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A particularly interesting and important group of pro
cesses interpretable as intramolecular Diels-Alder reac
tions is generally assumed to occur in the biosynthesis
and biosynthetic interconversions of certain classes of
indole alkaloids. These reactions are often assumed to
proceed through Mannich and Michael reactions, but the
alternative interpretation as electrocyclic reactions is
possible, and has been mentioned and utilized in the
literature. 13.30

The derivation of the vast majority of the innumerable
indole alkaloids from tryptamine and the iridoid
glucoside secologanin seems securely established, and
the way in which these ultimate building blocks yield the
various classes of indole alkaloids is now well under
stood. Several recent reviews of this fascinating field are
available."?" During the biosynthesis of some of these
classes, the carbon skeleton of the iridoid unit must have
been retained without change. Further transformations
then lead to types of bases which must have been formed
through rearrangements of this part of the molecule. It
has become possible to rationalize the processes which
must take place during these interconversions by assum
ing ring-cleavage reactions leading to hypothetical in
termediate dienes capable of recyclization to the rear
ranged structures by either one of the two mechanisms
already mentioned.

The reactions which probably take place during the
formation of two of the major types with rearranged
skeletons are shown in Scheme 6. This scheme demon
strates the probable ways in which stemmadenine (33), a
base with unrearranged skeleton, can yield tabersonine
(34) and catharanthine (35), representatives of two major
rearranged classes, the Aspidosperma and Iboga bases,
respectively." These three alkaloids are shown to be
interrelated by the hypothetical intermediate dehydrose
codine (36). Interconversion of indole alkaloids by way
of dihydropyridines closely analogous to 36 had first
been postulated by Wenkert." Scheme 6 is supported by
the transformation, in vitro, of 33 into 34 and 3530.36.37 (in
very low yield), and of 34 into 35.30 Furthermore, intact
incorporation of 33 into alkaloids of the Aspidosperma
and Iboga classes has been observed.":" Since 33 ap
pears early during alkaloid formation in seedlings of
Catharanthus roseus, ahead of the alkaloids with rear
ranged skeleton,":" it qualifies well for the postulated
role. Suggestive evidence for the involvement of 36 or
closely related structures is provided by the isolation of
alkaloids with the same skeleton in a variety of plants."
some of which also contain bases which must have
formed through Diels-Alder dimerization of precursors
related to 36; they will be discussed later. All the al
kaloids which have been isolated are less unsaturated
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yield8 (87%) as colorlesscrystals, m.p. 79-80° from hexane, Vm,x
1779,1706, and 1200 em-I, 8 10.20 (s; IH), 2.75 (m; 4H), 2.25 (s;
6H). (Found: M+ 266.0789; C, 58.89; H, 5.43%. C\3H I406
required: W 266.0790, C, 58.62; H, 5.30%).

3-(3,4-Diacetoxyphenyl)-propionyl chloride (9). Compound 8
(36.5 g, 0.14mole) was dissolved in dry benzene (50mI). Oxalyl
chloride (28ml, 0.33 mole) was added, and after 10min, the
mixture was heated under reflux for 45min. The excess of
reagent was removed by rotary evaporation with repeated ad
dition and removal of solvent. The product was not further
purified. Vm,x (film, crude product mixture): 1793 and 1769 (un
resolved) cm", 8: 7.10(s; 3H), 3.00(m; 4H), 2.25 (s; 6H).

I - Diazo - 4 - (3,4 - diacetoxyphenyl) - 2 - butanone
(10). Compound 9 (39g, 0.14mole), dissolved in cold, dry ben
zene, was added dropwise over 30min to an ice-cold (2-5°),
magnetically stirred benzene soln (400ml) of alcohol-free
diazomethane (17.30 g, 0.41 mole).S3 The soln was stored in a
refrigerator at 8°overnight, allowed to warm to room temp., and
slightly concentratedon a rotary evaporator to removeexcess of
diazomethane. Tic analysis (Si gel; chloroform, multiple
development) showedthe product to be impure, Vm,x (film, crude
product mixture): 2118, 1769, and 1650 cm'", 8: 7.05 (s; 3H), 2.95
(m; 4H), 2.25 (s; 6H).

I - Bromo - 4 - (3,4- diacetoxyphenyl) - 2 - butanone (11). 47%
HBr (54ml, 0.5mole) was added dropwise over 30min to an
ice-cooled, magnetically stirred benzene soln of 10 (0.14 mole).
The evolution of gas bubbles was observed only during the
additionof the initialportionof the acid. Water was added to the
mixture and the benzene layer was separated, washed with 5%
NaHC03aq and water, dried with Na2S04, and evaporated to a
goldenoil. The crude productwas fractionated over a 500g Si gel
column, using benzene/EtOAc with increasing proportions of
EtOAc (in 1% increments) to a final ratio of 19: I; the fractions
were analyzed by tlc (Si gel: benzene/EtOAc, 19:l), A homo
geneous bromoketone (13.8 g, 30% based on dihydrocaffeic acid)
was obtained by rotary evaporation of the early fractions. A
portion of this material was subjected to PCL, vmax(film): 1771
and 1749 cm", 8: 7.05 (s; 3H), 3.80(m; 2H), 2.80(s; 4H), 2.25 (s;
6H). (Found M+ 342.0088. Cl4HISBrOs required: 342.0103).

3 - (3,4 - Diacetoxyphenyl) - propionylmethylene triphenyl
phosphonium bromide (12). Benzene solns (150 ml)of 11 (16.8 g,
0.05mole)and triphenylphosphine (12.9 g, 0.05 mole) were mixed.
The resultingemulsion depositeda small volume of oil. Vigorous
magnetic stirring for 48hr yielded a white solid ppt which was
separated by vacuum filtration and gave white needles of 12
(29.7 g, 89% based on 11), mp 163-165°, upon recrystallization
from acetone/hexane, Vm,x: 1776 and 1715 cm", 8: 7.60-7.35 (m;
15H),7.00(s; 3H), 5.88 (d, J = 12Hz; 2H), 3.35 (m; m), 2.85 (m;
2H), 2.25 (s; 6H). (Found: M+ 524.1714. C32H 30BrOsP (M-HBr)
required: 524.1752; Found: C, 63.75; H, 5.31; Br, 13.41; P, 5.49%.
C32H30BrOsP required: C, 63.57; H, 5.00;Br, 13.06; P, 5.13%).

I - Phenyl - 7 - (3,4- diacetoxyphenyl) - 1,3- heptadien - 5 - one
(14). The phosphonium bromide 12 (26.33 g, 0.044 mole) was
dissolved in hot water (200 ml) and K2C0 3aq (6.6 g, 0.48 mole)
was added with stirring. The white ppt initially formed soon
changed to a viscous amber oil. The supernatant water was
decanted and discarded, the gummyylid 13was dissolved in dry
benzene (250 ml), and the resulting pale yellow soln was dried
with Na2S04 and filtered. Distilled cinnamaldehyde (5.2 ml,
0.041 mole) was added, and the mixture was heated under reflux
for 24hr to produce a red soln which was evaporated, leavinga
red residue. Whenthis was chromatographed over a column of Si
gel (500 g, CHCh), it yielded 5g (32% based on the cinnamalde
hyde) of pure 14, which gave white needles, m.p. 97-98°, upon
recrystallization from MeOH, Vmax: 1779, 1692, 1618, 1592, 1262
and 1000 cm", 8: 7.50-6.70 (m; 11H,phenyl, H-l,2, and 3), 6.15
(d; J =15Hz; H-4), 2.85 (s; 4H at C-6 and C-7), 2.20 (s; 6H,
OAc), Amax: 323 nm (log£ 4.9\). (Found: M+ 378.1463: C, 72.76;
H, 6.26%; C23H220S required: M+ 378.1467; C, 72.99; H, 5.86%).

1 - Phenyl - 7 - (3,4 - dihydroxyphenyl) - 1,3- heptadien - 5 
one (7). Compound 14 (0.5 g, 1.3mmole) was dissolved in abs
MeOH (75 mI). NaOMe(20drops of 1Msoln in abs MeOH) was
added with swirling, which was continued for 5 min. The soln
changed from colorless to pale yellow and finally to a deep red

color. Water(100 ml)was added to yield a palepurplesuspension
of pH 8.5 which was allowed to stand at room temp. for 5 min.
The soln was acidified to pH 5.5by the additionof a few dropsof
10% HCIwith magnetic stirring.The resultingyellow suspension
was allowed to stand for 5 min and was then extracted with
CHCI3. The CHCh soln was washed with water, dried with
Na2S04, evaporated, and subjected to PLC (Si gel PF 254;
CHCh/MeOH, 19:\), yielding 0.31 g (82%) of dark, oily, phenolic
material, 8: 8.50-6.50 (m; 11H),6.15 (d, J = 15 Hz; H-4), 2.80 (s;
4H, at C-6 and C-7) (deuterium oxide added): 8.50-6.60 (m;9H),
6.15 (d, J =15Hz; IH), 2.80 (s; 4H, at C-6 and C-7). (Found: W
294.1254; CI9HlS03 requires: 294.1256).

Lachnanthocarpone (I). Compound 7 (212 mg, 0.72mmole)
dissolved in ether (20ml) was shaken at room temp. for 10min
with an aqueous soln of sodium periodate (0.16 g, 7.3mmole).
The color of the organic phase changed from pale yellow to
orange-yellow with the simultaneous formation of a gummy
orange-yellow ppt. Additional water (50ml) was added, and the
mixture was extracted with CHCh. The CHCh-ether soln was
dried with Na2S04 and filtered; analysis by tlc (Si gel; ben
zene/EtOAc, 1:1 or CHCh/MeOH, 9:\) showed the presence of
several orangespots unchanged in color on exposureto ammonia
vapors. After standing overnight at room temp., tic analysis of
the soln revealed a yellow compound of high Rf (0.75), and
several compounds near the origin of the chromatogram.
Chromatography over a column of dry-packedpolyamide, using
CHCh as the eluant, yielded a fraction of pure 1 (12mg)as well
as impure fractions of the compound (65mg). Total yield 37%.
The synthetic material was recrystallized from benzene/hexane
and had a m.p. (218-220°) and IR spectrumidentical with thoseof
the natural product.

5 - Hydroxynaphtho(8,1,2 - j,k,l) - xanthenone (17).
Compound 7 (34mg, 0.13 mmole) dissolved in ether (I ml)
was shaken for 10min with an aqueous soln (5ml) of sodium
periodate (27mg, 1.3 mmole). The mixture was extracted with
CHCh; tic analysis (Si gel; CHCh/MeOH, 9:\) showed a small
amount of starting material as well as one faint blue spot above
and one below the starting material. Their blue color was in
tensified upon exposure to ammoniavapor. The CHCh soln was
extracted with 0.2M NaOH. The blue-green basic soln was
acidified with 10% HCI to give a yellow suspension which was
extracted with CHCh. The CHCh soln was washed with water,
dried overnight with Na2S04, and subjected to PLC (Si gel;
CHCh/MeOH, 19:1). The pink-coloured band (which appeared
red under long-wave UV) yielded a strongly fluorescent red
product (less than I mg, 3.3%) upon extraction with
CHCh/MeOH. This product was shown to be 17 by two-dimen
sional co-chromatography (Si gel, EtOAc; CHCh/MeOH, 8.5:1.5)
with authentic material, and by high resolution MS (Found: M+
286.0628; CI9HIO03requires: 286.0630).
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