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mg, 0.25 mmol) was dissolved in 10 mL of water and divided into
two equal portions, and each was divided equally among the three
broths at 60 and 72 h after inoculation. After an additional 24
h, the fermentation was worked up in the usual manner? to yield
3.1 mg of crystalline cyanonaphthyridinomycin (4a). This was
diluted with 5.0 mg of unlabeled 4 and recrystallized again.

The 100.6-MHz *C NMR spectrum of 4a in CDCl, revealed
an intense resonance for C-13c (53.2 ppm). When normalized
to the resonance for C-6 (62.3 ppm) and corrected for dilution
with authentic 4, a 16.8% enrichment in 13C was determined. On
the basis of the quantity of 2 fed and that of 4a produced (de-
termined by UV at 270 nm during the purification), a 1.7%
incorporation of 2 had been obtained.

Since formation of the isoquinoline ring could be envisioned
to occur by a biochemical Friedel-Crafts reaction, the presence
of an hydroxyl ortho to the ring closure seemed likely. To test
this, 5’-methyl-[2-1*C]DOPA (§) was synthesized. 5’-Methyl-
DOPA has previously been synthesized in 3% overall yield and
what would be a 14% yield for steps after a 1*C label could be
reasonably introduced.® To circumvent this poor yield we adapted
the procedure of Knabe et al.'® using o-vanillin as starting material.
This was converted in four steps to the benzyl chloride 6 (35%
overall yield). Coupling of 6 with diethyl acetamido[2-'3C]-
malonate?® yielded 66% of adduct 7, and hydrolysis with 47-51%
HI and glacial acetic acid at reflux provided § in 93% yield
(Scheme II). A portion of § (57 mg, 0.27 mmol) was fed to S.
lusitanus (5 X 200 mL production broths) as described above and
subsequent workup and purification afforded 10.1 mg of 4b. This,
too, was diluted with authentic 4 and recrystallized again. The
13C NMR spectrum obtained from this sample was nearly identical
with that obtained from 4a. In this case a 12.4% enrichment at
C-13c was determined, indicating a 2.1% incorporation of §.

These results provide strong evidence that 2 and §, previously
unknown as natural products, are intermediates in the biosynthesis
of 1, and the early stages of the pathway may now reasonably
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be formulated as shown in Scheme III.
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Helical organic molecules have long attracted the attention of
synthetic chemists, and their efforts have been rewarded with the
successful preparation and characterization of a variety of twisted
compounds.! Among the most pleasing constructions are the
helicenes (e.g., 1), spiral polycyclic aromatic hydrocarbons in which

the axis of the molecular helix is roughly perpendicular to the mean
planes of the constituent rings. However, one also can imagine
a twisted hydrocarbon ribbon (2) in which the helix propagates
in a direction parallel to the aromatic ring planes. Since simple

(1) Meurer, K. P; Vogtle, F. Top. Curr. Chem. 1985, 127, 1-76 and
references cited.
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Figure 1. Three views of compound 4.

linear acenes are planar, such a helical geometry must be enforced
with properly chosen substituents.

Preliminary molecular mechanics calculations (MMPI?) sug-
gested that 9,18-diphenyltetrabenz(a,c,h.jlanthracene (4) would
be twisted by greater than 60° along the long axis of the an-
thracene. In principle, 4 could be formed by addition of 9,10-
phenanthryne to phencyclone (3) followed by loss of carbon
monoxide. Compounds which serve as precursors of phenanthryne
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under mild conditions are, unfortunately, difficult to prepare,? but
9-bromophenanthrene has been employed as a phenanthryne
equivalent in cycloadditions conducted at over 300 °C.* On the

assumption that 4 would survive such drastic conditions, we py-
rolyzed a 1:1 mixture of phencyclone’ and 9-bromophenanthrene®
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at 340 °C for 4 h to yield a black solid. This was crushed and
continuously extracted with hexane, and the extract was chro-
matographed on silica gel (solvent, 97:3 hexane-benzene) to give
pure 47 as yellow crystals in 4% yield. Curiously, we later dis-
covered that 4 was formed (~2%) upon pyrolysis of 3 alone,
suggesting that 3 decomposes at high temperature to give phe-
nanthryne and other, as yet uncharacterized, products.

Single crystals of 4 were obtained by the slow evaporation of
hexane-benzene solutions, and an X-ray crystallographic analysis®
yielded the structure illustrated in Figure 1. Compound 4 occupies
a general position in the crystal lattice and adopts a highly twisted
conformation in order to relieve severe hydrogen—carbon non-
bonded interactions. As shown in the space-filling drawing in
Figure 1, a pair of hydrogens “clamps” each of the proximal
carbons of the phenyl substituents. These H-C distances range
from 2.33 to 2.43 A, although the actual internuclear nonbonded
H-C distances are probably slightly shorter, since X-ray crys-
tallography tends to underestimate the length of C~H bonds.” The
anthracene nucleus of 4 is twisted by 65.7° end to end. The
deformation is spread rather evenly among the three rings of the
anthracene, with rings A, B, and C (see Figure 1) contributing
22.5°,23.6°, and 19.6° to the overall twist.'® Significant bond
alternation is observed only in rings A and C, where the long bonds
average 1.475 A and the short bonds 1.411 A. As might be
expected from the twist, the four external angles of the type
C(1)-C(2)-C(7) are significantly greater than the usual 120°
(average 124.6°) while the internal angles of the types C(3)-C-
(2)-C(7) (average 117.1°) and C(1)-C(2)-C(3) (average 118.3°)
are slightly contracted.

Although highly strained and distorted, compound 4 is re-
markably stable. The crystals do not melt or discolor when heéated
in air to over 350 °C, and their solutions are stable to air, light,
and ordinary acids and bases. One apparent electronic effect of
the nonplanar deformation is a 15-30-nm red shift in the major
features of the UV absorption spectrum of 4 when compared with
that of the presumably planar tetrabenz(a,c,h,j]lanthracene.!! We
are encouraged by the stability and high helical pitch of these
compounds that polycyclic aromatic ribbons with twists of 90°
or even 180° may soon by synthesized.

Supplementary Material Available: X-ray data for 4, including
description of data collection and tables of crystal parameters,
data measurements, atomic coordinates, anisotropic and isotropic
thermal parameters, bond lengths and angles, and H atom co-
ordinates (8 pages). Ordering information is given on any current
masthead page.
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