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&bstract: Direct, selective functionalization of diamantane to l- and 4-aminodiamantanes 

obtained with NC13/AlC13. l- and 4-diamantanethiols were prepared from their respective 

bromides without rearrangement. 

was 

Diamantane's rigid skeleton may offer opportunities in the preparation of new types of 

polymers, liquid crystals, and thin films (Langmuir-Blodgett or self-assembled monolayers). 

Furthermore, because the tertiary C-H bonds on diamantane are unactivated and nearly 

equivalent, diamantane may be a good model for selective functionalization of unactivated C-H 

bonds, a topic of increasing interest. Diamantane was intensively studied following the 

development of its efficient synthesis from norbornadiene,l and a new procedure promises to 

make it even more readily available.2 In general, the l-substituted derivatives are kinetic 

products, and difficultly separable mixtures of l- and 4- derivatives are formed under 

thermodynamic conditions.3 Only one previous functionalization -- to 4-acetyldiamantane -- 

favored the 4-isomer.4 

In direct aminations, diamantane is more reactive toward NC13/AlC135 than adsmantane, and 

selective amination requires carefully controlled conditions. Many reaction conditions were 

investigated: solvents and concentrations (CH2C12, CF2ClCFC12, ClCH2CH2Cl and their 

combinations; 0.1-0.3 H initial diamantane concentration, 0.60 H initial NC13 concentration), 

temperature (from -30°C to 25'C), normal and inverse addition (NC13 vs. diamantane), and the 

relative quantity of catalyst (diamantane:AlC13 ratios from 5:4 to 1:4). Addition of 

NC13/CH2C12 to diamantane and AlC13 gave the greatest yields with controlled selectivity to 

the l- or 4- positions. Under equilibrium conditions, the ratio of 4-:l-amino- diamantane is 

greater than 20:1, an extremely unusual degree of selectivity.687 

Unlike adamantane, which is inert to further attack by NC13, under more forcing conditions 

and excess NC13/AlC13, diamantane undergoes additional substitution to form dismino and 

aminochloro derivatives. These compounds were always formed as a complex mixture and no 

attempts were made to isolate them. Their molecular formulas were assigned by high resolution 

GC/MS, but it was not possible to unambiguously assign isomers. 

Steric factors appear to play the determining role in the selectivity to the 4-position. 

From models, it is unlikely that the steric requirements of NC12 on a diamantane intermediate 

would be sufficient to yield of 4-amino:l-amino ratio of >20. Therefore, it is likely that 

AlC13 remains complexed to the diamantane-NC12 intermediate and in doing so leads to the 
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observed thermodynamic mixture which strongly favors 4-substitution. Weak or reversible 

complexation of dervitiving agents may be a valuable tool for selective functionalization of 

hydrocarbons, a usually difficult task plagued by side reactions. 

Reaction of tetrahydro-Binor-S, a diamantane precursor, with NC13/AlClS yielded a complex 

mixture not containing l- or 4-aminodiamantane. This observation is evidence against the 

rearrangement of the diamantane skeleton itself as a mechanism of l- to 4- isomerization. 

Disubstitution of the diamantane skeleton, generally by dibromination, leads to a mixture 

from which the 4,9 derivative can be recovered by crystallization. Conversion of the 

dibromide to other derivatives is a reasonable, but time-consuming procedure, and a one-step 

synthesis of diamino derivatives would be extremely useful. Since diamination of adamantane 

was unsuccessful under the conditions that led to mixtures of diamino- and aminochloro- 

diamantanes, it is clear that the first functionalization deactivates the skeleton toward 

electrophilic attack. The disubstituted diamantane products only formed under conditions 

under which the l- to 4- rearrangement has been observed to occur, and therefore it is 

reasonable to postulate that this rearrangement, which places the functional group at one end 

of the molecule, facilitates reaction at the distant 9-position. 

Reaction of purified l- or 4- bromodiamantane 1,x with thiourea at room temperature for 1 

hour gave the corresponding isothiouronium salts which were directly hydrolyzed with NaOH to 

the respective low odor thiols.Ss9 

The mechanism of the reaction between diamantane bromides and thiourea is somewhat 

problematic. An sN2 displacement with inversion is clearly impossible, and the absence of 

isomerized products (e.g., 4-Br to l-SH) argues against the presence of free diamantane 

cations. Nucleophilic attack by sulfur on bromine, followed by ligand-ligand coupling and 

loss of bromide, is consistent with the observations. 

Br 
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In conclusion, direct mono-smination of diamantane with NC13/AlC13 can be controlled to 

give high selectivity to either l- or 4_aminodiamantane, but dismination does not occur 

cleanly with this reagent under more forcing conditions. The corresponding l- and 4- 

diamantanethiols may be prepared by from thiourea and the corresponding bromides in two steps. 
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