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The Crystal Structure of the Monoterpene isoiridomyrmecin C,,H,,O,

By B. P. ScHOENBORN* AND J. F. McCONNELL
School of Physics, University of New South Wales, Australia

(Received 9 October 1961)

The crystal structure of ¢soiridomyrmecin has been determined at room temperature and at
~130 °C. The space group is P2, with Z =2, the unit-cell dimensions at — 130 °C. being

a=10-09, b=6-41, ¢=7-50 A, f=96-4°.

A structure derived by optical-transform techniques with the room temperature data failed to
refine in projection below R =0-20. This failure was shown by the use of the low-temperature data
to be due to an incorrect conformation of the lactone group. The correct structure refined smoothly
to B=0-14 for hOl, 1l and h2l data. The lactone group, previously considered capable of accom-
modation in a six-membered ring with a chair conformation, is found to be planar, the six-membered
ring adopting a skewed boat conformation. Discussion of the configuration of the molecule, of
bond lengths and angles, and of the packing of the molecule is presented. Comment is also offered

on the dangers of analysis using inadequate data.

Introduction

Recently a novel group of monoterpenoid compounds
has been isolated possessing the dimethylisopropyl-
cyclopentane skeleton, (Cavill, 1960) shown in Fig. 1.
Current interest in these insect extractives rests in
their unusual chemical structure and their biological
activity, particularly the insecticidal activity of the
cyclopentanoid lactones of insect origin. Although the
chemical structures of the majority of these com-
pounds have been elucidated and the stereochemistry
of the iridolactonest derived from that of the closely
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Fig. 1.

Fig. 2.

Fig. 1. The dimethylisopropyleyclopentane skeleton.
Fig. 2. Isoiridomyrmecin,

related nepetalinic acids (Fusco, Trave & Vercellone,
1955) certain doubts remained regarding the relative
configuration of Cs. Conformational analysis (Cavill,
1960) has been used in an attempt to determine the

* Present address: Department of Pharmacology, School
of Medicine, University of California, San Francisco 22,
Calif., U.8.A.

t The term iridolactone is used to include both irido-
myrmecin and isoiridomyrmecin. Originally, it described the
naturally occurring isoiridomyrmecin only.

most likely structure from the possible choices, but
a definite conclusion was not achieved. These un-
certainties led to an independent investigation of the
structures of the iridolactones by X-ray methods.
The following presents the analysis and structure of
tsoiridomyrmecin (Fig. 2).

Experimental

Isoiridomyrmecin forms colourless crystals with a
melting point of 58 °C. and is soluble in water and most
organic solvents. Slow evaporation from petroleum
ether (30—40° fraction) at about 5 °C. produced
plate-like crystals which could be cleaved to a con-
venient size. Because of the high vapour pressure of
isoiridomyrmecin at room temperature the crystal
was sealed in a thin-walled Lindeman glass tube.
The unit-cell parameters and space group were
determined from oscillation photographs about the
b axis together with A0l, 2k0, 1l and h2l Weissenberg
photographs using Cu K« radiation, and Ak0 and Okl
precession photographs using Mo K« radiation.

Crystal data
Isoiridomyrmecin CioHi602; m.p.=58 °C.
Monoclinic. Space group P2;.
Unit cell (at —130 °C.):
a=10-09, b=6-41, ¢c=7-50 A, f=96-4°,
Optical activity [«]3 = —59°.

The only systematic absences were 0k0 when k is
odd. Because of its ready solubility the density was
difficult to determine, but was established as in the
range 1-1 to 1-2 g.cm.=3. On the basis of two molecules
in the unit cell, the calculated density is 1-172 g.cm.—3
(at low temperature). Since the molecule is asymmetric
with a high optical activity, the space group can only
be P2;.
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A multiple-film technique was used to determine
the intensities which were estimated visually with the
aid of a calibration strip and corrected for Lorentz
and polarization effects. Correction for absorption was
omitted due to the low linear absorption coefficient,
p=64 cm."L,

For the low-temperature exposures, the crystal,
mounted in a Nonius Enraf integrating Weissenberg
camera, was cooled to —130 °C. by introducing along
the axis of the camera dry nitrogen cooled by passage
over solid COs and through liquid nitrogen. Slow
cooling was essential to prevent fracture of the crystal.

Structure determination at room temperature

The structure analysis of the compound was initiated
with the room temperature data for the two zones
(010) and (001). It was immediately obvious from the
absence of reflections for sin §>0-7 that there was
a high temperature effect. Optical-transform methods
(Hanson, Lipson & Taylor, 1953) were applied to the
data corresponding to the b axis projection. Inspection
of the weighted ROl reciprocal lattice (Fig.3) sug-
gested a projection corresponding to reasonably re-
solved atomic groups. From models representing the
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Fig. 4. (a) The erroneous electron-density projection along the b axis (20°).
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Fig. 3. h0l weighted reciprocal-lattice section (room temper-
ature). The large circle indicates the limit of observable
reflections with Cu K.

possible configurational and conformational disposi-
tions of the molecule, based on the deductions from
chemical evidence (Cavill & Locksley, 1957), optical
transforms were recorded for each type at various

]

(b) The correct electron-density projection

along the b axis (— 130 °C.). Contours are given at intervals of 1 e.A-2 starting with 1 e.A-2,
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angles of tilt with respect to [010]. In all 45 trial
projections were tested.

From these a trial molecular structure in reasonable
accord with the main features of the distribution was
selected. The correct location of the molecule with
respect to the origin was determined by Fourier-
transform principles (Taylor, 1954). The structure was
then refined by go(z, z) and the corresponding 4 o(x, )
syntheses until B was reduced to 0-20 (McConnell &
Schoenborn, 1960). This projection appeared to be in

Table 1. The atomic parameters of isoiridomyrmecin
in fractions of cell edges

Erroneous structure Correct structure
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accord with a chair conformation of the six-membered
ring, proposed by Cavill (1960) on the basis of confor-
mational analysis.

It was however difficult to reconcile this aspect of
the structure with the evidence regarding the lactone
group which has been obtained in the structure
determinations of himbacine hydrobromide (Fridrich-
sons & Mathieson, 1960, 1961) and the bromodilactone
from jacobine (Taylor, 1960). In both, the lactone
group was found to be planar and it was concluded
that this property is a characteristic of the lactone
group (Mathieson & Taylor, 1961). Considered in
conjunction with the rather high value of the re-
liability index for such limited data, this factor
suggested that, although the general distribution of
atoms in this structure may accord with that of the
correct one, certain details required reassessment and
readjustment. It was considered that the high value
of 7-5 for the temperature factor B with its consequent
severe limitation in the number of observable reflec-
tions would prevent any further progress with the
room temperature data, and an investigation at low
temperature was undertaken. The atomic positions
derived from the room-temperature analysis are given
in Table 1 and indicated on the erroneous electron-
density distribution (Fig. 4(a)).

Table 2. Calculated and observed structure factors

(20 °C.) (—130°C.)
z z z Yy z
C, 0-2080 0:5667 0-2197 0-7879 0-5598
C, 0-2185 0-6180 0-2603 0-5619 0-6023
(ON 0-3167 0-5867 0-4080 0-5377 0-6274
C, 0-1857 0-8000 0-1987 0-4992 0-7734
Cs 0:0905 0-8500 0-1316 0-7004 0-8285
Cs 0-1100 0-7000 0-0949 0-8218 0-6583
C,; 0-2000 0-3835 0-1978 0-8581 0-3592
Cq 0-2670 0-9000 0-3045 0-4147 0-9186
C, 0-2800 0-1100 0-2445 0-3084 0-0755
Cio 0-4060 0-8260 0-3915 0-2442 0-8379
0, 0-4333 0-6800 0-4433 0-3202 0-6912
0O, 0-4200 0-9000 0-4160 0-0769 0-8988
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Structure determination at low temperature

With the low-temperature data, calculations were
initiated using the atomic parameters derived from
the room-temperature analysis, the temperature factor
B being adjusted to 2-5 for the calculation of structure
factors. At this stage R was 0-35. On the basis of these
atomic parameters, refinement by go(z, z) and 4/(z, z)
projection was carried out. Small adjustments of
atomic parameters were made until R dropped to
0-29, but at this point it was clear that no further
improvement was possible. The difference map at this
stage is shown in Fig. 5, which indicates a serious
discrepancy at atomic position Cs, while the go(z, 2)
projection revealed at the O; position a higher density
than expected. Atom C; was moved to the new
location C¥ as shown in Fig.4 which also shows
adjustments made in the positions of Ci, C2 and O;.
Structure factors calculated from these parameters
gave E=0-33. By means of four go(x,z) and four
difference syntheses the structure readily refined to
R=0-18.

Fig. 5. The difference map, corrections indicated by +
(—130 °C.). Contours are given at intervals of 0-5 e,A-2,
zero and negative contours dashed, positive contours solid
lines.

The modification of atomic sites involved in these
readjustments permits the re-interpretation of the
projected electron density in terms of a molecular
model with a planar lactone group.
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The y parameters, initially derived approximately
on the basis of the projection together with normal
bond lengths and angles, were made more precise by
the use of the cosine and sine components of gener-
alized projections (Fridrichsons & Mathieson, 1955)
for the 1l and k2! data. The final parameters (Table 1)
were obtained from a least squares refinement. The
reflections were weighted so that )/(wl)=1 if F, < 8
and (wl)=8/F, for F,>8. The reliability indices
dropped during six cycles to 0-13 (k0l), 015 (k1) and
0-16 (h2l) with 0-14 overall; comparison between
observed and calculated structure factors with an
isotropic value of B=2-5 is given in Table 2. Bond
lengths and bond angles are shown in Fig.5 and
approach distances in Fig. 7. The final correct electron-
density distribution is shown in Fig. 4(b) and may
be compared with the false distribution Fig. 4(a).

Discussion

The progress of the analysis of isoiridomyrmecin is of
interest from two aspects:

(1) that a structure may be refined (at least in projec-
tion) to a surprisingly low value of R (0-20) and
yet be in considerable error in certain details;

(2) that this possibility of an erroneous conclusion is
less likely to appear acceptable when the diffrac-
tion data cover an adequate sin 6 range.

With respect to (1), it has been noted (Dunitz &
Robertson, 1947) that the possibility of attaining a
small value of R in such circumstances usually means
a certain similarity with the true structure. Since then
other examples have occurred. Thus in the analysis
of the compound called ‘cis naphthodioxan’, Furberg
& Hassel (1950) showed that it was not possible to
refine below a certain value of R. Peculiarities in the
electron density distribution and in bond lengths
suggested an error in the proposed structure and the
analysis finally revealed that the correct structure was
1,3,1-,3-"tetraoxa-2,2-'bicyclopentane. Even for heavy-
atom derivatives which at first appeared isomorphous
Trommel & Bijvoet (1954) found that the hydro-
chloride and hydrobromide of p(— )-Isoleucine differed
in the disposition of the methyl side-group. For
triphenylene, the structure first proposed by Klug
(1950) was again associated with unexpected features
in the electron-density distribution and intermolecular
approach distances. This was re-examined later by
Vand & Pepinsky (1954) and by Pinnock, Taylor &
Lipson (1956) showing that a gross shift of the mole-
cule was required to produce the correct erystal struc-
ture. In the present case, the analysis proceeded to
what could be regarded as a very satisfactory overall
agreement between calculated and observed structure
amplitudes but was however proved to be partly
erroneous.

In all these structures, it appears that the main
objection to acceptance was the inadequate chemical
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sensibility of the end-result and when this aspect was
" investigated and rectified, the analysis could then
proceed smoothly to an entirely satisfactory con-
clusion.

As has been noted earlier (Mathieson, 1955) all
three main inter-related factors must be satisfied in
a correct structure solution:

(1) agreement between calculated and observed struc-
ture factors;

(2) the electron-density distribution with peak heights
and shapes of satisfactory form;

(3) chemically sensible bond lengths, angles and ap-
proach distances.

Some of these aspects may not be capable of complete
investigation in specific cases, such as those investi-
gated only in projection. This is particularly likely
with certain methods of analysis such as optical
transform methods, and appropriate warnings have
been made e.g. Pinnock, Taylor & Lipson (1956).

So far as the experimental data were concerned,
these were limited in range at room temperature and
this limitation had its effect on the apparent low value
of R. Extension of the range of data by operation at
a low temperature immediately raised B to 0-35
using the same atomic parameters, an aspect of the
comparison of F, with F, noted earlier (Mathieson,
1955) for K-benzylpenicillin. Hence when making
comparison of structure analyses of compounds of
comparable complexity it is important to take into
account the effective temperature factor and range
of the experimental data. The range of data ex-
perimentally determined is of great significance not
only with regard to the ultimate accuracy of the
refinement (Cruickshank, 1960) but also for the
primary procedure of locating the molecular skeleton
(Fridrichsons & Mathieson, 1961).

In the present case in which the principal aim was
to determine the molecular skeleton and the refine-
ment for accurate atomic position was of less im-
portance, it is clear that adequate data proved to be
a prerequisite to assure the correct structure solution.
The structure based on the temperature-limited data
seemed to be in accord with an electron-density
distribution of reasonable appearance, had R=0-20
and a chair conformation for the six-membered ring
which was in satisfactory accord with what had been
deduced on chemical grounds and conformational
argument. The corresponding difference map sug-
gested certain shifts, particularly at the carbonyl
position (Fig.5) but these shifts tended to increase
rather than reduce R. The modified structure based
on the low temperature data revealed that these shifts
were in the correct direction but had been over-
shadowed by the failure to make the major shift Cs
to C¥.

The relative configuration of the asymmetric carbon
atoms (starred) is shown in Fig. 2 and confirms that
deduced for ¢soiridomyrmecin (Cavill & Locksley,

STRUCTURE OF THE MONOTERPENE ISOIRIDOMYRMECIN C, H,,0,

1957) from its relationship to nepetalactone and the
nepetalinic acids. Furthermore it defines the con-
figuration of Cg (Cavill, 1960). The X-ray results
provide a decision as to which of the two alternatives
offered by Cavill & Locksley (1957) corresponds to
tsoiridomyrmecin. The other structural alternative
corresponding to iridomyrmecin is also under in-
vestigation by the authors.

With regard to the detailed shape of the molecule,
the five-membered ring has the expected conformation
with four atoms nearly planar and the fifth out of
this plane by 0-5 A. The most important detail of the
conformational aspect concerns the six-membered ring
of which the lactone group forms part. On the basis
of conventional conformational analysis it was de-
duced that this ring was in the chair conformation.
This argument involved however the tacit assumption
that the lactone group is sufficiently flexible to be
accommodated in this manner. This structure analysis
accords however with a planar conformation for the
lactone group and this planarity forces a skew boat
conformation on the six-membered ring. Evidence for
the planarity of yp-lactone groups was first observed
in himbacine hydrobromide (Fridrichsons & Mathie-
son, 1960, 1961) and for the d-lactone groups in the
bromodilactone of jacobine (Taylor, 1960), from which
the conclusion was drawn that this planarity is a
characteristic of lactone groups in general (Mathieson
& Taylor, 1961). The data for zsoiridomyrmecin pro-
vide further confirmation of this characteristic with
respect to d-lactone groups. We may note that the
skew boat conformation of ring B requires a cis-
junction between rings 4 and B as has been deduced
by McElvain in more recent studies (Cavill & Locksley,
1957).
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Fig. 6. (a) Bond lengths of ¢soiridomyrmecin.
(b) Bond angles of isoiridomyrmecin.

Bond lengths and angles are shown in Fig. 6. The
average (not including Cs—Cig) C-C bond length is
found to be 1-54 A with a mean deviation of 0-012 A
which suggests a maximum inaccuracy of 0-03 A for
the measured values. The Cs—Cyo bond adjacent to
C=0 is shorter (1-51 A) as is to be expected. The
bond lengths within the lactone group are of interest,
with Ci;0-01=1-36 A as against C3-0;=1-49 A. The
explanation for this difference may be given on the
basis of either double-bond characteristics or the
hybridization of atom Cio (Fridrichsons & Mathieson,



B.P. SCHOENBORN AND J.F. MCCONNELL

[a)

Fig. 7. The major inter-molecular approach distances.
Projection along the b axis.

1961). From either viewpoint it is evident that this
dissymmetry in bond lengths is closely bound up with
the planarity of the lactone group.

The molecules pack together in the crystal with
the polar ends associated to form dipolar layers.
The relatively neutral outer parts of the layers pack
by van der Waals forces with rather larger approach
distances (Fig. 7).

Note added in proof.— The structure of iridomyr-
mecin has now been completed and a comparison of
the two structures has been submitted to Tetrahedron
Letters (Conformation of Iridomyrmecin and Iso-
iridomyrmecin, J. F. McConnell, A. McL. Mathieson
and B. P. Schoenborn). The structure of iridomyr-
mecin will be submitted for publication shortly.

All structure factor, Fourier and least-squares cal-

culations were carried out on UTECOM, a DEUCE
computer at the University of New South Wales.
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