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CONFORMATIONAL ANALYSIS OF 1-OXASPIRO [4.5] DECANES
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Our interest in 1,l1-disubstituted cyclohexanes has been stimulated by the discovery of a dra-
matic breakdown of the additivity relationship for conformational free energies in l-methyleyclo-

hexanol. 2,3

The conformational AG® for this material (ca. 0.3 kcal/mole) is much smaller than
would have been expected i}.7-0.6 (0.9) = 1.1 (0.8) kcal/molé) from a consideration of the con-
formational free energies of the HO [0.6(0.9)] % and CHy 1.7) groups.5 Similar observations
have been made in other 1,l-disubstituted cyclohexanes.6 As a natural outgrowth of this work,
we were Interested in observing the effects produced by linking the substituents together in a
second ring. The formation of such a ring would place restrictions on the orientations available
to the substituents, and make a ring size effect study possible. A recent communication dealing
with the conformational analysis of 1—oxaspiro[4.5]decanes7 now prompts us to report some start-
ling observations with the same general series of compounds.

1,3-Dioxaspiro [ 4,5] decanes, 1l, 2, and 3 have been prepared by standard techniques. They
all exhibit appropriate ir and nmr spectra, and give satisfactory elemental analyses. The related

cis and trans-8-t-butyl isomers of known configuration were prepared by hydroxide ion ring opening

1 (2=CH,3R=H) 4 (2=CH,;R=t-Bu)
O~y <
R '((L 2 (2=C(CH,),,sR=H) 5 (=C(CHj),3R=t-Bu)
O
2 3 (2=C=0;R=H) 6 (Z=C=0;R=t-Bu) ©

z

of the known epoxides,8 cis and trans—6—g—butyl—l—oxaspiro[2.5]octane. Closure of the resulting
diols with formaldehyde, acetone or diethylcarbonate gave 4, 5 and 6, respectively. A related
oxaspirene, l-oxaspirol4.5]-3-decene-2-one (7) was prepared by the method of Haynes and Jones.9

The conformational equilibria associated with compounds 1, 2, 3 and 7, were determined with

the aid of the corresponding 4-t-butyl isomers using various nmr techniques. These results, along
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with those for some related compounds, are recorded in the table.

There are several interesting features which emerge from the data. With the exception of
ketal 2, all three compound types (spiro[2.5], spiro[4.5], and non-spiro) show the expected pre-
ference for an axial oxygen conformation and most possess conformational free energies within the
range 0.25 + 0.2 kcal/mole. The extent of the prefereﬁce is, however, surprisingly small and un-
expectedly constant from one compound to another. We have already called attention to the leveling
effect observed in l-methylcyclohexanol, 1-(hydroxymethyl)cyclohexanol, and related compounds,
but did not expect to find a similar effect in the l—oxaspiro[4.5]decanes.10 In fact the l-oxaspiro
B.S]decanes were expected to show an increased preference for the axial oxygen (equatorial CH2)
conformation in comparison to their non-spiro analogues. It was reasoned that tying the substitu-
ents together through a five membered ring, as was done in going from 8 to 2, would destabilize

the axial-CH, conformation, since in doing so the CH2 (or = CH) group would be twisted into the

2
syn~diaxial protons as 1llustrated below.

H

CH
3
OH CH,
OH
§_-AG° = 0.46 kcal/mole 2 —AGO = =0,13 kcal/mole
CH,
o]
OH o
H
9 -AG° = 0.64 kcal/mole 7 -AG°= 0.50 kcal/mole

However, if anything, cyclization led to a decrease, not an increase in the preference for the
axial oxygen conformations. The most dramatic example of this is seen in ketal 2, where the
equatorial oxygen conformation is in fact more stable than the equatorial CH2 conformation!
Allinger et al. have already suggested an explanation for the leveling effect observed in a
number of 1,l1-disubstituted cyclohexanes.11 This may represent a partial explanation for the va-
rious 1-oxaspiro[4.5]decanes as well. However, we would like also to suggest that cyclization
perhaps forces the atoms directly attached to the cyclohexane ring to bend slightly outward, away
from the ring, thereby reducing the axial—CH2 (or = CH) repulsions and in some cases even con-

) 1
verting them into attractions.
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Conformational AG®° Values for 1-Oxaspiro 4.5 decanes and Related Compounds

Compound -a6° L Solvent Method of Reference
Analysis
1 0.07 (-88°) acetone a this work
2 -0.13 (80°%) €D,0D/CDCL,(1:9) a this work
-0.28 (35°%) CD,0D/CDC1,(1:1) b this work
3 0.20 (-860) acetone b this work
7 0.50 (-95%) acetone a this work
0.47 (380) acetone b e
_ o
9 C6H10(OH)CH—CH2 0.64 (387) CCl4 b k
o
C6HlO(OH)CH3 0.25 (257) HZO/ACOH c f.g
o .
C6H10(OCH3)CH3 0.3 (557) CHZOH c this work
o .
C6H10(OH)CH20H (8 0.46 (35) CDCl3 b this work

o]
Clty o< | 0.46 (35%) (cs,) 4 e
fo) (o]
CGHIOG 0.28 (55°) diglyme c e

~0 o
C6H10\\éH 0.15 (25) HZO/CH30H j h
2

0.27 C32 a i
8proton nmr using the areas under the CHZO peaks measured at low temperatures; bProton chemi-
cal shift method using the 4-t-butyl compounds as reference models; cEquilibration of the 4-t-butyl
stereoisomers; dIR measurements, applying the molar extinctions for (C-0) obtained for the 4-t~butyl
reference models to the unsubstituted compound; eP. Picard and M. Moulines, Tetrahedron Lett., 5133
(1970); fN. L. Allinger and C. D. Liang, J. Org. Chem., 33, 3319 (1968); €3. J. Uebel and H. W.
Goodwin, J. Org. Chem., 33, 3317 (1968); hJ. J. Uebel, Tetrahedron Lett., 4751 (1967); iR. G. Carl-
son and N.S. Behn, Chem. Commun., 339 (1968); jkinetic; kR. J. Ouellette, K. Liptak, and G. E.

Booth, J. Org. Chem., 31, 546 (1966); 1all values in kcal/mole; a negative value for 2¢° indicates

a preference for an axial oxygen conformation.



2640 No.28

our AG° for lactone 7 of -0.50 kcal/mole, obtained by area measurements taken from the low
temperature nmr spectrum agrees very well with that reported by Picard and Moulines (-0.47 kcal/
mole). Their value was obtained using the chemical shift method of Eliel gs_él}z with the
CH=CHCO proton serving as the conformational probe. We also observed good agreement between these
two methods with ketal 2. It is quite possible that 4-t-butyl substituents exert a considerably
smaller effect upon the chemical shift of protons attaches to ring substituents, than on protons

attached directly to C 14 If this ié true, then the chemical shift method would be considerably

1
more accurate in these cases than might be expected. It is interesting to note that the conforma-
tional AG® for lactone 7 (~0.5 kcal/mole) is close to that for its non-spiro analogue, l-vinyl-
cyclohexanol (9; -0.64 kcal/mole), even though the orientation of the vinyl group presumably is
considerably different in these two compounds. In the latter compound the vinyl group is assumed

to be parallel to the syn-diaxial hydrogensl3 while in the lactone it must be more nearly perpendi-

cular to them (see previous figure).
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