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SYNTHESIS OF TRIQUINACENE DERIVATIVES 

NEW APPROACH TOWARDS THE SYNTHESIS OF DODECAHEDRANE 
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Fwx sERluTo6A* 

Department de Qutica OrgBnica, Famltat de Qubica, Univcrsitat de Barcelona, E-08028 Barcelona, Spain 

(Recebed in USA 25 April 1985) 

Almtract-lXfkrent synthetic approaches to tricyclo(5.2.1.0’~‘0)decana25,&trionc (2)-a triquinaocnc 
derivative especially designed for a cxmvcrgcnt and reflexive synthesis of dodemtmdranc (l)-have been 
explored, the amylcnic approach through i Paum-Kband Ks-mauiation being the method of choice. 

Dodecahedrane (11, which exhibits the highest 
symmetry (Ih) ever imagined for any organic 
compound, has been one of the target molecules more 
actively pursued in the last decade’-’ by organic 
synthetic chemists. 

Scheme 1 sunmarizes, in a very dramatic manner, 
the strategies used by different groups of workers 
all over the world in their attempts to synthesize 
dodecahedrane. Up to now, only Paquctte et ol.,’ at 
Ohio State University, have succeeded in synthesiz- 
ing dodecahedrane by a 25-step linear synthetic se- 
quence, starting from cyclopentadiene and proceeding 
through the so-cakd “Domino Diels-Alder” adduct 
(strategy 8). 

Strategy 1 involves the isomerization of either some 
CloHlo or C,,H,, polycyclic hydrocarbons to do- 
decahcdrane or its dimethyl derivative.” Very rt- 
cently, Prinzbach and co-workers4 have found that 

dodecahedrane is in fact one of the minor components 
of the complex mixture resulting from isomerktion of 
“pagoda&. Strategy 2 invdves the pericyclic 
disconnection of dodecahedrant to two identical, non- 
chiral moieties of triquinacene. This was the original 
idea proposed idcpcndently, in the early 19% by 
Miiller, Jacobson, and Wood~ard.~ Strategy 3 implies 
the homolytic disconnection of ot least 0~ ofthe bonrls 
and leads to two moieties of identical chirality, in which 
case the synthesis would require the optical resolution 
of the starting material (or some other equivalent 
procedure, as the separation of the d,l- and meso- 
dimers).6 Strategies 5-8 aII involve heteroIytic 
disconnections through dissonant pathways or 
ringzLZ*’ Strategy 4, on the other hand, involves a 
disconnection through a consonant 1Zmembercd ring 
and leads to two moieties of opposite chirality and, in 
contrast with strategies 5-8, defines a %eam” in the 

Schane 1. Strategies for the synthesis of dodecahcdrane 
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malcxxile ufd~~~~ which ajay be cunstrwtad 
using akiol-type reactions, which are essei~tially 
reversible. ThG thret main advantages of such an 
approach wuuid be: 

[ t ) the synthesis w&d be a invest and reBexive 
r>ne, &ir the originaI pruposed by Miilkr, Jacubeun, and 
Woodward (strategy 2) ; 

(2) in inapt with struts 3, it dues nut rcquirc 
aptical resuhltiun uf the starting materiaJ; 

(3) it opens the ~~~b~ty~~~~gint~ thG~~Gr~G~~ 
WGfl” of the d~~~r~e strutiure by working under 
aquilibfating oonditiuns. 

Scheme 2 shows this strategy in mure detail : 
actual~ti~n of the formal charges, eur&rred by the 
hGtGr~l~C ~~~~G~Un akmg the secondary con- 
sonant K&rn~mb~red ring, by thy pGrt&nt ~~~n~ 
groups, I~ads ts thG d~s~rn~t~~ trihtcmc 2, the two 
ntOiGtiGS bG@ Uf OppOSitG ~~~~tiU~~ ~~~~t~. ThG 
“ri;ucis§istic ~U~~~~~ of the two ~t~u~~~ 
triketones might lead, ~r~~~ a series uf ~d~l-ty~ 
~ndensatiuns, in which 8ff the step& except the last 
one, are reversible, to the relatively stable structure of 
dudecahedrane (Scheme 3). Transformation of the 
resulting hexahydruxyd~~~r~e (3) - which is an 
achiral molecule planing to the II,, s~et~ group 
-to the hydru~r~~ is in tineiple a feasible, almust 
trivial, synthetic operation, g 

In Fig. 1 a ~m~un ofuur prujected synthesis with 
Paquette’s s~th~is~ as wet1 as with the “idtaf” (a une- 
step sawers) and the uriginaf une via t~q~a~u~ is 
made in terms of the complexity index rf vs the number 
&steps k, as proposed by Bert~.“~ Such representations 
ru”e very useful to evaluate alternative synthetic routes 
to the same target molecule. The most effective and 
~~n~rnj~ s~th~is would be the one in which the 
area under ~unctiun F is mind 

From Fig 1, we can see huw Paquette (curve 4)$ in 
very few steps, cu~t~~~ ~te~~at~ with similar or 

GYGn h$JhGr cOmp&ty than d~~~~G it&f. In 
contrast, in thG convtrgent and rtecnive synthcscs 
{curves 2 and 3) the intermediates are kept at a much 
lower order of complexity and only in the last steps is 
d~~bedra~~‘s ~mplG~ty reached. 

T~~r~~~ Z es th ~~~~~ ~~~~~~. Aprvt &om its 
potGntiaf use as a d~~Gdr~e pr~rsur~ triketune 
=t, which belongs tu the rzuely encountered e, 
seedy point group, represents an ~~te~t~ng 
synthetic objective in its mm e&t. In this cantext, the 
study of’ththc interactions and reactivity uf the carbunyl 
gMups lucated on the @zimeter of tht rigid hen& 
spherical framework displayed by this molecule re- 
quires the dGVGlU~~G~t of a s~theti~ prutucul which 
allows the aam to s~bst~ti~ amutmts of 2. 

Owing to the presence of rn~ti~~~n~t relatiun- 
ships, the synthesis of triketone 2 is nut a trivial 
ubjcztive, and no less than three ~~~~~~s or 
“reactivity inversiun uperatiuns” can be fureseen in 
designing the s~th~is of this molecule, 

For the synthesis of triketone 2 WG havt devised two 
general strategies : 

(2) the athGr one;, basad on the USI: of sume 
intGrmGdiatcrs previously ~#ncti~n~ rcquir~, by 
contrast, sr~~u~~~cr~~ cuntroJ in order to create 
the all&-all-syrr confIgura&xI characteristic of 
polyquinancs.’ I 

The ptrtinent rGtr~~~Gti~ ma~p~atiU~ invalv- 
ing Githor FGfs ~~~c~~~ group ~~~h~~~ or l-, 2- 
or 3-l>ond disoormectmns lead tu tht simple synthetic 
precursors shown in %hCme 4. Obviously, the simplest 
synthesis wudd be the O~G in which the C, axis of 
symmetry present in the target mokmlc is ~u~~~ all 
along the synthetic sequence,’ ’ I%is appru~h (route 3, 
4, X = Cl) was attempts in 1975 in connection with 
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Fig. 1. Complexity index 9 vs number of steps k. Ia Syntheses of dadccahcdrane from cydopentadicnc : 
(l)-~“idcalsynth~sis”(1stcp);(2)-~-~-~,viatriquioaaoc5(8~tap);(3)~~~~~r,via~etonc2(12~~); 

(4) - - - n , via “Domino Dick-Alder” (25 step+ 

our own work on the synthesis of bullvalene.‘3 
However, rather than the expected triketone 2 a 
triasterane structure was formed.‘* 

D&connection of two non-adjacent bonds of 
triketone 2 (route 2) leads to a unsaturati bicyclic 
tietone 6 and B twocartn~n tigment with “carbonyl 
Werted reactivity”. The synthesis of the bicyclic 
diketone 6, from the readily accessible cis- 
bicyclo(3.3.0)oct~-3,7dione, has been already re 
p&dis and the reaction with di&rent “nuclcophilic 
carhonyl equivalents- (6 +2) ia being studied at 
present. 

On the other hand, the “onebond disconnection” 
strategy, Which starts from the so-called 
Deslongchamp’s diketone (8)16 and rcquirts rigorous 
skrcoselactivc control, will be dixussed in full in a 

forthcoming paper. In this paper we deal exclusively 
with the FGI and the Wheat-bond disconnection” 
strategies, w&h are the most straightforward entries to 
triketone 2 we have so far developed. 

REsuLls 

FGI strategy 
According to the strategies outlined in Scheme 4, our 

second approach to triketone 2 starts from 
triquinacene itself or some of its simpk derivative. 

Triquinactne (5) was prepared from en& 
dicydopentadiene by the procedure described by 
Deslongchamps et ~2. l6 The method has, however, 
some drawbacks if the monoketone 11 or the 
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Scheme S. Hydroboration of triquinaamc (5). 

corresponding acetal12 are the desired final product 
(see below). 

As shown in Scheme 5, bydroboration of 
triquinacent, followed by oxidation, could afford either 
one of the two possible isomeric triketones 2 or 15, or 
moreprobablyamixtureofbothinwhichthcunwanted 
regioisomcr would be the predominant one since it is 
statistically favoured in a 3 : 1 ratio. Although we 
found”’ experimental conditions in which the ratio of 
the symmetrical triketone 2 was higher than that, the 
method-which implies three transformations in each 
one of the three double bonds present in the moleculc- 
is neither a gratifying one nor painless. Paqucttc and cu- 
workers,‘* also reported the synthesis of this triketone 
by the same procedure, had to use a highIy 
sophisticated HPLC system, with four 6 ft x 0.75 in 
silica gel columns connected in series, in order to 
separate the intermediate isomeric trials 13 and 14. As 
Paquette and co-workers stated in their article : “their 
separation required conditions somewhat out of the 
ordinary”. 

Since we did not have access to such sophisticated 
equipment, and the oxidation of the trials presented 
serious technical difficulties, we looked for more 
attractive routes to the triketone 2. The regioselective 
functionalization of acetall was envisaged as one of 
the alternative routes to it. 

Previously reported studies” on the related cyclic 
acctal of the bicyclo(3.3.0@&-7-en-2-one showed that 
the effect of an acetal group on hydroboration is 
electronic rather than steric. The observed regioselec- 
tivity leading to 1,3-bifunctional relationships must be 
ascribed to inductive effects like those observed in 
allylic and homoaIlylic derivatives bearing electron- 
withdrawing functional groups (see Table 1).20 On the 
other hand, although the alternative Markovnikov 
oxymercuration of the bicyclic model afforded the 
desired l&bifunctional derivative19 as the major 
component of a 70: 30 mixture of the two rcgioisomers, 
the method may not show the same regioselectivity in 
the case of acetal12 since the two olefinic carbon atoms 
here are almost equivalent owing to the presence of the 
third ring. 

For the preparation of acetal12 we used an improved 
procedure of the synthesis previously reported by 
Deslongchamps et ~1. l6 (Scheme 6). The starting 
point is “Deslongchamp’s diketone” (8), which WC 
prepared by direct rcgiofunctionalization of endo- 

Table 1. Hydroboration-oxidatioo and oxymcrcuration- 
dcmcrcuration of bicyclo(3.3.0)oct-7cn-2-onc, 2,2dimethyl- 

trimethylene atal 

4 Oo 
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dicyclopentadienc by an improved procedure of the 
method previously developed by OUT group.*’ 
Photolysis of diketone 8 and subsequent aldol 
cyclization of the resulting aldchyde proceeded in good 
yields as reported (8 3 16 +17).*6 Since attempts to 
protect the carbonyl group of 17 as a cyclic acetal 
induced a rctro-aldol reaction (17 + 16). Under these 
conditions, the competitive bis-acctalization of 
ketoaldehyde 16 was aIso observed. On the other hand, 
mesylation of the previously quiIibrated exe-aldol(l7 
--) 18), followed by acctalization, led to hydroxy- 
a&al 19, probably by an intramolecular nuclco- 
philic dispkemeni of the leaving group in the 
intermediate hemiacetal 20. The m&yl6xy group was 
replaced by phenylsele.nide,22 the new compound 21 
was then isolated in 77% overall yield from dikctone 8. 

Since the phenylseIenium group must be on the endo 
face of the molecule, it was cxOtcted that syn- 
elimination of the phen&elenoxide would lead dire&ly 
to the monoketone 11. However, after oxidation with 
MCPBA or, better, with sodium metaperiodatc in 
methanol-water,23 almost quantitative yields of the 
conjugated monoketone 22 were obtained.16 It was 
isolated by preparative TLC and fully characterized by 
spectroscopic techniques. On the other hand., 
tiansacetaiization of the phenylselcno derivative 21, 
followed by oxidation with MCPBA, afforded the 
desired acetal 12 in 95% yield (21+ 23 --) 12); the 
overaU yield from commtrcial emcyclopentadiene 
was ca 50%. 

Oxymercuration+lemercuration of acctaI 12 
(Scheme 7) led to a mixture of dials 24 which, after 
oxidation with pyridinium chlorochromate (PCC) and 
chromatograpl& separation, afforded in 43% yield a 
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Scheme 6. Synthesis of triqtiacene derivatives: (a) McOH/hv ; (b) acetone/3 N HCI; EtONa/EtOH ; (c) 
MsCl/pyr ; (d) PhScLi ; (c) Me,C(CH,OH)JpTsOH/bcmme ; (f) MCPBA or NaIO,; (g) p-TsOH/acetont. 

25 27 

Scheme 7. Hydroboration and oxymrcuration of triquina- 
ccnc derivative 12. 

1: 7 mixture of diketone acetals 27 and 28; the latter was 
easily identi&d by its IR absorptions at 1770 (s) and 
1715 (w) cm-‘, characteristic of a 1,3dicarbonyl 
system.16 The structure of diketone 27 was confirmed 
by isolation of a sample by preparative TLC and 
hydrolysis to the symmetrical triketone 2. It is worth 
noting that only two (27 and 23) of the four possible 
regioiaomers (25-28) were detected in the reaction 
mixture, the ratio of dikctonc 2g being higher than the 

statistical one. Eventually, from the crude re- 
gioisomeric mixture of dials 24, the predominant one 
crystallized out, the oxidation of which, with PCC, led 
exclusively to diketone 28. 

On the other hand, hydroboration of acetal12 with 
the boranAimethyl sulfide complex, followed by 
oxidation-first with alkaline hydrogen peroxide and 
then with PCC-led in 66% yield to a mixture of three 
diketones in which 27 was practically present in the 
statistical ratio (24%) and 28 was absent. The results are 
summarized in Table 2 

Three-bond dimmnectbn strutegy 
The waxes of the strategies so far discusA for the 

synthesis of triketorte 2 relies on a strict regio- and/or 
stereoselective control ofthe reactions in order to attain 
the l&dissonant relationships and the all-c&all-syn 
configuration of the polyquinanc skeleton. 

In our last approach’* to the synthesis of triketone 2 
we decided to explore the use of an intramolecular 
version of the Pauson-Khand annulation2s In the 
present context, this method of cyclopentenone 
synthesis could present the following advantages. 

First, it is well known that intramolecular an- 
nulations of this kind proceed with good yields; the 
Pauson-Khand reaction has been successfully used in 
the synthesis of diquinaness16 and of angularly huud 
triquinanes? 

Second, if the precursor is properly designed, in the 
sense that the multiannulation process can only lead to 

Table 2. Functionalization of acetall : relative ratio of regioisomcric tri- 
cycIic diketones 

Procedure 
Overall 

yield 25 26 27 28 

Hg(OAc)flaBHJPCC 43% 0 mD/, 80% 
BHJH,OJPCC 66% 76%(1:4: 24% 0 
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Scheme 8. Pauson-Khand bis-annulation leading to triketone 2 : (a) cthynylmagncsium bromide ; 
Bu’Mc,SiCl/iiidaz&; BuLic,SiCl ; (b) C~I,(CO)~ ; (c) hooctane, i60°, 3 days;(d) 10% Pd-C/HJEtOH ; 

(t) HF/H,O/aatonitrile; pyridine; PCC/alitt 

the desired polycyclic structure, the problems of regio- 
and stereoehemi& control are automatically obviated, 
provided that cyclization actuaily takes place. 

Finally, the synthesis of the key intcrmcdiate 9 (see 
Scheme 4) should be easily achieved starting from the 
known laetol lo? 

As shown in Scheme 8, when lactol.10 was added to a 
solution of ethylmagnesium bromide in THF a 3.8: 1 
diastercomeric mixture of dials 29a was obtained in 
95% yield After protcetion of the hydroxyl groups 
as t-butyldimethylsilyl ethers (88% yield), the dia- 
sttreomeric mixture of cnynca 29b was converted into 
the corresponding hexacarbonyl dieobalt complex 30b. 
when an isooctane solution of this complex was heated 
in a sealed tube, under a e&on monoxide atmosphm, 
at 160” for 5 days only low yields of the d&red enone 
31b were obtained. However, when the terminal 
acetylcnic carbon of 2% was silylatcd (87% yield) and 
the resulting protcctcd cnync 29c was converted into 
the corresponding dicobalt complex 3Oc, which was 
either isolated (82% yield) or directly subjceted to 
cyclization by the same conditions as above for 3 days, 
the silylenone 31~ was obtained in yields ranging from 
76% (starting from pure 3Oe) to 51% (when the 
intermcdiatecomplex was not isolated). It is interesting 
to observe that silylenone 31~ was isolated as a single 
stercoisomer, most probably the exe-5-e&8 iso- 
mer, as shown by its ‘H- and ‘GNMR spectra. 
This suggests that, though only one of the two 
diastereomcrs present in the diastercomeric mixture 
29~ can bc sucecssfully cyclizcd, it is fortunately the 
predominant isomer, the one suitable for undergoing 
the expected cyclixation 

It is worth noting that the addition of lithium 
trimcthylsilylaoctylide to lactol IO takes place in a 
rather low yield (20”/,), so that the more direct route to 
29e through intermediate 2!M sulfcrs the important 
drawback of a eowidcrably lower overall yield On the 
other hand, attempts to induce cyclixation of the 
hexacarbonyl dieobalt complex 306 of the unprotected 
intermediate 29d faila no tracts ofcyclization product 
316 were dctccted. 

Hydrogenation of 31~ in ethanol solution with lo”/, 

t Nore added in proof: we have found that dcsilylation is 
completely inhibited ifhydrogenation is performed in the prcs- 
ena of triethylatnine. 

palladium on carbon usually eonsumcd bctwccn one 
and two cquivalcnts of hydrogen. Although yields as 
high as 78% have been observed for cyclopentanone 
32b, the hydrogenation process waa usually ac- 
companicd by cleavage of the WSi bonds. Thus, in 
one experiment the tricyclic ketone 32b was obtained in 
18% yield along with a mixture of the monoproteeted 
derivatives (51% yield) and the dihydroxyketonc 32a 
(21% yield). 

In any case, although the observed deprotcction 
during the hydrogenation step is a complicating 
experimental factor,t it dots not substantially affect 
the overall yield of the synthetic scqucnec since any of 
the by-products can bc easily converted into triketone 
2 by the same process as for the tricyclic ketone 3% 

In fact, pure tricyclic ketone 32b was convcrtcd in 
triketone 2 in 85% overall yield by desilylation with 
hydrofluoric acid in acctonitrilowater, followed by 
neutralization with pyridinc and oxidation with pyri- 
dinium chloroehromatc in cclitc in dichloromttbanc 
solution. On the other hand, when the three main 
fractions, obtained from the hydrogenation experiment 
in which substantial deprotection had oocurred (see 
above), were separately converted by the same 
procedure into triketone 2, the overaIl yield was 66% 
from cnonc 3142. 

Considering the limited number of steps, the cobalt 
mediated his-annulation procedure is probably the 
method of choioc for the preparation of triketone 2 in 
quantities large enough to allow a systematic study of 
its reactivity and ultimately, incorporation into a 
dodccahcdrant synthesis. 

M.ps wcredetcrmincdinam.p. Biichi 510apparatusandare 
u.ncorrcctaL W, IR and ‘H-NMR (60 MHz) spbctra were 
recorded on Perkin-ELmcr instruments, models Lambda 5, 
681 and R-24,1eqcctively,and ‘H-NMR(#lOMHz)and “C- 
NMR with a Varian XL20.I (eventually, in the qcctrum of 
isomeric mixtures only unambiguously assigned peaks for the 
minor components are rcpoticd). Mass spectra were nm in a 
Hewlett-Packard 593OA spectrometer and high reaoh~tion 
MS with an updated AIE instrument, model 902 S. 
Evaporative distillations were petfonacd with a Biichi 
Kugclrohrofcn GKR-50 and, unless otherwise stated, all 
chromatographic purificationa were performad on silica gc& 
usinghexanc-BtOAcmixturcsofin crcasingpolaxityasthaent. 
All solvents were dried and &tilled before use, and reactions 
wm usually run under an atmosphere of dry N1. 
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endo - 9 - Pheny&elenotricyc~o(5.2 1 .o’*’ o)dec - 5 -en - 2 -one, 21 
(a)h4ethanesulfonylchtoride(6ml,76mmol)wasaddedtoa 

stirredsolnofex~aldol17(3.5Og,21 mmol)16 in CH,Cl,(250 
ml)andpyridine(%ml)andstirredatroomtempfor24h.The 
&tur&&asdiluted with CH,Cl, and washed with 2 M HCI, 
sat NaHCO, aa and NHXlaa and water. and then dried. The 
solvent was-&&orated &u&r reduc& prasure, and the 
resulting aude t&-maylate IQ (5.35 a) w&used for the next 
operation without further purification. IR (film) : 3020.2940, 
1740, 1350, 1170 cm’-‘; ‘H-NMR (60 MHz, CDCl,) : I .8- 
3.0(complexm,5H),3.1(s,3H),3.2-3.8(m.3H),4.9(m,lH), 
5.5 (m, 2H). 

(6) To a.soln of diphenyl diseknidc (0.967 g, 3.10 mmol) in 
THF (20 ml), 50% aq hypophosphorous acid (1.64 ml, 31.0 
mmol) was added and the mixture refIuxed for 20 minz2 After 
cooling at room temp, benzene (125 ml) was added to the 
mixture and then dried over MgSOI. The benzene soln was 
filtered through a pad of MgSO, and transferred to a dry 
reaction vessel fitted with septum, condenser and N, inlet. 
Lithium phenylselenolate was generated via addition of 1.6 M 
n-BuLi in hexane (4.3 ml. 6.88 mmol). After 10 min at room 
temp the reaction vessel was charged with crude exe-mesylate 
18 (1.55 p. 6.40 mmolh dissolved in a few ml THF and kent at 
rodmt&pfor3 h,un~nomoreetartingmaterialwasdet&d 
by TLC. The mixture was washed with sat NH&I aq, dried 
and the solvents evaporated off under red& pressure, to 
afford the en&-phenykeleno derivative tl(l.50 g, 4.97 mmol) 
as a yellow liquid (7sO/0 yield). The analytical sample was 
prepared by evaporative distillation at 2Wp.45 Torr. IR 
(film): 3045,2945,2915, 1740, 1570. 1470,1440,1300, 1260, 
1155,1025,740,690,670 cm - ’ ; ‘H-NMR (60 MHz, CD&) : 
1.6-2.65 (complex m, 5H), 3.25 (m, 3H), 3.55 (q. J = 7 Hz, lH), 
5.45 (br.s, 2H), 7-7.5 (complex m, 5H). (Found : C, 63.29; H, 
5.58. talc for C,,H,,OSe: C, 63.39; H, S.zoD/,.) 

Tricyclo(5.2.1.0**“‘)deca-5,9-dien-2-one, 22 
To a soln of NaIO* (0.15 g, 0.7 mm01)~~ in water (1 ml) was 

added a soln of endo- (0.105 g, 0.35 mmol) in MeOH (5 ml). 
Theresulting yellow turbidmixture wasstirredfor 1 hat room 
temp.AftertheadditionofsatNaHCO,aq(lOml),themixture 
was extracted with CHCI, (10 ml x 3) and dried. Elimination 
of solvents under reduced pmssure gave theaude conjugated 
22inalmostquantitativeykkls(53m~0.35mmol),which was 
puriiied by preparative TLC. UV (cyclohe.xane), &,,_: 241.2 
nm(86028);1R(film):3040,2920,1715,1620cm-’;’H-NMR 
(6OMHz,CDCl,):2.1-3.8(wmplexm,7H),5.45(br.s,2H),6.2 
(m, 1H); ‘“C-NMR(CDCl3: 41.9(t),43.9(d),46.5 (t), 53.6(d), 
53.8(d).134.2(d),134.7(d),135.0(d),150.7(s~~21(s);MS,m/e 
talc for &I&,0: 146.0729(M+); obs 146.0747. 

endo - 9 - Phenylselenotricyclo(5.2.1.0’*1”)dec - 5 - en - 2 - one, 
52 - dimethyltrimethylene acetal, 23 

To a mixture of endo- (0.520 g, 1.72 mmol), 2cthyl-2,5.5- 
trimethyl-1,3dioxane(1.627g, 10.3Ommol)and 2,2dimethyl- 
1,3-propanediol (0.045 & 0.43 mmol) a few crystals of p 
toluenesulfonic acid were added and then stirred for 18 h. The 
mixture was diluted with benzne, neutral&I with EtsN and 
dried The solvents were evaporated under reduced pressure to 
give a residue (0.750 g), which was purified by chromato- 
graphy, pure 23 (0.619 g) being isolated in 93% yield. The 
analytical sample was pmpared by evaporative distillation at 
240”/0.40 Torr. IR (film): 3040.2960,2880,1580,1470,1440, 
1110, 1095. lOGO, 790, 690 cm-‘; ‘H-NMR (200 MHz, 
%DCls):O.96(s, 3H),0.97(s, 3H), 1.563.4(complexm,9H), 3.4 
(half AB pattern, JAB = 11.2&1H),3.5(~2H),3.70(halfAB 
pattern, J,, = 11.2 Hz, 1H). 5.42 (d of 1, J, = 6 H4 J1 = JJ 
=1.7Hz,lH),5.64(doft,J,=6Hz,J,=J,=1.7Hz,lH), 
7.28(m,3H),7.6(nQH);MS,m/e:390/388(M+),304/302,233, 
157/155, 147,119,117,105.(Fouud:C,64.74;H,6.60.Calc 
forC2,H260&:C,64.81;H,6.68%.) 

Tricyclo(5.2.1.O’~‘~c)deca - 5,8 - dien - 2 - one, 2.2 - d&methyl- 
trimethylene ucetal, 11 

Toasolnof23(2.41 g.6.21 mmol)inCH2Cl,(25ml),oooled 
at - 78”. 85% MCPBA (1.34 g, 6.60 mmol) in CH,Cl, (10 ml) 

was added and the mixture stirred at low temp for 1 h. The 
mixture was then added into relIuxing CC& (200 ml) 
containing diisopropy&ine (2 ml). Af& cooling at room 
temp, it was washed with 2 M Ha and sat NaHCOs aq, and 
dried. The solvents were cvaporati off under reduced 
pressure and the residue puri!ied by iIash chromatography to 
give ll(l.39 & 6.02mmd)in 93% yield.Theanalyticalsample 
ias p&a& by avapor&ive &t.&tion at 12W-p.5 Torr. iR 
(fibn):3050,2960,2870,1420,1310,1170.1120,1110,850,730 
cm-‘; ‘H-NMR (60 MHz, CDCl,): 0.97 (s, 6H), 1.2-3.2 
(complex m,4H), 3.5(m, 6H), 5.6 (m, 4H). (Found : C, 77.53 ; H, 
8.89. Calc for C1 lHzoOl : C, 77.55 ; H, 8.68%) 

Hydroboration-o*idation oftr&yclo(5.2l.o*,‘qdeco-5,&dim- 
2-0~ 2&iimethyltrimethylene ace&, 11 

(a) To a soln of ll(O.217 g, 0.935 mmol) in THF (2.5 ml), 
cooled at 0”, 12.6 M BH,-SMe, complex (94 ~1.1.18 mmol) 
wasaddedviasyringe.After4hatroomtemp,water(2ml),3M 
NaOH (0.5 ml) and 300/, H,O1 (0.5 ml) were added and the 
mixture stinzd at 50” for 1 h. The aq layer was saturated with 
NaHCO, and thoroughly extracted with ether. Thecombined 
ether extracts were dried and solvents evaporated off under 
reduced pressure to give a mixture of diol acetals 24 (0.264 g). 

(b) The crude mixture of dials (0264 & 1.0 mmol) was 
dissolved in CH&l, (5 ml) and NaOAc (50 mg), c&e (0.90 g) 
and PCC (0.63 g, 25 mmol) were added. After stirring at room 
temp for 5 h, the mixture was diluted with ether (30 ml) and 
!&red through a column of silica gel under pressure. The 
resulting clear soln was evaporated and the residue (0.20 g) 
purified by flash chromatography to give, in 66% overall yield, 
purediketoneacetal27(38mg,240/,ralativeyield)anda61: 15 
mixture (122 mg, 76% relative yield) of 2!3 and 26. 

Oxymercuratio~curation of tricyclo(5.2.1.W’@)deca- 
5,8&m-2-one, 2,2-dimethyltrimethylene a&al, 11 

(a) To a stirred soln of Hg(OAc), (1.39 g, 4.36 mmol) in a 1: 1 
mixtureofTHF-H,0(12ml)asolnof11(0506g,218mmol) 
in THF (2 ml) was added dropwise and the mix- stirred at 
room temp for 24 h. 3 M NaOH (5 ml) and 0.5 M soln of 
NaBH4 in 5 M NaOH (5 ml) were then added and the reduced 
precipitated Hg filtered 05. Thu aq layer was saturated with 
Nail and thoroughly extracted with EtOAc, the combined 
organic extracts dried and solvents evaporated off under 
reduced pressure to give a crude mixture of diols 24 (0.60 g), 
from which the predominant regioisomer m out as 
colourlcss cry&s (79 mg), rn.6 W&184”. iR (KBr): 3300, 
2950.2880.1120.1070.1040.1ooO cm-’ : ‘H-NMR 160 MHz 
M&D): 0.5 (s, jH), O.& 3H), 0.9-2.8 (complex m,‘lOH), 3.6 
(m, 4H), 3.2 (W 2H). 

(b) Oxidation of the remaining oily mixture of diols (0.5 15 & 
1.95 mmol)with PCC(l.24 g, 5.8 mmol)in CH,CII soln gave, 
after stirring at room temp for 5 h and the usual working up, a 
crude mixture of diietone aatnls (0.36 g) which was purified 
bycolumnchromatographytogive:(i)asmailfraction(73 mg) 
ofolefinicmaterial,(ii)a I : 1 mixtureof27and28(81 mg)from 
which pure 27 was isolated by preparative TLC. IR (film): 
2960,2870,1730,1135,1105,1010an-’;’H-NMR(2OOMH% 
CDCI,): 0.69 (s, 3H), 1.11 (s, 3H), 1.6-3.5 (complex m, 14H); 
‘“C-NMR (CD&): 21.8 (q), 23.0 (q), 29.6 (s), 33.7 (t), 38.3 (t), 
40.6(t),42.6(d), 44.0(d), 47.4(d),48.7(d), 69.9 (t), 73.1 (t), 106.1 
(s), 218.4(s), 218.8 (s); MS, m/e: 264(M+). 

Hydrolysis of 27 (20 mg) in acetone soln, containing 
pyridinium p-toluenesulfonate gave pure 2 (6 mg) identical in 
all respects with an authentic .sampk’* (see bellow). 

(c) Oxidation of the crystalline diol(79 mg) with PCC gave 
28 (66 mg). IR (CHQ,): 2960,2870, 1770, 1715, 1120, 1040 
cm- ’ ; ‘H-NMR (200 MHz, CDCl,): 0.75 (s,3H), 1.1 (s, 3H). 
1.5-3.1 (complex m, 9H), 3.4 (m, 5H). 

cis-2-(2-Jfydroxybut-3-ynyl)cyclopent-3-en-l-ol.29a 
Astrtamofdry~ylenewaspasJadchrough75mlofTHF. 

whileasolnofEtMgBrinTHFCprepPradframMg(2.1 g.86.4 
mmol) and EtBr (9.09 g 86A mmol) in THF (lOOmi) under an 
atmosphere of purified N,] was added dropwise and to the 





(3%) on the basis of ita IR spectmm, as well as by its high yield (1967);seealso,W.P.RobertsandG.Shoham,Tetrabe&on 
oxidation into triketone 2 (see below). Lett. 4895 (1981). 

The soluble part of the hydrogenated product was ’ L. A. Paq&tte, w. B. Far&am and S. V. Ley, J. Am. Chem. 

chromatographed, two main fractions being separated: (i) SOC. 97, 7273 (1975); L. A. Paquette, I. Itoh and W. B. 
witha98:2mixtureofhexancEtOAc,pure.saturatedtricyclic Famham, Ibid. 97.7280 (1975); L. A. Paquette, I. Itoh and 
ketone 32b (68 mg) was obtained, and (ii) washing the column K. B. Lipkowitx, J. Org. C/&L 41,3524(1976); 0. Repic, 
out with pure EtOAc a colourless oily material was isolated, Ph.D. Dissertation, Harvard University (1976); P. 
which probably is a mixture of t-butyldimethylsiloxy Dealonachsmps and P. Sovey, Tetrahedron 37,4385 (1981). 
monoethers of dihydroxyketone 32a on the basis of its IR ‘P. E. Eaton, 6. H. Muller, 6. R. Carlson, D. A. Cullison, 
spectrum and the high yield conversion into 2 (see below). G. F. Coocer. T. C. Chon and E. P. Krebs, J. Am. Chem. 

Compound 324 IR (tilm): 3350, 2940, 1735, 1090, 1065 SOC. 99, 2?51.(1977); L. A. Paquette, R. k. Snow, J. L. 
cm-‘. Muthard and T. Cynkowski, Ibid. 100, 1601(1978); P. E. 

“MoMsilylated32s”,IR(film): 3400,2960,2930,2860,1740, Eaton, G. D. Andrews, E.-P. Krebs and A. Kunai, J. Org. 
1475,1465,1260,1110,1080,1035.840,780cm-’. Chem:44,2824 (1979) ; R. L. Sobe&, M. E. Osbom aid 

L. A. Paquette, Ibid. 44.4886 (1979); M. A. McKervey 
Tricyclo(5.2.1.~Lo)decan - 2,5,8 - trione, 2 and P. Vibuljan, J. Chem. Sot. Chem. Commun. 912 

(a) To a stirred soln of pure 3% (68 mg, 0.18 mmol) in (1981); J. E. Baldwin and P. L. M. Beckwith, Ibid. 279 
a&o&rile (10 ml), 45% aq HF was added (0.1 ml) and the (1983); G. Mehta and M. S. Nair, Ibid. 439 (1983). 
mixture kft overnight at room temp. The soln was then s ” Narcirsir~ic, from Nar&issos, youth who fell in love with his 
neutralized with pyridine and evaporated to dryness under reflection in water”, The Oxford English Dictionary ; cf. L. A. 
reduced pressure. To the resulting residue CH2C12 (20 ml), Salem, J. Durup, G. Bergeron, D. Caxes, X. Chapuisat and 
pyridiniumchlorochromate(0.50g,2.34mmol)andcelite(0.50 H. Kagan, J. Am. Chem. Sot. 92,4472 (1970), “a reaction is 
g) were successively added and the mixture stirred overnight ; defined as narcissistic if reactant(s) and product(s) are 
ether was then added in order to insolubiliz the Cr salts, mirror images with respect to a fixed plane and ifthe image 
filtered through a pad of c&e and evaporated under reduced of the reactant(s) undergoes the reverse ‘reaction’ to the 
pressure. Purification of the residue by column chromato- image of the product(s)“. 
graphy alTorded pure 2 (25 mg) in 85% yield, which was ‘Cf. L. H. Sommer, K. W. Michael and W. D. Korte, J. Am. 
recrystallized from acetone to give colourless crystal& m.p. Gem. Sot. 89, 868 (1967); M. G. Adlington, M. 
170-171” (lit.“’ 170-170.5”). IR (CHC&): 2965, 2930, 1745, Orfanopoulos and J. L. Fry, Tetrahedron Lett. 2955 (1976). 
1410,1310,1180,1155cm-‘;‘H-NMR(2OOMHz,CDCI,): ‘OS. H. Bertz, J. Am. Chem. Sot. 104,5801(1982). 
2.4>2.54(m, J,_ = 19Hz,J,,, = 4.2Hx,3H,),2.67-2.83(m, “T. Jacobson, Polyquinanes. Studies on the synthesis of 
J s*m = 19 Hz, Jvls = 13.4 m J:,. = 1.8 Hz, 3H,,), 3.07-3.21 
(m. 3H). 3.88 (a, J = 10.4 Hz. 1M; ‘“C-NMR (CD,COCDI): 

compounds con&ding accumulated Pitzer s&n, Ph.D. 

j9:34 tij 42.lb’(d), 45.54 (d), 216.58 (s); MS, m/e:-178 (M;i, 
Thesis, University of Lund, Sweden (1973). 

“S. H. Bertz, J. Gem. Sot. Chem. Commun. 218 (1984). 
150. 122. 94. 79. 55. (Found: C. 
C,&O;: C; 67:&I; ti, 5.66%.) 

67.61: H. 5.51. Calc for I3 F. Serratosa, F. Mpexand J. Font, An. Quim. 70,893 (1974); 
Tetrahedron Lett. 2589 (1972). 

(b) The monoprotected 32a (0.136 g) (see above) was ‘*E. Herranx and F. Se&tosa,‘Tetmhedron 33,995 (1977). 
desilylated and oxidized as described in the preceding I5 E. Carceller, A. Moyano and F. Serratosa, Tetrahedron Letr. 
paragraph to afford pure chromatographed 2 (54 mg) in 66% 2031(1984). 
overall yield. lsP. Deslongchamps, U. 0. Cheriyan, Y. Lambert, J. C. 

(c) The dihydroxyketone 3211 (35 mg) (see above) was Me&r, L. Rue&, R. Russo and P. Sovey, Can. J. Chem. 56, 
oxidized with PCC as described, to give pure 2 (27 mg) in 79% 1687 (1978). 
yield. “F. Serratosa, Dodezahedrane: a synthetic objective, Main 

Section Lecture delivered at ESOC II, Stress, Italy, June 
Acknowled~emenrs-The authors wish to acknowledge their (1981). 
indebtedness to the graduate student Victor Ccntellas for his I* &I. E: Osbom, S. Kuroda, J. L. Muthard, J. D. Kramer, P. 
technkalassistanceinthelastpartofthiswork;toDr J. Rivera Engel and L. A. Paquette, J. Org. Chem. 46,3379 (1981). 
and Miss M. Guerra, from the “Institute de Quiica Bio- 19E. Carceller, A. Castell6, M. LI. Garcia, A. Moyano and 
Gr&ica de Barcelona (CSIC)” for the reported high F. Serratosa, Chem. Len. 775 (1984). 
resolution mass spectra and microanalyses, respectively ; and ‘OH. C. Brown and M. K. Unni. J. Am. Gem. Sot. 90.2902 
tinally to “Comisi6n Asesora de Invcstigaci6n Cientifica y (1968); H. C. Brown and R. Ml Gailivan, Jr.. Ibid. 90: 2906 
Ttcnica” for financial support (Proyecto No. 3218/83). (1968); H. C. Brown and R. L. Sharp, Ibid. !%, 2915 (1968). 

21 E. Carceller. M. LI. Garcia. A. Movano and F. Serratosa. J. 

REFERENCES 
Chem. Sot. &em. Commun. 825 (i984). 

22A. B. Smith III and R. M. Scarborough, Terrahedron Lett. 
’ L.A. Paquette, Top. Cw. Chem.79,41(1979);Ibid.119,135 1649 (1978). 
(1984); P. E. Eaton, Terrahedron 35,2189 (1979), and refs 23k Toshimitsu, H. Owada, K. Terao, S. Uemura and M. 
therein. Okano, J. Org. Chem 49,3796 (1984). 

‘L. A. Paquette, R. J. Temansky, D. W. Balogh and G. 2* E. Carceller, V. Centellas. A. Moyano, M. A. Perk& and F. 
Kentgen, J. Am. Chem. Sot. 105,5446 (1983). 

“N. J. Jones, W. D. Deadman and E. Lc Goff, Tetruhedron 
Serratosa, Tetrahedron Lurf. 2475 (1985). 

25 I U. Khand, G. R. Knox, P. L. Pauson, W. E. Watts and 
Lat. 2087 (1973). i. I. Foreman, J. Chem. Sot. Perkin Trans. I977 (1973). 
l W. D. Fessner, G. Sedelmeier, G. Rihs and H. Prinxbach, ItiN. E. Schore and M. C. Croudace, J. Org. Gem. 46,5436 

Fifth International Conference on Organic Synthesis (1981); bC. Exon and P. Magnus, J. Am. Gem. Sot. 105, 
(IUPAC), Freiburg i. Br. (F.R.G.), 27-30 August (1984). 2477 (1983). 
Abstracts p. 60. 2’ M. J.-Knudsen and N. E. S&ore, J. Org. Gem. 49,5025 

’ D. M. Miilkr, Chem. Weekbhd. 59, 334 (1963) ; R. B. (1984). 
Woodward,T. Fukunaga and R. C. Kelly,J. Am Ch Sot. 2s P. A. Grieco, Ibid. 37,2363 (1972). _._._ _.._... _-_ _ _. _ . _. ____ 
86,3162(1!%4); 1. T. Jacobson, Acta Chem. Sumd. 21,2235 

Synthesis of triquinaczne derivatives 1839 


