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Crystal and Molecular Structure of Melampodin B, a 4,5-cis-9,10-trans-
Germacranolide Sesquiterpene Dilactone

By Frank R. Fronczek, Steven F. Watkins,* Nikolaus H. Fischer, and June W. Klimash, Department of
Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803, U.S.A.

The crystal and molecular structure of melampodin B, C,;H,30, has been determined by single crystal X-ray
diffraction. Crystals are monoclinic, P2,, a = 9.714(4), b = 6.922(1), ¢ = 12.503(1) A, B = 106.76(1)°, Z = 2.

The structure was refined to an R value of 3.0% over 1 871 total reflections.

The cyclodeca-4,5-c¢/is-9,10-trans-

diene ring is in a conformation theoretically derivable from a cyclodeca-4,5-cis-1,10-cis-diene precursor, as deter-

mined by empirical force field calculations.
C(8)~-C(10).
link molecules in the solid.

MEMBERS of the white-rayed daisy complex of the genus
Melampodium (Compositae, Heliantheae) have been a
rich source of various configurational types of germ-
acranolide sesquiterpene lactones.! Investigations of
Melampodium leucanthum, M. cinerewm, and M. argo-
phyllum have led to the isolation of melampolides,®”?
1(10)-cis-4,5-cis-germacranolides and their biogenetic
derivatives % as well as biomodified germacranolide
dilactones of the melampodin B type.1%11

Our previous structural studies of the melampodin B
skeleton (Figure 1) were based mainly on n.m.r. spectral
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assignments. Whereas the basic skeletal arrangement of
melampodin B could be clearly established from n.m.r.
parameters, the stereochemistry of the 4,5-double bond
could not be unambiguously determined. It was
tentatively assigned a #rans-configuration on the basis
of its co-occurrence with melampodin A, a melampolide
of known absolute configuration.2 However, Herz’s
empirical criterion,!? applied to the 15-H absorption at
3 9.49 p.p.m. in the aldehyde derivative of melampodin
B, indicated a 4,5-cis-configuration. The X-ray struc-
ture determination of melampodin B was carried out to
resolve this ambiguity.

EXPERIMENTAL

Crystals of melampodin B were grown by slow cooling
of an acetonitrile solution. A well formed crystal of
approximate dimensions 0.3 X 0.3 X 0.2 mm was mounted
on a glass fibre in random orientation on an Enraf-Nonius

Lactone rings are fused to the cyclodecadiene at C(6)—C(7) and at
Intermolecular hydrogen bonds between the hydroxy group and a lactone carbonyl oxygen atom

CAD-4 diffractometer. The X-ray source was set at a
take-off angle of 3.8° with respect to the graphite mono-
chromator. Lattice parameters and orientation were
determined at 22 4 2 °C from least-squares refinement of 15
accurately centred reflections having 26 > 19°.

Crystal Data.—C;H,30,, M = 334. Monoclinic, @ =
9.714(4), b = 6.922(1), ¢ = 12.503(1) A, B = 106.76(1)°,
Z =2 D,=138gcm? U = 805.0 A2, Mo-Kradiation,
A= 071073 A, u = 1.16 cm™. Space group P2, or P2,y
from systematic absences 0£0, # odd. Final solution
dictates P2;.

The intensities of 2 297 unique reflections in two octants
of reciprocal space (4° < 20 < 58°) were measured using the
w—20 scan described elsewhere.® Two reflections were re-
measured periodically throughout data collection, and since
these intensities decreased uniformly to ca. 959, of their
initial values a linear decay correction was applied to all
data. The variance of each intensity was estimated as
o(l)2 = Iy + Iy + (0.02I)2, where I; is the total count
and Iy, is the estimated background. Lorentz and polariz-
ation corrections were applied, but no absorption correction
was made.

Structure Solution and Refinement.—The structure was
solved by the direct phasing procedure of MULTAN74.13
Use of 3 500 I, relationships over 400 highest E values led
to 64 phase sets. The set with the highest combined figure
of merit (f.0.m.) yielded an E map showing 21 of the 23 non-
hydrogen atoms. It is worthy of note that the high value
of the combined f.o.m. was due to the very low value of
.1t whereas the correct phase set ranked seventh in terms
of the residual, and fiftieth in terms of the absolute f.o.m.

Combinations of least-squares refinement,{ difference
Fourier synthesis, and positional calculations were used to
locate all atoms in the molecule. The matrix of the final
model was partitioned into two blocks, one containing the
positional parameters of all 42 atoms and the other con-
taining the thermal parameters (H isotropic, C and O
anisotropic) and scale factor. In addition to the 1 305
reflections for which I > 3¢(I), 566 low intensity reflections
were included in the final refinement since their calculated F
values were greater than observed. Refinement converged
to R 0.030 and Ry 0.020, with goodness-of-fit parameter of
0.71.

t Least-squares minimizes the function TZwA? where A =
||Fol — |F.}| and w = o(F,)"%. The residual factors are R =
ZA/Z|F,| and Ry = (SwA?[Sw|F,|?)t. The goodness-of-fit
parameter is [ZwA2[(N, — N,)jt where N, is the number of
reflections and N, the number of adjustable parameters. All
sums are over the N, reflections.
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RESULTS AND DISCUSSION

Atomic parameters are listed in Table 1, crystal and
molecular structural parameters in Table 2, and torsion
angles in Table 3. Observed and calculated structure

TABLE 1

Atomic positional (x 10¢) and thermal parameters

Atom
C(1)
C(2)
C(3)

00000000000

~3 O O W OO b =
—_—_2r=

105(3)

666(2)

Ull
37(1)
32(1)
38(1)
35(1)
34(1)
28(1)
34(1)
44(2)

@ Fixed to define the origin of th

Y
586(5)
1 990(5)
3 280(5)
2 885(4)
2 008(5)

306(4)
2 014(4)
1074(4)
3 471(4)
—1750(4)
—-988(4)
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Ull
39(2)
42(2)
32(2)
27(2)
41(2)
41(2)
41(2)
32(2)
32(2)
31(2)
50(2)
54(2)
65(2)
41(2)
41(2)
39(2)
57(2)
47(1)
69(1)
46(1)
70(2)
53(1)
48(1)
57(2)
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TABLE 2

Interatomic distances (A) and angles (°)

(a)
C(1)—C(2)
C(1)-C(10)
C(1)-0(6)
C(2)—C(3)
C(3)—C(4)
C(4)—C(5)
C(4)—C(15)
C(5)—C(6)
C(6)—C(7)
C(6)-0(3)
C(7)—C(8)
C(7)—C(11)
C(8)—C(9)

(b) Angles

2)-C(1)-C(10)
2)-C(1)-0(6)

|
@)

Distances

1.528(4)
1.498(5)
1.463(4)
1.574(6)
1.523(9)
1.329(5)
1.507(6)
1.501(6)
1.552(5)
1.488(7)
1.530(9)
1.517(4)
1.502(4)

111.1(2)
106.4(2)
109.4(2)
112.3(2)
113.0(2)

109.6(2)

C(8)-0(1) 1.453(4)
C(9)—C(10) 1.321(6)
C(10)—C(14) 1.473(7)
C(11)-C(12) 1.487(5)
C(11)-C(13) 1.319(4)
C(12)-0(3) 1.348(4)
C(12)-0(4) 1.213(5)
C(14)-0(1) 1.375(7)
C(14)-0(2) 1.204(3)
C(15)-0(5) 1.423(8)
C(16)—C(17) 1.515(5)
C(16)-0(6) 1.359(6)
C(16)-0(7) 1.200(5)
C(1)-C(10)—C(9) 129.1(2)
C(1)-C(10)-C(14)  121.8(2)
C(9)-C(10)-C(14)  108.7(2)
C(7)-C(11)-C(12)  106.4(2)
C(7)-C(11)-C(13)  129.6(3)
C(12)-C(11)—C(13)  123.9(2)
C(11)-C(12)-0(3)  109.9(2)
C(11)-C(12)-0(4)  128.9(3)
0(3)—C(12)-0(4) 121.1(3)
C(10)-C(14-0(1)  108.5(2)
C(10)-C(14)-0(2)  130.3(2)
O(1)-C(14)-0(2) 121.1(2)
C(4)—C(15)-0(5) 115.1(2)
C(17)-C(16)-0(6)  110.4(3)
C(17)-C(16)-0(7)  125.9(3)
0(6)~C(16)—0(7) 123.7(3)
C(8)-0(1)—C(14) 108.7(2)
C(6)-0(3)-C(12) 111.0(2)
C(1)-0(6)-C(16) 116.9(2)

(¢) Intermolecular contacts (H---H < 24 A, H.---0 <

2.64)e
O(5) - - - O(4)!
H(50) - - - O(4)!

H(50) - - - H(132)L 2.292(12)

.- OB

2.851(4)
2.003(6)

2.357(8)

H(152) - - - O(4)IIT  2.493(8)
H(151) - - - O(5)V  2.516(10)
H(l) - - O(1)¥ 2.570(6)

s Symmetry operations are: (I) 2 — %, y + 3, 1 — 2; (II)

l—x,y—31—2z
l1—2z;, (V)1 —x,y+ 3% —=z

—

—-0(6)—C(16)
C(1)—0(6)—C(16)
—C(3)—C(4)

—C(5)-C(6)

7)-C(8)

(III) » — 1, », 2;

TABLE 3

Torsion angles (°)

1 (1)—C(2)—C(3)
6)—C(1)—C(2)—C(3)
(1)-C(10)—C(9)
(1)~C(10)—C(14)
}-C(10)—C(9)
}-C(10)—C(14)

170

)—C(15)—0(5)
—115
129

—54

—120
—66
122
149
—91
—115
109
-1

—178

—142
149
—24
142

—-171

C(11)~C(7)—C(8)-0(1)
C(8)—C(7)—C(11)—C(12)
C(6)-C(7)—C(11)-C(13)
C(8)-C(7)-C(11)—C(12)
C(8)-C(7)—C(11)—C(13)
C(7)—C(8)—C(9)—C(10)
8)—C(9)-C(10)
8)—0(1)-C(14)
8)-0(1)—C(14)
9)-C(10)—C(1)

)1)—0(12)—0(3)
)-C(11)—C(12)—0(4)
)=C(12)-0(3)—C(6)

V)1 —xy+4

172
-7
-1
180
—12
167
165
—-17
—5
177
-1
177
176
—5



FIGURE 2 Stereoscopic diagram of the packing of
melampodin B molecules in the unit cell

factors (x 10) are given in Supplementary Publication
No. SUP 22819 (28 pp.).*

The unit cell (Figure 2) contains two discrete molecules
related by the screw axis, and each molecule (Figure 3)
consists of a cyclodecadiene ring (A), a five-membered
a-methylene-y-lactone (B) frans-fused to ring A at C(6)
and C(7), and a five-membered «f-unsaturated y-lactone
ring (c) condensed at C(8) and C(10) and oriented axially
towards the B-face of ring A. While the absolute con-
figuration was not determined experimentally, we believe
the stereochemistry shown in Figure 3 is correct, as
discussed below.

Ficure 3 Stereoscopic diagram of the g-face of melampodin B

Ring A.—The cyclodeca-1-cis,6-trans-diene ring differs
from the usual germacra-1,5-diene ring system, from
which we assume melampodin B to be derived. Indeed,
the endocyclic torsion angle pattern of melampodin B
resembles that of eupaformonin, a germacra-1(10)-érans-
4,5-cis-diene of the heliangolide type.l® The greatest
deviations involve C(1) and C(9), and consideration of
Figure 4 suggests that shift of the frans-double bond
between the 9,10 and 10,1 positions, with appropriate
adjustment of C(9) and C(1), could bring the two cyclo-
decadiene rings into greater coincidence. Thus, since
the absolute configuration of eupaformonin has been
determined experimentally and is as shown in Figure 4,
by analogy we believe the absolute stereochemistry of
melampodin B to be 1S5,6R,7S,8R. In addition, this
arrangement places the C(7) substituent in the B-orient-
ation, in universal agreement with all other germacranol-
ides.

* See Notice to Authors No. 7in J.C.S. Perkin II, 1979, Index
Issue.
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By the foregoing argument we do not suggest that the
biogenetic precursor to melampodin B is a helianogolide,
but merely a germacranolide of some type. In fact,
assuming the energetically favoured pathway neces-
sitates minimum intramolecular rearrangement so that
the precursor and product conformations closely resemble
one another, the melampodin B precursor may well be a
cis-cis-germacradiene. While the existence of this type
of germacranolide has not been demonstrated as yet by

o

FiGURE 4 Melampodin B (heavy lines) and eupaformonin
fitted by least squared distances between C{2)—(7) and C(10)

X-ray analysis, n.m.r. evidence has been presented.?
We have found a minimum energy conformer of cyclo-
deca-1-cis,5-cis-diene from empirical force field calcul-
ations + which closely resembles melampodin B: the

TABLE 4

Endocylic torsion angles (°): I, melampodin B; II, eupa-
formonin; III, cyclodeca-1-¢is,5-cis-diene by MMI;
IV cyclodeca-1-cis,5-cis-diene by QCFF; V, tamaulipin
A

Ring A
© I 1I 111 v
10,1 51 168 -1 -1
1,2 51 -80 91 96
2,3 —115 —58 - 106 -112
3,4 109 92 91 96
4,5 1 4 -1 -1
5,6 -—115 —124 —126 —-119
6,7 94 135 99 103
7.8 —54 —80 —47 —59
8,9 113 61 99 103
9,10 —169 —96 —126 —119
Ring B Ring C
- A~ -~ r A
® I 11 \% ® I
6,7 —24 14 —24 8,9 —4
7,11 22 —-12 21 9,10 3
11,12 —12 6 -10 10,14 —1
12,0 -5 4 —6 14,0 -1
0,6 19 —12 19 0,8 3
C=C—=0 —-17 +9 -10
c.d. —277 +264 —260

root-mean-square deviation of endocyclic torsion angles
AQ (=[Z(Aw)?/10]}) averages 27° (Table 4). By the
same measure, eupaformonin differs from melampodin
B by 67°.

1 The conformation according to Allinger’s (MMI) program 14
differs slightly from that of Warshel and Levitt’s (QCFF) 17
with AQ 6°. White considered two dissimilar conformers of
cyclodeca-1-cis, 5-cis-diene (ref. 18, Figures 6g and f). Both MMI
and QCFF agree that conformation (6g) is lowest in energy.
The relative energy (kcal mol™!) of (6f) is: 0.05 (White), 0.36
(MMI), 1.15 (QCFF). The relative energy of the melampodin
B conformer is: 1.62 (MMI), 0.83 (QCFF).
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Ring B.—The five-membered lactone ring at C(6) and
C(7) is a highly non-planar (Z|w| 82°) twist-envelope
with significant torsional asymmetry (AC, 5.4°). Atom
C(6) is at the flap and is elevated above the mean plane
of the other four atoms toward the g face. This stereo-
chemistry is almost identical to that of the lactone ring
in tamaulipin A,»® but just opposite that observed in
eupaformonin (Table 4). Since the chirality of the
C=C—C=0 chromophore determines the sign of the Cotton
effect for the n—=* transition, these measures are also
shown in Table 4, and are consistent with the assigned
stereochemistry of melampodin B.

Ring c.—The conformation of this lactone is similar to
that of ring B but much flatter (X]o| 12°) and more
symmetric (AC, 0°). The chromophore is maximally
conjugated (w 180°), and while the bond length of C(10)-
C(14) [1.473(7) A] is slightly shorter than the correspond-
ing C(11)-C(12) [1.486(5) A], suggestive of this conjug-
ation, the difference is not statistically significant. All
other bonds in the molecule are normal except for the
bond angles imposed on the 9,10 double bond by ring c.

Hydrogen Bonding.—In the solid state, molecules of
melampodin B are linked in spiral chains by hydrogen
bonds between the hydroxy group on C(15) and the
carbonyl oxygen O(4) of lactone ring B.

We acknowledge the help of Professor I. Bernal, and
support from the U.S. National Cancer Institute.

[0/089  Received, 15th January, 1980]
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