
Tetrahedron Letters No.30, pp._2845-2850, 1967. Pergamon Press Ltd. Printed in Great Britain. 

N-BYALuMIlfflM~CATALYZED-~ 

Paul von Fiagu6 8chleyer and Erik Wiskott 

Department of Chemistry, Princeton University, Princeton, NJ. O&&O 

Received 27 April 1967) 

Lewis acid catalyzed rearrangements of the type which yield adamantane (l), alkyl 

adamantanes f2). a& the adamantalons, diamantane (Congreesane) (3) andtriaman&ne (4) are 

proving to be remarkably general and useful reactions (5). We report here that 

adamantanehauolog,n Bane (trlcyclo[3.J.l.oS"]Qonane) (I), can also be 

excellent yield by the rearrangement route. 

the lover 

obtained in 

As starting material for the preparation of I, a tricycllc Isomer was needed. Qily 

four tricyclononanea (I-IV), without three or four-membered rings or improbably strained 

structures, are poeelble. Cf these, brew (II) and brexane (III) are known compounds (6), 

but IV (which might colloquially be called "twist-brendane") apparently has not been reported. 

Nomane alone among I-IV does not contain the rather highly strained bicyclo[2.2.1]- 

heptane part structure. Hence, I should be the most stable trlcyclononane Isomer. The other 

hydrocarbons, II-IV, are thus all gocd potential starting materials for the preparation of I 

by rearrangement. 
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Since the published routes 

we developed our own prol:edure. 

No.30 

to brendane (II) and brexane (III) are rather cumbersome (61, 

~tracyc1o[4.3.0.d".d"]non-8-ene (V), a readily avail- 

able compound (7), could be hydrogenated at 58 in 8 Parr apparatus, using PtOs catalyst and 

acetic acid solvent. Thl: product, obtained in 89 yield, was almost pure brexane (III) (6,8). 

TX rearrangement or‘ III to noradamantane (I) was especially easy. With the Willlams AlBrs 

sludge catalyst (4) and f:Ss as the solvent, III was converted completely to I within 0.5 hour 

at room temperature. AzYer this time starting material was all gone, and a yield OX' 75% or I 

could be isolated. At o", the isanerization was half complete within live minutes. At this 

stage of the reaction a fnnall peak, possible II (or IV), appeared in the gas chronatogram. 

III cannotbetoonverted ';o I directly, but must pass through structures such as II or IV as 

lntermediatear The smal:. peak had disappeared by the end or the reaction. At longer reaction 

times at room temperatm.e traces ol new materials could be detected by gas chromatography; 

these were probably bicyclic products or ring opening. 

Hs/PtOa 

=,55,89$ 

Norsdnmsntane i.C) mt,lted in a sealed capillary at 203-2&O, sane 6, Eo below the value r'or 

Al&rssludge 

cs2,25c, 75% & 

adamsntane (1,5), but still remarkably high for a C&+ hydrocarbon. The n.m.r. spectrum 

ulsglayed three mcderate1.y broad peaks at 60 MIz: resonances at 64.10 and 2.40 (area 2H each) 

iue to the two types ol 1~rtL'gchea.d hydrogena, and a main absorption (l(X) at 6=1.60 due to the 

idamant>ne-like i 1) r,etf~~Lene ,~,roups. The base peak in the mass spectrum was at m/e = 80. 

!Xhor intense ?eX=z!ts were ~',,::n.i :L: I:!/c : 7!)> iii, 93 and I.23 (-nolec.2la.r ion). The itirared 

:i;~.:~t.rlm~ was Ffulte ol:nol(*, Lith bands at 2920, 2050, 1456, 144f+w, 1320, 13OoV and 1~76 cm.-l 

f!o?rrangement reactjons of this type do not constitute a structure proof, at least or 
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the conventional type. Cur product was obviously not identical with brexane (III), its 

precursor. Eirendane (II) could also be ruled out, for a comparison with spectra of authentic 

material was posslbla (6,8). This left only Iv, for which a more complicated n.m.r. spectrum 

than actmlly observed would have been expected. Prior to our experiments, norademantane (1) 

had been prepered by Vogt and Hoover (10) by a structurally unamblguaus synthesis. Mrect 

comparison of samples prepared In the two laboratories (n.m.r., mass spctra, gas chromntogmphy, 

mixed m.p.) coniirmed their identity. 

,& Wwet ether t cfi 
C& 0 OH 

VI VII 
Derivatives of noradsmantane have been reported only twice before in the literature, 

first by Mserwein (ll), and more recently by Win, !&tin and Parker (12). The latter group 

reduced VI to VII by the action of sodium in wet ether. Because of our lnterest in bridgehead 

reactivity (13,141, we converted VII to its tosylate (VIII), m.p. 73-75’, and measured the 

acetolysis rate constants: kl (lCO.O") = 1.72 x lo-' sec.-'; kl (150.00) = 3.50 x Ids sec.-' 

The activation constants were: AFI* = 32.t kcaljmole; C&J* = -2.6 e.~. The acetolysis product 

or' VIII wns exclusively the acetate of VII. '9% calculated rate constant at 25', 2.17 x 10-l" 

sec.-', was 3 x 10e slower than that of 1-adumontyl tosylate (IX) (5.86 x 1Om4 sec.-' at 25') 

,(U). A reactivity difr'erence of Id1 between VIII and corresponding 3-hancadarcantyl derloa- 

tlves (X) can be estimated (13). The r'ollowlng series Illustrates the marked effect upon the 

eolvolysis rate produced by the contraction of the Cs.. C7 (Ca in X) bridge from two methylcne 

groups (X1, to one methylene (IX) to none (VIII). 
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Rel. rates 10-11 10-s 1 

A sample of 3-noradaaantylcarbl~ltosylate (XI), m.p. 67-69 wan kindly provided by 

Dm.VogtamlBoover (10). Thesc?rto~lsratecolvtantssrd&~vedthermodylamicpara- 

meters were: kl (50.00) = 1.14 x Ids sec.-'; kl (75.6) = 1.25 x lo-* sec.-'; d = 20.7 

kcal/mole; AS* = 17.2 e.u. Mmt neopentyl-type tosylates react at practically the same rate 
as neopentyl toeylate itself (15). 1-Adamantylcarblnyl tosylate (XII) (15) Is no exception 

to this rule, but XI reacted with remarkable rapidity. !t!he rate constarrt calculated at 25O, 

7.Oe x lo-' sec.-', was l'r,OOO times faster than that of neopentyl tosylate (15). The product 

appeared to be excluslvel:r l- adamantyl acetate. The fastest neopentyl-type arenesulfonate we 

have azadllsd (15), l-methylcyclobutylcarbinyl p-nitrobenzenesulfonate (XIII) -- a compound 

capable of releasing 50105 20 kcal. of ring strain energy when it rearranges to the l-methyl- 

cyclopentyl cation -- reacted 24,600 times faster than neopentyl p-nitrobenzenes~~Uonate at 

25O (16). Evidently reliw? of strain present In XI during the 5olvolysie process 15 quite 

efficient, and 8 very mucl. enhanced reaction rate results. A full Interpretation of these 

rate data will be presented in future publications. 

Cli#l!S 
XI 

Rel. rates, 
H~AC, 250 17,@0 3.9 (15) 

neopentyl-Ol% = 1.0 

XIII 

24,600 (16) 
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