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Abstract

The title compound, (125)-703,19-diacetoxy-18-chloro-
15,16-epoxy-4a-hydroxy-6-oxo-neo-cleroda-13(16),14-
dien-20,12-olide {systematic name: 4'a-(acetoxymethyl)-
5'-(chloromethyl)-5-(3-furyl)-5’-hydroxy-2'-methyl-2,4'-
dioxodecahydrospiro[furan-3(2H),1’(2' H)naphthalen]-
3'-yl acetate; C,,H,,ClOg}, is of interest on account
of its biological activity as an insect antifeedant. The
fused six-membered rings of the molecule have similar
chair conformations. The crystal contains dimeric mol-
ecules which are formed via bifurcated (intra- and
intermolecular) O—H:- - -O hydrogen bonds.

Comment

A large number of diterpenoids with the clerodane skele-
ton have been isolated from plants in the past few
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years (Merritt & Ley, 1992). Interest in these com-
pounds has been stimulated by their biological activity
as antitumoural, antimicrobial and antifungal agents,
and particularly as antifeedant agents against some eco-
nomically important lepidopterous pests (Merritt & Ley,
1992; Simmonds & Blaney, 1992). The richest source
of this kind of compound has been plants belonging to
the genus Teucrium of the family Labiatae, from which
about 170 clerodanes have been isolated (Merritt & Ley,
1992; Piozzi, 1994; Rodriguez et al., 1994). Some years
ago a new neo-clerodane (Rogers et al., 1979), 19-
acetylteupolin IV, (1), was isolated (De la Torre, Piozzi,
Rizk, Rodriguez & Savona, 1986) and its structure
and absolute configuration [(12S5)-73,19-diacetoxy-
4a,18;15,16-diepoxy-6-oxo-neo-cleroda-13(16),14-dien-
20,12-olide] were established by spectroscopic ('H and
13C NMR, CD) means and by comparison with closely
related compounds. Compounds possessing 73-acetoxy-
6-oxo functional groups, however, are not usual among
the natural neo-clerodanes (Merritt & Ley, 1992; Piozzi,
1994; Rodriguez-Hahn, Esquivel & Cardenas, 1994;
Davies-Coleman, Hanson & Rivett, 1994) and in our
opinion the structure attributed (De la Torre er al., 1986)
needed further support.

Attempts at obtaining suitable crystals of (1) for X-
ray diffraction analysis were unsuccessful. Treatment
of the natural diterpenoid (1) with hydrochloric acid
(Rodriguez et al., 1994) gave the chlorohydrin (2) in
almost quantitative yield.

Rings A and B (Fig. 1) have very similar chair
conformations with the following Cremer & Pople
(1975) parameters: g; = 0.035(5), g3 = 0586(5)A
w2 = —116(7) and 6, = 3.4(5)° for ring A; ¢ =
0.021 (4), g3 = 0.501(4)A, @, = 178(28) and 6, =
2.4(5)° for ring B. The ~-lactone ring (C) has an
envelope conformation, with the C11 atom deviating
by —0.304 (4) A from the plane defined by the other
four atoms [maximum deviation of —0.029 (4)A for
atom C20]. Ring D is planar (all deviations are less
than 0.004 A). All interatomic distances and angles have
normal values. The crystal packing involves an inter-
and intramolecular bifurcated hydrogen bond through
the H70 atom 07.--05 2.946 (4) A, O7—HT70- - -O5
127.4 (3)°, .-05' 3.030(4)A and O7—HT70.--O5'
142.0 (3)° [symmetry code: (i) 1 —x, y, 1 — z]. This links
pairs of molecules through a twofold axis (Fig. 1).
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Fig. 1. The molecular structure, atomic- and ring-labelling schemes,
and hydrogen-bonding scheme of (2). Displacement ellipsoids are
drawn at the 30% probability level and C atoms are labelled by
number only.

The results are in accordance with those already found
spectroscopically for compound (1) and thus, taking
into account the fact that (2) is merely a chemical
transformation of (1), the structure previously assigned
to 19-acetylteupolin IV (De la Torre ez al., 1986) is now
established crystallographically.

Experimental

For details of the preparation of (2), see the preparation of
compound (6) described in the work of Rodriguez et al.
(1994). Crystals of (2) suitable for diffraction analysis were
crystallized from EtOAc/petrol solution.

Crystal data
C24H29C109 Cu Ko radiagion
M, = 496.92 A=15418 A
Monoclinic Cell parameters from 40
C2 . reflections
a=25348(3) A f = 6-20°
b=178824(7) A p=1885 mm™'
¢ =11.9280(10) A T=293(12)K
B = 96.80 (2)° . Prism
V = 2366.5(4) A’ 0.3 x 0.2 x 0.2 mm
Z=4 Colourless

. = 1.395 Mg m~>
D, = 1.389 Mg m™3
D, measured by flotation in

benzene/bromoform

C24H39Cl0Oy

Data collection

Seifert XRD3000-S four-
circle diffractometer
w/20 scans
Absorption correction:
3 scan (North, Phillips
& Mathews, 1968)
Tnin = 0.46, Trax = 0.69
2102 measured reflections
2102 independent reflections

Refinement

Refinement on F?
RIF? > 20(F»)] = 0.0522
wR(F?) = 0.1322
S =1.016
2102 reflections
308 parameters
H atoms riding
w = U[oX(F2) + (0.1114P)?
+ 0.0012P]
where P = (F? + 2F})/3
(A/O')max < 0001°
Apmax =0.308¢ A:3
Apmin =-0422 e A_3

1896 observed reflections
[ > 2a(D)]

Omax = 65.04°

h=-29—-29

k=0—>38

I=-14 > 13

2 standard reflections
monitored every 100

reflections

intensity decay: 1%

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.0041 (4)

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Absolute configuration:
Flack (1983)

Flack parameter = 0.02 (3)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (I/B)E,EjU,jafa;a;.aj.

x A 2 Ueq

Cl 0.52274 (5) —0.2529 (2) 0.19976 (11) 0.0820 (5)
01 0.09647 (13) 0.0067 (5) —0.0526 (3) 0.0716 (11)
02 0.24311 (1D 0.2061 (4) 0.1277(2) 0.0508 (7)
03 0.28680 (12) 0.3253 (4) 0.2796 (3) 0.0578 (8)
04 0.34617 (12)  —0.0305 (4) 0.5534(2) 0.0518 (8)
05 0.43800(10) —0.0232 (4) 0.4732(2) 0.0490 (8)
06 0.4175 (2) 0.3429 (5) 0.4015 (2) 0.0604 (9)
o7 0.50459 (10) 0.1156 (5) ).3088 (2) 0.0571 (9)
08 0.3817(2) 0.5930(5) 0.3479 (3) 0.0755 (10)
09 0.3500 (2) 0.2212(7 0.6373 (3) 0.099 (2)
Cl 0.36395 (14) 0.0588 (6) 0.0837 (3) 0.0428 (9)
C2 0.4171 (2) 0.0060 (7) 0.0459 (3) 0.0510(11)
C3 0.46332 (13) 0.0759 (7) 0.1251 (3) 0.0493 (12)
C4 0.46178 (13) 0.0253 (6) » 02492 (3) 0.0427 (9)
C5 0.40683 (13) 0.0853(5) 0.2880(3) 0.0354(9)
cé 0.40111 (14) 0.0297 (5) 0.4081 (3) 0.0364 (8)
Cc7 0.34611 (14) 0.0484 (6) 0.4441 (3) 0.0399 (9)
C8 0.30141 (14)  —0.0332 (6) 0.3652 (3) 0.0411 (9)
c9 0.30233 (13) 0.0239 (5 0.2413 (3) 0.0345 (8)
Cl10 0.36004 (12) 0.0071 (5) 0.2062 (3) 0.0345(8)
Clt 0.26314 (15) —0.0842 (6) 0.1612 (3) 0.0415(9)
Cl12 0.23411 (14) 0.0410 (6) 0.0768 (3) 0.0432 (9)
ci3 0.17606 (15) 0.0149 (6) 0.0487 (3) 0.0470 (10)
Cla 0.1376 (2) —0.0299 (9) 0.1218 (4) 0.068(2)
C15 0.0902 (2) —0.0330 (9) 0.0581 (5) 0.076(2)
Clé 0.1486 (2) 0.0341 (7 —0.0554 4) 0.0557 (11)
C17 0.2481 (2) 0.0017 (8) 04103 (4) 0.0638 (14)
Cl18 0.4696 (2) —0.1663 (8) 0.2665 (4) 0.0573(12)
Cl19 0.4061 (2) 0.2820 (6) 0.2875(3) 0.0414(9)
C20 0.27874 (14) 0.2014 (6) 0.2222(3) 0.0426 (9)
C21 0.4023 (3) 0.5013 (7 0.4210(5) 0.0658 (14)
C22 0.4157(5) 0.5506 (10) 0.5418 (5) 0.137 4)
Cc23 0.3478(2) 0.0702 (9) 0.6434 (3) 0.0556 (13)
C24 0.3464 (2) —0.0277 (12) 0.7491 (4) 0.088 (2)
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Table 2. Selected torsion angles (°)

Cl—C2—C3—C4 55.8(5) C5—C6—C7—C8 525(5)
C2—C3—C4—C5 —56.5 (5) C6—C7—C8—C9 —519(5)
C3—C4—C5—C10 56.1 (4) C7—C8—C9—Ci0 48.6 (5)
C4—C5—C10—Cl1 —57.6 (4) C8—C9—C10—C5 —49.2(5)
C5—C10—C1—C2 57.3(5) C9—C10—C5—Co6 473 @)
C10—C1—C2—C3 ~55.0(5) C10—C5—C6—C17 —47.3(5)

Data collection: Seifert XRD3000-S diffractometer software.
Cell refinement: LSUCRE (Appleman, 1995). Data reduction:
XRAYB0 (Stewart, 1978). Program(s) used to solve structure:
SIR92 (Altomare et al., 1992). Program(s) used to refine
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics:
ORTEP (Johnson, 1965). Software used to prepare material
for publication: SHELXL93.

One of us (GH) is grateful to the Ministry of
Education and Science in Spain for a Postdoctoral
Fellowship. We thank Drs B. Rodriguez and M. C. de
la Torre (Instituto de Quimica Organica-CSIC, Juan de
la Cierva 3, 28006 Madrid, Spain) for providing the
crystals.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: CF1084). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HUJ, England.
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Abstract

The enol of 4,4-dimethylcyclohexane-1,3-dione (3-
hydroxy-6,6-dimethylcyclohex-2-en- 1-one, C4H;70;)
forms hydrogen-bonded spiral chains like those in 5,5-
dimethylcyclohexane-1,3-dione, except for disorder of
the optical isomers. 2,5,5-Trimethylcyclohexane-1,3-
dione monohydrate (enol form 3-hydroxy-2,5,5-tri-
methylcyclohex-2-en-1-one monohydrate, CoH,40;.-
H,0) forms hydrogen-bonded layers containing tetra-
molecular rings with a short OH. - -water hydrogen bond
[2.428 (4) Al

Comment

Since cyclohexane-1,3-dione (CHD) and its derivatives
are extensively enolized [see (I) below], there are possi-
bilities of >C—O—H- - -O=C< hydrogen-bonded net-
works in the solid state. These networks can be involved
in supramolecular structures such as the clathrate-
like (CHD)¢-benzene structure (Etter, Urbanczyck-
Lipkowska, Jahn & Frey, 1986) and the dimeric encap-
sulate [Cr(C¢He)s .(CHD)i 12 (Braga, Grepioni, Bryne
& Wolf, 1995). The intermolecular hydrogen bonds in
these networks are relatively strong, with O---O dis-
tances in the range 2.55-2.60 A. In practice, the hydroxy
proton in CHD derivatives is found close to the idealized
syn or anti positions, indicated in (I) below. Similarly,
the sp? positions of formal lone pairs of electrons on the

(syn)
H
o \o
.
(anti)
Me \'Me
O
Me
HO—/ =0 HO =0
Me .H20
Me
Me Me
Y (I
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