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Total Synthesis of Asperazine Scheme 1

Steven P. Govek and Larry E. Overman*

Department of Chemistry, 516 Rowland Hall
University of California, lvine, California 92697-2025

Receied July 13, 2001

In 1997, Crews and co-workers reported the isolation of
asperazinel) from a saltwater culture of the fungéspergillus
niger obtained from a Caribbeatyrtios sponge. Asperazine is
a member of a large family of diketopiperazine alkaloids that
contain two tryptophan unitsHowever, asperazine differs from
other members of this family by having the tryptophan units linked
in an unsymmetrical fashion; this bonding generates the diaryl-
substituted quaternary stereocenter C3. The relative configuration
of asperazine was proposed on the basis of extensive NMR
investigations, whereas the absolute configuration was assigned
when hydrolysis ofl. provided only R)-phenylalaniné.Biological
evaluation of asperazine revealed no antibacterial or antifungal
activity but did show asperazine to exhibit significant differential
cytotoxicity toward leukemia in vitré. Unfortunately, further
biological studies have not been possible due to the inability to " COH
regrow asperazine-produci#g nigercultures> Herein, we report (R)-serine (S)-tryptophan
the first total synthesis of asperazine by an efficient sequence
capable of providing meaningful amounts of asperazine and its Scheme 2
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Because there was some ambiguity concerning the relative OXNBOC
configuration of the diketopiperazine ring3we developed a (R)-serine Bsteps @ NBoc _a_ [ COMe
flexible synthetic strategy that would allow for ready access to TS o g
asperazine, its diastereomers, and derivatives thereof. The fun- H 4 2Me SnBug

damental challenge in a stereocontrolled synthesis of asperazine
is forming the quaternary stereocenter C3. Although this challenge ﬁoc )(

could have been addressed using an asymmetric Heck reéction, (S)-TrpOMe-HCI be @Qi“'\' 0 f9
we chose to develop an alternate approach in which the quaternary

center would evolve from an uncommon diastereoselective Heck 6
cyclization @ — 2) (Scheme 1¥.Two significant advantages of

this strategy were envisaged: (1) the enamine (or enamide) |

functionality of 2 would provide a good handle for introduction EOC )( Q_eee
of the C11 stereocenter, and (2) facial selectivity of the pivotal j| BooN

Heck cyclization could be ascertained easily from the geometry ‘\/

of the trisubstituted double bond @fbecause the newly formed
sp and sp stereocenters (C11 and C3, respectively) would be
correlated by the stereospecifity of the migratory insertion and
B-hydride elimination step%Indole 3 was seen as arising from
(R)-serine and$)-tryptophan. This general approach, employing

a-amino acid building blocks, would allow access to asperazine
as well as a diversity of analogues.
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aKey:?® (a) Pd(dba)-CHCI;, (2-furyl)sP, PMP, DMA, 90°C, 66%; (b) BuNF, 0.1 mm, 85%; (c) 1000 psi4110% Pd/C, DMF, 95%; (d1 N HCI,
dioxane, 5¢°C; BocO, 1 N NaOH, BUNHSQy, CHyCl, 59%; (e) LiEgBH, THF, —78 °C — 0 °C; HCI, 0°C — rt; (f) KOH, MeOH, 79% (over two
steps); (g) S@pyr, E&N, DMSO; (h) NaCIlQ, NaH,PQy, THF, HO, t-BuOH, 2-methyl-2-butene; (i)R)-PheOMeHCI, HATU, Et;N, CH,Cl,, 65%

(over three steps); (j) HC®I; (k) 0.7 N AcOH,n-BuOH, 120°C, 59%.

sized in six steps fromS-TrpOMe-HCI. The indole ring of this
starting material was reduced withzBtH in warm TFA!* and
then both nitrogens were acylated with BOc The ester was
subsequently reduced with LiBHand the resulting amino alcohol
protected to provide indoling Ortho-lithiatiori? of 6 with s-BuLi

To complete the synthesis of asperazirig, (we needed
to form the pyrrolidine ring and both diketopiperazines. To
this end, removal of the acetonides @# with 1 N HCI
and exhaustive Boc-protection of the resulting product provided
1518 Low-temperature reduction ol5 with LiEtsBH gave

and subsequent quenching with 1,2-diiodoethane installed thea mixture of hemiaminals which cyclized to form the desired

iodide in 73% yield. Oxidation to restore the indole was best
accomplished with DDQ in warm toluene. At 52% conversion,
the yield of 7 was 91%, and the recovered indoline starting
material could be recycled. Stille coupling of iodide7 and
stannan& proceeded with high efficiency to provide enoaté*s
Selective removal of the bulky Boc-protecting group from the
indole nitrogen oB allowed 2-iodoaniline to be incorporated by
Weinreb aminolysi¥ to generate anilidd0. Finally, protection
of both the indole and the anilide nitrogens with SEM groups
gave rise toll

With 11 in hand, we turned to the pivotal Heck reaction
(Scheme 3). After extensive experimentation, it was found that
heating of11 with 20 mol % Pd(dba)-CHCI; and 100 mol %

(2-furyl)sP in the presence of excess 1,2,2,6,6-pentamethylpip-

eridine (PMP) provided a single hexacyclic proddetin 66%
yield. Removal of the SEM-protecting grodpfrom 12 gavel3.

At this point,'H NOE analysis revealed tHe stereochemistry

of the exocyclic double bond, establishing that carbopalladation

pyrrolidine ring upon addition of ethereal HCI. Selective
cleavage of the carbonates yielded dib$.'® Oxidation of

16 with SOs-pyridine, NaClQ oxidation of the resulting
dialdehyde, and finally HATU-mediated coupling of this crude
diacid with ([R)-PheOMeHCI provided tetrapeptide 17.
Removal of the three Boc groups df7 with formic acid
and subsequent cyclization to form both diketopiperazines in
refluxing butanol containing acetic aétddelivered asperazine
(1) in 59% yield from 17.2*

In summary, the first total synthesis of asperazine was
accomplished in 22 steps from readily available amino acid
starting materials. This synthesis confirms the structure of
asperazine and provides yet another example of the tremendous
utility of intramolecular Heck reactions for forging highly
congested quaternary carbon centers.
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strated that hydrogenation of the Ci€C12 double bond of
protected oxindold 2 would be extremely difficult. Fortunately,
hydrogenation of.3 could be realized over Pd/C in DMF at 1000
psi H; to provide oxindolel4 in 95% vyield as a 4:1 mixture of
C11 epimers.
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