n?nc&Xne, 4c 

Tbiswasprcparadfrom36b(2r17mg,~9,mmol)aod~(304 
mg, 1.2 mmol) as described above for 6b&om a in 38.4% 
yield,m.p. 176177”(acctonc), ‘H-NMR(CDCl, .d 1.2+2.50 
(m, 12H),3.2O(brq4H),6.95(m,8H).(Found:C.9 t .93;H,7.63. 
&Hz, Requires : C, 92.54; H, 7.46%) 

Dlmethyl- (2a&3/3,1041Oaa) - ~3,lO,lOa - tetruhydro - 3,lO - 
meth - 4,9 * ‘dimethoxycyclobrrtrr(b)ontkrocmt - 12 - 
dicarboxylate, - 

A soln of 3& (10 g, 40 mmol), DhfAD (II ? p m mmr~l) and 
RuH2CO(PPh,),‘s (0.92 go.8 mm011 m benzene 140 ml1 w& 
he&cd in a scaled tube at 80” lor 12 hr Thr [ILLIIUTC mu 
workcdupin theusual way35 togiveti( 125g,80D/,),m.p.99- 
100” (from EtOH):lR (nujol) 1735cm-’ ; ‘H-NMR i 1.83(br 
s, 2H 11). 293 (s, 2H, H2a and H lOa), 3.70 (br s, 2H, H3 and 
HlO), 3.83 (s, 6H, 2 x QCH,), 4.02 (s, 6H, 2 x OCH3,7.3-7.5 
(m, 2H, aromatic), 8.0-8.2 (m, 2H, aromatic). (Found: M+‘, 
394.1421. C1,HZf06 Requites: M, 394.1415.) 

7-b m~d~ww44cs,5c4 126,12~9,12ba, 1wb 1,4,* 
4c, 5, 12, lza, l2&0ft4&ydro-l, 4:5, lzdImcthan0 - 6, 
11 - dimetlroxyhza(3’, 4’)cycloh.t41’, 2’:3, 4)cyciohth 
Zb)rmrhracene system 

(a) DfmethyMb,lWicurhxyhe, 11a A mixture of 1Ik 
(0.98 g 2.5 mmoi) and quadrkychnc (4.6 g, 50 mmol) was 
hcatedinasealaitpbeat 18O’for 17hr.Thamixtwtwas 
evaporated, & through acolumn ofalumina(EtOAc)and 
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reerysUzed from EtOH to give 411(0.76 & 63X), rap. 20& 
201”; ‘H-NMR 6 1.16 (d, J = 9 Hs IH), 1.67 (d, J = 11 Hz, 
lH),1.%(6J=~lHr,lH),212(r,WX25(s,2HX255(~, 
J = 9 Hz, lH), 2.9 (br s, ZH’), 3.73 @r a, w)( 3.81 (I, 6H 
2 x OCH&, 3.98 (s, 6H 2 x OCH& 6.02 (t, w, tiylic), 7.2- 
7.5 (m, 2H, aromatic), 7.98.2 (m, XH, aromatic). (Found : C, 
74.20; H, 6.31. C3&oO~ pSqrrhol:Ic, 74&H, 6210/,) 

(b) 4b,l2b-DlmtR# compoua, 4H A mixtum ofllr (8.1 g, 
16,7mmol)andLiiH,(0.95g25mmol)inTHF(ll0ml)was 
rcfluxed for 15 hr. Staadrrd worlrup proaadure and 
subsequent recrystallization from EtOH gave dial 41b (62 g) ; 
IR (CCl,) 3630 (OH) cm- ‘, which wm not &ra&r+d 
furthcr.Amixtureof41b(3.0g,6.6mmol)and~lfonyl 
chloride (2 12 g, 16.3 mmol) in pyridine (75 ml) wa8 Mt at - 5” 
for 18 hr. The mixture ~8s poural onto crushed ioc and 
extracted with ether. Theether extract wa.8 fraad from pyridine 
with aq HCI and evaporated to give crude tiybte 4k (5.0 
g) which WM not purifkd further but immaliatiy tread with 
LiAlH* (1.0 g) in refluxing THF (100 ml) for 48 hr. Standard 
workup procedure gavelll(ldg, 580/, avarllyield fromllb), 
m.p. 158-159” (from petroleum); ‘H-NMR b 0.92 (s. 6H, 
2 x CH,), 1.3-2.1 (r-n, 8H), 2.73 (br a, ZH, Hl, H4), 3.67 (br s, 
2H, H5, HlZ), 3.94 (s, 6H, 2 x OCH& 591 (br ti, ZH), 7.2- 
7.5 (111, 2H), 7.9-8.2 (m. 2H). (Found: C, 84.41; H, 7.50. 
C,,H,,Ox Requires : C, 84.38 ; H, 7.5V/) 

(la, 4s 4as 58,5aq sbs, 5ca, 6/3,13B, 13aq 13bS, 13% 148, 
14a+l, 2, 3, 4, 4a, 5, Sa, k 6, 13, 13a, 13c, 14, 14a- 
Tetrudecohydr+l, 4: 5.14: 6,12trimet~7,12dimethoxp 
5b, 13bdimethybraphtho(2,3 : 3’. 4’)cyckbuta(l’, 2’ : 3,4)cycb 
bur( 1, 2-b)anlhracen- 15-one, &, and the dicymomethylene 
fie7l-wtfue, 46 

A mixture of 41d (11.5 g, 29 mmol) and m(7.4 g, 28 mmol) 
was heated at 120” for 48 hr. The resulting solid was 
rccrystahizod from acctoncEtOH to give e(l6.5 g 86%). 
m.p. 23 l-232” ; ‘H-NMR d 0.91 (s, 6H, 2 x CH,), 1.4-25 (m, 
12H), 3.47 (d, 6H, 2 x OCH,), 3.61 (br s, ZH), 3.92 (s, 6H, 
2 x OCH,), 7.2-7.5 (m, ZH), 7.!&82 (m, 2H). 

Compound 43a ( 16.0 g, 242 tnmol) was dcchlorinatrd using 
Na (31.7 g 1.38 mol) and EtOH (170 ml) as *bed 
elsewhere* {reflux time, 18 hr). The resulting solid PRa 
workup2’(121 g)wasfoundby ‘H-NMRspcctroacopytobca 
mixture of 43b and products resulting from raiuctioa of the 
naphthalenering.TreatmentofthismixturewithDDQ( 10.2g, 
45 mmol)in bcnzcne(9Oml)for 17 hrat 25”gave,aftercohunn 
chromatography (EtOAc), the acctaJ43b (120 g) which was 
notpurifiedfurtherbutwashydrogcnnted(l00/,Pd/C,200mg; 
EtOAc, 100 ml, 1 atm, 25”) until ‘H-NMR spectroscopy 
revealed total absence of double bond. A solo of the product 
after hydrogenation (11 .O g) in THF (100 ml) and 400/O H lSO, 
(100 ml) ~8s stirred for 48 hr at 25”. Standard workup 
procedure gave ketone & (6.7 g; 48% overall yield from IId), 
m.p. 237-239” (CHCl,-petroleum); IR (nujol) 1780 (c----O) 
tmt-‘; ‘H-NMR80s98(s,6H,2 x CH,), 1.7-23(m, 18H),3.67 
(br s, 2H), 3.97 (a, 6H, 2 x OCH,), 7.2-7.5 (m, 2H), 7.9-8.2 (m, 
2H).(Found :C,81.93;H,7.41.CSaH3,0, Requires:C,82.46; 
H, 7.55x.) 

A soln of & (1.0 g, 21 mmol), maloaonitrile (152 mg, 2.3 
mmol), AcOH (0.37 ml), and NH,OAc (161 mg) in tolucne (5 
ml) was reftuxed for 2 hr, the water being removal through a 
Dean-Stark apparatus. CH2C11 (20 ml) waz~ added to the 
mixture and the soln was washed succesaivcly with NaHCO, 
aq and H20. Evaporation of the organic layer gave 46 (0.7 1 g, 
660/,), m.p. 193-195” (EtOH); IR (nujol) 2250 (CZN) cm- ’ ; 
‘H-NMR b 1.0 (s, 6H, 2 x CH& 1.2-23 (m, 18H), 297 (br s, 
2H), 3.65 (s, 2H), 3.98 (q 6H, 2 x OCH& 7.2-7.5 (m, 2H), 7% 
8.2 (m, 2H). 

(1&,4aa,5j3,12/3,12aa) - 1,4,4a,5,12,12a - Hex&y&o - 
1,4 : 5,12 - dinreck - 6,11 - dimctI~~xy~&~ene, 47 

A mixture of 3&“” (100 g 0.4 mol) and cyc#opentadienc 
(38.4 k 0.58 mol) wan heated with sting in a Parr prusure 
reactor at 185” for 18 hr. The mixture was passod through an 
alumina cohrm.n (X:50 mixture of CH&lx and petroleum 
spirit 40-6@ fraction), and raxystaUizcd from EtOH to give47 

(66 & 49”/,), m.p. 137-138”; ‘H-NMR b 1.30-1.67 (m, 3H, 
2Hl3, Hl4), 2.37 (br r, 2H, H4a, H12a), 287 (d, J = 10 Ht, 
H 14), 295 (br s, 2H, H 1, H4A 3.53 (br a, ZH, HS, H 12), 4.01 (k 
6H, 2xOCH,), 6.13 (t, 2H, HZ, H3), 7.33-753 fm, W, 
aromatic), 7.9M.13 (m, ZH, aromrtic). (Found : C, 83.01; H, 
7.04. C11H2z02 Requires: C, 82.99; H, 6.%x.) 

(la,4a,4@ 5a,lza,12&1*4,4a 5,12,12a - ffeXuIr*o - 1,4:5, 
12-d- I l-dimcthox~hucene, 39 

Toasolnof4~(5O~0.16mol)~CH&l~fl~ml)wasackkd 
dropwiae pyridinium hydrobromidc perbromide (55 g. 0.17 
mol) in CHfit (2 1). The resulting aoln was waabed 
successively with 10% NaOH and Hz0 and then evaporated 
to give crude rearranged dibromo adduct (760 g). This 
matcriaJ was dvely dchydrobrominated and dt- 
brominated, using the same procedures dcacribad above for 
the preparation of 0. The resulting solid was raxyst.&zed 
from EtOH to give s (26 g, 52% overall yield from 4’7). m.p. 
106-107”; ‘H-NMR 6 125 (d, J P 9 Hz. lH), 1.63 (d, J = 11 
Hz, 1 H), 1.78 (s,2H), 247 (d, J = 9 H& 1 H), 2.81 (br s, 2H), 3.53 
(br s, 2H), 3.92(s, 6H. 2 x OCH& 6.11 (t, 2H), 72-7.5 (III, W), 
7.e8.2 (m, 2H). (Found: C, 83.06; H, 6.91. C22H2z02 
Requires : c, 8299 ; H, 6.96%) 

The (1% 44 4@, 4bs 4@, 5a, SaS, Ss 130,13aS, 14s 14@* 
14h 14cfi1, 4, 44 4c, 5, 5a, 6, 13, 139 14, 14a, 14~ 
dadecahydr6-1, 4:5, 14~6, llrrbnetkmro-7, 12-dimethoxy- 
benzo(3’, 4’)cj~clobut4 1 ‘, 2’ : 3,4)cyclobuc4 1, 2-b)napluhacene 
SJW?ITl 

(a) Dimerhyl-4b.l4Mic&uxylote, 42a A mixture of 39 
(31.8gial md),DMAD(l5.6g,O.l1 mol),RuHICO(PPhS)B 
(2.4 g, 2 mmol) in benzene (400 ml) was refluxed for 24 hr. 
Standard workup proacdur~~~ gave loL (28 g, 61%) as a 
semisolid which was not puri6ed further but was heated with 
quadricyclane (40 g) at r&x for 64 hr. Evaporation and 
rtcrystll~izationoftberes~tingsolid~omEtOHgavt~(~ 
g, 53% overall yield from 3!Q m.p. 127-129”; ‘H-NMR d 1.03 
(d, J = 10 HS lH), 1.40 (4 J = 12 Hz, LH), 1.624 (m, 12H), 
2.77(brs,2H),3.63(brs,2H),3.71(s,6H,2xCKIi,),3.97(s,6H, 
2 x OCHJ), 5.93 (m, W), 7.2-7.5 (m, 2H), 7.9-8.2 (m, W). 
(Found : C, 76.12; H, 6.63. C3,Ha606 Requires: C, 76.06; H, 
6.5%.) 

(b) 4b,l4bDirrrefkyl compwnd, lu. The conversion of 42a 
into 426 followed the same procedure that was used to convert 
41a into 416 Yield of 426, 63% (from 42a), m.p. 118” 
(petroleum); ‘H-NMR0.77(s, 3H, 2 x CH& 1.1-27 (m, 16H), 
3.67 (br s, 2H, H6, H13), 3.98 (s, 6H, 2 x OCH& 5.97 (m, 2H, 
H2,H3),7.2-7.5(m,2H),7.9-8.2@, 2H).(Found:C,85.37; H, 
7.89. C,,H,,Oz Requires: C, 85.30; H, 7.81%.) 

(1s 4aq 4aaq 5S, 5a~, 5bS. 5cs 68,6as 7/X148.14=, IQ% 15aa, 
15bfl, 15ox, 16&16aa)-1,2,3,4,4a, 5a, 5b, 6,6a,7,14,14a, 15 
15a, 15c, 16, lba-Octadecahydro-1, 4:5, 16:6, 15~7, 14 - 
tetramerhuno - 8,13 - dimerhoxy - 5b,l5b - dimethylnaphtho- 
(2,3 : 3’,4’)cycfobu~z(l’,2’ : 3,4)cyclobura( 1,2-b)naphthaene - 
17 - one, 45. 

The conversion of 42d into 45 via 44a and 44b followed the 
same procedure as was described above for the conversion of 
41d into &. Overall yield of 45.55% (from 4u), m.p. 285287” 
(CH,Cl,-pcntane);IR(nujol) 1776(C=O)cm-‘; ‘H-NMRG 
0.78(s,6H,2 x CH,), 1.5-23(m,24H),3.63(brs,2H,H7,H14), 
3.97 (s, 6H, 2xOCH,), 7.2-7.5 (m, 2H), 7.9-fI.2 (m, 2H). 
(Found: C, 82.95; H, 7.56. CJIHd20a Requires: C, 83.48; H, 
7.740/) 
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