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THE SOLVOLYSIS OF l- AND 3-HOMOADAMANTYL-P-NITROBENZOATES IN ACETONITRILE- 

WATER (70:30 by weight) "1 

Ingrld Mergelsberg and Christoph Rdchardt +1 

Chemisches Laboratorium der Universltat Frelburg, Albertstr. 21, 7800 Frel- 

burg (Germany) 

Abstract The solvolys~s rates of t.butyl, I-adamantyl, 3- and l-homoadaman- 

tyl-p-nltrobenzoates in acetonitrlle-water (70:30 by weight) are 

reported and the relative rates are discussed. These are the first 

solvolysis constants for l- or 3-homoadamantyl esters of deflnlte- 

ly known structure. 

The investigation of the solvolytlc reactivity of polycycl~ bridgehead 

halides and tosylates has contributed much to the understanding of carbenlum 

1) Ion chemistry . Schleyer has shown that a linear relationshIp exists bet- 

ween log k of solvolys~s of a series of bridgehead bromides or tosylates 2) 

and the increase In strain on lonlsatlon 2) . This change in strain energy 

AH 
sP 

was estimated by force field calculations as the difference in strain 

of the polycycl~ hydrocarbons and the bridgehead carbenlum ions derived 

from thema). It proved to be impossible, however, to interpret the dlffe- 

rences In solvolytlc reactlvlty of t.butyl and 1-adamantyl halides quantl- 

tatlvely on the simple basis of strain arguments 2) . The situation 1s better 

understood since it has been shown that the ratlo of t.butylchlorlde/l-ada- 

mantyl chloride solvolysis rates, which varies between 10 o.4_,03.7, 1s sol- 
3) 

vent dependent owing to solvent participation in t.butyl chloride solvolyses. 

To make the situation even more complex, it has been shown that in the gas 

phase I-adamantyl carbenium ions are % 4 kcal*mol -1 more stable than t.butyl 

carbenlum ions owing to B-branching and CC-hyperconIugatlon In the bridge- 

head catlons4'5) (vertical stabilisation6) ). Only little reliable Infor- 

mation of this type 1s available for solvolys~s reactlons of the lsomerlc 

1) homoadamantane brldgehead esters . The klnetlc data reported by Stetter 7) 
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and by Stepanov 8) for the solvolysis of I-homoadamantyl- and 3-homoadamantyl 

bromides and chlorides were obtained at a time when reliable structure in- 

formation about this polycyclic system and its position isomers was not yet 

available""). Even the adamantyl carbinyl isomers could not be distin- 

guished routinely then"). Our attempts to prepare pure l- or 3-homoadaman- 

tyl bromides starting from the easily accessible corresponding carboxylic 

acids via Hunsdiecker procedures or via Baeyer-Villager degradation to the 

corresponding alcohols and their transformation to the bromides were un- 

successful12). We therefore decided to study the kinetics of hydrolysis of 

l- and 3-homoadamantyl-p-nitrobensoates In acetonitrile-water (70:30 by 

weight) with % 10 
-3 

mol.1 -' KOAC added13) at 150°C using the ampule tech- 

nique. The concentration of the esters was monitored by HPLC (25 cm column, 

@ 4.6 mm; LiChrosorb Reversed Phase Merck RP-18 and RP-8, 30°C). For com- 

parison t.butyl and 1-adamantyl p-nitrobenzoates were also studied. After 

10 half times 94-98% of the corresponding bridgehead carbinols was formed 

(CC). 1-Hydroxy-homoadamantane isolated from a solvolys~s reaction in H2 '80_ 

CH3CN (68% I8 O-enrichment) had the same 
18 
O-enrichment as the solvent accor- 

ding to MS-analysis. This excludes an acyl-oxygen cleavage mechanism and 

strongly supports the SN1-path. 

OCO eN02 - &'OH + 02NaC02ti 

The relative solvolysis rates are recorded in the table together with 

literature data 7,8) and sterlc substltuent constants '5, 
14,151 of the groups 

R. There J_S qualitative agreement between the solvolytic reactivity of the 

bridgehead p-nltrobenzoates and the earlier kinetic data for the bromides 

and chlorides. The spread of the reactivzty difference In the p-nltrobenzo- 

ate series IS, however, smaller than for the halldes. This may partly be 

due to the difference in reaction temperature. In agreement with Schleyer's 

analysis"2), the rates of solvolys~s in this series of bridgehead p-nitro- 
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benzoates decrease almost linearly with increasing change of strain enthalpy 

AH 
sP 

in the lonisatlon process, as discussed above. 

Table Relative Rates of Solvolysis of tertiary Esters R-X 

RBr-EtOH-H20 RCl-EtOH-H20 ROpNb b) -CH3CN-H20 

(80:2OVol.%) (80:2OVol.%) (70:30 by werght) 

25Oc 25Oc 150°C 

R k, (set -'I k,(sec -'I k,(sec 
-lI12b) 

3 
c) 
f 

I-Adamantyl- s ,.0'6) g 1.0'6) s 1.0 4.08 

1-Homoadamantyl- a,8) 1.3 4.28 

3-Homoadamantyl- ,,:;: 4547) 28.8 4.91 

t-Butyl 81417) 12l5'8) 6.0 3.82 

a) Relative rate at 50°C b) pNb=p-nltrobenzoate 

c) Sterlc substltuent constants 14,151 

The conclusion that the I-homoadamantyl cation has a lower thermodynamic 

stablllty than the 3-homoadamantyl cation 1s supported by the observation 19) 

that only the 3-homoadamantyl carbenrum ran 1s observable under super acrd 

conditrons even if I-homoadamantyl precursors are used 20). 

Quite exceptionally, however, the t.butyl p-nltrobenzoate hydrolyzes more 

slowly than the 3-homoadamantyl analogue, In contrast to the halrde solvo- 

lysis reactions. We assume that this 1s the expresslon of steric accelera- 

tion (f-strain) 21) of the solvolys~s of the 3-homoadamantyl ester. Similar 

rate enhancements are known for p-nitrobenzoate solvolysis reactions of 

other cyclrc alcohols 2'). The sterlc substltuent constant $f14'15) In the 

table 1s largest for the 3-homoadamantyl group. 
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