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Abstract—Iridodial 1s a key intermedhate 1n the biosynthesis of nepetalactone One of the steps on the pathway prior to
the lactonization 1s a hydride shift from C-1to C-10 10-Hydroxycitronellol is a far more efficient precursor than the C-

2/C-3 unsaturated analogue

INTRODUCTION

Very recently [1], we observed that the biosynthesis of
dohchodial (1) [2] 1n Teucrium marum diverges from the
biogenetic pathway suggested [ 3, 4] for inndoid glucosides
and indole alkaloids 1n two important respects (a) the
non-equivalency of C-9 and C-10 1s retained, suggesting
that the acyclic monoterpene involved 1n the ring-closure
process has two different functions at the isopropylidene
moiety, e g C-9 as an hydroxyl group and C-10 as an
aldehyde group, and (b) the C-2/C-3 saturated acychc
monoterpenes seem to be preferred as precursors with
respect to the unsaturated ones The results obtained with
radio-labelled tracers 1s best accomodated by Scheme 1

On the basis of these results, a saturated iridodial(7)-
Iike compound does not seem to be a natural intermediate
of dolichodial(1), at least m T marum

RESULTS AND DISCUSSION

The retention of the non-equivalency of C-9 and C-10
and the preference for C-2/C-3 saturated acyclic monoter-
penes as precursors, may represent a characteristic feature
of plants producing mainly cyclopentanoid metabolites
structurally much simpler than iridoid glucosides and
mdole alkaloids We decided, therefore, to investigate the
biosynthesis of a related monoterpene, nepetalactone(8),
in Nepeta cataria plants

A previous study [5] on the in wwo formation of
nepetalactone(8) had demonstrated that (1) radioactivity
from [2-'*C]MVA 1s mcorporated (001 %) nto 8,and (u)
there 1s a randomization of label between C-9 and C-10
and also between C-4 and C-5 Our knowledge of the
brogenesis of 8 was, therefore, largely incomplete and the
randomization unexplained, although in part 1t was
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attributed to the long incubation period Indodial(7) can
be envisaged as a very close biogenetic precursor of
nepetalactone(8), through an oxidation of uts lactol
tautomer (7a), which is present at equhbrium [6]

As we were mainly interested in the intermediates near
the cyclization step, we administered to cut stalks of N
cataria, the same substrates (Table 1), that we had
previously fed to 7 marum in our study [1] of dolichodial
biosynthesis Inaddition, [10-*H]dolichodial(1)tself and
its reduction product, [10-*H]dolichodi0l(9), were fed
a parallel series of experniments (Scheme 2) The distri-
bution of the radioactivity 1n the 1solated nepetalactone(8)
was determined by chemical degradation of 8 to give 10
and 11 (Table 1) The results obtained indicate that the
later steps 1n the biosynthesis of nepetalactone(8) m N
cataria may proceed by a pathway like the one set out
Scheme 2

Thus, the sequence of acychc precursors closely re-
cemhlac the nne cuogestad {Schame 1) for dalichadial {I\
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biosynthesis, the mono-unsaturated compound (4) ap-
pearing as the more immediate precursor It 1s reasonable
to suppose that a 1,10-dioxygenated intermediate, hke 10-
oxocitronellal, formed from 4, may give rise directly to a
cyclopentane structure, very hkely corresponding to
mndodal(7)

A further important pomnt arises from the almost
complete recovery of label from C-10 of nepetalactone(8)
labelled from erther [1-°H]nerol(2) or [1-3H]citro-
nellol(3) The hydrogen transfer from C-1 to C-10 may be
explamed by an intramolecular Cannizzaro-type reaction,
which occurs smoothly by alkali treatment of both
idodial(7) [7] and dolichodial(1) [2], with production,
on acidification, of saturated 14 and unsaturated 12 and
15 lactones, respectively

Even if the lactone 14 1s the main product recovered in
vitro from nndodial(7), the C-1 carbonyl group may be
preferred as the hydride donor 1n the enzymatic system of

[2-14C] MVA ~—— 29%—__
5

O 03, Me,S 8]
—————

the plant The effectiveness of 13 as a natural intermediate
1s supported by its 1solation in some N cataria specimens
[8] It can be pointed out how the above-mentioned,
largely anticipated, derivation from iridodial(7) through
an oxidation of its lactol tautomer(7a) and without
hydrnide shift, does not correspond to the observed
biosynthetic strategy for the formation of nepetalac-
tone(8), at least in N cataria

Dolichodial(1), which 1s by far the main cyclopentane
substance 1solated from T marum [2], 1s incorporated 1n
nepetalactone(8), but with significantly lower values In
our opinion, this observation may merely mean that a
route, which 1s normally of secondary importance in N
catana, 18 activated on mtroducing a closely related
exogeneous product, such as dolichodial(1) The key steps
of this route to nepetalactone(8) could be either the
hydrogenation to indodial(7) or a Cannizzaro-type reac-
tion to dolicholactone(12), with a subsequent double

bond shift {Scheme 2). such an olefinic 1somerization
ngd snut (3cneme Z), such tHLogn |

would be, however, the reverse of what 1s observed in vitro
on simple enollactones(16) [9], which 1n fact tend to
change nto lactones of allylic alcohols(17) However, our
attempts to produce the C=C bond 1somerization, on
starting from either dolicholactone(12) and nepetalac-
tone(8), farled on using either base or 1odine catalysis,
probably owing to the bicychc structure of these
substrates

Finally, 1t may be proposed that the dihydronepetalac-
tones(18), which have been found also in extracts of
Actumdia poligama [ 8], are biogenetically derived directly
from 7, by a C-1 = C-10 hydnide shift and lactonization of
the resulting hydroxy acid

Gl Vil SULIILL iR

EXPERIMENTAL

Plant material N cataria plants were collected n July from a
wild bush in Lombardia and contained about 0 1 9 (w/w leafand
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Table 1 Results of administration of labelled compounds to N cataria

Compound fed Nepetalactone (8) Degradation
products

Tot act Sp act Tot act Sp act ¥ Incorpt  (dpm/mmol)*

(dpm)*  (dpm/mmol)* (dpm)* (dpm/mmol)* () 10 11§

[10-*H]-1 1149 6806 0517 1738 009 0040 1632
23] ©39]

[1-*H]-2 1745 7238 1091 4398 025 0031 4380

©7 (996)

[1-*H]-3 179 1201 0058 0221 013 0005 0206

23 (934

[10-*H]-4 157 980 1103 3990 281 0072 3699

g 927

[10-*H]-5 4282 25160 0310 1104 003 0032 1041

29 (943)

[10-*H]-6 7709 47644 0385 1124 002 0035 1035

31 921

[10-*H]-7 620 4704 3720 15056 120 0241 14499

(16) (963)

[10-*H]-9 3385 28220 0068 0215 0008 0009 0193

42 (896)

*x 1074

{After addition of cold nepetalactone (see Experimental)
$Incorporation values have been corrected for loss of 75 %, for *H for all compounds listed except
[10-3H]-1 and [10-*H]-7, where a correction for 50 % loss was introduced

§Isolated and punified as p-bromophenacyl ester

[|Radioactvity as &, total mcorporation

stem) of nepetalactone—epinepetalactone mixture (49 1)

Isotopic analysis Two methods were used for determining the
radioactivity of labelled compounds p-Bromophenacyl formate
and [7-*H]pentacosane (internal standard) were counted by
hquid scintillation 1n Instagel (Packard) The other compounds
were assayed for radioactivity in a gas proportional counter
(Packard, Mod 894) suitably modified in our laboratory by
placing the first (oxidizing) furnace directly mnto the GC oven,
sample loss by polymerization was thus reduced to a minimum
and efficiency for *H was 599, Absolute counting values were
obtained by adding [ 7-*H] pentacosane to homogeneous (TLC)
1solated compounds and carrying out GC analysis by the internal
standard method with the FID and the proportional counter
detectors 1n parallel GC conditions glass column (2 5m x 4 mm)
of 19, OV-17, 29, OV-210 on Chromosorb W 80-100 mesh,
carner gas He 65 ml/mun, temps oven 90° for 3 mun, then to 230°
at 10°/mun, mnjector 260°, FID 250° Quenching gas for pro-
portional counter propane at 6 ml/min Mass and radioactivity
peaks were recorded simultaneously 1n a two channel instrument
and areas were estimated by cutting out and weighing the peaks
Calibration analyses were previously performed to calculate the
relative (to internal standard) response factors

Preparation of labelled compounds [1-*H]Nerol (2), [1-
*H]aitronellol (3), 10-hydroxy-[10-*H]nerol (5), 10-hydroxy-
[10-*H]crtronellol (4), [ 10-*H]indodial (7) and [10-*Hindod:ol
(6) were obtamed as previously [ 1] reported [10-*H]Dolichodial
(1) was obtained from dolichodial-1-ethyleneacetal [2] as fol-
lows, (1) NaB*H, in MeOH-H,O (4 1), (1) MnO, in n-hexane,
(m) Me,CO-H,0 (2 1) and cat p-TsOH [10-*H]Dolichodiol
(9) was prepared from [10-*H]-dolichodial (1) by NaBH, m
MeOH-H,0 (4 1) Usual work-up afforded homogeneous
(TLC, GC) intermediates which had consistent IR, NMR and
mass spectra [10-*H]-1and [10-*H]-9, after silica gel chromato-

graphy and distillation, were radio-GC pure (>99%) [7-
3H]Pentacosane was prepared as reported, sp act 718 x 10*
dpm/mg

Feeding procedure For each administration expt 7-9 stalks
(15-20 cm long) of N catara were cut under H,O and the cut
ends immediately immersed in the aq soln containing the labelled
substrate and Tween 80 (19/) as an emulsifier After 3 days, the
mmersed portions (2-3 cm) of the stems were cut away and the
remaining plant material extracted by percolation with CHCl,
After the addition to the CHCIl; extract of cold nepetalactone
(40-60 mg) for dilution, stlica gel chromatography using a n-
hexane-Et,O gradient afforded homogeneous (TLC, GC) ne-
petalactone (8), which was distilled (93-96°/0 S mm) An aliquot
(8-10 mg) was dissolved 1n Et,O (1-2 mt), [7-*H]pentacosane
(10-12 mg) added and 5-8 ul of this soln was subjected to radio-
GC

Degradation procedures (a) Nepetalactone (8) (20-25 mg),
1solated as described 1n the feeding procedure, was ozonized in
CH,Cl, soln at —40° After Me,S addition to decompose the
ozonide, the solvent was evaporated under red pres The residue
was treated with 0 5 ml H,O at 60° for 90 min, then the soln was
evaporated to dryness under vacuum Esterification with excess
CH;N; afforded the ketomethylester 10 Cold 10 (85-90% yield
from 8) had bp 96-99°/0 5mm, IR (film) 1715 (br) cm™!,
'H NMR (CDCl;) 6 093 (3H, d, Me~CH), 200 (3H, s, Me—CO),
250 (1H, r, CH-CO), 314 (1H, dd, CH-CO) and 352 (3H, s,
Me-OCO), GC/MS m/z 184 [M]* After addition of the
internal standard to an aliquot of 10 dissolved 1n Et,0, the soln
was analysed by radio-GC

(b) An aliquot of 1solated nepetalactone (8) (20-25 mg) was
ozonized as just described and treated with Me,S The residue
obtamed after evaporation of the solvent was stirred with
H,O-EtOH (1 2,1 ml)contaiming Na,CO; (100 mg) for 30 mun,
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then p-bromophenacyl bromide (100-150 mg) was added and
stirring continued until complete reaction (TLC monitoning) p-
Bromophenacyl formate (GC/MS m/z 242 [M]* was 1solated
(75-84 %, yield from 8) by extraction with CH,Cl, and prep TLC
(siica gel, Et,O-n-hexane, 1 2) The isolated ester (11) was

crystallized (mp 138-139°) from dusopropyl ether to constant sp
radioactivity and then analysed by liquid scintillation counting
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