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Rapid Intramolecular 1,4-Hydride Transfers in Rigid Boat -conformation 
4 -Hydroxycyclohexanones 

By GABRIELLE-ANNE CRAZE and IAN ?VATT* 
(Chemistry Department, University of Manchester, Manchester M13 9PL) 

Suvnmavy The ketols (la)-(3a), have been prepared and 
barriers for degenerate rearrangement, by intramolecular 
hydride transfer, in the derived sodium alkoxides, (1 b)- 
(3 b) have been determined from their temperature 
dependent 13C n.m.r. spectra. 

BARRIERS for intramolecular hydride transfer from an 
alkoxide group to a carbonyl carbon atom (Figure) appear to 
parallel those for hydride transfer in carbocations. Shifts 
occur readily when the reacting carbon termini are 1,5- in 
seven-, eight-, or larger-membered rings,l reflecting, pre- 
sumably, the small energies required for these rings to 
adopt favourable conformations. When the termini are 
1,4-with respect to six-membered rings, shifts have only 
been observed in molecules in which the usually preferred 
chair conformation is destabilized by other structural 
features2 

a ; R = H  
b ; R = N a  

methylene bridge in this series forces the reacting centres 
together, and this can be seen in the structure of the ketols 
(Table), calculated by an empirical force field (EFF) 
m e t h ~ d . ~  Increasing interaction of the alcohol and 
carbonyl groups is also reflected in the changes in the con- 
tribution from the C - * C and C - - H non-bonded repulsions 
to the steric energy. We have examined the effectof these 
quite subtle changes on the rates of hydride transfer. 

Compounds (la)-(3a) were prepared from the diene-p- 
benzoquinone Diels-Alder adducts5 (Scheme). The re- 
quired exo-configuration a t  the hydroxy group was achieved 
by Dibal reduction of the ene-diones6 prior to sensitized 
photocyclisation and semi-oxidation. The salts were 
generated by treatment of (CD,),SO solutions of the ketols 
with 1 equiv. of CD3SOCD,Na,7 and were examined by 13C 

The ketols (la)-(3a) all contain 4-hydroxycyclohexan- n.m.r. spectroscopy. Hydride transfers in these salts 
would be degenerate, leading to exchange of five carbon 
sites in ( lb) ,  and six in both (2b) and (3b).t 
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FIGURE 

ones held in rigid boat conformations by cage structures. 
Cookson3 has pointed out that increasing the length of the 

TABLE. Details of the calculated structures of the ketols (la)-(3a) 

Angles/" DistanceslA Enon-bona/kC;tl mol-l 

101.8 99.84 82.9 2.613 2.510 0.66 0.87 
98.1 97-13 84.4 2.555 2-416 0.91 1.38 

102.1 93.89 82.5 2.516 2.410 1.12 1.44 

Structure O(1)-C(1)-H 0(2)-C(2)-H C(1)-H-C(2) C(1) - . C(2) H * * C(2) C(1) - - C(2) H .C - (2) 
( 1 4  
(24 
(3a) 

t The ketols (la)-(3a) were all sharp-melting crystalline solids with the expected analytical and spectral properties. 
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The spectrum (20,l MHz) of (2b) shows peaks a t  6 19.0 
and 17.7 which are triplets in the off-resonance decoupled 
spectrum and are securely assigned to methylene bridge 
carbons These signals coalesce a t  373 If 3 "C, giving 
AGJ,, 19.0 & 0-3 kcal mol-l for the exchange * Similarly, 
methylene signals a t  8 29 3 and 31.0 in the spectrum of (3b) 
coalesce at 345 & 3 O C ,  giving AGi4$ 17.3 If 0 2 kcal mol-1, 
and a third methylene signal a t  6 24-9, assigned to the 
central non-exchanging methylene group, remains sharp 
Other temperature dependent changes occur a t  lower field 
in these spectra, but, since coalescing pairs overlap and are 
partially obscured by solvent, coalescence temperatures are 
difficult to obtain The changes are reversible, provided 
the samples are not heated a t  over 95 "Cj for prolonged 
periods, and the ketols were recovered unchanged$ in over 
80% yield from the solutions after quenching with water 

SCHEME n = 1, 2, or 3 Reagents i Bul,AIH-toluene, 
ii, hv, acetone, 111, Cr0,-acetone 

We therefore associate the barriers for exchange with the 
degenerate hydride transfer 

The spectrum of ( lb)  showed no coalescences below 
100 "C, but, from the small line broadening,'lj (<0.5 Hz) it 
was possible to set a lower limit of AG;,, 321.7 kcal mol-1 
We can estimate, therefore, that (3b) rearranges 100 7 times 
faster than (2b) which in turn, rearranges at  least 102 times 
faster than (lb) The barriers for 1,khydride transfers in 
both (2b) and (3b), are less than that found for a 1,5-shift 
across an eight-membered ring in the sodium salt of exo-7- 
hydroxybicyclo [3 3.11nonan-3-one 1 These results demon- 
strate a sensitivity of the rearrangements to exact molec- 
ular geometry, consistent with the large negative activation 
volumes found in intermolecular transfers The increasing 
non-bonded interactions between the functional groups in 
the series (1)-(3) could be viewed as arising from progress 
towards the transition state, and, since most progress has 
been made in the ground state of (3), the remaining energy 
required to reach the transition state is least 

Since the shifts involve formal expulsion of hydride from 
alkoxide and addition of hydride to carbonyl, the potential 
energy hypersurface for the rearrangement should be 
related to that for the interaction of hydride with an 
isolated carbonyl group In principle then, the variation 
of barrier with ground state molecular geometry could be 
used to map the hydride + carbonyl reaction pathway lo 

In practice, this would require accurate molecular structures 
for the salts since these could differ in important respects 
from the calculated alcohol structures Simple application 
of the force field method does not allow adequately for 
crucial ground state distortions along the reaction co- 
ordinate n The salts (lb)-(3b) crystallize well from the 
Me,SO solutions and we hope to describe their crystal 
structures a t  a later date 
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2 After 18 h at  100 "C there was partial quenching of the alkoxide presumably caused by Me,SO decomposition products 

§ Mass spectral analysis showed no deuterium incorporation 

7 k = r ( w  - wo) in the slow exchange limit Widths in the absence of exchange were taken from the non exchanging central 
methylene signal 
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