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TOWARDS DODECAHEDRANE 
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The five convex, lmiform pdy- Platonicsolids+retbetet&edron, the cube, tbc octabedroo, 
tbeicoaphedroaandthed~(F~1).Tbeirconstructioaswaedefinedmathematicallybytbe 

. 

These exquisitely simpk, symmetric s&apes have delighted aad enli&tened the thghtful for 
generations. Plato wrote in zYnlueJls “. . . oftbeeartharisiagfromtbecube,6refromthepyramid,air 
fromtbeocMfdron,waterfromtheicu&edro n,andthesphereoftbeuniversefromthedodeca- 
bedron”. Two thousand years later, Johnnes Kepler saw with his mind’s eye our solar system 
constructed of planetary spheres inscril and circumscrii within a set of these symmetric solids. 
Indeed, as Herman Weyl said, “Symmetry.. . isoaeideabywhicbmanthrou&theageshastrkdto 
comprehld and create order, beauty and perfection”. 

Fortbechemist,theaestheticappealoftbePlatoaicsolidskadstotbecbalknseofrealiziaetheir 
mokcular equivaknts4ransforming vertices into atoms. Inorgank chemktry is rich with examples. 
There are tet&edral clusters (AQ, Ph !$) and octal&-al compkxes (IrCl& and mokcuks (SF& 
Cu&CC(CQ2-~c has the full 4, symmetry of the cube. Icosahhl cages are common in 
boron chemistry, e.g. (B&2)2-. There is, however, no known example of an inoqp4nic molecule or ion 
shaped like a regular dodecahlron.’ 

Forthe~ccbemist,heariaetbebeatofadiflerentclrummer,translatioaofthePlatonicsdids 
into real molecules has always meant synthesis of tehb&aM, CUbalB and dodecahedrane @ii. 2). 
These are compounds of tetravaknt carbon, made up as appropriate of four, eight or twenty metbine 
units (0. OctaHrane and icosabedraae are purposely kft out. The 6rst is formally an allotropic form 
of ekmental carbon; tbe other requires pentavalent carboo. These are goals for others mocc comfortabk 
with such things. 
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When the synthesis of cubane was undertake& we were most worried about the potentiaI instabiEty of 
the system. Cubaae is obviousIy a bigMy straiacd mokcuk; 8ubstantiaI di&orWs from the usual 
~~~~Of~~~~~~~ ~~~~~&~Of 
the skekton. It was not at all clear wbetber or not cubane would be isoIabk under ordimuy co&ions. 
However, as we were to find, a&bougb the strain eaergy is indeed laqje (ca. 14kcaUmole/C-C-boad),’ 
the kiaetic stability of cubaae is ex&aonWry. In solution at 2UP, cubaae is coaverted only slowfy by 
way of cm (7) and semiiullvaleae (8) to cycl~nc (eqn 2).’ It is not known whetha this 
slow thermolysis (2 weeks) procc& uncatalyzed or if it requires traces of traasitioa metal ions. 
Certainly, it is clear tbat transitiqn me&l ions (c.g. Ag’+, Pd2’, Rh’+) at higher coaceotratioos induce 
exceedi&y rapid ring opeaing and/or m meat reactions.’ 

/ 

0 1-1 - 

Cubaoe and its derivatives have been much exam&d. The crystal structure,l ~~~ 
carboo hybridizaGon:‘* kinetic acidity,‘l hydrogenation,‘* NMR spectm,” pbotoekchn spectrum,” far 
UV,IRsndRUMWiSpec~‘” m W?” m -$7 ekcbKlchoaaicpl (#rirbi_ 

tied’ traamhho of slEbStitlicnt cfkts:~ fadid samotioa,rn and pbamdo# have alI beea 

shdied.IfOmndGdedjudificationfortbtsyhtbwisofs~h~,~lyitcnnbefouadintbt 
results (and sqises) of these stud&. Some of the proper&-s of the cubane systemare listed iaTable 1, 
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Recently, two reports from Germany of fruitful entry into the tetr&&ane system have appeared. 10 
both cases, tetralithiotet (9) and tetra+butyMrahedrane (IO), the tctrahedrane frame is fully 
substituted, and this may well have much to do with the stability of these compounds. 

u 

U +b- u 
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The first of these tetrasubstiMed teW&anes was prepared by the Schleyer group at EMangenp 
The approach followed from a suggestion of Dill that u-donating, w-accepting substituents like lithium 
could work to relieve strain and stab&e the tetrah&ane skeleton.” UV irradiation of a dilute solution of 
dilithioacetylene inliquid ammonia at -45” is reported by the’ Erlan8eo group to 9ive a microcrystalline 
powder stable under argon at -#p (eqo 4). The spectroscopic properties of this material are quite ditIereot 
from those of the star@ material. Fold desorptioo mass sptctrojcop y indicates the formula c&L 
Chemically, nothin has yet been reported beyond hydrolysis to acetylene; These results “. . . although not 
definitive, are en-.= It~interestingtoooteaspoiatedoutinthereportthat~inifiomolecular 
orbital calculations for tetralithiotetrahedrane indicate that the preferred structure may well be the 
face-centred arranqemeot 11. 

-u Gj-+ $$ 
U U * 11 

(4) 

Tetra-t-butyltem (19). a tetrahedrane in the more classic traditions of organic chemistry, is 
the achievement of the Maier group at Marbur8 in 1978.” The synthesis is outlined in Chart 2 The 
critical steps are the 254nm light-induced isomerixa& and decarbonylatioo of tetra-t-butylcycl* 
peotadieoooe (12) at low temperature. The sequence probably represents the most sophisticated use of 
li&t as a “rea9eot” in synthesis. Each irradiation requires exacting control. 

Tetra-t-butyltetrahedrane has been characterixed acceptably by optical, NMR, and mass spec- 
troscopy. Most rema&ably, it is an air stable, crystalline substance, mp. 135” (dec.). Final cot&ma&m 
of Wncture ie expected soon from an X-ray analysis in progress. Ison&Mioo of tetra-t-butyltetra- 
hedrane to tetra-tbutykyclobu@diine (13) occurs (eqo S), but only at elevated temperature. Maier 

. . 
ratmahm intcll&otly the extraardinary stability of this tetrah&me by not& that the len%beniag 
(breaki@ofanyoneofthete trah&ane frame bonds is opposed by the bulk steric interactions of the 
separatiao t-Bu groups with the others on the skekton. This leads to his formulatioo of the intri9um9 
“all-or&thi&’ prii&k, accord& to which only uos&stituted teu&drane (no substituents to 
stabilize radical intermediates) or tetrahedranes with bulky substituents at each vertex have a chance of 
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2. KOH 

3. MuLi 
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Neither dodecahedrane nor any derivative has ban isoktcd or prepa& to date (November, 1978). 
ThereaJonisnottobefoundinanyinsEabilityofthispdyhedrane,forquiteunliLecu~aml 
-,tbestraillin- issmaU.AswiUbeconsideredlaterinthisReporGmost 
cakulations put the strain energy at well less than 100 kcal/mok; this is trivial once divvied up amongst 
the many CX bonds of the skekton. Only very slight distortions from ideal&i WraMral carbon are 
needcdtoconstruct-. Tbeprobkm,ofcourse,istberealworldroutetothisconstructioa. 

Dodecahedrane presents a synthetic chalknge of substantial and sign&ant prcrportions. Success 
require.3 the bonding together properly of twenty methine units, fom w thirty C-C bonds 
aadtwelve~membered~.~Fotw#ne~veonthe~ofthieprobkm,~that 
the tiYdro-u*Ycw-w- rin#systemofthcfamiliarsWoidsrequiresonlyseventeen 
carbons, twenty C-C bonds and four rings. Tbae are, however, more subtk hurdks than numbers of 
rineJdbODdS. 

At6rstthoughtitmightappearthatthehi&symme&yofd- kavcsttRchaucngeofits 
synthesis without the probkms of stereocbemical control that so complicate (and enrich) the synthesis 
of natural products. Of course this is not so. Careful stereochemical control is required. Tbe proton 00 
each of the twenty carbons of dodecahedraue must be cis to the other nine&en protons. All twenty 
protonsofdodecahedraaemustbeon”oneside”ofthemokcuk-&e outside. Ahbough cpidodeca- 
hedraneisafascinatiagcompouad,itisndtbeimmediateobjediveofthisparticularsynthetic 
adVClltlllE 

Saidinanotherway,eachofthethirtyringfusionsinQdecabedraae mustbec~andspntoone 
another. The cis fusion of cycbpentane rings is 8 s@k mat&f when oldy two Iings aIe involved. 
eis-Bicyc~3.3.OIoctane (14) is weMnown and about 6 kcat/mok mure SbMe tlmo its hrur isomer U.- 
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The troubles bq$n when more riags are involved. Obviously, for example, tnmsaaaular effects will 
destabih the all cir,~yn(acs)tetracyclic compouad 16 relative to its cis,syn&,aRtih isomer 17. 

The probkm escalates quickly as coatiaued cis aad syn ria8 build@ turas the amkcuk moec aad 
mote in upon itself. Non-bonded iateractioas become dominant features aml matters of major coacera. 
coasider, for exaalpk, the sec&&c&edrane 18. It is extrea&ly comsted about tbe “u&* boad. 
Tbe eado II-atoms are close upon oae aaotber, aad the r@idity of the system prevents them from 
movia8 apart. 

18 

Althoughdod- itself is nearly straia free, its ptoseaitors are not so bkssed. We must 
expect that unavoidable traasaaaular straias aad uawaated tnasaaaular reactioas ia the systeaX4 will 
interfere with aad perhaps interrupt scealiagly well-laid plaas to reach -. 

ThealaiapurposeoftllisRepatistoexaaliae approaches to the synthesis of dodecahadrane under 
active iavest&tioa. To my kaowkd8e. the principal work ia the area is beia8 done by my group at the 
University of Chicago aad tbe groups of Woodward at Harvard, Paquette at Ohio &ate, aad Schkyer at 
Erhgea with Grub- and McKavey at Cark. I will cuaceatrate my discussioa on these efforts. If I 
failtogivepmpermeation,Icanoalyapol~sincaelytothogcotbetsin~areaofwh<nrewarkIam 
uaaware.21 I am grateful to ProfessuYJ woodward, Paquette aad scllkyer for providia# me access to 
some of tlhr uapubhhed work. 

Itisal~like4ythatQdecsbeQane is the auMt stabk c&IaD polycycloalkane. This raker? the 
possibility that if a proper, kinetically feasible path caa be opened, aone, C&Is 
polycycloahE? caa be iaduced to isomelixe to dodecahcdranc. This idal is aa exteasioa of the very 
important -very by Schkyer ia 1957 that adamaataae, the most stable C&~ polycyckalkaae, caa be 
prepared e&ctively by Lewis acid iaduccd reoea of less stable C&s co~unds (C.8. eqa 6).- 

!3uch traasformatioas are c%rboaium ion reamul@anzata of eaonMXM compkxity.Tbe1977paperof 
bawa d 4. gives a amrveloaa analysis of this process, antiag instiac~ graph theory and muter 
CdCllh!iOILm 

L&off at Michigan stae and, i&ptzlMhtly, schlcyer at plilmtoll= tried ill the early 1970s to 
bpipegbOUttheisomerizationofthe~ketenephotodimer19(C~r)tododacabedrPneusingavariety 
of Lewis acid catalysts (eqa 7). These attempts were compktely without succc8s. JM=atlytJ=oreat 
strain ia tbe start& mat&al, which cootaiar3 my cyclobutaae riags, results iastead ia de&u&e 
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1ti!sknownthat reamngement of some Cl& systems to metbyiadamantaae 28 (e.g. eqn 8) proce& 
more easily than that of C&S systems to adamantane itself (eqn 6). Presumably, t&e “extra” carbon in 
~C~~relievessomeofthestrainintbes~materialandpahapsintbeintermedirrtes~the 
reaction path, reducing destructive side reactions, and thus helps to overcome mechanhtic bottkne~ks.~ 

(8) 

Accord@y, Schkyer and Grubmtllkr have attempted to isomerh various Cp& uMqnMmds (two 
extra carbons) to the dimethyldes (eqn 9). 

(9) 

Probing tbe product mixture for success is a non-trivial probkm. In tbe original cxperhcnts, 
dodecabedraae itself could have been rec&xed easily by $I singk, sharp proton magnetic resonance 
signal (twenty protons arc equivaknt), but there are five, mm-enantiomeric dimeth~, a 
mixture of which would give a hopelessly compkx PMR spe&um. The present analytic teclm@e uses 
massspectroWpyand~forsigMlsatnJc 15mas8uaitsbe1owtheparmt,~tolossof 
a methyl group. To date, ao such signal has been observed at a sign&ant kvel.” The work coatinues. 

SUCII approaches to e ~ve~~~~~q~~~~n(iO). 

Billy Batson SBuJuLlcAPTAIN bfARvE4L (10) 
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As we shalI see, antithetic disscctioas of dode-cahedrane to 6nd posslbk progenitors can be carried 
out io a variety of ways. The most obvious, at least in hindsiit, cuts dodecahedraneinhalfiototwo 
C&o fragments (esn 11). 

(11) 

The forward reach in the real world of synthesis is then production of dodecabedrane by 
dimehtion of triqtie (21, eqn 12). 

& 
xiv ---- @ 

(12) 

n 

This idea became popular in the early MO’s and was speculated upon independently by MuIler in 
Hdland,uJacobsoninSwadenPamlWoodwardclcrl.atHarvard,nthelastaspartof~1~report 
of the first eyntbesis of the hitherto unknown “monomer’*, triquinacene. 

This first synthesis of triquinacene is outlined in Chart 3.n It begins with the now troublesome 
insecticide Isodrin (22), which contains two of the three 5-membered rings to be included in tbe 6nal 
product. Reduction via the Wmstein procedure gives the de&lo&ted ene-ol 23.= Oxidation of the 
alcohol with chromic trioxide in pyridine and epoxidation of the olefin from its less hindered side gives 
the corresponding epoxy-ketone 24. Trans-skeletal ring closure via attack of the a+arbonyl anion from 24 

0 -0 0 xa- W-3, 
HO 0 OH 

&Ezi- crog4+ 

37 
20 

I 1. hotC&Oti 

2 Cyr, 
3. NaCWCH@H 

0 m OH 

II 

1. Curtlur degradation 
2. N-methylatlon 

3. t$&+amlne oxlde 
4. pyrolysis 
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on tbe rear of the nearby epoxide forms the hydroxyketone 23 aad the third S-membered riag ae&d for 
triquiaacene. oxidation to the curresponding d&etoae gives its stabk, bridped hydrate 26. The “extra” 
riags, whose restrain@ forces aad geometric requireaWas have betn used so powerfully to this poia& 
are now removed by a remarkable oxidative ckavage of 26 with lead tetracetate. The product, the 
aahydride 27, requires only the conceptually minor, although many, functional proup auu@ktkas 
illustrated to comkte the synthesis. 

A very diflereat synthesis of triquiaacene was reported by Jacobsoa in 1%7.- As shown ia Chart 
4, base-induced decomposition of the bis-N-aitroso compouad 28 generates 1&bis(diaxo)butaae (29) 
which reacts in reaaukably goal yield with cyclohexaaone to pive the bicyclic ketone 39 (recall the rinp 
enlargement of cyclohexaaone to cycloheptaaone on reaction with diaxoarethaae). Thermal deconr- 
position of the sodium salt of the tosylhydraxoae of 30 at 135-175” apparently proceeds through a 
carbeae and its insertion into the C-H bond four carbons away. The saWated hydrocarbon product, the 
triquiauae 31, is reported to form in very high yield. Chloriaatioa/dechloriaatioa urukr rather for&t 
conditions gives perchlorotriquiaacene 32, which oa more staadard reductive dechloriaatioa is converted 
to triquiaaceae itself. 

NO 

0 * 

n 82 

chart 4. 

0 

Lb 
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There are yet other syntheses of triquiaaceae. One more, of arore receat vintage, is included here for 
it provides probably the most expeditious route to substantkl quuatities of the coatpound. The approach 
(Chart 5). developed by Desloagchruaps d al. at !Iherbrooke,a real&s the triquiauceae auckus in just a 
few steps from Thiele’s acid (33), available commercially, or mere economically from carboxylxtion of 

. 
cyclopeatadieae aaioa. Bg7uWoa via its bis-xxide gives the diketoae 34, ia which two of the three 
S-membered riags needed in triquiaaceae are conaected correctly; the elements of the third are there, 
but oae position of attachment is wrong. Selective cleavage at this point caa be effected photochemically 
to give the ene-aldehyde 35, which caa then be cyclixed correctly to 36. Reduction, mesylation, aad 
elimination over basic alumiaa completes this preparation of triquiaaceae. Full experimental details for 
this procedure have been published recently, along with aa instructive commentary on the evolution of 
the approach?’ This route allows also the ready preparatioa of substituted triqu&~aes. For exampk, 
as showa in the branch ia Chart 5, reaction of 37 with methyl Grigaard, followed by eliminations aad 
oxidations jjives 2carboxytriqubakeae (32) ia a very practical way.4 

The chemistry of triquiaaceae aad its derivatives has received a great deal of attentioa, aad pro&My 
so. The results aad insi&ts so obtained have amue thait justitkd the effort put forth to achieve 
its synthesis. Paquette provides a thorough survey ia his highly recommended review of 
pdyq~.~Forourpurposehere,itissu~attoaotetbrrttriquiaacene~resistedanattemptsto 
causeitedimerizrrtiontododecahedrane.Theuwalpbotoc~dimerization~urm,krdonlyto 
polymerization.” Triquiaaceae is extraordinarily stabk thermahy. It is recovered unbothered after two 
hours ia concentrated solutioa in heptaae at 400” uader M,OtXt atau~pheres pressured For the anmt 
part, the depressing drumroll of diirixatioa attempts that failed is not ia the &rature. I am assured by 
word-of-mouth that IQ091 everything has beea tried, iachalia& such ckver ideas as using metal 
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chat 5. 

compkxes to hold two triquinacenes together in tbe correct orkotatioo. The search, no doubt, cootinues. 
Perhaps, there is more to be said for eqo (10). 

Itwas,Ithinl,clearfromtbe~thattherewasreallylittlechancethattwoindepea&ot 
triquinacene molecules could be induced to come together correctly and form the six (I) 
bondsneededtomakedodecabedrene. 3atistical and steric considera&ns alone make tbe process 
unlikely. CeaGnly, however, tbe link& to@ber of two triquinacenes can be approached a good deal 
more patiently. Controlkd in&oductioo of one or two covalent bonds between two m units 
mi&t be used to make later, perhaps kss umtrolkd closure steps more probabk, at least geometrically. 
Thus,faexample,itwouldckPrlybeofbelpifsomeearly,initialunionweremadeM,thattbetwo 
“halves”wouldbemdotooae~ratberthancxo,3)ratherthpn~. 

33 43 

ThisisM,simplemPtta~for3)iss~ylessfavoraMethan~.Paque#eandWoodwarddcrl. 
have addret& this probkm. PaqWte’s approach is cons&red hefe;w W-s, in the next section. 

Pinacdd&ri&ioo(Chalt6)oftbetriqldlMxne ketoneIlgivesonlytheproducts,42and43,of 
exo,exojoin&apoint demonstratedbyPMRcoupl&umstaatanalysia~Notethatthis- 
produces two new asymmetric centers; 42 is a dl mixture; 43 is a muo’compomxl. Decomposition 
of the uxresponding cyclic thionocarbonates 

. 
in bot trkthyl pho@ite gives stereospectficsll 

~~~Is.c1Ellyt*redustion~~hy~ov~~~Ilm.~ 
in~yieldtodl-aadmcrO~~~.4(andy1,respectively.(TheaomnC kturederiveafromtbatof 
thetwo4K&dmdhrsts.)Tbe ass@meatsofendo,a#dostueocheanistryto-~ando7 
followsfnwthelogicale~thathydroOenatiwwiUoccladsandfronr~(much)kss~ 
cxofaceofthe --- 

Acloselodratthe~~dthetwo~withindl-aadmcso-bivPlvraere~amuvelous 
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48 

aalt6. 

47 

subtkty-onty the dl bivaIvane is akin to the PIatmic, pentagod d ode&&me. Miso biv~ is 
LtOUSbiDStUKltOthCIl~-UllifOSm,~- 48, an intcrcs~ compound to be sure, but 
not the present goal. 
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within 50 turns out to be more reactive than that in 49 in Diels-Alder addition to N-methyl- 
triazolinedione. Presumably, d&rent steric effects make it more di5cult for tbe latter to take 00 the 
s-cis conformation required for Diels-Alder addition. Treatment of tbe mix- of 19 and !I0 with just 
enough N-methyl for reaction with the contained SO, removes !JO and leaves the hydro- 
carbonfraction9896enrichedinthe~isomer.Ndtobewasteful.Jcanberegeneratedfromas 
Diels-Alder adduct by hydrolysis and oxidation. 

1,4-Reduction (eqn 13) of the conjugated 1Jdiene within tk dl-bivalvane 49 with alkali metal ia 
ammonia occurs primwily rmnS and gives tbe pentaene 44, c&p one can imagine an acid-induced 
cyclization of 44 or a simple relative to dode&uhw (eqn 14), but tbis has yet to be accomplished. 

(131 

(14) 



As before with the bivalvanes, the uniform, pentagonal ddcdwhw ~o~y~~~~~ 
triquinaceacderivedpartsareofthesamec~,asthey~in52.If,ootbeotberhand,asinthe 
endO,cis#ndo dimer 51, the tlQuhww sub-units arc refkctiona of one another, clo8urc would lead not 
to the Platonic c&wlecahedrane, but to its non-uniform isoma 1 (cqn 16). 

-----* (16) 

To make a diradical like $3 fairly accessible eacrgctically some substhats on 52 facilitating tbc 
hitiat& homolytic bond &wage of eqn (15) arc needed. The carbomethoxy group is a rcasonabk 
choice; the probkm then becomes the regk- and wwpeci& synthesis of SC, the 2+2, he&t&d, 
eBdo,endo pldodhr of an enantiody pure 2~~~X~~ (55, wn 17). 



The synthesis of the necessuy~ofSIirOiveninCharta.TbeparticuLrrpproochiUurtrrrtadto 
2a%omethoxytriquinacene and its precursor hydroxy esta 64 was worked out at Harva&’ and, in 
similar fashion, independently at Ohio !State at about the same time.- The method is derived from the 
5nding that cycloUctatetraene iron tricubonyl(S9) ws 1,Saddition to tetracyanoethykne to five 
compkx 60, from which the tetracyanodihydrotriquinane 61 can be freed by oxidation with ceric ioa.@ 
Acid hydrolysis of 61 at ekvatal tempaatu~ ia e by dec&oxyktion and internal Ia- 
tonization (+ 62). Barton iodination (+ 63) and subsequent hydrolysis and dehy&oiodUion gives, after 

TCNE 

/ 
hot HCI 

a a 

e&&ation, hydroxy ester 64. Dehydration either dir&ly by the Burgesa procedure or via the 
maylate and eMnation over neutral alumina introduces the third doubk bond aad forms race& 55. 

Remtution of the hydroxy acid 48 can be aan@isM by crystaUix& ita (-)-quinine salt from 
U. The dextrohry isomer gives, after eGmin8tio~ dextrorotary 2-carbox~e (0, 
enantiomakalty identical (amvenkncly) to that prepped and resolved euikr by Rkanaga directly from 
triquinacae via carboxyktion of its Grignad.- Combinatioa of the acid chloride from this (+)-acid and 



. . haahhs&giveatbedesiredesta57coatldnIogtwoliLdundsdtrwprmrrane UnitaTbiB- 
~,infird,achicvedonlyrJtcrmajoref[ort.TbelndoOHoroupinUisextremelyhiaderedatericrrlly, 
asmiObtbeex~,butinadditioaeventheacidchlaidefrom((~vayuarerctivc.Iasnycase, 
wtadly~~,sIoacemsde~sedsitizedphotocyc~to~in~yidd(eqa18). 
Unfortunately,tbep~tbenbrdredown,~couldwt~amethodtocoavert5btothedesind 
diester 56 of eqn (17). A vast army of reagents and techniques was deployed without success. Tbe 
lactone~isverystable.Forexample,mojtof3couldberecoveredu~~~lhratlOOOin 
dimethyl sulfoxide saturated with potassium hydroxide in the presence of Kfypto6x. Such fmtratioos 
arc particularly common in comp& polycyck chemistry where geometric c~~trains can enforce 
sometimes unwanted interactions between gtwps. Tberc is littk solace in this however. The work 
continues; one idea, mentioned at the end of Rep& thesis, is sketched out in Chart 9. Hopefully, the 
bond break& 58-47 will leave tbe lactone more amenabk to hydrolysis, it then being possible for its 
components to get out of one aDotbeh way. 

- 

hkahuhne fmm the”&mlino wdr-Aldcrnoctiorr” 
Inthelote1~Hedoyawith~groupatUnionC~,Tarrytowa,dbcovsredtbetwia-ova 

Dkls-Alder additho of 9.1odihydrofulvakne (68) to dimethyl acetykM dkarboxylate (eqn 19).J’” 
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Adduct 69 can lx obtained io good amouots, about 25 g (12%) !mrtiog from loo g of cyclopentad@e. 
Adetrrikdex~~proceclurehasbeenpubli~byPsquette,wbocoiaedthetam”Qmino 
Dicls-Alder ncti01F for the inter/intra molecular additioo which forms 6Rn Tbe umqxnmd coataina 
oumcrous cis,~n fused 5-mcmbcxcd rings, a point made more obvious by cleavage of t& straiaed 
centralboadandredrawinetheproductasine<ln(20).Assuchitiscatainlyacaadidateforelaboration 
into dodccahalraoe. 

/ F .a 
-4 COWi 

Hedaya rccog&d this point, but it was not pursued substantially until the Pquctte group at Ohio 
State,alsoactiveintbeprea,toolritoo.Onlya~fractionoftheverypre#yworlrafthptlroupcm 
be fit in here; I will focus oo that giving a “feel” for the concepts and the associated frustration~.~ 

Adduct 69, is fa&ly well fuoctioa&A aDd ha9 four of the twelve 5-membered ring9 and twelve 
(fourteen with tbc carboxyl carbons) of the twenty carbons of d-. AVtUiCtJfOfillCtbOdStO 

add carbons aud frogs are available to build up00 thin foundation. Chart 10 start8 with “cnecon& 
oxygcnatioo of (9; iodolactonizatioo is used to cootrol the positioning of the two ketone groups 
introdu~infonnotioaof~.Tbe~ti~carboar~torerchtbeCp~ot~~eitba 
(7@+71) with Trod’s diphcoylsulfonium cyclopropylidc (which requires an cquivakot of silver salt far 
its prcpa&mp or kss expensively with Magnus’ trimethybilylallyl anioo (78+72).- Oxida& of 
either 71 or 72 gives dilactonc 73. Iatramolecul~~ PriedcKraft8 acylation of the Dev type using our 
reagent of pbospbofua peotoxide in meth8Wudf~c acid gives the biWycbplmtencmc 74 in vay good 
yield.~yticr#ludioaoftbeQubkbondrin74over~occunontbekrs- 
hi~&red outer surface giving 75. Borohydridc reduction of the ketone groups, again from the outer ride. 
~rerdyintanaltransederificrrtionproducesthedilsctone7g.~hartbefuncompkment,coun~ 
the carbony groups, of twenty carbons needed for dodecahedrpne. Except for ooe uMccessary bond, 
which traces bnck to t& acetylene in eqn (19), tbesc arc bound togc&r correctly, if still inaulIkieotly. 
Reductive ckavagc of the “extra** C-C bond, msde possiMe by its carboayl sub&ucnta, caa be edtccted 
readily. The his-trimethylsilyl end ether is formed oo rcductioo of 76 with sodium in Aluxing tolucne in 
tbeprsrenceoftrimetbyllylchloride.Hydrdysiroftbeeadetbadvcsthedilrctoaen;protoortioart 
thevlnylccvbonr~afcoune,totbe~~“out”~oftbentbas~~ 
intermedirtes. 
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lxldec-da c,chexaqnin&acene 
otkr8ppmchesto~ 8rise on thinkhg about otha W8YS in wllktl5-mmbered rings 

can be grouped to#ctber interehldy. A few minutes colIsi&&ioo of 8 model of triqllhcene (21) 8nd 
its splendid symmetry kads irresistiily to tho@ts of its relative 92, C&aaquhcenc, and questions 
just like those asked 
this -aBent of 
dodscrhednne? 

about triquimbcen c: Does the 6r system of 92 have homoaronmtic character? Will 
doubk bonds compkx metal ions in a special way? Can 92 be usaI to make 

2l a 

Pquette d d lqmted in late 1977 the &St, 8Dd very he illdeed, synthesis of C,‘-bexaquilmccne? 
~outtinedinCbPrt14the~tes~withthedircidn,derivedfromthedomiao~~~ruction 
dercn’bad c8rlk (see eqn 19). This compound cont8ins fourteen of the requisite sixteen C atoms. The 
two others needed are added by forming the his-methylketone 94. Oxidative coupling of the 
bis-ewhte of 94 with cupric chlorLle usiag !Jaegusa’s method gives 95; note that the new bond made is 
needed only e the in- steps of tbc synthesis. Seknium dioxide oxidation takes M to the 
enedione 96. As in simpkr cxunpks, like the Dkh-Alder cyclopentadknequinone adduc& this 
u&rgoes internal photocyclh8tion to 97 efhkntly. Zinc and acetic acid causes reductive ckavage of 
n,tintrtthecentnlbond(-,n~thisrpecirl~morestninadthrrnthecyclobutuKbondontbe 
other si& of the 8ctiv8till# c8rboayl grow-4 then of the cyclobutane (+ 99). Redrawing, rrknys 111 
imp&ant q=tion in polycyclic chemistry, shows~tbat the product (IO@) of this doubk ckavrpe has the 
de&d carbon frwnewofk. Raluction and chin&m gives tbc triene t8fget. C&exaquinaccne. 
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Oxidative ckaw of both doubk bonds of 104 with ruthenium tvami&/&um mtapcriodate 
eivesamixaueofproducta~l~thetetrPacidl(Yanditav~aahydrides.Treetmentolthe 
entire cmk under PerkSike co&hm-ptassium acetate in ace& anhydride at 18W’-fo&wed by 
hydrolysis and dccarboxyktion of the product mixture in aqueous acid gives the de!&ed cyckpcntyl 
tfiqham 107 in 6596 yiekl overall from 104. An excecd&ly pleasing result! 

Cl 
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Cl 
2w4 

Cl 

1. Boer, 
2. NaGN)lW, 

CWQ 



/ Q 
N N 

0 

N 9 
H 

0 cd? 
/ 

N 

*w 
OH 



esaelltiany larahfm po8itim of 111, we have yet to be abk to acwmpwl this amoawy. once thio 
annoyiaehurdleiscleared,wecanembarLontheelaborationafthieClchexaquinecenetododeca- 
hedram.Tbeoutlineoff~inChert18ismeanttoserveonlyruraninwtrationafwhatmiObtbe 
possible. Control of stc~~3~bemistry depends on rwents appnrechipo pfefercntially from tk outa side 
of the developing dohakhne splwe, a most likely and familiar expcctath6’ 



1. tomytaton ----- * 
2 mductlon 

N 629 m 

Simikrily, via the thioketone, tbiadodecabedrane salts (114) should become available. 

114 

Tbemainworkinmygroupdimztedtowarddodecahedrane is based 00 the idea that the mokcuk 
can be umskknd for puqoses of synthetic design as made up from two sub-units, cyclopentane and tbe 
C&xaquiaaue 115 (cqn 23). We have named this hexaquinane “peristylane” from the Greek 
‘R~~,aBrOUPofcdumnsarraaeadaboutanopenspaceanddesienedtosupportaroof.q 
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As can be seen, the idamediates 116 + 122 in our synthesis have a mirror plane of symmetry in common 
withoneanotberandtheperistylaneproducLlkisfeature wassou&tpwposefullyintJ~des&nofthesys 
thesis. It is a reasonable principle for pragmathts that the tactid synthesis of a symmetric molecule is often 
best acWmplisbed from precursors havin# the same symmetry elemenqs) comparably hated. This 
practiceuwallykadstoamotedirectandconceptuallysimplersynthesisthanwouldotherwisebethe 
case. Another benefh, sometimes umler-apprechted, is that it is much easier to interpre& umhtand, 
andbe&dedbythenuckarmap@cresonance spectra of intamediate reaction praducts if the star& 
mat&l is symmetric and the desired product is supposed to be. 

As it was to turn out (Chart l!J), this sort of synthesis planning paid off well.@ Two SW 
hydroxypropylation of cir-bicyclo[3.3.OWane-2,8dhne (116) followed by oxidatkm with chromic acid 
gives the his-lactose 117. Acid-induced elimhation and then internal acylation to bis-enone 118 occurs in 
hi& yield on treatment witb phosphus pentoxide in methanesulfonic acid. Catalytic hydrogemhon of 

117 

I P*O, In 

CWY 

3. KdBu/DW30 
4. H+/Hp 

18l 

chul 19. 
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118 over speciaUy &ated paikkl1obcarb01.1 @xS OI1 the UMI’C open face and estabk the 
aukportant l!is,Syn stereochemktry in 119,m Uc~Cwtdraquinsae.” cmvti of 119 to 124 uses 
whathasbecomeafrirly~fCC~~foCfbC~~~ofUnvhrratinn~fOLctones_ 
brominationdehydrobrominatkm of illtermed& ketals. closure of 124 to the am&pen~ 121 
isthendoaeeitberbydirect~vecoupliaeorbywayofthepbotoclosedaorperistylane122and 
reductiveckavage,aoillustnted.Tbe~~ofthefiftantbCatomaadclowreofthe~th~is 
accomplished by reactips 121 with ethyl formate and proceeds readily if the pH is controlled carefully 
durinethecourseoftbererdion.TbelltructureofperiStylanelt3hasbeen~ fully by single 
crystal X-ray analysis by Nowacki and !karbrou& at Bern... 

This synthesis required amongst other things findine a good, general reagent for hydroxypropylation~ 
and developing a new reaeent, pkphorus pentoxide in methauesukmic acid, for acid-induced cycliza- 
tioo~.~ These reagents are now findinn wide use in synthesis. A similar note could bc appended to each 
of the efforts directed towards dodecahedrane, for the “spin-offs” from each group’s work have been 
quite considerable. 

EMoration of the peristylane system to dode&&an erequiresagooddealofbotimakingandthe 
addition of five more C atoms. Condensation of 121 with aldehydes works very well (eqn 24) and oikrs a 
route to peristylancs uurying more carbons. Unfortunately, the products of these condensations always 
have the substituent exe to tk cavity of the peristylane, in the less-hi&red environment, the wrong 
stereochemistry for the rest of the synthesis. 

To circumvent this, condensation of 121 with e&m ~89 tried in the expectatbn of obtaining alkyl 
substituted hydroxyperistylane diones, e.g. 125 in Chart 20. Dehydration of 125 and conjugate reduction 



An alter&e approach to a peristylune like 125 is shown in Chart 21. Tbe ayma~~trical keto bis-ketal 
19 can be made selectively from peristylane ~4,whle in gaal yield. Unfortunately, the &ddllcts of 
various Grigmd or organoiithium reagpots to the carbonyl group of 128 are excecd&ly fwile, 
cdlapsine in a multitude of unlikely ways even during the most gentle. of work-ups.~ 

chart 21. 

Failures and f~stmtions of this sort now seem a lit& kss grevious. We have finally a good 
procedure for the preparation of peristylanes LxTying syntMcally weful subatihK3lts, properly 
ix&ured. The method depends OIL the inten&iacy of periatykoones. @unsaturated ketones of high 
reactivity.” Such enones, like 129, are very strained, readiqg rapidly even with furao at room 
temperature (qn 2% 

0 w Ii O/ 
I 

12) 
\ 

(I\ 0 

Spectroscopic studks reveal that the doubk bond in 129 is twisted, ad tha! conjugation with the 
adjacent carbonyl group is incompkte. Still, tbc compound can be generated under very mild conditions 
(cqn 26) and, in special cases (cqn 27), can even be isolated. 



J 
110: R=--oM~ 
lal: fl--cnfNq)coocn, 

li: R* 6r 0 



2218 P.E.EATtXl 

peristykne. me yield, however, is very good. The sterically encumbered end0 nmkuate group in 136 
behaves quite cfifftitly from thd more lmmd a0 malonak in 135, e.g. ill the PMR spectrum the 
centralmalonylprotonresonaaceisshiftecll.lppmdowa&ldandappeeftbeloweventheresooanceof 
the methyl ester?’ 

The “roofii” of p&istylane to make dodecahedrane requires that the 5ve points of attachment (i.e. 
the 5ve methykne carbons) be fun&mal in some useful way. Our or&al entry into the system, 
compound 123, Chart 19, has only three of these in this state. We have recently combined cur work on 
peristylenones with our experiences in the introduction of double bonds via selenenylation to deal with the 
functionahzatkn of the remaininp methykne groups. The procedure is shown in Chart 23. Bis- 
selenenylation of 123 via the preferred enols gives the symmetrical bis-selenide 137, which is oxidixed by 
low temperature oxonixation to the corresponding bis-selenoxide l35. This is not isolated, but is left to 
decompose in the presence of a suitable nucleophile. Presumably, sequential ehmination-addition reactions 
occur involving reactive intermediate peristylenones. If, as illustrated, the decomposition of I35 is run in 
tii5uoroethanol containing potassium carbonate, the ultimate product is the tris(tri5uoroethoxy)peristylane 
dione 13efunctional at all 5ve methylenes of the parent hydrcca&on.” 

It remains now to combine the ideas and elements in eqn (28) and Charts 22 and 23 to complete the 
syntbesisofdo<bcabednnebyweyofperistylam.A”paper”routeisoutliaedinChart24;M,QUM 
furtherworkatthebenchwillcauseustomodifyit.n 
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T&e critical step in this scheme is the closure of 143 to 144, expected to occur by way of idem&& 
per8ityknoncs. Direct displacement readions (deml alkylations) may prove 8 useful alternate. As the 
cycl~tane-dionc ring is free to rotate, other closms may occw from other confonmrs. It may be 
~thenef<~to~~~in~~*wecanperhapstaL.c~v~~oftherractivityofthe 
doubkboMtia142aadsettberisg,arrforexempkin115(eqII29),insuchawaytbatonlyclownin~ 
desired fashion is stercocbemicaUy possiik. 
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Much yet reamins to be done to achieve dodecahedr8ae. with perheps 50 mna-years w 
invested aheady in attempts at its synthesis, it is reason&k to ask if there is some- more about the 
compound thaa just its aesthetic appeal to justify the effort Indeed there is! 

e aad its close precursors aad relatives are exampks of polycyclic systears quite 
difIerent in construction, size, rigidity and strain from riag systems now kaowa. To syathesixe such 
compounds, new ways of builti aad manipulat& the skeletoas of complex system need to be 
developed. Accordingly, the work contriiutes to the growth of tactical synthesis, a discipline of 
estabhshed utility. Beyond the general appeal of developir~ new systems, syntheses and arethods, the 
search for routes to dode&alraae coatinuu for tbcrc is much to be done with the mokcule once it is in 
hand. TIE synthesis of dodccrbadrPne will make possible further fundamentel iavesti&ons and open 
doas to sew chemistry. A small port of this can be speculated on here. 

Dodecahedrane has been considered in a number of theoretical studies. Sevanl calculatioas of its 
heat of formation have been mrde. DiIferent methods give d&rent values: these are listed in Table 2 
The MINDO/3 es&ate by Schuhaan aad Disch is much higher than those from other methods. As 
pointed out by these authors, MINDO/3 often overestimates considerably the heat of famatioa of 
“#lobular” mdecuks.“’ The dilfereaces ia the Eapkr, Andros sad Schkyer (I!A!Q’ and the two All&r 
force &Id calculations (AM? MM29 arise p&narily ia the diflerent weights Riven to nua-boaded 
G*II and H4I interactions, of which there are ~PII)I in ~.Iathesecoad8ndbetter 
Alhager calculation the hydrqens are treated as “smaller and soft~“.~ RtiIl, the d&reace between 
EAS and MM2 is over 20 kcal/mole, very laqe by compuisoa to the usual close agreement between the 
methods. Clearly, aa experimental deter&atioa of the heat of formation of dodecsbednnc will be 
IWdhg. 

Tbc strain energy ia dodeclhednne can be estimated (Tabk 2) from the variously calculated heats of 
fotmation,” or by the sum of strains (SS!SR).m The values m from about 40 to about 100 kc&ok. 
Most of this comes from torsioaal straia, for ia the undistorted dodecrhednne (4 symmetry) the 
conformations about each of the C-C bonds are exactly ecIipsal. Aagk straia is extremely sarall, IW VI 
109’ 28’. IInner has found by arokcular anAuaics calcuIatioas that it would be eaerg&aUy un- 
pro6tabk for dodecahalraae to distort from 4 symmetry, payin for the reduction in torsional strain 
with aa increase in @e ~traia.~ In say case, the total streia energy ia &decaMraa eisnotsiga&arlt 
when coaskkral on a per bond basis. 

AHI’ WmW Stnia Wmok) 

IaNDo/ t623 lOS.4 

is 
- 0.22 42.H 
t4x2a 

Mm t22.3 z: 
S!SR(cm.) - 4ti8 

‘Par l&rwJcu me text. 

M8ayotherthingshavebeeapraWalfordodecrbedrroe. Schulmsa d aL have pubIi&d two 
fucinat&thuueticalstudksofd ode&abW.~Tbesynnnetryoft&atoleculereducest&workof 
someofthe4cuWoasinvdvedtopracticald&asAs Asacucinpoiut,ratkrtbaathc6S55 
iadepndcnthumonicf~~~thtwouldbeabddedtod#aibeacorapktelyuymmetric 
ul-ntom arohxuk, 74 Wake for IA doQcrbedn#.~TbveUWJalytIlN!eIR&AiWWdUrade&Itt 
RUuaa active modes. RmXr hms calcuhted 8Il the vii frequencies; e.R. IR active. 2a!JB, 1310 md 
760 cm-‘P 
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The orbital energies of e have baa calculated by both MINDO/3 and the less 
MtiafactoryINDOmethod.“Pbotoekctroa spectroscopy, when the mokcuk is in hand, will assist in 
n?@ementofthcseandothersucb~exerciacs. 

TbeNIbfRUpl?c@ad~ will of courme be deli@fully simpk. ‘lbere wilt, however, be 
much information in the nuckar spitMpin ccupIinq constants. !Icblllman has calculated these?* Of 
partkular note for future experimental evaluatkn is the large di&rence in the size of J,(‘UI) 
predicted by perturbtion techniques (192.7 Hz) and that calculated by aemi-empiricai methoda 
(1253 Hx) derived from v&a in already known 8yatems?’ 

TbeYree-8pace” within dodecrbsdn#bquitcsrmll.TJ;iagtbtC-Cbobdlenlth~l.54IjMdtbe 
cubonr~rizekrrpoiatr,tbe~betweeaogpositeverticM~o~ODCOftbeIfddaxesisobout 
4.32 A But C atoam are not aixekar; taking a van der Waal’s radius of 1.60 A reduces the cavity to about 
1.1 A in diameter. Variou8 estimate9 have been made, a& in various waya, of the cnergetuz of 
de inclusion compounds. The cakulated destabiinr for a helium atom within dodeca- 
bedrane range from about 7 to about 46 kcal/mole. =‘4bp !Ichulman has considered tbeoretically.a 
number of other inclusion compo&a in great detail?& His results are intri&ig. Inclusion of a 
hy&ogcn mokcuk (A6 = +48 kcal/mok), a neutrai lithium atom (+ 25 LcaUmok) or an electron 
(+ 149kcaUmok) ludt to wbtantial destabilixatkn. On the other bond, sign&ant stabilixation is 
pred&d for ilKhMion of II+ (AE=- 130 kca4mok). Li’ (- 162 kcaUmok) or, most remarkably, a 
neutral berylium atom (-519 kcal/mok). The extraordinary stabihxatkn for C&&Be resuits from 
considembk charqe transfer. As Schulman points out quite fairly “clearly this case deserves more 
extensive study even if the predi&d stability seems much too large”. 

Ionixation of appopriate dodecrrbadrane derivatives in very strong, non-nuckophilic acids shaild 
produce the dodecabahyl carbonium ion (l&).‘) At bw temperature, this should he a stable entity of 
nonductuatinq structure. 

The interaction of the five successive sets of hydrogen and carbon nucki with the empty p orbital of 
thision,asdeterm&dbyPMRand”CMR spectrorcopy, rhould provide a delicate probe of the shape, 
size, and extent of the orbital (cf. t& work of Olah on the adamantyl cation”). Compkmentary 
information mi&t come from evaluatinq the correspo~ d-1 radical and anion. Taken 
~~,~~shouldliveaOoodpictureaftheaatuteoftbccrvityin~. 

U-Hydride shifts on the surface of the d-1 carbonium ion should occur at nominal 
temperature. The shift converts one dodecphedryl carbonium ion into another. In the simplest ca8e, that 
of the unsubstituted ion, the process in degenerate. AS the rate of hydride shift becomes large 
(incrcasinp temperat@, hydride circumambulation produces an ion probably best descrii as a 
@erical shell of 20 “identical” C atoms, each + l/20 char@, surrounded by a concentric shell of 19 
“idential” II aton~.~ (These “identities” are a product of time avcra9& not symmetry; there is no 
regular polyhedron with 19 vertica.) 

Iathcpmrcnceofasuit8bkprotanacccpta,tbc dodecrhsdryl cubonium ion abould form the oktln 
Qdaubedrene (147). Other synthetic approach are of course l vailabk. Althou& quite stnioal. there 
canbelittkdoubtthat dodcabsdrenewillbe~.eno@-Iivedforcharactair&m;its20carbonframe 
cro~thtrhrinwithoutunduedirntptioa.Tbedoubleboadwillbedirtortedin~ 
intereat&way;itwillnotbetwisted,as common in nuny &rained polycycks, but rather bent in the 
aen6e rh in dlawinq 111. 
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D&caMrene offers usefid synthetic possii. It will probably d&rixe fairly readily, providing 
entry into Co cage systems, etc. Addition of bromine to Me4&eneu&rionizingca&ionacan 
lend, via hydride shifts, to the five possible disubatihtted dodecahedrane isomers.m Prom these, the five 
monW3u- dodecabedraae carboxylic acids coldd be obtained. Posse&n of this set of 
geonWrically defined compounds would permit the most detailed evaluation yet of the throupbspace VI 
the through-bond mechanism for the tnuuunission of inductive effects (see the work of Stockm and of 
RurenW on the cubam! acids). 

Dodecahadrane and its precursors, etc. offer interesti possibilities b&&ally. Pdycyclic hydra- 
carbons of cage-like structure appear to be excellent 

. 
car&rsforfunctioMlgroup8of~ 

sign&mm.” A prevalent idea is that the hydroc&on portion promotes lipid solubility and aid8 
adsorption on or passage throqh biological membranes.” Low chain hydroarbons, condensed aroma- 
tics and substituted (branched) cage systems of less globular shape are usually lew effective. It is 
encour@gtonoteinspeculatingaboutthefutureof dodecahadrane that l-adamantyl amine hydra- 
chloride (marketed as “Symmetrel’) is used successfully for the treatment of Asii FIu and, separately, 
for the alleviation of Parkinson’s disease. 
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