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The structure determination of the title compound, rotenone

�-oxime [systematic name: 1,2,12,12a-tetrahydro-8,9-dimeth-

oxy-2-(1-methylethenyl)-[1]benzopyrano[3,4-b]furo[2,3-h][1]-

benzopyran-6(6H)-one oxime], C23H23NO6, con®rms that the

molecule has an approximately V-shaped structure. One of the

rings has a typical cyclohexene-like monoplanar conformation

and the central ring adopts a 1,2-diplanar conformation.

Comment

Rotenone, a naturally occurring heterocyclic compound with

inhibitory effects on oxidative phosphorylation and mitosis, is

obtained from the roots of the legumes Derris elliptical and D.

malaccensis in Malaysia, and D. Uruco and Lonchocarpus

utilis in South America (McEwen & Stephenson, 1979; Ware,

1983). Rotenone is a widely used pesticide (Carson, 1962;

Haley, 1978; Gosalvez, 1983) and, together with other bota-

nical pesticides (e.g. pyrethrum, sabadilla, nicotine and

ryania), it is a valuable alternative to the synthetic pesticides in

use today, as some insects have developed resistance in

response to the heavy use of synthetic pesticides. In contrast,

botanical pesticides exert their action through a variety of

biochemical lesions and, therefore, can control neurotoxicant-

resistant insects. Additionally, as naturally occurring

substances, botanical pesticides appear to be metabolized to

less toxic derivatives. For rotenone, these are the polar rote-

nolones and hydroxyrotenone (Fukami et al., 1967). Rotenone

photochemically decomposes to form over 20 degradation

products, including rotenoids, rotenolones and rotenonone,

and their expoxides (Carson, 1962; Brien, 1967; Fukami et al.,

1967; Haley, 1978; Engstrom-Heg & Colesante, 1979;

Newsome & Scheneider, 1980; Gosalvez, 1983).

Rotenone is biochemically very active, exerting its effects

mainly by blocking oxidative phosphorylation and/or mitosis

in cells through apparently separate pathways (Lof¯er &

Schneider, 1982). It is important to obtain information on the

mode of action and selectivity of rotenone so that it can be

used safely and ef®ciently. The three-dimensional structure of

most biologically active molecules plays a role in governing

their interactions and activities. In the course of a systematic

study of the relation between the structure and bioactivity of

rotenone, we have isolated the title compound, (I), and report

here its preparation and structure.

Fig. 1 shows the title molecule with the atom-numbering

scheme. Except for the isopropenyl group, the non-H atoms lie

close to the plane of aromatic rings I and IV, resulting in an

approximately V-shaped molecule with an angle of 78.7 (4)�

between the planes of rings I and IV. Some ring torsion angles

are given in Table 1. Ring II has a typical cyclohexene-like

monoplanar conformation (Bucourt, 1974) and ring III adopts

a 1,2-diplanar conformation (Bucourt, 1974). The ®ve-

membered ring, V, has an envelope conformation with the

isopropenyl group in an equatorial position, as proposed
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Figure 1
A view of the structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are shown at the 50% probability level.

Figure 2
A perspective view of the molecular packing of (I), viewed along the a
axis.



previously by BuÈ chi et al. (1961) and Carlson et al. (1973). The

methoxy groups are not coplanar with ring I; the angles

between the plane of ring I and planes C20ÐO5ÐC17 and

C19ÐO4ÐC16 are 12.5 (3) and 73.1 (4)�, respectively.

The packing of (I) is shown in Fig. 2. The molecules are able

to ®t together tightly, maximizing intermolecular interaction

through hydrogen bonds between the O6 hydroxy group

and the O atom of ring V [O6� � �O2i = 2.997 (4) AÊ ,

O6ÐH20 = 0.82 AÊ , H20� � �O2i = 2.20 AÊ and O6ÐH20� � �
O2i = 165�; symmetry code: (i) ÿx + 3

2, ÿy + 1, z + 1
2 ].

Experimental

Rotenone (5 g), hydroxylamine hydrochloride (5 g) and sodium

acetate (6 g) in ethyl alcohol (200 ml) were re¯uxed for 10 h, and then

water was added until crystallization commenced. The resulting

rotenone oxime was crystallized from alcohol, and a single crystal

suitable for X-ray analysis was recrystallized from ethyl alcohol after

two months.

Crystal data

C23H23NO6

Mr = 409.42
Orthorhombic, P212121

a = 9.3994 (10) AÊ

b = 14.4249 (15) AÊ

c = 14.8129 (15) AÊ

V = 2008.4 (4) AÊ 3

Z = 4
Dx = 1.354 Mg mÿ3

Mo K� radiation
Cell parameters from 2303

re¯ections
� = 5.1±44.2�

� = 0.10 mmÿ1

T = 293 (2) K
Block, colourless
0.58 � 0.40 � 0.36 mm

Data collection

Bruker CCD area-detector
diffractometer

' and ! scans
Absorption correction: empirical

(SADABS; Bruker, 1998)
Tmin = 0.865, Tmax = 1.000

12 340 measured re¯ections

4704 independent re¯ections
2808 re¯ections with I > 2�(I )
Rint = 0.058
�max = 28.3�

h = ÿ12! 12
k = ÿ19! 19
l = ÿ10! 19

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.064
wR(F 2) = 0.176
S = 0.92
4704 re¯ections
277 parameters

H-atom parameters constrained
w = 1/[�2(F 2

o) + (0.0983P)2]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.006
��max = 0.45 e AÊ ÿ3

��min = ÿ0.52 e AÊ ÿ3

The absolute structure of (I) was not determined, and the initial

material, rotenone, was used as the basis of the con®guration (Rossi

et al., 1988). Atoms C22 and C23 of the isopropenyl group were

disordered; the occupancy factors for atoms C22 and C23 were

accordingly reduced and their secondary positions, C220 and C230,
were included. The occupancy factors for C22/C23 and C220/C230

were 0.667 and 0.333, respectively. H-atom occupancy factors were

consistent with those of the corresponding C atoms.

Data collection: SMART (Bruker, 1998); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1998) and SHELXTL (Bruker,

1998); program(s) used to solve structure: SHELXS97 (Sheldrick,

1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: SHELXTL; software used to prepare

material for publication: SHELXL97.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ1014). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected torsion angles (�).

C5ÐC1ÐC2ÐC3 34.7 (4)
C4ÐO1ÐC3ÐC2 46.4 (3)
C1ÐC2ÐC3ÐO1 ÿ52.6 (3)
C14ÐC2ÐC3ÐC12 ÿ46.4 (3)
C3ÐO1ÐC4ÐC5 ÿ20.6 (4)
O1ÐC4ÐC5ÐC1 1.4 (5)
C2ÐC1ÐC5ÐC4 ÿ9.9 (4)
C11ÐO2ÐC8ÐC9 10.9 (4)
O2ÐC8ÐC9ÐC10 1.9 (4)

C8ÐC9ÐC10ÐC11 ÿ13.1 (3)
C8ÐO2ÐC11ÐC10 ÿ18.7 (3)
C9ÐC10ÐC11ÐO2 18.9 (3)
C13ÐO3ÐC12ÐC3 ÿ36.4 (4)
C2ÐC3ÐC12ÐO3 55.2 (4)
C12ÐO3ÐC13ÐC14 10.0 (4)
O3ÐC13ÐC14ÐC2 ÿ4.3 (5)
C3ÐC2ÐC14ÐC13 23.2 (4)


