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ABSTRACT

X Me
Me|__CO,t-Bu Bn S
Bn., Y. RCuLn . HN f CO,tBu
. 0C
BWN\WO b-Phe-y{(E-CMe=CX]-L-Val-type
o) (E)-alkene dipeptide isostere
(X =H or Me)

A straightforward synthetic route for the synthesis of diastereomerically pure ¥[(E)-CMe=CH]- and #/[(E)-CMe=CMe]-type dipeptide isosteres
was developed on the basis of regio- and stereoselective anti-Sy2' alkylation of 3-(N-Boc-5-methyl-4-substituted-oxazolidin-2-on-5-yl)acrylates
with organocopper reagents.

B-Turn substructures on the surface of bioactive peptides andrestriction of¢,y-dihedral angles by 2% and At*strains®
proteins very often participate in important molecular However, synthesis of these agents is likely to be limited to
recognition. This motif represents an intensive target for Ala-y[(E)-CMe=CH]-Xaa-type EADIs since requisite chiral
development of new pharmaceuticals in medicinal chemis- epoxides corresponding to diverse amino acids are not easily
try.> Many ﬁ_tum. mlmetlcs ha_\{e peen de\./emped and (2) (a) Chen, S.; Chrusciel, R. A.; Nakanishi, H.; Raktabutr, A.; Johnson,
evaluated for restriction and stabilization of active conforma- m. E.; Sato, A.; Weiner, D.; Hoxie, J.; Saragovi, H. U.; Greene, M. I.;

tions2:3 (E)_A|kene d|pept|de isosteres (EAD'S) Correspond_ Kahn, M.PI’OC. Natl. Acad. Sci. U.S.A992 89, 5872. (b) Etzkorn, F. A,;
Guo, T.; Lipton, M. A.; Goldberg, S. D.; Bartlett, P. A. Am. Chem. Soc.

ing to (L,0)- and b,L)-type dipeptides are F_)Otemial mMimetics 1994 116 10412. (c) Gillespie, P.; Cicariello, J.; Olson, G Biopolymers
of the type Il and I1 8-turn motifs, respectively. Gellman et 1997 43, 191. (d) Fink, B. E.; Kym, P. R.; Katzenellenbogen, JJAAm.

; _ _ Chem. Soc1998 120, 4334. (e) Johannesson, P.; Lindeberg, G.; Tong,
al. previously reported that a Gly{(E)-CMe=CMe]-Gly W.; Gogoll, A.; Karla, A.; Hallberg, A.J. Med. Chem1999 42, 601. (f)
type EADI promotess-hairpin formation in CHCI, in a Khalil, E. M.; Ojala, W. H.; Pradhan, A.; Nair, V. D.; Gleason, W. B.;
flexible linear peptide backborfeln addition, Wipf et al. ~ Mishra, R. K.; Johnson, R. LJ. Med. Chem199 42, 628. (g) Eguchi,

M.; Lee, M. S.; Nakanishi, H.; Stasiak, M.; Lovell, S.; Kahn, W.Am.
recently reported tha,b[(E)-_CMe=CH]-type EADIs promote Chem. Soc1999 121, 12204. (h) Kim, H.-O.; Nakanishi, H.; Lee, M. S.;
the formation ofS-turns in the solid state as a result of Kahn, M.Org. Lett.200Q 2, 301. (i) Estiarte, M. A.; Rubiralta, M.; Diez,
A.; Thormann, M.; Giralt, EJ. Org. Chem200Q 65, 6992. (j) Golebiowski,
A.; Klopfenstein, S. R.; Shao, X.; Chen, J. J.; Colson, A.-O.; Grieb, A. L.;

T Kyoto University. Russell, A. F.Org. Lett.200Q 2, 2615. (k) Smith, A. B., lll; Wang, W.;

*0no Pharmaceutical Co., Ltd. Sprengeler, P. A.; Hirschmann, R.Am. Chem. So200Q 122, 11037. (1)

(1) Rose, G. D.; Gierasch, L. M.; Smith, J. Advances in Protein Alonso, E.; Lgpez-Ortiz, F.; Del Pozo, C.; Peralta, E.; Mag| A.; Gonzkez,
Chemistry Academic Press: New York, 1985; pp-109. J.J. Org. Chem2001, 66, 6333.
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available. In this communication, we describe an alternative
practical synthesis of[(E)-CMe=CH]- andy[(E)-CMe=
CMe]-type dipeptide isosteres from a chiral amino acid
utilizing organocopper-mediated regio- and stereoselective
anti-Sy2' alkylation of oxazolidinone derivatives.

We and others previously reported thg(E)-CH=CH]-
type EADIs are efficiently synthesized via organocopper-
mediated regio- and stereoselective alkylation af3-
unsaturated esters containing a leaving group at-{besition.
This includesy-mesyloxye,5-unsaturated estérand N-
activated f-aziridino-o,5-unsaturated estefs, which are
easily constructed from chiral amino alcohol derivatives. On
the other hand, if;-methylatedo,-unsaturated esters are
to be used in the same manner for the synthesig[(E)-
CMe=CX]-type EADIs (X=H or Me), activation of tertiary
alcohols for the construction of keyw3 substrates as the
corresponding mesylates Bractivated aziridines is poten-
tially problematic. Thus, we attempted to develop a new
process for the synthesis ¢fi(E)-CMe=CX]-type EADIs
based on organocopper-mediate@ Seactions of3-oxazo-
lidinonyl-a,5-unsaturated esters as key substrates.

To make our synthetic methodology generally applicable
to diversey[(E)-CMe=CX]-type EADIs, we chose chiral
amino acid derivatived and 6 as the starting materials
(Scheme 1§.Initially, esterl was converted to allyl alcohols
2 or 3 by successive treatment with DIBAL-H and vinyl or
isopropenyl Grignard reagents. Swern oxidatior2 @nd 3
followed by treatment with methyl Grignard reagent in the
presence of Cegyieldedanti-isomers of the respective allyl
alcohols4a and 5a as major products4@4b = 86:14;5a
5b = 96:4)? Their synisomer4b or 5b was preferentially
obtained by treatment of the methyl ketone, which was
prepared from Weinreb’s amidg with vinyl or isopropenyl
Grignard reagent in the presence of Ce@ka4b = 21:79;
5a5b = 20:80)? Cyclization by sodium hydride of allyl

(3) For recent reviews of peptidomimetics, see: (a) Peptide Secondary
Structure MimeticsTetrahedron(Symposia-in-print, no. 50; Kahn, M., Ed.)
1993 49, 3444. (b) Hanessian, S.; McNaughton-Smith, G.; Lombart, H.-
G.; Lubell, W. D. Tetrahedron1997, 53, 12789. (c)Peptidomimetics
Protocols Kazmierski, W. M., Ed.; Humana Press: Totowa, NJ, 1999. (d)
Hruby, V. J.; Balse, P. MCurr. Med. Chem200Q 7, 945. (e) Kim, H.-O.;
Kahn, M. Comb. Chem. High Throughput Screen2@0qQ 3, 167.

(4) Gardner, R. R.; Liang, G.-B.; Gellman, S. HAm. Chem. So&995
117, 3280.

(5) (a) Wipf, P.; Fritch, P. CJ. Org. Chem1994 59, 4875. (b) Wipf,

P.; Henninger, T. C.; Geib, S. J. Org. Chem1998 63, 6088.

(6) (a) Ibuka, T.; Habashita, H.; Funakoshi, S.; Fuijii, N.; Oguchi, Y.;
Uyehara, T.; Yamamoto, YAngew. Chem., Int. Ed. Engl99Q 29, 801.

(b) Ibuka, T.; Habashita, H.; Otaka, A.; Fujii, N.; Oguchi, T.; Uyehara, T.;
Yamamoto, Y.J. Org. Chem1991, 56, 4370.

(7) (a) Ibuka, T.; Nakai, K.; Habashita, H.; Hotta, Y.; Fujii, N.; Mimura,
N.; Miwa, Y.; Taga, T.; Yamamoto, YAngew. Chem., Int. Ed. Endl994
33, 652. (b) Fujii, N.; Nakai, K.; Tamamura, H.; Otaka, A.; Mimura, N.;
Miwa, Y.; Taga, T.; Yamamoto, Y.; Ibuka, T. Chem. Soc., Perkin Trans.
11995 1359. (c) Wipf, P.; Henninger, T. Q. Org. Chem1997, 62, 1586.

(d) Tamamura, H.; Yamashita, M.; Nakajima, Y.; Sakano, K.; Otaka, A.;
Ohno, H.; Ibuka, T.; Fujii, NJ. Chem. Soc., Perkin Trans.1B99 2983.

(e) Qishi, S.; Tamamura, H.; Yamashita, M.; Odagaki, Y.; Hamanaka, N.;
Otaka, A.; Fujii, N.J. Chem. Soc., Perkin Trans.2D01, 2445.

(8) b-Phenylalanine derivativek and 6 were utilized for the synthesis
of p-Phey[(E)-CMe=CX]-p/L-Val-type EADIs as a model case in this
communication. A dipeptidey-Phet-Val, accommodates in thé 4 1)—

(i + 2) position in the type [l g-turn substructure of the cyclic RGD
pentapeptidegyclo(-Arg-Gly-Asp-D-Phe-Val-), previously reported: Haub-
ner, R.; Finsinger, D.; Kessler, Angew. Chem., Int. Ed. Engl997, 36,
1374.

1056

Scheme 1
H
Bn._-CO,Me B
NHBoc ~ —= BocHN R
1 2R =H (52%)
3 R = Me (82%)
2
c, d (32%, c, d (50%,
4a:4b = 86:14) 5a:5b=96:4)
Me OH HQ Me Me OH HQ Me
BK)(‘/ B - BW B A
BocHN H  BocHN H  BocHN  Me BacHN — Me
4a 4b Sa 5b
f, g (37%, f, h (47%,
4a:4b = 21:79) 5a:5b = 20:80
7 7
Bn_-CO,H 4 Bn\/ﬁN/ OMe
ﬁHBoc BocHlil Me
6 7 (97%)
R R
Bn, o= Bn, JSl=-CO=t8

i, j 0

k, I, morn o)
4a/5a — SERLARCES

BocN\g

8a R =H (92%)
9a R = Me (94%)

10a R = H (53%)
11a R = Me (40%)

we]

Bn,,
he

o]
8b R = H (85%)
9b R = Me (98%)

B
Bn., I\Eﬂe_ CO,tBu

i,j BocN_ O

KL, morn BocN, O
4b /5b —— _—

o)
10b R = H (66%)
11b R = Me (71%)

a(a) DIBAL-H, CHCl /toluene. (b) CH=CRMgBr-ZnCl,-LiCl,
THF. (c) (COCI}, DMSO, DIEA, CHCI,. (d) MeMgClI, CeC4,
THF. (e) MeONHMeHCI, DCC, DIEA, DMF. (f) MeMgClI, THF.
(g) CH=CHMgBr, CeC}, THF. (h) CH=CMeMgBr, CeC}, THF.
(i) NaH, THF. (j) BogO. (k) O; gas, EtOAc. (I) DMS. (m)
(EtO)%LP(O)CHCO,t-Bu, LiCl, DIEA, MeCN. (n) PRP=CHCOst-
Bu, CHCE.

alcoholsd4a,b and5a,b, followed by N-protection by a Boc
group, afforded oxazolidin-2-ond3a,b and 9a,b, respec-
tively, in which the hydroxy groups ofa,b and5a,b were
converted to leaving groups with apparent protecting groups
as carbamates. After ozonolysis of 5-vinyloxazolidin-2-ones
8a,b and subsequent reductive treatment with dimethyl
sulfide, Horner-Wadsworth-Emmons reaction (HWE reac-
tion) of the resulting aldehydes yieldeg3-unsaturated esters
10a,bin E-selective manner. Thg-methylated derivatives
1la,b were prepared by Wittig reaction of the ketones in
moderate yields, which were obtained following ozonolysis
and consecutive reductive treatment of 5-isopropenyloxazo-

(9) The diastereomerically pure allyl alcohdla and5a,b were readily
purified by recrystallization from the diastereomixture, respectively. The
synallyl alcohol 4b could not be isolated in this step, and thus the
diastereomixture, which contained thgallyl alcohol4b as a major isomer,
was converted into the corresponding oxazolidin-2-one deriv&tivd he
diastereomerically pure oxazolidin-2-o8b was purified by recrystalliza-
tion.
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Table 1. Organocyanocuprate-Mediated Alkylation @#fOxazolidin-2-on-5-yl)er,3-unsaturated Estetia,band1la,b

e " H\“S_Z/ e Me R
B8 —{_CO,+Bu B B —(__CO,tBu
B”\:k/\cozt-Bu : 7 N CO,tBu '\j_ér\

10a/1la—— 10b /11—

BocHN R BocHN AL BocHN R BocHN
12aR=H 13aR=H 12bR=H 13bR=H
14a R =Me 15a R = Me 14b R = Me 15b R = Me
entry substrate reagent condition yield (%)?2 product ratio®
1 10a i-PrCu(CN)MgCI-BF3-2LiCl (4 equiv) —78 °C, 30 min 95 12a:13a = 100:0
2 10a i-PraCu(CN)(MgCl)2-BF3-2LiCl (4 equiv) —78 °C, 30 min 95 12a:13a = 100:0
3 10b i-PrCu(CN)MgCI-BF3-2LiCl (4.2 equiv) —78°C, 30 min 99 12b:13b = 68:32
4 10b i-ProCu(CN)(MgCl),-BF3-2LiCl (4.2 equiv) —78 °C, 30 min 85 12b:13b = 79:21
5 1lla i-PrCu(CN)MgCI-BF3-2LiCl (4 equiv) —78°C, 30 min, then 0 °C, 3 h c
6 1la i-Pr,Cu(CN)(MgCl)2-BF3-2LiCl (4 equiv) —78°C, 30 min, then 0 °C, 3 h 48 l4a:15a = 76:24
7 1la i-PraCu(CN)(MgCl)2-BF3-2LiCl (6 equiv) —78°C, 30 min, then0°C, 3 h 73 1l4a:15a = 75:25
8 1la i-PrsCu(CN)(MgCl)3-BF3-2LiCl (4 equiv) —78°C, 30 min, then 0 °C, 3 h 77 1l4a:15a = 68:32
9 11b i-PrCu(CN)MgCI-BF3-2LiCl (4 equiv) —78°C, 30 min, then 0 °C, 3 h c
10 11b i-PrCu(CN)(MgCl)2-BF3-2LiCl (4 equiv) —78°C, 30 min, then0°C,3h 95 14b:15b = 79:21

aCombined isolated yield$.Ratio was determined by RP-HPLEThe starting material was recovered.

lidin-2-ones9a,b. Relative configurations df0a,band1la,b CMe]-p-Val) 14abut also itsZ-isomer p-Phe[(2)-CMe=
were determined byH NMR measurements. CMe]-L-Val) 15ain low combined yield (48%, entry 6). The
The leaving-group ability of carbamate functionality in chemical yield was significantly improved by use of 6 equiv
p-(oxazolidin-2-on-5-yl)et,f-unsaturated esterfa,b and of the same reagent or 4 equiviePrCu(CN)(MgCly-BF;-
1la,bis presumed to be insufficient for alkylation with 2LiCl, although a trace amount of the starting matetizh
organocyanocuprates as compared to that of mesylates ostill remained and the production @fisomeri5awas not
N-activated aziridines in key intermediates fpf(E)-CH= suppressed (entries 7 and 8). Ttransisomer 11b was
CH]-type EADIs. In practice, MeCu(CN)LLiBr or its BFs converted byi-PLCu(CN)(MgCly-BFs:2LiCl to p-Phe-
complex was not effective for the alkylation of 5-vinylox-  [(E)-CMe=CMe]-L.-Val 14b as a major product with
azolidin-2-one. However, the alkylation by more active concomitant formation of a small amount ofPhes[(2)-
“higher-order” cyanocuprates, Meu(CN)Li*BFs-LiBr, pro- CMe=CMe]-p-Val 15b (14b:15b = 79:21, entry 10). All
ceeded excellentBf.On the basis of precedent investigations, products were purified by flash chromatography over silica
we evaluated alkylation of oxazolidin-2-onk8a,band11a,b gel, and the optical purity of each product was estimated as
by cyanocuprates prepared from copper cyanide and available> 9994 byH NMR spectra. Olefinic geometry of all products
Grignard reagents (Table 1). Treatmentoid-isomer10a 12a—15aand12b—15b were established b{H NMR, and
with i-PrCu(CN)MgCiBF;-2LiCl or i-PLCu(CN)(MgCl): stereochemistries of thee-alkyl groups of the products were
BFs-2LICl in THF at — 78 °C for 30 min gave only the  determined by circular dichroism measureméhtX-ray
E-isomer of amanti-Sy2' product 6-Phey[(E)-CMe=CH]- analyses ofl3b and 14b also supported these analyses.
D-Val) 1.2ain excellent yield (entrigs 1’and 2). In the case In summary, we have found that alkylation 8f(oxazo-
of transisomer10b, the expectednti-5:2' productsp-Phe- lidin-2-on-5-yl)-a,,5-unsaturated esters by several organo-
YI(E)-CMe=CH-L-Val 12b and o-Phe«[(2)-CMe=CH]- copper reagents proceeds regio- and stereoselectively via
D-Val 13b, were obtained by-PrCu(CN)MgCIBFs-2LICl anti-Sy2' mechanisms to give mainlg-isomers of the

Eiezlb(alri??fgu?’(%ﬁ)rzf\;ly ?I)ZEéT:plg{?g?n;ﬁ;ﬁgﬁ moi:j dz:c;tive o-alkylated products. The alkylation was successfully applied
genti-mh g 3 ’ vy to the stereoselective synthesis 10f( E)-CMe=CH]- and

iigyazl)j 13b with higher E-selectivity 120:13b = 79:21, Y[(E)-CMe=CMe]-type EADIs from a chiral amino acid.
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(10) Ibuka, T.; Suzuki, K.; Habashita, H.; Otaka, A.; Tamamura, H.; (11) Ibuka, T.; Habashita, H.; Funakoshi, S.; Fujii, N.; Baba, K.; Kozawa,
Mimura, N.; Miwa, Y.; Taga, T.; Fujii, NJ. Chem. Soc., Chem. Commun.  M.; Oguchi, Y.; Uyehara, T.; Yamamoto, Yetrahedron: Asymmet99Q
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Supporting Information Available: Selected experi-  of 13band14b. This material is available free of charge via
mental proceduresH NMR spectra for all new compounds, the Internet at http://pubs.acs.org.
CD spectra ofl2a—15aand12b—15b, and crystal structure ~ 0OL016835B
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