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HYDROGEN ABSTRACTION FROM 1- SUBSTITUTED ADAMANTANES 

INTRODUCTION 

The effect of various substituent groups on the rate and extent 

of reaction has long been of interest to the organic chemist. Empiri- 

cal correlation methods such as linear free energy relationships (16, 

64) have greatly aided attempts to organize quantitatively the effects 

of substituent groups. 

The best known of the linear free energy relationships is the 

one of Hammett (27). This relates the relative reaction rate or 

equilibrium constants to the structure of the reagent. Since in this 

approach it was necessary that the entropy of reaction remain con- 

stant, only meta and para substituted benzenes, where the reaction in 

question occurred on a side chain, satisfied the linear free energy 

relationship. The linear relationships fail for ortho substituents as 

expected since steric interactions between the substituent and the 

site of reaction make the entropy of reaction heavily dependent on the 

nature of the substituent in a non - invariant manner. 

While attempts to correlate aralkyl reactivity with various 

forms of linear free energy relationships have been plentiful1 such 

1For a more complete discussion and examples see J. E. 
Leffler and E. Grunwald (44, p. 171 -315), J. Hine (30, p. 69 -74) and 
the reviews by S. Ehrenson (16) and C. D. Ritchie and W. F. Sager 
(64) . 
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has not been the case for aliphatic reactivities. Roberts and 

Mooreland (65) made the first successful attempt to correlate 

aliphatic reactivities in their work on the 4- substituted bicyclo- 

(2, 2. 2 )octane -l- carboxylic acids. Because of the rigidity of this 

system the reaction site and substituent define nearly identical 

geometries for the whole series. A linear free energy correlation 

was observed and a set of substituent constants (cr ') essentially pro- 

portional to the Hammett meta - substituent constants (0 -,n) defined 

for the system. However it was Taft, in 1952, who generalized an 

approach to aliphatic compounds by separating the polar effects in 

aliphatic ester hydrolysis from other effects (82). The polar sub- 

7` 

stituent constants (o ) obtained by Taft were then used to correlate 

data by the Hammett -Taft equation: 

log(k/ko) 
0 

J. J. .w - 6 p (Eq. 1) 

Excellent correlation of data has been obtained using this equation 

for series in which steric and resonance effects are constant (44); 

the underlying assumption in the Taft treatment being the separability 

of substituent effects into inductive, steric and resonance terms. 

While interactions between these effects may exist in theory, the 

separability may hold within practical limits. 2 

2For a discussion of the separability of factors influencing sub - 
stituent effects see the review by C. D. Ritchie and W. F. Sager (64, 

p. 345 -352). 
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Underlying the aforementioned empirical methods there has 

long been an interest in formulating theoretical models to account 

for observed substituent effects. In particular the manner in which 

polar effects are transmitted to the site of reaction has received 

much attention. The classic work of Kirkwood and Westheimer (37, 

38) in 1938 considered all nonconjugative effects to be due to an 

electrostatic field between the substituent dipole and the site of 

reaction. For the case of carboxylic acid dissociations they derived 

the following relation for the ratio of the dissociation constant for the 

substituted to that of the unsubstituted acid: 

2.303 log (K/Ko) = 
2 kT DE R 

(Eq. 2) 

where e is the electronic charge, µ the dipole moment of the sub- 

stituent, k the Boltzmann constant, DE the effective dielectric con- 

stant, R the distance from the center of the dipole to the reaction site 

and the angle between R and the dipole axis. The three quantities 

R, S and DE are all quantities that are not obtainable experimentally 

or theoretically for most systems. Only for conformationally rigid 

systems can R and be ascertained with any degree of certainty; 

however there is uncertainty in the meaning of DE and the value to 

be assigned to it since it is a function of the geometry of the 

molecule, the size of the solvent cavity and the ratio of external to 

eµcos; 
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internal dielectric constants. The original model of Kirkwood and 

Westheimer as applied by Roberts and Mooreland to 4- substituted 

bicyclo(2. 2. 2)octane -l- carboxylic acids (65) where R and t can be 

determined with some degree of certainty underestimates opKA by 

a factor of two but obtains linearity. 

In contrast to this "field effect" picture of the transmission of 

polar effects, Branch and Calvin were early proponents of a "through- 

the-bonds" inductive interaction (7, 16, 30). This is essentially 

incorporated in the Taft treatment where the cr polar substituent 

constant decreases by a factor of approximately 1/2. 5 for each 

methylene group between the reaction site and substituent. This 

model predicts that the net polar effect is dependent on the number 

and nature of the paths between substituent and reaction site. To 

accommodate early experimental evidence it was suggested that Tr - 

bond networks are more effective at propogating polar effects than 

o- -bond networks. 

Contrasted to this the original Kirkwood -Westheimer field 

approach treated the molecule as a cavity of low dielectric constant 

embedded in a solvent continuum. Tanford in 1957 (83) pointed out 

that this model had a critical dependence on the depth of the charges 

or dipoles below the surface of the cavity which represented the 

molecule. By arbitrarily defining the radius of the cavity as being 

the distance from the center of the molecule to the center of the 
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substituent plus 1. 5 Á Tanford was able to predict relative 

reactivities and equilibrium constants with a fair degree of accuracy. 

More recent studies by Dewar and co- workers on substituted 

naphthalenes and biphenyl derivatives have shown the importance of 

field over inductive effect in aromatics (12 -15). They concluded that 

inductive polarization of 6 -bonds is unimportant at positions 

separated from a substituent by more than one bond. Originally 

this group had derived two new sets of substituent constants to 

correlate their work: F related to am and M related to 6 . They 

felt that the F parameters alone should correlate aliphatic 

reactivity. Recently upon reevaluating their data they have concluded 

that the Kirkwood -Westheimer model is probably a more valid 

approach (1). The entire field of transmission of polar effects in 

aliphatic and aromatic chemistry is by no means settled. 

Whenever non -constrained, acyclic systems are considered, 

there is a great uncertainty concerning the geometry of the reacting 

species; such systems are therefore unsuitable for studies involving 

the transmission of polar effects. Polycyclic systems because of 

their rigid geometry are ideal systems to ascertain the mode of 

transmission. 

Several polycyclic systems have been examined to date. Holtz 

and Stock favor the predominence of the field effect in the overall 

polar effect in their study of the SN2 reaction of 4- substituted 



bicyclo(2. 2. 2)octamethyl tosylates (32). Holtz and Stock have 

reexamined the original system of Roberts and Mooreland (65), the 

dissociation of 3- substituted -l- adamantane carboxylic acids reported 

by Stetter and Mayer (78) and the Siegel and Komarmy study (73) of 

4- trans - substituted cyclohexane -l- carboxylic acids. They found 

that all of these studies could be accomodated by recourse to the 

field effect (31). More recently Baker, Parish and Stock have 

investigated the dissociation of 4- substituted bicyclo(2, 2. 2)oct -2- 

ene -l- carboxylic acids, 4- substituted dibenzobicyclo(2, 2. 2)octa- 

2, 5- diene -1 -carboxylic acids and 4- substituted cubane -l- carboxylic 

acids. They found that variations in the hybridization of the carbon 

carbon bonds between the substituent and the reaction site and varia- 

tions in the number of paths between the substituent and the reaction 

site have a negligible effect on the propagation of the polar effect 

(4). These results support the field effect model as opposed to the 

inductive model. Very recently a proposal involving substituted 

spiro(3. 4) -6- octene -2- carboxylic acids has been advanced as a good 

system involving the possible separation of field and inductive effects 

(26); however no experimental results have been reported to date. 

The above investigations have all been concerned with reactions 

occurring at some atom exocyclic to the rigid system. In these 

systems there is still some ambiguity concerning the exact geometry 

of the molecules. In the case of studies on substituted acids rotation 

6 



within the -COOH functional group will introduce some error in 

attempts to ascertain the true geometry of the ionizable proton 

relative to the substituent. Also in attempts to apply the Kirkwood - 

Westheimer expression to reactions exocyclic to rigid systems the 

"field" must be transmitted through and also outside the interior of 

the polycyclic molecule. How to take this into consideration when 

calculating the effective dielectric constant, DE, is not clear since 

the original formula is derived assuming a homogonous media be- 

tween substituent and reaction site. 

Reactions occurring in the cyclic portion of the molecule itself 

should be of sufficient interest to warrant their study. One possibility 

would be a study of bridgehead solvolysis of various substitute poly- 

cyclic systems. There is, however, a large drawback to such a 

study. Fort and Schleyer point out in their recent review of bridge- 

head reactivities (21) that the energy difference between pyramidal 

and planar conformations for sp2 carbonium ions is large. In under- 

going solvolysis these polycyclic systems will attempt to achieve 

planar conformations for the sp2 positive carbon and in so doing will 

show an increase in strain upon reacting (25). While it may be 

reasonable to assume the same increase in strain for all members 

of a series of some substituted polycyclic system, there is no reason 

why this increase in strain should be the same for different polycyclic 

systems. Another complicating factor is the differing amount of 

7 
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nonbonded C1 -C4 interaction in going to the more planar carbonium 

ion transition state for the bicyclooctyl, cubyl, cyclohexyl, spiro and 

adamantyl systems. The 103 difference in solvolytic reactivity 

between 1- bromoadamantane and 1- bromobicyclo(2.2.2)octane is 

attributed to a large 1 -4 carbon interaction in the bicyclo(2. 2. 2) octyl 

system as compared to a negligible one in the adamantyl system (21). 

Present evidence makes it probable that the energy difference 

between pyramidal and planar free radical conformations is small 

and that changes in strain energy and nonbonded interactions in going 

to the transition state will be much less than in the corresponding 

solvolysis. Bicyclooctyl and adamantyl have essentially the same 

stability as an ordinary tertiary radical, t- butyl. 3 Insofar as there 

may be interactions between polar and steric or nonbonded interaction 

factors it is felt that a study of bridgehead radical formation is 

preferable to a study of bridgehead carbonium ion formation. 

The only reported free radical study not of an exocyclic nature 

is the Hammett -Taft study of hydrogen abstraction from substituted 
a 

cyclohexanes with t- butoxy radicals. A poor correlation with o 

was obtained (56). This can be traced to the fact that there are 

several types of hydrogens present, and since product studies were 

3 3For clarification of the above paragraph see E. Eliel (17, Ch. 
13), R. Fort and P. Schleyer (21, p. 339) and D. I. Davies (11). 
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not performed it is impossible to tell which hydrogens are being 

abstracted. Bridgehead radical formation in several polycyclic 

systems should be less complex than studies on systems like 

cyclohexane. 

The research described in this paper will involve the radical 

abstraction of bridgehead hydrogen atoms from 1-substituted 

adamantanes, I. Future research will involve studies on other 

polycyclic systems. 

The bridgehead adamantyl radical has long been known to be 

relatively stable. Prelog and Seiwerth in 1941 (59) prepared 1, 3- 

dibromoadamantane from adamantane -1, 3- dicarboxylic acid via the 

Hunsdiecker reaction showing that the bridgehead adamantyl free 

radical could be formed. Applequist and Kaplan have shown that the 

bridgehead adamantyl radical can be formed by decarbonylation of 

1- adamantylaldehyde (3). Smith and Williams have shown that the 

bridgehead hydrogens are fairly labile toward free radical chlorina- 

tion and bromination (75). 

The studies on the photochlorination of adamantane and studies 

of hydroxylation of adamantane with peracetic acid and ultraviolet 

% 
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light (70) show that secondary as well as bridgehead hydrogens are 

abstracted. The percent bridgehead reaction has been shown to 

vary with choice of solvent, temperature and type of abstracting 

radical. 

The usual representation for the transition state for hydrogen 

abstraction from a tertiary carbon by a radical X. is given below (60): 

R, R R. . ̀ , . `. e 
R' C- H X , -- R' ;C H- X -= R' /C H :X , 
R'y' R'i' ' R" 

A B 

Canonical form A should predominate in exothermic reactions where 

little bond breaking is expected in the transition state, form B and C 

in more endothermic reactions where there is considerable bond 

breaking in the transition state (28). In endothermic reactions form 

C should increase in importance as the abstracting radical becomes 

more electrophilic. The effect of polar substituents should then be 

proportional to the importance of canonical form C to the transition 

state; i. e. , the extent of carbonium ion character in the transition 

state. 

Linear free energy studies of hydrogen abstraction from sub- 

stituted toluenes yield the following p 's: -0. 66 for Cl. (60); -1.38 

for Br (91); and -1.46 for C13C (34). The Cl. study was carried 

out at 40 °C and the other two at 80 °C. It can be seen that the 

C 
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selectivity is poorest for the most exothermic reaction. Discussions 

of this system and others with various abstracting radicals concern- 

ing selectivity and transition state carbonium ion character can be 

found in the reviews of Trotman -Dickenson (36) and Tedder (84). 

In order to minimize the amount of non -bridgehead hydrogen 

abstraction the trichloromethyl radical generated photolytic ally 

from bromotrichloromethane was used in the research reported in 

this paper. Although it was originally claimed that the trichloro- 

methyl radical is more selective than the bromine atom (61, 7 

Trotman- Dickenson points out that more recent work seems to 

indicate that the trichloromethyl radical is slightly more reactive 

than a bromine atom (86, p. 28). Although the question of relative 

selectivity is not settled, bromotrichloromethane should give a 

much higher percent of bridgehead hydrogen abstraction for sub- 

stituted adamantanes than that observed for the photochlorination of 

adamantane (75), 

The photolytic reaction of bromotrichloromethane and aliphatic 

hydrocarbons involves a chain mechanism. The initiation step 

involves the production of Br atoms and trichloromethyl radicals. 

hv 
BrCC13 - Br- + C13C- 

Product studies both in the gas phase (48) and in solution (33) show 

only bromo alkyl products and no trichloromethyl alkyl products. 

.. 



12 

There are two possible chain propogating sequences giving bromo 

alkyl products. The first one involves hydrogen abstraction by the 

trichloromethyl radical and is a two step sequence. The second 

C13C + RH - C13CH + R 

R- + C13CBr - RBr + C13C etc. 

sequence is a three step one involving hydrogen abstraction by the 

Br atom, McGrath and Tedder (48), Huyser (33) and Russell et al. 

(66, 67) claim that the first sequence is the operative one because 

Br + RH - HBr + R 

R + C13CBr - RBr + C13C 

C13C + HBr -+ C13CH + Br etc. 

of the greater selectivity of the trichloromethyl radical compared 

to the Br atom and because HBr is detectable as a product; they 

propose that if the second sequence were the only one operative little 

HBr should have been detected. Tomkinson, Galvin and Pritchard, 

however, point out that the addition. of HBr alters the alkyl bromide 

products in competition reactions thus indicating that both sequences 

are occurring simultaneously and are of comparable importance (85). 

Since there is still some uncertainty regarding which of the two 

radicals, trichloromethyl or bromine atom, is the more selective, 

it is impossible to state at this time which of the two sequences is the 
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more important. This uncertainty should not adversely affect this 

study since excellent Hammett -Taft correlations have been obtained 

involving hydrogen abstraction by bromotrichloromethane from sub- 

stituted toluenes (34), allylbenzenes (50) and cumenes (24). It 

appears that if both propogating sequences were operative in these 

studies one can only conclude that the selectivity of the bromine atom 

must be almost identical to that of the trichloromethyl radical. The 

chain terminating steps involve the formation of molecular bromine 

Br + Br - Br2 

C13C + C13C - C13CCC13 

and hexachloroethane. 

The research reported in this paper has entailed: product 

studies of the reaction of bromotrichloromethane and various sub- 

stituted adamantanes, to determine if the mechanism followed is the 

same as that reported for the aromatic compounds; ascertaining 

major side reactions and finding conditions of solvent and tempera- 

ture that minimize unwanted side reactions; determining the ratio of 

bridgehead to non -bridgehead hydrogen abstraction as a function of 

substituent, temperature and solvent; determining the relative rate 

of disappearance and bridgehead abstraction for the 1- substituted 

adamantanes; ascertaining p for bridgehead free radical formation * 
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from 1- substituted adamantanes and an application of the Kirkwood- 

Westheimer model to the relative rates of bridgehead radical forma- 

tion. 
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RESULTS 

Syntheses of 1- Substituted Adamantanes. Standard synthetic 

methods were used to prepare twelve 1- substituted adamantanes. 

Except for the 1 -cyano and 1- methoxy derivatives, these had all 

been previously prepared. Details regarding the preparation and 

purification of these compounds may be found in the Experimental 

s ection. 

The synthesis of 1- methyladamantane via the AlC13 isomeriza- 

tion of exo- tetramethylenenorbornane gave 98% of the desired product 

and 2% of an impurity having a slightly longer retention time than 1- 

methyladamantane when examined by gas - liquid chromatography. 

Fort and Schleyer (19) point out that at equilibrium at room tempera- 

ture there is present 98% of the 1- methyl isomer and 2% of the 2- 

methyl isomer. Given sufficient time, any attempt to prepare 

methyladamantane via A1C13 isomerization will give this distribution 

of products. Repeating the synthesis reported in this paper, but 

decreasing the reaction time, might result in a purer sample of 1- 

methyladamantane. 

Two attempts to repeat the work reported by Stetter (79) for 

the preparation of 1- phenyladamantane via the reaction of 1- 

bromoadamantane, anhydrous ferric chloride and benzene failed to 

give his reported yield of 80% pure product. Table 1 summarizes the 
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results obtained on repeating Stetter's work. Only three out of the 

five products could be identified. A yield of 42% based upon 

reactants was obtained for 1- phenyladamantane. 

Table 1. Products in the Synthesis of 1- Phenyladamantanes. a 

Elutiobn % of M. P. (°C.) Analysis 

No. Total Compound Lit. (79) Found Calculated Found 

l 5.2 1- Bromo- 
adamantane 

118 118 -119 

2 49. 4 1 -Phenyl- 
adamantane 

87-89 84-85 M. W. , 212 M. W. , 215 

3 10.4 ? - 

4 26.0 1,3-Di- 102-103 M. W. , 288 M. W. , 302 

phenyl- C, 91.96 C, 91.27 

adamantane H, 8.39 H, 8.68 

5 9.0 

aDetails regarding purification techniques and NMR spectra of compounds isolated may be found in 

the Experimental section. 

bIncreasing retention time from gas -liquid chromatography. 

cThis compound has the same retention time as a known sample of 1- bromoadamantane. 

Products in the Reaction of Adamantane and Bromotrichloro- 

methane. Solutions composed of adamantane and bromotrichloro- 

methane were irradiated with ultra - violet light at temperatures be- 

tween 40 °C, and 103 °C. The major products obtained have been 

identified as 1- bromoadamantane, 2- bromoadamantane, and 

chloroform (see Experimental section). In all cases two minor 

products were detected. Analysis via gas - liquid chromatography 

? 
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revealed that one of these minor products had the same retention 

time as I -hydroxyadamantane and the other a slightly longer reten- 

tion time. The extent of these minor products depended on the pre- 

cautions taken to exclude atmospheric oxygen from the reaction 

vessel. In refluxing bromotrichloromethane exposed to the atmos- 

phere both minor products were approximately equal to the 

brominated products. By carrying out the reactions in sealed 

ampoules that had been evacuated and flushed with nitrogen several 

times prior to sealing, product mixtures were obtained where the 

minor products were always less than 10% of the bromoadamantane 

products. Table 2 shows the amount of bromotrichloromethane and 

adamantane consumed and the distribution of products for such a 

sealed ampoule reaction at 40 °C. A molar balance within the limits 

of experimental error was obtained between the number of moles 

of adamantane consumed and the number of moles of 1- and 2- bromo- 

adamantane produced. The number of moles of chloroform produced 

also corresponded to the number of moles of adamantane consumed 

although because of the volitility of chloroform, one might expect a 

greater chance of experimental error. In all cases the number of 

moles of bromotrichloromethane consumed exceeded the number of 

moles of adamantane consumed. 
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Table 2. Products in the Reaction of Adamantane and Bromo- 
trichloromethane at 40°C. a, b 

Run 
# 

BrCC13 
Reacted 

(mmoles) 

AdHc 
Reacted 

(mmoles) 

1 -AdBr 
Produced 
(mmoles) 

2 -AdBr 
Produced 
(mmoles) 

HCC13 
Produced 
(mmoles) 

1 0.70 0.56 0.53 0.06 0.61 

2 0.95 0.57 0.50 0.06 0.63 

3 1.30 0.75 0.69 0.08 0.71 

4 1.05 0.64 0.56 0, 07 0.64 

aThe initial and final concentrations for all entries below may be 
found in Table 16 in Appendix I. 

bThe mmole values reported were all determined from gas - liquid 
chromatographic peak area using o- dichlorobenzene as internal 
standard. The proportionality factor between area ratios and mole 
ratios was determined for each compound. 

c cAd is an abbreviation for adamantyl. 

Products in the Reaction of 1- Bromoadamantane and Bromo- 

trichloromethane. When solutions of 1- bromoadamantane and bromo- 

trichloromethane were irradiated with ultra -violet light at 40 °C. , 

gas - liquid chromatographic analysis revealed the existence of three 

major peaks of similar retention time. The first and largest peak 

was identified as 1, 3- dibromoadamantane. The other two peaks 

could not be completely resolved and are assumed to be the three 

possible dibromoadamantanes obtained via non -bridgehead hydrogen 

abstraction (see Fig. 1). This assumption seems justified because 
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the relative peak areas and retention times are analogous to those 

found in the reaction of adamantane and bromotrichloromethane. A 

small peak with a retention time intermediate with those of 1 -bromo 

and 1, 3- dibromoadamantane was evident. The area of this peak was 

always less than 5% of the dibromoadamantane peaks when precautions 

were taken to exclude atmospheric oxygen. Lastly, two small peaks 

were observed, one with the same retention time as 1- hydroxy- 

adamantane and one with the same retention time as hexachloro- 

ethane, both having peak areas corresponding to 10% of the dibromo- 

adamtane products, 

1, 3 -AdBr2 1, 2 -AdBr2 

Br 

1, 4a -AdBr2 

Br 
H 

1, 4e-AdBr2 

Fig. 1. The Four Possible Monobromination Products 
of 1- Bromoadamantane. 

Table 3 shows the amount of bromotrichloromethane and 1- 

bromoadamantane consumed and the distribution of products formed 

in the product study reported in Appendix I, Table 17. A good molar 

balance was obtained between the amount of 1- bromoadamantane 

reacted and the amount of dibromoadamantane products produced. 

Br Br 

Br 

Br 

Br 
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Again, in all cases the number of moles of bromotrichloromethane 

consumed exceeded the number of moles of 1- bromoadamantane 

consumed. Unlike the adamantane product study, the average molar 

balance between chloroform produced and 1- bromoadamantane con- 

sumed is not good; in all cases less chloroform is produced than 1- 

bromoadamantane consumed. 

Table 3. Products in the Reaction of 1- Bromoadamantane and 
Bromotrichloromethane at 40 °C. 

Run 
# 

BrCC13 
Reacted 

( mmoles) 

1 -AdBr 
Reacted 

(mmoles) 

Dibromoadaman- 
tanes Produced 

(mmoles)a 

HCC13 
Produced 
(mmoles) 

1 0.19 0.16 0.16 0, 12 

2 0.31 0.21 0.18 0.17 

3 0.18 0.15 0.14 0.11 

4 0.35 0.20 0.19 0.09 

a These values are determined assuming that the ratio of moles to 
peak area are the same for the products and the internal standard, 
o- dichlorobenzene. For comparison: the mole to peak area ratio 
for 1- bromoadamantane is 0.89 that of o- dichlorobenzene. 

Products in the Extended Reaction of Adainantane and Bromo- 

trichloromethane. A solution containing adamantane and bromo- 

trichloromethane in the approximate molar ratio of 1 :6 was irradiated 

with ultra -violet light in a nitrogen atmosphere for 39 hours at 103 °C. 

(reflux temperature). The reaction was continually monitored via 
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gas - liquid chromatography. At the end of this time peaks were 

found that had retention times equal to 1- bromo, 2 -bromo and 1, 3- 

dibromoadamantane and two peaks corresponding to the ones pre- 

viously assumed to be the non -bridgehead bromination products. In 

addition, there were four peaks having greater retention times than 

the dibromoadamantanes: a large peak assumed to be 1, 3, 5 -tri- 

bromoadamantane immediately followed by three unresolved peaks 

assumed to be tribromoadamantanes having one or two non -bridgehead 

bromine atoms. Table 4 shows the relative distribution of these 

products as a function of time. 

Table 4. Relative Distribution of Brominated Adamantane Products 
as a Function of Time in the Reaction of Adamantane and 
Bromotrichloromethane at 103 °C. a 

Time 
(hrs) AdH 

AdBr 
(all isomers) 

AdBr2 
(all isomers) 

AdBr3b 
(all isomers) 

0 (100) 0.0 0.0 0.0 

2 48.4 46.1 5.5 0.0 

6 24.9 57.3 17.8 0.0 

12 13.7 52.3 31.7 2.3 

24 2.9 42.2 45.3 9.6 

39 0.9 27.0 55.2 16.9 

aThe ratio of gas - liquid chromatographic peak areas to moles is 

b bassumed equal to one. 
The identity of these peaks as tribromoadamantanes is assumed. 
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Solvent and Temperature Dependence of Bridgehead Hydrogen 

Abstraction from Adamantane. Solutions of adamantane in bromo- 

trichloromethane and adamantane and bromotrichloromethane in 

benzene were prepared and reacted at 40 °C. and 70 °C. in replicate 

in order to ascertain the effect of solvent and temperature on bridge- 

head versus non -bridgehead hydrogen abstraction. Table 5 gives 

the ratio of 1 -bromo to total monobromoadamantane products for the 

reaction of bromotrichloromethane and adamantane under different 

conditions of solvent and temperature. Selectivity of hydrogen 

abstraction by the trichloromethyl radical was found to decrease with 

increasing temperature and slightly increase on going to an aromatic 

solvent. 

Table 5. Ratio of 1- Bromoadamantane to Sum of 1- and 
2- Bromoadamantane - Temperature and Solvent 
Dependence. a 

Solvent 

1 -AdBr 
X100% 

1 -AdBr + 2 -AdBr 

40 °C. 70 °C. 

BrCC13 

C6H6 

86 +2 66±1 

91±2 72±1 

aThe values reported in this table are averages. See 
Tables 15 and 16, Appendix I for individual runs and 
extent of reaction. 
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Products in the Reaction of Bromotrichloromethane and 

Twelve 1- Substituted Adamantanes. Ten additional 1- substituted 

adamantanes were reacted with bromotrichloromethane as reported 

above for adamantane and l bromoadamantane. Gas - liquid 

chromatographic analysis of the products revealed that six of these 

1- substituted adamantanes (methyl, methoxy, cyano, carbomethoxy, 

1- adamantyl and phenyl) gave products analogous in relative renten- 

tion times and peak areas to those reported previously for adamantane 

and 1- bromoadamantane. A reasonable molar balance was obtained 

for moles of 1- substituted adamantane consumed and moles of 

assumed brominated products produced. In all cases the amount of 

bromotrichloromethane consumed was greater and the amount of 

chloroform produced was less than the amount of 1- substituted 

adamantanes consumed. For reaction times in excess of 30 hours 

three very small peaks were detected: one having the same retention 

time as carbontetrachloride, one having the same retention time as 

hexachloroethane and one having a reaction time intermediate be- 

tween bromotrichloromethane and o- dichlorobenzene. 

In addition to the expected monobrominated products for 1- 

chloro and 1- fluoroadamantane substantial amounts of 1- bromo- 

adamantane was discovered in the product mixtures. In addition two 

additional products were obtained; one having the same and one a 

slightly longer retention time than l hydroxyadamantane. The 
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halogen interchange observed could proceed by way of a photolytic 

cleavage of the carbon- halogen bond followed by reaction of the 

adamantyl radical with bromotrichloromethane or by abstraction of 

a halogen by the trichloromethyl radical followed by reaction of the 

adamantyl radical with bromotrichloromethane. In order to 

ascertain if the first mechanism was operative 1- fluoro, 1- chloro, 

1 -bromo and 1- iodoadamantane were seperately irradiated with ultra- 

violet light in cumene solutions. No reaction was observed for 1- 

chloro and 1- bromoadamantane after irradiation for 95 hours at 

70°C. Under these same conditions about 20% of the 1- fluoro- 

adamantane reacted to give one product identified as 1- hydroxy- 

adamantane and a small amount of adamantane. The 1- iodoada- 

mantane reacted to give a purple solution, indicating molecular 

iodine, and about 50% adamantane. Product studies for the reaction 

of 1- iodoadamantane with bromotrichloromethane indicated that no 

less than eight products were formed; the only products that could be 

identified with any degree of certainty were 1- bromoadamantane and 

chloroform. 

The product study of 1- hydroxyadamantane and bromo- 

trichloromethane indicated that no less than four products in addition 

to chloroform were formed in contrast to that found for 1- methoxy- 

adamantane. None of these products could be identified with cer- 

tainty. 
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It was decided to exclude 1 -iodo, 1- fluoro and 1- hydroxy- 

adamantane from the kinetic studies since their product studies were 

incompatable with the other 1- substituted adamantanes. It was hoped 

that kinetic results for 1- chloroadamantane could be corrected for 

possible chlorine abstraction. The percent bridgehead hydrogen 

abstraction for the adamantanes used in the kinetic study are given 

in Table 6. 

Table 6. Percent Bridgehead Hydrogen Abstraction from 1- Substi- 
tuted Adamantanes by Trichloromethyl Radicals. a 

Substituent 

Percent Hydrogen 
Abstraction of 
Total Products 

Percent Bridge- 
head of Total 

Hydrogen 
Abstraction 

Percent Bridge- 
head Hydrogen 
Abstraction of 
Total Products 

- H 100 86 86 

-Cl 31 72 22 

- Br 90b 85 77 

- CN 100 74 74 

- Ad 100 87 87 

- Me 100 87 87 

_ 100 75 75 

- OMe 100 85 85 

- COOMe 100 83 83 

aThe uncertainties in the values reported in this table may be found 
by consulting the product studies given in Tables 16 -24, Appendix I. 

bThis value was obtained by considering the 1- hydroxyadamantane 
produced to be due to bromine abstraction from 1- bromoadamantane 
followed by reaction with molecular oxygen. This is elaborated on 

in the Discussion section. 
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Reaction of Chloroform and Bromotrichloromethane. In most 

of the product studies reported above the molar amount of chloroform 

produced was considerably less than the amount of 1- substituted 

adamantane consumed. In order to test the possibility that chloro- 

form was reacting with bromotrichloromethane in a chain reaction 

involving the following possible steps 

by 
BrCC13 Br + CC13 

HCC13 + Br -y HBr + CC13 

2 CC13 Cl C13CCC13 

chloroform and bromotrichloromethane in a molar ratio 1:2 were 

irradiated with ultra- violet light in sealed ampoules at 40 °C. On 

the average approximately 10% of the chloroform had reacted and 

hydrogen bromide could be qualitatively detected after irradiation for 

35 hours. 

Relative Rates of Disappearance of 1- Substituted Adamantanes 

in Bromotrichloromethane. Solutions of two adamantanes, excess 

bromotrichloromethane and an internal standard, o- dichlorobenzene 

were prepared and irradiated with ultra -violet light at 40 °C. By 

stopping the reaction far short of completion the two adamantanes 

were made to compete for the trichloromethyl radicals; this should 

also minimize undesirable coupling, disproportionation and other 

undesired side reactions. The eight to twenty fold excess of 

- 

- 

- 
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bromotrichloromethane used should insure that the 1- substituted 

adamantyl radicals generated then react only with bromotrichloro- 

methane giving the monobrominated product instead of abstracting 

a hydrogen from another adamantane molecule thereby giving the 

original substituted adamantane and possibly a different substituted 

adamantyl radical. 

To insure that o- dichlorobenzene, the internal standard, did 

not react under the conditions employed in the kinetic runs, solutions 

of 1- cyanoadamantane, o- dichlorobenzene, bromotrichloromethane 

and carbontetrachloride (internal standard) were prepared and 

irradiated with ultra -violet light for 37 hours at 40 °C. While the 

amount of 1- cyanoadamantane and bromotrichloromethane had 

decreases sizeably there appeared to be 5% more o- dichlorobenzene 

present than initially. This indicated that o- dichlorobenzene is more 

inert to these conditions than carbontetrachloride. 

Table 7 gives the results of the kinetic experiments expressed 

in relative rates of disappearance. 1- Carbomethoxyadamantane was 

used as the reference compound. Values are not corrected for any 

statistical differences in the number of bridgehead hydrogen atoms. 

The unusually large reactivity of 1- fluoro and 1- chloroadamantane 

should be noted. 
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Table 7. Relative Rates of Disappearance of 1- Substituted Adaman- 
tanes in Bromotrichloromethane at 40°C. a 

Substituent 
kX Average 

Deviation (f) 
Number of 

Kinetic Runs k 
COOMe 

- H 2.07 0.13 6 

- F 17 3 5 

- Cl 1.20 0.06 5 

- Br 0.64 0.09 4 

- CN 0.67 0.05 5 

- Adb 4.54 0.26 4 

- Me 1.98 0.09 6 

- (I) 3.3 0.3 5 

- OMeb 1.44 0.08 6 

- COOMe (1 .00) ---- 

aComplete data for the kinetic runs may be found in Appendix II, 
Tables 25 -32, 

bThe kinetic runs for methoxy and adamantyl derivatives were run in 
competition with adamantane. The values given here were calculated 
using eq. 6 ih the Experimental section. 
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DISCUSSION 

Product Studies. The results obtained in analyzing the products 

of the reaction of 1- substituted adamantanes and bromotrichloro- 

methane indicate that the brominated product is formed to the exclu- 

sion of the trichloromethylated product. Identical conclusions have 

previously been obtained for benzylic systems (33) and aliphatic 

systems containing only primary and secondary hydrogens (48). 

The results are consistent with the mechanism proposed by 

Huyser (33) and Russell et al. (66, 67) for the abstraction of hydrogen 

atoms in the photolytically initiated reaction of bromotrichloromethane 

and hydrocarbons. If AdH is allowed to represent any 1- substituted 

adamantane, one obtains for the analogous mechanism: 

by 
BrCC13 Br. + CC13 

AdH + CC13 - Ad. + HCC13 

Ad. + BrCC13 - AdBr + CC13 } 

(initiating) 

(propogating) 

The possibility of a three step propagation sequence involving 

hydrogen abstraction by a bromine atom has not been eliminated (see 

Introduction). 

Using excepted values for bond energies (89, p. 50; 90, p. 97) 

the first and second propogating steps above should have enthalpies of 

reaction of zero and -10 kcal /mole respectively. Since the 

-- 
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molecularities are the same for both steps, one may assume that the 

entropies of reaction are approximately equal in both propogating 

steps. Free energy considerations then indicate that the first 

propogating step should be rate determining in the competitive kinetic 

experiments reported for the adamantanes. The kinetic results 

should be independent of the initiating step in competitive studies, 

The relative rate of disappearance of adamantanes should correspond 

to the relative labilities of the C -H bond in the 1- substituted adaman- 

tanes assuming the radicals that attack the different adamantanes are 

the same or have the same selectivity. Since the selectivity of the 

trichloromethyl and bromine radicals is generally accepted as 

almost identical (86), the correspondence between relative C -H 

labilities and relative rates of disappearance should be valid even if 

both the two step and three step propogating sequences are occurring. 

The increased selectivity of the trichloromethyl radical relative to 

the bromine radical in the reaction with substituted cumenes has been 

attributed to a steric interaction between the larger trichloromethyl 

radical and the a- methyl groups in cumene (24). Such steric inter- 

action should be small in the case of bridgehead hydrogen abstraction 

in adamantanes since the a groups are effectively "tied back" in the 

rigid adamantane structure. 

In all substituted adamantanes studied there were observed 

two minor products having gas - liquid chromatographic retention 

'. 

.. 
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times intermediate between those of the starting material and the 

bridgehead monobromination product. In the case of the reaction of 

adamantane and bromotrichloromethane one of these minor products 

had the same retention time as 1- hydroxyadamantane. Since the 

extent of these minor products depended on the precautions taken to 

exclude air from the reaction ampoules, it is assumed that they 

involve a reaction of the substituted adamantyl radical with molecular 

oxygen. 

Autoxidation could involve any of the following steps (60, Ch. 

18): 

Ad + 02 - Ad00 

AdOO + AdH -- AdOOH + Ad. 

2 AdOO -- 2 Ad0 + 02 

Ad0' + AdH - AdOH + Ad 

In addition to the above possibilities any secondary adamantyl alcohol 

formed could be oxidized to an adamantanone. The oxidation of 2- 

hydroxyadamantane to adamantanone has been reported for various 

conditions (19, 70, 75). While the reaction of the adamantyl radical 

with oxygen comes after the rate determining step and therefore should 

not influence the observed kinetics, the abstraction of a hydrogen by 

either Ado' or Ad00 from a substituted adamantane will directly 

compete with the rate determining step. Only if the selectivity of 
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these radicals is identical to the tr.ichloromethyl radical will the 

relative rates of disappearance of the adamantanes be unaffected by 

autoxidation. Fortunately careful exclusion of atmospheric oxygen 

reduced these minor products to less than 10% of the brominated 

products. 

In all the product studies and kinetic runs the moles of bromotri- 

chloromethane consumed exceeded the total number of moles of 

adamantanes consumed. This is most likely due to the photolytic 

decomposition of bromotrichloromethane occurring as an independent 

set of reactions; i. e. , 

hv 
BrCC13 - Br- + CC13 

Br + BrCC13 - Br2 + CC13 

2 C13C - C13CCC13 

In addition studies in the gas phase indicate the following set of 

reactions as possibilities (8): 

hv 
BrCC13 

CC13 + BrCC13 

CC12Br + BrCC13 

Br. + CC13 

CC14 + CC12Br 

CC12Br2 + CC13 

Small peaks having the same gas - liquid chromatographic retention 

time as Br2, CC14 and C13CCC13 were found in all the product studies 

and kinetic runs. In addition a small peak having a retention time 

slightly greater than BrCC13 was always observed. This may 

- 

- 
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correspond to CC12Br2, 

The failure to obtain a molar balance between chloroform 

produced and adamantanes consumed is most likely due to the lability 

of the C -H bond in chloroform (90 kcal /mole) being almost identical 

to that of the C -H bond in adamantane (90 kcal /mole for t -buH). 

Results obtained in this investigation indicate that chloroform and 

bromotrichloromethane react photolytically to give HBr and hexa- 

chloroethane. In none of the product studies was there any evidence 

for rearrangement of the carbon skeleton like that observed recently 

for bicyclooctyl and norbornyl radicals in a mass spectrometer (47). 

Three of the substituted adamantanes contained potentially 

labile hydrogens within the substituent: AdOH, AdOMe and AdCOOMe. 

The product studies of 1- methoxyadamantane and 1- carbomethoxy- 

adamantane failed to reveal any reaction of the methyl hydrogens 

with bromotrichloromethane. This is consistent with the well known 

greater lability of tertiary and secondary relative to primary 

hydrogens (60, 89). The multitude of unidentified products in the 

reaction of 1- hydroxyadamantane and bromotrichloromethane most 

likely indicates reactions occurring involving the hydroxy hydrogen. 

This is not surprising since it has been reported that the activation 

energy is the same for abstracting both kinds of hydrogens in 

methanol by the CF3 radical (9). 1- Hydroxyadamantane was there- 

fore eliminated from the kinetic study. 
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In the case of the four 1- substituted haloadamantanes reactions 

occurred between bromotrichloromethane and the halogen substituent 

in addition to hydrogen abstraction. The exclusion of 1- iodoada- 

mantane from the kinetic study was necessitated by the fact that the 

C -I bond underwent photolytic dissociation under the conditions of the 

kinetic experiment. 

There is strong evidence that 1- fluoro, 1- chloro and 1- bromo- 

adamantane undergo a halogen interchange with the bromine atom in 

bromotrichloromethane. This probably involves generation of the 

adamantyl radical via halogen abstraction by a trichloromethyl 

radical. A product tentatively identified as 1- bromoadamantane was 

found in the reaction of bromotrichloromethane with 1- fluoro and 1- 

chloroadamantane. Since the product of such a halogen interchange 

with 1- bromoadamantane is 1- bromoadamantane, the only indication 

that a similar reaction occurred was the small amount of material 

found having the same gas - liquid chromatographic retention time as 

1- hydroxyadamantane. The relative labilities of bridgehead halogen 

and bridgehead hydrogen atoms are compared for 1- fluoro and 1- 

chloroadamantane in Table 8. Similar values for 1- bromoadamantane 

must wait until an experiment using labeled bromotrichloromethane 

is carried out. 

There is a possibility that the 1- fluoroadamantane is reacting 

with the oxygen in the pyrex glass of the ampoule. This could account 

.. 



35 

for the large amount of 1- hydroxyadamantane obtained in the reaction 

of bromotrichloromethane with 1- fluoroadamantane in spite of the 

precautions taken to exclude atmospheric oxygen. Likewise this 

could account for the unexpected 1- hydroxyadamantane obtained when 

1- fluoroadamantane was irradiated with ultra- violet light in a solution 

of cumene. 

Table 8. The Ratio of kx /kH for the reaction of 1 -AdF 
and 1 -AdC1 with the CC13 Radical at 40 °C. 

Compound kX/kHa 

1 -AdF 

1 -AdC1 

3. 9±0.2 

6. 7 ±0.3 

aStatistically corrected for the different number of 
halogen atoms and bridgehead hydrogen atoms. 

The literature contains several examples of halogen inter- 

changes where a fluorine is replaced by a chlorine or bromine; these 

generally involve either vinyl or allylic fluorines and are all ionic 

processes usually involving Lewis acids (45, p. 37, 161; 55, 77). 

Vinyl fluorines have also been replaced by alcohols in an ionic process 

(54). Generally, however, most reactions reflect the trend 

F< Cl< Br< I in regards the lability of the carbon -halogen bond, a 

typical example being the solvolysis of alkyl halides (43, 80). Of 
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the many . free radical studies involving either hydrogen abstraction 

or addition to a double bond in fluorinated hydrocarbons, none have 

been shown to involve abstraction of fluorine atoms although it should 

be noted that these have never involved a fluorine attached to a 

tertiary carbon as in adamantane (60, 74, 84, 86, 89, 90). Reports 

of chlorine atom abstraction by methyl radicals (85) and methylene 

(29) have appeared in the literature. 

It is not clear whether the observed halogen abstraction is 

due to an unusually weak carbon-halogen bond in 1- haloadamantanes, 

an unusually strong carbon -halogen bond in the products (carbon - 

tetrachloride and fluorotrichloromethane for 1- chloro- and 1- fluoro- 

adamantane respectively) or both. Appendix IV contains a discussion 

concerning these factors. 

In eight of the twelve 1- substituted adamantanes product studies 

indicated that the reaction occurring in their reaction with bromo- 

trichloromethane was the desired hydrogen abstraction. It was also 

felt that the kinetics for 1- chloroadamantane could be corrected to 

take into account the chlorine abstraction occurring. The percentage 

of total brominated products indicating bridgehead hydrogen abstraction 

was much higher for the trichloromethyl radical than that observed 

for photochlorination of adamantane. The ratio of reactivity of 

bridgehead to non -bridgehead hydrogen atoms in the nine 1- substituted 

adamantanes selected for kinetic studies are given in Table 9 along 

. 
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with the data for photochlorination. 

Table 9. Relative Reactivities of Bridgehead Versus Non- Bridge- 
head Hydrogens Toward Free Radical Abstraction. a 

k rk at 40 °C k /k at 70 °C 
Compound Radical 3 2 3 2 

BrCC13 C6H6 BrCC13 C6H6 

AdHb Cl 2. 5 2. 9 

AdH CC13 18 30 5.8 7.7 

AdBr CC13 24 

AdC1 CC13 16 

Ad4) CC13 12 

AdMe CC13 27 

AdCN CC13 19 

AdCOOMe CC13 20 

AdOMe CC13 24 

AdAdc CC13 27 

aThe relative constants are statistically corrected. 

bRef. 75, 35 °C. in CC14 solvent 

cThe two brominated products could not be sufficiently resolved by 
gas - liquid chromatography. The same value as in AdMe is assumed. 

The well known ability of aromatic solvents to increase 

selectivity by complexing (35) is evident in both the reaction of 

adamantane with chlorine and trichloromethyl radicals. Selectivity 

is approximately increased by a factor of ten in going from the 

chlorine to trichloromethyl radical. As expected, increasing the 

temperature lowers both the selectivity and the difference in 
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selectivity between different solvents and radicals. No explanation 

for the difference in selectivity as a function of substituent can be 

offered. There appears to be no simple relationship between 

selectivity and either electronegativity or steric bulk of the sub- 

stituent. 

Kinetic Studies. The results of the relative rates of total 

hydrogen and bridgehead hydrogen abstraction from substituted 

adamantanes by trichloromethyl radicals are given in Table 10. It 

was assumed that abstraction of bridgehead hydrogens, non-bridge- 

head hydrogens and bridgehead halogens all proceed by the same 

type mechanism. In that case the rate constant for the disappearance 

of an adamantane, kD, is equal to the sum of the rate constants for 

bridgehead hydrogen abstraction, kH , non -bridgehead hydrogen 

abstraction, 

k = k' + k + k (eq. 3) 

kH" and halogen abstraction, kZ. 

It is evident from Table 10 that the presence of electron 

donating groups facilitate and electron withdrawing groups retard the 

abstraction of a labile hydrogen atom from a substituted adamantane. 

The exception to this being 1- phenyladamantane. The increased 
* 

reactivity of 1- phenyladamantane over that predicted by its value 

may be accounted for in part by the complexing ability of the aromatic 



Table 10. Relative Rates of Total and Bridgehead Hydrogen Abstraction from 
Substituted Adamantanes by Trichloromethyl Radicals at 40 °C. a 

Substituent 6 

k/k X C OOMe 

Total Hydrogen Bridgehead Hydrogen 

- Ad -0.16c 2.28t0.12 2.38t0.13 

- Me -0. 10 1.98 ± 0.09 2.08 ± 0.09 

- H 0.00 1.55 ± 0. 09 1.61 ± 0.09 

-(I) 0.22 3.3 t Q. 3 3.3 f 0.2 

- OMe 0.52 1.42 ± 0.08 1.21 ± 0.06 

- COOMe 0.71 (1 .00) (1.00) 

- Br 1.00 0.58 ± 0.08 0.59 ± 0.08 

- Cl 1.05 0.37 ± 0.02 0.32 0.02 

- CN 1.30 0 . 67 ± 0 . 05 0. 60 t 0. 04 

aStatistically corrected. 
bFrom ref. 44. 

cAssumed to be the same as t -bu. 

m b 
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ring. This will increase the selectivity of the trichloromethyl radical 

and thereby increase the reactivity of 1- phenyladamantane relative to 

1- carbomethoxyadamantane. Table 11 presents the results of correla- 

tion of the kinetic data with the Hammett- Taft linear free energy 
>x 

relationship. Correlations were made against a- using the least- 

square method. Figures 2 and 3 show plots of the logs of the relative 

rate constants for total hydrogen abstraction and bridgehead hydrogen 

abstraction respectively plotted against o- Excluding the phenyl 

and chloro substituent points, one gets an excellent correlation. The 

value for the relative reactivity of 1- chloroadamantane is doubtful at 

best since it depends on the validity of eq. 3 which in turn implies 

that the rate of disappearance can be corrected for chlorine abstrac- 

tion by multiplying it by the percent hydrogen abstraction found in the 

product study, 

Table 11. p Values for Hydrogen Abstraction from 1- 
Adamantanes by the Trichloromethyl Radical at 40 °C. 

Total Hydrogen Bridgehead Hydrogen 
Abstraction Abstraction 

Subs tituents Pm 
a r 

.4 

p 
a r 

Ad, Me, H, OMe, 
COOMe, Br, Cl 
and CN 

Ad, Me, H, OMe, 
COOMe, Br and 
CN 

-0. 42±O. 08 

-0.35±0.04 

-0.906 

-0.964 

0. 47±0. 08 

-0.40t-0.04 

-0.920 

-0.980 

a Correlation coefficient 

. 
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value of -0.40 obtained for bridgehead hydrogen abstrac- 

tion from adamantanes by trichloromethyl radicals indicates a transi- 

tion state in which there is already pronounced carbon- hydrogen bond 

breakage. This is in accord with results obtained for the reaction 

of other systems with bromotrichloromethane (24, 34, 50). 

In order to ascertain if the large reactivity of 1- phenyl- 

adamantane could be explained completely by the complexing ability 

of the phenyl ring the relative reactivity of 1- phenyladamantane to 

adamantane and 1- carbomethoxyadamantane was determined 

experimentally yielding values of 1.7 and 3.3 respectively. From 

these values one obtains a calculated value of 1.94 for kH /kCOOMe 

as compared to a value of 1. 55 when adamantane and 1- carbomethoxy- 

adamantane are made to compete directly for trichloromethyl radicals. 

This is an increase by a factor of 1.25 representing the increased 

selectivity due to complexing by the phenyl group. If complexing 

were the whole explanation, adamantane should be more reactive 

relative to 1- phenyladamantane than expected rather than less 

reactive. 

It has been suggested in the past that bridgehead adamantyl 

carbonium ions may be stabilized by C -C hyperconjugation. Figure 

4 shows the analogous case for bridgehead adamantyl radicals. 

Attachment of a phenyl group to any bridgehead would be expected to 

appreciably stabilize the hyperconjugative form having the radical at 
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the same bridgehead as the phenyl group. 

Figure 4. Hyperconjugation in the 1- Adamantyl Radical. 

In order to test the possibility of C -C hyperconjugation in 

bridgehead adamantyl carbonium ions Fort and Schleyer solvolyzed a 

series of bridgehead alkyl 1- bromoadamantanes (20). Bridgehead 

alkyl groups should accelerate the solvolysis if C -C hyperconjugation 

is operative. However, they found that the addition of methyl groups 

retards the solvolysis rate. The explanation offered is that when 

methyl groups are attached to spa carbons they may be electron with- 

drawing; the exact hybridization of carbon in a saturated molecule may 

change with variations in structure so that methyl groups may not be 

electron withdrawing in all saturated molecules. Also reported is 

the fact that the solvolysis of 1- bromoadamantane is accelerated by 

the addition of an isopropyl group in the 3 position. While Fort and 

Schleyer feel that the results of their experiments eliminate the 

possibility of C -C hyperconjugation for bridgehead adamantyl car - 

bonium ions, the results obtained in this study for 1- phenyladamantane 

and their results indicating a possible electron withdrawing effect for 

.. 
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alkyl groups attached to adamantane show that the question of C -C 

hyperconjugation in adamantanes is not settled. The solvolysis of 

1- phenyl -3- bromoadamantane would be a good system to test C -C 

hyperconjugation in adamantyl carbonium ions. 

The idea that methyl groups in saturated molecules may be 

electron withdrawing has been advanced by other researchers (40, 

52, 58). Baker, Parish and Stock (4) note that in aqueous media the 

solvent structure about the lyophobic hydrogen and alky groups should 

differ from that around more polar substituents. This difference in 

solvent structure will influence the dielectric environment and there- 

by the transmission of polar effects. The reported cases of electron 

withdrawing methyl groups have all involved solvolysis in aqueous 

media (50 -80% ethanol). The fact that a "normal" electron releasing 

effect was noted in this study for the reaction of 1- methyladamantane 

and trichloromethyl radicals in essentially a non -polar solvent lends 

support to their theory. It will be interesting to see if the study on 

the decomposition of substituted adamantyl peresters being carried 

out by Fort (18) supports the results obtained in this study. 

The slightly greater reactivity of the 1- cyanoadamantane com- 

pared to the 1- chloro and 1- bromoadamantane in this study should be 

noted. Along with the unusual halogen abstraction found to be taking 

place in the reaction of haloadamantanes and bromotrichloromethane, 

other unusual results have been observed for the haloadamantanes. 
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The dipole moments for 1- chloro and 1- bromoadamantane calculated 

from the refraction at the sodium D -line are 2.51D and 2.54D 

respectively (87). These are approximately 15% larger than any 

observed for acyclic or alicyclic halides. The chemical shift in the 

NMR spectra for the ß protons of 1- substituted adamantanes have been 

found to increase with increasing electronegativity of substituent 

except for the halogens where the shift decreases with increasing 

electronegativity (22). None of these effects can be explained at this 

time. If the same anomolous results are obtained for the reaction 

of 1- chloro and 1 -bromo bicyclo(2. 2. 2)octane and trichloromethyl 

radicals, it may be necessary to define a new set of substituent con- 

stants for these systems. 

Electrostatic Theory. The Hammett -Taft equation of linear 

free energy relationships and the Kirkwood -Westheimer equation for 

two carboxylic acids A and B can be combined to give eq. 4. 

(p (p. cos UR2DE)A 

(p )B (p. cos VR2DE)B 
(eq. 4) 

Holtz and Stock (31) have calculated values of µ cos ß/R2 and 

ratios of DE for several rigid bromo aliphatic carboxylic acids. 

Table 12 compares the relative p values experimentally obtained 

with relative values of µ cos R2DE. A fair correlation is obtained 

between the two quantities indicating the probable validity of eq. 4. 

)A 
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More recent work by Stock and co- workers (4) also adds support to 

the field effect model as represented by eq. 4 (see Introduction). 

Future studies on free radical hydrogen abstraction from substituted 

bicyclo(2. 2. 2)octanes will allow an application of eq. 4 to the work 

reported in this paper. 

Table 12. Experimental and Predicted Relative Values of p for 
Aliphatic Carboxylic Acids. 

Bromocarboxylic 
Acid 

Relative 
p 

Relative Calculated 
Values of p. cos /R2DE Ref. 

1, 4-trans- (1.00) (1.00) 31, 73 
C yclohexane 

1, 3-Adamantane 1.00 1.18 31, 38 

1, 4- Bicyclo 1.07 1.20 31 

(2. 2. 2)octane 

In applying eq. 2, the Kirkwood- Westheimer equation, to the 

kinetic study reported in this paper it is necessary to write it in the 

following form: 

A e 
log (kX /kCOOMe) 2. 3kT 

p. cos O 

R2DE X 
NBA 

p. cos O 

R2DE COOMe 
q. 5) 

where A represents the fraction of a full positive charge formed in the 

transition state, p. is the group dipole of the substituent, O the angle 

between the direction of the group dipole and the extension of the 

carbon substituent bond and R the distance between the center of 

1 

J 
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the dipole and the center of the bridgehead carbon- hydrogen bond being 

broken in the reaction. The effective dielectric constant, DE, is a 

complicated function of R, the distance of the center of the dipole 

from the center of the adamantane molecule, r, the distance of the 

center of the bridgehead carbon -hydrogen bond from the center of 

the adamantane molecule, d, the angle between r and d, a, the 

radius of the solvent cavity, b, and the values of the dielectric con- 

stant of the solvent and cavity. (See Appendix III for the exact 

expression. ) Figure 5 shows the relationships between the geometric 

quantities involved. In the case of adamantane a _ 109 °28'. Table 13 

gives the values of the distances involved for various 1- substituted 

adamantane s . 

Figure 5. The Definition of R, r, d, 0 and µ 
for 1- Substituted Adamantanes. 
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Table 13. Values of R, r, d, b, x and a for 1- Substituted 
Adamantanes. a 

e 

Compound db r c a bd x = [rd/ Jf 2 b 
AdMe 2.09 3.26 109° 4.42 4.76 0.549 

AdH 2.09 2.09 109° 3.42 3.59 0.583 

AdOMe 2.09 2.54 109° 3.79 4.04 0.570 

AdCOOMe 2.09 3.52 109° 4.66 5.02 0.541 

AdBr 2.09 2.51 109° 3.76 4.01 0.571 

AdCN 2.09 3.58 109° 4.71 5.08 0.538 

a Distances are in R. 

bThis is the distance from the center of an adamantane molecule to a 
bridgehead carbon plus one -half the caron hydrogen bond length. 

c cDistances obtained following the method of Kilpatrick and Morse 
(36). In the case of the H, OMe, and Br substituents the distance r 
is the distance from the center of the adamantane molecule to the 
bridgehead carbon plus one -half the distance from the bridgehead 
carbon to the end of the substituent as projected on the bridgehead 
carbon - substituent bond. In the case of the Me, COOMe and CN 
substituents the distance r is the distance from the center of the 
adamantane molecule to the first carbon in the substituent plus 
one -half the length of the substituent as projected on the bridgehead 
carbon - substituent bond. Bond lengths were taken from the tables 
of Bowden (5) and Sutton (81). 

dThe Tanford sphere approximation has been used. 1.5 R have been 
added to r to give b. 

eThe value of x represents the penetration of the dipole below the 
surface of the solvent sphere. 

The calculated values for log (k /k ) using eq. 5 and 
X C OOMe 

assuming a full positive charge in the transition state and the 

experimental values for log (kX /kCOOMe) are tabulated in Table 14. 

Figure 6 shows a plot of these two values. Also given in Table 14 is 

R 
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the value for A, the fractional amount of positive charge formed in 

the transition state . An excellent correlation was obtained between 

the predicted and the calculated values of log (kX /kCOOMe) indicating 

that the Kirkwood -Westheimer model can account quantitatively for 

the polar effects of substituents in free radical reactions as well as 

in studies of relative dissociation constants of carboxylic acids. The 

results of this calculation may be tentatively interpreted as indicating 

that approximately 12% of a full positive charge has developed on the 

bridgehead carbon in the transition state for the reaction involving 

the abstraction of a bridgehead hydrogen by a trichloromethyl 

radical. An alternate interpretation may be advance if the hydrogen 

abstraction is pictured as involving an electron transfer from the 

bridgehead carbon -hydrogen bond to the trichloromethyl radical 

followed by abstraction of a proton. In the transition state 12% of 

the electron has been transferred. The excellent correlation obtained 

also indicates that approximately the same amount of positive charge 

has developed in the transition state independent of the substituent. 

In conclusion, the results of this study support the field effect model 

in regards to the transmission of polar effects. 
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Experimental and Calculated Values for log(kX /kCOOMe). 

a 
µ cos 0 (1 

2 /R2DE) X 102 log(kX 

Compound (Debyes) (1/R2)b Calculated Experimental 

AdMe -0.4 2.24 2.251 0.3181 

AdH 0.4 3.51 1.148 0.2068 

AdOMe 1.2 2.98 0. 092 0.0828 

AdCOOMe 1.8 2.09 0.000 0.0000 

AdBr 2.4 3.01 -1. 683 -0. 2291 

AdCN 4.4 2.98 -2. 532 -0.2218 

A = 0.12 f 0.03 (r = -0.981)c 

aValues taken from Smyth (76, Ch VIII). 

bee Appendix III for details of calculation, 

Cr is the correlation coefficient. 



51 

-2.0 -1.0 0.0 1.0 
log(kf k 

) 
Bridgehead -Calculated 

2.0 

Figure 6. Relative Rate Constants -- Experimental and 
Calculated. 
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EXPERIMENTAL 

Melting points were taken in unsealed capillary tubes with a 

Buchi melting point apparatus. Melting and boiling points are 

uncorrected. NRM spectra were taken on a Varian A -60 instrument 

using TMS as a reference. IR spectra were taken on a Beckman IR -8 

instrument as a film between NaC1 discs. Microanalysis for all 

elements reported and molecular weight determinations (vapor 

pressure osmometry) were determined by Galbraith Laboratories, 

Knoxville, Tennessee. Both preperative and analytic gas - liquid 

chromatography was carried out utilizing a Varian Aerograph 202B 

gas chromatograph equipped with linear temperature programming 

and a Sargent recorder with disc integration. A ten foot by 1/4 inch 

column of 3% S. E. 30 on chromasorb G was used throughout this 

investigation. Thermal conductivity detectors and helium gas were 

used in the chromatograph. 

Purification of Bromotrichloromethane. Commercial bromo- 

trichloromethane (Matheson Coleman and Bell) was distilled three 

times and collected over the range 103.0 - 103.2 °C. Gas- liquid 

chromatography showed the presence of a single impurity comprising 

no more than 0. 3% of the mixture, having the same retention time as 

carbon tetrachloride. 
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Purification of o- Dichlorobenzene. Commercial o- dichloro- 

benzene (Eastman, 99 + %) was washed with dilute sulfuric acid and 

water and then dried over magnesium sulfate. The material was 

distilled and the portion boiling 73.0 - 73.5 °C. at 9 mm. collected. 

Purification of Carbontetrachloride. Spectro -quality grade 

carbontetrachloride (Matheson Coleman and Bell) was used without 

further purification. 

Purification of Adamantane. Commercial adamantane (Aldrich, 

m. p. 268- 269 °C.) was used without further purification. Gas - liquid 

chromatography showed no detectable impurities. 

Preparation of 1- Bromoadamantane. Adamantane and bromine 

were refluxed together without catalyst according to the procedure of 

Stetter et al. (79) yielding 84% 1- bromoadamantane, m. p. 116.0 - 

116.5°C, , lit, 118 °C. (79) and 119.5-120.0°C. (42). Gas - liquid 

chromatography showed no detectable impurities. 

Preparation. of 1- Hydroxyadamantane. 1- Bromoadamantane 

was refluxed with basic aqueous silver nitrate according to the pro- 

cedure of Stetter et al, (79) yielding 91% 1- hydroxyadamantane, 

m. p. 280 -285 °C. (sealed tube), lit. 288.5-290,0°C. (sealed tube) 

(42). Gas - liquid chromatography showed no detectable impurities. 

Preparation of 1- Chloroadamantane. 1- Hydroxyadamantane 

was refluxed with thionyl chloride according to the procedure of 

Stetter et al. (79) yielding 68% 1- chloroadamantane, m. p. 159- 160°C., 
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lit. 165 °C. (79) and 164.3-165.6°C. (71). Gas - liquid chromatography 

showed no detectable impurities. 

Preparation of 1- Iodoadamantane, 1- Hydroxyadamantane was 

heated in a sealed tube with 48% hydroiodic acid according to the pro- 

cedure of Schleyer and Nicholas (71) yielding 62% 1- iodoadamantane, 

m. p. 76.0-76.5°C., lit. 75.3-76.4°C, (71). Gas- liquid chro- 

matography showed no detectable impurities. 

Preparation of 1- Fluoroadamantane. 1- Bromoadamantane and 

anhydrous silver fluoride (Alpha Inorganics) were refluxed in dry 

cyclohexane according to the procedure of Fort and Schleyer (22) 

yielding 81% 1- fluoroadamantane, m. p. 240- 250 °C. dec. (sealed 

tube), lit. 210 -212 °C. dec. (sealed tube) (22). The NMR spectra in 

CC14 corresponded to that reported by Fort and Schleyer (22). Gas- 

liquid chromatography showed a 2% impurity having the same reten- 

tion time as 1- hydroxyadamantane. Resubliming twice at 70 °C. and 

50 °C, and aspirator pressure failed to remove the impurity, The 

98% 1- fluoroadamantane was used in the kinetic studies without 

further purification. 

Analysis. Calculated for C10H15F: C, 77.88; H, 9.80; F, 

12.32. Found: C, 77.67; H, 9.69; F, 12.09. 

Preparation of 1 -C arbomethoxyadamantane. 1- Bromoada- 

mantane in dry hexane and anhydrous formic acid were added 

simultaneously to cold sulfuric acid in a Koch -Haaf carboxylation 
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(39, 79) utilizing in situ generation of CO. The impure acid was 

esterified directly by refluxing two hours with three times its weight 

of methanol and 2 ml. 98% H2SO4. The solution was poured into ten 

times its volume of water, extracted with a minimum amount of 

chloroform and dried over CaCl2. The chloroform was evaporated 

and the residue was chromatographed on an alumina column using pet. 

ether (b. p. 30 -60 °C) and ethyl ether as elutents. Evaporation of the 

solvent and a short exposure to high vacuum gave an overall yield of 

80% 1- carbomethoxyadamantane, m. p. 39.0 -39.5 °C. ,. lit. 38 -39 °C. 

(39). Gas - liquid chromatography showed no detectable impurities. 

Attempts to prepare the acid by forming the Grignard of 1- 

bromoadamantane and pouring it over crushed dry ice gave a mixture 

of unreacted 1- bromoadamantane and adamantane. Nordlander et al. 

(53) has reported making the acid via the Grignard using the method 

of Putnambeker and Zoellner (61). 

Preparation of 1, 1'- Biadamantane. 1- Bromoadamantane and 

metalic sodium were refluxed in xylene according to the procedure 

of Reinhardt (62) yielding 45% 1, P- biadamantane, m. p. 280 -283 °C. 

(sealed tube), lit. 288 -290 °C. (62), 296 °C. (sealed tube) (41). Gas- 

liquid chromatography showed no detectable impurities. 

Preparation of 1- Methyladamantane, exo- Tetramethyl- 

enenorbornane was prepared by hydrogenation of the butadiene - 

norbornene Diels -Alder adduct according to the procedure of Alder 
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et al. (2), and mixed with aluminum chloride according to the pro- 

cedure of Schleyer and Nicholas (69) giving an overall yield of 24% 

1- methyladamantane, m. p. 97- 100 °C. lit. 103°C. (79). Gas - 

liquid chromatography showed a 2% impurity with a slightly greater 

retention time than 1- methyladamantane. Attempts at further 

purification by sublimation were ineffectual. The 98% pure 1- 

methyladamantane was used in the kinetic studied without further 

purification. 

Preparation of 1- Methoxyadamantane. The procedure of 

Stetter and Mayer (78) for the preparation of 3-methoxyadamantane- 

1-carboxylic acid was adapted to the preparation of 1- methoxyada- 

mantane. 15 g, (0.070 moles) of 1- bromoadamantane, 150 ml. 

methanol (dried by refluxing over iodine and magnesium and distilling) 

and 15 g. silver oxide were added to a 250 ml. three neck flask 

equipped with a mechanical stirrir and reflux condenser with drying 

tube. The mixture was refluxed for 15 hrs. with constant stirring, 

cooled, filtered and concentrated on a rotary evaporator. The 

residue was chromatographed on an alumina column using pet. ether 

(b. p. 30- 60 °C.) and ethyl ether as elutents. Evaporation of the 

solvent and a:6 hr. exposure to high vacuum yielded 10.5g. of a clear 

liquid identified as 1- methoxyadamantane (91% yield), b. p. 232°C. 

at 1 atm. , nD 1.4958. Gas - liquid chromatography showed no 

detectable impurities. The NMR spectra in CC14 showed three peaks 
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at 3.12 6 (ringing), 2.125 (broad) and 1. 686 (doublet) having areas of 

3 :3 :12. The IR spectra showed prominent peaks at the following 

values of µ: 3. 42, 3. 48, 3. 53, 6. 88, 7. 38, 7. 65, 8.49, 8, 93, 9.16, 

9.50 and 11.20. 

Analysis. Calculated for C11H18O: C, 79.46; H, 10. 91. 

Found: C, 79.53; H, . 10.90. 

An attempt to prepare 1- methoxyadamantane by forming 

sodium adamantoxide and reacting it with dimethylsulfate gave only 

unreacted 1- hydroxyadamantane. 

Preparation of 1- Cyanoadamantane. The procedure of 

Reinhardt (62) for the preparation of 3, 3' - dicyano- l , 1' -biadamantane 

was modified for the preparation of 1- cyanoadamantane. 10.8 g. 

(0.050 moles) of 1- bromoadamantane, 15 g. CuCN and 75 ml. 

pyridine were placed in a three -neck 250 ml. flask fitted with 

mechanical stirrir, 250 °C. thermometer and distillation head and 

condenser. The solid complex formed was broken up and stirred 

vigorously. The mixture was heated slowly to 230 °C, and main- 

tained at this temperature until all the pyridine had distilled over. 

The residue was cooled to room temperature and refluxed 6 hours 

with 100 ml. benzene. The benzene solution was decanted and the 

black tar residue refluxed twice more with 100 ml. portions of 

benzene. The benzene solutions were combined, filtered, and con- 

centrated on a rotary evaporator. The light brown solid remaining 
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was recrystallized from pet. ether at dry ice - acetone temperature 

yielding 3. 98 g. of a white powder identified as 1- cyanoadamantane 

(50% yield), m. p. 193- 194 °C. Gas - liquid chromatography showed no 

detectable impurities. The NMR spectra in CC14 showed peaks at 

7. 958 and 8.255 having areas of 3:2 respectively. The IR spectra 

(Nujol mol. ) revealed a peak at 4.511, characteristic of cyano groups. 

Analysis. Calculated for C11H15N: C, 81.94; H, 9. 38 N, 

8.69. Found: C, 82.07; H, 9.48; N, 8.54. 

Preparation of 1- Phenyladamantane. 1- Bromoadamantane, 

anhydrous ferric chloride and excess dry benzene were refluxed to- 

gether in the manner of Stetter (79). The reaction was repeated 

twice and both times gas - liquid chromatography of the solid revealed 

five peaks having areas of 4:38:8:20:7 in order of their being eluted. 

The first peak had the same retention time as 1- bromoadamantane. 

Alumina chromatography of the solid mixture using pet. ether (b. p. 

30 -60 °C. ), benzene, and ethyl ether as elutents gave on evaporation 

of solvent one fraction containing the first three peaks (pet. ether 

elutent), one containing only the fourth peak (benzene -ethyl ether 3;1 

elutent), and one containing a mixture of the last two peaks (benzene - 

ethyl ether 3 :1 elutent). Sublimation of the first fraction at 60 °C. and 

aspirator pressure effected a separation of the first peak from the 

second and third. The first peak was identified as 1- bromoada- 

mantane, m. p. 118- 119 °C. , lit. 118 °C. (79). The NMR spectra of a 
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solution in CC14 was identical to that reported by Fort and Schleyer 

(22) for 1- bromoadamantane. The residue remaining after the sub- 

limation, containing peaks two and three, was recrystallized from 

McOH at dry ice - acetone temperature giving crystals of peak #2, 

98. 5% pure by gas - liquid chromatography, and identified as 1- 

phenyladamantane (42% yield), m. p. 84 -85 °C. lit. 82 °C. (41) and 

87 -89 °C. (79). The NMR spectra in CC14 was identical to that 

reported by Fort and Schleyer (22) for 1- phenyladamantane. 

Analysis. Calculated for C16H20: Molecular weight, 212. 

Found: Molecular weight, 215. 

The second fraction from the alumina chromatograph, 98% pure 

by gas - liquid chromatography, is tentatively identified as 1,3- 

diphenyladamantane, m. p. 102-103°C. The NMR spectra in CC14 

shows peaks at 1.776, 1.935 (doublet), 2. 326 and 7.255 (broad) 

having areas of 3 :3 :1 :5 respectively. 

Analysis. Calculated for C22H24: C, 91. 61; H, 8. 39; 

Molecular weight, 288. Found; C, 91.27; H, 8. 68; Molecular 

weight, 302. 

Procedure for Product Studies of the Reaction of 1- Substituted 

Adamantanes and Bromotrichloromethane. Solutions of the sub- 

stituted adamantane, bromotrichloromethane and o- dichlorobenzene 

were prepared in the approximate molar ratio 2:9:1. In the case of 

adamantane, 1, l'- biadamantane and 1- hydroxyadamantane the ratio 
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was approximately, 2:20:1 necessitated by solubility restrictions. 

Approximately 0, 75 ml, of the solution was placed in each of 

several pyrex ampoules. The ampoules were evacuated at 10 -15 mm. 

and flushed with dry nitrogen five times at dry ice -acetone tempera- 

ture, then sealed. One ampoule was reserved for analysis of start- 

ing material; the remainder were placed horizontally just under the 

surface of a mineral oil constant temperature bath maintained at 

40. 0±0.5 °C. Energy was provided by a Sylvania 275 -w sun lamp 

placed 15 cm, from the surface of the oil. Reaction times varied 

from 18 hrs. to 95 hrs. by which time 8 to 60% of the adamantanes 

had reacted. The ampoules were then cooled and opened. Analysis 

of the mixtures, both before and after reaction, was carried out via 

gas - liquid chromatography. Areas of the reactants and products 

relative to the internal standard, o- dichlorobenzene, were determined 

and converted to mmoles. The ratio of areas was considered equal 

to the ratio of moles for all species except bromotrichloromethane, 

chloroform, the initial 1- substituted adamantanes and 2- bromoada- 

mantane where the appropriate proportionality factors could be 

determined since pure samples of these compounds were available. 

Products of the Reaction of Bromotrichloromethane and 

Adamantane, Five grams of adamantane and 20. grams of bromo- 

trichloromethane were placed in a 50 ml. flask. A nitrogen gas 

atmosphere was provided and the solution heated directly, from below 



61 

with a 275 -w sun lamp for two hours. The solution was kept just 

below its boiling point. After cooling gas -liquid chromatography 

showed that approximately 60% of the adamantane had reacted giving 

two major products of similar retention time. The major product, 

with the lesser retention time, had a retention time identical with 

1- bromoadamantane. There were also two small peaks before the 

two major ones, the first one having the same retention time as 1- 

hydroxyadamantane. The solution was chromatographed on an 

alumina column using pet. ether (b. p. 30 -60 °C. ) as elutent yielding 

in one fraction a solid residue containing only the two major products, 

Pure samples of the two products were obtained via preperative gas- 

liquid chromatography. The major product having the shortest reten- 

tion time was identified as 1- bromoadamantane, m. p. 117-118°C. , 

lit. 118 °C. (79). The NMR spectra in CC14 was identical to a 

sample of 1- bromoadamantane prepared by the method of Stetter et al. 

(79) and to that reported in the literature (22). The IR spectra (CC14 

solution) corresponded to that of a known sample of 1- bromoada- 

mantane. The major product having a slightly longer retention time 

than 1- bromoadamantane was identified as 2- bromoadamantane, 

m. p. 133-134°C. The NMR spectra in CC14 showed a peak at 4.626 

and a complex set of unresolved peaks centered at 1.806 having areas 

of 1:14 respectively. This spectra is almost identical to the 

reported spectra of 2- hydroxyadamantane (22) excluding the hydroxyl 

.. 
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proton. The IR spectra (CC14 solution) is more complex than that of 

1- bromoadamantane and does not contain an absorbtion between 9.5p. 

and 10. Op. Landa and Hala (41) have pointed out that an absorption 

in this region may be characteristic of most 1- substituted ada- 

mantanes; 1- bromoadamantane displays such an absorbtion. 

Analysis of 2- Bromoadamantane. Calculated for C10H5Br: 

C, 55.82; H, 7.03. Found: C, 55.94; H, 6.99. 

Products of the Reaction of Bromotrichloromethane and 1- 

Bromoadamantane. One gram of 1- bromoadamantane and five grams 

of bromotrichloromethane were reacted as above for 12 hrs. After 

chromatographing on an alumina column and preperative gas - liquid 

chromatography, a compound identified as 1, 3- dibromoadamantane 

was isolated, m. p. 101 -102 °C., lit. 112 °C. (59). The NMR spectra 

in CC14 was identical to that reported in the literature (22). Several 

minor products having retention times in excess of 1, 3- dibromo- 

adamantane could not be isolated. 

Products of the Reaction of 1- Fluoroadamantane and Bromo- 

trichloromethane. One -half gram of 1- fluoroadamantane and two 

grams of bromotrichloromethane were reacted as above for three 

hours, Gas- liquid chromatography of the final solution showed 8 

detectable peaks. After chromatographing on an alumina column and 

preperative gas - liquid chromatography, a substance was obtained 

that showed no detectable impurities and having the same retention 
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time as 1- bromoadamantane via gas - liquid chromatography. The 

NMR spectra in CC14 and the IR spectra (KBr pellet) appeared almost 

identical to that of 1- bromoadamantane as did the m. p. of 115 -116 °C. 

The substance is tentatively identified as a mixture of 1- bromoada- 

mantane, lit. m. p. 118°C. (79), and 1- fluoro -3- bromoadamantane. 

Analysis. Calculated for C10H15Br: C, 55.82; H, 7.03; Br, 

37.15. Calculated for C10H14BrF: C, 51.52; H, 6. 05; Br, 34.28; 

F, 8.15. Found: C, 54.18, H, 6.82; Br, .35.28; F, 3.86. 

Products of the Reaction of 1- Fluoroadamantane and Cumene. 

One -half gram of 1- fluoroadamantane and five grams of cumene were 

reacted as above for 12 hrs. Gas - liquid chromatography revealed 

besides the starting materials, a small peak having the same reten- 

tion time as adamantane and a large peak having the same retention 

time as 1- hydroxyadamantane. After chromatographing on an 

alumina column using pet. ether (b. p. 30- 60 °C.) and ethyl ether as 

elutents a compound was isolated from the fraction eluted with pure 

ethyl ether. The compound was identified as 1- hydroxyadamantane 

and its NMR spectra in CC14 and IR spectra (KBr pellet) corresponded 

to that of a known sample made by the method of Stetter (79). 

Analysis. Calculated for C10H160: C, 78. 90; H, . 10. 60; 

F, 0.00. Found: C, 78.71; H, 10.76; F, 0.00. 

Procedure for Kinetic Runs. Solutions of two adamantanes, 

bromotrichloromethane and o- dichlorobenzene were prepared in the 
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approximate molar ratio of 2 :2:10 :1. Ampoules were filled, sealed 

and irradiated in a manner analogous to that described previously 

for product studies. All determinations were run in replicate. The 

procedure was to have some substituted adamantane compete directly 

with 1- carbomethoxyadamantane for the attacking radical. In the 

case of the methoxy and adamantyl derivatives, however, it was 

necessary to determine the reactivity relative to adamantane. The 

rate constants thereby obtained were converted to the desired form 

through the expression: 

kX 

kC OOM e 

kH 

kC OOMe 
(eq. 6) 

Determination of KX /KCOOMe The ratios of relative rate 

constants were obtained using the usual competitive procedures (24, 

34, 50) in which the relative rates of disappearance for a substituted 

adamantane and 1- carbomethoxyadamantane is given by 

kX 

kCOOMe 

log( 

log (C OOMeo/C OOMe f) (eq. 7) 

where X and COOMe are the number of moles originally present 
0 0 

of substituted adamantane and 1- carbomethoxyadamantane respectively, 

and Xf and COOMef are the corresponding terms for the final number 

of moles present. The above ratios may be directly obtained from 

kX 

kH 



the chromatographic analysis using the relationship 

X 
o 

X£ 

area under X peak 
area under o- dichlorobenzene peak 

area under X peak 
area under o- dichlorobenzene peak 

]] initial 

final 
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(eq. 8) 
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APPENDIX I 

Data From Product Studies 

Table 15. Selectivity in the Reaction of Adamantane and Bromo- 
trichloromethane. 

Run 
Solvent 

Temperature Per Cent Per Cent 
( °C.) Rxn. Bridgehead 

1 BrCC1 
3 

47 63 
2 BrCC13 70 25 67 

3 BrCC13 70 36 68 

4 BrCC13 70 54 66 
Average 41 f 10 66 ± 1 

5 

6 
7 

8 
Average 

9 
10 
11 
12 

Average 

C6H6 
C6H6 
C 6H 
C6H6 

C6H6 
C6H6 
C6H6 
C6H6 

40 21 92 

40 19 88 
40 28 91 
40 14 93 

21 f 4 91 f 2 

70 
70 
70 
70 

31 
39 
25 
34 
33 ± 4 

71 
72 
70 
74 
72 ± l 

N 

70 
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Table 16. Bromotrichloromethane and Adamantane -.- Product Study. 

Conditions: 20 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 1.40 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. Selectivitya 

1 AdH 2.63 2,07 0.56 21.3 0.89 
BrCC13 26.15 25.45 0.70 
HCC133 0.00 0.61 0.61 
1-AdBr 0.00 0.53 0.53 
2-AdBr 0.00 0.06 0.06 

2 AdH 2.63 2.06 0.57 21,5 0.84 
BrCC13 26.15 25.20 0.95 
HCC133 0.00 0.63 0.63 
1-AdBr 0.00 0.50 0.50 
2-AdBr 0.00 0.06 0.06 

AdH 2.63 1.88 0.75 28.5 0.86 
BrCC13 26.15 24.85 1.30 
HCC133 0.00 0.71 0.71 
1-AdBr 0.00 0.69 0.69 
2-AdBr 0.00 0.08 0.08 

4 AdH 2.63 1.99 0.64 24.3 0.89 
BrCC13 26.15 25.10 1.05 
HCC133 0.00 0.64 0.64 
1-AdBr 0.00 0.56 0.56 
2-AdBr 0.00 0.07 0.07 

Average selectivity = 0. ± 0. 02 

aThe selectivity is the ratio of bridgehead product to total product. 

3 
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Table 17. Bromotrichloromethane and 1- Bromoadamantane -- Product 
Study. 

Conditions: 34 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 805 

Ad = adamantyl substrate 

Run 
# 

Initial 
Compound ( mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

( mmoles) 

Per 
Cent 
Rxn. Selectivity 

1 AdBr 1.86 1.70 0.16 8.6 0,84 
BrCC13 6.43 6.24 0.19 
HCC13 0.00 0.12 0.12 
Br Productsa 0.00 0.16 0.16 
1-AdOH 0.00 0,02 0.02 

2 AdBr 1.86 1.65 0.21 11.3 0.88 
BrCC13 6.43 6.12 0.31 
HCC13 0.00 0.17 0.17 

a Br Products 0.00 0.18 0.18 
1-AdOH 0.00 0.02 0.02 

3 AdBr 1.86 1.71 0.15 8.1 0.87 
BrCC13 6.43 6.25 0.18 
HCC13 0.00 0.11 0.11 

a Br Products 0.00 0.14 0.14 
1-AdOH 0.00 0.01 0.01 

4 AdBr 1.86 1.66 0.20 10.7 0.82 
BrCC13 6.43 6.08 0. 35 
HCC13 0.00 0.09 0.09 

a Br Products 0.00 0. 19 0.19 
1-AdOH 0.00 0.02 0.02 

Average Selectivity = 0. 85 ± 0. 02 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 
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Table 18. Bromotrichloromethane and 1- Carbomethoxyadamantane-- 
Product Study. 

Conditions: 24 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 903 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. Selectivity 

1 AdCOOMe 1.55 1.31 0.24 15.5 0.86 
BrCC1 4.67 0.63 

3 
HCC1 

3 0.00 0.18 0.18 
Br Próductsa 0.00 0.32 0.32 

2 AdCOOMe 1.55 1.33 0.22 14.2 0.83 
BrCC13 5.04 4.71 0.33 
HCC13 0.00 0.13 0.13 
Br Products a 0.00 0.26 0.26 

3 AdCOOMe 1.55 1.33 0.22 14.2 0.83 
BrCC13 5.04 4.73 0.31 
HCC13 0.00 0.13 0.13 
Br Products a 0.00 0.29 0.29 

4 AdCOOMe 1.55 1.27 0.28 18.1 0.80 
BrCC13 5.04 4.59 0.45 
HCC13 0.00 0.12 0.12 
Br Products a 0.00 0.38 0.38 

Average selectivity = 0.83 ± 0. 02 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 

5.04 
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Table 19. Bromotrichloromethane and 1- Methyladamantane -- 
Product Study. 

Conditions: 24 hrs. at 40°C. 
Mmoles: o-dichlorobenzene: 1. 26 

Ad = adamantyl substrate 

Amount Per 
Run Initial Final Reacted Cent 

# Compound (mmoles) (mmoles) (mmoles) Rxn. Selectivity 

1 AdMe 2.96 2.29 0.67 22.6 0.85 
BrCC13 9.81 8.69 1.12 

3 
HCC1 

3 0.00 0.46 0.46 
Br Próductsa 0,00 0.65 0.65 

2 AdMe 2.96 2.38 0.58 19.3 0.87 
BrCC13 9.81 9.04 0.77 
HCC13 a 0.00 0.35 0.35 
Br Products 0.00 0.52 0.52 

3 AdMe 2.96 2.35 0.61 20.6 0.85 
BrCC13 9.81 8.46 1.31 
HCC13 a 

0.00 0.37 0.37 
Br Products 0.00 0.58 0.58 

4 AdMe 2.96 2.43 0.53 17.9 0.89 
BrCC13 9.81 7.83 0.98 
HCC13 a 0.00 0.43 0.43 
Br Products 0.00 0.50 0.50 

Average selectivity = 0. 87 ± 0. 01 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 



80 

Table 20. Bromotrichloromethane and i - Cyanoadamantane -- Product 
Study. 

Conditions: 90 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 

Run Initial 
# Compound (mmoles) 

Ad = adamantyl substrate 1.02 

Amount Per 
Final Reacted Cent 

(mmoles) (mmoles) Rxn. Selectivity 

1 AdCN 1.47 1.39 0.08 5.6 0.76 
BrCC13 12,50 12.30 0.20 
HCC13 0.00 0.05 0.05 

a Br Products 0.00 0.07 0.07 

2 AdCN 1.47 1.37 0.10 7.2 0.71 
BrCC13 12,50 12.25 0.25 
HCC1 0.00 0.06 0.06 

a Br Próductsa 0.00 0.10 0.10 

3 AdCN 1.47 1.41 0.06 4.1 0.78 
BrCC13 12.50 12.34 0.16 

0.00 HCC13 a 0.04 0.04 
Br Products 0.00 0.06 0.06 

4 AdCN 1.47 1.40 0.07 5.0 0.71 
BrCC13 12.50 12.29 0.21 
HCC13 0,00 0.05 0.05 a 
Br Products 0.00 0.06 0.06 

Average selectivity = 0. 74 ± 0. 03 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 
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Table 21. Bromotrichloromethane and 1- Chloroadamantane -- 
Product Study. 

Conditions: 75 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 934 

Ad = adamantyl substrate 

Run 
# 

Initial 
Compound (mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn,. Selectivity 

1 AdCl 1.81 1.54 0.27 15.1 0.70 
BrCC1 31 9.51 0.80 

3 
HCC1 3 0.00 0.07 0.07 
Br Próductsa 0. 00 0.08 0.08 
1-AdBr 0.00 0.18 0.18 

2 AdC1 1.81 1.57 0.24 13.2 0.75 
BrCC13 

3 3 
31 9.80 0,51 

HCC13 0.00 0.03 0.03 
Br Products 0.00 0.07 0.07 
1-AdBr 0.00 0.14 0.14 

3 AdC1 1.81 1.59 0.22 12.1 0.74 
BrCC13 10.31 9.68 0.63 
HCC13 0.00 0.04 0.04 

a Br Products 0.00 0.07 0.07 
1-AdBr 0.00 0.13 0.13 

4 AdC1 1.81 1.51 0.30 16. 3 0.69 
BrCC13 10.31 9.66 0.65 
HCC1 0.00 0.07 0.07 
Br Próductsa 0.00 0.09 0.09 
1-AdBr 0.00 0.20 0.20 

Average selectivity = 0. 72 ± 0.03 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 

. 
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Table 22. Bromotrichloromethane and 1- Methoxyadamantane -- 
Product Study. 

Conditions: 32 hrs, at 40°C. 
Mmoles o-dichlorobenzene: 1.06 Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

(mmoles) 

Per 
Cent 
Rxn. Selectivity 

1 AdOMe 1.61 1, 32 0.29 18.3 0.83 
BrCC13 9.30 8.35 0.95 
HCC13 0.00 0.25 0.25 
Br Products a 0.00 0.20 0.20 

2 AdOMe 1.61 1.34 0.27 17.0 0.84 
BrCC13 9.30 8.49 0.81 
HCC13 0.00 0.20 0.20 
Br Products a 

0. 00 0.22 0.22 

3 AdOMe 1.61 1.30 0.31 19.5 0.85 
BrCC13 9.30 8.62 0.68 
HCC13 0.00 0.21 0.21 
Br Products a 0.00 0.19 0, 19 

AdOMe 1.61 1.34 0.27 16.8 0.88 
BrCC13 9.30 8.42 0.88 
HCC13 0.00 0.25 0.25 
Br Products a 0.00 0.25 0.25 

Average selectivity = 0. 85 ± 0.02 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 

4 



83 

Table 23. Bromotrichloromethane and 1- Phenyladamantane -- 
Product Study. 

Conditions: 21 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0.991 

Ad = adamantyl substrate 

Run 
# 

Initial 
Compound (mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

( mmoles) 

Per 
Cent 
Rxn. Selectivity 

1 

2 

3 

4 

Adl) 
BrCCl 
HCC1 

3 3 

Br Próductsa 

Ad4, 
BrCCI 

3 
HCC1 

3 

Br Próductsa 

Ad4) 

BrCCl 
HCC1 

3 

Br Próductsa 

Ad4 
BrCCI 
HCC1 

3 

Br Products 

1.88 
20.11 
0.00 
0.00 

1.88 
20.11 
0.00 
0.00 

1.88 
20.11 
0.00 
0.00 

1.88 
20.11 
0.00 
0.00 

0.98 
19.31 
0.75 
0.95 

1.21 
18.83 
0.53 
0.70 

0.75 
18.91 
0.93 
1.30 

0.92 
18.67 

0.81 
0.91 

0.90 
0.80 
0.75 
0.95 

0.67 
1.28 
0.53 
0.70 

1.13 
1.20 
0.93 
1.30 

0.96 
1.44 
0.81 
0.91 

48.2 

35.3 

60.1 

50.9 

0.71 

0.78 

0.75 

0.76 

Average selectivity = 0. 75 ± 0.02 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 

- 



84 

Table 24. Bromotrichloromethane and 1, l'- Biadamantane 
Product Study. 

Conditions: 15 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 521 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

(mmoles) 
Per Cent 

Rxn. 

1 Ad-Ad 0. 691 0. 279 0. 412 53, 6 

BrCC13 28.52 28.10 0.42 
HCC13 a 0.00 0. 35 0. 35 

Br Products 0. 00 0. 43 0. 43 

2 Ad-Ad -0.691 0.322 -0.369 48. 1 

BrCC13 28.52 28.05 0. 47 
HCC13 a 0. 00 0. 36 0. 36 
Br Products 0.00 0.30 0. 30 

3 Ad-Ad 0.691 0.228 0.463 60. 3 

BrCC13 28.52 28.09 0.43 
HCC13 a 

0.00 0.40 0. 40 
Br Products 0. 00 0. 48 0.48 

4 Ad-Ad 0.691 0.209 0.482 62.7 
BrCC13 28.52 27.90 0.62 
HCC13 0.00 0.41 0.41 

a 
Br Products 0. 00 0. 50 0. 50 

aCalculated assuming ratio of peak areas is equal to ratio of moles. 

-- 
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APPENDIX II 

Data From Kinetic Runs 

Table 25, Relative Rates of Disappearance of Adamantane and 1- 
Methoxyadamantane in Bromotrichloromethane. 

Conditions: 20 hrs. at 40°C, 
Mmoles o-dichlorobenzene: 1. 043 

Ad = Adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kH 

kOMe 

1 AdOMe 1.99 1.79 0.20 11.2 1.39 
AdH 1.90 1.61 0.29 15.2 
BrCC13 20.45 

2 AdOMe 1.99 1.79 0.20 10.1 1.48 
AdH 1.90 1.62 0.28 14.6 
BrCC13 20.45 19.25 1.20 

3 AdOMe 1.99 1.77 0.22 11.1 1.39 
AdH 1.90 1.61 0.29 15.1 
BrCC13 20.45 19.31 1.14 

4 AdOMe 1.99 1.76 0.23 11.8 1.34 
AdH 1.90 1.61 0.29 15.6 
BrCC13 20.45 19.58 1.14 

5 AdOMe 1.99 1.78 0.21 10.6 1.41 
AdH 1.90 1.63 0.27 14.3 
BrCC13 20.45 19.40 1.05 

6 AdOMe 1.99 1.81 0.18 9.0 1.68 
AdH 1.90 1.62 0.28 14.6 
BrCC13 20.45 19.52 0.93 

Average kH/kOMe 1.44 t 0.08 

---- -- - - 

- 
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Table 26. Relative Rates of Disappearance of 1- Bromoadamantane 
and 1 -Carbomethoxyadamantane in Bromotrichloro- 
methane. 

Conditions: 48 hrs. at 40°C 
Mmoles o-dichlorobenzene: 0.932 Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

(mmoles) 

Per 
Cent 
Rxn. 

kBr 

kCOOMe 

1 AdCOOMe 1.51 1.32 0.19 12.4 0.63 
AdBr 2.21 2.04 0.17 8.0 
BrCC13 8.63 7.59 1.04 

2 AdCOOMe 1.51 1,28 0.23 15.0 0.83 
AdBr 2.21 1.91 0.30 13.4 
BrCC13 8.63 7.42 1, 21 

3 AdCOOMe 1.51 1.27 0.24 16.1 0.65 
AdBr 2.21 1.97 0. 24 10.7 
BrCC13 8.63 

4 AdCOOMe 1.51 1.36 0.15 9.8 0.46 
AdBr 2.21 2.11 0.10 4.6 
BrCC13 8.63 

Average kBr /kCOOMe = 0.64±0.09 

---- ---- 

---- ---- 
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Table 27. Relative Rates of Disappearance of 1- Methyladamantane 
and 1- Carbomethoxyadamantane in Bromotrichloromethane. 

Conditions: 25 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 1. 034 

Ad = adamantyl substrate 

Run Initial 
# Compound (mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kMe 

kCOOMe 

1 AdMe 1.91 1.53 0.38 19.2 1.73 
AdCOOMe 2.56 2.25 0.31 12.6 
BrCC13 16. 67 16. 10 0. 57 

2 AdMe 1.91 1.68 0.23 12.0 2.02 
AdCOOMe 2.56 2.41 0.15 6.1 
BrCC13 16. 67 16. 15 0. 52 

3 AdMe 1.91 1.66 0.25 13.2 1.98 
AdCOOMe 2.56 2.38 0.18 6.8 
BrCC13 16.67 16. 20 0. 47 

4 AdMe 1.91 1.69 0.22 11.4 2.08 
AdCOOMe 2.56 2.42 0.14 5.6 
BrCC13 16. 67 16. 05 0. 62 

5 AdMe 1.91 1.52 0.39 20.3 2.05 
AdCOOMe 2.56 2.29 0.27 10.6 
BrCC13 16. 67 16. 00 0, 67 

6 AdMe 1.91 1.69 0.22 11.3 2, 04 
AdCOOMe 2, 56 2, 41 0.15 5. 7 

BrCC13 16. 67 16, 20 0. 47 

Average kMe /kCOOMe = 1. 98 ± 0.09 

- 
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Table 28. Relative Rates of Disappearance of Adamantane and 1- 

Carbomethoxyadamantane in Bromotrichloromethane. 

Conditions: 41 hrs, at 40°C. 
Mmoles o-dichlorobenzene: 0. 652 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kH 

kCOOMe 

1 AdH 1.17 0.83 0.34 29.1 2.27 
AdCOOMe 1.63 1.40 0,23 14.4 
BrCC13 18.93 16.58 2.40 

2 AdH 1.17 0.96 0.21 17.9 2.06 
AdCOOMe 1.63 1.48 0.15 9.2 
BrCC13 18.93 18.45 0.48 

3 AdH 1,17 0.93 0.24 20.8 1.87 
AdCOOMe 1.63 1,44 0.19 11.8 
BrCC13 18,93 17.41 1.52 

4 AdH 1.17 0.88 0.29 24.9 1.88 
AdCOOMe 1.63 1.41 0.22 14.1 
BrCC13 18.93 18.05 0.88 

5 AdH 1,17 0.95 0.22 18.8 2.07 
AdCOOMe 1.63 1.48 0.15 9.1 
BrCC13 18.93 17.66 1.27 

6 AdH 1.17 0.96 0.21 18,1 2.27 
AdCOOMe 1.67 1,49 0.14 8.4 
BrCC13 18.93 16.85 2.09 

Average kH /kCOOMe 
= 2.07 ± 0.13 

_ 
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Table 29. Relative Rates of Disappearance of 1- Cyanoadamantane 
and 1 -C arbomethoxyadamantane in Bromotrichloro- 
methane. 

Conditions: 95 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 931 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
( mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kCN 

kCOOMe 

1 AdCN 1.35 1,31 0.04 3.2 0.43 
AdCOOMe 1.82 1.69 0.13 7.2 
B rC C 13 12.15 11.90 0.25 

2 AdCN 1.35 1.30 0.05 3.5 0.42 
AdCOOMe 1.82 1.67 0.15 8.1 
BrCC1 

3 
12.15 12.00 0.15 

3 AdCN 1,35 1,24 0.11 8,2 0.62 
AdCOOMe 1.82 1.61 0,21 11.9 
BrCC13 12.15 11.80 0.35 

4 AdCN 1.35 1.25 0.10 7.7 0.69 
AdCOOMe 1.82 1.64 0.18 9.6 
BrCC13 12.15 11.37 0.78 

5 AdCN 1.35 1.23 0.12 8.7 0.71 
AdCOOMe 1.82 1.62 0.20 10. 9 

BrCC13 12.15 11.35 0.80 

Average (Runs 3-5) k /k /kCOOMe 
= 0. 67 t 0.05 

CN 
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Table 30, Relative Rates of Disappearance of 1- Phenyladamantane 
and 1 -C arbomethoxyadamantane in Bromotrichloro- 
methane. 

Conditions: 48 hrs. at 40 °C. 
Mmoles o- dichlorobenz ene: 0. 580 

Ad = adamantyl substrate 

Run Initial 
# Compound (mmoles) 

Final 
( mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kci) 

kCOOMe 

1 Adc}:. 1.03 0.71 0.32 31.4 3.55 
AdCOOMe 1.46 1.31 0.15 10.1 
BrCC13 12,70 12.72 -0.02 

2 Adcl) 1.03 0,72 0.31 30.2 3.14 
AdCOOMe 1.46 1.30 0.16 11.1 
BrCC13 12.70 9.29 3.41 

Ad4, 1.03 0.64 0.39 38.1 3.65 
AdC OOMe 1.46 1.28 0.18 12.1 
BrCC13 12.70 12.48 0.22 

4 Ad(1) 1.03 0.63 0.40 38.5 2,90 
AdCOOMe 1.46 1.23 0.23 15.6 
BrCC13 12.70 11.51 1.19 

Ad4) 1.03 0.73 0.30 29.2 3.25 
AdCOOMe 1.46 1.31 0.15 10.2 
BrCC13 12,70 12.12 0.58 

Average k4, /kCOOMe 3. 3 ± 0.3 

3 

5 

= 
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Table 31. Relative Rates of Disappearance of Adamantane and 1- 
Phenyladamantane in Bromotrichloromethane. 

Conditions: 25 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 1.097 Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 

(mmoles) 

Per 
Cent 
Rxn. 

kH 

k(I) 

1 

2 

Adt:1) 

AdH 
BrCC13 

Ad 
AdH 
BrCC13 

Ad 
AdH 
BrCC13 

1.55 
1.77 

18.10 

1.55 
1.77 

18. 10 

1.55 
1.77 

18.10 

0.58 
0.82 

16.50 

0.57 
0.78 

16.21 

0.88 
1.11 

16.03 

0.97 
0.95 
1.60 

0,98 
0.99 
1.89 

0.67 
0.66 
2.07 

62.5 
50.7 

63.4 
55.8 

43.2 
37.6 

0.72 

0.84 

0.81 

Average k / k = 0.79 t ,0. 05 

3 
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Table 32. Relative Rates of Disappearance of 1- Fluoroadamantane 
and -1 -Carbomethoxyadamantane in Bromotrichloro- 
methane. 

Conditions: 72 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 1.075 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kF, 

kCOOMe 

1 AdF 1.67 0.82 0.85 51.1 13 

AdCOOMe 2.02 1.91 0.11 5. 5 

BrCC13 19.45 18.05 1.40 

2 AdF 1.67 0.28 1.39 83.0 13 

AdCOOMe 2.02 1.76 0.27 12.7 
BrCC13 19.45 18.03 1,42 

3 AdF 1.67 1.11 0.56 33.2 21 

AdC OOMe 2.02 1. 98 0.04 1.6 
BrCC13 19.45 18.03 1.44 

4 AdF 1.67 0.73 0.94 56.4 21 

AdCOOMe 2.02 1.94 0.08 3.7 
BrCC13 19.45 17.45 2.00 

AdF 1.67 0.80 0.87 52.1 17 

AdCOOMe 2.02 1.93 0.09 4.3 
BrCC13 19.45 17,58 1.87 

Average kF /kCOOMe 
17 ± 3 

5 

= 
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Table 33. Relative Rates of Disappearance of Adamantane and 1, 1'- 
Biadamantane in Bromotrichloromethane. 

Conditions: 20 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 0. 417 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

kAd 

kH 

1 Ad-Ad 0.503 0.130 0.373 74.1 2.55 
Ad-H 0.651 0,385 0.266 40.8 

BrCC13 24. 31 24. 03 0. 28 

2 Ad-Ad 0.503 0.099 0.404 80.4 2.17 
AdH 0.651 0.304 0.347 53.3 
BrCC13 24. 31 23. 55 0. 76 

3 Ad-Ad 0.503 0.079 0.424 84.4 2.17 
Ad-H 0.651 0.277 0.374 57.4 
BrCC13 24. 31 23. 10 1. 21 

4 Ad-Ad 0.503 0.082 0.421 83.7 2.06 
Ad-H 0.651 0.269 0.382 58.7 
BrCC13 24. 31 23.15 1.16 

Average kAd /kH = 2.20 ± 0.13 
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Table 34. Relative Rates of Disappearance of 1- Chloroadamantane 
and 1-Carbomethoxyadamantane in Bromotrichloro- 
methane. 

Conditions: 95 hrs. at 40°C. 
Mmoles o-dichlorobenzene: 1.137 

Ad = adamantyl substrate 

Run 
# Compound 

Initial 
(mmoles) 

Final 
(mmoles) 

Amount 
Reacted 
(mmoles) 

Per 
Cent 
Rxn. 

k 
C1 

kCOOMe 

1 AdC1 
AdCOOMe 
BrCC13 

1.47 
2.27 

10.09 

1.30 
2.03 
9.90 

0.17 
0.24 
0.19 

11. 7 

10.5 
1.18 

AdC1 1.47 1.20 0.27 18.3 1.27 
AdCOOMe 2.27 1. 94 0.33 14.5 
BrCC13 10.09 9.81 0.28 

3 AdC1 1.47 1.20 0.27 18.3 1.07 
AdCOOMe 2.27 1.86 0.41 17.7 
BrCC13 10.09 9.57 0.52 

4 AdC1 1.47 1.22 0.25 17. 1 1.22 
AdCOOMe 2.27 1.95 0.32 14. 3 

BrCC13 10.09 9.95 0.14 

AdC1 1.47 1.26 0.21 14. 5 1.27 
AdCOOMe 2. 27 2.01 0.26 11.6 
BrCC13 10.09 9.85 0.24 

Average 
kC1' kCOOMe = 

1.20 ± 0.06 

2 

5 
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APPENDIX III 

Application of the Kirkwood -Westheimer Model 
to 1- Substituted Adamantanes 

The Kirkwood -Westheimer equation (37, 38) for the work 

required to remove a proton to infinity in the field of a point dipole 

is given in vector notation by: 

w e M P H(r, d) r 
(eq. 6) 

where M is the vector moment of the dipole, e the unit of electric 

charge and y the gradient operator associated with the position r 

of the dipole from the origin. H is a function of r and d where d is 

the distance to the proton from the origin. In the case of a molecule 

in solution having a substituent dipole the molecule is regarded as 

forming a cavity of low dielectric constant, D.1 , in a solvent of 

dielectric constant D. Letting the center of the molecule represent 

the origin and assuming a spherical cavity gives the following 

expression for H: 

1 2- 1/2 1 2xcosa +x2]1/2+x - cosa 
H = 

Db 
2[1 -2xcosa +x ] - X In ( l - cosa 

- 1/2 
- 2xcosa +x ] 

2 (eq. 7) 

= 

r 

- 

J 

+ D R 
) 

ll JJ 
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where a is the angle between r and d, b the radius of the solvent 

cavity and R the distance from the proton to the center of the dipole. 

The value for x is given by: 

x = [rd/b2]"2 (eq. 8) 

and may be regarded as a measure of the depth of penetration of the 

dipole and proton below the surface of the cavity. Figure 5 in the 

Discussion section shows how r, d, R and a are defined for 1-sub- 

stituted adamantanes. 

The value of 1 
2 

in eq. 5 may be expressed in the following 

manner where DE is the effective dielectric constant: 

1 

D 

..-. _.. 
= 0 

r H(r, d) 

which when combined with eq. 7 yields the following: 

1 + 
Ex- cosa] 

2[x- cosa] 1 [1 - 2xcosa +x ] 
2 1/2 

2,3/2 x 1/2 
2xcosa +x [1 - 2xcosa +x2] +x - 

1 x 

D R2 
Dbr 

E 

1 

2 
x 

in 

+ 
x 

bD.r i 

(eq. 9) 

[[i - 2xcosa +x2]1/2 +x - cosa 
1 - cosa 

[x - cosa] 
2. 3/2 

[1 - 2xcosa +x2] 

[dcosa - r] 

D.R3 
1 

cosa 

(eq. 10) 

Tables of values of DE for the special case where r = d and 

cosa = - 1 as a function of x for various values of D and D, have been 
1 

- 

r 
+ 

[1 
IL 
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published (92). In the case of the 1- substituted adamantanes it was 

assumed that the internal dielectric constant, D., was equal to 2. 00, 
1 

the value for parafin hydrocarbons, and that the value of the dielectric 

constant of the bromotrichloromethane solvent, D, was 3.00 (D for 

CC14 = 2.20 at 25 °C. ). Values of r, d, b and R were tabulated for 

each substituted adamantane (see Table 13 in Discussion section) 

using the Tanford sphere modification (83) where b = r + 1.5 Á. 

Equation 10 was then evaluated for each substituted adamantane. 

The values of 1 /DER2 calculated for each compound may be found in 

Table 14 in the Discussion section. 



98 

APPENDIX IV 

Halogen Abstraction From 1- Fluoro and 1- Chloro- 
adamantane by Trichloromethyl Radicals 

Experiments reported in this paper indicate that trichloromethyl 

radicals may be able to abstract chlorine or fluorine atoms from the 

corresponding 1- haloadamantane. While it has been shown that only 

hydrogen abstraction occurs in the reaction of chlorine radicals and 

fluorinated aliphatic hydrocarbons (74), this is the first reported 

study involving trichloromethyl radicals and a fluorinated aliphatic 

hydrocarbon. 

Pauling has pointed out that carbon - fluorine bonds may have 

sizeable amounts of double bond character especially when two or 

more fluorines are attached to the same carbon (57, p. 314-316). 

Resonance structures of the type 

Fe 
H-C =F 

I 

H 

may occur. These double bonded structures should be stabilized by 

the inclusion of other electronegative atoms that can inductively with- 

draw negative charge. The strength of the carbon - fluorine bond 

should increase and its length decrease with increasing double bond 

character. The decrease in the length of the observed carbon- fluorine 
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and carbon- chlorine distances with increased fluorine substitution at 

the same carbon has been taken as evidence for partial double bond 

formation. 

Recently it has become possible to measure the extent of 

carbon -fluorine double bond formation by fluorine -19 NMR studies. 

Such studies seem to indicate that double bond formation between 

carbon and fluorine is negligible in fluoro- benzenes (72), Muller and 

Carr (51) in studying the series CF 
n 

C1 
4 -n - fluorine -19 NMR con - 

clude that there is sizeable carbon- fluorine double bond formation 

and that it increases with increasing chlorination. One might expect 

the carbon - fluorine bond in the fluorotrichloromethane formed as a 

product in the fluorine abstraction from 1- fluoroadamantane to be an 

unusually strong bond. Unfortunately the literature contains no recent 

determination of the carbon - fluorine bond energy in fluorotrichloro- 

methane; the only value reported, 100 kcal /mole, is reported with an 

uncertainty off 5% (46). 

The observed fluorine abstraction from 1- fluoroadamantane 

most likely occurs because a stronger carbon -fluorine bond is formed 

in fluorotrichloromethane than that broken in 1- fluoroadamantane. 

The bond energies reported in Table 35 indicate that fluorines attached 

to tertiary carbons as in adamantane might be expected to be unusually 

labile. The value of the carbon - fluorine bond distance in t -buF has 

not been determined with sufficient accuracy to allow a comparison 

.. 
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with the corresponding values for secondary and primary carbons 

(5, 81). Perhaps the halogen abstraction observed is not peculiar to 

the adamantane system but rather to tertiary systems; a study of the 

reaction of tertiary -butyl halides and bromotrichloromethane would 

help to clarify this. 

Table 35. Carbon - Fluorine Bond Energies. a 

Alkyl Fluoride 
C -F Bond Energy 

(kcal /mole) 

Me-F 118 

Et-F 114 

i-Pr-F 106 

t- Bu- F 104 

aRef. 88 

There is the possibility that the carbon - halogen bonds in 1- 

haloadamantanes are more labile than in other tertiary halides. The 

unusually large dipoles determined for chloro and 1-bromoada- 

mantane (87) may indicate that the amount of double bond character 

in the carbon -halogen bond in 1- haloadamantanes is considerably less 

than that found in a "normal" carbon -halogen bond. A comparison of 

the IR C -F stretch mode in 1- fluoroadamantane with that of tertiary - 

butyl fluoride (49) would be helpful in indicating the presence of an 

unusually weak carbon -fluorine bond as would determination of the 
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carbon halogen distances in the 1- haloadamantanes. Very recently 

it has been reported that the fluorines in NF4 (isoelectronic with CF4) 

are unexpectedly labile (10). There may be important factors 

influencing the bonding of fluorine to second -row elements being over- 

looked. 

In conclusion the halogen abstraction from 1- haloadamantanes 

may be due to the ability of the trichloromethyl group to enhance 

carbon - halogen double bond character and perhaps also to an 

unusually low amount of double bond character in the carbon - halogen 

bond in the 1- haloadamantane. Future research will hopefully 

answer many of the questions raised by the observed halogen abstrac- 

tion. 


