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Several conformationally rigid analogues of the methylvalerate subunit contained within the linker domain of the antitumor antibiotic bleomycin
have been prepared. These compounds have been protected in a fashion suitable for the solid-phase synthesis of bleomycin. Bleomycin

congeners containing these analogues should facilitate a more detailed understanding of the nature of the conformational bend that the
methylvalerate moiety is thought to impart to the natural product.

The study of peptides containing unnatyfaandy amino actior? have been studied intensively for more than 30 years.
acids has been the topic of several recent investigatidns. Until recently, the role of the linker domain of bleomycin
It has been shown that short peptides composef af y was poorly understood. Recent stuibave suggested that
amino acids have well-defined secondary structures, even

in relatively polar solvents. Secondary structural predisposi-  (3) (@) Narita, M.; Otsuka, M.; Kobayashi, S.; Ohno, M.; Umezawa, Y.;
yPp y P P Morishima, H.; Saito, S.; Takita, T.; Umezawa, Fetrahedron Lett1982

tion_s of m0|ECU|e_S composed entirely or in part[bpr 14 23, 525-528. (b) Castéjo, P.; Moyano, A.; Perica M. A;; Riera, A.
amino acid constituents are actually precedented in nature.éetrspedronl%a 22;0\%33—{336%«:% Xlaoﬁ %; CarerII, P. J.;ml\gg%eg S.
_ CAmi : . .; Pfizenmeyer, A. J.; JoulligM. M. Tetrahedron: Asymmet . 8,
FOII’ exampleﬁ hydroxy‘)’ amino acids are a class of amino 3043-3046. (d) Hutchinson, T. L.; Saeed, A. S.; Wolkowicz, P. E.;
acids that can be found as structural components of a numbemcmillin, J. B.; Brouillette, W. J.Bioorg. Med. Chem1999 7, 1505~
i i i i i 1511.
OT nat.ural produ_cts havmg Interesting bIOChem.lcal and (4) (a) Takita, T.; Umezawa, Y.; Saito, S.; Morishima, H.; Naganawa,
biological propertie$. Among these are the bleomycin group  H.; Umezawa, H.; Tsuchiya, T.; Miyake, T.; Kageyama, S.; Umezawa, S.;
antibiotics (Figure 1) whose syntheésand mechanism of =~ Muraoka, Y.; Suzuki, M.; Otsuka, M.; Narita, M.; Kobayashi, S.; Ohno,
M. Tetrahedron Lett1982 23, 521-524. (b) Aoyagi, Y.; Katano, K;
Suguna, H.; Primeau, J.; Chang, L.-H.; Hecht, S.MAm. Chem. Soc.

(1) (a) Jacobi, A.; Seebach, Blelv. Chim. Actal999 82, 1150-1172. 1982 104, 5537-5538. (c) Boger, D. L.; Honda, Td. Am. Chem. Soc.
(b) Abele, S.; Vatli, K.; Seebach, DHelv. Chim. Actal999 82, 1539 1994 116 5647-5656. (d) Katano, K.; An, H.; Aoyagi, Y.; Overhand,
1558. (c) Seebach, D.; Schreiber, J. V.; Abele, S.; Daura, X.; van Gunsteren,M.; Sucheck, S. J.; Stevens, W.; Hess, C. D.; Zhou, X.; Hecht, SJ.M.
W. F. Helv. Chim. Acta200Q 83, 34—57. (d) Abele, S.; Seebach, Bur. Am. Chem. Sod 998 120, 11285-11296.

J. Org. Chem200Q 1-15. (5) (a) Natrajan, A.; Hecht, S. M. IMolecular Aspects of Anticancer

(2) (a) Hanessian, S.; McNaughten-Smith, G.; Lombart, H.-G.; Lubell, Drug—DNA Interactions Neidle, S., Waring, M. J., Eds.; MacMillan
W. D. Tetrahedron1997 53, 12789-12854. (b) Hanessian, S.; Luo, X. Press: London, 1993; pp 19242. (b) Kane, S. A.; Hecht, S. MProg.

H.; Schaum, R.; Michnick, Sl. Am. Chem. S0d.998 120, 8569-8570. Nucleic Acid Res. Mol. Bioll994 49, 313-352. (c) Burger, R. MChem.
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Figure 1. Structure and functional domains of the bleomycin group antibiotics.

the (Z5,3S4R)-4-amino-3-hydroxy-2-methylpentanoic acid aldehydes? 10 was not stored for longer than-3 days at
(methylvalerate) an&threonine moieties are important for —20°C. Condensation dfOwith the acyloxazolidinon&1'*

the activity of bleomycin and that they impart a characteristic at—78°C in the presence of dibutylborontriflate and Hunig's
secondary structure to bleomycin that has a marked effectbasé? permitted synthesis of the aldol produk2 in 48%

on the efficiency with which the agent is able to cleave DNA. vyield. Using Grubbs’ catalyst, bis(tricyclohexylphosphine)-
On the basis of these findings, a set of conformationally rigid benzylidene ruthenium(lV) dichlorid€,ring closure gave
methylvalerate analogues has been designed that shouldhe conformationally constrained intermedi&g From this
facilitate an understanding of the secondary structure imposedintermediate two routes were pursued. First, the chiral
by the linker region of bleomycin (Figure 2). These analogues auxiliary could be removed using LiOOW,followed by
can also be used to construct resin-bound combinatorial conversion of the amine protective moiety from Boc to Fmoc
libraries of BLM analogues, based on our solid-phase to permit utilization of this amino acid analogus (n solid-
methodology for the synthesis of deglycobleomycéieheme phase bleomycin synthesis. Alternatively, hydrogenation of
1 details the strategy used for the synthesis of methylvalerateendocyclic olefin13 over 5% Pt/C effected conversion to
analogued —8, as exemplified by the syntheseslodnd3. saturated analoguetl. Removal of the chiral auxiliary from
Boc-protectedr-allylglycine was converted to the respective 14, and conversion of the amine protecting group from Boc
Weinreb amidé. Reduction of9 was achieved readily by to Fmoc, provided analogukin 9% overall yield. It was
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treatment with lithium aluminum hydrideDue to the well- found that representative derivatives could be utilized readily
documented configurational instability &§*-Boc amino- in the solid-phase synthesis of deglycoBLM analogues.
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Figure 2. Conformationally rigid methylvalerate analogues synthesized for incorporation into bleomycin congeners.
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Scheme 1. Synthesis of Conformationally Constrained Methylvalerate Analogues
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Analysis of the conformations df—8 in the context of

fact, the synthesis of a deglycobleomycig #nalogue that

an analysis of the conformation of the methylvalerate moiety incorporate within the structure afforded a species capable

in bleomycirf suggested tha? has a conformational bias
most closely approximating that of the natural product. In

(6) (@) Owa, T.; Haupt, A.; Otsuka, M.; Kobayashi, S.; Tomioka, N.;
Itai, A.; Ohno, M.; Shiraki, T.; Uesugi, M.; Sugiura, Y.; Maeda, K.
Tetrahedron1992 48, 1193-1208. (b) Manderville, R. A.; Ellena, J. F;
Hecht, S. M.J. Am. Chem. Sod.995 117, 7891-7903, and references
therein. (c) Boger, D. L.; Colletti, S. L.; Honda, T.; Menezes, RJ.FAm.
Chem. Soc1994 116, 5607-5618. (d) Boger, D. L.; Ramsey, T. M.; Cai,
H.; Hoehn, S. T.; Stubbe, J. Am. Chem. S0d.998 120, 9139-9148. (e)
Boger, D. L.; Ramsey, T. M.; Cai, H.; Hoehn, S. T.; StubbeJ.JAm.
Chem. Soc1998 120, 9149-9158.

(7) Leitheiser, C. J.; Rishel, M. J.; Wu, X.; Hecht, S. ®kg. Lett.200Q
2, 3397-3399.

(8) Nahm, S.; Weinreb, STetrahedron Lett1981, 22, 3815-3818.

(9) Fehrentz, J.-A.; Castro, BBynthesis1983 676-678.

(10) (a) Danishefsky, S.; Kobayashi, S.; Kerwin, J.JF.Org. Chem.
1982 47, 1981-1983. (b) Rague, B.; Fehrentz, J. A.; Guegan, R.; Chapleur,
Y.; Castro, B.Bull. Soc. Chim. Fr1983 11-230—11-232. (c) Holladay, M.
W.; Rich, D. H.Tetrahedron Lett1983 24, 4401-4404. (d) Hanson, G.
J.; Lindberg, T.J. Org. Chem.1985 50, 5399-5401. (e) Reetz, M. T;
Drewes, M. W.; Schmitz, AAngew. Chem., Int. Ed. Endl987, 26, 1141
1143. (f) Lubell, W. D.; Rapoport, HI. Am. Chem. S0d987, 109, 236—
239. (g) Myers, A. G.; Zhong, B.; Movassaghi, M.; Kung, D. W.; Lanman,
B. A.; Kwon, S.Tetrahedron Lett200Q 41, 1359-1361. (h) Myers, A.
G.; Kung, D. W.; Zhong, BJ. Am. Chem. So00Q 122 3236-3237.

(11) Faull, A. W.; Brewster, A. G.; Brown, G. R.; Smithers, M. J,;
Jackson, RJ. Med. Chem1995 38, 686—-694.
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of relaxing supercoiled plasmid DNA in the presence cfFe
+ Oy, albeit less effectively than deglycoBLMsAdata not
shown).
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