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The preparation of diamantane (I) by Lewis acid catalyzed rearrangements of various pentacyclic tetradecanes 
has been examined. The best yield (84%) was obtained from trans-tetrahydro-Binor-S (XXXV). However, the 
most convenient synthetic procedure involves rearrangement of hydrogenated Binor-S (XXVII/XXVIII), which 
gives I in -70% yield. Other more highly strained precursors give I in lower yield (1-47%) owing to disproportion- 
ation. The diamond lattice structure of diamantane, confirmed by X-ray analysis, is consistent with high thermo- 
dynamic stability. However, I, like adamantane, is not strain free. Molecular mechanics calculations show that 
this is due to an  excess of repulsive over attractive nonbonded interactions in comparison with noncage hydrocar- 
bons. The spectral properties of diamantane are characterized by a single-line proton nmr spectrum, resistance 
toward mass spectral fragmentation, and a simplified ir spectrum due to high symmetry. 

The beautiful three-dimensional array of the diamond 
lattice has provided many structural insights and synthetic 
 challenge^.^-^ Prelog4 recognized that cyclodecane in con- 
formation I1 is such a diamond lattice hydrocarbon and can 
be deduced from the pentacyclotetradecane I by replacing 
two CH and two CH2 by six  hydrogen^.^,^ At Prelog’s 
suggestion, I (pentacyclo[7.3.1.14Jz.0z~7.06J1]tetradecane) 
was chosen as the Congress Emblem of the 1963 London 
IUPAC meeting, and was featured as a decoration on the 
cover of abstracts, program, and publicity material. The 
Handbook challenged the Congress participants to synthe- 
size I, and this challenge was reiterated by Cram and Ham- 
mond on the end papers of their popular text.4c The first 
preparation of “Congressane” was achieved at  Princeton in 

1965 in 1% yield by aluminum halide catalyzed isomeriza- 
tion of a mixture of norbornene [2 + 21 photodimers.8 

Adamantane (IV) is the first and “Congressane” only the 
second member ‘of an entire family of compounds “whose 
ultimate is d i a m ~ n d . ” ~  The synthesis of the third member 
of the series (V) in 19669 emphasized the need for a more 
general scheme of semitrivial nomenclature. Following the 
suggestion of Vogl and A n d e r ~ o n , ~  I was renamed “diaman- 
tane” and V designated triamantane.7 The synthesis of 
tetramantane (three isomers are possible)1° and of higher 
“amantanes” has not yet been achieved. 

The year 1966 also marked the isolation of diamantane 
(I) from the high-boiling fractions of the crude oil of Ho- 
donin (from which adamantane was discovered)ll and the 
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achievement of a significant improvement in the yield of I 
(to 10%) by While this permitted a start 
to be made in the exploration of the chemistry of diaman- 
tane, the hydrocarbon was still difficult to obtain in quan- 
tity. 

Subsequent work at  Princeton explored various alterna- 
tive precursors for diamantane with increasing success and 
culminated in a truly convenient high-yield preparation, 
reported in preliminary form in 1970.12 Diamantane then 
became as readily available as adamantane and the chemis- 
try of I could be studied easily. McKervey developed simi- 
lar preparative improvements; a full report was published 
in 1972.13a 

We recount here the preparative studies which led to a 
convenient synthesis, and summarize the physical proper- 
ties of diamantane. The following two papers describe the 
chemical behavior and the functionalization of diaman- 
tane. The detailed analysis of the mechanisms of the rear- 
rangements leading to diamantane from various precursors 
will be published sepasately.le 

Results and  Discussion 

Preparation. A convenient preparation of adamantane 
was achieved in 195614 by aluminum halide catalyzed isom- 
erization of the tricyclic C10H16 endo- tetrahydrodicyclo- 
pentadiene.3J4 Subsequently, it  was found that many satu- 
sated tricyclic hydrocarbons with ten or more carbon atoms 
rearrange to the thermodynamically most stable adaman- 
tane i ~ o m e r s . ~ J ~  The generality of these rearrangements 
suggested that the relatively unstrained diamantane might 
be obtained by isomerization of pentacyclic C14H20 hydro- 
carbons. 

The first C14H20 isomers investigated were pentacy- 
cl0[8.2.1.14~7,O2~9.03 ,s]tetradecanes, represented by general 
structure VI (Chart I). Three stereoisomers are now known 
(VIa-c), and are readily available either by dimerization of 
norbornene or by hydrogenation of the [2 + 21-type norbor- 
nadiene dimers.lSJ6 

Rearrangement of the photodimers of norbornene15 pre- 
pared from acetone-sensitized dimerization15 (consisting of 
12% exo-trans-exo- VIa and 88% endo-trans-exo- VIb) with 
AlCl3 gave diamantane in 1% yield.s Although the reaction 
mixture was complex, containing besides tar many frag- 
mentation and disproportionation products, isolation of di- 
amantane (I) was facilitated by its high insolubility and 
crystallinity. 

VIa VIb VIC 
exo-trans-exo endo-trans-exo endo-transendo 

AHf’, gas, 25’ (calcd) 14.51 19.97“ 
9.56 kcal/mol 
strain (calcd), 62.57 68.03” 
57.62 kcal/mol 

I VI1 

a Close to final value (within 0.3 kcal/mol). 

Lewis acid Catalyzed treatment of strained hydrocarbons 
often does not give very satisfactory yields of isomerization 
 product^.^ The reason appears to be that excessive strain 
encourages an alternative mode of strain relief: ring cleav- 
age via protonation, followed by disproportionation to give 
olefin and alkane with one less ring. The former polymeri- 
zes to tar under the reaction conditions. It is not difficult to 
see why VI, a combination of strained norbornane and cy- 
clobutane units, should be especially prone toward dispro- 
portionation. 

Variation of temperature, concentration, and solvent did 
not improve yields significantly. Use of a better precursor 
was indicated. Since the major component of the original 
mixture was the more strained VIb,16J7 it was hoped that 
VIa,lS available by cuprous chloride sensitized photolysis of 
norbornene, would give less disproportionation and a bet- 
ter yield of I. However, only a 2% yield was achieved with 

Schneider18 showed that a “sludge” catalyst, prepared by 
cracking low molecular weight branched hydrocarbons with 
an aluminum halide and HX, gave improved yields of sub- 
stituted adamantanes from perhydrogenated tricyclic aro- 
matic compounds. At Princeton,2c a similar “sludge” cata- 
lyst system was prepared by adding tert-butyl bromide to a 
suspension of aluminum bromide in cyclohexane. Like the 
Schneider catalyst,18 this AlBr3 “sludge” is a yellow, heavy 
oil possessing an internal initiator and may be stored for 
longer periods of time under cyclohexane. Activity may be 
augmented or regenerated by addition of small amounts of 
AlBr3. The actual composition of the catalyst is not known, 
but probably consists of polymerized isobutane, formed-by 
elimination of HBr from tert -butyl bromide.2cJs-21 
“Sludge” catalysts may also be prepared from sec- butyl 
bromide or from tert- butyl chloride with AIC13.22 

The activity of “sludge” catalyst was tested first with 
endo-tetrahydrodicyclopentadiene and improved yields of 
adamantane were obtained.2c Robinson and Tarrat23 sub- 
sequently prepared a similar tert-butyl bromide catalyst 
and confirmed its greater efficiency. Yields of adamantane 
as high as 66% from endo-tetrahydrodicyclopentadiene and 
improved yields of alkyl adamantanes were r e p ~ r t e d . ~ ~ , ~ ~  

The rearrangements of the isomeric pentacyclic 
[8.2.1.1.437.02 ~8,03~9]tetradecanes (VI) were reinvestigated 
with the more active “sludge” catalyst. Significant im- 
provement was achieved. However, the best yield obtained 
from any of these 12 + 21 dimers was still only -11%, and 
this was from the least strained exo-trans-exo isomer (VIa). 
Sludge catalyst isomerization of hydrogenated commercial 

AlC13. 
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norbornadiene dimer (a mixture of 26% VIa, 71% VIb, and 
3% VIc) gives diamantane in not more than 5% yield. 

While the yields of diamantane (I) were low from all iso- 
mers of VI, a tetracyclic C14H22 disproportionation product 
(VII) was always the major product (yields up to 40%).26 
The structure of this product was initially assigned on the 
expectation that it should be the most stable C14H22 iso- 
mer.17 This assignment has been verified recently; VI1 is 
identical in glc retention times, nmr, and ir with a sample 
prepared unambiguously from VIII.26a VI1 is also identical 
with the main product of rearrangement of IX, an isomeric 
starting material with quite a different structure.26b 

1. Wittig 

VIIPG" 

AIX, 

Wolff-Kiahner I 
VI1 

M 

Isomerization of Hydrogenated Katz Dimer. All the 
[2 + 21 dimers of norbornene (VI) and norbornadiene (X) 
contain a strained cyclobutane ring which favors disporpor- 
tionation. Consequently, less strained precursors were 
sought. Norbornadiene is readily dimerized by various or- 
ganometallic  catalyst^.^^^^^ Of the seven known dimers27 
(Chart 11), three are of the [2 + 21 type (Xa-c),I5J6 two [4 + 
21 incorporate one nortricyclene unit (XI, XII),28 and one 
[4 + 41 type (XIII) contains two fused nortricyclene units; a 
cage structure (XIV)27 completes the list. 

Chart I1 
Known Norbornadiene Dimers 

The KatzZ8 norbornadiene dimers, consisting of a 7: l  
mixture of XI  and XII, were obtained from norbornadiene 
using rhodium/carbon catalyst.28 Only the double bond hy- 
drogenated under most of the conditions tried, which in- 
cluded even use of Ni catalyst and high pressures. Isomer- 
ization of the resulting hexacyclic mixture XVI with sludge 
catalyst (Scheme I) gave diamantane in up to 16% yield 
(glc). This result depended on disproportionation; in addi- 

Scheme I 

f \ A1Br3 or 'aludge" / 1 
"sludge" 

XVIIIa 

I + VI1 + other products 

tion, the double disproportionation product (VII) formed 
in substantial amounts. 

Catalytic hydrogenation of the mixture XI and XI1 in 
acetic acid with PtO2 c a t a l y ~ t ~ ~ ~ ~ ~  succeeded in reducing 
both the double bond and the cyclopropane ring to produce 
two pentacyclic isomers in a 8515 ratio. By analogy with 
results of hydrogenation of Binor-S (XIII) and deltacy- 
clane (see later) under similar conditions, structures XVIIa 
and XVIIb were assigned, the former arising from XI and 
the latter from XII. Reduction of partially hydrogenated 
mixture XVI by hydride transfer in concentrated sulfuric 
acid-methylcyclohexane31 also gave, in 91% yield, an 85:15 
ratio mixture of two cyclopropane cleaved pentacyclic iso- 
mers. These differed from XVIIa and XVIIb and were as- 
signed general structure XVIII. A 13C nmr proton de- 
coupled spectrum of the major isomer indicated nine dif- 
ferent carbon absorptiops and is consistent with structure 
XVIIIa. Although three other isomers in the set would fit 
the I3C nmr data, XVIIIa is the lowest energy isomer (see 
below). 

Isomerization of either mixture XVII or XVIII, with alu- 
minum bromide or with sludge catalyst, gave diamantane 
in up to 25% yields (Table I). 

Interestingly XVIIIa appears to be identical with the 
rearrangement intermediate isolated when A1X3 isomeriza- 
tion of mixture XVII was interrupted after partial reaction. 
Such reactions are followed conveniently by gas chroma- 
tography. In this way, we demonstrated that intermediate 
XVIIIa forms diamantane in a yield identical with that 
from mixture XVIII. Apparently, sulfuric acid effected a 
similar partial isomerization in giving XVIII.31 

Courtney, Johnston, McKervey, and Rooney also hydro- 
genated Katz dimer (XI and XII) in acetic acid and ob- 
tained a cyclopropyl-cleaved product which could be isom- 
erized in the gas phase to diamantane in 45% yield employ- 
ing a chlorinated platinum-alumina catalyst.138 

Although the yield it gives is an improvement over that 
from the 12 + 21 dimers, Katz dimer is not ideal as a di- 
amantane precursor. Examination of the glc trace of a 
crude AlBr3 isomerized mixture of XVII or XVIII reveals 
at least 14 products besides diamantane, including a major 
amount of disproportionation product VII, and other frag- 
mentation products. Furthermore, we have had difficulty 
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Table I 
CI4 Pentacyclic Precursors Investigated in the Preparation of Diamantane 

~ 

% yield 
Precursor Registry no. Catalyst diamantane (I) Ref 

VI (12% VIa) 1624-14-2 AlCla 1 8, a 

VIa AlCls 2 2c 

XVI 51966-13-3 “Sludge” 10-16 b 
XVII 51966-14-4 AlBr3 25 c 

(88% VIb) 1624-16-4 “Sludge” 1-5 

“Sludge” 10 

“Sludge” 20 C 

XVIII 51966-15-5 AIBra 25 C 
Pt/Cl/alumina 45 13 

XXI  
XXIV 
XI11 

xxvrr/xxvm 

xxxv 

“Sludge” 18 
51982-54-8 “Sludge” 41-47 12 
51982-55-9 “Sludge” 25 12 
13002-57-8 “Sludge” 10 C 

HzSQs 30 c, 13 
AIBra 62-75 12 
“Sludge” 71 12 
AlCls/CHzClz 70-90 13 

51966-16-6 AIBrs 84 c 

a S. Hali, J. Novdk, and S. Landa, Sb. Vys. Chem.-Technol. Praze, Technol. Paliv, 19, 9 (1969). Reaction carried out by 
Dr. Leo Lam. This work. 

in obtaining good yields of Katz dimer. The reaction is 
highly erratic; yields ranged from 0 to 49% and were found 
to be dependent on the catalyst quality and other unknown 
factors. 

Diamantane from Other Precursors. In our search for 
other precursors, pentacyclic hydrocarbons XXI and XXIV 
were prepared as shown in Scheme 11. These gave diaman- 
tane in 44 and 34% average yields, respectively, upon rear- 
rangement with sludge catalyst (Table I). While diaman- 
tane was the main product, 1,3,5,7-tetramethyladamantane 
(XXV) la and 1,3-dimethyl-5-ethyladamantane (XXVI) la 

were identified as components of the reaction mixture. VI1 
and other unidentified products were present in smaller 
amounts. Although these rearrangements give somewhat 
better yields of diamantane, the starting materials are 
cumbersome to prepare and the routes are not convenient. 

Diamantane from Hydrogenated Binor-S. The avail- 
ability in almost quantitative yield of a 14 + 41 norborna- 
diene dimer, “Binor-S” (heptacyc1o[8.4.0.O2J2.O3~8.- 
0.4$ .05 3.011 J3]tetradecane, XIII)27,32 afforded an ideally 
constituted precursor, especially since the cyclopropane 
rings can be reduced to give a C14H20 pentacyclic hydrocar- 
bon. 

XI11 

Hydrogenation of Binor-S. S c h r a u ~ e r ~ ~  has reported 
that the hydrogenation of Binor-S at 200’ with 305 atm hy- 
drogen pressure and Pt catalyst gave a mixture of products 
consisting of 94% C14H20, and 6% C14H18 hydrocarbons. 
The solvent was not indicated, however. We have found 
that Binor-S did not take up hydrogen in acetic anhydride, 
even under 102 atm hydrogen pressure with PtOg catalyst. 
However, in agreement with our earlier e x p e r i e n ~ e , ~ ~ ~ ~ ~  the 
cyclopropyl rings in Binor-S were readily cleaved by hydro- 
genation in glacial acetic acid with Pt02 catalyst.12 The re- 
sulting liquid product [bp 105-110’ (1.5 mm)] appears by 
gas chromatographic analysis on numerous columns to be 
essentially one material. Cleavage of both cyclopropane 
rings was confirmed by nmr analysis, which indicated ab- 
sence of nortricyclene peaks at  6 1.05 and the presence of a 

Scheme I1 
CH, / 

XIXa XIXb 

XXa XXb a XXI 

XXIIa XXIIb & + dEt acetone hu (46%) ~ 

a XXIV 

XXI - “dudge” I + +a + VI1 + 
othei 

-44% 

products 
XXVI 

29% 

XXV 
14% 

‘sludge” 
XXIV - I + xxv + XXVI + VI1 

-34% + 
28% other 

products 

more complicated spectrum with peaks in the 6 2.25-0.75 
region. These results were verified by M ~ K e r v e y . ~ ~ ~  

Hydrogenation of Binor-S may, in principle, give rise to 
four tetrahydro-Binor-S isomers (XXVII-XXX) from the 



Preparation of Diamantane J.  Org. Chem., Vol. 39, No. 20, 1974 2983 

Table I1 
Possible Hydrogenation Products of Binor-S,aJ Point 

Group Classifications and Calculated 
Heats of Formation 

XXVII XXVIII XXIX xxx 
(51966-17-7) (51966-18-8) (52021-76-0) (51966-19-9) 

Point group C, C2 C t h  Ci 
Number of dif- 

ferent carbon 
atoms 7 7 5 14 

aHio, gas, 25' 
(calcd),; kcal/ 
mol 14.10 6 .09  1 . 5 5  2 .27  

Strain (calcd),c 
kcal/mol 62.16 54.15 49.61 50.33 

Q References 31-33. Registry numbers in parentheses. 
Reference 17. 

various possible cyclopropane ring reductions (Table 11). 
Hydrogenolysis of unactivated cyclopropane rings usually 
results in the cleavage of the least substituted cyclopropyl 
ring bonds.29-31,33 However, in XIII, all cyclopropane bonds 
are disubstituted. In such strained molecules, hydrogenol- 
ysis of the most strained bond seems from literature exam- 
p l e ~ ~ ~  to be a reasonable expectation. 

Molecular mechanics calculations showed that XXIX 
and XXX should be the most stable i ~ 0 m e r s . l ~  However, 
I3C nmr s p e c t r o ~ c o p y ~ ~  of the reduction product eliminat- 
ed these structures from contention, since six signals for 
seven carbons were observed, there being one coincidence 
of chemical shift in the single frequency off resonance and 
noise resonance decoupled spectra. The sharpness of peaks 
indicated that only one isomer was present. Isomer XXX, 
possessing no symmetry, should give a 14-line spectrum, 
whereas the more symmetrical XXIX has only five differ- 
ent kinds of carbon atoms. It  is difficult to differentiate be- 
tween XXVII and XXVIII by l3C nmr, since both isomers 
possess seven unique carbons of the same general type. A 
choice may ultimately be possible between the two struc- 
tures, since XXVIII is chiral while XXVII is not. If strain 
relief during reduction is a factor, XXVIII should be fa- 
vored over XXVII on the basis of the molecular mechanics 
calculations, and we tentatively assign the structure on this 
basis. 

The reduction of XIIT to give XXVIII (or XXVII) and 
not XXIX or XXX is probably influenced by steric inter- 

XXM 
less 

favorable 
c- 

XXWI (or XXVII) 

action during approach of catalyst-bound hydrogen. Other 
systems containing nortricyclene units behave similarly. 
For example, deltacyclane (XXXI) gives brexane 

- (not &) 
xx XI XXXII \ XXXIII / 

100 

&3 

'- -0 

20 

0 

10 80 123 160 3 0 '  220 ' w0 ;w :00 603 
Ti718 (Kn) 

Figure 1. Isomerization of tetrahydro-Binor-S (XXVII/XXVIII) 
to diamantane (I) at 25" with aluminum bromide in cyclohexane. 

(XXXII).31i35 On this basis, we assigned structures XVII to 
the hydrogenated Katz dimers. 

Isomers XXVII and XXVIII may be interconverted by 
simple Wanger-Meerwein 1,2 shifts; either should give di- 
amantane by further rearrangement. In fact, all the tet- 
rahydro-Binor-S type isomers (XXVII-XXX) are, in prin- 
ciple, interconvertible by such 1,2 shifts (the intermediate 
cations can be generated by hydride abstraction). 

WV V 
XXVII XXVIII 

XXX xx IX 

Rearrangement of Tetrahydro-Binor-S. The alumi- 
num bromide or "sludge" catalyzed isomerization of tet- 
rahydro-Binor-S in either carbon disulfide or cyclohexane 
proceeds smoothly and quickly. Careful glc study of the 
course of the reaction at 0 and 25" indicates that isomeriza- 
tion proceeds with formation of a t  least two major, and sev- 
eral minor (less than 1%), intermediates. At the end of the 
reaction, however, only diamantane (over 90% of the prod- 
uct) and tetracyclic disproportionation product VI1 remain. 
At 0", an as yet unidentified C14H20 intermediate 
(XXXIV) is formed initially; this then isomerizes to the 
major intermediate, which was isolated and could be iden- 
tified as trans-pentacyclo[8.2.l.1.2~~.03~7.0s~12]tetradecane 
(XXXV). The concentration of XXXV builds up to a max- 
imum value of over 20%; after several hours, rearrangement 
proceeds further to form diamantane and VII. Figure 1, a 



2984 J .  Org. Chem., Vol. 39, No. 20, 1974 Gund, Osawa, Williams, and Schleyer 

u-' 

i 



Preparation of Diamantane J. Org. Chem., Vol. 39, No. 20, 1974 2985 



2986 J. Org. Chem., Vol. 39, No. 20, 1974 Gund, Osawa, Williams, and Schleyer 

graphical representation of product composition us. time, 
illustrates the course of a typical rearrangement. 

We have also isolated XXXV by hydride transfer reduc- 
tion of Binor-S (XIII) by the sulfuric acid-methylcyclohex- 
ane method31 at  0'. After 0.5 hr under the conditions used, 
two major components, XXXVI (34%) (which has not been 
identified) and XXXV (51%), as well as diamantane (5%) 
and unreacted Binor-S (6%), were observed by gas chroma- 
tographic analysis. XXXV was isolated by crystallization 
and shown to be identical with the second intermediate ob- 
served in the aluminum bromide isomerization. The l3C 
nmr spectrum34 of XXXV consisted of five lines. Although 
XXIX also has five unique carbons, XXXV is more com- 
patible with the chemical shift data34 and is less strained 
[AHfo (calcd) = -13.21 kcal/mol, strain (calcd) = 34.85 
kcal/mol].17 trans-Pentacyclo[8.2.1.1.2~5.O~~7.O~~1z]tetradec- 
ane (XXXV) isomerizes without intervention of other glc- 
detectable intermediates to diamantane (I) and VI1 in 84 
and 6.4% yields, respectively. 

XI 11 A 

XXXV 

M AIBr, 

The mechanism of the rearrangement of XXVIII to I has 
been analyzed exhaustively by graph theoretical techniques 
involving generation and energetic evaluation of possible 
routes. A complete account of this treatment will be pub- 
lished separately.le 

The diamantane obtained from precursor XXVII or 
XXVIII is quite pure. Yields of diamantane were as high as 
75%, and average overall yields from Binor-S are about 
65-70%.12 McKervey13 has verified our results indepen- 
dently and has used dichloromethane as solvent with even 
higher yields, although some chlorinated by-product is 
formed as a result. Diamantane is now readily available in 
greater than 50% overall yield in three steps from norbor- 
nadiene, and is almost as easy to obtain as adamantane. 

Conclusion 

Diamantane (I) is readily prepared from Lewis acid cata- 
lyzed rearrangement of hydrogenated Binor-S (XXVII/ 
XXVIII) in -70% yield, and in three steps from commer- 
cial norbornadiene in an overall yield of >50%. Other 
C 14H20 pentacyclic precursors give lower yields, with the 
exception of trans-tetrahydro-Binor-S (XXXV); however, 
the preparation of pure XXXV is more cumbersome. In all 
cases, in addition to diamantane (I), there was isolated a 
disproportionation product (VII), and the proportions of I 
to VI1 varied with the type of precursor. Other catalysts 
such as the aluminum bromide-tert-butyl bromide 
"sludge" catalyst did not markedly affect the yield, nor did 
varying the solvent. The large variation of yield with start- 

ing material may be explained by mechanistic consider- 
ations, as is discussed in a separate paper.le 

The structural and spectral properties of I are summa- 
rized and are in agreement with expectations for a diamond 
lattice hydrocarbon. 
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Methods have been developed for  the conversion o f  diamantane (I) t o  the  three possible types o f  monofunc- 
t ional  derivatives: 1- (medial), 3- (secondary), and 4- (apical). The 1-diamantyl cation is the most stable and most 
readi ly generated by hydr ide abstraction. K inet ica l ly  control led nucleophil ic attack o n  th is  cation can be made t o  
give 1-bromodiamantane (111) and 1-diamantanecarboxylic acid (V) in liquid bromine and under Koch-Haaf con- 
ditions, respectively. Sulfuric acid oxidation o f  I affords 3-diamantanone (X), a convenient source o f  other 3-di- 
amanty l  derivatives. T h e  secondary 3-diamantyl tosylate (XII) solvolyzes about 3.5 t imes faster than 2-ada- 
m a n t y l  tosylate. Under  equi l ibr ium condit ions apical adamanty l  derivatives are favored by enthalpy over the i r  
media l  isomers, but the entropy effect is opposite. T h e  enthalpy t e r m  for  relat ively large groups such as methy l  
dominates. Thus, 4-methyldiamantane (XXIII) can be synthesized by isomerization o f  the  other methyldiaman- 
tanes or of other pentacyclotetradecanes, such as XXII, XXV, or XXVI. T h e  equi l ibr ium is 1ess.one-sided for  
smaller substituents, e.g., halide and alcohols, and preparations of apical products require chromatographic sepa- 
ra t ion  since they are seriously contaminated by the i r  media l  isomers. lH nmr chemical shif ts o f  the  various types 
o f  diamantane derivatives can be predicted satisfactorily by using addi t iv i ty  increments obtained f r o m  s imi lar ly  
consti tuted adamantanes. 

The preparation of functional derivatives of diamantane 
(I) depended on the availability of the parent hydrocarbo- 
n.la When the yield of I was improved to  10% by employing 
the exo-trans-exo norbornene dimer as precursor and alu- 
minum bromide sludge ~ a t a l y s t , ~  the study of the chemis- 
try of diamantane began.3-5 The reactions employed were 

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

Bromination of diamantane by neat bromine led to 
bridgehead substitution, but, unlike adamantane, two iso- 
mers, medial7 (1-) and apical7 (4-), were possible. Nmr 


