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Maduropeptin, isolated from the broth filtrate Attinomadura
madurae consists of a 1:1 complex of an acidic, water-soluble
carrier protein and a chromophore (Figure!13chroeder et al.
reported the structure of the maduropeptin chromopiend
proposed that the nine-membered ring diyheras the methanol
adduct of a structurally unknown labile chromophore. Isol&ed
exhibits potent antitumor and antibacterial activities by means of a
mechanism distinct from that of similar enediyne natural prodiicts.
The highly strained syste®) which is generated viay®' reaction
of the C14-amide nitrogen &, cycloaromatizes spontaneously to
the p-benzyne biradical, which can efficiently cleave double-
stranded DNA by hydrogen abstraction. Theref@egpresents a
stable prodrug form of the reactive nine-membered enediyne
structure.

The complex, highly unsaturated molecular architecture,of
which includes the bicyclo[7.3.0]enediyne and the 15-membered
ansa-macrolactam with atropisomerism, clearly presents a daunting
challenge for chemical synthesié.In particular, controlling the
stereoselectivity of both the C4,1Belefin and the non-biaryl
atropselectivity within the macrocycle necessitated the development
and application of new strategies. Here, we report the first total
synthesis of the aglycoh of the maduropeptin chromophore, thus
demonstrating solutions to these unique synthetic probfems.

We hypothesized that the synthesislafould be attained from
the convergent assembly of three fragmemtS°(5, and 6) by
applying the C8-epoxide opening reaction to construct the C2
aryl ether and Sonogashira coupling to link C1 and C2 (Figure 1).
These couplings would be followed by nine-membered ring
formation at C6 and subsequent macrolactamization at T8
C4,13Z-olefin was to be constructed in the last stage of the
synthesis through the facile Sgrhediated 1,2-elimination reaction
recently developed in our laboratory for the synthesis of the C-1027
chromophore core, a structurally related enediyne natural préduct.

Synthesis of aglyco2 started with the stepwise condensation
of the three fragments (Scheme 1). The enantioselective introduction
of the C7-hydroxy group was attained on a 30 g scale by hetero-
ene reaction between 2-methoxypropene @ngsing Jacobsen’s
catalyst8.” The obtained® was subjected to ozonolysis and acid
treatment to afforgs-alkoxy esterlO as an enantiomerically pure
compound (76% for three steps, 98% &} LiAIH , reduction of
ester10 to primary alcoholll, followed by TBS removal using
TBAF, generated triob. Then, CsF-promoted coupliffg-Sbetween
epoxided and the sterically hindered pherétesulted in formation
of the aryl ether ofl2, the C9-primary alcohol of which was
selectively protected as its TBDPS ether to produce fr&olAfter
derivatization of C9,10-didl3to acetonidel4, the remaining C?
secondary alcohol and the C6-terminal acetylene were masked with
MOM and TMS, respectively, leading f®. The C1-hydroxy group
of 17 was in turn liberated with DDQ from-methoxybenzyloxym-
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Figure 1. Structure of the maduropeptin chromophore and its retrosynthesis.

ethyl (PMBM) ether16 and oxidized to ketoné&8 using Dess
Martin reagen®. Lithium enolate formation and subsequent treat-
ment with PhNT$ converted keton&8 into enol triflate19, which
was coupled with acetylene moigkyunder Sonogashira conditions
to deliver20.1°

The stage was now set for construction of the two most
characteristic rings, the nine-membered diyne and the 15-membered
ansa-macrolactam. Prior to formation of the diyne ring, the C6-
TMS group of20 was removed using #CO; in methanol, then
alcohol 21 was transformed to aldehyd2? by Dess-Martin
oxidation. After screening various reaction conditions, it was found
that a mixture of LiN(SiMgPh)!! (9 equiv) and CeGI(10 equiv)
in THF smoothly promoted the acetylid@aldehyde condensation
to furnish diyne23 with the C5e-hydroxy group in a completely
stereoselective fashid®The desired C5 stereochemistry presum-
ably originated from thex-oriented conformation of the aldehyde
fixed by the Cé" five-membered chelate; after derivatization of
the obtained23 to methyl ether24 (82% yield for two steps), the
structure of this intermediate was determined by the NOE data
(Figure 2).

For the next lactamization, a series of standard functional group
manipulations were performed. Selective removal of the TBS group
from bis-silylated24 using the controlled TBAF treatment and
subsequent Mitsunobu-type displacement of C14-OH with N
provided azide26.2* Next, C9-protected primary alcohd®6 was
converted to C9active este9 through four steps, including the
TBAF-promoted deprotection of the TBDPS group, the stepwise
oxidation from primary alcohoR7 to carboxylic acid28, and
pentafluorophenyl (PFP) ester formation. Slow addition of the
isolated azido-PFP est2fto excess triphenylphosphine in THF
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Scheme 1. Total Synthesis of the Maduropeptin Chromophore Aglycon?
oTBS oTBS OTBS .+OPMBM
\©: al bo MeO cl d ¢ 10l g
HOHo )=
9 OMe 7 g OMe 4 02, cl . OR2
OH O
10 MeO
Rl =
N\ ,o e ’:11.R =TBS OH
O'CrCI 8 6:R'= 12: R?2=H
13 R? = TBDPS
p-MeOPh, 12 12
/=9 _OTf oy ..OPMBM
= TMS m 0 0 y—=—1Ms 0 )=
Cl OTBDPS ~— )( o ¢ OTBDPS ~— o Cl OTBDPS
MeO MeO
OMOM OMOM OR3
OMOM
‘R®= = 14:R3=H,R*=H
0’:20 R5 TMS, Z=OH, H 19 | [: . i
p[:21:R=H,Z=0H,H . 15: R®=MOM, R*=H
0|¢_22:R5=H,z=0 ! 16: R® = MOM, R* = TMS
p-MeOPh
N
0?

) W
)< g c OTBDPS
MeO MeO @)
OMOM OMOM
= 23:Ré=H,R" = TBS o [ 26:R®= CH,0TBDPS 2 o[ 30: R® = CH(p-MeOPh)
[:24 R®=Me, R” = TBS E27:R3=CH20H aa£—31 R®=H
SL+ 25:R6=Me, R” = H VWL 28 R&=COOH
MOMO
HO7' 3 (o8
MeO ,k Meo Hoj\
e
SR - o % + : S O
o __ =4 MeO
Q = = 10 _ X o:e 4 B 0:‘
10~ — o : " OMe 10, — ‘OMeNH
HO &, OMe )(O o : OMe

| 1: maduropeptin chromophore aglyconl

a Reagents and conditions: (a) 2-methoxyprop&n®,mol %), acetone, BaO, «C; (b) Os;, CH.Cl,,

33 'OMOM 32

—78°C; then MeS; (c) PPTS, MeOH, 76% (3 steps,

98% ee); (d) LiAIH:, EO, reflux, 91%; (e) TBAF, THF, rt, 86%; (4 (1.0 equiv), CsF, DMF, 80C, 74%; (g) TBDPSCI, BN, DMAP, CH,Cl,, rt, 88%;
(h) p-TsOH, 2,2-dimethoxypropane, MeOH, 91%; (i) MOMGRENEt, CHCl,, 84%; (j) LIN(TMS),, TMSCI, THF,—78°C to rt, 82%; (k) DDQ, CHCI./

pH 7 buffer (10/1), 99%; (I) DessMartin periodinane, NaHC§) CH,Cl,, 100%; (m) LIN(TMS), PhNT%, THF, —78 °C to rt, 87%; (n)5 (1.0 equiv),
Pd(PPB)4 (5 mol %), Cul,i-PrLNEt, DMF; (0) K;COs, MeOH, 83% (2 steps); (p) DesMartin periodinane, NaHC§ CH,Cl,, 100%; (q) LiN(SiMePh),

(9 equiv), Ced (10 equiv), THF (22 mM),—35 to —25 °C; (r) Mel, NaH, THF, 0°C, 82% (2 steps); (s) TBAF, THF, 8C, 55%; (t) PPk DEAD,

(PhOYP(O)Ns, THF, rt; (u) TBAF, THF, 0°C, 58% (2 steps); (v) DesdMartin periodinane, CkClp, rt; (w) NaClG, NaHPOy, t-BuOH/2-methyl-2-
butene/HO (6/3/2), 0°C; (x) CsFsOH, EDC, DMAP, CHClIj, rt, 50% (3 steps); (y) PBRhEtN, THF/H,O (30/1, 4 mM), 45°C, 66%; (z) PPTSp-TsOH,

MeOH; (aa)p-(trifluoromethyl)benzoyl chloride, DMAP, CHCly, 0 °C; (bb) Smp, THF, —50 °C, 15 min, 38% 83:34 = 1:4.1 in DMSOds, 3 steps); (cc)
8 N HCI/CRCH;OH (1/2), 0°C, 7%.

H,O (30:1) at 45°C resulted in formation of the 15-membered desired C4,1Z-olefin as a mixture of atropisomer3334 = 2:1,
macrolactam through the intermediacy of the corresponding C14- 38% for three steps); the correspondiglefin was not observed

primary amine (66% yieldJ215 thus realizing the synthesis of
framework30 of the chromophore. In order for the present route
to be synthetically practical, it was particularly important that the
cyclization reactions of botB2 and29 could be performed under
non-high-dilution conditions (22 and 4 mM, respectively) on a gram
scale without decreasing the yield.

The last phase of the synthesis was the introduction of C4,13-
Z-olefin through the Smipromoted facile 1,2-elimination of
p-(trifluoromethyl)benzoatesTo prepare for the key reaction, the
p-methoxy benzylidene group &0 was removed in the presence
of the MOM group using a 1:1 molar mixture of PPPpSIsOH in
methanol to afford 1,2-diol31, which was treated withp-
(trifluoromethyl)benzoyl chloride and DMAP to yieRP. Treatment
of bishenzoat&2 with Smk at —50 °C for 15 min delivered the

in this reaction. As shown in Figure 2, the observed NOEs
unambiguously established the structure32#and34. Remarkably,
potentially reactive functionalities such as the propargylic aryl and
methyl ethers were unchanged, indicating the broad applicability
of the present 1,2-elimination strategy. The stereoselective formation
of the C4,13Z-olefin can be explained by the conformational
stability of the C4-organosamarium intermediate, generated by
reduction of the C4-benzoate (Scheme 2). The conform&ds)

in which both the benzoate and the macrocyclic ring are oriented
upward, suffers from the resulting large steric interaction and/or
increased ring strain; consequen8$B, which leads to th&-olefin,

is strongly disfavored in comparison 85A that produce83 and

34. Thus, the 15-membered macrocycle appeared to kinetically
control the sole formation of th&-olefin.16
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reductive 1,2-elimination for the stereoselective construction of the
C4,13Z-olefin. Further studies on the total synthesis of chro-
mophore2 and its various synthetic analogues frarare currently
underway in our laboratory.
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