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College of Pharmacy and Department of Chemistry be unearthed. In the course of the revision of the structures of

Oregon State Uniersity, Cowallis, Oregon 97331-3507 the kinamycins from théxl-cyanobenzdﬂ_carba;ole o the_
Department of Chemistry, Usgrsity of Waterloo diazobenzdjlfluorene () structure, chemical evidence regarding
Waterloo, Ont;ario, Canada N2L 3G1 the structure, involving deazotization of CpdA, had been obtained.

In particular, treatment of CpdA with R{©AC), in methanol gave
Receied May 12, 2000 a product which exhibited spectroscopic characteristics compatible
with structure7.t Further critical analysis of this result, however,

The discovery? that the kinamycin antitumor antibiotics  has led us to question the accuracy7dbr the structure of the
possess the diazobentfffuorene (1) rather than théN-cyanoben- deazotization product of CpdA.

zo[b]carbazole ringZ%) system has stimulated considerable interest
in the biosynthesidmechanism of actiohand chemical synthesis
of this novel class of natural products.

In particular, the tautomers af, 8, and 9, were rejected as
possible structures because they are incompatible with nOe and
HMBC NMR results. The fact the8 and9 each incorporate two

Recently, Hauser and Zhdteported the total synthesis of the ~benzenoid rings whereasincorporates just one benzenoid ring
structure3 assigned to a metabolite which had been given the Suggested, intuitively, that tautomérmight be expected to be
laboratory designation Cpd/and was suspected to be a precursor the least favorable of the three. Detailed ab initio calculatfons
to the kinamycing.Hauser and Zhou's synthetic compound was confirmed our suspicions in that structufevas predicted to be
found to differ from natural CpdA, which had been assigned the Much higher in energy than either structuesr 9 (by 27.8 and
trivial name prekinamycin, but to be identical to another 25.2kcal/mol respectively). Thus, it was concluded that the CpdA
metabolite which had been given the laboratory designation deazotization product was not a beriffiiorene, and the
CpdB? As a result, the structurg and the name prekinamycin ~ Suspicion arose that CpdA also did not possess this ring system.
were reassigned to CpdB and the structure of metabolite CpdA An HMBC spectrum of CpdA diacetaterevealed that it

became a mystery. incorporated the partial structures | and 1l below. The remainder
We report, herein, a solution to this mystery which establishes Of the structure consisted of two carbonyls and two aromatic
that CpdA possesses the diazobeaifbjorene structures to carbons. How these fragments were combined to form the final

which we assign the name isoprekinamycin. Hence, CpdA is Structure of CpdA was unclear.
related to the recently discovered fluostatins 3) énd B @).°
The recognition that CpdB possessed struc8ipeompted us HQ
to reexamine critically all of the evidence which had led to the @ % @ CH,
conclusion that CpdA possessed this diazobdsjflaprene % 9

structure to see if any clues as to the true identity of CpdA might OH I (512 I
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505;1159?'1(11'55'2%67161228%0' N.; Melville, C. R.; Cone, M. L.Am. Chem.  ing A"(based on a weak HMBC correlation between H10 and
(2) Mithani, S.; Weeratunga, G.; Taylor, N. J.; Dmitrienko, GJ1.Am. the carbonyl at 192.48 ppm in the diacetate). Becgusésfh(.-}
Ch(e3r;1.GSOICthL9g4J1(::Lﬁ 22032%8'7 o7 24952500 NMR shift of 192.48 ppm suggests that this carbonyl is contained
ould, S. em. Re. 97, . p . . .
(4) Arya, D. P.; Jebaratnam. D. 3. Org. Chem 1995 60, 3268-3269. within a fl\{e membered ring, the possible structures should have
(5) Hauser, F.; Zhou, M. dI. Org Chem1996 61, 5722-5723. a6,5,6,6 ring system, rather than the 6,6,5,6 ring system observed
. éG) (zgﬁ\g/iléig)ms, r\]/v SSurS1 >;_.; Je_baratngm, Dk.JJ.Org.OChecrr;]1997,ggz, for the kinamycins. Distinguishing between the various possibili-
43644 . Mohri, S.; Stefinovic, M.; Snieckus, V. Org. eml1997, 5 i i i
62, 7072-7073. (c) DeFrutos, (Echevarren, A. MTetrahedron Lett1997, ties by direct NMR g—)xpenments, how.ever’ IS hampered by the
38 7941-7942. lack of protons in rings B and C which would allow for the

(7) The terms CpdA and CpdB refer to two isomeric natural products connection of rings A and D. A further challenge to NMR studies

isolated fromS. murayamaensénd are applied to these compounds regardless  of unmodified CpdA is the poor solubility of this compouHd
of the structures assigned to thé&he term prekinamycin, previously applied | derivati d db : d " h
to structure2,2! is now applied to structur8, and the term isoprekinamycin Fortunately, a derivative produced by treating CpdA wit

is now applied to the isomeric structude The work by Hauser and Zhdu sodium borohydride provided the necessary connectivities. So-
and by Gould and co-worketrteads to the conclusion that CpdB possesses  dium borohydride reduced a carbonyl and deazotized CpdA to

the prekinamycin structur8, and the work described herein leads to the -
conclusion that CpdA must possess the isoprekinamycin strudture produce a tetrahydroxy compound, which was converted to the

(8) Gould, S. J.; Chen, J.; Cone, M. C.; Gore, M. P.; Melvile, C. R.; tetraacetate derivativé0 and analyzed by both 1D and 2D
Tamayo, N.J. Org. Chem1996 61, 5720-5721.
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(HSQC, HMBC) NMR spectroscopy. The two newly introduced Scheme 1.Proposed Interconversion 8fand4

hydrogens, appearing at 7.16 and 7.50 ppm, proved critical to 0 HO

assembling the structure. The proton at 7.16 ppm was attached H:0 { H:0

to a carbon at 76.08 ppm, revealing the site of ketone reduction. o O'@O CH, L; 4
This hydrogen showed HMBC correlations to ring A carbons 6b, no HO 7

10, and 10a, indicating the placement of the secondary alcohol H,0 0 ge 16 H,0

center in ring B. An additional HMBC correlation from H10 to

the carbon at 76.08 ppm confirmed the placement of the alcohol Structurel3 is expected to represent a perfectly stable system
at C11. The 7.50 ppm proton had HMBC correlations with C4, and its spectroscopic properties agree very well with those of the
C4a, and C11b, indicating that this hydrogen, H5, had replaced Synthetic model systeni4.*> For example, in the'H NMR

the diazo group. Further HMBC correlations from H5 to 144.22 Spectrum ofl3, a singlet appears at 7.25 ppm and shows a 2-bond
ppm and to the acetyl carbonyl at 169.92 ppm established C6 ascorrelation with a°C signal at 150.2 ppm, whereas in the model
a phenolic carbon. Additional correlations in the HMBC spectrum 14 @ corresponding proton signal is seen at 7.45 ppm ana a
allowed for complete assignment of the tetraacetate which was Si9nal at 152.3 ppm is observed.

determined to have structut®.1° To provide further support for

O HQ o
the assignments of the carbons adjacent to the newly introduced Rh,(OAc),
hydrogens, compourittd was prepared with sodium borodeuteride 4 MeOH O’Q@ CH, OQQO
in methanoles. In deuteratedl0, H11 was replaced almost HO g g
13 14

completely, while H5 was deuterated te80%. The*C NMR

spectrum of this sample showed isotope induced shifts for the The co-occurrence of closely related berdffiorene (iso-
signals at 145'81.’ 144.22, 137.42, and 13(.3'7(.) ppm, pos_|t|on|ng rekinamycin) and benzbffluorene (prekinamycin) natural prod-
these carbons adjacent to C11 and C5, confirming the assignment§~is in the sameStreptomycesspecies suggests that some
based on the HMBC spectrum. biochemical mechanism for interconversion of these ring systems
is present314Ab initio calculations suggest that these ring systems
are comparable in stability with the diazoberdéiorene ring
system (prekinamycin) being 2.4 kcal/mol more stable than the
diazobenzdi]flourene system (isoprekinamycit) Thus, a sub-
stantial amount of each of these systems is expected to be present
at equilibrium.

Examination of the structural relationship betwe&mand 4
suggests that interconversion might occur by reversible hydration

The structure of this reduction product is compatible only with of 3 to form 15 (Scheme 1), 1,2-carbon shift to givis, and
the structuret from among several possibilities being considered dehydration to generaté Such a rearrangement has chemical
for CpdA. Both phenolic hydrogens can participate in hydrogen precedenc_e in the base_-lnduced ring contraction of certain
bonds with neighboring carbonyls and the carbonyl in the five- hydroxyquinones to form indenone carboxylic acidls.
membered B ring is adjacent to H10. This structural assignment N conclusion, the assignment of the isoprekinamycin structure
was further bolstered by comparison of the spectroscopic proper- (4)to deA suggests that mechanisms exisgimurayamaensis
ties of 10 and CpdA with the model benzafluorene systems for the interconversion of benzgfluorenes and benza]fluo-

11 and 12 which were prepared by unambiguous synthesis for renes. Furthermore, it is reasonable to.specqlate that dgnzo[
this purposé? fluorene precursors to the novel fluostatins exisbtreptomyces

sp. TA-3391, the fluostatin producer. Studies aimed at effecting
The **C NMR spectrum of the1in CD.Cl, exhibits a signal  biomimetic conversion of benzdffluorenes into benza]fluo-

at 74.37 ppm corresponding to C11 as compared to 76.08 ppmrenes are in progress in order to make fluostatin-like systems

for the analogous ring carbon &0. The C11-H in 11 appears accessible via the extensive methodology developed in the context

as a singlet at 7.23 ppm as compared to 7.16 ppm in the protonof synthesis of kinamycin-related compounds.

NMR spectrum ofL0. The'3C NMR characteristics of modéR
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The assignment of structuré to CpdA is also in good (13) The isotopic labeling pattern for CpdA formed from [£32;]acetate

agreement with the chemical evidence obtained in the course ofils consistent Witf&;he benzajfluorene ring system arising from a benbp[
; iai ; i i uorene intermediate.
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