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Methods have been developed for the conversion of diamantane (I) to the three possible types of monofunc-
tional derivatives: 1- (medial), 3- (secondary), and 4- (apical). The 1-diamantyl cation is the most stable and most
readily generated by hydride abstraction. Kinetically controlled nucleophilic attack on this cation can be made to
give 1-bromodiamantane (III) and 1-diamantanecarboxylic acid (V) in liquid bromine and under Koch—Haaf con-
ditions, respectively. Sulfuric acid oxidation of I affords 3-diamantanone (X), a convenient source of other 3-di-
amantyl derivatives. The secondary 3-diamantyl tosylate (XII) solvolyzes about 3.5 times faster than 2-ada-
mantyl tosylate. Under equilibrium conditions apical adamanty! derivatives are favored by enthalpy over their
medial isomers, but the entropy effect is opposite. The enthalpy term for relatively large groups such as methyl
dominates. Thus, 4-methyldiamantane (XXIII) can be synthesized by isomerization of the other methyldiaman-
tanes or of other pentacyclotetradecanes, such as XXII, XXV, or XXVI. The equilibrium is less -one-sided for
smaller substituents, e.g., halide and aleohols, and preparations of apical products require chromatographic sepa-
ration since they are seriously contaminated by their medial isomers. 'H nmr chemical shifts of the various types
of diamantane derivatives can be predicted satisfactorily by using additivity increments obtained from similarly

constituted adamantanes.

The preparation of functional derivatives of diamantane
(I) depended on the availability of the parent hydrocarbo-
n.12 When the yield of I was improved to 10% by employing
the exo-trans-exo norbornene dimer as precursor and alu-
minum bromide sludge catalyst,® the study of the chemis-
try of diamantane began.?-® The reactions employed were

modeled after those which had been used successfully on
the first member of the diamondoid series, adamantane
(I1).6

Bromination of diamantane by neat bromine led to
bridgehead substitution, but, unlike adamantane, two iso-
mers, medial” (1-) and apical’ (4-), were possible. Nmr
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Table I
1-Substituted (Medial) Diamantanes

X
Diamantane
Compd X Starting material Method Ref registry no.
111 Br X =H Br; or t~-BuBr-AlBr; 1b, 12, 13b 30545-17-6
v Cl X =H CH,;COCI-AlC; 13 32401-16-4
CI1S0,ClL-AlIC],
\% COH X =H Koch-Haaf 9 a 30545-18-7
VI OH X = Br Hydrolysis 1b, 9, a 30545-19-8
VII CH; X = Br CH;MgBr b 26460-76-4
VIII NHCOCH; X = Br CH,CN-H,S0, (Ritter) 9, a 30545-21-2
IX NH,;*Ci~ X = NHCOCH; Hydrolysis 9, a 30545-22-3
¢ This work. ? E. Osawa, Z. Majerski, and P. v. R. Schleyer, JJ. Org. Chem., 36, 205 (1971).
Table F1
3-Substituted (Secondary) Diamantanes
X
Y
Diamantane
Compd X Y Starting material Method Ref registry no.
X =0 X, Y =H H,S0, 9,13, a 30545-23-4
X1 oH H X,Y =0 LiAlH, 9, a 30545-24-5
XII OTs H X =0H;Y =H p-C:H;S0.C1 9, a 30651-00-4
X111 Br H X =0OH;Y=H PBr; 9, a 30545-25-6
X1V Cl H X =0HY=H SOCl, 9,a 30651-01-5
XV CH; OH X, Y =0 CH;MgBr 9, a 30545-26-7
XVI =CH, X = CH; Y = OH H,PO, 9, a 30545-27-8
XVII CH; H X,Y = CH, H,/PtO, 9, a 30545-28-9
* This work.
apical Functionalization of the 4 position (apical) was less
" straightforward, although 4-methyl- and 4,9-dimethyldi-
3 secondary amantane (XXIII, Table I1I, and XXVII, respectively) had
been prepared by rearrangement of Cy5 and Ci¢ pentacyclic
: . precursors.t¢£9-11 4.Bromodiamantane (XVIII) was first
— medial . L. .
‘ synthesized as a component of a complex bromination mix-
’ ture and by partial reduction of the 4,9-dibromide
XXVIII.!b6e12 McKervey, who independently studied the
preparation and functionalization of diamantane,’® found
) I that 4 derivatives can be obtained more easily by equilibra-
bridgehead tion, although mixtures of products result.l* Preferential
secondary attack of the less hindered apical bridgehead has been

1I

spectroscopy revealed that the product was 1-bromodi-
amantane (III, Table I) and this provided a synthetic entry
to other medial derivatives.3-56eg

Likewise, the discovery by Geluk and Schlatmann® of a
convenient oxidation procedure for forming 2-adamanta-
none from II prompted the application of this reaction to
diamantane. The 3-diamantanone (X, Table II) obtained
by the action of sulfuric acid was readily converted to other
3-substituted derivatives.6e?

achieved,'® and recent improvement of this approach pro-
vides an even better entry to apical diamantanes.!6

This paper describes the preparation and physical and
nmr spectroscopic properties of the three different kinds of
diamantane derivatives. A full discussion of the bromina-
tion and polybromination of diamantane is presented in
the following paper.ib

Results and Discussion

Tables I-III summarize all of the monosubstituted di-
amantanes which have been prepared to date. Interchange
of functional groups was generally accomplished by stan-
dard methods not requiring detailed comment. The princi-
ples involved in the direct functionalization of diamantane
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Table 111
4-Substituted (Apical) Diamantanes

Diamantane
Compd X Starting material Method Ref registry no.
XVIII Br X =H t-BuBr-AlBr; or 1b 30545-30-3

Brz—AlBl’s or
1-Bromodiamantane (I11) equilibration 12
XIX Cl =H CH,;COCI-AlICl; 13 32401-17-5
XX OH X = Br Hydrolysis 1b, 9 30651-03-7
XXI CO.H X = Br Koch-Haaf 9, a 30651-04-8
XXIII CH; XXII Rearrangement, AlBr; 1a, 9, a 28375-86-2
XXV or sludge catalyst?

¢ This work. ¢ Prepared from tert-butyl bromide- aluminum bromide; c¢f. ref 1a and 3.

at the three types of positions are of greater interest and
are summarized in Chart I.

ChartI
OR
H
hydnde +
abstractlon
mixture with
1 and 4 isomers direot attack
by sterically kinetic
hydride demanding control
abstraction species
R*

acid catalysts
thermodynamic
control X

Medial Substitution. The 1 position was functionalized
directly either by bremination at room temperature to
form II1,22 or by the Koch-Haaf® reaction to give carboxylic
acid V. Both these reactions depended on the greater ease
of formation and greater stability of the 1-diamantyl cation
over the 4 and 3 cations;!P the products are derived by ki-
netic control. .

Secondary Substitution. Sulfuric acid oxidation of di-
amondoid hydrocarbons such as I and II involves genera-
tion of carbocations and the equilibration of alcohols or
their sulfate esters.® Secondary alcohols, even though less
stable than tertiary, can be further oxidized to ketone by
hydride abstractions, and this explains the unique course
of such reactions.® In actual fact, diamantane (I) was con-
verted to 3-diamantanone (X) in 61% yield by 97% HyS0,.2

3-Diamantanone (X) may also be prepared by rearrange-
ment. Treatment of Binor-S. (XXIX) with concentrated
sulfuric acid gave a 15% yield of X, along with some di-
amantane. Similar results have been obtained by McKer-
vey from rearrangement of tetrahydro-Binor-S (XXX) in
sulfuric acid.!3

Acetolysis of 3-diamantyl tosylate (XII) gave the fol-
lowing rate constants and activation parameters: kip0° =
3.52 + 0.00 X 104 sec™!, k75.0° = 2.20 £ 0.08 X 10~ 5 sec™],
AH* = 27.9 kcal/mol, AS* = 0.0 eu. The calculated rate
constant at 25°, 2,17 X 1078 sec™1, is 8.6 times faster than
that observed for 2-adamantyl tosylate acetolysis at the
same temperature,l” A strain calculations!® on the 2-ada-
mantyl and the 3-diamanty! cations give essentially the
same results suggesting that the origin of the enhanced 3-
diamantyl rate is electronic rather than steric in origin; the
+ branching afforded by the attached adamantane unit evi-
dently is responsible.

Apical Substitution. 4-Substituted dlamantanes, be-
cause of their equatorial character, have lower enthalpies
than their 3 or 1 isomers.!3".14 The degree of branching fa-
vors substitution at either bridgehead over the secondary
position. While entropy disfavors apical substitution due to
higher symmetry, this factor should be less important than
enthalpy in magnitude unless the substituents are small.
The symmetry contribution to the TAS term at 25° is 0.65
kcal/mol favoring apical to medial and 1.06 kcal/mol for
apical to secondary isomerization. Thus, thermodynamical-
ly controlled reactions should generally favor apical substi-
tution.

The first realization of this expectation was achieved not
by direct substitution, but by isomerization of pentacyclo-
pentadecanes and pentacyclohexadecanes. Rearrangement
of exo-tetrahydrotricyclopentadiene (XXII) with alumi-
num bromide “sludge” catalyst gave a complex mixture
from which 4-methyldiamantane (XXIII) was isolated in
3% yield. The other isomers, 1-methyldiamantane (VII)
and 3-methyldiamantane (XVII), being of lower thermody-
namic stability, were not detected in this reaction. The
order of thermodynamic stability of the methyldiaman-
tanes has been determined by empirical force field calcula-
tions!®1® and by experiment;l4P these results indicate that
the equilibrium composition should consist of 93-98% api-
cal (XXIII}), 1.3-4.7% medial (VII), and 0.7-2.4% secondary
(XVII) methyldiamantanes at 25°. Both homodiamantane
isomers XX VIa and XXVIb are expected to be of consider-
ably lower thermodynamic stability than the three methyl-
diamantanes, and were not observed in any of the above ex-
periments. XXVIa, independently synthesized with alumi-
num bromide in refluxing cyclohexane, gave a mixture of
the three methyldiamantanes, with the 4 isomer (XXIII)
comprising >95% of the praduct mixture (Chart II).15
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isrertanes. Tae specira of he 3~subssi

fa). b strorg Exparsmental Sectd,

elootroregasivity of tha subs®ituent [e.z., 3r ans

3

t2d & amentenes

Listed in Table VIT are ie#s tonplex shen sxpected, with mexira fal resorence in She diarantane sbsorpilon reglon (& 1,60-1,78), was ususlly

general, Microsnalyses were perforned by Robertaon Leboratories,

Let vetweer chserved; thecther rescrances were either deshielded (3r, o

, COSH) or

beween & 1,30-2.5, Tre mosh Interse rasonance appesrs as & 8in
Florhen Park, N.J., and by ¥offnsnn-le Roche, Inc., Fuiley, N.J. Infrared

e VII sre sased ob 2-ademaniyl stielded (33 In general, 1,3 diaxial interactions ave entanced in L~

5 1.58-1.88,

speotra ware on e 237-8 x, Fr

ense facilitate sorpared o and & as seen in grester

tron e

tpasttuens additt:

spectra were taken on & Verian Model A-60A Spectrometer using Sesrarethyl

identification since lavger variatiors i chenical shifis are observed. ng of the ¥ protons, Tnis mey reflect the leser prowmity to )
silane a5 internal stsndard. Oae chromatographic analyses were performed

Zelded for 3r and 21, but ars shizlded for 04 The axiel sucssittens in the l-positlon. Furprisfzaly, She sxisl rethyl

on either & Varian Aerogreph 90-F instrument or & Periin-Elmer 510 flame

and rettyl, AB quartets resxsing from She 1,3-dlaxtel relatlonshiz between resonance L le-metiylélanantene cosurs ai & 0,93 and fs tnerefare deshielied
Lonization gas carcetograph, with colums as reporsed ir indlvidual
ftuepy ané i lene prosen, d, are observed for By, Cl, and with respect to {8 0,80, T3y squazorial), buv shielded
preparasions.
2, byl are nos very fue o an inderfererze Iy relative o Iemeshyldiamantacs {5 1.0 CEa exfel).
. 3 i {111). e pres n “rom by traatment

proon ¢ walch fs also axial

4k Erorire at roon temperature for two howrs has been published in preliminary

extent. N ©
form.*2 A detailed miccunt will be givan in sha following papar.®

Mugher and 2 2% ave deternined that an axial rathy: is destielied

(YII) The preparation Trom by a

wivh respeet to an squatorial methyl Ty OuIL pom. Thus, the sxisl meshyl 3
arignerd coupling reaction tes beer described by Dsswe, Malerski and Schleyer.

resonance in j-rmethyldismantare as b 1.0 is desntelded ralative 30 that cff

Uemethyl dlarantane (& 0,80).

(30) 8=

Teble I, vef .

3-Ifarartancre and jemet:ylensiiamantane dfsplay essentiall:

spectra; the sownfield akscrp cinel Sridgenead protora.

{RrEIn). The % frem A by reection

5 and Tsaev ¥’ faurd shat the deshfelifng in Z-ademan=anome, n the

fure}

With brominesalumlnn dronide hes beer published in prelirinery form.}® Tre

2 6f ercplun sud?

rsegens, i

preparation fror cismaniane with g-busyl bremide-aluminum bromide will be

woszitfuens. This suggeste that desnieléis ine 1,3 Hextel

aserived in a following peper.:®

Zor Br, C1, OF and CHg may te a resiit of & <hrough space °°

L-Misneutane Cerboiyllc Acid (V) "Koch-Hsaf Resetion®®3Y], 4 flask

end not & shrough ond indueive invera:

equipped with stirrer, Shermometer, drozping fumsl, and gas cuslet tude
anes, The spectra of l-substitused Slamantancs

L-Swbaniiibed Dian

was charged with 130 ml of 97.2% salfuric acid, 50 =1 Of sarbor tetrachloride,

are mest corplex and dsplay craracterisilies of do%h the bridgsheac srd 5 o
and §.- g (0,050 mole) of &ianantans, The rixture was 2ooled <o 17-19° ani

VT

subrsisuents siudled (Zal

secordery sdamantane dsrivetives. <
0.5 i of 95-100% formic scié vas added. Then & soluticn of 19 mh Of febutyl

abgorptions were observed in the £ 1,22 to 2.3 reglon, the icwest absorptions

eative of

€ 1,3 ddwdial sudstitueni-proton frieraction

1 % 15

aloohel in 28 g of 93-100% formic metd vee eided dropwise (enoTs 2 hrs). carsoxylic soid (¥, 1.09 g (8.8%) of an acts rixture consisting of TegSC,. The solvend wes evaporatsd ard <he resicus crystellized from
The reaction nixture was etirred for en sdditienal 3C ninutes end “ien l-damantane sarvoryllc seid (V) ard bedismantene cerboxilic acid (KXi} neetone 4o glve Whits crystals, 0.3 g (3.01 wmoles, 613 yisld), np 285-286°

wes cbteined, The seid composition was determined by conversion of 200 rg (sealad capillary), Recryszallization gave an analy=icel semple, ©p
(31) 8f. H. foch end W. Hesf, Srz Sy, 45, 1 (1964) of acid 7o vheir corresponding rethyl scters yim reacilon with &lazonethane 291-292° (1%, mp £92.5-85¢%);  ir (mugol) 32-C (OH), 1115, 1038, ard

in etker, Jas shromatogrephic analysie on a Im x 3 rm FFAP colunn st 1907 340 en"2,
poured onto 330 g OF orushed ice. The layers wer: separated, end She \pper indicated the retio of esters with rstention times of 6 and 7.5 min wo be Angl, Caled for Cusdaol: O, 82.3¢; H, 2.87. Fouma: T, 82.00; ¥, $.3b.
acid layer wae extracted with thves 100 ml portions of 001, The 2orined 76% l-diarantane methyl carboxylate, and 24% Ludiarartere methyl 2arboxylate. l-hcetanidodiemantans (VIZI) TRiter Reaction]®® 2% 1.3romodiamentane {ITI)
0L, layers were shaken with 55 ml of 15 ¥ armonfur hydroxide, and the Eelenticn timea were verifled Dy ccinjsebion Wit suthentie esters prepared

(23) Zf. L.I. Kriren and D.0. Co%a, "Organic Reactions," Vel. 17, Jown

p 4 ammondn carbosylate wms 20llected end washed with by dlazorsthere resction ¢f pure 1- and L-dimmentene carbowylic acids,

Wiley axd Sons, I

o) New York, Few Yorz, 1969, p. 213,

0 n of cold Beetore and suspended in about 100 rl of weter. The suspsnsicn The Kooh-Yaal reaction wss repested as avove or 5.0 g (6.027 mols)

{3') This reaction wes carried out by C. Hoogzand.

was mads asrongly acid with concentrsbad XL and exsragted with cxloroform. alamantene and shivred et roon tempereture for gh howrs. Tpon the usual

The organic layer wes sepsrated, dried over MgSC,, and evaporated

werkup, 2,175 g (L.5%) of scié rdxture conslfing of 83% l-ilsrartens-

N (a1 (v .67 g, 10 m wes dlasolved in & mixbure of ayelchexane and
eatdue { 3.70 g 0.0123 tole) of crute -dlamentane cartowvlic actd (V) carboxylia acid and L1# i-dlemantans cersoxylic was cbisined. Tha corposition (267 & 23 oles) ° © & wixturs of § ml of syclchexs’

12 mL of aceteniirile. Then 5.3 ml of concentrated HaBC, wes added. Tre

(25% yield) was avystallized from methancl-umser. Frem tae 4Arson tetra- ¥as determined In the save Wanner 88 mbove.

‘terpereture of Yho reaztion mixture ross slighily (ga 10°) and stirring vas

snzanol {XI)

ekloride soiusion (motaer liquer) of smmonium selt, 4.0 g of wreacted dlamantare 1-Diacantars Carboxylis Asid (V) from 2]

a8d evernignt, After 1 nrs the rixture had become & uvhick orange

wes 1solated. The soid was purifisd for analysis by recrystallizasion from Beaotion]. %/ % A Kock-Yea® veaction carried out on 0.1 g (1.9 waeles) cer
) uspension. Water end i e , stirrin convinued fer 1S mirwtes,
benzene; walle fluffy crystals, wp 201.5-202.2%, weve obiained ir (nujol} suspension. Water end ice were edded, stirring was zonwinu 15 minuses

ard the wnite precisiteta filtered, washed withk 10% aquecus ¥apCOz soluzisn

1695, 1410, 1275, 223¢, 123G (v}, 2100, 1075, 1835 (&), =obs (w), 925 (v} {38) Thiz resction was carried ouk by Dr. L. Lam. <

and 710 om Y, and subsequently with weter. Afier Irylng, P.2g of white powder was dotained
Are. Caled for CusHaoQzt e, 77.35; X, 868, Found: C, 77.28; %, 3.97. Zedlamanzancl witn 25 Wl cearvon “esrachloride, 1C rl 58% sulfuric ecid and an¢ reerystalifzed from ssstone. Whide crysials, 1.9 g (T84 yiexa), mp 157-168°,

3 ml formis scid in the cold, gave after workup vhat appeared te be l-dizmentane of Lezzetanilodismsriens (VIII) wms cbtained; ir (KBr) 3283 (NZ), 15+€ (amide

Lt sesbonlic folts (8 2 KAL) [Hoonteat 5 sarvoxyiie acid by nmr snalysis, Yow % of the acid was vand 1), 1572 axd 1529 o * (enide bands ZI).

HMasd Al Metea D, & frask v B Lo wLef 2 not sharp, ga 160 Ansl. Caled for GugFealD: T, "R3B, 9.3, %, 5.7, Tomd: O, 78.33;

97,8 d furtia selfurie acke, 56 73 of S0, eat 10,0 5 O L-Dianentancs (VZ). l-Bromosismentace (IIT) {2.C g, 3.8 nrotes) vas H 973 %, 5.0

of dEanantane.  After cooling So 155, 0.5 nd 95F fomie seid s added o refluwed cversigrs with 100 %l of 10% KaCla solition, €5 ml cf asetore, and - ~Airodisrantane Hydroshloriqe {Ix), % emantare (VZIT)

bt 19 Al bebu cortaining 28 g (93%) formic acid we & <
8 selution of 13 nl g-buancl sontalning 25 g (93%) fornte ssid was sdded 2 sther. {1.% g 5.3 wmoles) wee rafluxed in e sclutier of Z.2 g NeOK in 30 k2

©.5 g of Aglida. Tre resciicn rixtuwre wes extracted with 3 x 100 rl

dropwiae withir 1/2 kour. Suirring was cortirued at 157 for 30 mitites and
? * 157 fem 30 minies an e collscted axtracts were washed wibth water wniil neutrel and dried over
then et room tenverature for fow howrs. Upon workip, as for l-dfemandane
1 17
ddsthylensgiycol for 5 hours. The rsaction mixbure ckanged color %o yellow ar fce bath, and T 71 of 10% swlfuric acfd ms added slowly. The reaction
36} Reference 35, p. 1175
and taen ovargs-brown. After the reaciion was complessd, the mixtuve vas rixbure was worked up in “he usual way %% ani eveporaiion of solvent left (36) Beterenze 35, p. 175
(37} exes 35, 2. 565,
poured onmo erusted ice, and swivacted three vimes with dietayl evher, 13T} Refereses 35 2. 36
ied over KOK pellets and he solvert evaporesed. An oily product {1.79 g) (35) 22, L.F. Pieser end M. Fiessr, "Reagents for Orgentc Synsheses,"
s aterantane (XIV).%° Tionyl shlor: 58 g %9 m
was Left, hich wes taxen Up i 50 1 of anbydrous iethyl ssher. Gaseous Vol. 1, Joht Wiley and Scag, Ine., Few Yors, K.Y, 1967, p. SEL. SSneresterantane (V) oryl 2hloride (0,58 g 4.9 mioles,
0.35 ml) & 5wl nlorafors was addsd T 2 B
01 vas fnracuted and the precipitsbed solld wms Pitered and vashed twloa o 7 of dioraforn s aated sether rapldly to 200 ng (0.93
\ . “es) of 3-dfanentancl in 2l of ehlorofors. Afier refluxing for &
15 ether; 0.99 g (714) of l-aminodiarantere rydrochloride (7X) was chtained. 0.4 g (T3 ylela) of white sclid. Reorystalliza‘lon from petroleur sther moles) of 3-dtanentanol in 2wl of ehloroforn. After refluxing for
o heurs, the sastl mixTure w 2 , d £ Avens 2 4. e
& sarole Zor salysis, np sa 360°, was recrysiellizst fron ethanol/esher. geve whise SLufsy erystale, mp 256-257 1v (C51.) 3150 (c), 2950, 1065, 78, She reastion mixcure was cocled, end the solvent evaporated. T
esidue was subli: t T0°/20 om pressiure.  Wnite orys 05.2
Anal. Saled for Cygaaf0l: €, 70.13; #, 5.25; W, 5.34; 1, 1b.78. Tesidue was sublined B /20 om pressure. Wnite crysiels, 105 &
. “9% yrela) 53-256%, of cruds Zeeh ismeriane were obtained,
ndi 0, 69,465 Ey §.30; %, 6.15; o1, 16.72 Ansl. Caled for SigfecOt C, 52.30; 4, 9.87, Fownd: ¢, 82,14 H, 5.78. (9% ytetaly mp 1531567, of eruds sechlerodiamanians vers ovtained, The
sorpound as racrystallized fr M-3z0, n cooling, white f1u
an (%) Te 2,0 g or vas added 160 nt of 96.6% Sebarentyl Zosylsbe (XIT). Dianentancl (2) (0.180 g) van sbirred ereowd v taTLoed fron HeOR-Hz0, and vpeit cooling, white fIif
ryatals, mp 157-152° (seale tary), sellected,
uric acidj the resction mixture vae fher hesved for four hows as 75 vi tosyl chlorife (0.115 g) in pyridine % (L6 g) for 3 dsys. Afver the e, T ASTo5ES (sealed capiitany), wore sollested
koel. dsled for Cigfietly € T84 ¥, 3621 Fou
Wit vigorous sbirring. Stirring was coriinued £t room tempereture for one usual vorkup procsdure,®® 0.301 g (95.6% yiala) of white cryaellire product fneg. Teled Tor Cafaety b % 3,621 Fo
additional heur. Tae dlack reassion mixbure vas poured over doe and stesr wes obtained. Recrystallization from petrolem ether gave whits orystels,
P ) Retersics 3, . 1160,
f5tiiled, The sveam Alstiliase wms sxirected with sther, and the combined mp 12%,2-124.6% ir (385) 2893, 2855, 2825, 2773, 2275, 2150, L1B5, LTS, CE) Ratorscs 33, 3. Li6e
eiher extracts were washed wit: water and dried over ¥g&D,, Evaroraticn of 3.5 or™,
I-Methyl-3-Marartarcl (XV). A sclulion of 3-dfarentenons (X}, 0.5 g
solvent 1eft L% g (70% yield) of »rude diamantenone (X). The product may 4pal. Oaled for OmPee¥0s: T, 70.35; E, 7.31; &, 2.9h.
(8.5 =moles) i1 25 7l of ethyl sther, was aéded to 30 »i of an snhydrous
te furdner purified by shromsiogrerhy oa alumine, The secord frachicn, sluted H, 7.57; 8, 8.66,
| ethereal solusior containing tre Grignard rsagent prepared from 2.1% g
wish benzene ethier (1:1) consained pure diemantanore, 5.8 g (37%). Fecrvs=allization ZnBremedarantare (£I22).%7 A mixture of C.310 g (1.5 muclea) 3-dismentancl A
- (%5 mcled) rethyl iolide and 0.36 g ragssium. After spyroxirately 1 hour,
Zrem pabroleum evher geve white crystals, mp 249-250° {1it.22° 2u8-245°); ir (x2), end 1,15 g (2.7 rmoles) phosphorue penzabromide in 10 ml of anbydrous
. ne excess Crignerd reagens was decomposed with sasureted asmonium chloride
(regel) 1743, 1720, 1233, 1245, 1045 am t. etrer wns heated ab U5° witn stirring for two hours. Tae reaciion mixture

sclutfon &nd the etner layer ssparated. The aqueous solution was washed Stree

5 the resulting lsyers were seyarated, and the eSher

¢, 83.12; H, 8.9T. Fome: ¢, 83.50;

Ansl. Salod for Cighel: was trested with wal
rmore %imss with ether and hs combined ether solutlon drie2 over MgsGy and

Z-Diamantanc? {(XI)}, A sclusion centaining 0.55 g (2.7 mmolas) of layer was dried over MgSO, ard evaporetsd. The whize crystalline residue,

evaperatsd. A white solid remained, . -5 g, 52% v

Zd. Recrvstalliization
elanenters in 13 ml of axhydrcus ethyl sther was added within /2 how to 0.L05 g (99.5% yield) was recrys:allized fron petxoleumwethsr to give pure -
Srom petroleum~esher gave wWalte orystals, mp 1-5-150% ir (CO1,) 3600, 2890 em ™},

20wl of anwydrcus dewnyl ether contsining 0.093 g (2. mmele) Iitbium 3~broncdiamentans, mp 93=947,

Anal. Caled for fys

Hes0! T, 82,517 M, 18,16 Fownd: ¢, 82.70; K, I0.

sluninum hydride. Afer refluwding for 1 1/2 %ours, and 53 & at room Caled for CagHysEr: G, 62.92; H, T.17; Br, 29.51, Fownd: C, 63.20;

tevperaturs for an ad2ftienal 1/2 hour, zhs reaction mixture wes coolec in H, T.38; 3r, 25.69.
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13 20
3eatnylensdzenansane (). 3-Yetiyl-3-azemensencl (XV) (C.33 &) i-Tiarentane cardexylic agid (003 . [Kock-Feaf resciion - Hizh
wms heated with 5 g of BSE HpRC, &b 135° for 20 nim. The nixbure was Bilutdon Nenhod 3 A 2000 ni flesk wes charged wisht 50 ml of 9Th sul:

21luted with water and extracted with petroleun-sther. The comdined petroleum acid ¥bioh was cooled in an fce-sals bath to =57, Then, 15 mo 90% formic

ether axt

38 were vashed wish Bgl, and iried over MgSle, Rencval of solvert

temperature rose to +5°, and tue mixbire was

wes sdded sLowly.

left 6,26 g (86% yield) of waxy white sol

subiined st 1206°/1 atn suivred &% this temperature Tor an addd

foral 15 rinames witdl foswy. Then

and rezrysielilzed from cleunmsther e give product, mp 125-126%; 1.0 g (3.7 mmeles) bebromedienantane (AVIIZ} dissolved in 300 wl of carbon
(cc1y) 205¢, 65e, 280 ew L. taivachlorids was added rapiily. At the same time, 15 ml of 90% formic
Anal. Oaled for © : €, §5.34 R, 10.06. Found: S, §%; H, 10.03. was acded siowly, The terpersmure rese to +10%, tne ice teth was rencved
oMl (OTL.  3-ewhylanediamatane (077), 0.21 g (1.0 sfter 1 hour and the Teactlen miztare alloved 35 come 5o Toom femperature snd
wroles) was dieselved in 30 ©l of anhy: esher contad 0.2 g Pt0 red for sdditional Jour h The ysliow mixture was poured onto 50C g
caselyst, ani hydrogensted with & Zarr apparatus a1 room terpersiure urder of ice slewly, arnd $ne ICly layer separabed. Ihe acuecus layer wme veshed

3 atn hydrogen tressure. After wovkus, 0.16C g (0.9 rmelies) yield} severel times with cavbor teirachiorids, The comdirad carben tesracileride

of white cryzmaliine 3-methyldianantare vas obteited.

taZlization frem layers (about BOG ml) were trsated wih 30 rl acmonivr

ravortle erd Tae

ewhansl yiclied e crystale, mp 117- s011ds which forred were filtersf end suspar eaout 3T mL cf waler
2ral. Caled Tor O 3, 89.0-, 20,96, Peum 8.32; W, 10.82. sctdiffed wizh 33 ol of W ACL. The solulich wme then extrached wlth

Z) and -tromodiaanisnes (OVIII)

, #nd the chlovolow extract vashed with seurafed scilur chl

and

drded over 4gs0s. Removal of solvent left a v shich was “ecryst

bromide/alurinum bronide and aquilibrased overnight at o%, " vas nydrolyzed con benzens b6 give 155 ng (32% v

es desoribed for l-ifamentanol ebove. ATier werkip, 0.60 g (7% azid {0C), wp 273.5-E7- F

r vecrystallizatior from benzens geve

wtize avystalline mecerial reveired; gle or & 5% DCTI0, 1.3 m x 3 m 2ol

shite cryetels, mp 275.5-279.5%; ir {rujel) 3130, 1700, 1300, 1233, 1200,

5

ind:osted two pesks of reveraion time -0 end b5 min

1650, 9§30

¥ (41%) erd tedtarantavel (XX) (59%). Seper Anal. Caled for Zpsiselai 3, Found: C, T7.33; H, 8.50.

on alumina; Ledd tancl {¥2) eluses I

sedlens (50 g,

4 tenol (X)) next. tan 2.25 role, gift fror Vnion Carside) daselved in 140 ml glecial scevic a
rearysallized from acewone to give vilte cryssals, mp 20:-206° (111,12 wish 9,15 g P50z cadal (or 24/2), vas shaxer ia a Parr epparatus st 3 stm
206-208%); v (mugoi) 3300 {0%), 1105, 10 on’, rrdrogen pregsure for 24 hrs a% roon femperature. Workup gave & quEniitavive

fnel, G * CpaMzoCl O, 82,307 E, 9.87, Fownd: €, 52.02; H, 10.07.
22 ]
(0}

M. Ordubadi, AT

scyelopentadis

1, ead R, Jagninas, Zh. Orz 2

5 4, 1363 (1963 (om1), Sluder ¥ 2-butys bromidealurinwn troride],

85iéen (1288} 15w, wes added 50 15 5 (

WXIT disselved in 25 rt

arbon

aletide while voder e stresn of o

roger, ronide gas, end stirred

ter ~ure Per 48 hrs., In cmses wrers eteriing referiel wes still p

the reection mistura was treated wich mora ca an¢ hested at 100°

ciated with & L50 W

ovie medius pressure

witheut sol

Tolicwing the sene ¥orkup as fescrived for re

filter under egization :

subaling nitroger and witn of X7, mn aily waterial which was & mixbure of et least six

1 week. The reaciion mixiurs ves aist:lied ireetly oamatned. The voletile maberlals (rcsuly alsvl edemsntanes) were remeved

2511ccte 1) 97.7 & {op 56-69°/1 m); ez (2) 112 g (bp 95-126°/2 mn). Dy atstillation &% "8-168°/2C =m; the residue W stalilzed upor etanding
Frastzon T ms & mixdure cortzining XXV as ite rajer comporent {56-€3%); tidce from acetone aad zave 0.5 g (3.3% yield) of

ir 2950, 2858, 144E, era 1359 o actrim mfe 202, 187 (~0Hs), 131, rethyledenar £-G4, 17 (sealed mube), Zdentirel Ty rmr

107, 105, 63, 9%, 9%, 3L, G0; wwr (C3Le) € £.5-0.3 (couplex), ©.95 and C.0% and iv %o naserial obsained from KXV

Fraction IT is Yacught 95 be he acetone adduet “*X00CIT; ir 176

ey

2 elumimyr dromide sludgs cetalyat,

(0=C); mess spsct=um mfe 260, 202, dmr (301g) & 2,02 (acetyl methyl),
30 ml, was ad us (3-20 nl) ovar & period of 1 hour ¢

%.C-0.€, €.9 and €.5¢ (cther mothylel

27 £ o Cus pentecy sor rixture (00) -

r a stresm of hydrogea

oh CHaCOCH,
3 CHg troride gas and witt wigorous siirring. Vigorous
process ( = 0 50%), erd forrasior of tarcy raterial wes otserved.
Afser rosess subsided, the reaction ni
xcr fostaed

Chart IT

CH,
i ci
Tr——

190°

XXIV
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of eaired product, which vas resrystallized fror acedone to give

Wit crystals, ap 22°, (143.%% mp 100%),

her purification of the

raterial ray De achievad by distillation to give 30.3 g (50.7% yiele) or

Setranydro-tric

spertediens np 93,0-95.1%, wp 1-b-48%/8 mn (14£.%° bp

287°/766 wa ).

{35) K. Alder and G. Sbein, Ber., 87, 613 (193%)

Meibyloyelopensediene-6, 6-Tinethvirartornene Addust (GCTY). ™ Methyl-

oyeleparsediens (83 g, 1,0- moles; prepared by drorping diretky

(Alarich) o minersl oil e’ 243+2707),%C enc 1t g (2.26 moles) of 5,5
ot

e Yeitt frem 22

carbide, op 51-5° at 30 mr Hg,

sclis st 25°

) were heated with a trase enaunt c oguinore st 180-20° ror

17,5 %ra in w glass pressure bostle, Tre reacticn mixwwrs whs 84stilled and

artors,

ves recovered, The main

1 ur, wnd 85 g (413 eld), T

Tof wms the desfrad XKTV; ir 3Chb, 29u€, P

1071, 1443, and

"1 mass spectrun n/e 208, 16, 91, 80, and 86, nmr & 0,99 (mathyl at Gi),

at Cp oF Cac), 3

“nio vaieh
¢:zapreers on irraligbics)

Anel, Celed for OysMpp: ©, 89.0v; H, L.36 Fownd: T, 88.38 1, 10.89.

aeabed 5 38-337 for Z1 bours and then sxtracted eight times with 13

Tertiers of carbor @lsule

The corined extrach was wasaed with

wmter tarse vinae, ¢d over Callp and svsporated o give 8.41 g {31% yield)

of an oil; gle, B 3 eapillary

B3 mox 0,25 wo, 1380, indicsted

aks

y 320, 50,5

o 2,35 -srired etoylasamactare, |

35 mrescied XV (6%), afamarsan:

{5%), berothyl-
ldterartane (108) and 3-metiyldiavanzane (63,

arartane (OIII) was scparsted by preparal

ax 2K 7.5 m x 9 v 2olurr au 1957 and furshor

on frem acetore,

275, 1317, and 1087 ol

XXVIb

l i Isomerization of pentacyclic precursor XXV with AlBr;
sludge catalyst at ~90° gave a complex mixture; final equi-

CH, librium composition was not achieved. The gle spectrum
indicated the components to be diamantane (5%), 4-
methyldiamantane (XXIII, 55%), 1-methyldiamantane
(VIL, 10%), 3-methyldiamantane (XV, 6%), various alkyl
adamantanes (18%), and recovered XXV (6%). No evidence

XXI11 XXV for homodiamantane (XXV1Ia) was found upon glc compar-
ison with an authentic sample. The rearrangement results

AlBr; sludge

AlBry

are summarized in Chart II.
Similar Lewis acid catalyzed rearrangement of 2-methyl-

(XXVII) as the major product isolable only in small quan-

sludge CH, norbornene dimer (XXXI) gave 4,9-dimethyldiamantane
tity.10
CH,
71;;: m — CH; CH;
CH,

XXVlia XXII XXXI

XXVII



Preparation of Derivatives of Diamantane

Table IV
Axial-Equatorial Energy Differences, Liquid

AH medial — apical
diamantane derivatives,

AH axial — equatorial
cyclohexane derivatives,

Substituent kcal/mol keal/mol
Br 0.4762:¢ 0.60°
Cl 0.528%% 0.68¢./
OH 1.09-1.18¢ 1.1
CH; 1.73¢ 2.14,% 3.0¢
COOH 1.6-1.7+b¢ J
CcO~+ k k

@ AG; AS assumed to be zero. *F. R. Jensen, C. H.
Bushweller, and B. H. Berk, J. Amer. Chem. Soc., 91, 344
(1969). <E. L. Eliel and E. C. Gilbert, ibid., 91, 5487
(1969). ¢ Reference 20. ¢ Reference 13 . / Reference 14a.
7 Reference 14c. * Reference 14b. ¢ Calculated by empirical
force field calculations, ref 18. 7 Cf. data for the adamantane-
carboxylic acids: W. V. Steele, A. S. Carson, P. G. Lays,
and C. A. Rosser, J. Chem. Thermodyn., 5, 1257 (1973).
kA low value is expected; cf. ref b (AG for ~-CN and -NC =
0.24 and 0.21 kcal/mol, respectively).

Functional substituents can similarly be introduced into
the 4 position by rearrangement. We observed that the
bromination of diamantane in the presence of traces of
AlBr; at reflux gave a bromide mixture containing 4-bro-
modiamantane and 4,9-dibromodiamantane; these prod-
ucts were not observed in the absence of the catalyst.!P
While 4-bromodiamantane could be obtained by separation
from the mixture or by selective reduction of 4,9-dibromo-
diamantane with tri-n-butyltin hydride, neither route was
very convenient preparatively.lb

McKervey demonstrated that not only 1-diamantyl bro-
mide, but also the 1-alcohol and 1-chloride could be equili-
brated with acid catalysts to provide mixtures containing
roughly comparable amounts of 1 and 4 isomers (owing to a
fortuitous balancing of entropy and enthalpy factors; see
Table IV).13b14 The individual apical and medial halides
can be isolated by column chromatography, or else their
mixture can be hydrolyzed to the corresponding alcohols
VI and XX, which are easier to separate.

Direct bromination of diamantane with tert-butyl bro-
mide-aluminum bromide at 0° affords the currently most
convenient method of derivatizing the 4 position, since sub-
stitution and equilibration are achieved in the same pro-
cess.!P Still, the monobromide product containg ~40% of
1-bromodiamantane (III), which must be separated from
the 4-bromide (X VIII).

Since the axial-equatorial AG value for the carboxyl
group? in cyclohexane is about as large as that of a meth-
y120:21 (Table IV), we examined the equilibration of the
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bridgehead diamantanecarboxylic acids (Table V). The use
of fuming sulfuric acid, while decreasing the overall yield,
did allow equilibration to occur. However, the highest per-
centage of 4-carboxylic acid in the acid product was only
~25%. Tt seems likely that the acylium ions, rather than the
carboxylic acids, are actually the species undergoing equili-
bration under those conditions.?2 The low steric demand of
the —-CO™* group (Table IV) evidently is responsible for the

observed result.22e-i
@\COOH
\Y%

H,0 Twork—up

R* " o Eo
— ——
“RE %o
i

R*“RH +

+
co H,0
¢ o work-up

When 3-diamantanol was subjected to ordinary Koch-
Haaf conditions, the main product was the 1-carboxylic
acid.? The 4-carbocylic acid can be prepared from the 4-
bromide by the Koch~Haaf procedure, providing that high
dilution conditions which preclude intramolecular hydride
shifts dre employed.23

The direct and high-yield conversion of diamantane to
4-diamantyl derivatives relatively free from isomeric con-
taminants has recently been achieved by reagents with high
steric sensitivity.16

Table V
Koch-Haaf Reaction on Diamantanee
%
4-diamantane-
% 1-diamantane- carboxylic Total yield
Starting material Conditions conen Solvent Time carboxylic acid acid acid, %°
Diamantane 97% H,S0, CCl, 30 min Only product 28
t-BuOH by nmr
Diamantane 1:1 mixture of CCl, 4 hr 76 24 8.8
97% H,S0; and t-BuOH
fuming H,SO.
Diamantane 1:1 mixture of CCl; 24 hr 88 12 1.4
97% H,S0, and t-BuOH
) fuming H,SO,
38-Diamantanol 97% H.S0, CCl, 30 min Only product
by nmr
4-Bromo- 97% H,SO, CCl, 3 hr Small
diamantane High dilution amount Major 52

@ Cf. ref 9, 22, and 23. ® Diamantane was recovered in varying amounts in all cases.
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OH
Koch-Haaf COOH
—_—
Y
Br

XI
COOH
Koch-Haaf
high dilution
XVIIT XXI
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