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UCS1025A () was isolated from fermentation broth of a fungus Scheme 1
(Acremoniunsp.} and its structure subsequently reported in 2002. H
The first total synthesis of this structurally fascinating heter-
atriquinane was recently achievédlhis natural product has %
antimicrobial! cytotoxicity ! and telomerase inhibiti@i properties. H
From the outset of our synthesis studies, we were motivated, among O=\
other things, by the question of how octalin formation occurs during He)
the biosynthesis df. It seems likely that an intramolecular Diels
Alder (IMDA) cycloaddition within a triene such &sis operative’
We are intrigued by whether that event requires enzymatic cafalysis OH
or, instead, might be sufficiently fast to account for formatiori of 2 [ 3(9.10,15,18-tetraepl)-]
spontaneously, under biologically relevant conditions. Answers to UCS1025A UCS1025A
the following questions would form a basis for considering this
issue, not only for UCS1025AL] but also for many other members
of the larger class of octalinoyl tetramic acid-like natural products.
Would the nonenzymatic reaction be fast enough to be the natural
event? If so, would the chiral heterocyclic moiety Zninduce
significant diastereocontrol? OH

These questions become both more challenging to address and 4a,b 5a,b 6a,b
more fascinating to consider in light of the facile interconversions aR = methyloctalinyl (as in 1) bR = undeca-1,7,9-trienyl (as in 2)
among isomeric specids 4a (the enol), andba (the ring-opened
carboxylate) that were observed during the original isolation studies Scheme 2 @
of UCS1025A¢2 In the aprotic organic solvent CD4 keto tautomer
1 predominates. The enol forda selectively crystallized from O:(il\
n-hexane/acetone, then slowly reverted back tpon redissolution N

O =~
N
in CDCl;. When added to a pH 7.2 phosphate buffer ix0DD1 “o %
ring opened to the carboxylaa A small portion of this electro- CO,Me

o)

7__OH

o OH o= "®|_OH

N GOy N mCOy

mCO,P

philic enedione then spontaneously hydrated to provide the diol 8R =Me<5 :Z 10X =H 12

6a. It is fully reasonable to think that the substrate tri€negould 7 —2 /9Rr=-n 11X=1

also access the analogous isomeric speétes6b. This further aThroughout: P= TIPS (-Pr3Si). (a) TIPSOTf, 4N, CHC, rt, 97%;

adds to the intrigue of the DielsAlder event since each of these  (b) LIOH, THF, H,0, 1t, 97%; (c) GDs, 80 °C, quantitative (byH NMR);

discrete species possesses dienophilic charattterreaction rate (@) NaHCQ, HoO, CH.Clz; 12, 1t, 93%; (€) TIPSCI, BN, EtO, rt, 82%.

and diastereoselectivity would be unique to each of these structuresor reversed-phase chromatography. By virtue of eventual transfor-
The concise construction of the vinyl iodid2, a precursor to mation of this mixture into UCS1025AL) and its tetraepimes,

the manifold of diene intermediat@#b/5b, is shown in Scheme  these were proven to be compouridsand 16. Both result from

2. We began by developif@n intramolecular Mukaiyama-like ~ anendomode of additiorf. This sense of diastereoselectivity, as

addition reaction in which the-carbon of a side chain butyrate  well as the rate of cyclization, is to be contrasted with the thermal

ester adds (via its ketene acetal, generated in situ) to one of theIMDA of the amide13 itself, which required 56 days at 165C

imide carbonyl groups (presumably activated by in situ silylation) and proceeded with 1:8ndo:exoselectivity® Thus, the substrate

in substraté7. Methyl ester8 is formed with a very high level of control expressed in the IMDA of4 favors endo addition, but

diastereocontrol (dr 30:1). Acid9 can be isolated and handled, facial selectivity for approach of the diene to the -@%10

but over time, it cyclized to tricyclic lactoné0—an event we dienophile is virtually nonexistertperhaps a reflection of the

regarded both as evidence for tradoorientation of the carboxylate ~ remote nature of the stereocentersl

e

and as a good harbinger. Aciilsmoothly underwent sequential The TIPS ester inl5/16was selectively removed (KF, MeOH)

iodolactonization toll and silylative ring opening to the TIPS-  to give 1819. Within the limits of detection byH NMR analysis,

ether/TIPS-ester derivativi2. each of these mono-TIPS ether derivatives existed exclusively as
Magnesium-iodine exchange betwedr2 andi-PrMgCl followed an enol (and they are, liké5/16 inseparable in our hands). This

by acylation with the Weinreb amid&3® gave 14, the bis-TIPS tautomeric preference suggests that the hydroxyl group of the free
analogue obb (Scheme 3). This substrate underwent cycloaddition carbinolamide irll (and3) is important in stabilizing the keto form
with aty, of ca. 6 days at room temperatureda® h at 65°C in by way of an internal hydrogen bond, which is absenfl@9.
CDCl; to provide, predominantlya ca. 4:3 ratio of two isomeric More forcing desilylation conditions (excess #y) cleaved the
adducts, which were not amenable to separation by either normaltertiary silyl ether group ii8/19 or, equally well, both TIPS groups
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Scheme 3 @
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aThroughout: P= TIPS (-PrSi). (a)i-PrMgCl, THF/ether,—50 °C,
10 min; then13, —50 °C to rt, 35%; (b) CDGJ, 65 °C, 2 days, 69%,; (c)
KF, MeOH, rt, 5 min, 76-100%; (d) Hepy, MeCN, rt, 2 days (56% ta&
+ 3 from 17, 74% to02); (e) ZnCheEt,O, CH,Cl,, 1t, ca. 18 h, 56% or
CDCls, 65°C.

in 15/16to produce UCS1025A1) and tetraepirUCS1025A 8).1°
The structure of the unnatural isongerests primarily on thorough
analysis of itdH NMR spectrum, which established tlgpossesses
the same relative configuration dswithin each of the (spectro-
scopically isolated) octalin and heterocyclic moieties.

We returned to the bis-TIPS tetraebéand selectively cleaved
the ester (KF, MeOH) to provide a new Diel8lder substrate,
the tricyclic lactonel 7 (the TIPS-protected analogue2)f As with
18/19, this silyl ether was seen only as its enol tautomer, which is

consistent with the role of the internal hydrogen bond hypothesized

above. No cyclization ofL7 was observed over several days at
ambient temperature (rt), and even at°&5in CDCk, thety, for
formation of18 and 19 (dr 1:2) was ca. 20 h.

Both TIPS groups were removedid (excess Hbpy) to provide
our putative, natural DieisAlder substrate2. This compound
appeared exclusively as the keto tautomer in G@t with a slight
preponderance for the endhin CDsOD. It underwent very clean
[4 + 2] cycloaddition at room temperature with;g of ca. 26 h in
CDCl; and 4 days in CBOD. The ratio of the natural:unnatural
isomers,1:3, was ca. 1:3.

Finally, and most intriguing of all, whe@ was dissolved in
phosphate buffer (pH 7.2, 0, 100 mM), it immediately ring
opened tosb (*H NMR), which rapidly cyclized to a nearly 1:1
mixture!® of 5a:(tetraepi)-5a! with aty, of 10 min! The extent to
which this rate acceleration for cyclization 8b is due to the
aqueous mediufialone versus the difference in electronic character
of its dienophilic moiety is under study. Regardless, this remarkably
fast IMDA reaction under biologically relevant conditions estab-

lishes a temporal boundary condition within which enzyme catalysis
would need to function, if it is operative in the biosynthesislof

To summarize, a biomimetic total synthesis &){USC1025A
(1) involving seven linear steps from knowrwas achieved. IMDA
reactions of an array of substrates, varying in structure of the
dienophilic subunit, are compared. The rate of cycloaddition of
carboxylatesb is sufficiently fast to be easily compatible with the
hypothesis that is formed in vivo by a nonenzyme catalyzed event.
On the other hand, the lack of a substantial level of diastereose-
lectivity observed to date for this substrate-controlled IMDA
reaction would suggest otherwise. Experiments directed toward
identification of biologically relevant yet nonenzymatic conditions
(e.g., aqueous, metal-ion mediated) resulting in more highly
stereoselective formation dfare ongoing.
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