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Two syntheses of a model system of the DEF ring system of complestatin and chloropeptin are described. The key step in both of these
syntheses involves the formation of the biaryl linkage using a palladium-catalyzed Suzuki cross-coupling reaction and a catalytic enantioselective
ene reaction to form the 6-bromo-b-tryptophan. Additionally, ring contraction of the 17-membered DEF ring system of complestatin generates
the 16-membered DEF ring system of chloropeptin in a biomimetic fashion.

Chloropeptin and complestatin are two biologically active = 2.0 and 3.3zM)? as well as inhibition of the alternative
macrocyclic polypeptides isolated froStreptomycesp. pathway of complement (K= 2.0 and 0.5:M).3 Recently,
WK-3419 (Figure 1)} The phenyl—indole ring junction  chloropeptin has also shown activity against HIV-1 integrase
present in these natural products is rare in microbial ((ICso = 0.3—0.5uM).*

metabolites but is found in natural products such as diazon- The presence of the biaryl junction makes synthesis of
amide A and the kistamicins. However, complestatin and these natural products a challenge. To date, only Roussi and
chloropeptin show activities not seen in other molecules of co-workers have disclosed the successful synthesis of a
similar structure, e.g. inhibition of gp120-CD4 binding 4C  model DEF ring system of complestatin and chloropeptin.
The key step in their synthesis involved an intramolecular
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Figure 1.

Ni°-mediated ring-closing reaction as the last step, yielding
only 17% and 1% of the 17- and 16-membered ring systems, Scheme 1
respectively. Here we report two different routes to the DEF  gye o OMe
ring system of complestatin. One utilizes a macrolactamiza- Bro )J\N_C“I‘a+
tion as the last step of the synthesis, while the more efficient - - -, _WA%RSOs
route utilizes an intramolecula_r palladium-catalyzed rin_g (gfgcc)))z:g:;)\i o j\ Eé(;':l/o
closure to the 17-membered ring system of complestatin. H HPrOHH0 N" O
Both routes afford access to the 16-membered ring system 56%, 88%ee H /\©
of chloropeptin by ring contraction of the 17-membered DEF
ring system of complestatin. OMe

The DEF ring system allows disconnection at two sites:
the biaryl linkage or a peptide bond. Disconnection at a
peptide bond allows formation of the biaryl linkage by a po J
Suzuki reaction followed by macrolactamization to give the N 0/\© 90%
17-membered DEF ring system. However, a potentially more 2
versatile route involves formation of the peptide backbone
prior to the intramolecular Pd-catalyzed Sukuzi reaction. OMe

Synthesis of the phenylglycinol dipeptide uBitstarted [
with 4-methoxystyrene as the substrate for the Sharpless + HO,C~_NHBoc EDC!: HOBT, NMM
aminohydroxylatioh (Scheme 1). Using (DHQDBRPHAL as E CHLCN
the ligand, the correct regioisomer was obtained in 56% yield HO NH, \© 5%
with an 88% ee (determined by formation of the Mosher
ester). Compound was selectively iodinated at the 3-posi-
tion ortho to the methoxy group using A§QOy/I1,.” Removal OMe
of the Cbz group required harsher conditions than anticipated. : __TBDPSICI
Hydrogenation using #Pd on carbon or transfer hydrogena- o imidazole, CH,Cl
tion using Pd/C with 1,4-cyclohexadiene were unsuccessful. 89%
The use of bromocatecholborane yielded only 20% of the Ho HJ\:NHBOC TBDPSO JL/NHB&
desired amine, but cleavage of the Cbz group with$ilé 4 \©
in acetonitrile gave the aming (90% vyield), which was
coupled with Boce-phenylalanine, using EDCI and HOBt
with NMM in acetonitrile. The phenylglycinol unit was

converted to théert-butyldiphenylsilyl etheb, which served The second component, 6-brometryptophan, was syn-

as the precursor to the aryl boronate. thesized by an enantioselective ene reaction (Schemes 2 and
(5) (@) Carbonnelle, A: Zamora, E. G.. Beugelmans, R.; Rousei, G 3). 2,5-Dibromoaniline was reacted wightoluenesulfonyl

Tetrahedron Lett1998 é9, 4471. (b) l’3eu.gellr’nans, R.; Rous’,si, G Zamdra, ~ chloride and pyrld!ne to prOdUC? the sulfonamide, which was

E. G.; Carbonnelle, ATetrahedron1999,55, 5089. further reacted with allyl bromide and,KO; at 80°C to

(6) (a) Li, G.; Chang, H. T.; Sharpless, K. Bngew. Chem., Int. Ed. ; _ 9 E_di _ o _
Engl. 196,35, 451. (b) Li, G. Angert, H. H.: Sharpless, K. Bngew. yield N-allyl-2,5-dibromoN (tol_ylsulfonyl)anlllne (7). Com
Chem., Int. Ed. Engl1996,35, 2813. (c) Reddy, K. L.; Sharpless, K. B. pound?7 was then reacted with Pd(OA¢)PPR, and Ag-
Am. Chem. Socl998,120, 1207. CO? in an intramolecular Heck reaction in acetonitrile to

(7) Sy, W.Tetrahedron Lett1993,34, 6223.

(8) (a) Lott, R. S.; Chauhan, V. S.; Stammer, CJHChem. Soc., Chem.
Commun1979, 495. (b) Ihara, M.; Taniguchi, N.; Nogochi, K.; Fujumoto, (9) Sakamoto, T.; Kondo, Y.; Uchiyama, M.; Yamanaka,J Chem.
K.; Kametani, T.J. Chem. Soc., Perkin Trans.1B88, 1277. Soc., Perkin Trans. 1993, 1941.
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give the 3-methyleneindoline derivati However, some
6-bromo-3-methylindole was also formed by isomerization

at the higher temperature needed to effect reaction with the
bromide. By moderating the temperature and solvent, indo-

line 8 was obtained in 63% yield and then used in a catalytic
ene reaction to form the 6-bronmtryptophan. Reaction of
the a-imino ester9 with indoline 8 in the presence of (S)-
Tol-BINAP—CuCIQO,2CH;CN?* and benzotrifluoride gave
the fully protected 6-bromo-tryptophanl0in 94% ee. The

°C) to givellin 75% yield. KOAc and DMSO were critical
for formation of the pinacol boronate. Suzuki coupling was
then used to form the key biaryl linkage. Varying the reaction
conditions (solvent, base, catalyst, and temperature) identified
optimal conditions. Reaction of aryl halid® with pinacol
boronatell and PdC)(dppf) with K,CO; in the presence of
DME at 80°C gavel2in 55% yield.

The biaryl systeml12 was further elaborated into the
cyclized model DEF ring systeftb (Scheme 5). The indole

Scheme 5
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tosyl group was removed using magnesitimnd ethanol
with ammonium chloride to activate the metal. The ethyl
ester was saponified with LiOH in THF with MeOH/B
without racemization. The Boc protecting group was selec-

enantiopurity was determined by converting the ester into tively removed without loss of théert-butyldiphenylsilyl

the corresponding alcohol derivative and analyzing the
Mosher ester.

Componentsl0 and 11 were joined via a Suzuki cross-
coupling reaction (Scheme 4). lodiéewas converted into

Scheme 4
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the aryl boronate using Miyaura’s conditions (bis(pinacolato)-
diboron, PdCG(dppf), and KOAc in DMS@* for 40 h at 80
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ether by using HCl-saturated ethyl acetate to give the free
amine as the HCI salt. Cyclization with pentafluorophenyl
diphenylphosphinate (FDPP) and DIEAn DMF gave the
best results, while DPPA with N@Os'*in DMF gave only
a moderate yield under high-dilution conditions (@03
mol/L). EDCI/HOBt and DCC/HOBt did not give cyclic
product, and the cyclization failed with all reagents when
the tosyl-protecting group was left on the indole ring
nitrogen, as was found by Gurjar and Tripathin their
attempts to synthesize the right-hand portion of complestatin.
Cyclization of the preformed tripeptides via an intramo-
lecular coupling reaction proved to be the more effective
route to the DEF ring system (Scheme 6). Synthesis of the
tripeptide started with the boronaté&, which was selectively
converted to the free amine without loss of thert-
butyldiphenylsilyl ether and boronate using HCl-saturated

(10) Drury, W. J., Ill; Ferraris, D.; Cox, C.; Young, B.; Lectka, J.
Am. Chem. So0d998,120, 11006.

(11) Ishiyama, T.; Murata, M.; Miyaura, Nl. Org. Chem.1995, 60,
7508.

(12) Muratake, H.; Natsume, Mdeterocyclesl989,29, 783.

(13) (a) Chen, S.; Xu, Jetrahedron Lett1991,32, 6711. (b) Dudash,
J.; Jiang, J.; Mayer, S. C.; Joullie, M. Mynth. Commuril993,23, 349.

(14) Brady, S. F.; Freidinger, R. M.; Paleveda, W. J.; Colton, C. D.;
Homnick, C. F.; Whitter, W. L.; Curley, P.; Nutt, R. F.; Veber, D. F.
Org. Chem.1987,52, 764.

(15) Gurjar, M. K.; Tripathy, N. K.Tetrahedron Lett1997,38, 2163.
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ethyl acetate. Peptide coupling with EDCI, HOBt, and NMM
in acetonitrile and DMF gave tripeptid®. A Suzuki reaction
was used to effect the final cyclization 1&. Remarkably,
the intramolecular Suzuki reaction required a much lower
temperature and shorter reaction time (5 h at’@) than
the corresponding bimolecular coupling (24 h af8). This
difference in reactivity suggests that preorganization of the
aryl rings in the tripeptide facilitates cyclization.
Conversion to the Chloropeptin Ring System (Scheme
7). The 16-membered DEF ring system of chloropeptin was

Scheme 7

TFA, 50°C

NHTs

synthesized by an acid-catalyzed ring contraction of the 17-

membered DEF ring system of complestatin previously
observed in the natural produéfsA related ring contraction

(16) Jayasuriya, H.; Salituro, G. M.; Smith, S. K.; Heck, J. V.; Gould,
S. J.; Singh, S. B.; Homnick, C. F.; Holloway, M. K.; Pitzenberger, S. M.;
Patane, M. ATetrahedron Lett1998,39, 2247.
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occurs with the myricanol glycosidés,where BR-OEtb
isomerized the 13-membered ring system in myricanone to
the 12-membered ring system in isomyricanone. The 17-
membered ring system of complestati(and itso-epimer

at tryptophan) was contracted to the 16-membered ring
system20 by reaction with TFA at 50C. This reaction is
very clean, and interestingly, both diastereomers undergo the
migration. For comparison, a linear system was synthesized
to see if migration from C6 to C7 occurred in an acyclic
system (Scheme 8). However, no migration from the 6-posi-

Scheme 8
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tion to the 7-position was observed, which indicates that
additional factors such as ring strain or preorganization of
reacting orbitals are needed to drive phenyl migration.

In summary, two efficient routes to the DEF ring systems
found in complestatin and chloropeptin have been developed.
The complestatin 17-member DEF ring system can be
synthesized either by macrolactamization of the peptide
backbone under high dilution conditions or by forming the
final C—C bond in the 6-phenylindole moiety, the latter
reaction appearing to be much faster. Both routes provide
the 16-membered DEF ring system in chloropeptin by acid-
catalyzed contraction of the complestatin DEF ring system.
Characterization of the chemical and biological properties
of these ring systems will be reported in due course.
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