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While the syntheses of N,N"-bridged porphyrins so far reported
are quite limited because of their low yields and poor generality,!!
this work provides a facile synthetic method of novel N,N*-
ethenoporphyrins with various substituents on the bridge, the
structure of which is also of considerable significance in view of
the formation of N,N-o-phenylene bridged protoporphyrin IX
when cytochrome P-450 enzymes were inactivated with I-
aminobenzotriazole known as a precursor of benzyne.'>? Our
efforts to discover the reaction behaviors of metalloporphyrin
w-cation radicals are curently in progress.
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A global resurgence of malaria and the appearance of strains
that are resistant to quinine and its analogues provide an urgent
need for the identification and total synthesis of new antimalarial
natural products. Several active compounds are contained in an
antimalarial extract of Eucalyptus robusta leaves, a plant used
in Chinese herbal medicine.! Recently two new compounds
isolated from this plant, robustadial A and robustadial B, were
assigned bicyclo[3.2.0]heptane structures 1a and 1b, respectively,
on the basis of NMR, UV, IR, and mass spectral data.> We now
report the total synthesis of 1a which we find rot to be identical
with robustadial A, and we postulate a new structure for the
natural product.

Presuming that the pyran ring in 1a could be generated by
cyclization of a phenol as in X, our synthetic strategy envisioned
a key copper(I)-catalyzed photobicyclization® of a diene Z to
provide the requisite bicyclo[3.2.0]heptane ring system of Y. Our
synthesis of 1a, outlined in Scheme I4, built the diene 7 from
1,3,5-trimethoxybenzene (2). Friedel-Crafts acylation provided
the ketone 3 in which the carbonyl carbon is shielded sterically
by two adjacent methoxy groups. Low yields were obtained upon
cyanomethylenation of 3 with the anion of (dimethyl-
phosphono)acetonitrile presumably owing to steric congestion.

(1) Qin, G. W.; Chen, H. C,; Wang, H. C; Qian, M. K. Acta Chim. Sin.
1981, 39, 83.

(2) Xu, R.; Snyder, J. K.; Nakanishi, K. J. 4m. Chem. Soc. 1984, 106,
734,

(3) For a recent review, see: Salomon, R. G. Tetrahedron 1983, 39, 485.

(4) New compounds were characterized by 'H and '*C NMR spectroscopy
as well as elemental analysis or high-resolution mass spectra. See supple-
mentary material.
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However, lithioacetonitrile,* a less bulky nucleophile, added to
this carbonyl group to give the benzylic alcohol 4 in excellent yield.
After reductive removal of the vestigial hydroxyl group, ketone
6 was elaborated from nitrile § by reaction with prenylmagnesium
chloride. This appears to be the first example of such a regios-
elective reaction of this Grignard reagent with a nitrile.® The
observed preferential electrophilic attack at the more substituted
allylic terminus presumably results from pseudointramolecular
C-C bond formation as in 14.
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Copper(I)-catalyzed photobicyclizations are not known for
dienes as functionally complex as 7. The synthetic versatility of
this reaction is now demonstrated by the production of 8 in re-
producibly good yield upon UV irradiation of 7 in the presence
of copper(1) trifluoromethanesulfonate. Monodemethylation of
8 with NaSEt set the stage for generation of the pyran ring. The
favorable regioselectivity of this demethylation results from a novel
remote neighboring group effect of the tertiary alcohol.’
Treatment of 9 with BF;-OEt, generated an 8:1:1 mixture of
diastereomeric pyrans 10. The major diastereomer (mp 80-82
°C) was readily isolated by HPLC on a Whatman M-20 p-porasil
column eluting with 35% toluene in hexane. Fortunately this
diastereomer has the correct relative configurations for 1a. This
was unambiguously established by X-ray crystal structural analysis
(Figure 1) of the derived dibromide 11 (mp 131-133 °C).
Lithium~bromine exchange followed by carboxylation, acidifi-
cation, and O-methylation delivered the diester 12 (mp 135 °C).
The dimethyl ether 13 (mp 40-42 °C) of 1a was obtained from
12 by reduction to a diol which was oxidized to the dialdehyde
with pyridinium dichromate. 'H and '*C NMR analysis clearly
show that 13 and robustadial A dimethyl ether are not identical.
Notably, the 'H NMR spectrum of the latter only shows reso-
nances for aldehydic, benzylic, and methoxy hydrogens downfield
of § 2.3. In contrast, the 'H NMR spectrum of 13 shows ab-
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(8) X-ray analysis (Mo Ka radiation): 11 crystallizes from hexane in the
triclinic space group P1, with @ = 9.148 (2) A, 5 = 10.052 (2) &, ¢ = 13.376
4) A, a=9338(2)°, 8=107.13 (2)°, v = 104.25 (2)°, V = 1158.0 (5) A3,
Pobsd = 1.48 g/cm?, pyis = 1.48 gfcm®, Z = 2. Standard direct and difference
Fourier methods and least-squares refinement on the basis of 1976 (I = 30)
reflections led to a final R = 0.037.
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Figure 1. X-ray structure of 11.}

sorptions between 6 2.37 and 2.74 which we assign to the methine
hydrogens at positions 11 and 14. Demethylation of 13 with BCl,
completed our total synthesis of 1a (mp 129-130 °C).
Evidently, the structures of robustadial A, and presumably
robustadial B, are isomeric with those proposed previously.?
Several facts lead us to postulate a bicyclo[2.2.1]heptane structure
15 for the robustadials. Thus, the aromatic acetogenin isopentyl
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portion 16 of robustadials is identical with that found in the
euglobals, a family of acetogenin terpenoids isolated from buds
and leaves of Eucalyptus globulus.® Generally, the remaining
terpenoid portion of the euglobals corresponds to known terpenes
or sesquiterpenes. The remaining terpenoid portion of 15 cor-

(9) Sawada, T.; Kozuka, M.; Komiya, T.; Amano, T.; Goto, M. Chem.
Pharm. Bull. 1980, 28, 2546. Amano, T.; Komiya, T.; Hori, M.; Goto, M.;
Kozuka, M.; Tokunosuke, S. J. Chromatogr. 1981, 208, 347. Kozuka, M.;
Sawada, T.; Kasahara, F; Mizuta, E.; Amano, T.; Komiya, T.; Goto, M.
Chem. Pharm. Bull. 1982, 30, 1952. Kozuka, M.; Sawada, T.; Mizuta, E.;
Kasahara, F.; Amano, T.; Komiya, T.; Goto, M. Ibid. 1982, 30, 1964.
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responds to a known terpene, camphene (17). Furthermore, 'H
NMR resonances above § 2.3 are reasonable for the bridgehead
methine hydrogens of a bicyclo[2.2.1]heptyl moiety. Finally, the
presumption of a cyclobutyl moiety in robustadials was supported
by the appearance of a peak in the high-resolution mass spectrum
at m/e 28 (C,H,).2 Our postulated structure 15 for the robustdials
is only tenable if the mass spectrum of camphene exhibits major
fragments corresponding to those observed for the terpene portion
of robustadials. Indeed, the mass spectrum of camphene not only
shows a peak at m/e 28.046 (21%, C,H,) but also peaks at m/e
91 (30%), 107 (39%), and 136 (23%) corresponding to prominant
peaks in the mass spectrum of robustadials.?
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We report here the first application of frequency- and time-
resolved infrared fluorescence! to investigate the structure and
dynamics of organometallic intermediates. Photolysis at 351 nm
of gas-phase Mn,(CO);,* produces vibrationally excited species
which have been identified by characteristic emission near 2000
cm™!. Bimolecular collisional energy transfer rates of one of these
species have been measured for seven collider gases.

Samples of Mn,(CO),, (7-60 mtorr) contained in a glass cell
at 79-80 °C were irradiated with a XeF excimer laser (351 nm,
15-ns pulse width, 2-Hz repetition rate) using low laser fluences
(<100 uJ cm™2 per pulse) to minimize multiphoton absorption
processes.’ An InSb detector monitored the transient infrared
fluorescence over the 3950~1800-cm™ region at right angles to
the photolysis beam. The amplified detector output was then
averaged over 100 pulses with a transient digitizer.
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