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Abstract: Adamantme (1) can be amvuted dimtly into adamantan-1.3.5trio1 (5) and into 
adamantan-1.3.5.7~tetraosool (6) mu&r remarkably mild conditions by employing an exw of isolated 
mUby~~yMioxirane (3a) ia sob&m_ This new dioxime speck was fomd to be eve 7,ooO-fold 
macmctivetbandkuethyldbxime(3b)iapaformiqeadmmtme hy&Jxyb&iClb% 

THE seieuive oxyiimcti~alization of “unaaivated” C-H bonds of saturated hydrocarbons amtinues to be a subjeu d great 

topical cot~certt.~ In pattiatlar, methods making it pof&le to adtieve the fundiamlimtia~ of adamantme (1) are relevant. 

since its derivatives are of interest as energetic materials and pbamacz~~ticair~ However, reagatts that allow the direct, 

seleuive oxyfunctionalization of this target molecule are scarce. For example, oxygenation by the Gii 4 systems yields 

adamaotan-24 and adamantanme (detived from further oxidaticm of the secmdaty alcohol), alatg with adamantan-l-d On 

the other hand. hydroxyiations using ozme,5 peroxy acid~~,~ or Cytodmo~ P-450 models’*7*8 yield adamantan-l-d (2). in 

moS cases aaxmpained by adam~tan-2-ol (and/or adamantanone) in variable amounts. Just “dry oe.c&&m method# and 

the new HOF/Me&N oxidizing ~ystem’~*’ 1 appear pranisin g as for the polyhydroxylation of 1 at the bridgehead positious 

exclusively. 

Recently, we have reported on yet another fmitful approadt to hydrocarbon oxyfimuia&iza~~ this came from the 

ranakable progress reamied by the dmnktry of dioxiranes.3*12 Indeed, mce it became estabilished that the reauion of 

camate(HSO~-,pefoxanonosulfatc) withke4cmesga1emteadioximncs.~~ the feat4 of i&&m d a few volatile 

species, such as mcthyl(tritluoromethyl)dioxirane (3a)15 and dimcthyldioxirane (3b),14*16.17 precipitated an intensive 

utikaticm af these unique oxidants in synthetic applicatims.*2 Among time, the most mnarkablebdatcappea~tobcthe 

O-atom insertion into umuivti C-H bonds d alkane~.‘~~*‘~ Indeed .wehaveanployed3a@kllodioxiane)15toachkve 

dEcktlytbeknv +mpemtumoxyfuncfionalixatkafava&ycfsaturaW hydmcwbonal W& adamantme (1). the higbat 

rcgiosektivity for tertiary over seamlary C-H oxyiimczionalizatioa was reanded &t > 250). so that - with 1 and 3a ia 

@molar amounts - adamantan- (2) was Le atly readim produa.’ 
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We now report that the extraordinary tmctivity of Mello dioxirane 3s , caupkd to its remarkabk capability to discriminate 

adamantme bridgehead C-H bonds,’ opens the road to the selective polyoxyfunctionalizstion of this highly symmetrical 

.tricyclic hydrocarbon. Indeed, the reaction of 1 with dioxiran e 3s in l.l.l,-trifhmropropanone (FP, its parent ketone)t5 in 

a 1:2 molar ratio gave adamantan-1,3diol (4) in good yield.’ 

Then, upon reaction of 1 with larger excesses d 3a, we were abk to obtain adamantan-1.3.5~trio1 (5). as well as 

adamantan-1,3,5,7-tetraol(6) (eq 1). 

in TFPKH2C~ 
(or io TFPK&Clfl-BuOH) HO HO 

1 5 6 

(1) 

As illustrated by the examples cdkcted in Tabk 1, the appropriate choke of diotie to mbstrate ratio, tnixed solvent and 

reaftiontimesallowsonetoobtaineaher4,5,or 6 asthemainproduct. 

Soh~tiats of 0.5-0.8 M dioximne 3a in TFF’ or 0.03-0.07 M dioximne 3b in acetone could be obtained according to a 

protocol that has been deWibed in detail’*‘4J’J9 Tb QL, perfumingadamantane hydroxyla&mr rimply invotved add&r~ of 

a cdd aliquot of standardizedt~17 dioxirane 3a solution in TFP (or ‘lFP/CH2Cl2) to the hydrocarbon 1 in dry CH$$ 

(or CH2q / t-B&H) at -20 “c. so that to have tbe appropriate dioxirane exoew and solvent eunp&ion (l’abk 1). After 

2 96% mbstrate cutversion, removal of the volatile solvents ia vacua and taament of the residue with excess A%O/Py 

amvated the polyok into tbe amwpatding aa@. allowing gc (or g&a) produu analyrek Then. cohmm wphy 

(silicagel, petroleum ether/&O) eaGly afforded the individual acetates. i.e. Ad(OA& (4’),20 Ad(OAch (5’),21 and 
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Ad(OAc), (6’).2233 separated from t-BuOAc derived from residual I-BuOH co&vent, if any (Table 1). Transesterifiition 

(dry MeOH/BFg4 of each of the pure polyaatates , rtmoval in vaato of AcOMe. and washing of the residue with cold Et20 

containing Me+9 (m order to sequester any residual BF$. yielded pure samples of 4.’ 5,25 and 6 23,X (Table 1). 

That the effiicy displayed by Melb dioxirane 3a in adamantane oxyfunctionalizations is unmatched by dtiyldioxirane 

(3 b) could be v&tied by kinetic exper&nts. These were performed by monitoring (glc) the disappearana of the hydmcarbon 

substrate, according to a technique already desaibed. 1 With initial concentrations of adamantane (1) and of dioxirane 3a both 

in the range 0.02 - 0.04 M in TFplcH2Cl2 (95:5) at -12.4 “C. a clean seamd-order rate-law was obeyed to over 75% 

reaction, yielding t2 = 0.78 f 0.02 @s-t. The oxidatiat of 1 by dimethyldioxirane 3b was ~1 in acetcneKH2Cl2 ( 95:5 ) 

at the same temperature (-12.4 “C) under pseudo-first order crxrditions, with [l Jo = (2.0 - 2.3) x D3 M and [3blo = (4.6 - 

4.2)x10-* M. The h(c o/c) vs. time plots were linear to over 803b substrate amversia~. yielding kt = (0.49 f 0.02) x 1p5 s-l; 

from this a kz value of 0.106 x 1@3M-1s-1 could be estimated as (kt/13b].). Thus, MeUo dioxirane (3a) is over 7,000-fold 

more reactive than dimethyidioxirane (3b) ti attadting adamantane. 

The ability to insert an 0-atan into “unauivated” C-H bonds of saturated hydrocarbons, either in an ionic or radical mode, is 

a feature displayed by a number of recent hydroxylation systems. *-lo However, the achievement of selective 

polyhydroxylation is rare, since the OH limcticmality fti introduced would lower the electon-density of C-H bonds or repress 

radii1 or radical-chain procc~scs.~*~’ Clearly, for sudt difficult cases Mello dioxirane (3a) should be the reagent of choice. 

Indeed, although the data in Table 1 hint at a diminished efiiicy of 3s toward the substrate as OH functionalities are 

sequentially introduced. this reagent still makes it possible the exhaustive. one-pot oxyfundionalization of all four bridgehead 

C-H baads in adamantane. This feat seems to be unmatched by other reagents2-12*18 
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