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Transition state mimicry of the tetrahedral intermediate of peptide ph—, § N{?{ P“"‘;\—NF?: Ph—, 3 d
bond hydrolysis in serine, cysteine, and aspartic protease inhibitors \ o o o KL /?:o
has been very successfubut effective ground state isosteric and ~CH;HN 4(_3:0 HN AQCFSHN
isoelectronic analogues of the amide bond have yet to be devel- NH © NH o=8_< NH 0=8_<
oped? Rigid (E)-alkenes provide a suitable fit for the(&)—Ci-1(a) A3 S’E/\,an o= N,\i’& NH N, ='N,\§’S N\ N,
distance (3.8 A) in the peptide linkagend we have developed "™ “WN__ =0 "N THN o HNURN_ O

0 HN
stereospecific syntheses of trisubstituteégélkene dipeptide iso- }QW >'<:| 028->— >-2;F . 3->_
O =3 O NH Y
z’ b Ph

steres (TEADIs) that are conformationally preorganized into o 1/
pB-turns? Furthermore, we have postulated that agG&bstituted “‘\f “—Ph N 0"‘——pn

(E)-alkene f = 2.3 D) allows for an improved mimicry of the [CH.LES, 1a Gramicidin $ [GF:1,GS, 1b
electrostatic potential surface of the parent amide bond as well asrjgyre 1. Gramicidin S and twoH)-alkene isostere analogues.
its large dipole momentu( = 3.6 D)> We now describe the _ o

synthesis and conformational evaluationoytld(-Val-Orn-Leu- Scheme 1. Synthesis of TEADI Building Blocks 6a and 6b?

Y[(E)-C(Ry=CH]—PPhe-Pre-),], with R=CF; and CH, which R

represent the first alkene peptide analogues of the cyclodecapeptide X 2. Boo p %

antibiotic Gramicidin S (GS). The location of the amide bond OTBDPS 7= BN R/ OR' — B°°‘” AN “oH
Ph Ph R Ph

replacements at a critical hydrogen bond acceptor position in the

B-hairpin motif was selected in order to probe the effects of polar ~ 2aR=CH, p[_ 32R=CH, 3bR=SnBu; R' = TBOPS 6aR =CH,
. . L . 2b R =SnBu, 4aR=CH, 4b R =CF; R'=Ac 6b R =CF,
versus steric peptide bond mimicry (Figure 1). ¢, 5aR=CH, 5bR=CF, R'=H

GS is a broadly utilized scaffold for the study of the effects of a(a) 32 CpZrHCI, MesZn, N-Boc-isovaleraldimine, 70%3b: (i)
turn inducers and peptide mimetiesThe rigid, amphipathic  cp,zrHCI, 1, 80%; (i) 'BuLi, N-Boc-isovaleraldimine, 70%. (bja: (i)
antiparallels-pleated sheet is held in place by two typediturns TBAF, 70%; (i) Ac:O, TEA, DMAP, 92%;4b: (i) NIS, 80%; (ii) TBAF,

(at bothPPhe-Pro positions) and four intramolecular hydrogen bonds ﬁ“z’(?)B(""\)AAéz'_?vSTE&(f'\SAQPr 99‘??(59’2,)';3@850%'\4? Cul, gﬁ% (©
i i idi H ihinti 2 , V€ 108, 070D, quant. 1)oa Dess-Martin periodinane;

between the valine and leucine residudss displays antibiotic g "r2yp6 richioroisocyanuric acid: (i) NaCIONakHPQs, 2-methyl

activity against a wide spectrum of both Gram-negative and Gram- ,_p ;tene.

positive bacteria, as well as against several pathogenic fungi.

The preparation of TEADISa and6b was facilitated by a new  anajogue®a and9b (Scheme 2). Variable temperature NMR was
transition metal based methodology for synthesis of allylic amides seq to probe the degree of intramolecular hydrogen bonding in
(Scheme 15.Hydrozirconatiof® of 2a'! with Cp,ZrHCI followed 9a, 9b, and OrMé-NHChz-protected GSqbz,GS). The amide NH
by transmetalation to M&n and addition oN-Boc-isovaleraldimine  protons in leucine and valine residues of all derivatives had
afforded the allylic amid8a as a 1:1.5 mixture of diastereomers  temperature coefficients betweer and 0 ppb/K, which supported
(desired favored), which were separated after desilylation and jntramolecular hydrogen bonding at these sifesvioreover,
acetylation? Deprotection of4a and oxidation provided the  NOESY studies showed interstrand NH(Leu)-NH(Val) and NH-
methylated TEADI6a. The trifluoromethylatedsb was prepared (| ey)-Ho(Orn) nOe in all three compounds.
using an indirect route. Hydrozirconatisiodination of stannyl As expected, CD spectra dda and 9b were more highly
alkyne 2b'! afforded the vinyl iodide which was subjected 10 perturbed over the natural product (Figure 2). The presence of a
lithium—halogen exchange and addition to imine to pro\dtieas negative band at205-225 nm for9b and Cbz,GS is consistent
a 1:1.5 mixture of diastereomers (desired favored). lododestannyl-yyith a combination of type 113-turn andg-sheet conformatior’$.
ation of3b, separation of the diastereomers, and Cu-mediated CF | contrast, the CD spectra 8 have a negative band centered at

coupling*followed by deacetylation and two-step oxidatibgave 204 nm followed by a positive band at 220 nm, consistent with a
the Ch-substituted TEADI6b. disordered peptide conformatidhOverall, spectroscopic analysis
The fragment assembly of TEADBand H-Pro-Val-Ormn(Cbz)- ot the solution conformation ofa and 9b confirmed that the

OMe (10) was accomplished using EDC as a coupling reagent o gjectronic properties of the trifluoromethyl group promoted a
provide the pe_ntapeptndé’sStepwse coupl_lr_lg proceeded smoothly  preference for the native pseudo typé BHurns and backbone
to afford the linear decapeptid@s Saponification of8 followed B-sheet and resulted in superior mimicry of the conformational
by N-Boc removal and macrolactamization afforded the desired GS properties of the parent cyclopeptide.
§ University of Pittsburgh. In the selid steteeb indeed adopts the pleated antiparghledheet
#University of Wisconsin Medical School. conformation with two hydrogen bonds (1.96 and 2.00 A, respec-

5742 = J. AM. CHEM. SOC. 2005, 127, 5742—5743 10.1021/ja051002s CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Scheme 2. Synthesis of GS Analogues 9a and 9b? peptide backbone, including the remaining two intramolecular
hydrogen bonds, is only minimally perturbed by this movement of
the plane of the trisubstituted alkene. The ornithine side chains
o extend in an orthogonal fashion away from the perimeter of the
4 p-sheet, a feature that is essential for antibiotic acti®ftyndeed,

the Ornéd-amino deprotecteda and 1b demonstrated functional

mimicry of the natural product with MICs of 515 ug/mL,

equivalent to GS, againg&acillus subtilis!®

In conclusion, a concise synthetic strategy was used for the first

BocHN
6aR=CH, a

R
6b R =CF, - oo o H N
o ? o

7aR=CH,

NHCbz 7b R=CF,

CbzHN
BocHN i { preparation of GS analogues with trisubstitutEji &lkene peptide
9 Y bond repl Soluti d solid fi ional lysi
. ) R placements. Solution and solid state conformational analysis
OMe o demonstrated that the bistrifluoromethylated analo§bevas a
o N superior mimic of the natural product, whereas the incorporation
N j(\] \r(\” of methyl groups into the alkene peptide isostBeeled to a far
°© Oé greater perturbation of the secondary structure features of GS. The
NHCbz g, R =CH, NHCbZ g, R=cH, difference between GFand CH-substitution can be explained by
8bR=CF, 9b R =CF,

the enhanced electrostatic carbonyl group mimicry of the former
a(a) H-Pro-Val-Orn(Cbz)-OMel(0), EDC, HOBt, DMAP;7a, 94% from function.
5a 7b, 77% from5b; (b) 1.0 N NaOH; (c) 4.0 N HCI in dioxane; (d)
EDC, HOBt, DMAP; 8a, 97% from7&; 8b, 85% from7b; (e) (i) 1.0 N
NaOH; (ii) 4.0 N HCI in dioxane; (iii) EDC, HOBt, DMAP9a, 42%;9b,

42% (after reverse phase semi-prep HPLC purification).
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Table 1. Tabular Display of Amide Proton Temperature Shift
Coefficients (AS/AT) of 9a, 9b, and Cbz,GS in DMSO-ds [ppb/K]

Cbz,GS 9a 9b

—6.7 —4.6
—3.8 —-2.9
—8.6 N/A2
—2.2 —0.01
—11.8 N/A N/A

Orn-NH
Leu-NH
Orn-0-NH
Val-NH
DPhe-NH

Supporting Information Available: Crystal information files (CIF)
for compound$aand9b. Experimental procedure¥$y and*C spectra
for selected compounds. This material is available free of charge via
the Internet at http://pubs.acs.org.
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