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STUDIORUM PROGRESSUS

Conformational Studies on ¢cycloHexanones
By W. KLv~E, London!

RoriNs and WaLkER? have recently discussed the
stabilities of some perhydro-1:4-dioxophenanthrenes
prepared in their previous work?. They showed that the
stability sequence of these diketones could be ration-
alized by making an allowance for nonbonded interac-
tion between the oxygen atom of a ¢yclohexanone car-
bonyl group and an equatorial (eclipsed} substituent on
an adjacent carbon atom. This may be called the
“2-alkyl ketone effect”,

RoriNs and WALKER* subsequently pointed out that
another conformational factor is also involved viz. the
decrease in the non-bonded interaction energy associated
with an axial alkyl group when a carbonyl group is
present in the 3-position. This may be called the “"3-al-
kyl ketone” effect.

The purpose of the present paper is to discuss other
evidence from a variety of alicyclic compounds which
confirms the existence of these two separate effects, and
gives further estimates of their magnitude.

Geometry.— The 2-alkyl ketone effect.— A methyl (or
methylene) group substituted in an equatorial position
on C) of cyclohexanone is in an (almost) eclipsed posi-
tion with respect to the oxygen of the carbonyl group
(I). An axial methyl group is not (II). This is a special
case of the general conformational problem of linked
trigonal and tetragonal atoms (¢f. MizusHaimMa)®, Cook-

1s®

I

soN® has estimated the projected valency angles O=
C,-C,-X to be 15° and 105° respectively for equatorial (I}
and axial (II) substituents (X} in the 2-position.

The 2-alkylketone effect resembles the steric factor
involved in CoREY’s treatment? of the stereochemistry

1 Postgraduate Medical School, London, W. 12,

2 P, A. Rosins and J. WALKER, J. chem, Soc. 1955, 1789.

3 P. A. Rosins and J. WALKER, J. chem. Soc. 71954, 3960,

4 P. A. Ropins and J. WALKER, Chem. and Ind. 1955, 772.

5 8. MizUSHIMA, Internal Rotations and the Structure of Molecules
{(Academic Press, New York, 1954), p. 73.

¢ R. C. Coogson, J. Chem. Soc. 1954, 282.

7 E. J. Corey, Exper. 9, 320 (1953); J. Amer. chem. Soc. 75,
2301, 3297, 4832 (1853); 76, 175 {(1954).

of a«-bromoketones. The other factor discussed by
CorEY, viz. dipole repulsion — which is of great import-
ance for the interaction of G~ Br and C=0 ~is no doubt
involved to a minor extent in the 2-alkyl-ketones.

The 3-alkyl ketone effect.—In a conformation such as
(ITT) (methylcyclohexane in its unstable axial conforma-
tion) the 1:3-non-bonded interactions of the axial
methyl group are with two axial hydrogen atoms mark-
ed*‘. In a compound such as 3{(a)-methylcyclohexanone
(IV) where C, is trigonal, one of these axial H-atoms is
missing (¢f. DREIDING?®); the non-bonded interaction of
the axial methyl group with the oxygen of the carbonyl
at C, cannot be calculated, but since the interatomic

*H o
Me q Me

*py Fs
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v

distance Me — C to =0 is large (ca. 3-8 A), the interaction
is presumably small. RoBiNs and WALkER? therefore
set the difference in non-bonded energy contributed by
the methyl group between 3(a}-methylcyclchexanone
(IV) and the 3(e)-methyl conformation (V) as something
approaching one-half the energy increment for an axial
methyl group in methylcyelohexane {ca 1-8 kcal.mole™?;
Prrzer and BECKETT®)—ie. approximately 0-9 kcal.
mole1,

In 2{a)methyl-cyclohexane-1:4-diones (including the
perhydro-1:4-dioxophenanthrenes of RoBins and War-
kER? both 2-alkylketone and 3-alkylketone effects
operate. Compare formulae (VIA) and (VIB).

VIA

VIB

= —CH, or -—CHy—

In the following discussion the possibility of boat
conformations will not be considered, and small de-
formations of valency angles will be neglected.

Monocyclic ketones.—The monocyclic terpene ketoncs,
carvomenthone (VII) and isocarvomenthone (VIIT),
provide a valuable example for studying the 2-alkyl-
ketone effect alone. (I am indebted to Dr. J. WALKER for
drawing my attention to these compounds.) The cquilib-

8 A. S. DrRewpING, Chem. and Ind. 1954, 1419,
® K. S. Prrzer and C. W. BeckeTT, J. Amer. chem. Soc. 69, 977
(1947).
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rinm between (VII} and (VIII) (JounstoN and ReaD!?)
represents an equilibrium between 2(¢)- and 2(a)-methyl-
ketones. Here the 3{a)-alkylketone effect plays no part,
since the large ¢sopropyl group is presumably equatorial
in both isomers.

- P

VIl VI

' (o]
A

IX

The equilibrium is approximately 80%, (e): 209 (a), i.e.
K = 4. The difference in free energy between the two
isomers can then be calculated as 4F=-RT In K= 0-8
kecal.mole—1,

This value represents the difference in non-bonded
energy between 2(a)- and 2(e)-methylcyclohexanones
(I and II). Pitzer and BECKETT® have calculated the
energy difference between (a)- and (¢)-methylcyclohexa-
nes as ca. 1-8 kcal. mole~!. The interaction between an
equatorial methyl group and an adjacent carbonyl group
is thus estimated as 1-8-0-8 = 1-0 kcal. mole~%

Menthone (IX) and Zsomenthone, in which the car-
bonyl group is adjacent to an isopropyl substituent, do
not provide a suitable example for discussion at present.

2-Decalones.—Comparison of the c¢is- and #rans-2-de-
calones with the related decalins provides an interesting
illustration of the “*3-alkylketone™ effect acting alone.

cis
X11

The difference in non-bonded energy between cis-
and #rans-decalins (X) and (XI) (R = H,) has been re-
presented by TURNER'! as three skew-butane intcrac-

10 R, G. Jounston and J. REap, J. chem. Soc. 1835, 1138,
11 R, B. TURNER, J. Amer. chem. Soc. 74, 2118 (1952).
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tions present in the cis- but not the frans-isomer. These
account well for the difference of 2-4 kcal.mole~1,

In cis-2-decalone (preferred conformation (XI; R=0)1?
one of the three skew interactions is of the 3-alkylketone
type—viz. that between the methylene group at Cg
{(axial with respect to ring 4) and the keto group at Ci)
{¢f. TavLoRr!®, DREIDING?). frans-2-Decalone (X; R = 0)
has no skew-butane interactions. The energy difference
(cis- minus trans-2-decalone) should therefore be smaller
than the energy difference (cis- minus trans-decalin). In
fact the difference in heat of combustion between cis-
and trans-2-decalone (2-2 kcal.mole~3) is less than that
between ¢is- and #rams-decalins (47 kcal. mole™})
(HcrerL1).

The alternative conformation (XI1I, R = O) for cis-2-
decalone will not be favoured, since it shows three
ordinary skew-butane interactions. 58-Stercids must
however take up this conformation because of fusion
between rings B and C.

4 [{+]
g
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XI11

7-Decalones.— Some of the important interatomic
distances for cis-decalin are shown in (XIII). The short
(and equal) H-H distances la:5x and la:7x« (both
1-9 A) in skew-butane systems are noteworthy. If the
two H atoms at C-1 are replaced by = O as in ¢fs-1-de-
calone (XIV) the distance 0:5¢H is 3-4 A: this in-
creased interatomic distance is the basis of the 3-alkyl-
ketone effect in (X1V).

1t may be seen that the 0:7aH-distance is 2:2 A; and
the interaction here will be considerable. Hence although
Cay-Coy-Ce~Cepy in (XIV) form a “‘skew butan-l-one”
system (¢f. TavLor? and DREIDING?) it seems reasonable
in an approximate treatment to consider the interaction
of Cy=0:CnH, in (XIV) as roughly equivalent to
CyH,: CnyH,.

The non-bonded energies of cis- and frans-1-decalones
and some related steroids may be calculated using the

12 1t is necessary to introduce a symbol to distinguish the two
conformations (X1I) and (XIT) of cis-2-decalone; it suggested that
the nature of the valency bond leading from the bridge-head in the
direction of the principal substituent or function (ketone in decalones,
double bond in octalins) be designated in the name; thus (XI) and
(X11) are cis(e)- and cis-(a)-2-decalones respectively since the C(g):
C(1) bonds are equatorial and axial respectively with reference to
ring B.

13 13, A. H. TavLor, Chem. and Ind. 1954, 250.

4 W, Hucker, Liebigs Ann. Chem. 451, 109 {1927}. - G. F. Da-
vies and E. C. GILBERT, J. Amer. chem. Soc. 63, 1585 (1941) give the
value 21 kecal. mole™* for the decalins, but did not study the 2-
decalones.
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Table I.—Non-bonded energy differences in 1-decalones. All values of E are relative to the corresponding unsubstituted-frans-decalin as

zero, in kcal.mole™'. For steroids only the .4 and B rings are considered.

Values of E calculated as follows: (a) Values for skeleton

only —i.e. for decalins, following Jonunson® and Turner?. (b) Values for decalones, allowing + 10 kcal.mole™ for 2-alkylketone effect
and —0-9 kcal.mole™! for 3-alkylketone effect {Ropins and WaLKER?).

Interactions E

Skew 2-Alkyl- | 3-Alkyl-

butane ketone ketone (@) (b)
trans-1-Decalone (XV, R =H) . 0 1 0 0 1-0
cis-{g}-1-Decalone (XVI, R =Hj . 3 1 1 24 2:5
¢is-{e)-1-Decalone (XVII, R = H) . 3 0 0 2-4 24
9-Methyl-frans-1-decalone . 4 1 0 3-2 42
9-Methyl-cis-(a)-1-decalone 5 1 1 40 4.1
9-Methyl-cis-{e}-1-decalone . 3 1 0 4-0 5-0
10-Methyl-frans-1-decalone (XV R Me)
also 4-Oxo-5a-steroid . . ) 4 i 1 32 3-3%
or 6-Oxo-5a-steroid . . .
10-Methyl-cis-{a)-1- decalone (XVI R— Me) . 5 1 1 40 41
or 4-Oxo-5f-steroid {XVIII) . .
10-Methyl-cis-(g)-1-decalone (XVII R Me)
or 6- Oxoy5ﬂ steroid . - } 3 0 1 +0 31*

1 W. S. Jounsown, Exper. 7, 315 (1951); J. Amer. chem. Soc.
75, 1498 (1953).
* Anomalous (see text).

constants deduced by Jounson'® and by Rosins and
WALKER!® (sce Table I).

L =

XVI
R
O
2
XVII
Me
H 10
5
4
o]
XVIIL

For the 1-decalones, HckeL'? found that the equilib-
rium mixture of the two isomers contained at least
95%, trans {at 220°). For the 9-methyl-1-decalones Ross,
SMiTH, and DREIDING'® have recently shown that equili-
bration over palladium-charcoal at 250° gives a mixture
in which the sis-isomer predominates (609, cis:409,
trans). The energy values calculated in column ¢ of
Table I are qualitatively in accordance with this.

18 W, S, Jounson, Expor. 7, 315 {1951); J. Amecr. chem. Soc. 75,
1498 (1953).

16 P, A. Rosins and J. WaLkER, J. chem. Soc. 1955, 178%; Chem.
and Ind. 1965, 772.

17 W. HuckeL, Liebigs Ann. 441, 1 (1925).

18 A Ross, P. A. S. Surrs, and A, S. Dre1DInG, J. org. Chem. 20,
905 (1955).

2 R. B. TURNER, J. Amer. chem. Soc. 74, 2118 (1952).
P. A. RoBins and J. WaLKER, Chem. and Ind. 7955, 772.

o

The experimental stability order for 6-oxosteroids
(5a- more stable than 58-) provides a good illustration of
a fine balance in conformational effects. Energy diffe-
rences calculated with allowances for the 2-alkylketone
and 3-alkylketone effects as shown in Table I would
imply that the 58 {A:B-cis) compounds should be of
slightly lower energy content than the 5« (A:B-frans)
isomers. In fact, the latter compounds are stable in iso-
merizing conditions. This anomaly can be corrected by
assigning a value < 0-8 kcal. mole~! to the 2-alkyl-
ketone effect®.

No equilibrium data are available but Winpaus??® des-
cribes the transformation of c¢is > frans as irreversible
(in 3:6-dioxo-5f-cholanic acid) and WieLanDand DaNg2°
obtained a 709, yield of pure 3x-hydroxy-6-oxo-5o-
cholanic acid from the 5f-isomer (c¢f. also PRELOG and
Tacmann®l), The simpler example of LINSTEAD and
WHETSTONE?? is not immediately relevant here, since it
concerns a perhydro-9-oxophenanthrene without an
angle-methyl group.

Other pevhydrophenanthrene ketones,— SARETT and co-
workers®® have shown that in perhydrophenanthrene
derivatives of types (XIX) and (XX), one of the 2-epi-
meric methyl derivatives is appreciably more stable than
the other; in the 1:4-diketones of types (XXI} and
(XXII) the two epimers are of more ncarly equal
stability. (In fact in the presence of potassium carbonate,

HO Me HO Me

2,

| -
o} o]

XIiX

XXII preponderates.) SARETT therefore concluded
provisionally that the sfable epimer of the hydroxyketone

XX

19 A, Winpaus, Liebigs Ann. Chem. 447, 253 (1926).

20 H, WrgLanD and E. Dang, Z. physiol. Chem. 212, 41 (1932).

21 V. Preroc and E. Tacmany, Helv, chim. Acta 27, 1880 {1944).

22 R, P, LixsteEaD and R. R, WuxrTtstong, J. chem. Soc. 1950,
1428,

23 R. M. Lukes, G. I. Poos, R. E. BevLEr, W. G. Jouns, and
L. H. SaretT, J. Amer. chem. Soc. 75, 1707 (1953). -~ L. H. SarerT,
W. F. Jouns, R. E. BEvLEr, R. M. Lukes, G. I. Poos, and G. E.
ArTH, J. Amer. chem. Soc. 75, 2112 (1953).
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was the 2u«(¢) compound (XIX) because non-bonded
interaction between 28(a)-CH,; and 48(a)}-OH in the
epimer (XX) would be greater than that between
28(a)-CH, and 4-carbonyl in (XXII), These examples
support the idea that the ‘‘3-alkylketone’ effect plays a
part in determining the stabilities of 2-alkyl-1:4-dike-

tones.
0, Me Q4 . 2 Me
—h
- 1
LT

XXIfXXII

Other Examples.— A 1:4-dioxohexalin which shows
stabilities of the same order in its ¢is- and frans-isomers
is the compound (XXIII}, one of the early stages in the
Harvard steroid synthesis (WOODWARD, SONDHEIMER,
Taus, HEUSLER, and McLamore?%). This is however
complicated by the presence of olefinic linkages in both

rings.
HO
Me Om l I i

OH
XXIII XXIV

Another example where the ¢is-isomer predominates
at equilibrium is provided by the oxo-octahydrophen-
anthrene derivatives of the general type (XXIV)?25,

A further complex a-decalone which is stable in the
cis-form is “hydroxydihydroeremophilone’’?¢ (XXIV 4}
which has recently been submitted to a detailed X-ray
investigation by GRANT and RoGERs??, Here the 3-alkyl-
ketone effect {between Cigyand Cyy) plays a part in favour-
ing the stability of the cis-isomer; the principal factor is,
however, the presence of substituents at Cand Cywhich
are equatorial in (XXIV.A4) but would both be axial in
the frams-isomer or in the alternative conformation of
the cis-isomer. Some interaction between the carbonyl
oxygen and the hydroxyl group may also be involved*™,

XX1iv4

(Dr. Rocers has kindly informed the author that the
carbonyl oxygen bond seems to be bent considerably out

2¢ R. B. WoopwARD, F. SoNDHEIMER, D, Taus, K. HEUSLER, and
W. M. McLamoRrg, J. Amer. chem. Soc. 74, 4223 {1952}.

25 D. Aricon: and J. Karvopa (1955), cited by M. V. Mijovié,
E. Suwpr, E. KvBurz, 0. JEGER, and L. Ruzicka, Helv. chim.
Acta 38, 237 (1955). — Cf. D. ArigoN1, J. Karvopa, H. Heusser,
O. JEGER, and L. Ruzicka, Helv, chim. Acta 38, 1857 (1955}. — R. P.
JacosseN, J. Amer. chem. Soc. 7§, 4709 (1953).

26 Qir Joun SimonseN and D. H. R. BarroN, The Terpenes, vol.
3 (Cambridge University Press, 1952), p. 212.

27 D. F. Grant and D. Rocers, Chem. and Ind. 1956 (in press).
{I am greatly indebted to Dr. D. Rocers, Cardiff, for advance in-
formation about this paper.)

27 Cf, W. S. SvirBELY and S. S. LANDER, J. Amer. chem. Soc. 72,
3756 {1950} on 2-hydroxyecyclobexanones.
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of the plane of Cp)-C(g)-C»y towards the equatorial
position.)

Triterpenoids and stevoids.— 24-Noviriterpenoids. —In
these compounds (hedragonate type; XXV, R and R’
= H and Me), if the single methyl group at C4 is axial it
will besubject to 1: 3-repulsion by the angle methyl group
at C10 (¢f. Pr1zer?®; BrckEerT, PITZER, and SPITZER?®

give 5-6 kcal.mole~! as an “‘arbitrary’ wvalue for a
1:3-Me:Me interactionj. We may therefore conclude
that the stable (and only known) isomer is the 4afe)-
methyl compound (XXV, R = H, R = Me).

Support for this is forthcoming from molecular rota-
tion arguments. The work of BARTON, IvEs, and THOMAS®
has shown that 3-ketones with gem-dimethyl at C4
(XXV, R = R’ = Me) do not differ greatly in [M]p
from those of type (XXV, R = R’ = H) with no sub-
stituents at C4. It is therefore possible to calculate the
contribution of the single methyl group at C4 in methyl
hedragonate. AMe == Mp (methyl hedragonate®!), —Mp
{methyl 3-oxoolean-12-en-28-oate) = {+ 463) — (+ 348)
= .+ 115,

Date for the 30-nortaraxastan-20-ones- (see below)3?
show that (XXVI) is more dextrorotatory than (XXVII};
the hedragonate is therefore analogous to (XXVI} and
must have a 4a-methyl group (XXV, R = H, R’ = Me).

30-Novrtaraxastanes.— A further example showing how
fine is the balance between axial and equatorial epimers
in complex compounds is provided by the 30-nortaraxa-
stan-20-ones of AMEs, BeEronN, Bowgrs, Harsarr, and
JonEes®®, Arguments from reaction mechanisms and
molecular rotations indicate that the axial 198-methyl
compound (XXVII) is more stable than the 19z-(¢)
epimer (XXVI)2?, Repulsion between the two axial

XXVI
(Mp] (+ 268)

XXVII
My} (+ 62)

methyl groups at C-17 and C-19 in (XXVII) might per-
haps be expected to make this the less stable isomer.
However, there is the further complication of interaction
between the equatorial substituents at C-19 and C-12
(‘“4:5 effect” ¢f. KLYNE?®). This just tips the balance in
favour of (XXVII).

28 K. S, Prrzer, Chem. Rev. 27, 39 (1940).

29 C.W.BecxeTT, K. S. Prrzer and R. SPITZER, J. Amer. chem.
Soc. 69, 2488 (1947).

30 D, H. R, Barton, D. A, J. Ives and B. R. THomas, J. chem.
Soc. 1954, 903.

31 D, H. R. Bartox and P. pe MAvYo, J. chem. Soc. 1854, 887,

32 T R. Ames, J. L. Betox, A. Bowers, T. G. Hatssrr, and E. R
H. Jowngs, J. Chem. Soe. 1954, 1905.

3 W. KLyNE, Progress in Stereochemistry, vol. 1 (Butterworth's,
London 1954), p. 86.
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D-Homosteroids.— Ramirez and StTAFIET?* have pre-
pared epimeric 17e¢-methyl-17-oxo-D-homo steroids
{general formula XXVIII, R = Me}. These authors have
shown that in the presence of alkali an equilibrium is
set up between the 17aa{a)- and 17af{e)-methyl epimers
(XXIX and XXX) in which the latter predominates
{70% £:30% a). These proportions are of the same order
as those for the carvomenthones (VII and VIII, 80%

e:20% a).
f ¢ .
(I T
i i
H H

XXI1X

.-

XXVIII

XXX XXXI

Comparison of molecular rotations with the com-
pounds not carrying a methyl group at C-172 (GOLDBERG
and WyDLER?®) shows positive and negative changes due
to the introduction of 17ax- and 17af8-methyl groups
respectively (Table I1).

Table I1.

Mp] | AMe

17a0-Methyl-5a-D-homoandrostane-
3:17-dione e e e - 19 } +77
S5e-D-Homoandrostane-3:17-dione . - 96
17af-Methyl-5¢-D-homoandrostane } —~14
3:17-dione e e -110

The 17-methyl-17a-0x0-D-homosteroids (urane deriv-
atives; XXXIj—although not strictly analogous to the
24-nor-triterpenoids—-have a general similarity in that,
if the 17-methyl were § (axial) there would be a 1:3-
Me(a) : Me(a) interaction with C-18. It is therefore certain
that the 17-methyl group in the uranes is «(e) as sug-
gested previously?S.

17-0x0-98-steroids.— These compounds?? cannot profit-
ably be considered here, since at least one ring must be
a boat-form, on account of the presence of the D-ring.

1:3-Dione types.—BACHMANN, Ross, DREIDING, and
SmitH® have examined the stabilities of various de-
cahydroisoquinoline-1: 3-diones (general type, XXXIIj.
These examples may be slightly complicated by the
presence of the heteroatom (N) in one ring, which will
modify some valency angles slightly. The relevant inter-
actions are summarized in Table II1.

2 F. Ramirez and S, STaFie], J. Amer. chem. Soc. 77, 134 {1955)
Chem. and Ind. 1955, 1180.

3 M. W. GoLDBERG and E. WyDLER, Helv. chim. Acta 26, 1142
(1943).

38 W. KLv~E, Nature (London) 166, 559 (1950). - W. KLy~NE and
C. W. Sunorpeg, Chem. and Ind, 1952, 470, — R, J. W. CREMLYK,
D. L. GARMAISE, and C. W. SuoreEE, J. chem. Soc. 1953, 1847.

37 P. Brapown, H. B. Hensest, B. J. LoveLL, G. W. Woop,
G. F. Woops, J. ELks, R. M. Evans, D. E. HaTHway, J. S. Oucu-
TOoN, and G. H. THomas, J. chem. Soc. 1953, 2921. — J. GRIGOR,
W.Larp, D. MacrLEan, G. T, NgwsoLp, and F. 8. SrrivNG, J. chem.
Soc, 1954, 2333. — A. Crawsnaw, H. B, HexgzsT, E. R. H. Jonss,
and A. A, WacrLanp, J. chem. Soc. 1855, 34%0. — K. HeusLEr
and A. WeTTSTEIN, Helv. chim. Acta 36, 398 (1953).

%% W. E. Bacumany, A. Ross, A. S. Dreiping, and P. A. S.
Suirs, J. org. Chem. 19, 222 (1954).
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In the compounds (XXXII; X = Y = H) carrying no
bridgehead substituents the frans compound is the more
stable {equilibrium ca. 2 trans:1 cis). Here the preferred
conformation for the cis-isomer must be (XXXIII).

o}
X
NH
(o]
Y
XXX XXXIIL
H o]
1
Me
8 ) NH
o]
XXX1V

In the compounds carrying a methyl group at Cug
(XXXII:X = H, Y = Me) the cis-isomer (XXXIV} is
the more stable (equilibrium ca. 2 frans: 3 cis). Here the
2-alkylketone effect is just overbalancing one skew effect
(0-8 kcal.mole~?).

Me o)
9, |

XXXVI

Table I17.—Interactions in decahydro-1:3-dioxoiso-quinolines®?

Skewinter-] 2-Alkyl- | 8-Alkyl-

actions in | ketone ketone

skeleton effects | effects?*
OH:10H irans* . 0 1 0
cis (XXXIII) 3 1 2
9H:10Me trans . . . . . 4 1 2
cis (XXXIV)* . 5 0 2
OMe:10H trans . . . . . 4 1 0
cis (XXXV 4) . 5 1 0
cis (XXXV B)* 5 1 2

* Stable isomer.
** These represent contributions to be subtracled from the skew
interaction effects in the first column.
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In the compounds carrying a methyl group at Cy
{XXXII; X = Me, Y = H) the cis-isomer is again the
more stable (equilibrium, ca. 1 ¢rans:2 cis). In neither of

the two possible conformations of the c¢is compound.

(XXXVA4 and XXXV B) is the eclipsed O:CH, effect de-
cisive, since each must have one eclipsed grouping —
(O:CH,) in 4, {(0:CH,'8]) in B; (0:CH,[8]) is also
eclipsed in the trans-isomer. The determining factor must
then be the presence of two 3-alkylketone effects in
{cis; XXXVB); these are between Cr5y and the ketone
groups at Cgy and Cgz. Calculation in the usual manner
from the equilibrium constant {at 250°C) indicates that
each 3-alkylketone effect is worth rather less than
1 kcal.mole™%,

Me A
NN H

. “~Me

y

XXXVIII

XXXVIL

Another example—uncomplicated by the presence of
a heteroatom in the ring—is the komocyclic analogue of
{XXXIV), the 1:3-dioxo-10-methyldecalin (XXXVI) of
LINSTEAD and MiLLIDGE? Here again the cis-isomer is
*stable and the 2-alkylketone effect is able to overbalance
one skew effect. The oxygen analogue of (XX XIV) (an-
hydride) has been found to give a 1:1 cis:frans equi-
librium mixture?®,

Table IV .—2-Alkylketone effect. The following values are to be
added to the contributions of the carbon skeleton.

E(2 AK) [ oo
Example Formulae rél;;::ll) rences
Rorins and WALKER's
diketones . . — 0:8~1:2 1
Carvomenthones . VI1I, VIII 10 2
17a-Methyl-17-ox0-D-
homosteroids XXIX, XXX 0-5 3
1:3- D1oxodecahydrozso-
quinolines . .| XXXIT
(X=H;Y=Me) >0-8 4
1:3-Diox0-10- methyl-
decalin . . . KKXXVI >0-8 5
6-Oxosteroids . . . XV, XVII <08 6

Informations — Informazioni

1 P. A. Rosins and J. WaLker, Chem. and. and Ind. 1945, 772.

2 R. G. Jounstox and J. Reap, J. chem. Soc. 1935, 1138,

3 F.Ramrez and S. StaFiej, J. Amer. chem. Soc. 77, 134; Chem.
and Ind. 1958, 1130,

4 W. B, Bacumann, A. Ross, A. S. Drembvg, and P. A. S.
Smirs, J. org. Chem. 19, 222 (1954).

5 R. P, LinstEAD and A. F. MiLLipGe, J. chem. Soc. 1936, 478,

6 See discussion in text page 123.

Methylivopinones. Another example from the hetero-
cyclic field where the 2-alkylketone effect operates alone
is provided by the methyltropinones of Kovics, FODOR,
and WE1sz%, The axial methyl-ketone (XXXVII) on oxi-
mation in alkaline conditions gives the oxime of the
equatorial epimer (XX XVIII),

39 R. P. LinstEAD and A. F, MILLIDGE, J. chem. Soc. 1936, 478,
40 . Kov4cs, G. Fopor, and 1. WEisz, Helv, chim. Acta 37, 892
(1954).
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Table V.—38-Alkylketone effect. The following values are to be
subtracted from the contributions of the carbon skeleton. The in-
troduction of a 3-alkylketone effect in a polycyelic strueture is
equivalent to replacing one skew-butane by a skew-butan-1-one

configuration.
E@ AK)
Example Formulae (keal, Refe-
mole“") rences
3a-Methylcyclohexanone. | ITI, IV 09 1
9-Methyl-1-decalones . . - 12 2
1:3-Dioxodecahydroiso-
quinolines. . . . XXXI],
{X=Me;Y=H <10 3
1:3- Dloxodecahydrozso-
quionlines. . . P XXXII,
(X=H, Y=H) 1-0 3

1 P, A. RoBins and J. WALKER, Chem. and Ind. 1955, 772.

2 A. Ross, P, A. 8. SmitH, and A. S, DREIDING, J. org. Chem. 20,
905 (1955).

3 W. E. Bacumany, A. Ross, A. S. Dremomvg, and P. A. S.
SmrtH, J. org. Chem. 19, 222 (1954).

Non-bonded Energy Contributions.—An attempt may
now be made to summarize the values calculated for
the non-bonded energycontributionsof the 2- alkylketone
(2 AK) and 3-alkylketone (3 AK) effects in dxfferent
groups of compounds.

Whilst no claims to high accuracy can be made for the
estimates in Tables IV and V, it appears that the 2-alkyl-
ketone and 3-alkylketone effects are each of the order of
1 kcal.mole™%, It is hoped to apply these ideas in a future
communication to the stability of hexahydromdanes and
their oxo-derivatives.

Note added in Proof (Dec., 1955). J. SCHrEIBER and A. EScBEN-
MosER, Helv. chim. Acta 38, 1529 (1955) have recently discussed the
rates of oxidation of steroid aleohols to ketones with chromium
trioxide, and the release of steric strain involved. Dr. A. DREIDING
{private communication} has pointed out that their resulis can
conveniently be considered in terms of the alkylketone effects.
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Zusammenfassung

Bei Stabilitdtsbetrachtungen an Perhydro-1, 4-diketo-
phenanthrenen haben RoBins und WALKER? auf die
Bedeutung der bindungsfreien {«non-bonded») Wechsel-
wirkung zwischen dem Carbonylsauerstoff eines Cy-
clohexanons und dem &dquatorialen, gleichstindigen
(ceclipsed ») Alkylsubstituenten am benachbarten Koh-
lenstoffatom hingewiesen («2-Alkylketon»-Effekt), Fer-
ner zeigten sie?, dass noch ein anderer Konstellations-
faktor eine Rolle spielt, nimlich der «3-Alkylketon»-
Effekt.

In der vorliegenden Mitteilung werden verschiedene
Beispicle von monocyclischen Terpenen, Decalonen,
1.3-Diketodecalinen (und ihren heterocyclischen Ana-
logen), Steroiden und Triterpenen diskutiert, die diese
beiden Effekte fiir sich oder in Kombination zeigen. In
einzelnen Fillen stehen die verschiedenen Faktoren,
die die relative Stabilitit von dquatorialen und axialen
Epimeren von Alkylcyclohexanonen bestimmen, in
einem sehr empfindlichen Gleichgewicht.



