J. CHEM. SOC., CHEM. COMMUN., 1983

605

Specionin, an Iridoid Insect Antifeedant from Catalpa speciosa

Conway C. Chang and Koji Nakanishi*

Department of Chemistry, Columbia University, New York, N.Y. 10027, U.S.A.

The leaves of Catalpa speciosa have yielded the iridoid specionin (1) which has antifeedant properties against

spruce budworm.

The Eastern spruce budworm which infests North American
fir and spruce forests in May inflicts huge damage to the
lumber industry. In order to find an effective antifeedant
against this pest, leaves of forty different trees that are not
attacked by the worms were collected and extracted with
EtOH. The extracts were then screened and fractionated by
antifeedant assays using budworms fed on an artificial diet
with or without the extract. This has led to the isolation of
specionin (1) from the leaves of Catalpa speciosa Warder
(Bignoniaceae).

The extract in aqueous MeOH was extracted with hexane,
CH,Cl,, and EtOAc. The active EtOAc extract was evapor-
ated, and the residue in MeOH was submitted to Sephadex
LH-20 and flash chromatography. Final purification was
accomplished by preparative Whatman Partisil M-9 (6:1 v/v,
cyclohexane-PriOH). From 9 g of EtOH extract there was
obtained 7 mg of specionin (1).

The desorption chemical ionization mass spectrum! (NH;
reactant gas) exhibited quasi-molecular peaks at m/z 395 {[M
4 HJ*} and 412 {[M + H + NH;]J*}. Fragmentation peaks
at m/z 349 {{M —45]*} and 303 {{M—45—46]"} were inter-
preted as losses of ethoxy and ethanol moieties. The presence
of a hydroxybenzoate moiety was indicated by Amax (MeOH)
254 nm (e 1 140) and supported by the m/z 121 mass spectral
peak.

The *C n.m.r. data, especially the J-modulated spin echo
spectra,? showed (1) to contain two methyl groups (8 15.6 and
15.5), one methylene (30.4, C-4), two methine (34.2 and 41.2,
C-5 and C-9), three OCH, (61.2, 64.0, and 64.8, C-7 and CH,0
of the two ethoxy groups), two OCH (61.4 and 80.7, C-10 and
C-6), one C-O (quaternary) (67.3, C-8), two hemiacetal CH
(94.8 and 97.7, C-3 and C-1), four unsubstituted aromatic
carbons (116.3, 116.3, 132.8, and 132.8, C-3’, C-5’, C-2" and
C-6"), two substituted aromatic carbons (121.5 and 164.0, C-1’
and C-4"), and one carbonyl carbon (168.2 p.p.m.). A total of
20 carbon resonances were observed.

The *H n.m.r. data shown in Table 1 (in CD;OD) were
derived from extensive decoupling experiments and two-
dimensional spectroscopy.® The two nonequivalent methylene
hydrogens at 6 3.50 and 3.85 are coupled geminally and further
to the methyl groups at 8 1.17 and 1.21.
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Table 1. *H N.m.r. data for specionin (1), 250 MHz, CDCls, 8 and
J/Hz.

1-H 5.10,d,4.1 3-OCH, 3.50,dq

3-H 4.90,dd,2.8,6.3 3-OCH»p 3.85,dq

4-H, 1.81,ddd,6.3,7.4,13.6 7-OCH. 3.50,dq

4-Hp 1.94,ddd,2.8,5.2,13.6 7-OCHbp 3.85,dq

5-H  2.34,dddd, 5.2,7.4,8.1, Me(OCH,CH,) 1.17,dd,7.0,7.0
8.5 1.21,dd,7.0,7.0

6-H 5.32,dd,1.1,8.5 3-H,5-H 6.83,d,7.8

7-H 3.60,d, 1.1 2’-H, 6’-H 7.89,d,7.8

9-H 2.80,dd,4.1,8.1

10-H. 3.55,d,12.5

10-Hy» 4.05,d, 12.5

Nuclear Overhauser effect (n.O.e.) difference spectra* were
measured to determine the relative stereochemistry. Irradiation
of 6-H (3 5.32) caused a 16 % n.O.¢. at the 7-H, while non.O.e.
was observed for 5-H. Irradiation of the 5-H peak (8 2.34)
exerted n.O.e.’s of 25 on 9-H, 6 on 1-H, and 14%;, on 4-Ha, but
no effect on 6-H. Irradiation of 9-H gave 20 and 25% n.O.e.
for 5-H and 1-H, respectively, while irradiation of 1-H at &
5.20 led to an 119, n.O.e. for 9-H.
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A close structural relationship is seen between specionin (1)
and the well known iridoid glucoside catalposide (2)° which
has also been found in the same aqueous EtOH extract of the
Catalpa leaves. We thus assign the same configurations at C-5
and C-9 for both (1) and (2), the absolute configuration of (2)
being established by chemical degradations.}®

The genesis of (1) is not clear. Since it was suspected that (1)
could be an artifact derived from (2) via a hypothetical inter-
mediate of type (3)f during EtOH extraction, catalposide (2)
was treated with *CH,OH-HCI. This yielded the chloro-
derivative (4) as characterized by spectroscopic data including
the 6 5.15 signal for 3-H which appeared as a ddd signal, J 6.5,
6.5, and 3.85 Hz, the latter J being due to its extra coupling
with O¥CH,. Whatever the origin of specionin may be, its
spruce budworm antifeedant activity should be noted.
Namely, the activity level is ca. 50—100 p.p.m., and unlike
many other antifeedants which although potent have too
complex a structure to be synthesized, e.g. azadirachtin’
(one of the most active antifeedants), the structure of this
iridoid is quite simple.

We are grateful to Drs. W. A. C6té, III and L. S. Press
(International Paper Company) and Drs. M. Houseweart and
D. Jennings (University of Maine) for suggestions and dis-

t We found that the original coupling constant assignments
between S5-H/6-H and 6-H/7-H had to be interchanged, thus
Js.6 1s 8.8 (not 1.0) and J;, 1.0 (not 8.8) Hz.

1 A leaving group X is hypothesized to account for the same C-7
configuration in (1) and (2).
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