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N1999-A2 (1) is a novel member of the highly strained nine-
membered enediyne antibiotic family. It is isolated from the broth
filtrate of Streptomycesp. AJ9493 and exhibits remarkably potent
antitumor activity against various tumor cell line%lt has a
structure closely related to the neocarzinostatin chromopi2pre (
and interestingly displays DNA-cleaving selectivity similar to that
of 2,3 but it lacks both the amino glycoside residue and an
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(Scheme 1). Olefination of the keton8) (with Tebbe reageht
followed by hydroboration yielded a 1:3 ratio of alcoh6) and
its C9-epimer, respectivefyThe alcohol §) was coupled with
the epoxydiyne )* using (CHCN),PdCL as a catalyst under

TES

apoprotein unit to act as a stabilizing carrier. Therefore, N1999- gqnogashira conditioho afford9 without interference from the
A2 is expected to advance research into the roles of the naphthoatqjia|kyny| epoxide functionality® The triethylsilyl group on the

and core moieties in the binding and cleavage of DNA. However,
the stereochemical definition dfremains to be determined. The

alkynyl terminal of9 was selectively removed to givid. Dess-
Martin oxidatiort® of 10 gave an unstable3,y-unsaturated

highly strained, unstable, and densely functionalized structures aldehyde {1), which was subjected without purification to LiN-

of 1 and 2 represent a formidable synthetic challenge. In fact,
only one successful total synthesisifias yet been achieved by
Myers despite numerous synthetic endeavors on this faitify.
As part of our study into N1999-A2, we began with the synthesis
of structure3 on the assumption that the configuration of N1999-
A2 corresponds to that & We report herein a total synthesis of
3, which in fact proves not to be identical to natural N1999-A2,
and formulate the configuration of natural N1999-A2.

Alcohol (4) was targeted as a precursordoWe planned to
synthesize4 by unifying the cyclopentene moiety5) the
epoxydiyne unit §)*° and the naphthoic acid’).®> The cyclopen-
tene derivative §) was prepared from enantiomerically puge

(TMS),/CeCk-mediated cyclizationt? at a relatively high tem-
peraturet? Indeed, the enolizable aldehydéd was expected to
cause problems in the cyclization step. However, the reaction
reproducibly produced an alcohdld) in a highly stereoselective
manner. This is the first example of a successful intramolecular
acetylide cyclization to an enolizable aldehyd&*1213 The
alcohol (12) displayed asynrelationship between CG80H and
C9—H as indicated by the coupling constadig e = 10.0 Hz
and NOE experiments. However, all attempts to achigye
dehydration ofL2 to obtain the corresponding C8,C9-olefin were
unsuccessful.

To overcome this problem the C8-stereochemistry was

Tohoku University, and CREST, Japan Science and Technology Corpora- inverted using the Mitsunobu protocol with chloroacetic &tid

tion (JST).
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a Reagents and conditions: (a) ZECH.AICIMe,, THF, rt, 79%. (b)
9-BBN, H,0,, NaOH, THF, rt, 88%. (cp, (CHsCN),PdCb, Cul,iPr,NEt,

DMF, rt, 77%. (d) TBAF, THF,~78 °C, 82%. (€) GH«CO,I(OAC)s,

CHCly, rt. (f) (TMS),NLi (15 equiv), CeC (14 equiv), THF,—30 °C, Figure 1. Histograms of DNA cleavage by syntheB¢upper) and natural
23% (two steps). TBS- tert-butyldimethylsilyl, 9-BBN= 9-borabicyclo- N1999-A2 (lower). Incubations of §2P-labeled 323-base pair restriction
[3.3.1]nonane, TMS= trimethylsilyl, TBAF = tetrabutylammonium fragment (Sall/Nrul) from plasmid pBR322 were conducted with N1999-
fluoride A2 (12.5-50 uM) and, separately, syntheti8 (10—40 uM) in the
presence of dithiothreitol (20 mM) and calf thymus DNA (5 mg/mL) at
Scheme 2 37°C and pH 7.0. The heights of the bars represent the relative cleavage
o)( )( intensities at the indicated bases.
T 0 z . . . .
-/ a . c proceeded rapidly to form the C8,C9-olefin, which was quickly
850 .,KO 2 . RO .1<0 T purified by a short silica gel column. The resulting olefin was
SWC(;H = a,,,,-tfocoaz@ immediately treated with TFATHF—H,O (1:10:5) at 0°C to
12 13:R=TES produce the highly unstable epoxydienediyg (
bl ain=n Contrary to our initial assumption, the NMR data and HPLC
o ok o oH profile!® of synthetic3 are not identical to those of the natural
Te50 O - AL d O o — H o product, even thougB was found to cleave DNA in a specific
O : O ~ 0 manner very similar to that of the natural product (Figure 1). The
o oors " doooo o ooy " deoom CD spectra o8 and the natural product both showed a positive
15 16 first Cotton effect fext 328 nm for naturalfex 322 nm for3 in
ores oH DMSO-d¢/CDsCN (1:1)], which is likely to be derived from the
TESQ 0 OH naphthoate chromophore being attached to C11 of identical
TESQ . TE e o... = configuration. ThéH and3*C NMR spectra o8 and the natural
V product are listed in Supporting Information. ThHd and 3C
o OCHe ¢ OR OCHa s chemical shifts of C13, C14, and C5 are essentially identical,
f:f’hCOCH o which suggests that the relative configurations of the C4,C5-
L aRoh epoxide and the C13-alcohol are identical in the synthetic and
aReagents and conditions: (a) BPBEAD, CICH,CO.H, toluene, natural product. Accordingly, we propose structd@ as the
—78 °C to rt, 53%. (b) TFA-THF—H,0O (1:10:5), 0°C, 99%. ()7, natural product, which is the prime target of our total synthesis
EDC-HCI, DMAP, CH,CI, rt, 69%. (d) TfOH, CECH;OH, 0°C, 84%. program toward N1999-A2, although the possibility of other
(e) TESOTT, 2,6-lutidine, CbClp, —78°C. (f) K;COs, EtOH,—25°C to diastereomers cannot be completely ruled out.
—5 °C, 30% (two steps). (g) 2,6-lutidine, 23, CH,Cl,, —78 °C; then
DBU, —78 °C. (h) TFA-THF—H,0 (1:10:5), 0°C, 30 min, 45% (two . on
steps). TES= triethylsilyl, DEAD = diethyl azodicarboxylate, TFA= 0 ; _ e o
trifluoroacetic acid, EDC= 1-ethyl-3-(3-dimethylaminopropyl)-carbo- HO O °"" 0
diimide, Tf= trifluoromethanesulfonyl, DB&= 1,8-diazabicyclo[5.4.0]- =
undec-7-ene. o OcH
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i iminati i - (15) Performed using an ODS column (Water Novapak C18,1®0 mm)
that did not undg_rgol spontaneous e“mmatlogdagthlf low ;Iem using 45% aqueous acetonitirile (1.2 mL/min) with UV detection (240 nm);
perature. Accordingly, excess DBU was added after triflate retention times with co-injection: 10.0 min for the natural product, 9.5 min
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