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ABSTRACT

Theconformations and g ies adapted by same ten-membered ring sesquiterpenes in the solid state has been exam-

ined. A preponderance of the Boat-Chair-Boat aver all ather forms is observed. The effect of substituents in determining

the conformation has been elucidated. An inadeq

ly assigned conft tion in the literature has been revised, while

conformations have been assigned to some of these rings for which no conformation had been earlier specified in the lit-

erature.

INTRODUCTION

The methods for calculation of conformations of
normal and medinm rings have the general limita-
tion of increasing complexity as the ring size in-
creases. Only for cyclopentane has mathematical
cxpressions been developed for elucidating all the
conformations in the pseudorotational circuit', For
medium size rings the greater flexibility affords a
'arger number of different shapes’, and makesthe de-
vclopment of mathematical expressions similar to
those of cyclopentane rather difficult. This is partly
because there are more rings representing energy
minima of comparable magnitude and partly be-
cause these are of lower symmetry than rings like cy-
clohexane, in which 2}l carbons are geometrically
identical. Infact, for medium rings svailable gvi-
dence tends to implicate only symmetrical Conform-
ers as candidates of preferred energy minima, hence
the confinement of analyses of medium rings to sym-
metrical forms’.

In particular, no satisfactory systemnatic way for
specifying the various conformations encountered
for ten~-membered rings in natural products has been
worked out. According to Hendrickson’, the basic
symmetry clements through a ten-membered ring
are either a plape or a two-fold axis of symmetry
through the molecule, passing through cither a pair
of opposite atoms (type A) or midpoints of a pair of
oppositebonds (type B). Some ringshave only one of
such symmetry elements, while some have more.
Each definition of the symmetry element(s) in a ring
produces a family of individual conformations, one
of which will be the ecnergetically preferred
represenistive’. While the sign notation™ or asym-
metric parameters may be used to describe the con-
formation  of carboxylic rimgs, for some
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ten-membered rings this may not be an easy task. In-
fact, some ten-membered rings so described with
three or more like signs in sequence are either not
rings at all, or contain such severe interpenetrations
of non-bonded atoms as not to be serious candidates
for viable molecnlar conformations’. Consequently,
several x-ray structure determinations of

-ten-membered rings have been reported in the litera-

ture ™ in which the authors were silent on the con-
formations of these rings.

We have shown clsewhere’ that a combination of
both the sign notation and other conformational pa-
rameters facilitates the unambiguous specification
of ring conformations. This study was therefore, car-
ried out to systematically parameterize the various
conformations of cyclodecane ring derivatives in the
solid state using the sign notation systrem proposed
by Hendrickson’, and the asymmetric parameters
(AC and  AC) defined by Duax et al". Attempts
have also been made to decipher factors which deter-
mine the various conformations adopted by these
rings in various natural products with a view to facil-
itating the assignment of conformations following
x-ray structure determinations.

EXPHRIMENTAL
Calculation
Structural data
Primary structural data for various compounds of
sesquiterpenoid families wen. «f “ym X-ray
analyses in the literature witt =
lessthan 10%

oo nrerally

Asymmetric and geometric parameters
Calculations of the conformational or asymmetric



parameters (AC and AC ) and (/o ) respecnvcly,
were made as described in previous papers™. The se-
quence of signs of the torsion angles was also used to
further determine the conformation.

Atomic numbering scheme for 10-membered ring
of sesquiterpenes

/\J" /1\2

RESULTS AND DISCUSSION
Ring symmetries for the cyclodecane ring deriva-
tives under study together with the ring conforma-
tions (obtained by the sign sequence of the torsion
angles) are shown in [able 1. The basic symmetry

Tabie ! Geometric aud conlormational parameters for some cyclodecane
nig dervatives,

Compound Tyt A('S A(?z Approx. symum. Ref.
Code of torsion angle

T1 739 383 300 () 10
T2 941 254 72 c(1-2) "
3 9421 3303 854 C(2-)) 11
4 9519 325 S3 C n
TS 843 56.1 441 C @ -5) 15
16 660 855 361 C(4-5) 15
7 04 438 2201 € 16
18 872 56.1 4738 C (2-3) 12
T9 898 423 922 Cz(2-4) 17
it 8848 - 418 C2(3-4) i3
Ti1 9141 - 395 69 13
T2 718 579 482 C (2 3) 13
T3 9573 439 (, (4) 9

T4 1041 325 163 C (2-\) 19
Tis 1062 3015 21605 (,2(2 -3) 18
Ti6 10388 30.3 17.6 C2(2-3) 20
™ 10563 322 94 €2 21
T8 1054 3218 194 02(2-3) 21
T19 1049.1 36.4 1218 €2 22
T20 1042 339 2417 C(2-3) 23
121 1038 332 307 C2(2-3) 24
T22 8533 - 67.2 C2(2-3) 23
123 389 - 701 € @-5) 1S

clement is either a two fold rotational axis or a mirror
plane through the ring, the most prevalent element
being the C2 rotational axis. The Cgplane isobserved
clearly only in structures T3 and T13. In some cases
(T10, T1, T22, T23), the mirror plane is destroyed
probably because of sov Lre distortions resulting from
steric crowdiny of .uhstipents on the cyclodecane
ring. Conforinaion (AC‘ and ACZ) and geometric
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(E/$ /) parameters are given in Table 2. The corre-
sponding torsion angles are listed in Table 3. Figure
1 shows the shapes of some viable ten- memberec
rings encountered in this study while Figure 2 shows
a plot of the asymmetric parameters AC1(2-3) versus
AC (3)or AC (5)of some of the cyclodecanering de
rivatives. Chart 1 shows the molecular environ-
ments of the variousrings examined.
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Chart 1. Structural formulas of compounds discussed showing

the molecutar environments of the cyclodecane
derivalives.

The conformations of the rings with the chair central
sub-unit i.e. Boat-Chair-Boat, BCB (T1-T11) ap-
pear to be the most viable owing to the peculiarly fa-
vourable torsion emergy which outweighs the
non-bonded strain situation, that isthe 1,2-, 1,3-and
1,4-nonbonded interactions’. This form also has an
axis perpendicular to its plane of symmetry; two par-
alle] planes of three severely interacting substifuents
cach found above and below the molecular plane
(Fig. 3) and, s¢ can be scen from Figure 2, does not
undergo psendo-cotation. The bozt forms or boat re-
gions w the conformetions rre idoatifiod by a pair of
fike signs ocomring fogether as can be seen in Figure

s (Char £ Relatively balby
substitaents wt e ), CEY wr CG) position s
aleo inpose the BCE conformation on the ring, (T
A keto substituent o5 C(10) as in T3 and T4 also tonds
toconfer 8 BB conformation on thering.

7y amd €
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Table 2: Ring symmetries and conformations of

some cyclodecane derivatives.

Compound Ring Conformation
code symmetry
T1 c, BCB
T2 c, BCB
T3 c, BCB
T4 c, BCB
T5 c, BCB
T6 c, BCB
T7 c, BCB
T8 c, BCB
T9 c, BCB
T10 c, BCB
T11 c BCB
T12 o CCR
Ti3 CBE
T14 coc
T15 coc
16 oeC
ri7 e
¢,
519 o
120 mz
121 c
22 <l TeCE
123 C, Toog




T12 and T13 have the CCB and CBC conformations
respectively (Table 2). The CCB which belongs to
the same group as BCB (by having a chair central
sub-unit) is intermediate in form between the inore
symmetrical CCC and the BCB conformers. With
two lactone rings at the C(4)-C(6) and C(7)- C(8)
bonds and two epoxide groups at C(1)-C(10) and
C(2)-C(3); T12 adopts the CCB conformation. The
CBC conformation belongs to another group of the
boat family, that is the group that has a boat central
sub-unit (BBB, CBB, CBC)’. All three forms suffer

tig.d BCB torm of cyclodecane showing substituent
positions and ring symmetry.

proximate Cs(4) symmetry for the torsion angles.
Furthermore, the BB conformation is not a viable
form of the type B cyclodecanes, having energetical-
ly unfavourable eclipsed butane units and severe
H-H interpenetrations’. The position of the lactol
ring (i.e. C’/(7)-C(8) in T13 and the absence of axial
substituent may be responsible for the adoption of the
transient (i.c. CBC) conformation of the cyclodecane
derivative.

The all-chair. (CCC) form, T14-T21 contain lactone
rings fused at positions C(6)-C(7) and, in most cases,
contain double bonds at C(1) and C(10) and
C(#)-C(5). T17, T18 and 121 all have C(4)-C(5)
epoxide instead of the double bond. Fusion of the
five-membered ring (whether cis- or trans-) seems
not to affect the conformation of the ten-membered
ring. While this is also true for rings adopting the
BCy the the
five-membered ring appears to be onc of the criteria

conformation, position  of

Table 3. Endocyclic torsion angles of some cyclodecane denvalives.

Code 8 b G d ¢ t 2 h i )

T -119 48 79 <70 -05 143 61 -45 105 -4

2 -143 55 55 -149 102 -57 103 -148 ol 08

K 53.7 304 1062 1648 1081 654 -116.1 749 71.8 -1507
T4 549 316 -1069 1635 -1109 708  -116.2 704 73 -153.7
TS -90 73 -87 163 <121 65 -38 -65 136 -3

16 ~56 14 -54 155 101 36 -7t -44 125 4

7 -9 53 -80.3 1632 1225 144 -18.7 433 91.3 -166.2
T8 51 -115 109 1 -115 94 -54 113 -16Y 51

™ -80 -58 92 4 -124 i35 -80 61 -96 168
T10 1107 09 924 704 648 1586 917 565 -87.6 1512
™ -114.6 3.6 99.1 -69.2 71,6 1574 937 664 899 1486
T12 06 -3 55 163 il6 -2 -90 73 57 -153
T13 -3 37 94 -1588 90 56 -1162 787 -924 1627
T4 -101 54 -89 156 -132 87 =79 67 -1 168
T15 -107 50 -83 154 -137 93 97 76 -108 165
Ti6 97.5 50,4  -R5.7 155 -136 899 757 66.6  -1154 1666
117 -109.7 525 895 1458 -1213 958 916 764 -105.8 1679
T18 -105,1 913 857 1478  -1268 957 -87.5 742 -111.2 1687
Ti9 -}00.3 S0.5 875 1572 -130.0 86 <822 752  -1148 16438
T20 -100.1 50.1 -87.7 1521 -1336 986  -50.7 624  -1087 168
121 -101 55 -82 146 -131 101 -50 55 -1 176
T22 62 43.6 1156 -54 1293 -80 563 995 1329 -1275
123 -97 75 -92 147 -119 95 -83 56 132 13

from non-bonded interactions, with the CBC having
a 1,3-nonbonded interaction (Fig. 1). This is as a re-
sult of the strain impesed by the central boat unit and
all three have two eclipsed bonds. T13 was reported
to have the BB (type B) conformation’ but is shown
to have the CBC conformation (type A) in this study.
The sign sequence of the torsion angles (Table 3)
shows that T13 has a CBC conformation, with ap-
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for adopting the CCC conformation. All the rings
that adopt the CCC conformation do not have f-ori-
cnted (axial) substituents at the C(8) positicn. T15
and T16 have B-oriented substituents at C(8), but
this seems to be of no consequence to the conforma-
tion adopted by the rings.

122 and T23 adopt conformations close o ihe
twist-chair-chair-chair (FCCC). Both have thres



like signs in sequence (Table 3) and are either not
rings at all or they contain severe interpenetrations
of non-bonded substituent groups. Both have bulky
and/or sterically demanding substituents at C(6) to
C(10). This unusual conformation is probably
adopted to minimize the enhanced unfavourable
steric strain introduced into the CCC form by these
substituents. A BCB conformation is not adopted in
the two cases as this form is known to be sterically
morc strained than the all-chair form.

CONCLUSIONS

Although the preferred form of cyclodecane is
thought to be the RCB form owing to it~ peculiarly
favourable torsional energy  compared to  the
all-chair torm. a preponderance ratio 11 BCB) rmgs
to 8 (CCL)rr - '~observed in thisstudy  The stere-
ochemistry of tusion of the five-membered rings to
the evclodecans dernatives seem not to affect the
conformation st the ten-membered rings. However,
the position of the five-membered ring is important.
The Cu . conformation appears to require fusion of a
five-membered v -lactone rng at the C(6)-C(7)
bond. An axial subsituent on C(8)or at the C(2) and
€ 3) atoms of cyclodecane ring dernvatives tend to
< for the BCB conformation. The contormation of
T1.3 has been revised trom the BB earlser assigned to
it to the CBC conformation based on this studs
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