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Stereochemical Inhibition of Intramolecular 1,2 Shifts. 
The Intermolecular Nature of Hydride Shifts in the 
Adamantane Series' 

Sir : 
Many rearrangements are known involving the inter- 

conversion of adamantane derivatives. Reactions in 
concentrated sulfuric acid are illustrative. 3-6 At 28 ", 
2-adamantanol (Ia) is converted to an equilibrium mix- 
ture containing >98 % I-adamantanol (IIa).3b,4 This 
isomerization forms one of the mechanistic bases for the 
preparation of adamantanone by the reaction of ada- 
mantane with sulfuric acid at 77 2-Methyl-2- 
adamantanol (IIIa) undergoes extensive isomerization in 
concentrated HzS04.3cr5 At room temperature or 
below, 2-methyl-1-adamantanol (IVa) and the syn and 
anti isomers of 4-methyl-1-adamantanol (Va) are the 
major products. Under these conditions IVa and the 
Va isomers equilibrate rapidly. At higher temperatures 
IIIa gives other products such as 3-methyl-1-adamant- 
anol and 5-methyl-2-adamantanone, in which both alkyl 
and oxygen functions have shifted. Rearrangements 
are also observed6 during Koch- Haaf reactions,' car- 
ried out in sulfuric acid. Thus, Koch-Haaf reaction of 
IIIa gives the kind of rearranged (IVb, Vb) and unre- 
arranged products (IIIb)* as are found (IIIa-Va) from 
isomerization. 

I I1 I11 

I v syn-V anti-V 

series a, X =OH; series b, X = C02H 

These rearrangements have appeared to  involve 
simple intramolecular 1,2-hydride shifts (VI + VII). 
We now wish to  show that these hydride shifts are, in 
fact, intermolecular since they can be prevented by the 
use of sufficiently dilute reaction conditions. Intra- 
molecular rearrangements are first order in substrate, 
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ucts of IIIa. Their chemical method of analysis converted IIIb to 2- 
ethylideneadamantane by rearrangement, rather than to 2,2-dimethyl- 
adamantane, which they expected. We have identified IIIb as a normal 
component of the mixture of acids from IIIa. 

and should be concentration independent. Inter- 
molecular hydride shifts are second order, and should 
be highly concentration dependent. 

Intramolecular 1,2 shifts should be strongly inhibited 
on the adamantane nucleus.1'8a Carbonium ion rear- 
rangements should be most facile when the vacant or- 
bital and the C-R bond (where R is the migrating 
group) are coplanar, Le., a 0" dihedral angle exists. In 
VI this angle is 90", the worst possible angle; in VI1 the 
angle of 60" is almost as bad. The twisted transition 
state connecting VI and VI1 should be highly unfav- 
orable. For these reasons, the preferred mechanism 
for interconverting various bridgehead and bridge 
adamantyl cations is intermolecular, not intramolecular. 
There is already considerable evidence ( e .g . ,  in the for- 
mation of disproportionation products) that such inter- 
molecular hydride shifts occur readily in the adaman- 
tane series. 3 ~ 5 , ~  

'i' L U  

VI VI1 

In 1967 Landa, Burkhard, and Vais reported that the 
Koch-Haaf reaction on 2-adamantanol (Ia) gave the 
unrearranged 2-adamantane carboxylic acid (IblGa We 
had already studied this reaction, but in our hands the 
product was the rearranged acid IIb. Exchange of cor- 
respondence and further experiments revealed that the 
cause of this discrepancy was not the SOa content of the 
sulfuric acid employed,'O but rather the total amount of 
acid relative to  the reactants.6b In other words, the dilu- 
tion was the key  reaction variable. Our results, combined 
with Landa's,Gb revealed the following dilution depen- 
dence. When 1 g of 2-adamantanol (Ia) was treated 
with HCOOH, the fraction of 1-acid (IIb) depended on 
the volume of 96% HzS04 used: 30 ml gave ca. 100% 
IIb; 52 ml, 35 %; 300 ml, 14%; and 1000 ml, 0.5 %. The 
isomerization reaction of Ia and IIa is similarly concen- 
tration dependent. At a concentration of 0.8 M ,  a so- 
lution of either Ia or IIa in 96% sulfuric acid is con- 
verted to the equilibrium mixture (1.2-1.4 % Ia and 
98.6-98.8 % IIa) within several minutes. Using a con- 
centration of 0.004 M no rearrangement of IIa to Ia was 
found, and only a partial conversion (66%) of Ia t o  IIa 
took place. When the concentration was further re- 
duced to 0.0004 M ,  no conversion of Ia to IIa was ob- 
served. 
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vations have been made by G. A. Olah and by M. Saunders, private 
communications. 
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Table I. Effect of Dilution on Koch-Haaf Reaction Products 

Prod dist Prod dist 
from higher from dilute 

Starting material concn ( %) condn ( %) 

2-Adamantanol (Ia) IIba Iba 
2-Methyl-2-adamantanol (IIIa) IIb (6) IIIb (>97) 

IVb (56) 
Vh (18) . -  

2-Methyl-1-adamantanol (IVa) IIIby8j IVb (>97) 
IVb (60) 
Vb f32Y 

4-Methyl-1-adamantanol (Va) I i i b i i j  Vb (>97)b 
IVb (29) 
Vb (64) 

Dimethvl-(1-adarnantvllcarbinol IXb only VIIIb (87) 
(VIIIi) 

IXb (13) 

a Relative amounts of 1- and 2-acids depend on concentration. 
See text and ref 6b. The syn :anti ratio was 1 :1 in each case. 

By the use of high dilution conditions, the rearrange- 
ments summarized in Table I could be prevented. It 
was often necessary to use a very large relative amount 
of sulfuric acid to  accomplish this end. It was also 
sometimes necessary (and frequently more convenient) 
to use an immiscible cosolvent such as CCl, in order to 
obtain the necessary high dilutions for these Koch- 
Haaf reactions. In this modification, the substrate 
(and HCOOH) in CCl, are added slowly to a well- 
stirred mixture of HzS04 and CCL; slow diffusion of the 
organic material from CCl, to  H,S04 helps to accom- 
plish the desired result. 

It is possible to  avoid the mixture of acids (IIIb-Vb) 
obtained from IIIa;6c*8 high dilution conditions give 
IIIb. Similarly, the isomeric alcohols IVa and Va can 
quite cleanly be transformed to the corresponding acids 
IVb and Vb without rearrangement. Other rearrange- 
ments can also be prevented, for example the Koch- 
Haaf conversion of VIIIa to 1Xb.I' By the use of the 
CCl, procedure, a product containing a 7 : l  ratio of 
V1IIb:IXb is obtained. 

VI11 IX 
a,  X=OH 
b, X CO,H 

The product from 1-adamantylcarbinol (X) under 
ordinary Koch-Haaf conditions is not just 3-hOmO- 
adamantanecarboxylic acid (XI) as believed earlier, l 2  

but is rather a mixture of the 3-acid (XI) and what ap- 
pears to  be the 1-acid (XII1.l3 

(11) (a) R. C. Fort, Jr., Ph.D. Thesis, Princeton University, 1964; 
see R. C. Fort, Jr., and P. v. R. Schleyer, Aduan. Alicyclic Chem., 1,283 
(1966); (b) J. Weber, Dissertation, Aachen, 1966. 
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Ow. Khim., 4,1933 (1968); Chem. Abstr., 70,28456 (1969)) the Koch- 
Haaf product could be converted electrolytically to l-methoxyhomo- 
adamantane. Although these authors believed that this product arose 
by rearrangement during the electrolysis, it seems more likely on the 
basis of the present work that the rearrangement (uia intermolecular hy- 
dride shifts) occurred during the Koch-Haaf reaction of X. The pres- 
ence of XI1 in the Koch-Haaf product would be expected to yield the 
observed 1 -methoxyhomoadamantane without rearrangement. 

X XI XI1 

Although we have other evidence (e.g., disproportion- 
ation products) to  support our claim that the mech- 
anisms summarized in Table I involve intermolecular 
hydride transfers, the effect of dilution alone would seem 
to establish the point. It is possible that at least some 
of the many rearrangements involving apparent hydride 
shifts, reported over the years, may not have been in- 
tramolecular as supposed. l4 Dilution studies afford a 
convenient method for determining the molecularity of 
such processes. 
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Bicyclo[2.1.0]pent-2-ene. 6J" Spin-Spin Coupling in 
the Cyclopentadiene Diels-Alder Adduct 

Sir: 
Bicyclo[2.1 .O]pent-2-ene, first prepared in 1966 by 

Brauman, Ellis, and van Tamelen, may now be secured 
in quantities sufficient for synthetic utilization. Dur- 
ing our initial studies with this strained olefin, we en- 
countered and characterized the major cycloadduct 
it forms with cyclopentadiene. 

Solutions of bicyclopentene and cyclopentadiene at 
0" for 24 hr, after concentration, vacuum distillation, 
and purification by glpc, afford a CloH12 product (C, 
90.81; H, 9.08; mle 132, base peak mje 66) showing 
nmr absorptions centered at S 6.19 (2), 2.81 (2), 2.09 
(2), 1.59 (l), 1.13 (3), and 0.81 (2) ppm. The adduct 
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