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The kinamycins represent a family of structurally unique natural

products containing a highly oxygenated cyclohexene ring and an

unusual diazobenzofluorene moiety (Figure? Bour kinamycin
antibiotics, A-D, were isolated in 1970 from the culture broth of
Streptomyces murayamaensjs nov. by Omura and co-workets.
These monomeric compounds display strong inhibition of Gram-
positive bacteria. Kinamycin @ also showed antitumor activify.
Other kinamycins include the biosynthetic precursor prekinamycin
2% and the epoxide-containing FL-12(8° The structural assign-
ment of the kinamycins has been the subject of revision. Kinamycin
C 1 was initially characterized as Md-cyanobenzo[b]-carbazofe.

In 1994, Gould and Dmitrienk8 independently revised its structure
to contain a diazobenzofluorene moiety based on X-ray and NMR
analysis, as well as synthetic studies. Although the novel and

challenging chemical structures of the kinamycins, as well as their

interesting biological activities, have prompted a number of
synthetic and mechanistic investigatidfstotal syntheses of the

kinamycins have not been reported to date. Herein, we report the

first enantioselective total synthesis of kinamycin C.

Our retrosynthetic analysis for kinamycin LCis illustrated in
Figure 2. Because of the labile nature of the diazo function, we
planned to install this moiety at a late stage. Kinamycihi@ay be
derived from oxidation and diazo formation of the MOM-protected
benzofluorene ketone precurgbiCompoundt should be available
through intramolecular FriedeCrafts cyclization of carboxylic acid
5. Acid 5 may be accessed via Stille cross-coupling of vinyl bromide
6 (fragment A) and MOM-protected arylstannanéfragment B).
Fragment A6 may be derived from epoxyketone precur8owhich
may be obtained from tartrate-mediated asymmetric nucleophilic
epoxidation of quinone monoket@lusing methodology developed
in our laboratory:® Fragment B7 may be readily accessed from
the commercially available 1, 5-napthalenediol.

The synthesis of fragment &) began with the readily available
2-bromo-3,6-dihydroxy-benzaldehydé'! (Scheme 1}? Selective
methylationt? followed by reduction, providedll (85%). Hyperva-
lent iodine oxidation oflL1, followed by transketalization and silyl
protection, afforded quinone monokeld (72% yield, three steps).
As the literature was sparse with regard to Baytiillman reactions
of quinone monoketal substrat¥sye evaluated new protocols for
this transformation. After extensive evaluation, we identified a
modification of conditions reported by Agganifaémploying EtP
as nucleophilic activator which afforded quinone monok®étai
70% vyield. With9 in hand, we evaluated the critical hydroxyl-
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Figure 1. The kinamycin family of natural products.
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Figure 2. Retrosynthenc analysis.
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aConditions: (a) MgO-BF4, proton sponge4 A MS, CHCl,, room
temp, 12 h, 85%; (b) NaBH EtOH, 0°C, 1 h, 99%; (c) Phl(OAg) MeOH,
room temp, 30 min; (d) 1, 3-propanediol, BEt,O, DME, room temp, 3
h; (e) TBSCI, imid. CHCI,, room temp, 6 h, 72% for three steps; (f)
(CH0O)n, La(OTf)s, N(CHCH2OH)s, EtsP, CHCly, —20 °C, 6 h, 70%;
(g) PRRCOOH, NaHMDS D-DIPT, 4 A MS, toluene,—65 °C, 72 h, 94%,
90% ee; (f) E4N-3HF, CHCN, room temp, 12 h, 98%.
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aConditions: (a) MeNBH(OAc)s, AcOH, CHCN, 0 °C, 24 h, 90%;
(b) MsCl, collidine, CHCI,, 5 °C, 8 h, 85%; (c) Super-Hydride, DCE, 60
°C, 30 min, 95%; (d) K-10 clay, C¥Ll,, room temp, 4 h, 90%; (e) MOMCI,
DIEA, CH.Cl,, room temp, 3 h, 85%; (f) N&,04, Et,O, then MOMCI,
DIEA, CH.Cl,, room temp, 24 h, 70%; (g) Pd(P§h BusSnSnBy, toluene,
110°C, 24 h, 70%.
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directed, asymmetric nucleophilic epoxidati§mfter careful reac-

tion optimization, we identified satisfactory conditions for tartrate-
mediated asymmetric nucleophilic epoxidation to generate epoxide
8 in 94% yield and 90% ee. In contrast, Sharpless asymmetric
epoxidation oP (Ti(‘PrO), D-DIPT, BuOOH) provided8 in 85%

yield (70% ee). The absolute stereochemistr@ @fas confirmed

by X-ray crystallographic analysis of the derived did@.?

Further elaboration of epoxyalcoh®lvas initiated by hydroxyl-
directed reductiof to afford a diol as a single diastereomer, which
was subsequently subjected to selective mesylation of the primary
alcohol to yield14. (Scheme 2} Reductive demesylation cleanly
afforded 15 (95%)1° Selective removal of the cyclic ketal using
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aConditions: (a) Pgldbay, AsPh, CuCl, DIEA, CHCN, 70 °C, 4 h, 70%; (b) Super-Hydnde, THF, - 7€, 1 h, 80% (dr>10 :1); (c) Ti(OPr,
"Bus;NOAC, 4 A MS, CHCly, room temp, 10 h, 60%; (d) A®, pyridine, room temp, 2 h; (e) B4-3HF, CHCN, room temp, 12 h, 67% for two steps; (f)
TPAP, NMO, CHCl,, room temp, 20 min; (g) NaCl§) NaH,PQy, 2-methyl-2-butenéBuOH/H,O, room temp, 12 h, 88% for two steps; (h) TFAA, DCE,
4 A MS, room temp, 1 h, 90%; (i) CBr'PrOH, 84°C, 1 h; (j) Pd/C, air, EtOAc, room temp, 30 min, 70% for two steps; (k) TBSNHNHTBS, Sc¢DTf)

CH.Cly; (I) PhIF,, 2-chloropyridine, CHCl,, 35% for two steps.

K-10 clay?® cleanly afforded the desired epoxyketdhéragment

A) in 90% vyield. The synthesis of fragment B)(was initiated
from readily available 1,5-naphthoquinohé (Scheme 2%! Protec-
tion of 16 using MOMCI/DIEA afforded naphthalenediori?,
which was subsequently reduced with,8#, and further protected
to generatel8. Stannylation of aryl bromidd8 (Pd(PPh)4, bis-
(tributyltin))22 afforded the desired arylstannané70%).

With both fragments A and B in hand, we initiated studies on

fragment coupling (Scheme 3). Through extensive reaction evalu-

ation, we identified a suitable condition (Rdba), AsPh, CuCl,
DIEA)Z to afford the desired coupling produt® (70%). Com-
pound19was found to have two major rotamers (2:1)1b{*NMR
analysis'? Further reduction 019 with Super-Hydride afforded the
synepoxyalcohol (80%, 10:1 dif,which was subjected to the epox-
ide-opening* using Ti(PrO), and"Bu;NOAC to generate trioR0
(60%, >10:1 dr). Acylation of20, followed by deprotection of the
silyl ether, provided alcohd1. Sequential oxidations &1 using
TPAP% and NaClG?8 provided carboxylic acid (88%, 2 steps).
Next, we examined the feasibility for an intramolecular Friedel
Crafts cyclization for construction of the C-ring. Evaluation of a
number of different conditions revealed that TFX/Aefficiently
mediated the desired FriedeCrafts annulation to generate cy-
clization product22 (90%). In addition, two MOM protecting

groups were also removed in a regioselective fashion under the 10) L

reaction condition$? MOM deprotectior?® followed by oxidation

of the hydroquinone using Pd/C-&f afforded ketoquinon&3.
Condensation 023 with 1,2-bisert-butyldimethylsilyl)hydrazine
generated?4, which was treated with PhjRo install the diazo
functionality?® and complete the total synthesis of kinamycid.C
Syntheticl was confirmed to be identical with data reported for
natural kinamycin & by H and'3C NMR spectra, mass spectrum,
IR, [a]p, HPLC, and TLCR; values in three solvent systenf¥s.

coordinates and files in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.
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