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A----When subjected to ordinary Koch-Haaf carboxylatioo conditions the tertiary alcohol, 2-(1- 
adamantyl~bpropaool (4) yields only the rearranged carboxylic acid 3-isopropyl-I-adamaotane carbox- 
ylic acid (!I), Mechanistic cvidena is presented which indicates that the rearrangement proceeds cio inter- 
molecular hydride shifts. A variety of synthetic approaches lo the unrearranged 241-adamantyl)-2- 
mcthylpropionic acid (1) are described, and the successful preparation of 1 by the Koch-Haaf reaction of4 
under high dilution conditions is reported. The latter experiment confirms the role of infermolecular 
hydride shifts in the rearrangement of the 2_(l-adamaotyl)-2-propyl cation (26) 10 the 3-isopropyl-l- 
adamantyl cation (30). 

INTRODUCTION 

SEVERAL years ago work was begun independently at Aachen and at Princeton on the 
synthesis of I-t-butyladamantane (2). Although 2 was ultimately obtained by a 
different route.4 much of the initial effort in our laboratories was directed toward the 
synthesis of 2-(I-adamantyl)-2-methylpropionic acid (1). As the latter material con- 
tains the entire carbon skeleton, it was hoped that reduction of the carboxyl group 

would lead to t-butyladamantane (2). This apparently simple objective, the synthesis 
of 1, proved to be highly elusive, but led to investigations which provided mechanistic 
clues to the general behaviorofadamantane derivatives under sulfuric acid conditions. 

Synthetic approaches to the carboxylic acid 1 

A promising synthetic route to the carboxylic acid 1 seemed to be available from the 
reaction of methyl Grignard reagent with the ethyl ester (3) of I-adamantanecarboxylic 
acid’ followed by a Koch-Haaf carboxylation reaction6 on the resulting tertiary 
alcohol 4. 

The Koch-Haaf reaction, however, led not to the desired acid 1, but to the isomeric 
3 
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3-isopropyl-I-adamantanecarboxylic acid 5 (m.p. 115-I 16”).’ This report describes 
work we have done to elucidate the mechanism of this unexpected rearrangement. 

The structure assignment of 5 was readily made on the basis of the appearance of the 
Me resonances in the NMR as a doublet at 9.16~ (typical of an isopropyl moiety) 

1 4 
CO,H 

rather than as the single absorption peak anticipated for 1. The NMR spectrum 
showed in addition the other absorptions expected* for the 3-alkyl substituted 
I-adamantanecarboxylic acid. The structure was proved by conversion of 5 to I- 
methyl-3-isopropyladamantane (9) by the sequence shown below and comparison 
with a sample of 9 synthesized by an unambiguous route. 

&&H :;.b QH ‘;;;; QH 

CO,R CH,OR CH, 

S:R=H 7:R=H 

6: R = CH, 8:R =Tc 9 

The alternative synthesis of 9. beginning with ethyl-3-methyl-I-adamantane 
carboxylate ( 10)9, was accomplished by the following sequence : 

The Koch-Haaf reaction was subsequently reported” in the patent literature to 
give a product (m.p. 75-78”) in 50% yield assigned tbe structure 1. We repeated the 
reaction and obtained the same crude product Sublimation of this material however. 
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raised the m.p. to 115-l 16”. indicating that the structure assignment lo was incorrect 
and that the product was in fact the rearranged carboxylic acid 5. 

In order to prevent the rearrangement we attempted to modify the structure of the 
adamantane nucleus. As the presence of electron withdrawing groups is known ’ ’ to 
retard carbonium ion formation on the adamantane nucleus. we hoped that introduc- 
tion of bromine substituents would permit the Koch-Haaf reaction to proceed 
without rearrangement. Accordingly, the mono-substituted derivative 14 was pre- 
pared from the alcohol 4, and the disubstituted derivative 17 was synthesized from 

4 13 Eif I4 

dibromoadamantanecarboxylic acid (15). I2 When 14 and 17 were subjected to the 
Koch-Haaf carboxylation reaction, however. no characterizable product was ob- 
tained in either instance. 

Brg-& cHaN, Br.o*c. Brg&o” 
Rr Br 
I. 

15 16 17 

A variety of other reactions were investigated as possible methods for the synthesis 
of the carboxylic acid 1 (Table 1). However. these attempts were all unsuccessful. 
either as a consequence of failure of the materials to give any reaction under the 
conditions utilized, or as a result of other undesired side reactions. 

7he Mechanism of the rearrangement 

The failure of the Koch-Haaf reaction (4 tf 1) is somewhat surprising in view of the 
successful conversion’4 of 4 to the amide 28 in the Ritter reaction.15 Both reactions 

Br 
27 26 

E& 

NHAc 

28 



6 D. J. RAEIJS er al. 

TABLE I. UNWCCESFUL ATI-EMIIS DIREC-TEU TOWARD THE SYNTHESIS ok CARBOXYLIC ACID 1 

19-Cl 

hz? Cl 

194 

Br 

19-Br 

AICI, 

>CCI, 
CCI, 

22 

EA Br 

13 

1. r-BuLi 

2-W ,?A C02H 

1 

l This reaction has subsequently beam accomplished by Professor J. E Duboii (private communication). 

The analogous reaction with di-r-butyl ketone leads to methyl triptyl ketone.“’ 

are carried out in concentrated sulfuric acid and presumably involve the inter- 
mediacy of the tertiary carbonium ion 26. Similarly. the reaction of 4 with hydro- 
bromic acid gives a product mixture in which the unrcarranged bromide 13 
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predominates over the rearranged bromide 27 in a ratio of about 19 :l.’ On the other 
hand. the Bott reaction“j of4 also takes place with rearrangement to yield 29. 

In order to learn if the facility of the rearrangement was simply a temperature 

dependent phenomenon, the Koch-Haaf reaction was carried out at 50” (the condi- 
lionsI of the Ritter reaction) rather than at O-25” (the usual conditions for Koch- 
Haaf reactions6): again. however, the sole product was the rearranged carboxylic 
acid 5. 

The reasons for the rearrangement of cation 26 under the conditions of the Koch- 
Haaf and Bott reactions. but not under the similar conditions of the hydrogen 
bromide and Ritter reactions are not immediately clear. The presumed greater 
nucleophilicity* of a bromide ion or a cyano group relative to carbon monoxide or 
I,l-dichloroethylene suggests the possibility that in contrast to the former two reac- 
tions. the cation 26 is trapped by bromide ion or acetonitrile before it has the oppor- 
tunity to rearrange. Alternatively. the known” reversibility of the Koch-Haaf 
reaction might simply have permitted establishment of an equilibrium between 1 and 
5 in which the latter pred0minates.t 

The relative stabilities of structures related to 1 and 5 merit discussion. The cor- 
responding carbonium ions 26 and 30 are expected to differ substantially in stabi- 
lity. ‘. ’ ’ the former being considerably more stable. The energy difference is estimated 
at about 5.5 kcal on the basis of the I O4 difference in the solvolysis rates of the bromides 

BY + 
26 

Eb H 

+ 

30 

13 and 27 (Table 2). On the other hand, a smaller energy difference between isomeric 
structures might be expected for neutral molecules (e.g., 1 and 5 or 13 and 27). and 
steric arguments suggest that the 3-substituted adamantane (5 or 27) should be of 
lower energy. The side chain substituent of 1 or 13 suffers two skew interactions with 
the methylene groups of the adamantane nucleus. whereas the bridgehead substituent 
of 5 or 27 is equatorially disposed to all three cyclohexane rings of the adamantane 
moiety and has no skew interactions. Thus in the Koch-Haaf reaction, the product 

l An inverse order of nucleophilicity has been suggested for reaction with highly stabilized (phcnyl 

substituted) carbonium ions.” 

t The Ritter reaction is also reversible, Is’ but apparently not aa easily aa the KockHaaf reaction. 
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TABLE 2. RATE CONSTANTS FOR SOLVOLYSLS OF 2-( I-ADAMANTYL)-2-BROMOPROPANE (13) AND 34SOPROPYL- 

I-BROHOADAMANTANB (27) IN 80% ETHANOL 

Substrate Tcmp k(sec-‘) AH *(kcal) AS : (e.u.) 

13 25.” 4.37 X 10.’ 22.0 4.3 
27.2 5.78 x IO-’ 
0.0 I.35 X lo-. 

27’ 25.” 4.39 X 10.’ 24.5 - 5.5 
42.9 4.83 x IO-’ 
70.4 I.19 X 10.’ 

’ conductimetric b extrapolated from other tcmps ’ titrimctric 

(which is derived from the cation 30) does not appear to reflect the stability of the 
carbonium ion. 

A similar observation may be made with regard to the bromination of I-isopropyl- 
adamantane (31) which leads to substitution on the adamantane nucleus: 

QH Br, QH 
31 Bf 

n 

This type of bromination is known to proceed by a carbonium ion mechanism.” and 
the lower energy of 26 relative to 30 indicates that the former should be the first formed 
intermediate. Yet the product is derived from 30. and interconversion of the two ions 
must occur. The possibility that 13 might be an intermediate in this reaction can be 
ruled out. When 13 is subjected to the bromination conditions rearrangement to 27 
is not observed. and the product of the reaction is the dibromide 14. 

Although the Koch-Haaf and bromination products may in each case be the more 
stable isomer, the “complete” absence of the other isomer is not consistent with 
establishment of an equilibrium between two products which should not differ 
greatly in stability. A more attractive explanation (Scheme 1) involves establishment 

of a rapid equilibrium between isomeric cations 26 and 30. The less stable cation (30) 
must then react to give product at a much greater rate than cation 26 (i.e., kJ $ kJ. 
The formation of unrearranged products in the reaction of 4 (with HBr to give W and 
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with H2SO~--CH3CN to give 28) suggests that when the attacking nucleophile is 
sufficiently reactive, cation 26 is trapped before it can rearrange (i.e.. k4 > k,). 

The interconversion of the carbonium ions 26 and 30 formally involves a I.4 
hydride shift. Although intramolecular hydride shifts are well documented2’ in 
carbonium ion chemistry, the geometries of 26 and 30 render the possibility of such 
IA-shifts highly unlikely in this system. Alternatively. sequential 1.3- and l.2-hydride 
shifts could produce the observed rearrangement via the secondary 2-adamantyl 
cation 32. However. this pathway is also somewhat improbable. especially since 
I,thydride shifts (e.g., 32 e 30) do not appear to be facile processes on the adaman- 
tane skeleton.‘. 21 

Similarly. the I .3-hydride shift (26 + 32) should also be unfavorable. The transition 
state for this rearrangement would resemble a protonated cyclopropane in which the 
cyclopropane ring is fused to the I and 2 positions of the adamantane moiety; such a 
strained intermediate is predicted to be of very high enera. 

Two alternatives therefore remain : intermolecular hydride shifts22 and a fragmen- 
tation-recombination mechanism. Although intermolecular hydride shifts may at 
first appear improbable, they are clearly implicated in a number of adamantane 
reactions.‘. 23 Furthermore, the isolation of small amounts of isopropyladamantane 
in the Koch-Haaf reaction of 4 indicates that at least some disproportionation oh 
intermolecular hydride shifts takes place. On the other hand, the great facility of the 
rearrangement initially seemed better explained by another reaction pathway. 

An entirely plausible alternative mechanism’ would involve fragmentation of 
cation 26 to the bicyclic diene 33 followed by recombination in the opposite mode to 

_ give cation 30. 

H 

Es 

\ 

+ 

26 

= 

Both the fragmentation (34 + 3S)24 

fl 
:NHCO,CH, 



10 D. J. RABW et al. 

and recombination (36 -. 37)27 steps have been demonstrated in adamantane 
chemistry. 

jj$%“+ HISo’- $J”, 
36 37 

Deuterium labelling studies 

The fragmentation-recombination mechanism, if it is operating, should be demon- 
strable by carrying out the reaction in D,SO,. The intermediate diene 33 should be 
capable of incorporating at least eight deuterium atoms by the exchange process 
shown in Scheme 2. Although the cation 26 could also exchange the six protons of the 

SCHEME 2. Dcutcrium Incorporation Anticipated for the Fragmentation-Recombination 

Mechanism 

SCHEW 3. A Scheme for Deutcrium Exchange in the MC Groups of Cation 26. 
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isopropyl Me groups by the process depicted in Scheme 3. only the fragmentation- 
recombination mechanism would allow incorporation of deuterium into the adaman- 
tane nucleus. 

When the Koch-Haaf reaction of 4 was carried out in deuterated sulfuric acid the 
mass spectrum of the product indicated the net incorporation of 5 to 6 D atoms. The 
NMR spectrum showed that most or all of the label was located in the Me groups of 
the isopropyl moiety. Furthermore, the mass spectra of both the deuterated and un- 
deuterated acids (5) have a strong peak at 179 mass units corresponding to the loss of 
isopropyl (M-43). For the deuterated acid the peaks at (I 79 + D,) amount to less than 
2 “,‘, of the peak at 179. indicating that virtually no deuterium had been incorporated 
into the adamantane nucleus. 

Perhaps the most convincing evidence is found in the presence of the doublet at 
9.16 T in the NMR spectrum of the carboxylic acid 5 isolated from the Koch-Haaf 
reaction in D,SO,. This absorption (which is reduced in intensity as a result of 
deuterium incorporation) corresponds to the two Me groups of the side chain. In 
contrast to the case of simple exchange of the cation 26 (Scheme 3) for which no 
exchange of deuterium for protium at the methine position is expected.26 Scheme 4 
shows that with the fragmentation-recombination mechanism such incorporation at 
the methioe position is imperative. Consequently. the presence of the Me group 

SCHEME 4. Deutcrium Incorporation into the hicthine Position for the Fragmentation- 

Recombination Mechanism 

@D+-QD-&~ 
33 3001 5d 

resonance as a doublet with the same coupling constant as in the undeuterated 
compound is consistent only with protium as the substituent at the methine position.* 
Thus deuterium was not incorporated into the methine position. and the fragmenta- 
tion-recombination pathway cannot be operating. 

Dilution studies 

After ruling out the fragmentation- recombination mechanism. the most reasonable 
alternative for the interconversion of cations 26 and 30 involves intermolecular 
hydride shifts. If an intermolecular mechanism is operative, then the rate of inter- 
conversion should be concentration dependent. On this assumption we subjected the 
alcohol 4 to the conditions ofthe Koch- Haaf reaction at high dilution. The concentra- 
tion of the adamantane species was 001 M or less both in the sulfuric acid solution and 
in the carbon tetrachloride solution of the alcohol 4 which was added to the reaction 
mixture. The NMR spectrum of the product showed the presence of the unrearranged 
acid 1 (8.90 T. 6H. singlet) and rearranged acid 5 (9.16 T. 6H. doublet : J = 5 Hz) in a 

l The absorption in the NMR spectrum of5 corresponding to this methine proton is a complex multiplet 

and is difficult to observe: however. in the deuterated material it appears as a broad singlet at 8.72 r. 
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ratio of 7: 1. Recrystallization from aqueous methanol afforded the pure acid, 2-(l- 
adamantyl)2-methylpropionic acid (1). m.p. 186-188”. 

Although this experiment demonstrates the intermolecular nature of the rearrange- 
ment of cations 26 and 30. the question of thermodynamic us kinetic control in the 
original Koch-Haaf reaction remains unresolved. In order to clarify this point we 
subjected the unrearranged acid 1 to the conditions of a ‘concentrated” (0.1 M) 
Koch-Haaf reaction. The rearrangement of 1 to 5 does take place, but at a rate 
substantially slower than the rate of conversion of 4 to 5 under the same conditions. 
Although exact equilibrium data were not obtained, this experiment demonstrates 
that at equilibrium the rearranged acid 5 is favored over 1 by at least 5: 1. 

CONCLUSIONS 

We have shown that the Koch-Haaf reaction of 2-(I-adamantyl)-2-propanol (4) 
proceeds with rearrangement to give the acid 5 as a consequence of intermolecular 

hydride shifts. As the rearrangement is bimolecular it can be inhibited by using a lower 
concentration of substrate; the use of dilute conditions in the Koch-Haaf reaction of 
4 has resulted in the synthesis of the elusive 2-(1-adamantyl)-2-methylpropionic acid 

(1). 
Since the rearrangement of 1 to 5 under the normal conditions of a Koch-Haaf 

reaction is considerably slower than the conversion of the alcohol 4 to 5. the carboxylic 
acid 1 cannot be an intermediate in the Koch-Haaf reaction (4 -, 5). Although 
differential trapping rates of the carbonium ions 26 and 30 (Scheme 1) appears to be a 
likely explanation for the observed product distribution. the possibility cannot be 
ruled out that a thermodynamic equilibrium is established between the acyhum ions 
39 and 40. The products 1 and 5 could then arise in the same ratio as that of 39 

Eb q” 

39 @ 

H 

//+ 
0 

40 

and 40 in the equilibrium mixture. However, data on the relative stabilities of 39 
and 40 are not available, and a decision between the two alternatives to explain the 
product distribution is not possible. 

EXPERIMENTAL 

2~1-Adamotuyf)-2-proponol(4). To the Grignard reagent prepared from 57 g Mel and 9.6 g Mg turnings 

was added over 45 min a soln of 3’ (32 g) in 100 ml ab diethyl ether. The reaction mixture was heated at 

reflux for I hr. and the Mg salts were decomposed by the addition of NH,CIaq while cooling the reaction 

mixture in an ice bath. The aqueous phase was extracted with diethyl ether. and the combined ether solns 

were washed with water and dried over MgSO,. The ether was distilled and the residue was distilled at 

reduced pressure to give 29-I g (97 ‘A) of4 (b.p. I I8/0.5 mm). After recrystallization from McOH the material 

melted at 8&O-81.4”; IR : 3470 (OH), 1370 cm-’ (weak, gem dimethyl); NMR :s r 7.92 (2H). 845-8.55 

fl2H). 5 89(lH. m), 9.19(6H.d) (Found: C, 80.55: H, 1150. Calc for C1sHss0: C. 8035: H, 11.41). 

3-lsopropyl- I -adamanranecarboxylic acid (5). The alcohol 4 (37.9 g) was dissolved in I20 ml anhy formic 
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acid and after a short time. the soln separated into two layers. The layers were separated and added simul- 

taneously to a stirred mixture of 2 I of %% H,SO, and 150 ml cyclohexane over a period of 5 hr. When 

the addition was complete the mtxture was poured onto crushed ice, and the aqueous phase was extracted 

with three portions diethyl ether. The combined ether solns were washed with water until neutral, dried over 

CaCI,. and evaporated at rcducaJ pressure. The residue was dissolved in 750 ml benzene containing 26 ml 

EtOH and 2 g ptoluenesulfonic acid. The mixture was heated at rcflux using a Dean-Stark trap until no 

more water was formed. After cooling to room temp. the mixture was washed with NaHCOxaq and water. 

and was dried over CaCl,. The solvent was distilled off. and the residue was fractionally distilled at reduced 

pressure. The fraction boiling at 12&130”/3 mm (34.7 g 71 y<“,) was redistilled to give 21.6 g (440,;) ofcthyl- 

3-isopropyl-I -adamantanccarboxylatc. b.p. I26”/3 mm. 

A 20gportionofthepurifiedcstcr wasadded toa soln of KOH (8 g)in EtOH (lSOml),and thcmixturc was 

heated at reflux for I5 hr. Most of the EtOH was distilled off. and the residue was taken up in water. The 

aqueous soln was extracted with light petroleum and acidified with cone HCI. The ppt was collected by 

filtration and recrystallixed from aqueous MeOH to give 13.3 g (33 ‘?!,. 75 T/, based on the ester) of 3-iso- 

propyl- I -adamunranrcarhoxv/ic acid (5). m.p. I 16” ; NMR : r:rmcml ’ - l.55(lH),7.91 (ZH),8.17(4H).8.36(4H). 

9.16 (6H. d); Mass spectrum: m/e 222 (13%. M’); 179 (IOO”;, -C,H,): I61 (IO”,, -C,H,, -CO,); I35 

(7.5%): 133 (17%); 44 (1.70/,); 43 (4.806); 41 (7.8S,). (Found: C. 75.29; H. lOQO. Calc for C,,HxxOx: C. 

75.63; H. 9.97 %). 

Methyl-3-isoprop~~l-I -udamanranecarhoxy/are (6). To a soln of 5 (IO g) in 80 0, aqueous McOH (50 ml) was 

added a soln of diaxomcthanc in dicthyl ether until a weak yellow colour persisted. The mixture was poured 

mto water. and the aqueous mixture was extracted with dicthyl ether. The ether soln was washed with water 

and dried over MgSO,. The solvent was distilled off. and the residue was distilled at reduced pressure to give 

9.5 g (89 %) of methyl-34sopropyL I-adamanranecarboxplare (6). b.p. 16&5”/ I5 mm. (Found : C. 75.87: H. 

lO@I. Calc for C,sHz402: C. 76.22; H. 10.24~/0). 

I-Hgdroxymerhy/-34sopropy/adamanrane (7). To a suspension of LAH (I.2 g) dicthyl ether (50 ml) was 

added dropwisc with stirring a soln of 6 (I I.5 g) in diethyl ether (100 ml). The mixture was heated at reflux 

for 45 min. and after it had cooled to room temp the excess LAH was destroyed by the addition of water. 

The inorganic solid was removed by filtration and washed with ether. The ether solns were evaporated, and 

the residue was distilled at reduced pressure to give 7.0 g (69 %) of 1 -hydrox,vmerh.+3-isoprop.v/adamanrane 

(7). b.p. IOP/2 mm. 

I-Tosy/oxymerhy/-34sopropy/adamanrane (8). To a soln of 7 (6.8 g) pyridinc (100 ml) which was cooled in 

an ice bath was added p-toluenaulfonyl chloride (6.8 g). The mixture was allowrd to stand at room tcmp for 

20 hr. and was then poured into cold. dil HCI. The oily ppt soon solidified and wi s collected by filtration and 

washed well with water. The solid was dried under vacuum and recrystallized from MeOH to give IO.1 g 

(86%) of I-ros~lox~34sopropyladamanrane (8). m.p. 58”. (Found: C. 69.47; H. 8.27. Calc for C2,HJ00,S: 

C. 69.58: H. 8.34 %). 

I-Merhyl-3-isopropyladamanrane (9). To a stirred suspension of LAH (25 g) in anhyd THF (50 ml) was 

added a soln of 8 (8 g) in anhyd TH F (50 ml), and the mixture was heated at reflux for I6 hr. The excess IAH 

was destroyed by the cautious addition of water. and the inorganic salts were removed by filtration and 

washed well with dicthyl ether. After removal of the solvent from the combined organic solns. the residue 

was fractionally distilled at reduced pressure to give 3.3 g (78 “J of I -merhF/-3-isopropyladamanrane (9). b.p. 

llP,!l3 mm; NMR: r’,‘;’ 8X@ (2H). 860 (8H), 8.81 (2H). 9.15 (6H. d), 9.16 (3H. s). (Found: C. 87.32. H. 

12.55. Calc. for C,.Hz,: C. 87.42: H. 12.58%). 

2-(3-Merh$- I -adamanry/)-2-propuno/( I I). To the Grignard reagent prepared from 5.35 g Mg turnings and 

32 g Mel in 50 ml anhyd diethyl ether was added dropwise with stirring a soln of I (19.8 g).‘The mixture was 

heated at reflux for I hr and was then neutralized by the addition of cone NH,CI aq. The aqueous phase was 

extracted with diethyl ether. and the combined ether solns were washed with water and dried over MgSO,. 

The solvent was distilled off to give 18.2 g (98 %) of 2-(3-merhyl-I-adamanry/)-2-propanol (I I) as an oil. As 

decomposition was observed to begin when at attempt was made to distill the product under vacuum. the 

material was carried on to the next step without further purification. 

I-Methyl-34sopropenykadamantane (12). A soln of II (18.2 g) in Ac,O (I50 ml) was heated at reflux for 

12 hr. and after the mixture had cooled it was poured into icx water. The aqueous mixture was extracted with 

pentanc. and the combined pcntanc extracts were washed with water and dried over MgSO.. The pentanc 

was distilled OK and the residue was distilled at reduced pressure to give 12.5 g (75 ‘A) of I-merhyl-3-k- 

propenyladamanrane (12). b.p. lW/l I mm. (Found: C. 88.30; H. 11.70. Calc. for C,.H,,: C. 88.35; H. 

1 I .65 “/,). 



14 D. J. RABER er al. 

Hvdrogennrion o/ I-mPrh~l-3-isoprope~~/~dum~J~ranP (12). A soln of 12 (I I g) abs EtOH (100 ml) con- 

taining IO% W-C (I g) was hydrogenated at atm pressure. The uptake of H, ceased after I hr. and the 

catalyst was removed by filtration. The EtOH was distilled off and the residue was distilled at reduced 

pressure (water aspirator) IO give IO g (90 “/,) of I -merh~l-3-isoprop~loda~onr~ne (9) which was identical with 

the sample prepared by reduction of 8 (gas chromatography). 

2~l-Adamonr~l)-2-hromopropane(l3). Toa stirred soln ofcarefully drted 4( 16 g) in benzene( 100 ml) which 

was cooled in an ice bath was added a soln of freshly distilled PBr, (4.65 g) in benzene ( 50 ml) over a period of 

2 hr. The mixture was stirred at 0” for an additional hr and was permitted to stand at room temp for I2 hr. 

The mixture was heated just to the b.p. and was then cooled in an ice bath. The phosphoric acid layer was 

separated. and the benzene soln was washed with cold water and dried over CaCI,. The benzene was 

distilled 08. and the residue was recrystallized from hexane and sublimed to give IO.7 g (86%) of 2-(I- 

adamanr~l)-2-hromopropane (13). m.p. 124” : NMR: r ::k 80 (3H. broad s). 8.158.45 (l2H m). 8.29 (6H. 

sharps). (Found: C. 61.01: H. 8.34. Calc. for C,,H,,Br: C. 60.68: H. 8.237;). 

2_(3-Bromo-I-adamonr~l)-2-6romopropanP (14). A mixture of 13 (I2 g) and Br, (80 ml) was heated at 

7&8U’ for 2 hr. The cooled mixture was added to 300 ml chloroform. and the excess Br, was destroyed by 

the addition of NaHSO,. The organic phase was washed with water and dried over CaCI,. and the chloro- 

form was distilled off. The residue was recrystallized from dioxan to give I3 g (82”;) of 2(3-bromo-l-ada- 

manryl)_2-hromopropone (14). m.p. 147. (Found: C. 4627: H. 5.80. Calc. for C,,HsOBr2: C. 4645; H. 

600 SC,). 

Afrempred Koch-Hoa/ reocrion of 14. To a suspension of 14 (104 g) in 96% H,SO, (500 ml) was added 

dropwise over 4 hr 50 ml of anhyd formic acid. The insoluble material was removed by filtration. washed 

thoroughly with water. and dried to give 9.6 g of unreacted 14. Repetition ofthis procedure with the addition 

of 9.3 g dry silver sulfate afforded tars as the only products. 

Methyl 3.5-dibromo-I-odamanrylcorho.~y/are (16). To a methanolic soln of 3.5-dibromo-l-adamantanc- 

carboxylic acid” (7 g) was added a soln to diaziomethane in diethyl ether until a weak yellow color per- 

sisted. The solvent was distilled off. and the residue was recrystallized from aqueous MeOH to give 6.5 g 

(89?/,)of 16 m.p. 46’. (Found: C, 41.20; H. 4.71. Calc. for C,,H,,Br,Os: C. 40.93; H. 4.58”“). 

2_(3.5-Dibromo-I -adamonryl)-2-proponol(l7). To the Grignard reagent prepared from I.15 g Mg turnings 

and 4.1 g Mel was added dropwise a soln of 16 (5.5 8) in 30 ml of anhyd diethyl ether (59 ml). and the mixture 

was heated at reflux for I hr.The mixture was neutralized by the addition ofconc NH.CIaq and worked up 

in the usual manner to give 5.3 g (96%) of 17. 

Arrempred Koch-Haa/ reacrion of 17. To a mixture of 17 (5.3 g) and 96% HISO, (200 ml) was added 

dropwise over 2 hr 20 ml of anhyd formic acid. After about 30 min the evolution of HBr was observed. The 

mixture was poured onto ice. and extraction of the HISO, mixture afforded a tar from which no character- 

izable product could be isolated. 

Reaction o/ 2-( I -adamonry&2-hromopropane (13) wirh cuprous c,wnide. To dry cuprous cyanide (4 g) was 

added anhyd pyridine (40 ml) and an exothermic reaction resulted. To the pyridine soln was added 13 

(I2 g) and the mixture was heated in an oil bath. The tcmp of the oil bath was raised slowly over 2 hr at 220”. 

and most of the pyridine was distilled over. The residue was heated for an additional 5 min and was cooled 

to room temp. The tarry residue was treated with several portions hot benzene. and removal of the solvent 

afforded a dark oil. From this oil could be obtained neither a homogeneous crystalline solid nor a liquid of 

definite m.p. 

I-Chloro-2-merhyl-3-(3-ch/oroudamonryf)-propane (20). A soln of I-adamantyl chloride” (19~Cl. 29 g) in 

freshly distilled I-chloro-2-mcthylpropane*a (70 ml) was cooled to - 50”. and AICI, (5 g) was added with 

stirring over a period of I hr. After 4 hr the resulting thick slurry was mixed with ice-cone HCI and the 

mixture was extracted with diethyl ether. The ether solns were washed with NaHCOsaq and water. and 

dried over MgSO,. The ether was distilled off, and the residue was crystallized with scratching in the pres- 

ence of a small amount of light petroleum. Recrystallization from MeOH afforded 20 (29.75 g: 67”;). 

m.p. 52 5 ; NMR: T:$ 620 (2H. m). 8 22 (3H. sharp d). 86 (2H. m). (Found: C. 64%; H. 8 46. Calc. for 

C,,H,,CI,: C. 64.37; H. 849%) 

A sample of 20 (24.5 g) was dissolved in MeOH (250 ml) containing NaOH (8.5 g) and Rancy NI catalyst 
was added. The soln was mamtamcd at room tcmp under an atmosphere of Hz until uptake of H, ceased (3 

days). The catalyst was removed by filtration. the MeOH was distilled OR and the residue was fractionated at 

reduced pressure to give 15 7 g (84%) of I<l-adomantyl)-2 merhylpropune. b.p. 114.. I2 mm; NMR: I::,!,’ 

7.98 (3H). 8.22 (6H). 840(6H). 9,00(9H). (Found: C. 87.33; H. 12.57. Calc. for C,.Hzd: C. 87.42; H. 12.58 %). 

Arrempred prepararion of I.l.l-trichloro-2-( I-adomanry&2-merhy/propone (22). A soln of I-adamantyl 
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chloridcz’ (19-Cl; I5 g) in I.ldichloro-2-mcthyIpropene’p (35 ml) was cooled to -49. and AICI, (2.S g) 

was added in small portions with stirring over a period of I hr. Aftcr 4 hr the reaction was quenched by 

the addition of iaconc HCI. The mixture was extracted with dicthyl ether. and the ether soln was washed 

with water and dried MgSO*. Distillation of the solvent afforded I43 g of Iadamantyl chloride (19c1) 
as the only product. 

Rrocrion of I-adamanr~l bromide (19) with ethyl merhocr,v/are. A soln of I-adamantyl bromide (IO g) in 

ethyl mcthacrylate (I 5 g)containing a trace of hydroquinonc was heated at 80” for I5 hr. After distillation of 

the excess ester. the residue was crystallized from McOH to give only the unrcacted bromide (19-a). 

An identical mixture was heated in a bomb for 8 hr at 14tY’. but again no reaction occurred. Elevation of 

the tcmp resulted only in polymer formation. 

A mixture of AIBr, (I5 g) and CS2 (50 ml) was coolcd to - 20”. and a soln of 19-Br (10 g) and ethyl mcth- 

acrylatc (5.1 g) in CSI (50 ml) was added dropwisc over 2 hr while the tcmp was maintained at -20”. The 

mixture was quenched by the addition of ice cone HCI. and worked up to give 19-Bras the only product. 

I-Adamuntyl t-butyl ketone (24). Into aohyd diethyl ether (100 ml) cooled to -70” in a dry ia-acetone 

bath was injected 85 ml of commercial soln of t-BuLi (1.54M = @I 15 mol) under an atmosphcm of N,. 

To the cold soln was added I-adamantanecarboxylic acid (IO g; OQO5 mol) in aohyd dicthyl ether (100 ml) 

dropwise with stirring. After the addition was complete. the mixture was stirred at - 7U’ for 3 hr and was 

then allowed to warm to room tcmp for I2 hr and was then poured into 500 ml ice water. The mixture was 

acidifial and extracted with diethyl ether. The combined ether solns were washed with IO”{, NaOH aq and 

with water. and were dried over MgSO,. The ether was distilled at reduced pressure. and the residue was 

diss/llcd under vacuum to give 3.5g(3O%)of I-odumonryl t-hurylkerone(24). b.p. I l7-120”/005 mm; NMR: 

r ppi8.8 (9H. s): broad absorptions at 8.25 (12H) and 8.0 (3H); IR: f cm _ ’ 1675 (C=O). 

Arremprs ro prepore 3~l-odomonr,~~3-merh~/-2-butanone (25). The general method employed was to 

plaa U (I.0 g) in H,SO, (35 ml) at 0” and then allow the mixture to stir at room tcmp for the deslrcd time. 

The mixture was then poured into water and extracted with dicthyl ether. The ether extracts were washed 

with water. dried over MgSO, and cvaporatal at reduced pressure to yield the products as residue. The 

results are summarized below : 
Reaction time Results 

l3hr No reaction. IR same as starting material. 

38 hr Some reaction. IR showed some loss of starting material and some new peaks but no 

new carbonyl absorption. Still mostly starting ketone 24. 

86 hr Reaction complete. No starting material in IR. Little or no carbonyl absorption. 

Product idcntilial as I-adamantanol. 

As indicated in the chart. the only product observed from the reaction was I -adamantanol (idcntificd by 

comparison of IR and NMR spectra with an authentic sample). No tncthyl isopropyl ketone WEBS ohved 

in the products, but this may have been lost in the aqueous work up or during the distillation of the solvent; 

alternatively it may have been degraded by the sulfuric acid. 

Attempted carboxylarion of the Grignord reopenr derived.from 2~l-odamonr~f)-2-bromopropanc (13). To 

24 g A g turnings in 50 ml anhyd diethyl ether was added dropwise a soln of 13 (I 2.8 g) Mel (7.1 g) in diethyl 

ether (I 00 ml). After the addition of about 3 ml of this soln an exothermic reaction began and the remainder 

ofthe soln was added at a rate which maintained gentle rcflux After the addition was complete. the mixture 

was heated at reflux for an additional 2 hr. Only a small amount of unreactcd metal remained. and the ether 

soln was decanted from this under a N, atmosphere. 

The ether soln of organomctallic reagent was cooled to - 18”. taking care to exclude m0isture.A stream of 

dry CO2 was passcd through the soln for 2 hr. and the mixture was allowed to warm to room temp. The 

mixture was neutralized by the addition of dil HCI. Extraction of the ether soln with NaHCO,aq and with 

dil NaOH aq followed by acidification of the aqueous phase affordcd no organic product. 

Attempted carboxplarion o/the organolirkium reagent dericedjrom 2-(l-cldomanry/)-2-bromopropane (13). 

To pcntanc (IO ml) and dicthyl ether (IO ml) under N, atmosphcrc was injcctcd a commercial solution of 

t-BuLi in pentanc(l0 ml: I.SM = 0.015 mol),and theresultingsoln wascooled to - 70” in a dry ice-acetone 

bath. To the cold soln was added dropwisc 13 (I.0 g; OQOO4 mol) in ether (5 ml). The mixture was stirred 

for 45 min at - 70”. and dry CO2 was passed through the soln forming a white ppt. The mixture was poured 

over dry ice and was allowed to warm to room temp. The mixture was extracted with 20% NaOHaq. and 

the basic soln was dried over MgSO, and evaporated at red& pressure to give pivalic acid as the only 

product. 

Reacrion ~$24 I -adamanryf)-2-proponol(4) w’rh hydrobromic acid. A mixture of 4 (I OJI g: 005 I5 mol) and 
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48 % HBr (I50 ml) was heated at rcflux for 48 hr. The mixture was cooled. diluted to 500 ml with water. 

and extracted with diethyl ether. The combined ether extracts were washed with cold NaHCO,aq and cold 

sat NaClaq. and were dried over MgSO.. Removal of solvent afforded 9.7 g (74%) of a pale brown solid. 

The NMR spectrum showed the presence of about 95% of the unrearrangcd bromide 13 and 5 % of the 

rearranged bromide 27 (see below). 

N-Aceryl-2_(1-4d~rmry~2-propylomine (28).14 NMR. r g” 4.3-4.7 (IH), 803 (3H). 8%’ (3H. s) 8.35 
t I 2H. m)), 869 (6H. s). 

(3-isopropyl-I-ad~nlyl)-oceric acid (29). To a soln of BF, (6 g) in 96% HsSO, (30 ml) which had been 

cooled to lo” was added dropwisc over the course of l-5 hr a soln of4 (6 9) in I.1 :dichlorocthylcnc (25 g) 

After an additional 2 hr the mixture was poured onto ice and extracted with ether. The ether extracts were 

in turn extracted with I M NaOH. and the basic soln was neutralized with cone HISO, with cooling in an 

ice bath. The aqueous mixture was extracted with ether. and the ether soln was dried over MgSO,. Distilla- 

tion of the ether afforded 3.7 g (51%) of (3-isopropyl-I-cldanurnlvl)_aceric acid (29). which crystallized on 

standing. After several sublimations the product exhibited a m.p. of 78-79”: NMR: r \i$ - I .I 5 (I Hk 7.88 

(2H. S) 7.97 (ZH). 8.41 (6H). 8.59 (6H). 8.7-9.1 (IH). 9.20 (6H. d): Muss specrrum: m/e 236 (2:/,. M +). 193 

(20%. -C,H,). 170 (IS”/ -CH,COzHk 135 (100% C,,H,,+). (Found: C. 76.86; H. 10.29. Calc. for 

C,,H,,Os: C. 76.22; H. 10.24%). 

I-lsoprop.~lrdomontone (31)” To a soln of38 (9.5 g) in dicthyl ether was added PtOr catalyst (0.2 g). The 

mixture was hydrogenated at 45 psi using Paar apparatus. When H, uptake ceased. the catalyst was rc- 

moved by filtration. and the solvent was removed at reduced pressure. The residue was distilled at reduced 

pressure togivc9.5g(98%)of I-isopropylodomanrane(31). b.p. 108”/1 I mm; NMR: rr$$8.00(3H).8.31(6H) 

848 (6H). 8.9 (I H). 9.20 (6H. d). 

I-Bromo-3-isopropyladomunronc(27). A mixture of 31(5.0 g; 0028 mol) and Br, (25 ml; large excess) was 

heated at rdlux for I2 hr. The mixture was cooled. Ccl, (50 ml) was added. and the soln was poured into 

ia water (100 ml) in a scparatory funnel. Excess Br, was destroyed by cautious addition of Na,SO,. and 

the aqueous phase was extracted with Ccl,. The combined organic extracts were washed with water and 

sat NaClaq and dried over MgSO,. Removal of the solvent at reduced pressure afforded a dark oil which 

was dissolved in hcxanc and passed through a 25 cm column of alumina. Evaporation of the hcxanc gave 

4.5 g (60%) of I-bromo-3-isopropyladamatrane (27) as a colourlcss oil; IR: I cm-’ 716. 672; NMR: q$ 

7.69 (6H). 7.88 (2H). 8.31 (2H), 846 (4HA 8.9 (I H). 9.14 (6H. d). 

The Koch-Hoafreacrion qf2-(l-odamonry&2-propanol(4) in D,SO.. In a )-neck flask equipped with a gas 

inlet tube. dropping funnel. thermometer and drying tube was placed 100 %d, H,SO, (I 5 ml). The tcmp of 

the mixture was maintained at 19-20” while a soln of 4 (14 g) in 99% HCOOD (2 ml) was added dropwisc 

over I hr under an atmosphere of He. The mixture was stirred for an additional I2 hr. and was then poured 

onto I00 g ice. The aqueous mixture was extracted with dicthyl ether. and the ether extracts were dried over 

NasSO,. Distillation of the ether afforded 0.9 g (80%) of crude product. which was purified by repeated 

sublimation to give dcutcratcd 5. m.p. 105-108”; NMR: r z’s - I.92 (H). 7.92 (ZH). 8.16 (4H). 8.34 (4H). 

8.51 (4H). 8.72 (IH broad s). 9.18 (08H. broad d); Moss specrrum: m/e [229 (I %k 228 (6%). 227 (3.6%). 226 

(1.7%),M+]; 179(100%, -C,H,); I61 (14%); l35(9”/ -CsH,. -CO,); 133(21 %);49(55%);48(3.5%); 

47(1.5%);45(2%);44(2%);43(1.5%):41 (5%). 

2il-Adamantyf)-2-mcthylpropionic acid (1). A 5-liter 3-n& flask equipped with a Hirshbcrg stirrer was 

charged with 97”/, H,SO, (I.5 I) and cooled in an ice salt bath. When the tcmp of the acid decreased to 

- 3’ 90 “/. formic acid (50 ml) was added causing the tcmp to rise to 5”. After several mins (when the reaction 

mixture became foamy) a soln of 4 (2.0 g) in Ccl. (I.0 I) was added rapidly. At the same time additional 

formic acid (50 ml) was added dropwise. The addition took 10 min. and after an additional 5 min the mixture 

was poured onto 3 kg crushed ice. 

The layers were separated. and the aqueous layer was separated into two parts. Each of the aqueous parts 

was extracted with three 100 ml portions Ccl.. The combined Ccl. solns were washed with two I.5 liter 

portions water. and were then mixed with I5 ml cone NH,OHaq. The resulting ppt was collected by 

filtration. 

The solid ammonium salt was washed with two 5 ml portions cold acetone and was suspended in 

30 ml water. To this was added 3N HCI (20 ml), and the mixture was extracted with three 25 ml portions 

chloroform The chloroform extracts were washed with NaCl aq (25 ml) and dried over Na,SO.. Evapora- 

tion of the chloroform at reduced pressure afforded I.58 g (68%) of a white solid. m.p. 170-180”. The 

NMR spectrum of the crude product indicated the prcscncc of 88% of 2 and 12% or the rearranged 

acid 4. 
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Five recrystallizations from aqueous MeGH provided 2-( 1 -odamnnt!~Z-mPrh!lropionic acid (I). m.p. 

186188” (sealal capillary); NMR: r:’ -4.33 (IH). 8.05 (3H). 8.33 (12H). 890 (6H. sharps). 

Rcorron8emenr ~f2-(I-odomanr~~2-mrrhp/propionic acid (1) to 3-isoprop?/-ldd~mcmrone~~rbo.~~/ic acid 

(5) under Koch-.Haa/condirions. In a 100 ml 3-neck flask equipped with a Hirshbcrg stirrer was placed 97 “‘, 

HxSO. (IO ml). The flask was cooled in an ia bath and 90% formic acid (@5 ml) was added. After 5 mitt 

0.20 g of a mixture of the carboxylic acids (88 “/. I and 12 “/, 5) in IO ml cold Ccl, was added in a single 

portion. The mixture was stirred for 6 hr (the ice bath melted. and the tcmp rose to 19 at the end of the 

reaction). 

The mixture was poured onto 25 g crushed ice, and the layers were separated. Tbe aqueous layer was 

extracted with three IO ml portions Ccl,. The combined Ccl, solns were washed with three 20 ml portions 

water and were mixed with I.0 ml cone NH,OH aq. The resulting ammonium salts of the carboxylic acids 

were collected by filtration and washed with 5 ml Ccl,. 

The ammonium salt was mixed with 3N HCI (20 ml) and chloroform (20 ml). The layers were separated. 

and the aqueous layer was extracted with two IO ml portions chloroform. The combined chloroform solns 

were dried over Na$O,. and the solvent was evaporated at reduced pressure to give @I I g white solid. 

Analysis of the product by NMR spectroscopy showed that it consisted of 17”; I and 83 “/, 5. 

A similar experiment. but with a reaction time of only 2 hr. effected a conversion of pure I into a mixture 

of the acids I and 5 in the ratio of I : I. 
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