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Abstract—Caffeic acid esters of a mixture of glucaric acid and lactone forms occur in tomato leaves (Lycopersicon
esculentum). Hydrolysis of these materials yields only caffeic acid and glucaric acid. The esters described are inhibitory
to the growth and development of the tomato fruitworm (Heliothis zea) and represent one of the several resistance

factors of the plant.

In a survey of tomato for substances inhibiting the larvae
of the tomato fruitworm (Heliothis zea Boddie) [1] we
have observed several significant inhibitory chemical
factors. These include the steroidal glycoalkaloid, a-
tomatine; the flavonol diglycoside, rutin; the widely
encountered depside, chlorogenic acid; and a complex
mixture of caffeyl glucaric acid and ]actong forms which
are described in this communication. Although glucaric
acid occurs in a variety of plants [2, 3], and
hydroxycinnamates are fremir-\nﬂv found in

conjugated form [4, 5], this is the first observed instance
of esterification of caffeic acid to a hexaric acid moiety.

Tomato leaf material was extracted sequentially with
Me,CO, MeOH and H,0. The MeOH extract contained

most of the z-tomatine as well as the rutin and chlorogenic
acid The H_.() extract wag paecpd thronoch XAD.?
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(Mallinckrodt) which served to remove residual rutin and
chlorogenic acid and gave an effluent which still contained

phenolic substances and which suppressed the growth of

H. zea in our bioassay procedure [6]. Following
concentration of this aqueous solution and chromato-
Elayuy upon uuyuudex C'25 ca 13{, of a mixture of
phenolic acids was obtained (based on original dry wt)
which possessed all the antlgrowth activity of the H,O
extract. Preliminary examination of UV and 'H NMR
spectra of the total mixture indicated that these materials
were caffeic acid esters of a highly polar carbohydrate We
also observed that the COmponenis were more uigmy
retained on Sephadex G-25 at pH 3 than at pH 7 which is
consistent with the presence of a free carboxyl group, and
which, indeed, paralleled the behavior of chiorogenic acid
in the same system. Repeated chromatography on
Sephadex G-25 and LH-20 gave two nearly homogeneous
acids as major components of the mixture as well as
impure samples of related materials. Progress of the
separations was conveniently monitored by HPLC of
column fractions using an Ultrasphere Octyl
(Altex/Beckman) column and a solvent system of
H,0-MeOH (4:1) containing 0.5, formic acid.

From the syrupy water solutions of the purer sampies
were obtained small amounts of crystalline solids,
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designated 1 and 2 in order of elution from G-25. Both
compounds showed infrared bands associated with a
carboxylic acid group, but 2 gave a much more complex
set of maxima in the carbonyl region which could be
ascribed to the presence of a lactone ring. That both 1 and
2 possessed the caffeyl ester structure was evident from the
'HNMR and UV spectra, the latter confirming the
presence of a free o- dlhydroxyphenyl functlonahty

(borate shift) 7). Mass spectral information obtained on
the per-TMSi ether/ester derivatives of 1 and 2 indicated

that 1wasa caﬂeyl tetrahydroxyhexanedioic acid (m/z
= 876, hepta-TMSi) and that 2 was a lactone (m/z = 714,
penta-TMSi). High resolution mass measurements upon
each M* yielded empirical formulae in agreement with

open and lactone forms for 1 and 2, respectively.
Hvdrolvsis of both 1 and 2 oave caffeic acid. identified
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by comparison with authentic materlal, and glucaric acid
admixed with lactone forms. A portion of the latter

O~ wag o rtad tn tha diendinm calt and thansa
substance was converted to the disodium salt and thence

to its TMSi derivative which avoided the complication of
lactonization [8]. GC comparison on several stationary

neing tha TAMMGQ: darivativa af anthant: Tucaric
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acid bore out the identity of the isolated acid [8, 9].
Additionally, reduction of the aldaric acid to the hexitol

A Fammantinm ~Af thha oldital onntnta Sovn matanial
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whose 'HNMR and GC properties were identical with
those of sorbitol hexa-acetate, thus conﬁrming
identification of the original substance as glucaric acid. In
a similar manner, the entire crude mixture of acid/esters
obtained from tomato leaf was subjected to hydrolysis.
P YO Y. SN N TN NI DU SR BN | ¢ SN
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conclude, therefore, that the insect growth inhibiting
substances present in the water extract of tomato leaves
are mixed caffeyl giucaric acid and lactone forms. We have
not, however, addressed ourselves to the problem of point
of attachment of the caffeyl group or to the various

lactone possibilities.
EXPERIMENTAL

Anhydrous leaf material of L. esculentum Mill. (cv Campbell-
29), 240 g, was ground in succession with 3 x 21. Me,CO, 1.51.
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MeOH and 2!

MeOH and 21 H,0 usin s
for 2min. The H,O extract obtained on centrifugation was
stirred with 500 ml of XAD-2 resin for 2.5hr and filtered. After
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chromatographed in 3 batches ona 450 x 75 mm Sephadex G-25
(medium) column with 0.5 %, HOAc in H,O. The zone of elution
vol. 2.5-41 matena}. 2.5g. Further
chromatography of this mixture on a 50 x 950 mm Sephadex G-
25 (superﬁne) column yielded 1 (elution vol. 29003250 ml) and 2
(cluuuu vol. 3300-3650 uu; Additional puuuuauuu of 2 was
accomplished by chromatography on Sephadex LH-20 with
MeOH-H,O (9:1) containing 0.5% HOAc (elution vol.
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mp > 300°, dec. at 200°, and 2 mp 194-195°.

Spectra. 1 showed IR absorption (vKE} in the 2400-3600 cm ™!
region consisient with a strongly hydrogen-bonded OH as well as
a broad carbonyl band centered at 1710cm ™!, UV AMeO nm:

330, 302, 244 and 235; MM nm (borate): 350, 304 and 255 nm,
The 'HNMR spectrum of 1 consisted of a poorly resolved set of
multiplets between 3.8 and 5.4ppm as well as characteristic
signals associated with the caffeyl group: 7.67 and 6.32 (d.
J = 16 Hz, 1 H each, olefinic protons)and 7.08 (d,J = 2 Hz, 1 H),
696 (d,d, J,=9Hz J, =2Hz, 1H)and 6.77 (d, J = 9Hz, 1 H)
aromatic protons.

Component 2 differed significantly only in the IR spectrum
which showed lactone absorption at 1740 in addition to a
distinguishable shoulder at 1720 and a well-defined band at
1690cm ™' corresponding to carboxylic acid and conjugated
ester respectively (viEr).

Pertrimethylsilylation of 1 and 2 was effected with Tri-Sil
(Pierce Chemical), and MS determination obtained thereon: 1
(TMSi,, m/z = 876.3344. C;4H,,0,,Si, requires 876.3459. 2
(TMSi),, m/z = 714.2581. C,,H,,0,Sis requires 714.2563.

Hydrolyses. In a 50ml flask equipped with a N, inlet were
placed 100mg of ester and 10ml H,O. After warming and
purging to displace O,, 100 mg of NaOH was then added, and the
mixture was stirred 2.5 hr at room temp. Excess HCI was then
added (pH ca 2), and caffeic acid separated from soln. After
filtration of the solid, the remaining caffeic acid was recovered
from the filtrate by adsorption onto 10ml of XAD-2 resin
followed by subsequent desorption with MeOH. Material
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olated was identical in all respects to commercial caffeic acid
oiated was identical Spe to commercial cafleic acid.

The soln of glucaric acid was taken to dryness, and the solid
triturated with MeOH. Filtration removed most NaCl, and the

olicaric acid was used without further nurification
£1UCaNIC adiG wals uUSCG Wiindlul Uneh puraiation.

Reduction. Ca 50 mg of glucaric acid was stirred overnight with
25ml of MeOH and g of anhydrous Dowex-50 followed by

Eltratinn and svanaration of the reculting aster/lactone mixture
miration ana Svaporaiion o1 inf résikimg &6ier/1adione mixure.

The product obtained was taken up in 25 ml of THF and 100mg
of LiAlH, was added, and the suspension stirred 2hr at room

| = rdAad and anls ad
LLlup LXCES8 112\1 was added and solvent removea in vacuo,

Acetylation was carried out at 80° using Ac,0 and KOAc. The

resulting impure sorbitol hexaacetate was purified by
chromatography on a Whatman Partisit M-8 10/50 column

using CHCl, containing 0.75¢%, EtOH. The acetate obtained
from the naturally occurring substances was identical to
commercial sorbitol hexaacetate spectroscopically and by GC on
OV-225 at 250°.

Preparation of TMSi glucaric derivatives. The glucaric
acid/lactone mixture (5mg) resuiting from hydrolysis was
adjusted to pH 10 with dil NaOH and taken to dryness under N,.
To the glucarate salt was added 0.5 ml of Tri-Sil, and the mixture
heated at 80° for 1 hr. GC determinations were carried out using
the following stationary phases: OV-1, QF-1 and OV-17. In all
cases R s were identical to those of authentic glucaric per-TMSk
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