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Fe(II) form to a purple species. The model chemistry supports
the notion that the purple lipoxygenase species is a Fe(III)-linoleyl
peroxide complex; however, whether the alkyl peroxide is coor-
dinated in an #? fashion remains to be established by corresponding
Raman studies on the enzyme complex. Metastable 2 represents
the first spectroscopically characterized alkylperoxo complex of
iron in a non-heme environment.?* 2 may also be relevant to the
chemistry of “activated bleomycin” 25 and that of alkane func-
tionalization systems utilizing a combination of alkyl hydroperoxide
and iron complexes.? The reactivity of this novel species toward
a number of potential substrates is currently being investigated.
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Helical structures are common in nature, both on the macro-
scopic and microscopic level. Honeysuckle (Lonicera sempervi-
rens) and field bindweed (Convolvulus arvensis) are examples
of vines which wind helically about a vertical support, the former
in a left-handed and the latter in a right-handed sense. On the
molecular scale, the double-helical structure of nucleic acids and
the a-helix of proteins are such important and familiar archi-
tectural principles that no further discussion is warranted. Syn-
thetic macromolecules may also adopt a helical geometry, such
as is the case for both iso- and syndiotactic polypropylenes, and
a host of chiral propeller molecules, helicenes, and twistanes have
also been described.! Of particular current interest is the helical
assembly around metal ions recently reported by Lehn,? Con-
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(1) For a comprehensive review of helical phenomena in chemistry, see:
Meurer, K. P.; Vogtle, F. In Topics in Current Chemistry;, Boschke, F. L.,
Ed.; Springer-Verlag: Berlin, 1985; Vol. 127, pp 1-76.

Scheme I. Synthesis of Helical Azamacrocycle 1°
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¢ A discussion of the stereochemical course of photocyclization reac-
tions analogous to that which gives 3 is found in ref 5.

stable,’ and Williams.* Yet to our knowledge, in no case has
hydrogen bonding been analogously exploited to fix double-helical
secondary structure in a nonnatural product.

We now report the preparation of a tryptophan-derived aza-
macrocycle (1) which through strong transannular hydrogen-
bonding interactions is tightly wound into the form of a left-handed
double helix. A completely novel approach was taken to the
synthesis of 1 as described in Scheme I. Thus, (dichloro-
acetyl)tryptophan methyl ester (2) was cyclized with UV light®
and worked up in the presence of sodium azide to give the 7-
azidopyrrolobenzazocine 3 (49%), presumably via the 7-chloro
intermediate. Azide 3 could be decomposed either thermally or
photochemically to provide the tetraazacyclooctadecane 1 as a
result of dimerization and metathesis of strained imine 4.6
Well-defined, bright yellow crystals of compound 1 were grown
from acetonitrile, and solution of the crystal structure’ confirmed
that the macrocycle exists in the form of a double helix (Figure
1). Models show that 1 is locked in a single conformation and
cannot change screw sense without introducing serious steric
interactions between the ester groups and the indole ring; thus,
the tryptophan asymmetric centers direct the M helicity. This
chirality is sacrificed on reduction of the carbon-nitrogen double
bonds since the resulting diamine cannot, according to models,
participate in transannular hydrogen bonding (compare [«]p
1303° (¢ 0.132) in MeOH for 1 vs [a]p 39° (¢ 0.125) in MeOH
after reduction).
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(6) Although compound 1 is the only product ever isolated (37%), the
reaction also produces a quantity of intractable, dark yellow polymer. Correct
elemental analyses were obtained for compounds 2 znd 3 in addition to
spectroscopic data (NMR, IR, MS, UV-vis) consistent with their structures.
Compound 1 also gave a satisfactory high-resolution M*.

(7) Single crystals of 1, mp 330 & 5 °C (rapid heating), were grown from
acetonitrile and belong to the space group €222, with @ = 10.696(2), b =
15.986(3), ¢ = 17.347(3) A, U = 2966 A%, D, = 1.29 g cm™>, and Z = 4
(disposed about a 2-fold axis). The structure was solved by direct methods
and refined to R = 0.053, R, = 0.054 for 1037 independent reflections.
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Figure 1. Plot of the X-ray crystal structure of 1 (solvent molecule omitted) (left); space-filling diagram concentrating on the helical macrocyclic region

(right).

The proton NMR spectrum of 1 in chloroform shows a single
set of sharp peaks with the amide NH signal at 10.2 ppm, about
4 ppm downfield of its normal range due to hydrogen bonding.®
A strong NOE enhancement between the proton at the indole
5-position and the CH of the imine is also observed, consistent
with the structure in Figure 1. The kinetics of unwinding the helix
is beyond the range of dynamic NMR techniques, with no sig-
nificant changes being seen in the spectrum between —55 and 65
°C in CDCl, and between 25 and 125 °C in DMSO-d;. The ester
groups at the asymmetric centers extend outward from the same
face of the molecule and describe a deep groove in its surface;
attempts to determine whether optical activity is conserved in the
absence of these groups have proved unsuccessful due to difficulties
associated with the radical decarboxylation of 1. The indole rings
reside in fixed planes inclined 21.7° to each other, and when viewed
down the crystallographic ¢ axis they define elliptical channels
in which rows of disordered acetonitrile molecules are located.

Molecular modeling also reveals that the 18-membered mac-
rocycle should include metals to form pseudotetrahedral helicates.
Indeed there is evidence for the formation of a neutral copper(II)
complex of 1 on standing with excess cupric acetate in di-
methylformamide at room temperature. Chromatography on silica
gives an olive green solid, which runs slightly behind the parent
macrocycle and shows a strong M + | peak in the FAB mass
spectrum at m/z 604, corresponding to 1 —2H + Cu. Work
continues on the complexation properties of 1.

The stereocontrolled generation of a novel hydrogen-bonded
helix is of particular interest from a number of perspectives. There
are analogies to the restriction of conformational equilibria of
biologically active cyclic peptides by transannular hydrogen
bonding,” and repetition of the same H-bonding motif would make
possible the characterization of extended, helically wound, con-
formationally rigid macromolecules of controlled chirality. The
helical backbone self-assembles through molecular events which
involve recognition, as do metallohelicates,> * and elaboration to
analogous, extended systems would also make possible the spon-

(8) We observe amide NH signals in a range of precursor and related
compounds between 6.4 and 6.6 ppm in CDCl,.

(9) For a recent example, see: Rizo, J.; Koerber, S. C.; Bienstock, R. 1.;
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Rizo. J.; Koerber, 8. C.; Bienstock, R. I1; Rivier, 1.; Gierasch, L. M.; Hagler,
A. T.J. Am. Chem. Soc. 1992, 114, 2860.

taneous organization of substituents in the helical periphery.
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Polymer,' silica,? and graphite® surface modification by the
introduction of functional groups has been the subject of intensive
research toward the development of resist materials,* biosensors,’
and biomaterials.® Recently, surface modification has been
combined with photolithography to spatially direct the synthesis
of peptides or oligonucleotides’” and the immobilization of bio-
polymers.® Most of the surface modification processes involve
sequential treatment of surfaces with chemical reagents.® Few
studies have employed azides as surface modification reagents.’
We now report the surface modification of polymers with N-
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