OC ot

Conformational Analysis of SomeC,-Symmetric termini, enhance passive membrane permeability and provide

Cyclic Peptides Containing Tetrahydrofuran structures for assessing structueetivity relationships in
Amino Acids’ Ilgand—re_ceptor mtera_mcUon%_.It was envisaged th_at insertion

of furanoid sugar amino acids, known as turn inducers, into

) _ cyclic peptides would lead to structures stabilized by intramo-

Tushar Kanti Chakraborty,* Saumya Roy, Dipankar Koley, |ecular hydrogen bonds rather than the intermolecular hydrogen
Samit Kumar Dutta, and Ajit Chand Kunwar* bonds between the stacked rings seen in tubular structlites.

Indian Institute of Chemical Technology, idea was to construct cyclic peptides that have polar interior

Hyderabad - 500 007, India

(4) For some recent works on cyclic heterooligomers of sugar amino
acids and other amino acids, see: (a) Katajisto, Janberg, H.Eur. J.

chakraborty@iict.res.in Org. Chem2005 3518-3525. (b) Johan, F.; Billing, J. F.; Nilsson, U. J.
Tetrahedron Lett2005 46, 991-993. (c¢) Billing, J. F.; Nilsson, U. J.
Receied March 4, 2006 Tetrahedron2005 61, 863—-874. (d) Bornaghi, L. F.; Wilkinson, B. L.;

Kiefel, M. J.; Poulsen, S.-ATetrahedron Lett2004 45, 9281-9284. (e)
Grotenbreg, G. M.; Christina, A. E.; Buizert, A. E. M.; van der Marel, G.
A.; Overkleeft, H. S.; Overhand, M. Org. Chem2004 69, 8331-8339.
(f) Grotenbreg, G. M.; Kronemeijer, M.; Timmer, M. S. M.; Oualid, F. E.;
van Well, R. M.; Verdoes, M.; Spalburg, E.; van Hooft, P. A. V.; de Neeling,
A. J.; Noort, D.; van Boom, J. H.; van der Marel, G. A.; Overkleeft, H. S.;
Overhand, M.J. Org. Chem2004 69, 7851-7859. (g) Grotenbreg, G.
M.; Timmer, M. S. M.; Llamas-Saiz, A. L.; Verdoes, M.; van der Marel,
G. A,; van Raaij, M. J.; Overkleeft, H. S.; Overhand, M. Am. Chem.
So0c.2004 126, 3444-3446. (h) IJsselstijn, M.; Aguilera, B.; van der Marel,
G. A.; van Boom, J. H.; van Delft, F. L.; Schoemaker, H. E.; Overkleeft,
Cyclic oligomers of tetrahydrofuran amino acidsyclo Tégé' Rutjes, F. P. J. T.; Overhand, Wetrahedron Lett2004 45, 4379~

. . (i) Raunkjeer, M.; Oualid, F. E.; van der Marel, G. A.; Overkleeft, H.
(Taal-Leu-Val) (left), cyclo(Taa2-Leu-Val) (middle), and s Overhand, MOrg. Lett.2004 6, 3167-3170. (j) Mayes, B. A.; Cowley,
cyclo.(Taaz-Phe-Leu) (right), displayed well-defined in- A. R.; Ansell, C. W. G.; Fleet, G. W. Jetrahedron Lett2004 45, 163—

_ ; ; 166. (k) van Well, R. M.; Marinelli, L.; Altona, C.; Erkelens, K.; Siegal,
tramolecularly hydmgen bonded structures with distorted G.; van Raaij, M.; Llamas-Saiz, A. L.; Kessler, H.; Novellino, E.; Lavecchia,

“Bf—p corner” motifs similar to the tennis ball seam. A.; van Boom, J. H.; Overhand, M. Am. Chem. So@003 125, 10822~
10829. (I) van Well, R. M.; Marinelli, L.; Erkelens, K.; van der Marel, G.
A.; Lavecchia, A.; Overkleeft, H. S.; van Boom, J. H.; Kessler, H,;

Since they were first reported, as useful peptide building SUERET VEST: IO SISERES 228 2315 (0 B0 Ve & St

blocks, the pyranoidand furanoié sugar amino acids have been p G.: van Boom, J. H.; Overhand, Bioorg. Med. Chem. Let2003 13,
used extensively by many research groups worldwide as 331-334. (n) Stekle, M.; Voll, G.; Ginther, R.; Lohof, E.; Locardi, E.;

conformationally constrained scaffolds in peptidomimetic stud- \C,;VVL_Jf_‘ﬁﬁﬁidlf‘\els_s'\%”"%rg-L'a‘égé?oé_4éél5(?e1_§5_0éé égl)e?fgfgéi-_ A.
ies. They form an important class of synthetic monomers, ¢ 1.2002 8, 4365-4376. (p) Gruner, S. A. W.. K& G. Schwab, R.;

leading to many de novo oligomeric libraries, and versatile venetainer, A.; Kessler, HOrg. Lett. 2001, 3, 3723-3725. (q) van Well,
multifunctional templates, to create many designer molecules. R. M.; Overkleeft, H. S.; Overhand, M.; Carstenen, E. V.; van der Marel,

; ; ; ; G. A.; van Boom, J. HTetrahedron Lett200Q 41, 9331-9335. (r) Lohof,
As part of our ongoing project on sugar amino acids, we were E.; Planker, E.; Mang, C.; Burkhart, F.; Dechantsreiter, M. A.; Haubner,

interested in synthesizing cyclic peptides containing furanoid R : wester, H.-J.; Schwaiger, M.; i@mann, G.; Goodman, S. L.; Kessler,
sugar amino acids and natukalamino acids'. Cyclization of H. Angew. Chem., Int. E®00Q 39, 2761-2764.

linear peptides is a widely used method to restrict their (5) For some references on cyclic peptide-based tubular structures and
f . ld f freed dind desirabl ion channels, see: (a) Brea, R. J.; AtmpmM.; Castedo, L.; Granja, J. R.
conformational degrees of freedom and induce desirable Struc'Angew. Chem., Int. EQ005 44, 5710-5713. (b) Rosenthal-Aizman, K.;

tural biases essential for their biological activities, such as Svensson, G.; Andets Am. Chem. So2004 126 3372-3373. (c) Horne,

tubular structures for transporting ions or molecules across \é\g?%-?(g;opl\ﬁv C. Dl\-/i GgadtiriaM-LR]GAm; Cgeg- Aso‘zg?ﬁ 1255 92555
: . . . monn, M.; Castedo, L.; Granja, J. H. Am. em. S0
membrane8.Furthermore, cyclic peptides, devoid of charged 125, 28442845, (e) Sachez-Quesada, J.- Isler, M. P.: Ghadiri, M.JR.

Am. Chem. So2002 124, 10004-10005. (f) Semetey, V.; Didierjean, C.;

TIICT Communication No. 060304. Briand, J.-P.; Aubry, A.; Guichard, GAngew. Chem., Int. EQ002 41,

(1) Graf von Roedern, E.; Kessler, Ahgew. Chem., Int. Ed. Endl994 1895-1898. (g) Gauthier, D.; Baillargeon, P.; Drouin, M.; Dory, Y. L.
33, 687-689. Angew. Chem., Int. E@001, 40, 4635-4638. (h) Ishida, H.; Qi, Z.; Sokabe,

(2) Chakraborty, T. K.; Jayaprakash, S.; Diwan, P. V.; Nagaraj, R.; M.; Donowaki, K.; Inoue, YJ. Org. Chem2001, 66, 2978-2989. (i) Bong,
Jampani, S. R. B.; Kunwar, A. Q. Am. Chem. Sod.998 120, 12962~ D. T,; Clark, T. D.; Granja, J. R.; Ghadiri, M. RAngew. Chem., Int. Ed.
12963. 2001, 40, 988-1011. (j) Gademann, K.; Seebach,Helv. Chim. Acta2001,

(3) For reviews on sugar amino acids, see: (a) Chakraborty, T. K.; 84, 2924-2937 and references therein. (k) Ranganathan, D.; Lakshmi, C.;
Srinivasu, P.; Tapadar, S.; Mohan, B. &lycoconjugate J2005 22, 83— Karle, 1. J. Am. Chem. Socl1999 121, 6103-6107. (I) Kim, H. S;

93. (b) Chakraborty, T. K.; Srinivasu, P.; Tapadar, S.; Mohan, BJK. Hartgaerink, J. D.; Ghadiri, M. Rl. Am. Chem. Sod.998 120, 4417
Chem. Sci2004 116, 187—207. (c) Gruner, S. A. W.; Locardi, E.; Lohof, 4424. (m) Hartgerink, J. D.; Clark, T. D.; Ghadiri, M. Rhem-—Eur. J.

E.; Kessler, HChem. Re. 2002 102 491-514. (d) Chakraborty, T. K,; 1998 4, 13671372. (n) Eisenberg, BAcc. Chem. Redl998 31, 117—
Ghosh, S.; Jayaprakash, Surr. Med. Chem.2002 9, 421-435. (e) 123. (0) Voyer, N.Top. Curr. Chem1996 184, 1-37. (p) Gokel, G. W.;
Chakraborty, T. K.; Jayaprakash, S.; Ghosh, Gimb. Chem. High Murillo, O. Acc. Chem. Re4996 29, 425-432. (g) Ghadiri, M. R.; Granja,
Throughput Screening002 5, 373-387. (f) Schweizer, FAngew. Chem., J. R.; Buehler, L. KNature 1994 369, 301—-304.

Int. Ed. 2002 41, 230-253. (g) Peri, F.; Cipolla, L.; Forni, E.; La Ferla, (6) Rezai, T.; Yu, B.; Millhauser, G. L.; Jacobson, M. P.; Lokey, R. S.
B.; Nicotra, F.Chemtracts: Org. Chen2001, 14, 481—-499. J. Am. Chem. So2006 128 2510-2511.

10.1021/jo060470x CCC: $33.50 © 2006 American Chemical Society
6240 J. Org. Chem2006 71, 6240-6243 Published on Web 07/07/2006



JOCNote

TABLE 2. H NMR Chemical Shifts (8, ppm) and Coupling
Constants (, Hz) of 22

TABLE 1. H NMR Chemical Shifts (4, ppm) and Coupling
Constants @, Hz) of 12

residue/ residue/
protons Taal Leu Val protons Taa2 Leu Val
NH 7.85 (dd) 8.97 (d) 8.09 (d) NH 6.90 (dd) 7.93 (d) 7.18 (br)
J=3.2,9.7) J=10.4) J=19.6) J=3.9,8.6) 3=7.9)
CaH 4.17 (dd) 4.66 (ddd) 4.25 (dd) CaH 4.39 (m) 4.26 (ddd) 3.63 (dd)
J=23,8.7) (J=16.595,104) (J=9.6,11.2) J=6.2,79,94) (=7.2,8.0
CpH 2.18 (m) 1.76 (dddpro-S  2.19 (m) CpH 2.40 (m),pro-R 1.88 (ddd)pro-S 2.35(m)
(J=6.4,9.5,13.5) (J=5.5,9.4,13.3)
CAH  2.15(m) 1.71 (dddpro-R - CA'H 2.00 (m),pro-S 1.69 (ddd) pro-R
(J=16.5,7.0,13.5) (J=6.2,7.2,13.3)
CyH 1.99 (m),pro-R 1.60 (m) 1.00 (d) CyH 2.00 (m),pro-S 1.67 (m) 1.00 (d)pro-S
J=6.7) J=6.7)
Cy'H  1.35(m),pro-S 1.00 (d) Cy'H 1.44 (m),pro-R 0.96 (d),pro-R
Jd=6.7) Jd=7.0)
CoH 3.95 (dddd) 0.97 (d),pro-S CoH 3.94 (m) 0.93 (d)pro-R,
(J=3.8,5.4,9.6,10.6) (J=6.7) J=6.3)
Co'H 0.93 (d),pro-R Co'H 0.91 (d),pro-S
J=6.7) J=#6.5)
CeH 3.65 (ddd) pro-S CeH 3.86 (ddd) pro-S
(J=9.7,10.6, 14.0) J=23,8.6,13.9)
Ce'H 3.10 (ddd) pro-R Ce'H 2.71 (ddd)pro-R

(3=3.9,9.5,13.9)
2500 MHz, CDC}, 303 K.

(3=3.2,3.8,14.0)
2500 MHz, CDC}, 289 K.

and hydrophobic groups around the periphery mimicking the TABLE 3. *H NMR Chemical Shifts (9, ppm) and Coupling
natural ionophore$.Herein, we describe the synthesis and Constants @, Hz) of 3

conformational studies of three cyclic peptides3 containing residue/
“2,5-cis’ (2S5R)-tetrahydrofuran amino adidTaal, inl) and protons Taaz Phe Leu
“2,5-trans’ (2S59)-tetrahydrofuran amino adldTaa2, in2 and NH 7.21 (dd) 8.57 (d) 6.81 (d)
3). (3=4.4,85) (3=6.8) @=72)
CaH  4.30 (dd) 4.26 (ddd) 3.46 (ddd)
(3=17.9,8.0) (3=6.3,6.8,10.0) (J=4.1,7.2,10.7)
o CAH  2.38 (m),pro-S 3.55 (dd),pro-S 1.90 (ddd) pro-S
o) N (3=10.0,13.7) (J=4.4,10.7,14.6)
N Y CA'H  1.73 (m),pro-R 3.26 (dd),pro-R 1.82 (ddd)pro-R
H O_A_ H (3=6.3,137)  (J=4.1,10.0,14.6)
o] 0 CyH  1.98 (m),pro-S 0.88 (m)
o Cy'H  1.33(m)pro-R
NH ~ HN COH  4.07 (dddd) 0.76 (d),pro-S
r N © (3=22,47,88,11.2) (@3=6.7)
o H Co'H 0.67 (d),pro-R
(3=6.7)
1 Ph CeH 3.91 (ddd)pro-S
H O H O (3=2.2,85,14.0)
? N Q NI CeH  2.49 (ddd)pro-R
N N HE (3=4.4,8.8,14.0)
o O~ Hyg oH ¢ YH G others phenyl protons,
/ / o 7.28 (m)

2500 MHz, CDC§, 303 K.

yields1! The final products were purified by standard silica gel
column chromatography and fully characterized by spectroscopic
methods before using them in the conformational studies.
Conformational studies of these cyclic peptides were carried
out first by studying their circular dichroism (CD) spectra in
various solvents, C¥CN, MeOH, EtOH, and trifluoroethanol
(TFE). The CD spectra of all of them, shown in the Supporting
Information, indicated the presence of prominent secondary

Compoundsl—3 were synthesized by cyclodimerization of
the corresponding H-(Taa-Aal-Aa2)-OH using pentafluorophe-
nyl diphenylphosphinate (FDPP)in CH3CN under dilute
conditions to give the desired cyclic products in—-5®0%

(7) Karle, 1. L.; Perozzo, M. A.; Mishra, V. K.; Balaram, Proc. Natl.
Acad. Sci.1998 95, 5501-5504.

(8) (a) Ball, P.Nanotechnology002 13, R15-R28. (b) Lehn, J.-M.
Supramolecular Chemistry/CH: Weinheim, 1995 and references therein. (11) Other coupling agents such as, for example, the BOP reagent gave

(9) (a) Chakraborty, T. K.; Reddy, V. R.; Sudhakar, G.; Kumar, S. U.; lower yields, somewhere between 40 and 45%, and also made the workup
Reddy, T. J.; Kumar, S. K.; Kunwar, A. C.; Mathur, A.; Sharma, R.; Gupta, difficult as the reaction was done in DMF. The best yields were obtained
N.; Prasad, STetrahedron2004 60, 8329-8339. (b) Chakraborty, T. K.; using FDPP where the reactions were carried out in@\Hgiving clean
Ghosh, S.; Jayaprakash, S.; Sharma, J. A. R. P.; Ravikanth, V.; Diwan, P.cyclic dimers. For a comparison of various reagents for such one-step
V.; Nagaraj, R.; Kunwar, A. CJ. Org. Chem200Q 65, 6441-6457. cyclooligomerization reactions, see: Bertram, M.; Hannam, J. S.; Jolliffe,

(10) Leonard, M. S.; Joullie, M. MEncyclopedia of Reagents for Organic K. A.; GonZdez-Lopez de Turiso, F.; Pattenden, Synlett1999 1723~
SynthesisJohn Wiley & Sons Ltd.: New York, 2002. 1726.
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FIGURE 1. Lowest-energy structure df(left) and its backbone highlighted with a pseudo-Connolly surface using Insight Il (right), obtained from
MD calculations.

FIGURE 2. Lowest-energy structure @& (left) and its backbone highlighted with a pseudo-Connolly surface using Insight Il (right), obtained from
MD calculations.

FIGURE 3. Lowest-energy structure &f(left) and its backbone highlighted with a pseudo-Connolly surface using Insight Il (right), obtained from
MD calculations.

structures in the different solvent systems used. The CD spectraspectroscopy (ROESY)experiments provided the information

of 1in all the solvents showed bands characteristic of a typical on the proximity of protons, the details of which are provided

helical structur& with almost two times more ellipticity in TFE.  in the Supporting Information. The volume integrals of the cross-

Compound 2 showed bands typical of-sheet structures, peaks in the ROESY spectra along with the use of two-spin

especially in TFE with a positive peak at 200 nm and a negative approximation provided the restraints in the simulated molecular

peak at 217 nm? The CD spectra o8 indicated the presence  dynamics (MD) calculation¥

of some kind off-turn structures, especially in TFE, with the For compoundl, all the amide protons appeared at low

shifting of maxima and a change in patterns in other solvents. field (chemical shifts §NH) > 7.85 ppm), whereas solvent
NMR studies of1—3 were carried out in about-46 mM titration studies, by adding up to 33% v/v of DMS#y-showed

solutions in CDG. The spectra were well resolved, and most a very small change idNH of Taal and Leu residueA§NH

of the spectral parameters could be obtained easily and are< 0.42 ppm), thereby confirming their involvement in H

reported in Tables 13. The presence of only one set of bonding.3Jyn—cen = 9.6 Hz (Val) and 10.4 Hz (Leu) strongly

resonance peaks from Taa, Aal, and Aa2 residues was due tasupport an anti-periplanar arrangement of NH awndHGor Vall

the 2-fold molecular symmetry in these molecules. Although and Leu, corresponding to a value of~ —100°, which falls

the assignments were carried out with the help of total in the -region of the Ramachandran plot. Similarly, the

correlation spectroscopy (TOCS¥nuclear Overhauser effect  3Jyn-carpro-g = 9.7 and®Inn—carpro-r) = 3.2 Hz for Taal

spectroscopy (NOESY)/rotating frame nuclear Overhauser effectcorrespond to & ~ 100°.

Four -turnlike features were deduced from the nOe data.

(12) (a) Woody, R. W. IriThe Peptides: Analysis, Synthesis, Biology  Strong LeuNH/VaINH and medium intensity Lea#/TaaINH

Udenfriend, S. J., Meienhofer, J., Hruby, V. J., Eds.; Academic Press: New P ; f

York, 1985: Vol. 7, pp 15-114. (b) Woody, R. W. IrPeptides, polypeptides nOe cross correlations along with the involvement of TaalNH

and proteins Blout, E. R., Bovey, F. A., Goodman, M., Lotan, N., Eds.;

Wiley: New York, 1974; pp 338350. (14) Hwang, T. L.; Shaka, A. J. Am. Chem. S0d.992 114, 3157
(13) (a) Cavanagh, J.; Fairbrother, W. J.; Palmer, A. G., Ill; Skelton, N. 3159.

J. Protein NMR SpectroscopyAcademic Press: San Diego, 1996. (b) (15) Kessler, H.; Griesinger, C.; Lautz, J.;'N&un, A.; F. van Gunsteren,

Withrich, K. NMR of Proteins and Nucleic Acipg/iley: New York, 1986. W.; Berendsen, H. J. G. Am. Chem. S0d.988 110, 3393-3396.
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in H bonding support g-turn around Leu-Val residues. distorted—/p corner structures. Such oligomeric assemblies,
Similarly, a turn, involving a pseudo 10-membered H-bonded with intramolecularly hydrogen-bonded structures, can play
ring, involving LeuNH, around the Taal residue was deduced significant roles in recognizing and binding to suitable ligands
from the nOe’s, LeuNH/Taal€El(pro-S), and Taal@H/ mimicking biological systems. These efforts should permit the
LeuCaH. MD calculations were carried out using constraints design of compounds that will successfully mimic the structures
derived from the ROESY data (Supporting Information). The and functions of biological receptors.

structures that emerged (Figure 1) are very rigid and show the

four turns along with the presence of H bonds between LeUNH gyperimental Section

and ValCO and TaalNH and Ta&0O (10-membered H bonds).

The structures can be viewed as a distofieq corner motif Th_e peptide_s were synthesi_zed following stano!ard solutio_n-phase
with the corners deviating significantly from the standaré, 0  peptide coupling metho#susing 1-ethyl-3-(3-(dimethylamino)-
resembling a tennis ball seam. propyl)carbodiimide hydrochloride (EDCI) and 1-hydroxybenzot-

riazole (HOBt) as coupling agents and dry DMF and/or,CH as

o : ; solvents. In the racemization free fragment condensation strategy
participation of amide protons of Taa2 and the next residue (Leu that was followed, the Boc-Taal-Ghvas first coupled with the

for 2 and Phe foB) has been deduced from their low-field shifts dipeptide H-Leu-Val-OMe as efficiently as with any normal amino

as well as the solvent titration studies. Tgn-cor Values are  4¢id using the reagents mentioned above to give the tripeptide Boc-
not as distinctive as those ih with values~8 Hz in 2 and Taal-Leu-Val-OMe. Saponification of the tripeptide using LiOH
even smaller values i8. Yet, we presume the 24-membered in THF—MeOH-H,0O was followed by Boc deprotection using
macrocycle with four H bonds is quite rigid and thus the TFA—CH,Cl, to give the fully deported TFAd-Taal-Leu-Val-
backbone couplings arise from predominantly a single rigid OH, which was then subjected to cyclodimerization. It was
conformation. This is born out from the MD studies, which show dissolved in CHCN (1072 M) and treated with FDPP (1.5 equiv)
for 2 (Figure 2) and3 (Figure 3) essentially one family of &t 0°C, followed by the slow addition dfl,N-diisopropylethylamine

structures with the dihedral angfediffering considerably from ~ (PIPEA, 5 equiv). After aqueous workup, chromatographic puri-
12¢° giving a distorted3—A corner structure. fication furnished the produdtin 55% yield. Compound® and3

One special feature of these molecules is very restricted were similarly prepared from Boc-Taa2-GH.
p Y Spectral Data of Peptide 1IR (KBr): vmax 3353, 3257, 3091,

rotations of the side chains. For Val ) *Joar-cpn = 112 5960 2929, 2874, 1645, 1520, 1088 GtH NMR (CDCls, 500
Hz, suggesting the presence of predominantly a single CON-MHz): see Table 133C NMR (CDCh, 75 MHz): ¢ 173.5, 173.5,

The structural features d? and 3 are very similar. The

former, with GxH in trans disposition with respect tof€. 173.4,81.5,79.1, 59.6, 53.2, 44.9, 42.7, 31.3, 29.3, 28.2, 25.3, 22.6,
Additionally, the presence of the nOe correlation Val-NH/Val-  22.04, 19.5, 18.4. MS (ESI)m/z (%) 680 (100) [M+ H]*.

BH permits deducing thatl (N—Co—CS—Cy(pro-R)) ~ 180 Spectral Data of Peptide 2IR (KBF): vmax 3334, 2959, 2927,
Similarly for Leu, 3Jcan-cgrpro-g = 9.5 and®Jcar—cpHpro-R) 1638, 1537, 1085 cri. 'H NMR (CDCl;, 500 MHz): see Table

= 6.5 Hz suggesting large populations of rotamers yitl{N— 2.13C NMR (CDCk, 50 MHz): ¢ 175.3, 173.4, 171.1, 79.6, 77.9,

Co—CpB—Cy) ~ 1807 (i), with significant populations of 61.0, 53.5, 43.7,40.2, 30.7, 29.4, 28.7, 24.9, 22.7, 21.9, 20.7, 19.0.
rotamers withyl ~ —60° (g~). Using the relatiorid from the MS (ESI): m/z (%) 680 (100) [M+ H]*, 702 (27) [M+ Na]".

literature, we found populations bndg~ isomers to be about Spectral Data of Peptide 3IR (KlBr): Vmax 3300, 3065, 2956,
64% and 33%, respectively. Far SJCuH—C/SH(pro—S) = 9.4 and 2927, 2865,11654, 1536, 1084 cinH NMR (CDCl;, 500 MHz):
BJCachﬁH(profR) = 6.2 Hz, showing thet and g~ isomer see Table 313C NMR (CDCk, 150 MHz): 6 177.4,172.1, 171.6,

; . 136.9, 129.2, 128.8, 126.9, 79.7, 77.9, 57.7, 53.9, 44.5, 36.3, 36.0,
populations of about 63% and 30%, respectively. For Val, on 31.4, 30.0, 24.1, 23.7, 20.7. MS (ESIwz (%) 776 (100) [M+

the other hand, a nondescript value of 6.0 stﬂale_cﬁH did H]*.
not permit us to make definitive conclusions on the rotamer

EOPWat'OnS about1. For 3, *JcaH-cprpro-g = 10.0 and Acknowledgment. The authors wish to thank CSIR, New
Jear-cprpro-r) = 6.3 Hz for the Phe residue, suggesting pejhj, for research fellowships (S.R., D.K., and S.K.D.) and
rotamer populations fot and g~ isomers of about 69% and  pST, New Delhi, for financial support (SR/S1/0C-21/2003).
30%, respectively, whereas for Letlcan—cpHpro-g = 10.7

and 3Jcon-cpH(pro-r) = 4.1 Hz implying the predominance of Supporting Information Available: General experimental

t isomers (77%). It was however interesting to note that for procedures, the detailed protocols for NMR and MD studhigls,

3 there are significant restrictions even abox, with NMR, *C NMR, NOESY/ROESY, TOCSY, and CD spectra of

3JcpHpro-g-cyrn = 4.4 andJcsr(pro-r)—cyn = 10.0 Hz, which 1-3. This material is available free of charge via the Internet at
corresponds to a predominance of a rotamer wifli@ trans http://pubs.acs.org.
disposition with respect to &H. JO060470X

In summary,cyclo-(Taal-Leu-Val) (1), cyclo(Taa2-Leu-
Val); (2), andcyclo-(Taa2-Phe-Leu)(3) displayed well-defined

(18) (a) Bodanszky, M.; Bodanszky, AThe Practices of Peptide
SynthesisSpringer-Verlag: New York, 1984. (b) Grant, G. 8ynthetic

(16) Efimov, A. V. FEBS Lett.1991, 284, 288—292. Peptides: A User's GuideW. H. Freeman: New York, 1992. (c)
(17) Demarco, A.; Llinas, M.; Wilrich, K. Biopolymersl978 17, 617— Bodanszky, M.Peptide Chemistry: A Practical TextbgolSpringer-
636. Verlag: Berlin, 1993.
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