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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 
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Table I 
1-Subst i tuted (Medial) Diamantanes  

X 

Compd X Starting material Method 

111 Br X = H  Brz or t-BuBr-A1Sr3 
IV c1 X = H  CH8COCl-AlC13 

CISO2CI-AIC13 
V COzH X = H  Koch-Haaf 
VI OH X = Br Hydrolysis 
VI1 CH3 X = Br CH3MgBr 
VI11 NHCOCH, X = Br CH3CN-H2S04 (Ritter) 
I X  NH3 +C1- X = NHCOCHi Hydrolysis 

Diamantane 
Ref registry no. 

lb ,  12, 1310 30545-17-6 
13 32401-16-4 

9, a 30545-18-7 
lb,  9, a 30545-19-8 
b 26460-76-4 
9, a 30545-21-2 

30545-22-3 9, a 
a This work. E. Osawa, Z. Majerski, and P. v. R. Schleyer, J .  Org. Chxm., 86, 205 (1971). 

Table 11 
3-Subst i tuted (Secondary) Diamantanes  

Diamantane 
Compd X Y Starting material Method Ref registry no. 

X =O X , Y  = H  H2S04 9, 13, a 30545-23-4 
X I  OH H X , Y  = o  LiAlH4 9, a 30545-24-5 
XI1 OTS H X = 0 H ; Y  = H p-C7H7S02Cl 9, a 30651-00-4 

30545-25-6 XI11 Br H X = 0 H ; Y  = H Par:  9, a 
XIV c1 H X = O H , Y  = H SOClZ 9, a 30651-01-5 
xv CH3 OH X , Y  = o  CH3MgBr 9, a 30545-26-7 

30545-27-8 XVI =CH, X = CHP: Y = OH HzPOd 9, a 
XVII CH3 H X, Y = CH, 

a This work. 

apical 

secondary 

I 
bridgehead 

secondary I%)I 
L J - 4  

I1 
spectroscopy revealed that the product was l-bromodi- 
amantane (111, Table I) and this provided a synthetic entry 
to other medial derivatives.3-5@+g 

Likewise, the discovery by Geluk and Schlatmanns of a 
convenient oxidation procedure for forming 2-adamanta- 
none from 11 prompted the application of this reaction to  
diamantane. The 3-diamantanone (X, Table 11) obtained 
by the action of sulfuric acid was readily converted to other 
3-substituted  derivative^.^^^^ 

30545-28-9 H,/Pt02 9, a 

Functionalization of the 4 position (apical) was less 
straightforward, although 4-methyl- and 4,g-dimethyldi- 
amantane (XXIII, Table 111, and XXVII, respectively) had 
been prepared by rearrangement of C15 and C16 pentacyclic 
p r e c u r s o r ~ . 6 ~ ~ g , ~ - ~ ~  4-Bromodiamantane (XVIII) was first 
synthesized as a component of a complex bromination mix- 
ture and by partial reduction of the 4,g-dibromide 
XXVIII. 1b,6e~12 McKervey, .who independently studied the 
preparation and functionalization of diamantane,l3 found 
that 4 derivatives can be obtained more easily by equilibra- 
tion, although mixtures of products r e ~ u 1 t . l ~  Preferential 
attack of the less hindered apical bridgehead has been 
achieved,l5 and recent improvement of this approach pro- 
vides an even better entry to apical diamantanes.16 

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.lb 

Results and Discussion 
Tables 1-111 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 I11 
4-Subst i tuted (Apical) Diamantanes  

x 

constant a t  25', 2.17 X 10-8 sec-l, is 3.6 times faster than 
that observed for 2-adamantyl tosylate acetolysis a t  the 
same temperature.17 A strain calculations18 on the Z-ada- 
mantyl and the 3-diamantyl cations give essentially the 
same results suggesting that the origin of the enhanced 3- 
diamantyl rate is electronic rather than steric in origin; the 
y branching afforded by the attached adamantane unit evi- 

+ 
abstraction 

@ hydride @ 
direct attack 
by stericallv 
demanding 
species I 1 and 4 isomers 

hydride 
abstraction iRt  

Apical Substitution. 4-Substituted diamantanes, be- 
cause of their equatorial character, have lower enthalpies 
than their 3 or 1 i ~ o m e r s . l ~ ~ J ~  The degree of branching fa- 
vors substitution at either bridgehead over the secondary 

k,nettc 
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Chart I1 

XXVIb XXIV 

i hv 
Isomerization of pentacyclic precursor XXV with AlBr3 

sludge catalyst a t  -90" gave a complex mixture; final equi- 
librium composition was not achieved. The glc spectrum 
indicated the components to be diamantane (5%), 4- 
methyldiamantane (XXIII, 55%), 1-methyldiamantane 
(VII, lo%), 3-methyldiamantane (XV, 6%), various alkyl 
adamantanes (18%), and recovered XXV (6%). No evidence 
for homodiamantane (XXVIa) was found upon glc compar- 
ison with an authentic sample. The rearrangement results 
are summarized in Chart 11. 

Similar Lewis acid catalyzed rearrangement of 2-methyl- 
norbornene dimer (XXXI) gave 4,9-dimethyldiamantane 
(XXVII) as the major product isolable only in small quan- 
tity. lo 

CHj 

XXV XXII 
IAlBr, sludge 

CH 
I sludge 

L3 
AlBr, 

XXIII XXVIa 
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Table IV 
Axial-Equatorial Energy Differences, Liquid 

A H  axial - equatorial 

Substituent kcal/mol kcal/mol 

A H  medial -, apical 
cyclohexane derivatives, diamantane derivatives, 

Br 0 .476azb 0 .606 
CI 0.528a,b 0.68'3f 
OH 1.09-1 .18' 1.1Q 
CH, 1.730 2.14,h 3 .0% 
COOH 1.6-1.7a,b,d j co + k k 

AG; A S  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. e Reference 13 . f Reference 14a. 
Q Reference 14c. h Reference 14b. i Calculated by empirical 
force field calculations, ref 18. j Cf. data for the adamantane- 
carboxylic acids: W. V. Steele, A. S. Carson, P. 6. Laye, 
and C. A. Rosser, J.  Chem. Thermodyn., 5 ,  1257 (1973). 

A 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 
AlBr3 a t  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.lb 
While 4-bromodiamantane could be obtained by separation 
from the mixture or by selective reduction of 4,g-dibromo- 
diamantane with tri-n-butyltin hydride, neither route was 
very convenient preparatively. l b  

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).13b914 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  Oo affords the currently most 
convenient method of derivatizing the 4 position, since sub- 
stitution and equilibration are achieved in the same pro- 
cess. lb Still, the monobromide product contains -40% of 
1-bromodiamantane (III), which must be separated from 
the 4-bromide (XVIII). 

Since the axial-equatorial AG value for the carboxyl 
group20 in cyclohexane is about as large as that of a meth- 
y120,21 (Table IV), we examined the equilibration of the 

bridgehead diamantanecarboxyhc 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%. It seems likely that the acylium ions, rather than the 
carboxylic acids, are actually the species undergoing equili- 
bration under those conditions.22 The low steric demand of 
the -CO+ group (Table IV) evidently is responsible for the 
observed result.22e-j 

v 
H,O work-up t 

1 

+ 
co COOH 

XXI 

When 3-diamantanol was subjected to ordinary Koch- 
Haaf conditions, the main product was the 1-carboxylic 
acid.g 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 are empl0yed.~3 

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.l6 

Table V 
Koch-Haaf React ion on Diamantanea 

% 
I-diamantane- 

% l-diamantane- carboxylic Total yield 
Starting material Conditions concn Solvent Time carboxylic acid acid acid, %b 

Diamantane 97% H2S04 CCla 

Diamantane 1 : 1 mixture of  cc14 

Diamantane 1 : 1 mixture of CCI, 

t-BuOH 

97% HzSOa and t-BuOH 
fuming HzSOa 

97% HzS04 and t-BuOH 
fuming H2S04 

3-Diamantanol 97% Has04 CCI4 

4-Bromo- 97% &SO4 CCl4 
diamantane High dilution 

30 min Only product 28 
by nmr 

4 h r  76 24 8 . 8  

24 hr 88 12 1 . 4  

30 min Only product 
by nmr 

amount Major 52 
3 h r  Small 

a Cf. ref 9, 22, and 23. Diamantane was recovered in varying amounts in all cases. 
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