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Abetract-The syntheses of tetracycIo[6.6.O.O’*‘.Os*1z]tetradeca-3,6,lO,l&traene 5 and stauran&,5,8,1 l- 
tetraenc6artdcacrib.~ekeystepwasthedi13andZZ 
to provide the tetrds 11 and 23, respactfrtly. This was followed by removal of four mokeules of water from the 
corresponding tetrols on heating tlrm in HMPA. This technique has abe been employad for prqmration of 
the triquinaaetrieae3 26 aad 27. The use of the diboraa*rnediated reduction of strained /J-diketonu in 
combination with the HMPA-promoted elimination of the resulting alcohols provide an cxtnxnely versatile 
route to polyquineaes. 

For several years we have been involved in the design of 
a general method for the synthesis of polyquinanes via 
the reaction of l,2-dicarbonyl compounds 1 with 
dimethyl 3-oxoglutarate 2, as illustrated in Scheme 
1. ‘-A This reaction, which is run at room temperature 
and in aqueous bulfer,1*3 provides the simplest route to 
1,Misubstituted cis-bicyclo[3.3,0Joctane-3$7diones, 
and can be scaled up with ease. Hydrolysis of the 1: 2 
adduct 3a, accompanied by decarboxylation, furnishes 
3b. This approach has been employed for the 
preparation of several natural products5 and of 
polyquinane ring systems,3*4 by simple structural 
changes in the starting Q-dione 1. 

One of the most important features of the cis- 
bicyclo[3.3.0]octane-3,7-dione skeleton has yet to be 
fully exploited. Although the desired stereospecificity 
(cis) of the condensation is well known,’ the use of the 
3,7-dioxo functionality has received only nominal 
attention. These carbonyl groups, in theory, could be 
converted into a variety of substituents ; the conversion 
of these 0x0 moieties into double bonds would provide 
a facile route to polyunsaturated cyclopentanoid 
compounds, as well as to intermediates capable of 
conversion into polyquinanes. The direction of 
the present research centers on the design and execu- 
tion of a general method for the preparation of poly- 
quinenes. This employs the 3,7dioxo function- 
ality of the bicyclo[3.3.0]octane-3,7dione system 
as a handle, the resulting compounds later to be con- 

verted into the corresponding 
$ 

lyenes. The initial 
targets tetracyclo[6.6.0.01*s.0**1 tetradeca-3,6,10,13- 
tetraene 5 and the [5.5.5.~fenestrane, staurane- 
2,5,8,11-tetraene 6, have been chosen to test the validity 
of this approach and their structures are depicted in 
Scheme 2 The reasons for the choice of these 
polyquinenes for the present work follow below. 

The need for a facile and general route to poly- 
quinenes is well documented ;& ’ 3 a few compounds 
of interest are shown on the next page. The chemistry 
of acepentalene6 (i) has inspired renewed research on 
triquinacene and isotriquinacene.7 In regard to this, a 
short synthesis of triquinacene 4 from 1 and 2 has 
recently been developed in our laboratory the details of 
which have been reported elsewhere.” In any synthetic 
method which dares to claim generality, a number of 
different compounds should be within reach from a 
common reaction. In this vein the tetraenes, tetra- 
cyclo[6.6.0.01~s.0*~12]tetradeca-3,6,lO,l3-tetraene 5 
and tetracyclo[5.5.1.~13.010*13]trideca-2,5,8,1 l-tetra- 
ene (staurane tetraene) 6 have been chosen as targets. 
The interest in 5 stems from its unique shape, as well 
as the desire to prepare metal complexes of this 
material. From its geometry this tetraene should be 
capable, at least in theory, of forming oligomers or 
polymers with alternating organic and metal subunits 
in the polymer backbone. However, the most 
interesting of the three alkenes remains, the 
[5.5.5.5lfenestrane, staurane-2,5,8,11-tetraene 6. In 
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addition to the unusual DX symmetry of 6,t the impetus 
for the synthesis of such a molecule rests on the possible 
conversion of 6 into the related hexaene (ii). A number 
of investigators9 have vigorously debated whether the 
central carbon atom of such a hexaene would be either 
planar or approach a planoid deformation;g however, 
no reports of the synthesis of a molecule closely related 
to the hexaene (ii) have appeared. certainly a molecule 
such as this would be severely strained and highly 
reactive; nonetheless, the pentaene related to it can be 
easily constructed from models, providing additional 
stimulus for the design of a facile route to tetraene 6. 
There are numerous research groupse’ 2 which have 
reported on both the theoretical aspects and the 
attempts to synthesize compounds such as the bexaene 
(Ii). The tetraene 6, however, still provides one of the 
most direct routes to this strained system.f 

Three other polyquinenes Iii-v are potentially within 
reach via the reaction of 1 with 2. The 14x annulene (iii) 
has been proposed to be a stable and isolable entity,r% 
while polyquinenes iv and v have been predicted to be 
highly unstable. I38 It is anticipated that the method 
under investigation here will provide a route to keto 
functional&d derivatives of iii-v which can later be 
employed for synthetic entry into these strained 
systems. 

Earlier we reported the synthesis of tricyclo- 
[6.3.0.0’*$ndecane - 3,7,9 - trione,” tctracyclo- 
[5.5.1.04~‘3.0’0*“Jtridecane - 2,6,8,12 - tetraone 

t The parent hydrocarbon, stauraae, would belong to the 
DZd point group. 
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(staurane tetraone)?’ ’ and tetracyc10[6.6.0.0’~J.08~~~- 
tetradecaned6,l l,13-tetraone,15 the key steps of 
which involved the reaction of a suitably sub&u- 
ted 1,2dione 1 with 2, followed later by an acid- 
catalyzed intramolecular acylation sequence. The 
/3diketones produced by this reaction, however, 
readily undergo a retro-Claisen reaction on treat- 
ment with alkoxide16 and ring fragmentation on re- 
action with other nucleophiles. The propensity of 
such jdiketone systems to undergo cleavage of the /I- 
diketone bond was also observed by Eaton et al. in the 
case of cis-bicyclo[3.3.0]octana2,8dione.” The reac- 
tivity of these compounds, consequently, places severe 
constraints on the transformations which can be 
shy carried out. The challenge then remains 
to develop facile synthetic routes to polyquinenes 
and polyquinancs which avoid these troublesome 
ringcleavage reactions. 

Although staurane tetraone3 is insoluble in most 
organic solvents, it is soluble in pyridine. Attempts to 
reduce the carbonyl groups, however, with pyridin~ 
borane led to complex mixtures of products, some of 
which resulted from cleavage of the &&arbonyl C-C 
bonds.‘8 On reduction ofsuch Bdiketone systems with 
nucleophilic hydride reagents (LiAlH* or NaBH,) the 
compounds sutfered a similar fate.‘* In the following 
report we wish to describe two approaches which were 
employed to circumvent these diaculties. These routes 
are termed the “aldol” and “diborane” approaches, 
both of which were conceived during the synthesis of 
triquinacene 4 in our 1aboratory.**1g 

Outlined in Scheme 3 are the two routes which can be 
envisaged as potentially viable for synthesis of 5; these 
are termed the “aldol” and “diborane” approaches, as 
pointed out above. Since it had been determined earlier 
that strained Bdiketones in this se&P*” react 
extremely readily with nucleophiles, the aldol route to 5 
was pursued first. The [6.3.3]propellenedione 7, which 
could serve as the key intermediate for both routes, was 
prepared with ease via the condensation of 5- 
cyclooctene-1,2dione with 2.’ Oxidation of 7 with 
ozone in methanoldichloromethane, followed by 
reductive workup,gavea95%yieldofthebis-acetalg.z0 
This protected form of the desired dialdehyde was 
then stirred in acetic acid in the presence of a 
trace of concentrated sulfuric acid. The& conditions 
are somewhat similar to those employed by 
DeslonFhamps and co-workers in a different ring 
system. ’ The acidic medium not onlye5ected cleavage 
of both acetal functions and catalyzed the desired aldol 
condensations, but also trapped the intermediate /3- 
hydroxy ketones as the /3-acctoxy derivatives 9 and 10, 
resptively. This approach, consequently, prevented 
fragmentation of these tetraquinanes via a retroaldol 
reaction! The two diacetates 9 (truns-trans) and 10 (c& 
cfs) were obtained as a mixture of diastereomers in 75% 
yield. Examination of the crude reaction mixture by 
13C-NMRspectroscopywithsuppressedNOEshowed 
that the two isomers 9 and 10 were present in a ratio of 
1 : 3.5. 

The ’ H-NMR spectra of the two diacetates indicated 
that both diastereomers contained a C, symmetry axis 
perpendicular to the C ,, C 8 bond of the central cis- 
bicyclo[3.3.0]cctane-3,7dione unit ; moreover, the 
“C-NMR spectra of both compounds consisted of 
only nine lines. z” Because of this symmetry the two 
isomers must contain the acetate groups in a cfs-cfs or 
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Scheme 3. Synthesis of tetracyclo[6.6.0.0’~~.0s~L2]tctradcca-3,6,10,13-tetraene 5. The aldo and diborane 
approaches. 

trans-trans relationship with respect to the carbonyl 
oxygen of the adjacent S-membered ring. Assignments 
from the proton spectra were made employing 2- 
dimensional (COW) NMR spectroscopy run both in 
deuteriochloroform and deuteriobenxene. In addition, 
examination of the proton spectrum of 9 in 
deuteriobenxene indicated that the coupling constant 
between proton H, attached to the acetate-bearing 
carbonand theprotonat theringjuncture(H,,)wasvery 
small (J = 1.8 Hz), while the coupling constant between 
H,andH,of10was8.5Hx.0nthebasisofthe1H-,13C- 
and ZD-NMR experiments, it was proposed that 9 and 
10 differed only in the stereochemistry at the site of the 
acetate functionality. In keeping with the Karplus** 
relationship for variation of the 3-bond coupling 
constant, the first isomer 9 has been determined to 
possess the C-O acetate bonds tr0n.r to .the carbon 
bonds bearing the carbonyl group. The cis-cis isomer 
10, therefore, contains the two acetate groups in the 
opposite configuration with respect to that of 9.” The 
details of the 2D-NMR work will be reported 
elsewhere.23 

The mixture of diacetates 9 and 10 was then reacted 
with diborana in THF, as shown in Scheme 3. 
Reduction of the carbonyl groups followed by 
reductive removal ofthe acetate functionality provided, 
as expected, a mixture of tetrols represented by 
structure lb Tbe electron impact mass spectrum of the 
mixture contained the expected parent ion at m/e 254. 
More importantly, examination of the chemical 

ionization mass spectrum clearly indicated the 
successive loss of four molecules of water from the 
parent (P + 1) peak to provide an ion at m/e 183 amu. 

The implications of the synthesis of the tetrol 11 and 
the behavior on mass spectrometry were far-reaching. 
For the first time a te&acyclic system such as 11 had 
been formed without ring fragmentation and its 
behavior (TLC, ‘H-NMR, r3C-NMR, etc.) charac- 
terized. Immediately we set about to prepare more of 
the tetracyclic tetraketone 13, which had been 
synthesized earlier in our laboratory.3 To this end the 
[6.3.3]propellene dione 7 was treated with ozone and 
the ozoriide which resulted was oxidized with Jones’ 
reagent. This gave a 90% yield of diacid 12, a compound 
which had been prepared less efficiently much earlier.3 
The diacid 12 was subsequently cyclixed to the 
tetraketone 13 by published procedures3 Although the 
tetraketone was not soluble in tetrahydrofuran, a slurry 
of 13 was stirred at 0” in diborancTHF until the 
material dissolved(2days); The solution was worked up 
to provide an go”/, yield of the mixture ofstereoisomeric 
tetrols represented by structure 11. The chemical 
ionization mass spectrum of the two mixtures of 
tetrols 11 prepared by the “aldol” approach and 
the “diborane” route were virtually identical. 
Furthermore, none of the product from the 
fragmentation of the 5-membered rings via either a 
retro-Cla.isen or retro-aldol reaction was observed. 
This result illustrates the fact that,inw certain Lewis 
acid-catalyzed reactions of these strained /3-dike.tones 
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Scheme 4. Preparation of key intcrmcdiate, 1-(3’cydopentcnyl)-cf.s-bicyclo[3.3.O]octanc-3,7dione 18. 

could be effected in high yield with absolutely no 
cleavage of the @licarbonyl C-C bonds. The reasons 
for the success in the diborane reduction vs previous 
difhculties with other nucleophiles in this system have 
been communicated.2* 

In the description of the synthesis” of triquinacene 4 
it was pointed out that the HMPA-mediated 
dehydration, according to the method of Monson,” 
was extremely effective in converting the triquinane 
trio1 intermediates into triquinacene 4. Similar 
trcatmcnt of the mixture of stereoisomcric tetrols 11 
from both the aldol approach and the diborane 
approach, separately, in refluxing HMPA (cold finger 
condenser, dry ice-acetone) for 24 h gave, within 
experimental error, an 80% yield of the desired tetraene 
5 accompanied by 18% of the bridgehead isomer (v&t 
The combined yield of the two alkenes from this 
sequence was greater than 65%. The tetraenes were 
isolated by extraction of the HMPA solution with 
pentane. The pentane layer was washed with water to 
remove residual HMPA and the desired tetraene 5 was 
purified by flash chromatography on silica ge1.2o The 
‘H-NMR, mass and IR spectra of 5 strongly supported 
the structure as assigned; conclusive contirmation of 

t “GNMR(CDCl,) d Xl.25 (t), 34.56(t), 3634(t), 6210(d), 
115.88 (d), 124.69 (d), 128.05 (d), 132.33 (d), 136.5 (d), 142.0 (d), 
147.9 (d). The two quaternary carbons and the carbon atom of 
the bridgehead alkene wera not obscrva~I because of the small 
quantity of vi available for analysis. 

vi - 

tA oolvmer cornnosed of reueatinn subunits which 
cm&& t&o rhodium atoms and-two &lorine atoms per 
molecule of 5 would rwuirc : C. 36.60: H. 3.05 : CL 15.47 and 
Rh, 44.86. The values fo;nd for-C(35.5j, ti(3.15j,Ci(14.24) arc 
within 1~/~ofthoacp~ctcdforthepolymcr,albeitthcvaluc 
for rhodium was about 6% too low. 

the assignment was obtained on examination of the 
‘%NMR spectrum of the tetraene. The spectrum 
contained only seven lines, in agreement with the C3 
symmetry of the molecule; moreover, these signals 
appeared at chemical shifts consistent with the 
assignment. Conversion of 11 into 5 also serves to verify 
the structures of 9-11, since rearrangements are not 
expected to occur for 2” alcohols when HMPA is 
employed as the dehydrating ageritz 

Although 5, an oil, is stable under argon in a sealed 
tube for several weeks, it forms a polymer after several 
days on exposure to air. The IR spectrum of this 
polymer shows the presence of OH (3400 cm-i), and 
CO bands (1700 cm- ‘). In addition, elemental analysis 
of the insoluble solid (found: C, 63.60; H, 5.40; 0, 
31.20%) also indicates the presence of oxygen.23 As 
anticipated, 5 does react with rhodium trichloride 
trihydrate to form an insoluble polymer-like material 
which appears to contain a backbone composed of 
alternating metal organic subunits. This material has 
not been completely characterized but elemental 
analysis for C, H, and Cl supports this hypothesis.3 The 
interesting properties of the tetraene 5 with regard to 
chirality and reactions with electrophiles, including 
other transition metal cations, will be reported in due 
course. In additios interaction of the diene system (via 
PES) in terms of homoconjugation is also of interest 
with regard to 5. 

Since the aldol approach to the tetrol 11 (Scheme 3) 
was completed prior to the diborane route, it was felt 
initially that the synthesis of staurane2,5,8,11-tetraene 
6 might best be accomplished by the former method. An 
intermediate, (1 - (3’ - cyclopentenyl) - cis - 
bicyclo[3.3.0]octane - 3,7 - dione 18 (Scheme 4), was 
therefore prepared in which the bisaldehyde Rmction- 
ality, required for the aldol approach, was masked as a 
cyclopentene unit. The importance of such an 
intermediate was twofold since oxidation of the double 
bond could alternatively lead to the correspond- 
ing glutaric acid derivative earlier employed for 
preparation of staurane - 2,6,8,12 - tetraketone.3s’ ’ 
Cyclopentene-3-carboxylic acid 14, which can be 
prepared on a 200 g scale2’ and which is also 
commercially available, was chosen as the starting 
material. The acid 14 was converted in three steps into 
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thephosphazine15, by themethodofE&manneta1,2* 
as illustrated in Scheme 4. Generally, MO g of 15 could 
be prepared in a matter of days. The phosphazine 15 
was then stirred with nitrous acid to provide ‘the 
cyclopentene3-glyoxal16 in yields ranging from 60 to 
80%. Glyoxal16, present as the hydrate, was dissolved 
immediately in methanol and added at room 
temperature to a solution of 2 dissolved in aqueous 
sodium bicarbonate. After stirring for 12 h, the white 
precipitate which had formed was f&red off to give the 
1: 2 adduct 17. While the yields in this step vary from 80 
to 92”/, depending on the purity of the glyoxall6, this 
condensation occurs much faster and in better yield 
than that of the corresponding glutaric acid 
diethylester derivative reported earlier from our 
laboratory.” The yields are higher and as much as 65 g 
of tetraester 17 have been prepared in one step. The 
improved suczcss with 16 in comparison to glyoxals 
substituted with larger groups results from fewer steric 
interactions in the intermediates on the pathway to 17,* 
in contrast to those which occurred when the dieater 
was employed.*~” This has been shown to hold for 
numerous 1,2dicarbonyl compounds and a detailed 
study has recently been completed.29 Hydrolysis of the 
ester functions, accompanied by decarboxylation, 
provided the desired 1 - (3’ - cyclopentenyl) - cis - 
bicyclo[3.3.0]octane - 3,7 - dione 18 in excellent yield 
(Scheme 5). 

With the 3,7-dione 18 in hand, the aldol approach to 
‘the desired [5.5.5.5lfenestrane system present in 
tetraene 6 could now be attempted Conversion (0, ; 
DMS) of 18 into the diketodialdehyde, followed by 
treatment with a solution of acetic acid-sulfuric acid, 
analogous to conversion of 8 into 9 and 10, gave two 
epimeric diacetates 1% and b. Unfortunately, the two 
diketodiacetatea were the products of transa~ular 
cyclization presumably arising from rotation of the 
glutaraidehyde side chain by 180” (see l!h, H, = 
alpha), followed by aIdolization. The details of this 
reaction have been communicated in preliminary 
form ;‘* the full discussion of these results will be 

0 

ii ” 

@I, R=R’= OCOC+ R”= H (62%) 

13, R=R”= OCOC+, R’= H (36%) 

overti yield 75% 

reported elsewhen.‘O Although the unique ring system 
present in 191 and bis interesting in its own right, it will 
not lead to the desired [5.5.5.5-J system, and hence, the 
aldol approach was discontinued. 

Even though the pyridineborane route had failed 
earlier,“’ the success encountered in the conversion of 
13 into the tetrol 11 (Scheme 3) prompted a 
reinvestigation of this approach. In this vein, 1 - (3’ - 
cyclopentene) - cis - bicyclo[3.3.0]octane - 3,7 - dione 18 
was stirred with osmium tetroxide, followed by 
addition of Jones’ reagent, to provide a 700/, yield of the 
diacid 21 (Scheme 5). This acid had been prepared 
earlier by a less efficient route.’ It was subjected to acid- 
catalyzed cyclization to provide the tetraone 22 with 
the stereochemistry indicated (Ii, = beta, see 22), as 
reported earlier.3*11 The highest yield obtained to date 
was 78x, while yields normally ranged from 50 to 70% ; 
unmated diacid comprises much of the remainder of 
thematerialandcanberecycledifdeAred.Although the 
crystalline [5.5.55Jfenestrane (staurane tetraketone 
22) was insoluble in THF, it was stirred at 0” in borane 
THF. by analogy to the conversion of 13 into 11 
(Scheme 3). This procedure, a!&r workup, gave a 92% 
yield of the desired staurane-2,6,8,12_tetrol 23 as a 
mixture of stereoisomers. One of these cry&all&d and 
was characterized as a white solid, while the remainder 
of the material was obtained as an oil. In keeping with 
the successful dehydration procedure” employed in 
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the syntheses of 4 and 5, the stereoisomeric mixture of 
tetrols was simply heated in refluxing HMPA for 48 h. 
This procedure cleanly gave staurane-2,5,8,11-tetraene 
6 (80%) accompanied by the bridgehead rilkene (20”/,, 
see vii) in 61% overall yield.7 Staurane2,5,8,11-tetra- 
ene 6 was separated from the bridgehead isomer by flash 
chromatography on silica gel. The product which 
resulted was triturated with pentane and further 
purified by sublimation; it is a white solid (m.p. 90“, 
sealed capillary) which sublimes at atmospheric 
pressure on mild heating. The ‘H-NMR spectrum of 6, 
as expected, is very simple, consisting of two singlets at 6 
3.48 and 5.33, respectively. The IR spectrum of 6 is 
completely consistent with the assigned structure; 
moreover, the ‘“C-NMR spectrum [(CDCI,) 66.00 (s), 
66.36 (d), 131.83 (d)] is definitive for 6 (D,,, symmetry). 
Further work is in progress to convert 6 into the stable 
[5.5.5.5]pentaene, a potential precursor of the 
[5.5.5.5]hexaene (see ii).9*10 

The successful use of the diborane approach to 
circumvent nucleophile-mediated cleavage of the p- 
dicarbonyl C-C bonds of 2,8dioxo_substituted cis- 
bicyclo[3.3.0]octanediones (see 11 and 23) represents a 
significant advance in the use of the methods reported 
here for the preparation of polyquinenes. This 
technique has recently been successfully exploited in 
the LXX of other labile B-diketones and one tinal 
example will be presented (Scheme 6). The triquinane 
trione 24 was prepared in our laboratoryi but readily 
underwent retro-Claisen reactions on treatment with 
alkoxide, as described before.3 However, simply 
stirring the trione 24 in borane-THF, under conditions 
analogous to preparation of 23, resulted in a WA yield 
of a mixture of stereoisomeric triols. These are 
represented by structure 25 (Scheme 6). The mixture of 
triols was heated in HMPA and then purified, 
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according to the procedure employed with 5. After 
chromatography, two alkenes 26 and 27 were isolated 
in 70% overall yield. They were present in the ratio of 
43 : 57, respectively. The structures of both alkenes 
were readily confirmed by mass spectrometry and ’ )C- 
NMR spectroscopy. A C, axis of symmetry was present 
in triene 26, consequently, the ’ 3C-NMR spectrum of 
this isomer contained only six lines, while the spectrum 
of the triene oflower symmetry exhibited eleven signals, 
as expected (Experimental). This mixture of trienes 
polymerized on exposure to air; however, catalytic 
reduction (Hz, Pd/C) of a freshly prepared sample gave 
the parent hydrocarbon, tricyclo[6.3.0.01*‘]undecane 
28 in 92% yield The parent hydrocarbons in the case of 
5 and 6 were prepared via the same procedure.36 It is 
interesting to note that both trienes 26 and 27 and the 
tetraene 5 reacted on exposure to air (presumably with 
oxygen) over a 3 day period to provide a polymeric 
material However, staurane tetraene 6 did not readily 
undergo this reaction. It is felt the reasons for the lesser 
reactivity of the staurane system 6 are steric in nature 
and parallel the conclusions regarding the lesser reac- 
tivity of staurane tetraketone 22 described earlier.16 
The trienes 26 and 27 as well as the tetraene 5 were 
quite stable for weeks when stored under argon. 

Although the initial challenge was to design a general 
route to polyquinenes which employed the conden- 
sation of 1,Zdicarbonyl compounds 1 with 2 as the key 
step, the rewards reach far beyond this objective. In fact, 
the recently discovered “diborane” approach permits, 
for the first time, the successful reduction of labile cis- 
bicyclo[3.3.0]octane-2,8-dione systems to the cor- 
responding hydroxyl derivatives without cleavage of 
the C-C bonds contained in the B-diketone system. 
This development is significant, since it allows 
conversion of compounds which contain these strained 
Bdicarbonyl groups into polyquinenes (for example, 5 
and 6) and eventually into the parent hydrocarbons.16 
This result also serves to strengthen the use of the 
reaction of.1 with 2 as a simple, general approach for 
preparation of polyquinenes and polyquinanesz6 
Combination of the diborane approach to provide the 
tetrols, coupled with the HMPA-mediated dehy- 
dration procedure of Monson2J now permits the 
removal of several hydroxyl groups in a one-pot 
reaction to furnish good yields of the corresponding 
polyunsaturated cyclopentanoid compounds. The 
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advantage of this method is obvious, since it provides a 
simple route to gram quantities of4 and 6, from which 
more strained poiyquinenes such as i and ii should 
become aczcssiilc. When this technique is coupled with 
the aldol-epitnerization approach recently employed 
for the synthesis of triquinacene,’ a facile route to the 
carbon skeletons of tetraquinenes iv and v should be 
within reach. 

EXPERIMENTAL 

Microanalyses were performed on an F. and M. Scientific 
Corp. Model 185 C, H and N analym. M.ps were taken on a 
Thomas-Hoover &.p. apparatus; they are&owed. Low- 
resolution NMR snectra were recorded on a Varian EM-360 
spectrometer, while the high-resolution spectra were run on a 
Bruker 250 rnHz muhiplbprobe instrmnent. Chemical 
ionization (CI) mass spectra and electron impact (EI) mass 
spectra were obtained on either a Fin&an CC/MS or a 
Hewlett Packard 5985 gas chromatograph-mass spectra- 
meter. The IR spectra were obtained on a Beckman Acculab 1 
instrument or a Nicolet FI IR. 

l,S-(Bir-3-propionuldehyde dimethyl acetaf,kis - bicyclo- 
[3.3.0]octane - 3,7 - d&me 8. Compound 7’ (5 g, 23 mmol) 
was dissolved in a mixture of dry MeOH (100 ml) and 
CH,Cl, (200 ml). The soln was cooled to - 78” in a dry ice- 
acetone bath and 0, was passed through the mixture until a 
deep blue coloration was observed. The soln was stirred for 5 
min and the excess 0, purged from the medium with a stream 
of N, (15 min). The mixture then became colorless. It was 
allowed to warm to - lo”, after which Mea!3 (2.85 g, 46 mmol) 
wasaddedslowly.Themixturewasstirrcdat -1Wfor 1 h,and 
then at ice bath temp for 1 h. The soln was next allowed to 
warm to room temp and stirred overnight. The solvent was 
removed under reduced pressure and the residue was treated 
with water(100ml)andsubsequentlyextractedwithCHCl,(3 
x 100 ml). The dimethyl sulfoxide produad in the reduction 
remainedintbewaterlayer.Thecombinedorganiclayers were 
dried (Na,SO& and the solvent was removad und; reduced 
pressure to provide 8 (7.5 g, 95.1% yield) as a white solid. This 
material was recrystallized from MeOH to provide 8: m.p. 
110-l 11” (CH,OH); IR (KBr) 1740 cm-‘; 13C-NMR (62.9 
mHz, CDCI,) 6 28.51 (t), 28.86 (t), 48.18 (q), 49.18 (s), 53.04 (t), 
104.32(d),215.48(~); ‘H-NMR(25OmHz,CDCl,)G 1.45-1.46 
(8H, m), 2.25 (8H, q), 3.20 (12H, s), 4.25 (broad 2H); mass 
suectrum (EL 15 e\? m/e 342 (2.1). 310 (1.1). 278 (75.1). 246 
(iOO),214(13j.(Founh:~,62.9~;ti~8.77.&l~forC~,H;,O,: 
C, 63.16; H, 8.770/,.) 

Prejwalion of tram-tram and ciscis - 4,ll - diacefoxy- 
tetracyclo(6.6.O.O’~~.O”~‘~retrodecane - 6.13 - &me, 9 and 10. 
The bisacetal8 (7.5 g, 21.9 mmol) was stirred for 3 d in freshly 
distilled glacial AcOH (150 ml) in the presence of 4 drops of 
cone H,SO,. An additional 3 drops ofconc H2S0, was added 
and the mixture stirred for 48 h. It was then brought to pH 4 
with Na,CO, and the AcOH was removed under reduozd 
pressure.Totheresidue,water(lOOml)wasaddedandthesoln 
wasextractedwithCHCl,(3 x lOOml).Thecombiicxtracts 
were dried (Na,SO.) and the solvent was removal under 
reduced pressure. The spongy solid which resulted was 
dissolved in EtOAc and purified by flash column 
chromatography on silica gel (grade 60, 230-400 mesh, 
Aldrich ; hexan*EtOAc gradient elution) to provide the first 
isomer, 9, designated trans-rrans. The second isomer was then 
eluted Rom the column ; it has been designated cis-cis, 10. The 
overall yield of this sequence was 75.1% and the two isomers 
wrre present in a ratio of 9 (1) to 10 (3.5). They wzre purifkd 
by crystallization from EtOAc-hexane. Compound 9: (trans- 
tmns) m.p. 180-181”; IR (KBr) 1741 cm-‘; ‘H-NMR (250 
mHs CDCI,) 6 1.W2.00(8H, m), 1.95 (6H, s), 2.40-2.60 (6H, 
m),550(2H,m,Jatoacctate = 1.8H~);~~C-NMR(629mHz, 
C&l,) a 20.81 (q), 23.10 (t), 33.41 (t), 49.33 (t), 54.92 (s), 66.07 
(d),78.19(d),169.72(s),2l4.6O(s);maasspectrum(CI,CH~)335 
(P+1,18),275(90),233(57),215(100).Compound10:(&is) 

m.p. 162-163”; IR (KBr) 1742 cm-‘; ‘H-NMR (250 ~Hz, 
CDCl,)G1.93-2.2I(8H,m),1.97(6H,s),2.48-U4(6H,m),5.44 
(W.m,Jatoacetate = 8.5H~);~~C-NIbfR(62.9mI&CDCls) 
6 20.86(q). 32.51 (t), 34.07 (1). 5228 (t), 55.45 (s), 6201 (d), 76.44 .-- 
(d), 169.69(s), 211.54 (8); rnk m(CI,CH.) 335 (P+ 1, 
5fi275173L233(100~215(61).(Fout1d:C64.93;K6.70.Calc 

II 

for CIsti12;Os: e, 64170; H, 6.&k.) 
Tetracyclo[6.6.0.010’s.~.“]trtrodoco - 4,6,11,13 - tetrol 11. 

Tllediketodiacctatcs9~1o(5$15nlmoI)wcrrdisvolvedin 
dryTHF(30ml)andcooladinanioebath.Whilethe~~was 
stirred at 0” a coolai soln of borane-THF in THF (1.0 M, 75 
ml) was added slowly. After the addition, the mixture which 
resultedwasstirredfor24h,at whichtimethestartingmatcrial 
had completely disappeared (TLC). Dry MeOH (60 ml, cold) 
was added dropwise to the cold mixture with stirring. The 
mixture which -ksultcd was stirred for 15 min. The solvents 
were subsquently removed under reduced pressure to yield a 
product which contained 11 and the corresponding borate 
e&er. The crude product was repeatedly heated with dry 
McOH and the solvent removed under reduced pressure 
(Buchi rotavapor) to remove the borate ester as trimethoxy- 
borane. The residue which remained was passed through a 
short column of silica ael and then allowed to stand in MeOH 
overnight. A white c&stalline (25%) ppt from the soln was 
washed with MeOH, dried (Na,SO,) and characterkd: 
compound 11: m.p. 280”; IR (KBr) 350&3100 (broad), 3010 
and 15OOcm-‘; ‘H-NMR(250mHz,DMSO-d6)6 1.3t&l.!Xl 
(m, 14H), 4.40 (4, H), 4.42 (broad s, 4H); ’ 'GNMR (62.9 mHx, 
DMSO-d,) 6 31.21 (tl 35.21 (0.47.67 (0, 56.70 (s), 62.75 (d), 

Calc for C h “0 .k, &14; fi, 8X&...) The &l(7Yi) which ** 22 4’ 

remained had ‘H-NMR, IR and mass spectra virtually 
identicalwiththoseofthewhitesolid.Thetetrol11isamixture 
of stereoisomers ; it was used directIy in the next step. 

Te~acyclo[6.6.0.01.‘.~,‘~tetradeca - 3,6,10,13 - tetraene 5. 
A mixture of isomeric tetrols ll(2 g, 7.9 mmol) w(w heated to 
reflux in a hexamethylphosphoryltriamide (30 ml, HMPA) 
with stirring. The sold, &ig&ally -&lorless, turned yellow just 
below 200” and then darkened. The evolution of Me,NH 
could readily be observed. The mixture was then held at r&x 
for 24 h under two water cooled spiral condensers which were 
also attached to a dry ice-acetone trap. During this time, the 
starting material disappeared and a dark brown mix- was 
obtained. After cooling, the HMPA soln was extracted with a 
large excess of pentane. The pentane layer was washed three 
times with brine and dried (Na,SOA. The pentane was 
removed by careful distillation, the oil which remained was 
chromatographed on silica gel &Wane). Although 5 and the 
bridgehead alkene were present in the original mixture in a 
ratio of 85: 15, after chromatography a ratio of 92: 8 was 
observed in a combined yield of 65% The tetrae-ne 5 was 
further purilied by chrom&ography on silica gel to provide a 
colorless oil : IR Fr’. neat) 3047 and 2930 cm-’ : ‘H-NMR 
(250 mHz, CD&) 6 il5-i35 (m,4H), 3.40 (q, 2H), 5.54-l-5.70 
(m, 4H); “C-NMR (62.9 mHz, CD&) 40.08 (1). 62.31 (d), 
67.11 (s), 128.88 (d), 130.08 (d), 134.23 (d), 139.11 (d); mass 
spectrum(EI, 15eV) 182(59), 167(100), 149(58), 125(58).High 
r&olutiodmasssp&tn&c&fo~C,,H,,:182.lO95;found: 
182.1084. IFound: C. 92.05: H. 7.60. talc for CLH,.: C, __ __ 
92.30; H, ?.7Wk.) Thd tetraek i can be stored under Ar for 
several weeks; however, on exposure to air it polymerka to a 
solid which contains C. H and 0. Anal. C, 63.60; H. 5.40; 0, 
31.20. This solid doea dot vaporize under conditions of EI or 
CI mass spectroscopy even at temps above 250”. The 
bridgehead alkene was present in too small a quantity for full 
characterization. The carbon spectrum of this material is 
described in the footnote on p. 1600. 

Preparation of te~~yc~6.6.0.0’.‘.Os~“]~trodeco- 
4.6.11.13-cetro1 11 from teaocvclor6.6~O’~‘.~~“ltetrodecone- 
4161 i,13-tetraone i3. To a s&e&ion of 13’ (0.; g, 2 mmol) 
in dry THF (15 ml) which had been cookd to ice bath temp, 
was slowly added a cold soln of bonme-THF complex in 
THF (1.0 M, 10 ml). After the addition, the slurry which 
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resulted was stirred for 36 h at 0”. Dry. cold MeOH (25 
ml) was then added dropwise, with stir&g, to the cold 
soln to destroy exmss diborane. The mixture was then 
stirred for 1s mil& after which time the solvent was m- 
movedunderreduadprmsure.Thisprocedumgave11ao 
compankd by its borate ester. The boron compound was 
removed by repeated heating of the material in MeOH 
followed by the removal of solvent and trimethoxyborane 
under reduced pressure. The oily residue from this procedure 
waspassedthroughashortcolumnofsiBcagel(1:1,EtOA~ 
EtOH) and then subjected to the HMPA-mediated 
dehydration as damribed in the previous experiment. In the 
mixturesoproduc&thetwoisomers werepresentinaratioof 
85: 15 be&ire purification. Chromatography on silica gel 
(pentant)~vethetetracneSnndthtbridgehea 
ofwhichwereidentical(GCanalys&mass~,TLC 
and “C-NMR spectroscopy) with the two mtmenes obtained 
in the previous dehydration Consequently, 11 produced from 
the aldd approach and the diborane approach gave the same 
two tetraemes in the same ratios (CC) within experimental 
error. 

Prepmution of the ozonide of 1 - (3’ - cyckpenrene) - cis - 
bkycfo[3.3.O]cctune - 3.7 - &one 18 to prouide the 
diketodialdehyde 

The cyclopentene substituted compound 18 (500 mg, 2.44 
mmol) was dissolved in EtOAc (50 ml). The mixture was 
cooled to -50” and 0, was passed through the sohi until 
the mixture turned blue. N2 was then passed through the 
soln for 15 mitt, after which the solvent was removed at room 
temp under reduced pressure. This prccedure gave a white 
solid (610 mg, 99%) which melted at 142-146”. Recrys- 
tallimtion from EtOAc provided the pure oxonide: m.p. 
154-155”; IR (KBr) 2958,2895,1733,1411 and MOOcm-I; 
‘H-NMR (60 mHx, CDClr) 6 0.70-2.90 (m, 14H). 5.75 (d, 
lH, J = 5 Hz), 5.80 (s, U-I); “C-NMR (CDCla) d 30.49 (d), 
32.19 (t), 38.80 (d), 44.44 (t), 46.83 (t), 49.62 (s), 98.06 (dj, 
215.49 (s); mass spectrum (CI, CH,) m/e 253 (P+ I), 235, 
207 (lOO), 179, 165,137. (Found: C, 61.81; H, 6.43. Cak for 
C,3H,60~:C,61.89;H,6.39%.) 

This oxonide was treated with Me,!3 in MeOH to provide 
the methoxy hemiacetal in greater than 95% yield. This 
bemiacetal was in equilibrium with the diketodialdehyde. 
The diketodiahkhvde was reacted with AcOH-H,SO, as 
described in previous experiments to provide 19a and b. The 
tLyEfe3te investigation of 1% and b will be reported 

Tetracyck[5.5.1.0’~13.010*‘3]rridecane - 2,6,8,12 - tetrol l3. 
To a suspension of 22 (0.5 g, 2.2 mmol) in dry THF (70 ml), a 
soinofdiboran~THF(1.OM,65mi)wasaddedatO”overa3O 
min period. The mixture was stirred at 8” for 48 h and then at 
room temp for 1.5 h. MeOH (50 ml) was added slowly to the 
cold mixture with stirring The solvents were removed under 
reduced pressure to yield the crude 23, accompanied by borate 
esters. The eaters were removed by dissolving the crude 
product in MeOH and heating the mixture under reduced 
pressure. In this manner trimethoxyborane and the MeOH 
were both removed. The process was repeated five times to 
provide23(0.48g,93%)freeofborateesters.Thecrudcproduct 
was purified by column chromatography on silica gel (40”/0 
EtOH-EtOAc) to give a stereoisomeric mixture of 23 (0.38 g, 
73.5%) presenr as &r oil, and a pure crystalline 23 (dO95 & 
18.40/:m.p.228-229”;1R(FI,KBr)3301.40(broad).3229.10 
(broad), 2932.98, 2891.50 and 2872.21 cm-‘; ‘H-NMR 
(CD.OD) 6 1.72 (auintet. 4H. J = 5.5 Hxl. 2.01-218 (m. 6H. 
bveriapoiCH~~~HzsX’2~(~2H,J = j.bHx),3.88(q&,J 
= 5.3 Hz), 4.87 (s, 4H); i3CNMR (CD,OD) 6 4233 (t), 49.38 
(d), 69.75 (s), 69.91 (d), and 78.31 (d); mass spectrum (CI, CH3 
241(P+1,8~),223(5.5),295(33.5),187(100),169(33).(Found: 
C, 65.44; H, 8.20. Cak for C,,HH,oO,: C, 65.00; II, 8.3x.) 
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