
rules3 that later siitisfactorily explainai its exceptional 

remction may take place, even at low temperatures. 
Based cm the reasonin we chase to synthesize 
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accomplished either by cage contraction or by tigc 
expansion, provided that prerequisite functionalitics 
have been introducad at the proper positions. In our 
hands, dibromotricyclodccadicnone ethylene kctal 5 
turned out to be a most rewarding photoprecursor as it 
is readily available from cyclopentanone in large 
quantities’*9 and allows the synthesis of alI the desired 
bridgehead cage alcohols or acetates’* as portrayed in 
Scheme 1. 

With the exception of bishomocubanol 9, the 
introduction of a bridgehead oxygen function (OH or 
OAc) was most cf6cicntly re&ed in the final stage of 
the reaction sequence by chemical transformation of a 
bridgehead carboxylic acid group involving tither 
dcamination of a bridgehead amine or Bacya-Vilhgcr 
oxidation of a methyl ketone (Scheme 2). 

Acidic hydrolysis of the acetates under carefully 
controlkd conditions afforded the corresponding 
bridgehead cubyl, homocubyl and 1,3-bishomocubyl 
alcohols 6,7 and 9, respectively. Surprisingly however, 
whereas the highly strained cubyl alcohols were 
isolated in excellent yields and exhibited a relatively 
high thermal stability, the considerably kss strained 
homocubyl alcohol 7 appeared to be thermally very 
labile which thwarted its isolation. Even more 
pronounced, the baskctane alcohol 8 could not be 
obtained as yet. These experimental observations 
indicate that there is no direct correlation between the 
thermal stability and total strain energy of the 
respcc& polycyclic alcohols. 

Attempts to obtain the bridgehead alcohols 6-g by 
base-catalyzed alcoholysis of the corresponding 
acetates failad completely. Instead, a basc-catalyabd 
cage opening reaction was observed that leads to s4zco- 
cage ketones 11 in high yicldsl* (Scheme 3). This 
process that can be formulated as a homokctonization 

reaction, appeared to be completely sterec+ and 
rcgiospccific. 

In the homocubane, basketant as well as in the 1,3- 
bishomocubanc system, this cage owning proczeds 
with complete rerenrion of conEguration. This 
stereochemical outcome is typical for polycyclic 
bridgehead alcohols in which the bridgehead is being 
flanked by 6 and/or 5-membered rings. No cxoeption 
to this ruIa has been observed as yet? These 
stereochemical results can be best understood by 
assuming the initial formation ofa carbanionic species 
that is not stabilized by homoconjugative interaction 
with the developing carbonyl function due to strain 
effects (SE, process). I3 As a consequence rapid 
protonation will mr from the polar e&o side. 

The regiochcmistry of bond cleavage in the 
bridgehead acetates 10 (R = AC) is primarily governed 
by relief of cage strain, resulting in the exclurive 
formation of the thermodynamically most stable half 
cage ketones 11. As shown by force field calculations,sb 
this certainfy does not imply the involvement of the 
most strained C-C bond. 

The reactivity of the polycy&c alcohols or acetates 
10 in this homokctotition process posse mode 
parallels the total cage strain energy: cubane 
> basketanc > homocubane > 1,3-bishommubane. 
However, again the baskttanc analoguc behaves 
somewhat exceptionally as basketyl acetate* 8 
homokctonixcs much more rapidly than homocubyl 
acetate 7, despite its somewhat lower cage strain 
energy. This increased reactivity refkcts the &ct of 
the expanded ethylene bridge which &rca~~ the 
constraint around the C4 and Cs atoms in the 
basketanc system relative to that in the homocubane 
analoguc. As already noticed for the thermal stability of 
the cage alcohols lO(R = II), local strain features seem 
to be of more importance than total cage strain energy 
in determining the chemical reactivity of these cage 
alcohols. 

In the examples discussed so far, the q&chemistry 
of the base-induced homokttonization of bridgehead 
alcohols is dcterminod sokly by thermodynamic 
parameters. Eleztronic factors do not play a significant 
role here, since in none of the three conceivable C-C 
bond cleavages is the developing carbanion par- 
ticularly stabilized. Therefore, we were intrigued by the 
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possibility of directing the regiochemistry of this cage 
opening by stabilization of one of the possible 
aubanionic intermediates, whicheventually could lead 
to a thermodynamically less stable v frame 
work. For this purpose, we selected bridgehead 
sobstituted 1,3-bishomctcubyl acetates 12 and 13, 
containing either a aubanion stabilixing carbonyl 
group or an efIicient leaving group L at the position/l to 
the bridgehead acetate function.‘* 

dependent on structural features, indicating a subtle 
balance between the thermodynamic stabilities of the 
conceivable ring opened products and eliminative 
carbanionic stabilization. Thus, under identical 
conditions, the sya-mesylate does not show any cage 
opening pointing to stringent stereo-electronic control 
of this process. Replacement of the mesylate group by 
an alcohol function in the proper anti-position 
completely blocks this elimination reaction, eveu at 

The synthesis of 12 and 13 starts from tricyclic enol higher temperatures. Instead, the exclusive formation 
14, which is actually the Diels-Alder adduct of of the thermodynamically most favourable ketone 19 
cyclopentadiene and cyclopentene-1,3dione. As the was observed. Evidently, in the 1Jbishomocubane 
enol acetate of 14 is quantitatively converted into 1,3- system, a “contra thermodynamic” C4-CS bond 
biihomocubanone acetate 12, we have a very efficient cleavage can be real&d, provided that stabilization of 
route to this bridgehead cage acetate at hand. the intermediate C,-carbanionic species, by either 
Homoketonixation of ketd acetate 15, which could direct conjugation or an eliminative process, is 
only be accomplished with NaOMe in refluxing sufficiently krge. Force field calculations reveal that the 
MeOH, conformed entirely to the general pattern i.e. difference in thermodynamic stability of 16 and 17 is at 
producing the thermcdynamically most stable half least7kcalmol-1,‘5implyingatleastthisdecreasein 
cage ketone 16 among the three conceivable structures. activation energy for C4-C5 bond cleavage. 

In contrast, keto acetate 12 underwent an extremely 
fast cage opening alIording regiospeciflcally diketoue 
17 in quantitative yield. The observed regiochemistry, 
as well as the relative rate of formation of 17 as 
compared with that of 16, clearly demonstrates the 
effect ofconjugative carbon-leaving group stabilization 
of a C=O function in this eliminative ring tlssion 
process. The alternative way to enforce the homoketo- 
nixation to proceed in such a”contra thermodynamic” 
direction, namely via a heterolytic fragmentation with 
the concomitant expulsion of nuclwfuge L, was studied 
for mesylate 13 (L = O&s). Under relatively mild 
conditions, the mttl-mesylate afforded the interesting 
keto-oletin 18 in quantitative yield. This l$-through 
cage elimination process appeared to be critically 

The present challenge 
In the more strained homocubane system, the 

difference in thermodynamic stability between seco- 
cage ketones 20 (C4-C, cleavage) and 21 (C4-C, 
cleavage) is even more pronounced and amounts to at 
least9kcalmol-‘.’ Therefore, in comparison with the 
hitherto discussed 1,3bishomocubane case, product 
formation in the base-induced homoketonixation of S- 
functional&d homocubyl alcohols 22 (X is some 
carbanion stabilizing group) may be more dependent 
on the balance between the relative thermodynamic 
stabilities of the conceivable seco-cage structures #) 
and 21 and the stabilities of their mspective carbanionic 
intermediates. Challenged by this hypothesis, we 
sought to synthesixe S-functional&d homocubyl 
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Fig. 1. Stereoview of compound 28a. 

These cyclobutane enolethers are prone to undergo 
rapid hydrolysis, and accordingly, it is not surprising to 
find that under the conditions of photocyclixation, only 
its hydrolysis product 28a is isolated. The intermediacy 
of 27 (x = Br) could be proven by performing the acid- 
catalyxed rearrangement of 24h in CDCls/HCl(g) in an 
NMBtube. I.n a very slow reaction, the characteristic 
viny&&et proton and OCH, protons appeared at the 
expected positions. namely at 6 4.52 and 3.40 ppm, 
respectively. As implied by the proposed mechanism, 
the 5-bromo subatituent in 2rlb considerabIy ac- 
celerates this cage opening process. Photocyclixation of 
the bromine lacking methyl enolether of 14 in toluene 
under standard conditions alforded 1,3-bishomocu- 
banone 2!) in quantitative yield without any formation 
of its ring opened product 2% The addition of some 
acid slowly converted 29 into tricyclic diketone 2%. 
In contrast, the presence of an electron-releasing 
substituent at the C,-position in 24 is essential. The 4- 
acetoxy- and the 4-mesylate-1,3-bishomocubanone 
24d and e, and even the MEMether 24c, obtained by 
irradiation of the corresponding tricyclodecadienones 
23, did not show this acid-catalyzed cage opening 
reaction. 

The first step in this regiospecijic cage opening 
process of.Ub and 2!l essentially constitutes an acid- 
catalyzed nucleophilic ring fission which is closely 
related to the base-induced homoketonixation of 5- 
acetoxy-1,3-bishomocubanone 12 in methanol. A 
rather strained oxonium @ermediate 26 is formed 
here, that in benzene or toluene cannot be neutral&d 
by the simple extraction of a bridgehead proton. 
Instead, a subsequent Cs-Cs bondscission is enforced 
to compensate for the positive charge. As this bond 
cleavage also releases a considerable amount of strain 
energy, we assume this reaction to be very fast. The 

observed dependency of this two-stepcage degradation 
process on the electron-releasing ability of the4oxygen 
substituent confirms that the formation ofthe oxonium 
intermediate is indeed the rate-determining step. The 
complete unfolding of a bridgehead methoxy- 
substituted 1,3-bishomocubanone is a new and 
appealing example in which strain features of the cage 
skeleton, togetherwith electronic factors as imposed by 
the attached functional groups, delicately determine 
@mate chemical behaviour. Another example of such 
an acid-catalyzed cage opening reaction was recently 
described by Mehta et al.,“’ for the “‘push-pull” 
methoxy-substituted Cookson’s cage ketones 30. 

Interestingly, the cycloreversion of methoxy- 
substituted 1,3-bishomocubanone 24h could also be 
accomplished very efficiently using the flash vacuum 
thermolysis technique.19 At 4lW/3.5 x lo- ’ Torr both 
24b and 29 were smoothly converted into enolethers 27. 
This thermal reorganization can be best accounted for 
by a radical pathway, involving the initial formation of 
a 1-methoxy-1,4-radical by regioselective cleavage of 
the C.+-Cs bond followed by further bond scission.20 
The formation of such a l&diradical is particularly 
favoured in terms of Viehe’s concept of captodative 

28 a. X=Br 
b. X=H 

scheme 5. 
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stabilization.t2 1 The ultimate formation of the a&&s- 
tricyclo[5.3.0.~~s]d~e system 28 can actually be 
formulated as a two-step mettathcsis reaction starting 
from 31 (Scheme 6). F~h~~a~ration of this tricyclic 
system for the synth& ofcyclopcntanoids is currently 
under investigation. 

After having a~rnplisb~ the s~thesis of 4- 
oxygen-substituted 1,3-bishomocubanones 24, we 
attempted the Favor&ii cage contraction to obtain the 
corresponding homocubanc carboxylic acids 2!5 
(Scheme 4). We started off with mcthoxy bromoketone 
24b, that was treated with 30% KOH in water under the 
usual conditions. Most unexpectedly, this Favor&ii 
reaction failed completely. No carboxylic acid 29 or 
any other identifiable material could be obtained from 
this reaction. Variation of the reaction conditions and 
the applied base system did not alter this rest&. The 
failure must be a~but~ to the presence of the 
bridgehead methoxy group as the corresponding 
bromoketone 32, which hrcks tbis function, smoothly 
contracts to homocubane carboxylic acid 33.” 

As there is no reason to believe that the methoxy 
group itself would not survive the strong basic 
conditions used, we suggest that its dramatic effect on 
the course of the Favorskii reaction is of electronic 

tSu& a capto-dativs a~~~ti~~ involving m~thoxy- 
substituted Cookson’s cqe ketones has recently been 
reported by the ruxarcb groups of Mchta et CIL,~~ and 
Kammatsu and co-workcrs.23 

origin. An explanation is depicted in Scheme 7. The first 
step in this process is the addition of the hydroxide 
anion to the strained carbonyl function of 24b leading 
to hydrate 34 that can undergo either a concerted semi- 
benzilic acid type cage contraction to the desired 
carbxylic acid 2!& (path a), or an eliminative 
nucleophilic ring fission to form carbanioo 36 (path b). 
Electronic stabilization of this latter carbanion by the 
adjacent eI~r~-~thd~~g methoxy group could 
now favour path b over path a. Subsequent protonation 
of 35 would then lead to scco-&ge structure 36, that 
under the severe alkaline conditions may undergo 
further degradation to water-soluble material. This 
su~~tion of a strong ~~o~~~onic effect of the 
OCHa function is firmly supported by a report by 
McDonald and Curi?’ who studied the Favor&ii 
reaction of a /?-methoxy substituted bicyclo- 
[Z.Z. Ilheptanonc. As the mesylate function is even 
more electron attracting, an increased lability of the 
Buddha-su~titut~ ~c~y~~onate 24a is antici- 
pated. This appeared to be true. In rcf3uxing 15% KOH 
aq complete degradation of 24e was observed within 15 
min. in contrast, a more successful result was obtained 
with MEMcthtr 24~. Whereas in aqueous medium 
only d~om~sition was observed, the use of NaOH in 
xylenc tiorded the desired homocubane carboxylic 
acid 25~ as an oil in low yield. This MEM-protcctad 
bridgehead homocubanol turned out to be extremely 
di&ult to purify. 

In despair, we tried to promote the Favor&ii cage 
contraction of 24b, by enhancing the leaving ability of 
the a-bromine atom through Ag” cataly~is.‘~ 
Although silver is well known for its ability to isomer& 
strained polycyclic structures such as homocubanes 
and cubanes,2f the occurrence of only one report on an 
Ag + catalyzed cycloreversion of a 1,3-bishomocubane 
was encouraging.2* Thus, to a suspension of 
bromoketonc 24b in ZO’%/KOH aq, an excess of AgNOa 
was added and the reaction mixture stirred for 4 h at 
60”. The almost i~~atc formation of a silver mirror 
rn~~~y reveal& the occurrence of an oxidative 
reaction, making a straightforward Ag+ assisted 
Favorskii cage contraction of24bvery unhkely. Indeed, 
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Fig. 2. Stereoview of methyl ester of compound 41. 

24 X:Br 
3 X-H 

Scheme 8. 

a single crystalline carboxylic acid was isolated in 85% 
yield, which according to its spectral data was certainly 
not the desired homocubane auboxylic acid 25b. 
Repeated crystallization from toluene afforded a pure 
sample with m.p. 127.S129”. However, using ethanol 
as solvent for the crystalliz&on caused a remarkable 
increase in melting point (m.p. 220-221”) indicating a 
rearrangement reaction under these conditions. Both 
the IR and NMR spectra show&only minor changes 
suggesting ep’ nnerization of the carboxylic acid 
function. The complexity of the ‘H-NMR spectra did 
not allowadefiniteassignment ofthestructuresofthese 
carboxylic acids. However, an X-ray analysis of the 
methyl ester of the epime&d carboxylic acid 
unequivocally ascertained its structure as the methyl 
ester of 41.29 A stereopicture is shown in Fig. 2. 

An explanation for the high yield formation of this 
tetracyclic structure from 1,3-bishomocubanone 24b is 
given in Scheme 8. As known from the extensive work 
on the Ag+-catalyzed valence isomerization of cubane 
and homocubane derivatives,*’ the first step in this 
cage opening of a lJ-bishomocubane derivative most 
certainly involves electrophilic interaction of the Ag+ 
cation with one of the a-bonds of the cage, followed by 
C-C bond cleavage and formation of a cationic 
intermediate. Here, cleavage of the C3-C4 bond is 
particularly favoured as, first, it involves the most 
strained u-bond in this cage structure.? Secondly, it 
leads to the thermodynamically most stable half cage 
intermediate 37 (X = Br). Thirdly, it allows an 
attractive accommodation of the positive charge as an 

t The C3-C, bond essentially constitutea the central bond 
of a bicyclo[2.2.O]hexane moiety constrained in a 1,3- 
bishomocubane cage skeleton. 

oxonium ion. Based on similar transformation in the 
cubane and homocubane systems, stabilization of such 
a cationic intermediate would normally involve 
subsequent scission of the C2-CS bond and expulsion 
of the Ag+ cation affording the formal @cloreversion 
product 31.*s However, under the conditions applied, 
no formation of tricyclodecadienone 31 or its 
hydrolysis product was established. The lifetime of 
oxoniumion 37 is apparently long enough to permit 
efficient trapping by H20/OH - to form hemiacetal38. 
This interception of 8 silver-substituted cation by an 
external nucleophile is very unusual and has, to our 
knowledge, no precedent in the area of cage chemistry. 
Hemiacetal38 is now suited to undergo a formal retro- 
Claisen condensation reaction by scission of the 
C&Z s bond, immediately followed by a cyclopropan- 
ation reaction with elimination of Ag” (in structure 38 
shown in a concerted manner), leading to tetracyclic 
ester 39 (X = Br). Saponification of the ester function 
then gives carboxylic acid 40, that in refluxing ethanol 
slowly epimerizes to 41 (X = Br). This Ag+-induced 
cage opening is also observed for MEM-ether 24~. The 
presence of a masked bridgehead alcohol function at 
the C, position appeared to be crucial as the parent 
1,3-bishomocubanone does not undergo such an 
electrophilic cage opening reaction. Finally, we proved 
that the bridgehead bromine at CS is not essential for 
this cage opening reaction as methoxy ketone 29, 
lacking this atom, is also smoothly transformed into 
tetracyclic carboxylic acid 41 (X = H) under these 
conditions. 

In conclusion, the presence of a bridgehead oxygen 
containing substituent at the /?-position to the ketone 
function in the 1,3-bishomocubanone system con- 
siderably affects its chemical reactivity both under 
acidic and basic conditions. As a consequence, the 
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Favor&ii cage contraction, which thus far has always 
been a reliable method for the contraction of a 1,3- 
bishomocubanone to the homocubanc systcm30 
cannot be applied here for the synthesis of 4-oxygen- 
substituted homocubane 4-carboxylic acids. Although 
the above experiments did not provide the desired 
results, this study has been rewarded by thediscovery of 
et!Ecient routes to the multi-functionalizcd tricyclo- 
[5.3.0.0Lf)dec.ane and tctracyclo[4.3.0.0~*.03J’Jnonane 
systems. 

Reward 
The strategy for the synthesis of substrate 22 was 

hitherto based on the introduction of the OR 
substituent in the primary stage of the squcncc, 
followed by a conversion of the COOH group into a 
suitable anion stabilizing function. The reluctance of 
the oxygen-substituted 1,3-bishomocubanoncs 24 to 
undergo a Favorskii cage contraction to 25 
necessitated adaption of our strategy to 22. WC chose to 
reverse the principal synthetic steps, that is, to 
introduce first an anion stabilizing function and in a 
later stage the required oxygen substitutnt by a 
functional group transformation. An attractive starting 
material for this approach seems to be 4,5- 
dibromobishomocubanone 43, where the 5-bromo 
substituent is predestined to serve as an anion 
stabilizing group. The Favorskii cage contraction to 5- 
bromohomocubant carboxylic acid 45 may be 
hampered by a competitive cage opening of the Haller- 
Bauer type (Scheme 7) favourcd by the electronegative 
Br at Cs. On the other hand, the reported successful 
contraction of a tetrachlorobishomocubanonc to a 
homocubane carboxylic acid is tncouraging.24 For the 
synthetic plan outlined above the bicyclic dibromide 42 
is n&cd as the photoprecursor (Scheme 9). An obvious 
route to 42 seems to start from bromocnol 238 and 
involve subsqucnt replacement of the enolic hydroxyl 
function by bromine. 

Initial attempts to achieve this transformation in the 
usual way with PBr3 in HCClS3’ were disappointing. 
At room temperature, no reaction was observed at alI, 
due to the poor solubility of enolbromide 23a in this 
medium, whereas under rcflux intractable mixtures 
were formed which contained only a minor amount of 
the desired product 42. Under the latter conditions, 
cnolbromidc 23a rapidly dissolved indicating the 
suaful formation of the corresponding cnol 
phosphate ester. However, subsequent replacement of 
this phosphate ester function by bromide, which 
involves a Michael type addition+limination proms, 
is apparently very slow under these conditions, causing 
considerable decomposition. We reasoned that this 

sluggish addition reaction could be due to a rather low 
concentration of bromide ions. Indeed, the addition of 
pyridine3s significantly increased the yield of 42. An 
excellent transformation of cnolbromide 230 into 42 
was finally achieved by adding an excess of 
bcnzyltricthylammonium bromide as the bromide 
source. This dibromidt appeared to be a rsthcr labile 
compound, that after purification was immodiatcly to 
be used for the photocyclixation to 43. Irradiation of42 
was performed in tolumc in the usual way. The first 
experiment afIordcd the desired cage compound 43 in 
quantitative yield in a clean reaction. However, when 
this preparation was repeated on a larger scale and with 
a different batch of 42, the yield dropped considerably 
and tarry by-products were formed. By careful 
chromatography, a new cage compound could be 
isolated in low yield to which, on the basis ofits spectral 
properties, structure 44 was assigned As this 
bishomocubanonc differs only from 43 in its 
substitution at C,, speculation on its formation circles 
around some radical process involving reductive 
removal of this C&romine. Obviously, such a radical 
reduction requires a Hdonor. To teat this hypothesis, 
we performed the irradiation of 42 in hcnzne instead of 
in tolucnc. Indeed, a much cleaner r&on was 
observed now in favour of the desired 43. However, 
even now some reduction product U was still prcscnt. 
No such product was found when the starting 
dibromidc 42 had been carefully purified by repeated 
crystallization from ethanol. This GuG.ng indicated 
that some impurity present in the starting material 
could be responsible for the initiation of the radical 
reduction of 43. In our fust cxpcrimtnt we used a batch 
of 42 which was obtained from 23n without using 
benyltricthylammonium bromide, We tuspa%d this 
reagent to be the radical initiator. Hence, the 
irradiation of 42 was repeated in bcnzne to which a 
minor amount of the ammonium bromide was adti. 
Under these conditions, the formation of U was indaad 
almost completely favourcd to the expense of 43. The 
absence of any tricyclic cnon 46 in this reaction makes 
photoreduction of the photoprecursor 42 and the 
formation of U therefrom unlikely. This remarkable 
cffcct of the btnzyltriethylam.monium bromide can be 
understood by assuming ita triplet sensitization by 
triplet excited dibromobishomocubanone 43 or its 
photoprecursor 42. Fragmentation of this excited 
species leads among other things to the formation of 
mlradicals, which rcgioselcctively abstracts the 5- 
bromine from 43 and forms the corrwondiug C,- 
bridgehead radical. Propagation of this radical prms 
is rcahzed by subsqucnt hydrogen abstraction from 
either the ammonium salt or the solvent. 
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Fig. 3. Stereoview of compound 4. 
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With a reproducible synthesis of dibromobishomo- 
cubanone 43 at hand, its cage contraction was 
undertaken. Much to our delight, the 5-bromo 
substrate 43 underwent a smooth Favor&ii rearranw 
ment when treated with 35% KOH aq at 100” for 1.5 h. 
CBromohomocubane carboxylic acid 45 was isolated 
in a quite satisfactory yield of 67%. Recrystallization 
from ethanol afforded 45 as a nia crystalline material 
which allowed verification by X-ray analysis (Fig. 3).t 

The next step, the conversion of the carboxylic 
function into a bridgehead oxygen substituent, was 
performed by the sequence outlined in Scheme 10. 

Methyl ketone 47 was obtained in 80% yield by 
reacting acid 45 with MeLi at -78”. Under these 
conditions, the competing formation of the corre- 
sponding tertiary carbinol could almost completely be 
avoided. Subsequent Baeyer-Villiger oxidation with 
trifluoroperaatic acid afforded the desired bridgehead 
acetate 48 contaminated with a minor amount of the 
corresponding tritluoroacetate. As both acetates 
appeared to be rather labile compounds, no separation 
was attempted. 

Homoketonixation of 48 was carried out under the 
usual conditions with NaOMe in MeOH. At room 
temperature complete conversion was observed within 
1 h. An oily product was obtained which according to 
TLC and capillary GLC consisted of a single product 
that was only slightly contaminated. A pure sample was 
obtained by flash chromatography on silica, although 
at the cost of considerable losses. The mass spe&um 
revealed the absence of bromine. Chemical ionix- 
ation established the molecular mass to be 164.0837, 

tJ. M. M. Smits and P. T. &urskcns, Department of 
Crystallography, University of Nijmcgcn (1985). 

which corresponds with the elemental composition 
C,,H,,Os. The IR sp&trum lacked the anticipated 
C=O function but instead indicated the presena of an 
OCH, group (2840 cm-r). The ‘H-NMR spec@um 
con&medthepmsenceofsuchanGCH,grouRats3.53 
A singlet signal at 6 1.61 for the bridge methylene 
protons and a complex multiplet for six protons 
between 6 2.4-2.9 ppm suggested a symmetrical cage 
structure. Finally, the observed low tield resonana for 
one proton at S 4.45-4.6 ppm made structure 51 a very 
likely candidate for the homoketonixation product 
(Scheme 11). Unambiguous proof for the correctness of 
this assignment was provided by tbe “C-NMR 
spectrum which showed the required eight resonances 
at the correct positions and with the right multiplicities. 

This formation of a&al 51 6rmly establishes the 
ability of bromine to direct the base-induced 
homoketonixation process in the homocubane system 
Methanolysis of the acetoxy function initiates cage 
opening by scission of the central C,-Cs bond and 
leads regio- and stereoselectively to halfcage ketone49. 

Due to ring strain this ketone is still very reactive.33 
Addition of methanol to the C,-ketone function from 
the accessible exe-side produces a hem&etal Ss, that 
readily reacts intramolecularly at the Cs-centre with 
expulsion of the ideally situated bromine atom This 
intramolecular substitution proves the anticipated 
exo-conflguration of the bromine substituent and 
establishes the homoketonixation of 4g to proceed with 
retention of contiguration. 

This rewarding directive effect of the relatively poor 
carbanion stabilizing bromine is illustrative of the 
subtle balana between thermodynamic and electronic 
parameters that determines the regiochemistry of the 
base-induced nucleophilic cage opening reactions. It 
proves, at least in this homocubane case, the initial 
formation of an anionic species in which considerable 
negative charge is local&d at the carbon leaving group. 
This finding strongly favours an SE,-type substitution 
process3* 

From the extended analysis oftheminor by-products 
of this homoketonixation of 4%, no indication 
whatsoever for the formation of the thermodynami- 
cally more favoured half cage ketone 52 was found. 
Hence, this homoketonixation of 48 is a regiospecific 
process and does not constitute a “borderline case” in 
which also some cleavage of the C,-C, bond has 
occurred. Having accomplished the first homoketonix- 
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ation of a ~hom~byl acetate which procoeds in a 
*%ontra thermodynamic” fashion, we are particularly 
anxious to find such a borderline case, as this would set 
a reference point for etectronic interference of a 
functionalgroupintfiGsecageoptningproolsscs. Work 
to this end is currently underway in our laboratory. 

Concluding remarks 
We have shown that appropriate fundionalization 

of bridgehead-substituted 1,3-bishomooubyl and 
hom~byl acetates drastically affects the xgio- 
chemistry of their base-induced homoketonization. 
Theintroduction of a carbanion stabilizing group such 
as a carbonyl function and even a brqmine substitutnt, 
or a good leaving group such as a mesylate function, 
rc~~~~y directs this c-age fission pr-. fn 
thesccastselaetronicstab~tionlcads toadecreaseof 
the transition state energy for C,-CS cleavage to such 
an extent that product formation is no longer 
determined by the relative thermodynamicstabilities of 
the conceivable eagc opened products. 

From a synthetic point of view, the possibility of 
directing the regiochemistry of the homoketonization 
process in strained cage compounds is particularly 
attractive as it allows the synthesis of different 
polycyclic struotures from one single bridgehead 
substituted acetate or alcohol by a simple modification 
of its substitution pattern. Usually, such a variation in 
substitution pattern is most conveniently achieved at 
thestageofthephotopreouraor.Howevtr,insomecases 
mod&cation can also be readily accomplished by 
group ~~o~ti~n on the cage structure. This fatter 
approach is nicely illustrated by the formation of seco- 
cage ketones 16-18 from bishomocubanone aeetatc 12 
as the COmmon starting material. The great potential of 
tricychc en01 14 as the common precursor for 
fun~ion~~ 1,3-bishorn~u~~ as weU as for 
homocubanea is demonstrated in this paper. Being 
readily available from cyclopentadiene in appreciable 
quantities, this extol contains all the structural features 
to allow the desired functionalization. As the 
subsequent phot~~~~on is close to q~titativ~ a 
short, convenient and cheap synthesis of functionaked 
1,3-bishomocubanones and in essence also of 
homocubanes has now become available, In this and 
other papers, WC have shown that these complex high 
energetic cage structures are liable to stereo- and regio- 
controlled bond cleavages allowing access to a variety 
ofinterestingpolycyclicringsystems, whichmaybeput 
to good use both in naturaI product synthesis and 
mechanistic studies. 

IR spectra went taktp on a Pcrb-Elmer 257 grating 
*spectrometer. NMR spectra were rccordcd on a Varian EM- 

390, Brukcr WH-XI or Brukcr WP-60 using TMS as inrtmai 
standard Mass spectra were worded on a VG 707OE 
spectrometer. All m.ps arc unaxraztcd. Elemental analysts 
were carried out in the Microanalytical Department of the 
University of Nijmegen. 

5 - Hydr~~~~~~~5.2.1.O~~~]~eu - 4,8 - dien - 3 - one fI4). 
Tbie was prepared ia 82”f, yield as dcscribai by DcPuy and 
2hWeSki. 35 

4-~~-5-~t~~~~~l0~5~1.~*~]~-4,8-~~-3- 
one (23b). Bromo enolctha 23a was added to a fresh soin of 
N&Me in h&OH (1 M, 25 ml) to which, under rcfhx, 
Me,SO, (4.7 g, 37 mmol) WLW added dropwiac during 30 min. 
After refluxing for another 30 min, excess Me,SO, and the 
solvent were removal in m and the residue CH,C12 
extracted. This organic phase was washed with 5% NaHCOS 
aq and water, and dried(MgSO,). Solvent was removal to give 
23b(3.13 g, 57%) a9 an oil which slowly sokiifial. Recovery of 
the starting 23~ was real&d by acidif~g the NaHCOS aq 
increasing tbc &ctive yield of 23b to w 90%. Recrysta!lization 
from toluencgave an ana$ytical pure sample, xup. 118.5-I 19”. 

Irc;Br) 169Q(C==O) 159O(C=C)cm-‘- W 2263.5 
m$Z%%.e 13,000); 1H-Nh;R(CiXl,)6 1.79anh 1.59(ABq, 
J==8.6Hq2H,HlhHH10.),297-3.47(m,4H,H,,H2,H,,H,), 
4.111’*. IH.OWet Cis~,l3i,l. I, ,, . ~HI J - al-b. IH,H, 
or H,I. bl.13 llrt 31 j. J”, + . CIHrJ . t Hz. LH. H, or Hp); 
13~~P~R~~DC~.t,~4u.4 $J35.51 M,,,r~‘:v_333(C,), 
131.0 (C, or C,), 134.3 (C, or C,), 184.2 (CT,), 197.8 (Q; m/e 
254/256(M++ 1 Br), 188/190(100”/,, 1 Br,-C,H&(Found:C, 
51.75; H, 4.28. Calc for C, ,H,,O,Br: C, 51.79; H, 4.35x.) 

4 - Bromo - 5 - ([2 - nvtkxy - ]ahoxy - )mefhoXy- 
tiycrO[S.2.l.~*~]decu - 4.8 - dkn - 3 - 0~ (23e). To a suspcn- 
~onof~(2.43~ lOmpl0l~iadryCH,C1~~100ml)w~added 
dropwise ~~M~~o~d~ (1.71 ml, I5 mmol) and EtSN 
(2.1 ml+ 15 mmol). After a&ring overnight at room temp, this 
mixture wcu thoroughly washed with 0.1 N HCI aq and dried 
(MgSOa. Solvent was rcmovcd to yield 23~ (3.04 g, 92%) as a 
yellow oil Pure 23~ was obtained by column chromatography 
over silica @ {Et~Ac). 

XRv 1700(~0), 1595(C====cm-‘; ‘H-NMR(CDC1&5 
I 7O(ABq. J = 7 5 Hz. ZH, H,* Hil), 2.96-3.35 (m, 3H), 3.35- 
3.7~~m,3H1.3.38(s.3H.OMe),3.80-3.98(m,2H),5.50(~,2H, 
--OCH#--), 5.92 (d of d, JH,,X, cy 6 Hz, J m 3 Hz, lH, H, or 
H,), 6.07 (d of d, JHIsH, ‘y 6Hz,J--Hz,lH,H,orH,). 

5-Ac~oxy-4-bromon&~o[5.Zl.~*b]~-4~-d~-3- 
one (23d). A suspension of a (3.05 g, 13 mm&) and a catalytic 
amount of DNAP in Ac,O (25 ml) was ti at room tcmp 
until a clear soln was obtained. Removal of Ac&I and AOOH 
under LXZCW afforded an oil which was dissolvui in CHzClz 
(100 ml), washed with 1% NaHCO, aq, treated with charcoal 
and dried [MgSOJ. Removal d&c solvent gave m as an oil 
(3.6 g lO@Q which slowly s&Iiiied, m.p. 6062.5”. 

IR v, (KBr) 1775 (C=O, acetat& 1705 (C==O), 1615 
(G=c)a - 1 ; UV 1 252 nm (EtOH, e 8100); ‘H-NMR 
(CRC?,) r5 1.70 (ABq, J = 9 Hlr, 2H, Hto, H,,.), 230 (s, 3H, 
CH,COI-), 3.00-3.20 (m, 2H), 3.20-3.37 (nz, 1 H), 3.78 (d of d, 
JH~.N, - 6 Hs JH~,H, - 3 Hz, H,), 5.98 (m, 2H, Ha, H,); “C- 
NMR (CDCl~ 6 20.8 (CH,--XX+), 43.7,44.1,45.8,49.9, 
51.4(C,,,), 110.7(C,), 132.3 (C, orC,), 133.5(& or&), 165.1 
(C+O, acetate), 177.8 (C,), 198.5 (C,);m/e 282.284 (M + . 1 Br). 
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(F0und:C,50.81;Ii,3.86.CalcforC,,H,,BrO,:C,50.91;H, 

3.92%) 
4-8rono-5-mrtkmraryonyltricrcloCS21,0’.’8- 

dicn:3-onc(23c~Toastirrsd~siond~(241~10 
mmoI)intoluene(1OOmI)wasddedmeeylchlorktc(O.85ml,11 
mmol) foIlowaI by dropwise addition of Et,N (2.1 ml, 15 
mmd)Afterstiwingfor45minatroomtanp,themixtnrewPs 
filtered and the solvent removed. The oily residue was 
dissolved in CH&l, (100 ml), washed with water and dried 
(MgSO,).ComxntrationoftheJolvent~vet3c(29g,91~~aa 
a yellow solid, which was recrystallized from EtOH, m.p. 110 
113.5”. 

IR v_ (KBr) 1715 (<=0x 1610 (C=C), 1375 and 1170 
(-oSO,-) cm - 1 ; UV 1274.5 nm (EtOH, 8 8200) ; ‘H-NMR 
(CDCl,) d 1.70 (ABq.J = 8 HG Hi, H,e), 3.w3.45 (m, 3H), 
3.33 (s, 3H,CH,SO,O-), 3.77(dofd, J,,,,u, N 6% JW,.H, - 4 
Hr. H,I. 6.00 Is. W. H.. H3 : 13C-NMR (CDCl,) 6 39.9.44.2. 
44.4, dc;:3,50.9,‘51.4,lfi.5&), 132.9 (Cior C&133.7 (Cs or 
Cp), 175.8(C,), 197.7(C,);m/e318-32O(M+, 1 Br).(Found:C, 
41.14;H,3.5O.CakforC, H,,BrO,S:C,41.39;H,3.47%.) 

9-Bromotricyclo[5.3.0.~~‘]~-8-en-3,lO-dione(~~A 
soln of W (1.05 9) in toluene (130 ml) was irradiated with a 
150 W Hanovia immersion Iamp (Eyrex filter). No special 
precautions were taken to removeaU traces ofacid The &use 
of the maction was followed bv GLClSE 30-5.X 220”). After 
completion of the reaction, the som was con&d After 
standing at room temp for several da-ail of the produced 24b 
was converted in 28a. Medium pressure chromatography 
(Mercksilicagcl60H,CH,C13affordrd#k(60”/,))asooil.An 
analytical pure sample was obtained by crystallization from 
EtOH. m.n. 148.5-149.5”. 

IR v_-(KBr) 1770 (C=O, cydobutanone). 1715 (C=O), 
~58o(c=c)an-‘;~d2~.5(EtoH,8~198.5(8~); 

‘H-NMR (CDCI,) 6 2.0(d of 1, J = 14.4 Hz, HI), 2.22-290 (m, 
2H), 2883.48 (m, 3H), 3.50-4.13 (m, ZH), 7.69(d, J = 2.3 Hz, 
H.): 13C-NMR (CDC13 d 33.6.36.40X 51.0.53.3.53.9 (C,). 

“, , 

66.7. 124.2(C9), i628(d,), 198.5(C,ej,2&5.4(C& m/e239.98i 
(M+,1Br).(Found:C,49.85;H,3.73.CalcforC,,$IH,BrO,:C, 
49.82 ; H. 3.76x.) 

9 - Bromo - 3 - w1ethoxytrfcy&[5.3.0.~~~]~ - 3,8 - dien - 
lo-one(n)(X = Br).BromoketoneW(68mg)wassubjected 
to 8ash vacuum thern~olysis’~ (400”, 3.5 x 10e2 Torr, 20 cm 
quartz tube) and the product trapped at - 78”. After Wi3mhg 

to room temp, the trap was rinsed with CHICI,. Removal of 
the solvent gave 27 (75%) togethes with ketone 2& (25%). ‘H- 
NMR (CDCI,) 6 3.40 (s, 3H, OMe), 4.52 (s, HI, II+), 7.60 (d, 
J u,& 5 2.4 Hz, H,). The other signals coincided with those of 
28a. Hydrolysis of 27 led to quantitative formation of 28a. 

5 - &onto - 4 - metho~y~acyclo[53.0~~‘.0’~~.0*~‘]dow, - 
6 -one(2lb). All glassware was rinsed with ammonia and dried 
at1l0”.Asolnof23h(1.0g)intoluene(l3OmI)towhichsome 
ammonia (g) was introduad, was irradiated as described 
before. After completion of the reaction, solvent was removed, 
the residue washed with 10% KOH aq (30 ml) and extracted 
with CXI&l, (3 x 25 ml). ARer drying (K&OflgSO.) and 
removal of the solvent, 24b was isoIated as a yellowish oil 
(73%) Bulb-to-bulb distillation (lOO’, 8x lo-’ mmHg) 
afforded a pure sample. 

IR v 176O(c=O)cm- ’ ; ‘H-NMR (CD&) 6 1.82 (ABq, J 
_ 14 Hz, 2H, Hi, Hi,.), 23j2.53 (m, Hi), 283-3.07 (m, 2H), 
3.23 (s. 3H, OMe), 3.07-3.66 (m, 3H); i3GNMR (CD&) 6 
40.1,426,429,43.1,46.6,48.1;49.9,51.7,60.0(C,~76.0(C,), 
208 (Q); m/e 254.128; eak for C,,H,,O,Br: 254.1303. 

5 - Bromo - 4 - ([2 - merhexy - ]ethoxy - )methoxy- 
omtocvcfof5.3.0.0’*‘.03~9.0”**ldec - 6 - one f24d. MEM- 
;theri4ewasobtainedasa;loilstartingfrdm~using 
ea9entiaIly the same procedure as described for 24b. 
Purikation by bulb-to-bulb distillation (150200”. 10-i 
Torr) is possible, however, with considerable losses. 

IR v 1770 (c=o) an-i: ‘H-NMR (CDCl.) 6 1.80 Is. 2H. 
H,o.H,0.).2.45(m,iH).2.9j(m.2H),3.j3(~3~,OCH,);j.Og- 
3.87 (m, 7H), 4.88 (ABq, J - 8 m +XH,-, diastereotopic 
protons). 

4- Acetoxy- 5- btomopmtocyclo[5.3.0.0’.a.03.9.0*”]&~n- 
6 - one (24d). A soln of 23d (2.0 g) in toluene (130 ml) was 

irradiated for 4.5 h (Hannovia 150 W). Solvent ~89 removed 
and the residue puri8ed by bulb-to-bulb dXRation (150’. 
IO-’ Torr). Acetate ud (1.21 g 6lya was obtained as an oil 
which slowly soIidi8ed. ReorystaIIimtion from ether gave a 
pure sample, lap. 83-85.5”. 

IR (KBr) v, 1790 and 1770 (split c=9 cageb 1735 

(~&m- ‘;‘H-NMR(CDCf~)11.77(ABq,J= 12Hz, 
2H,H,,H,,.),202(s3H,OCOCH,),252(m, lH),278-3.68 
(m, SH); i3C-NMR (CDCl,) 6 20.2 (CH&O,-), 40.4.41.8, 
42.6,44.7,48.3,48.9,50.1,60.4(C,orC,),74.3(C*orC,),168.3 
(C==O, acetate), 204.8 (C& m/e 2X!/284 @I+, 1 Br). (Found: 
C.51.04; H, 3.94.Calcf0rC,~-H,,BrO,: C, 50.91; H,3.92%.) 

5 - &omo - 4 - meIhanwdfonvlwnracVCld5.3.0.OU.O’~~.~ - 
decan - 6 - one (Ue). Me&& -24e w-as o-btained as an oil 
from 23e using esaartially the same procedure as described for 
24d. No puritieation was attempted. 

IR (KBr) v, 1785 and 1770 @pIit C=O. cage) cm-’ ; ‘H- 
NMR(CDCl,)I 1.82(ABq,J N 14Hr$H,2H,H,,H,,.),255 
(111, lH), 2.85-3.27 (m, 2H), 3.12 (s, 3H. -SO&H,), 3.27-3.55 
(m, lH), 3.55-3.92 (m, 2H). 

5 - hfet/rexyrricj&[5.2.l.o1.63dcco - 4.8 - dim - 3 - one. 
Methylation of 14 was carried out in essentially the same 
way as described for the synthesis of 23h. The methyl enol- 
ether was obtained as an oil (looo/,) which slowly solidified. 
Recrystallization from toluene gave an analytical pure sample, 
m.p. 7475.5”. 

IR(KBr)~,1680(C=O),1582(C=C)cm-‘;UV1241mn 
@OH. 8 6100); ‘H-NMR (CD&) b 1.63 (ABq, J * 9.0 Hz, 
2Ii, Hit,, Hi,,), 28-3.27 (m, 4H), 3.70 (s, 3H, OCHA5.05 (s, 
1H,H,),5.83(dofd,Ju,,, w 6H2,J _ 3Hz,HsorH9),6.00(d 

ofd, JH.,,,~ - 6 Hz, J - 3 Hz, H, or H,) ; “C-NMR (CDCI,) 6 
43.2,43.6,46.0,50.9,51.8 (C,,k 58.1,106.5 (C,), 131.7 (Cs or 
C,), 133.6 (C, or C,), 190.4 (Cs), 205.5 (C,); m/e 176 (M+), 66 
(C,H:). (Found: C, 74.74; H, 6.82. Cak for C,iH,,O,: C, 
74.98; H, 6.86%.) 

4 - Methoxypemucyc&[5.3.0.~*s.03*9.~*]deum - 6 - one 
(29). Methoxyketone 29 was obtained as an oil (83%) from the 
methyl enolether of 14 using essentirdly the same procedure as 
described for 24b. 

IRv 1760(<3=o,cage), 1700,1630an-‘; ‘H-NMR(CDCI,) 
61.72(ABq,J N 131&2H,H,,,.,H1,),2.17-2.43(m,lH),243- 
2.68 (m, HI), 2.68-2.95 (m, 2H), 295-3.18 (m, 2H), 324 (s, 3H, 
OMe),3.253.70(m, lH);iC-NMR(CDCI,)631.9,40.7,41.7, 
42.2,45.2,46.9,49.6,51.4(C,e), 52.477.1 (C&215.9(C6);m/e 
176.082;calcforC1,H,,0~: 176.0837. 

7iicyclo[5.3.0.~~s]dec- 8 -en- 3,10-dtone(28b). Dione28h 
wasobtainedasoiIstartingfrom29(0.5g)usin8essentia8y the 
same procedure as desctibed for 28a. Medium pressure 
chromatography (Merck silica gel 6OH, CH,C12-EtOAc 
(9: 1)) afforded 28b (45%) as an oil which slowly solidified 
Recrystallization from EtOH afforded an anaIyticaIly pure 
sample. m.p. 68-71”. 

IR o(Br) v, 1765 (cyclobutanone), 1692 (C=O), 1580 
(C=C) cm -‘; UV 1 220.5 nm (EtOH, 8 7100); ‘H-NMR 
(CD&) 6 2.01 (d, lH, H6 (endo)), 2.23-288 (m, ZH), 2.88-3.55 
(m, 3H), 3.55-4.03 (m, ZH), 5.93 (d of d, Jn,,n, w 2.4 Hz, Jn,,,,, 
_ 2.4H~,lH,H~),7.65(dofd,J~,~~~ * 5.5H:z,J,,,,,, N 26Hs 
lH, H,); m/e 162 (M+). (Found: C, 73.95; H, 6.30. Calc for 
C,,,H,,O,: C, 74.06; H, 6.22x.) 

5 - (12 - Methoxy - ]ethoxy - )methoxypentacyclo - 
[4.3.0.0*~~.03~*.04~71Mnune Ccarboxylic acid (uf). To a soln 
of MEM-ether 24s (1.02 g, 3.10 mmol) in dry toluene (40 ml) 
was added dry KOH (6 B). This mixture was treated under 
reflux for 90 min (Dean-Stark separation). Solvent was 
removed under eecuo and the residue dissolved in water (100 
ml). The water layer was washed with CH,Cl,, acidified with 
HCI aq to pH m 5 and again CHtCIz extracted The organic 
nhase was washed with water and dried fMu!IO.). Removal of 
ihe solvent yielded 25e as a light ydlow oii(28Q. 

IR v 3600-2Mo abroad OH. carboxvlic acid). 1700 (C=O) 
an-’ ; ‘H-NMR (CDCI,) 6 1:73 (s, 2H, HR Hi.), 3.1-3.8 (6 
10H),3.28(s,3H,OCH,),4.87(s,2H,-OCH,O-),8.7(broad 
s, -COOH). This acid (230 mg) was puritied as its methyIester 
which was obtained by treatment of 2Se with CH,N, in ether. 
Preparative TLC (Merck Al,O, 150 F,,, (Typ T), 1.5 mm, 
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