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Computational methodology in detail
Conformational analysis was carried out for 6 and 8 through a systematic computational procedure. First, force field based molecular mechanics approaches1 (including AMBER,1a-b MM2,1c MM3,1d MMFF,1e and OPLS1f) were utilized in an extensive Monte Carlo conformational search,2 in which 10,000 structures were optimized with each force field. It should be noted that conformers that contain only a single 8-membered hydrogen-bonded ring (8-MHBR) for the dimer case, or a single 12-MHBR or two 8-MHBRs for the trimer case were not considered because they generally have higher energies. Conformers within 12 kcal/mol of the most stable one were accumulated and then classified into different categories based on their helical structure. None of the force fields predicted a 6-, 10-, or 14-helical conformer within 12 kcal/mol of the most stable structure.

The geometries of the most stable structures of each category found by various force fields were further refined by density functional theory (DFT) calculations.3 Gradient-corrected DFT and hybrid DFT4 are computationally efficient approaches for including the effects of electron correlation,5 which is important for these hydrogen-bonded systems. The BLYP4a-b functional with basis set6 6-31G** was chosen for preliminary structures, harmonic vibrational frequencies (all structures confirmed as minima), and zero-point energies (ZPE, included in all relative energies mentioned in the text and below).3a Next, the structures were reoptimized3b using B3LYP4b-e with 6-31G** and 6-311++G** (with extra valence and diffuse functions to help describe the hydrogen bonds more accurately). Note that since the 12-8/8 conformer of 8 was not found at the BLYP/6-31G** level, for that structure the ZPE listed is calculated with B3LYP/6-31G** at the B3LYP/6-31G** geometry, again relative to that of the 8/8/8 conformation at the same level.

At the best, B3LYP/6-311++G**, geometries, gauge-independent atomic orbital3a absolute magnetic shielding tensors were calculated, using BLYP, B3LYP, and B3P864c-f with a variety of basis sets; 1H NMR chemical shifts were determined relative to absolute 1H shieldings for TMS using the same functional and basis set in each case.7 The best agreement with experimental 1H shifts was for B3P86/6-31++G** (cf. Tables, below).

Comparison of experimental NOESY intensities and calculated distances is possible by several methods.8 We chose the commonly used approach of converting the experimental intensities to distances by assuming a r-6 decay of the intensity with internuclear distance r, which requires one reference H–H distance in order to convert to Å.9 Though there are some weaknesses to this approach,9 note that more complicated approaches do not necessarily give better agreement between experiment and calculation.8 

References

1 (a) S. Weiner, P. Kollman, D. A. Case, U. C. Singh, C. Ghio, G. Alagona, S. Profeta, P. Weiner; J. Am. Chem. Soc. 1984, 106, 765–784; (b) S. Weiner, P. Kollman, D. Nguyen, D. A. Case, J. Comp. Chem. 1986, 7, 230–252; (c) N. L. Allinger, J. Am. Chem. Soc. 1977, 99, 8127–8134; (d) N. L. Allinger, Y. H. Yuh, J. H. Lii, J. Am. Chem. Soc. 1989, 111, 8551–8566; (e) T. A. Halgren, J. Comp. Chem. 1996, 17, 490–519, 520–552, 553–586, 587–615, 616–641; (f) W. L. Jorgensen, J. Tirado-Rives, J. Am. Chem. Soc. 1988, 110, 1657–1666.

2 Macromodel 6.0: F. Mohamadi, N. G. J. Richards, W. C. Guida, R. Liskamp, M. Lipton, C. Caufield, G. Chang, T. Hendrickson, W. C. Still, J. Comput. Chem. 1990, 11, 440–467. Both vdW and electrostatic energy cutoffs were set to 50 Å. 

3 (a) M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, V. G. Zakrzewski, J. A. Montgomery, Jr., R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Millam, A. D. Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochterski, G. A. Petersson, P. Y. Ayala, Q. Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, C. Gonzalez, M. Challacombe, P. M. W. Gill, B. G. Johnson, W. Chen, M. W. Wong, J. L. Andres, M. Head-Gordon, E. S. Replogle and J. A. Pople, GAUSSIAN 98 (Revision A.6), Gaussian, Inc., Pittsburgh, PA, 1998; (b) R. J. Harrison, J. A. Nichols, T. P. Straatsma, M. Dupuis, E. J. Bylaska, G. I. Fann, T. L. Windus, E. Apra, W. de Jong, S. Hirata, M. T. Hackler, J. Anchell, D. Bernholdt, P. Borowski, T. Clark, D. Clerc, H. Dachsel, M. Deegan, K. Dyall, D. Elwood, H. Fruchtl, E. Glendening, M. Gutowski, K. Hirao, A. Hess, J. Jaffe, B. Johnson, J. Ju, R. Kendall, R. Kobayashi, R. Kutteh, Z. Lin, R. Littlefield, X. Long, B. Meng, T. Nakajima, J. Nieplocha, S. Niu, M. Rosing, G. Sandrone, M. Stave, H. Taylor, G. Thomas, J. van Lenthe, K. Wolinski, A. Wong, and Z. Zhang, NWChem 4.1, Pacific Northwest National Laboratory, Richland, WA, USA, 2002.
4 (a) A. D. Becke, Phys. Rev. A 1988, 38, 3098–3100; (b) C. Lee, W. Yang, R. G. Parr, Phys. Rev. B 1988, 37, 785–789; (c) A. D. Becke, J. Chem. Phys. 1993, 98, 5648–5652; (d) S. H. Vosko, L. Wilk, M. Nusair, Can. J. Phys. 1980, 58, 1200–1211; (e) P. J. Stephens, F. J. Devlin, C. F. Chabalowski, M. J. Frisch, J. Phys. Chem. 1994, 98, 11623–11627; (f) J. P. Perdew, Phys. Rev. B 1986, 33, 8822–8824; 34, 7406–7406.

5 (a) W. Kohn, A. D. Becke, R. G. Parr, J. Phys. Chem. 1996, 100, 12974–12980; (b) M. Head-Gordon, J. Phys. Chem. 1996, 100, 13213–13225.

6 D. Feller, E. R. Davidson in Reviews in Computational Chemistry, Vol. 1 (Eds.: K. B. Lipkowitz, D. B. Boyd), VCH Publishers, New York, 1990, 1–43.

7 J. R. Cheeseman, G. W. Trucks, T. A. Keith, M. J. Frisch, J. Chem. Phys. 1996, 104, 5497-5509.
8 K. A. Feenstra, C. Peter, R. M. Scheek, W. F. van Gunsteren, A. E. Mark, J. Biomol. NMR 2002, 23, 181-194.

9 D. Neuhaus; M. P. Williamson, The Nuclear Overhauser Effect in Structural and Conformational Analysis, 2nd. ed., Wiley, New York, 2000.

Tables

Table 1. Calculated relative stabilities (E)a, and experimentalb and calculatedc 1H NMR chemical shiftsd and proton–proton distancese for 6 and 7/8.

	
	E
	
	1H NMR Chemical shiftd
	
	Proton-proton distancee
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	H7 
	H14 
	H15 
	
	
	H14-H2 
	H15-H9 
	

	Expt
	
	
	5.30 
	8.98 
	8.39 
	
	
	2.25 
	2.43 
	

	8/8
	0 
	
	4.81 
	8.85 
	8.42 
	
	
	2.35 
	2.38 
	

	12-8
	3.8 
	
	5.04 
	7.34 
	6.18 
	
	
	2.58 
	3.54 
	

	12 
	4.4 
	
	4.83 
	5.18 
	6.95 
	
	
	3.51 
	3.62 
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7/8



	
	
	
	H7 
	H14 
	H21 
	H22 
	
	H14-H2
	H21-H9 
	H22-H16 

	Expt
	
	
	5.13 
	9.29 
	9.73 
	8.43 
	
	2.36 
	2.34 
	2.39 

	8/8/8
	0 
	
	4.83 
	9.11 
	9.83 
	8.47 
	
	2.36 
	2.39 
	2.37 

	12-8/8
	2.8f 
	
	5.10 
	7.35 
	7.23 
	8.47 
	
	2.65 
	3.45 
	2.45 

	12/8
	3.2 
	
	4.86 
	9.47 
	7.93 
	6.59 
	
	2.34 
	2.51 
	3.51 

	8/12-8
	3.7 
	
	4.89 
	5.58 
	7.04 
	6.87 
	
	3.81 
	3.57 
	3.62 

	8/12
	5.5 
	
	4.85 
	5.10 
	8.29 
	8.54 
	
	3.59 
	3.61 
	2.46 

	12/12
	5.9 
	
	4.97 
	9.10 
	4.90 
	7.07 
	
	2.52 
	3.34 
	3.69 


a. Using B3LYP/6-311++G** (geometries at the same level); including zero-point energies (ZPE) from BLYP/6-31G** geometries (except as noted); in kcal/mol; b. In CDCl3; c. B3P86/6-31++G**; d. In ppm, relative to TMS; e. In Å; f. Relative ZPE from B3LYP/6-31G**.  

Table 2. Calculated relative stabilitiesa for dimer 6 and trimer 8.

	
	AMBER
	MM2
	MM3
	MMFF
	OPLS
	BLYPb
	B3LYPb
	B3LYPc

	Dimer 6

	8/8
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	12-8
	3.3 
	3.4 
	1.7 
	3.2 
	6.1 
	4.0 
	4.2 
	3.8 

	12 
	12.0d  
	5.5e  
	9.3d  
	f
	f
	4.1e  
	5.1e  
	4.4e  

	Trimer 8

	8/8/8
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	12-8/8
	2.5 
	2.0 
	1.4 
	1.7 
	2.9 
	f
	2.5g  
	2.8g  

	8/12-8
	2.9 
	2.7 
	1.3 
	2.9 
	4.5 
	4.0 
	4.2 
	3.7 

	12/12
	2.9 
	3.6 
	3.3 
	5.4 
	5.5 
	5.0 
	6.3 
	5.9 

	12/8
	0.8 
	3.6 
	4.0 
	f
	6.3 
	1.5 
	2.5 
	3.2 

	8/12
	8.0 
	5.0 
	5.2 
	f
	8.0 
	4.6 
	5.6 
	5.5 


a. In kcal/mol; b. 6-31G**; c. 6-311++G**; d. This 12-helix resembles Figure 1 (d) and none of the 12-helices obtained in the conformational search was close to Figure 1 (c); e. This 12-helix resembles Figure 1 (c); f. None found; g Includes ZPE relative to the 8/8/8 structure calculated with B3LYP/6-31G**, since no BLYP/6-31G** structure could be found with this ring pattern.
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Table 3. Experimentala and calculatedb chemical shiftsc relative to TMS for dimer 6 (protons labeled as in diagram above).

	Proton
	
	Expt
	
	8/8-helix
	
	12-8-helix
	12-helix

	
	
	
	
	BLYPd
	B3LYPd
	B3P86d
	B3P86e
	B3P86f
	
	B3P86f
	B3P86f

	1 
	
	4.82 
	
	4.36 
	4.29 
	4.55 
	4.56 
	4.70 
	
	4.58 
	4.68 

	2 
	
	3.70 
	
	3.46 
	3.33 
	3.53 
	3.48 
	3.55 
	
	3.53 
	3.60 

	3 
	
	2.89 
	
	2.61 
	2.48 
	2.71 
	2.72 
	2.72 
	
	2.79 
	2.02 

	4 
	
	5.23 
	
	4.91 
	4.86 
	5.11 
	5.12 
	5.21 
	
	4.92 
	4.79 

	5 
	
	6.69 
	
	6.79 
	6.85 
	7.12 
	7.08 
	7.20 
	
	7.41 
	7.04 

	6 
	
	6.37 
	
	6.17 
	6.23 
	6.50 
	6.51 
	6.61 
	
	6.40 
	6.55 

	7 
	
	5.30 
	
	4.09 
	4.15 
	4.39 
	4.42 
	4.81 
	
	5.04 
	4.83 

	8 
	
	4.92 
	
	4.61 
	4.51 
	4.77 
	4.78 
	4.93 
	
	4.81 
	4.39 

	9 
	
	3.62 
	
	3.35 
	3.21 
	3.41 
	3.35 
	3.38 
	
	3.33 
	4.03 

	10 
	
	2.67 
	
	2.37 
	2.25 
	2.48 
	2.48 
	2.51 
	
	2.23 
	1.83 

	11 
	
	5.23 
	
	4.84 
	4.78 
	5.03 
	5.05 
	5.16 
	
	4.69 
	4.66 

	12 
	
	6.75 
	
	6.77 
	6.82 
	7.09 
	7.07 
	6.99 
	
	7.15 
	7.15 

	13 
	
	6.29 
	
	6.00 
	6.07 
	6.34 
	6.34 
	6.35 
	
	6.64 
	6.56 

	14 
	
	8.98 
	
	8.52 
	8.45 
	8.65 
	8.67 
	8.85 
	
	7.34 
	5.18 

	15 
	
	8.39 
	
	8.07 
	7.99 
	8.19 
	8.24 
	8.42 
	
	6.18 
	6.95 

	NMeg
	
	2.76 
	
	2.50 
	2.50 
	2.67 
	2.77 
	2.78 
	
	2.87 
	2.82 

	OMeg
	
	3.74 
	
	3.53 
	3.53 
	3.71 
	3.74 
	3.77 
	
	3.82 
	3.73 

	Δh
	
	
	
	0.33 
	0.38 
	0.24 
	0.22 
	0.16 
	
	0.47 
	0.64 


a. In CDCl3; b. At the B3LYP/6-311++G** geometry; c. In ppm; d. 6-31G**; e. 6-311G**; f. 6-31++G**; g. The average of 3 methyl protons was used for the calculated shifts; h. Average absolute difference from experiment.
Table 4. H–H distancesa for dimer 6.

	Protons
	NOEb
	rexptc
	
	rcalcd

	
	
	
	
	8/8
	8-12
	12

	H14-H2
	1159.3 
	2.25 
	
	2.35 
	2.58 
	3.51 

	H14-H3
	231.19 
	2.95 
	
	2.82 
	2.59 
	2.20 

	
	298.32 
	2.83 
	
	2.82 
	2.59 
	2.20 

	H14-H8
	573.15 
	2.53 
	
	2.40 
	3.55 
	2.96 

	
	867.24 
	2.37 
	
	2.40 
	3.55 
	2.96 

	H14-H9
	196.05 
	3.03 
	
	2.89 
	2.82 
	2.95 

	H14-H10
	157.92 
	3.14 
	
	3.06 
	2.10 
	2.32 

	H2-H1
	272.43 
	2.87 
	
	2.77 
	2.78 
	2.80 

	
	344.18 
	2.76 
	
	2.77 
	2.78 
	2.80 

	H2-H6
	179.00 
	3.08 
	
	3.10 
	3.09 
	3.05 

	H7-H1
	482.83 
	2.61 
	
	2.52 
	2.57 
	2.68 

	H7-H2
	297.69 
	2.83 
	
	2.94 
	2.95 
	2.96 

	
	270.28 
	2.87 
	
	2.94 
	2.95 
	2.96 

	H7-H3
	231.09 
	2.95 
	
	2.85 
	2.80 
	2.67 

	H8-H9e
	324.31 
	2.79 
	
	2.79 
	2.79 
	2.79 

	
	310.29 
	2.81 
	
	2.79 
	2.79 
	2.79 

	H9-H13
	211.96 
	2.99 
	
	3.07 
	2.95 
	3.06 

	
	139.26 
	3.21 
	
	3.07 
	2.95 
	3.06 

	H15-H9
	733.99 
	2.43 
	
	2.38 
	3.54 
	3.62 

	
	767.82 
	2.41 
	
	2.38 
	3.54 
	3.62 

	H15-H10
	165.09 
	3.12 
	
	2.78 
	2.22 
	2.18 

	Δf
	
	
	
	0.08
	0.40
	0.42

	Maxg
	
	
	
	0.34
	1.19
	1.25


a. In Å; b. In CDCl3; c. Experimental results from NOESY data (NOEij ~ 1/rij6); d. Calculated with B3LYP/6-311++G**; e. Reference H–H distance used to scale rexp; f. Average absolute difference relative to experiment; g. Maximum difference relative to experiment.
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Table 5. Experimentala chemical shifts for trimer 7 and calculatedb chemical shifts from various methods for the 8/8/8 conformation of trimer 8 (protons labeled as in diagram above).c
	Proton
	
	BLYP
	B3LYP
	B3P86
	B3P86
	B3P86
	
	Expt

	
	
	6-31G**
	6-31G**
	6-31G**
	6-311G**
	6-31++G**
	
	

	1 
	
	4.40 
	4.32 
	4.59 
	4.61 
	4.74 
	
	4.79 

	2 
	
	3.44 
	3.30 
	3.51 
	3.47 
	3.51 
	
	3.66 

	3 
	
	2.64 
	2.51 
	2.73 
	2.74 
	2.88 
	
	2.85 

	4 
	
	4.95 
	4.90 
	5.15 
	5.17 
	5.22 
	
	5.24 

	5 
	
	6.83 
	6.89 
	7.16 
	7.12 
	7.25 
	
	

	6 
	
	6.18 
	6.25 
	6.52 
	6.52 
	6.62 
	
	

	7 
	
	4.14 
	4.21 
	4.45 
	4.47 
	4.83 
	
	5.13 

	8 
	
	4.71 
	4.61 
	4.88 
	4.89 
	4.99 
	
	4.90 

	9 
	
	3.34 
	3.20 
	3.40 
	3.34 
	3.38 
	
	3.63 

	10 
	
	2.49 
	2.38 
	2.61 
	2.61 
	2.69 
	
	2.76 

	11 
	
	4.88 
	4.82 
	5.07 
	5.08 
	5.16 
	
	5.21 

	12 
	
	6.77 
	6.83 
	7.10 
	7.06 
	7.02 
	
	

	13 
	
	6.09 
	6.16 
	6.43 
	6.44 
	6.48 
	
	

	14 
	
	8.85 
	8.79 
	8.98 
	9.00 
	9.11 
	
	9.29 

	15 
	
	4.56 
	4.46 
	4.72 
	4.76 
	4.81 
	
	4.90 

	16 
	
	3.33 
	3.19 
	3.39 
	3.34 
	3.45 
	
	3.61 

	17 
	
	2.30 
	2.19 
	2.41 
	2.42 
	2.53 
	
	2.67 

	18 
	
	4.82 
	4.76 
	5.01 
	5.03 
	5.23 
	
	5.23 

	19 
	
	6.76 
	6.81 
	7.09 
	7.07 
	6.95 
	
	

	20 
	
	5.99 
	6.06 
	6.33 
	6.34 
	6.56 
	
	

	21 
	
	9.35 
	9.30 
	9.49 
	9.54 
	9.83 
	
	9.73 

	22 
	
	8.12 
	8.05 
	8.24 
	8.30 
	8.47 
	
	8.43 

	NMed
	
	2.50 
	2.49 
	2.67 
	2.78 
	2.77 
	
	2.76 

	OMed,e
	
	3.55 
	3.54 
	3.73 
	3.76 
	3.79 
	
	1.48 

	Δf
	
	0.35 
	0.43 
	0.20 
	0.19 
	0.10 
	
	


a. In CDCl3; b. At the B3LYP/6-311++G** geometry; c. In ppm, relative to TMS; d. The average of 3 methyl protons was used for the calculated shifts; e. This is for Boc H’s for experiment and for Me H’s for the calculated structures; f. Average absolute difference relative to experiment.

Table 6. Experimentala chemical shifts for trimer 7 and calculatedb chemical shifts for six different conformations of trimer 8 (protons labeled as in diagram above).c
	Proton
	
	Expt
	
	Calculated

	
	
	
	
	8/8/8
	12-8/8
	8/12-8
	12/12
	12/8
	8/12

	1 
	
	4.79 
	
	4.74 
	4.68 
	4.73 
	4.56 
	4.51 
	4.75 

	2 
	
	3.66 
	
	3.51 
	3.78 
	3.57 
	3.74 
	4.36 
	3.52 

	3 
	
	2.85 
	
	2.88 
	2.75 
	2.75 
	2.16 
	2.10 
	2.82 

	4 
	
	5.24 
	
	5.22 
	5.09 
	5.26 
	4.82 
	4.80 
	5.10 

	5 
	
	
	
	7.25 
	7.29 
	7.28 
	6.83 
	7.11 
	7.36 

	6 
	
	
	
	6.62 
	6.45 
	6.70 
	6.64 
	6.54 
	6.60 

	7 
	
	5.13 
	
	4.83 
	5.10 
	4.86 
	4.89 
	4.85 
	4.97 

	8 
	
	4.90 
	
	4.99 
	4.66 
	4.78 
	4.55 
	4.47 
	4.42 

	9 
	
	3.63 
	
	3.38 
	3.45 
	3.62 
	3.89 
	4.35 
	4.00 

	10 
	
	2.76 
	
	2.69 
	2.52 
	2.53 
	2.51 
	2.38 
	2.22 

	11 
	
	5.21 
	
	5.16 
	4.85 
	5.11 
	4.79 
	4.77 
	4.78 

	12 
	
	
	
	7.02 
	7.14 
	7.57 
	7.18 
	6.92 
	7.28 

	13 
	
	
	
	6.48 
	6.74 
	6.37 
	6.44 
	6.62 
	6.51 

	14 
	
	9.29 
	
	9.11 
	7.35 
	9.47 
	5.58 
	5.10 
	9.10 

	15 
	
	4.90 
	
	4.81 
	4.51 
	5.15 
	4.52 
	4.73 
	4.29 

	16 
	
	3.61 
	
	3.45 
	3.40 
	3.12 
	4.13 
	3.36 
	4.17 

	17 
	
	2.67 
	
	2.53 
	2.35 
	2.24 
	1.60 
	2.87 
	1.60 

	18 
	
	5.23 
	
	5.23 
	4.98 
	4.72 
	4.63 
	5.05 
	4.54 

	19 
	
	
	
	6.95 
	7.16 
	6.72 
	6.92 
	7.30 
	7.22 

	20 
	
	
	
	6.56 
	6.42 
	6.69 
	6.55 
	6.44 
	6.66 

	21 
	
	9.73 
	
	9.83 
	7.23 
	7.93 
	7.04 
	8.29 
	4.90 

	22 
	
	8.43 
	
	8.47 
	8.47 
	6.59 
	6.87 
	8.54 
	7.07 

	NMed
	
	2.76 
	
	2.77 
	2.67 
	2.84 
	2.82 
	2.58 
	2.86 

	OMed,e
	
	1.48 
	
	3.79 
	3.84 
	3.78 
	3.76 
	3.71 
	3.80 

	Δf
	
	
	
	0.10 
	0.43 
	0.39 
	0.80 
	0.66 
	0.69 


a. In CDCl3; b. All with B3P86/6-31++G** at the B3LYP/6-311++G** geometry; c. In ppm, relative to TMS; d. The average of 3 methyl protons was used for the calculated shifts; e. This is for Boc H’s for experiment and for Me H’s for the calculated structures; f. Average absolute difference relative to experiment.

Table 7. H-H distancesa for trimer 7/8.
	Protons
	NOEb
	rexptc
	rcalcd

	
	
	
	8/8/8
	12-8/8
	8/12-8
	12/12
	12/8
	8/12

	H22-H17
	99.242 
	2.86 
	2.77 
	2.73 
	2.23 
	2.19 
	2.74 
	2.18 

	H22-H16
	293.49 
	2.39 
	2.37 
	2.45 
	3.51 
	3.62 
	2.46 
	3.69 

	
	245.46 
	2.46 
	2.37 
	2.45 
	3.51 
	3.62 
	2.46 
	3.69 

	H21-H17
	72.794 
	3.01 
	3.04 
	3.01 
	2.13 
	2.43 
	2.99 
	2.31 

	H21-H10
	137.91 
	2.71 
	2.78 
	2.25 
	2.64 
	2.17 
	2.15 
	2.25 

	H21-H9
	328.24 
	2.34 
	2.39 
	3.45 
	2.51 
	3.57 
	3.61 
	3.34 

	
	376.91 
	2.29 
	2.39 
	3.45 
	2.51 
	3.57 
	3.61 
	3.34 

	H21-H15
	158.90 
	2.64 
	2.41 
	2.40 
	3.60 
	2.90 
	2.40 
	2.96 

	
	221.55 
	2.50 
	2.41 
	2.40 
	3.60 
	2.90 
	2.40 
	2.96 

	H22-NMee
	261.87 
	2.43 
	2.69 
	2.68 
	2.67 
	2.67 
	2.69 
	2.67 

	H14-H10
	139.37 
	2.70 
	3.10 
	2.10 
	2.99 
	2.48 
	2.39 
	2.53 

	H14-H9
	100.11 
	2.86 
	2.88 
	2.85 
	2.91 
	2.95 
	2.95 
	2.97 

	H14-H8
	254.78 
	2.44 
	2.37 
	3.52 
	2.44 
	2.78 
	2.95 
	2.83 

	H14-H3
	160.25 
	2.64 
	2.80 
	2.56 
	2.82 
	2.14 
	2.20 
	2.68 

	
	182.75 
	2.58 
	2.80 
	2.56 
	2.82 
	2.14 
	2.20 
	2.68 

	H14-H2
	314.36 
	2.36 
	2.36 
	2.65 
	2.34 
	3.81 
	3.59 
	2.52 

	
	346.34 
	2.32 
	2.36 
	2.65 
	2.34 
	3.81 
	3.59 
	2.52 

	H7-H3
	84.687 
	2.94 
	2.86 
	2.82 
	2.87 
	2.77 
	2.73 
	2.84 

	H7-H2
	84.316 
	2.94 
	2.93 
	2.94 
	2.93 
	2.94 
	2.95 
	2.94 

	H1-H2f
	119.12 
	2.77 
	2.77 
	2.77 
	2.77 
	2.80 
	2.79 
	2.77 

	
	176.34 
	2.60 
	2.77 
	2.77 
	2.77 
	2.80 
	2.79 
	2.77 

	Δg
	
	
	0.10 
	0.30 
	0.36 
	0.60 
	0.41 
	0.42 

	Maxh
	
	
	0.39 
	1.16 
	1.12 
	1.49 
	1.32 
	1.30 


a. In Å; b. In CDCl3; c. Experimental results from NOESY data (NOEij ~ 1/rij6); d. Calculated with B3LYP/6-311++G**; e. The average of 3 methyl protons was used for the calculated distances; f. Reference H–H distance used to scale rexp; g. Average absolute difference relative to experiment; h. Maximum difference relative to experiment.

Experimental procedures and spectral data

Methyl 3-exo-N-tert-butoxycarbonylamino-7-oxabicyclo[2.2.1]hept-5-ene-2-endo-carboxylate 2. To the solution of compound 1 (0.70 g, 2.6 mmol) in dry methanol there was added dry K2CO3 (0.5 g, 3.6 mmol). The resulting mixture was stirred at room temperature for overnight, and the solvent was removed. The residue was distributed between ether and water (10:1),  the water layer was further extracted with ether (3 x 5 mL), and the combined organic layers were washed with brine, dried over MgSO4, concentrated in vacuo, and purified by column chromatography (ether/hexane, 2:1) to give product 2 (326 mg, 47%) as a solid;  1H NMR  ( 6.47 (d, J = 4.4 Hz, 1 H), 6.38 (d, J = 4.4 Hz, 1 H), 5.13 (d, J = 4.4 Hz, 1 H), 4.86 (br, 1 H), 4.79 (s, 1 H), 4.06 (br, 1 H), 3.67 (s, 3 H), 2.72 (s, 1 H), 1.44 (s, 9 H); 13C NMR  ( 171.0, 155.5, 135.9, 135.5, 85.5, 80.1, 78.8, 54.6, 52.5, 52.3, 28.6; IR 3325, 3084, 1732, 1658, 1545 cm-1; HRMS Calcd for C13H19NO5Na [M+Na]+ 292.1161, found 292.1165.

3-exo-N-tert-Butoxycarbonylamino-7-oxabicyclo[2.2.1]hept-5-ene-2-exo-carboxylic acid 3. 1H NMR (CDCl3) ( 9.35 (br, 1 H), 6.65 and 5.65 (two d, J = 10.0 Hz, 1 H), 6.40 (m, 2 H), 5.20 and 5.14 (two s, 1 H), 4.76 and 4.73 (two s, 1 H), 4.19 and 4.10 (two dd, J = 8.5, 7.5 Hz, 1 H), 2.80 and 2.72 (two d, J = 7.5 Hz, 1 H), 1.42 and 1.41 (two s, 9 H); 1H NMR (CDCl3 and MeOD) ( 6.41 (br, 2 H), 5.09 (s, 1 H), 4.69 (s, 1 H), 4.13 (d, J = 7.6 Hz, 1 H), 2.75 (d, J = 7.5 Hz, 1 H), 1.39 (s, 9 H); 13C NMR (CDCl3) ( 176.1 and 174.6, 157.9 and 156.0, 138.7 and 137.8, 135.7 and 135.0, 84.1 and 83.0, 80.4 and 79.3, 80.3 and 79.1, 53.8 and 52.8, 48.0 and 47.2, 28.5 and 28.4; 13C NMR (CDCl3 and MeOD) ( 175, 157, 137.9, 135.4, 84.0, 80.4, 52.3, 47.0, 28.4; IR 3582, 3314, 1718, 1663, 1508, 1397, 1368 cm-1; HRMS Calcd for C12H17NO5Na [M+Na]+ 278.1004, found 278.1002.

Ester amine salt 5. N-Boc amino ester 2 (266 mg, 0.99 mmol) was dissolved in 4 mL of trifluoroacetic acid (TFA) and the resulting solution was stirred at room temperature until no starting material remained (ca. 30 min). TFA was evaporated and the oily residue was dissolved in 5 mL of dry methylene chloride. The solution was evaporated again and dried under vacuum to give the product (317 mg) as a TFA salt. The yield of the product was not calculated due to the presence of TFA, and the crude amine-TFA 5 was used for the next step; 1H NMR ( 8.29 (br, 3 H, proton on N and TFA), 6.42 (m, 2 H), 5.23 (s, 1 H), 5.12 (s, 1 H), 3.68 (s, 1 H), 3.65 (s, 3 H), 3.20 (s, 1 H); 13C NMR ( 169.8, 136.8, 134.5, 82.1, 79.4, 53.9, 52.6, 50.2.

Dimer (N-Boc Methyl Ester). To the solution of N-Boc amino acid 3 (267 mg, 0.99 mmol) in dry methylene chloride (12 mL) at 0 oC there was added thionyl chloride (318 mg, 2.64 mmol) and dimethylformamide (DMF) (catalytiv, 1 drop). The reaction mixture was stirred at the same temperature until no starting material remained (ca. 2 h), and the solvent was removed in vacuo to give acid chloride 4 as a solid. The amine-TFA 5 was dissolved in dry methylene chloride (6 mL), and diisopropyl ethyl amine (DIPEA) (646 mg, 4.95 mmol) was introduced. The resulting mixture was stirred at room temperature for 15 min, cooled to 0 oC, and acid chloride in methylene chloride (1 mL) was introduced dropwise. The resulting solution was allowed to warm to room temperature, and stirred until no starting material remained (ca. 4 h). HCl (0.1 N, 1 ml) was added, and the organic layer was separated, washed with 0.1 N HCl (1 mL), brine, dried over MgSO4, and concentrated in vacuo. Crude product was purified by column chromatography (EtOAc/hexane/methylene chloride, 1:1:1) to give the N-Boc methyl ester dimer (276 mg, 69%) as a powder. Dimer was recrystallized from ethyl acetate prior to all NMR studies. 1HNMR 8.57 (d, J = 5.6 Hz, 1 H, H8), 6.71 (d, J = 5.5 Hz, 1 H, H6), 6.48 (d, J = 6.0 Hz, 1 H, H13), 6.36 (d, J = 6.0 Hz, 1 H, H14), 6.32 (d, J = 5.5 Hz, 1 H, H5), 5.24 (d, J = 7.5 Hz, 1 H, H7), 5.20 (s, 1 H, H1), 5.16 (d, J = 4.0 Hz, 1 H, H9), 4.84 (s, 1 H, H12), 4.75 (s, 1 H, H4), 4.06 (d, J = 3.1 Hz, 1 H, H11), 3.65 (ds, 4 H, H3, OMe), 2.86 (s, 1 H,  H10), 2.81 (s, 1 H, H2), 1.46 (s, 9 H, H on Boc); 13C NMR ( 171.2, 170.5, 157.5, 139.5 (C6), 135.8 (C13), 135.6 (C14), 132.7 (C5), 84.8 (C12), 83.6 (C4), 81.2 (C on Boc), 79.6 (C1), 78.9 (C9), 57.6 (C2), 56.3 (C3), 53.6 (C11), 52.3 (OMe), 51.5 (C10), 28.6 (C on Boc); IR 3568, 3333, 1734, 1683, 1647, 1523 cm-1; HRMS Calcd for C20H26N2O7Na [M+Na]+ 429.1638, found 429.1657.

Dimer-Me-carbamate-Me-amide 6. 1H NMR  (CDCl3, 500 MHz): ( 8.98 (d, J = 5.4 Hz, 1 H, H14), 8.39 (br, 1 H, H15),  6.75 (dd, J = 5.8, 1.5 Hz, 1 H, H12), 6.69 (dd, J = 5.8, 1.3 Hz, 1 H, H5), 6.37 (dd, J = 5.8, 1.7 Hz, 1 H, H6), 6.29 (dd, J = 5.8, 1.8 Hz, 1 H, H13), 5.30 (d, J = 7.3 Hz, 1 H, H7), 5.23 (m, 2 H, H4, H11), 4.92 (d, J = 1.8 Hz, 1 H, H8), 4.82 (d, J = 1.7 Hz, 1 H, H1), 3.74 (s, 3 H, OMe), 3.70 (dd, J = 7.3, 2.5 Hz, 1H, H2), 3.62 (dd, J = 5.4, 2.6 Hz, 1 H, H9), 2.89 (dd, J = 4.3, 2.5 Hz, 1 H, H3), 2.76 (d, J = 4.7 Hz, 3 H, NMe), 2.67 (dd, J = 4.3, 2.6 Hz, 1 H, H10); 13C NMR  (CDCl3, 125 MHz): ( 172.8, 171.9, 158.6, 140.0 (C12), 129.3 (C5), 133.1 (C6), 132.2 (C13), 83.4 (C1), 83.1 (C8), 79.8 (C4/C11), 79.6 (C11/C4), 57.4 (C10), 57.2 (C3), 56.8 (C2), 55.8 (C9), 53.2 (OMe), 26.3 (NMe); IR 3437, 3280, 1699, 1655, 1639 cm-1; HRMS Calcd for C17H21N3O6Na [M+Na]+ 386.1328, found 386.1316.

Trimer-Me-carbamate-Me-amide 7. 1H NMR  (CDCl3, 500 MHz): ( 9.73 (d, J = 5.6 Hz, 1 H), 9.29 (d, J = 5.4 Hz, 1 H), 8.43 (q, J = 4.2 Hz, 1 H), 6.75 (dd, J = 1.6, 5.8 Hz, 1 H), 6.68 (dd, J = 1.6, 5.5 Hz, 1 H), 6.67 (dd, J = 1.5, 5.2 Hz, 1 H), 6.35 (m, 2 H), 6.31 (dd,  J  = 1.8, 5.8 Hz, 1 H), 5.24 (m, 1 H), 5.23 (m, 1 H), 5.21 (m, 1 H), 5.13 (d, J = 7.4 Hz, 1 H), 4.90 (m, 1 H), 4.79 (d, J = 1.8 Hz, 1 H), 3.66 (dd, J = 2.6, 7.4 Hz, 1 H), 3.63 (dd, J = 2.7, 5.4 Hz, 1 H), 3.61 (dd, J = 2.6, 5.6 Hz, 1 H), 2.85 (dd, J = 2.5, 4.5 Hz, 1 H), 2.76 (dm, J = 4.6 Hz, 3 H, NMe; m, 1 H), 2.67 (dd, J = 2.6, 4.4 Hz, 1 H), 1.48 (s, 9 H, Boc); 13C NMR  (CDCl3, 125 MHz): ( 173.4, 173.3, 172.0, 160.9, 139.9, 139.4, 139.2, 133.1, 133.0, 132.4, 83.4, 83.2, 83.1, 81.6, 79.8, 79.6, 79.5,  57.5, 57.4, 57.0, 56.4, 56.2, 55.7, 28.6, 26.3; IR 3437, 3251, 1684, 1657, 1633 cm-1; HRMS Calcd for C27H34N4O8Na [M+Na]+ 565.2274, found 565.2288.
XYZ coordinates
The 8/8-helix of dimer 6 optimized with B3LYP/6-311++G**.
C     -4.3895    -2.6990    -0.8197

N     -3.4101    -1.6775    -0.4874

C     -2.9889     1.6888     1.2081

C     -2.5302     0.3052     0.6374

C     -1.5882     0.7671    -0.5336

C     -1.6906     2.3216    -0.3729

C     -3.0893     2.7257    -0.8152

C     -3.8983     2.3346     0.1694

C      2.0853    -2.6800    -0.7149

C      1.7143    -1.1587    -0.7011

C      2.5210    -0.6698     0.5580

C      3.1801    -2.0152     1.0038

C      2.0803    -2.9111     1.5495

C      1.4023    -3.3306     0.4817

O     -1.7737     2.4491     1.0555

O      3.4584    -2.6136    -0.2747

C     -3.6992    -0.6304     0.3202

C      0.2135    -0.8913    -0.7577

N     -0.1984     0.3377    -0.3928

N      3.5565     0.3081     0.2599

O     -0.5588    -1.7649    -1.1693

O     -4.8055    -0.4313     0.8151

C      3.2607     1.6145     0.0513

C      4.1684     3.7243    -0.5106

O      2.1466     2.1034     0.1612

O      4.3640     2.3161    -0.2848

H     -5.3677    -2.3618    -0.4808

H     -4.1558    -3.6489    -0.3279

H     -4.4178    -2.8630    -1.8999

H     -2.4510    -1.7884    -0.8137

H     -3.3209     1.6828     2.2411

H     -1.9110    -0.1882     1.3914

H     -1.9505     0.4322    -1.5055

H     -0.8455     2.8823    -0.7667

H     -3.3452     3.1519    -1.7754

H     -4.9762     2.3538     0.2164

H      2.0076    -3.1735    -1.6781

H      2.1558    -0.6896    -1.5849

H      1.8787    -0.2535     1.3325

H      4.0879    -1.9051     1.5934

H      1.8731    -3.0802     2.5969

H      0.5020    -3.9238     0.4360

H      0.4902     1.0171    -0.0720

H      4.4602    -0.0233    -0.0459

H      5.1519     4.1110    -0.7681

H      3.4673     3.8875    -1.3297

H      3.7916     4.2072     0.3913

The 12-8-helix of dimer 6 optimized with B3LYP/6-311++G**.
C     -2.0633     2.3956     2.9557

N     -1.9406     1.7533     1.6572

C     -3.7320    -0.1026    -1.1118

C     -2.5335     0.3156    -0.1984

C     -1.7035    -1.0076    -0.1836

C     -2.4992    -1.8467    -1.2566

C     -3.7625    -2.3071    -0.5492

C     -4.5201    -1.2164    -0.4344

C      3.2387    -2.1231    -0.3148

C      2.0840    -1.1029    -0.5694

C      2.5239     0.0818     0.3713

C      3.8536    -0.5057     0.9513

C      3.4814    -1.6369     1.8949

C      3.1005    -2.6440     1.1098

O     -3.0012    -0.8164    -2.1262

O      4.3569    -1.2140    -0.1952

C     -2.8779     0.8896     1.1704

C      0.6733    -1.6528    -0.3486

N     -0.3131    -0.7370    -0.5202

N      2.7874     1.3331    -0.3296

O      0.4616    -2.8251    -0.0627

O     -3.9025     0.5998     1.7733

C      1.8201     2.2347    -0.6093

C      1.3604     4.2879    -1.6926

O      0.6444     2.1346    -0.2727

O      2.3104     3.2752    -1.3117

H     -2.9986     2.0684     3.4065

H     -2.0798     3.4845     2.8534

H     -1.2351     2.1167     3.6138

H     -1.1246     1.9551     1.0939

H     -4.2903     0.7248    -1.5427

H     -1.9666     1.0618    -0.7608

H     -1.7367    -1.5165     0.7809

H     -1.9044    -2.5742    -1.8007

H     -3.9202    -3.2875    -0.1223

H     -5.4454    -1.0835     0.1038

H      3.4093    -2.8458    -1.1070

H      2.1540    -0.7523    -1.6026

H      1.7918     0.2891     1.1498

H      4.5668     0.2390     1.2997

H      3.4562    -1.5698     2.9734

H      2.6783    -3.5987     1.3807

H     -0.0454     0.2304    -0.6557

H      3.6781     1.4475    -0.7927

H      1.9328     5.0115    -2.2677

H      0.5658     3.8574    -2.3028

H      0.9284     4.7588    -0.8090

The 12-helix of dimer 6 optimized with B3LYP/6-311++G** (c in Figure 1).
C     -1.7234     1.8655     3.2391

N     -1.6915     1.4298     1.8531

C     -3.6750     0.1946    -1.0839

C     -2.4257     0.2878    -0.1499

C     -1.8076    -1.1438    -0.3487

C     -2.7734    -1.7146    -1.4507

C     -4.0930    -2.0204    -0.7683

C     -4.6469    -0.8341    -0.5214

C      3.1600    -2.2170    -0.4527

C      1.9849    -1.2004    -0.6161

C      2.5671     0.0454     0.1552

C      4.0013    -0.4938     0.5040

C      3.8340    -1.5221     1.6075

C      3.2968    -2.5891     1.0182

O     -3.0848    -0.5183    -2.1928

O      4.2745    -1.3185    -0.6436

C     -2.6883     0.6920     1.2968

C      0.6156    -1.6392    -0.1143

N     -0.4260    -1.0735    -0.7909

N      2.6229     1.2532    -0.6492

O      0.4669    -2.3949     0.8346

O     -3.7095     0.3714     1.8935

C      1.7371     2.2730    -0.5265

C      1.1799     4.4221    -1.3530

O      0.8016     2.3149     0.2559

O      2.0311     3.2630    -1.4020

H     -2.6651     1.5365     3.6754

H     -1.6593     2.9551     3.3061

H     -0.8959     1.4283     3.8049

H     -0.8796     1.6668     1.2950

H     -4.0787     1.1501    -1.4105

H     -1.7387     1.0089    -0.5989

H     -1.8182    -1.7488     0.5550

H     -2.3291    -2.4714    -2.0925

H     -4.4232    -2.9996    -0.4519

H     -5.5367    -0.6054     0.0431

H      3.1828    -3.0200    -1.1856

H      1.9257    -0.9336    -1.6738

H      1.9930     0.2805     1.0485

H      4.7596     0.2767     0.6237

H      4.0119    -1.3483     2.6593

H      2.9301    -3.4987     1.4666

H     -0.2218    -0.4601    -1.5660

H      3.3157     1.3224    -1.3809

H      1.5649     5.0913    -2.1192

H      0.1458     4.1518    -1.5690

H      1.2330     4.8956    -0.3721

The 12-helix of dimer 6 optimized with B3LYP/6-311++G** (d in Figure 1).
C     -1.1644     3.2664     2.1270

N     -1.2706     2.2695     1.0744

C     -3.6214     0.3225    -1.1161

C     -2.3152     0.5497    -0.2820

C     -2.0204    -0.9164     0.1845

C     -3.0719    -1.7000    -0.7068

C     -4.3987    -1.4956     0.0149

C     -4.7228    -0.2219    -0.2099

C      2.2443    -2.8347    -0.1874

C      1.7129    -1.4376    -0.6684

C      2.3538    -0.4969     0.4173

C      3.2022    -1.5370     1.2266

C      2.2274    -2.3723     2.0444

C      1.6324    -3.1814     1.1662

O     -3.2284    -0.8499    -1.8446

O      3.5849    -2.4583     0.1891

C     -2.4103     1.5613     0.8506

C      0.2237    -1.2289    -0.9563

N     -0.6180    -1.3235     0.1174

N      3.1757     0.5577    -0.1445

O     -0.1458    -0.9557    -2.0852

O     -3.4327     1.7079     1.5133

C      2.6725     1.7989    -0.3886

C      3.1498     3.8845    -1.3975

O      1.5838     2.2050    -0.0208

O      3.5620     2.5419    -1.0823

H     -2.1029     3.2797     2.6782

H     -0.9828     4.2600     1.7074

H     -0.3463     3.0232     2.8107

H     -0.4536     2.1114     0.4972

H     -3.8762     1.1339    -1.7935

H     -1.5378     0.8348    -0.9914

H     -2.2932    -1.0411     1.2322

H     -2.7752    -2.7040    -0.9991

H     -4.8757    -2.2061     0.6760

H     -5.5263     0.3583     0.2155

H      2.2582    -3.6074    -0.9512

H      2.1995    -1.2343    -1.6214

H      1.6086    -0.0071     1.0406

H      4.0735    -1.1281     1.7318

H      2.0359    -2.2579     3.1025

H      0.8422    -3.8996     1.3337

H     -0.1910    -1.5473     1.0030

H      4.0194     0.3012    -0.6380

H      3.9720     4.3080    -1.9697

H      2.2360     3.8744    -1.9920

H      2.9849     4.4584    -0.4850

The 8/8/8-helix of trimer 8 optimized with B3LYP/6-311++G**.
C     -6.6069     1.9692     0.9775

N     -5.4552     1.1988     0.5383

C     -4.4013    -1.7108    -1.6510

C     -4.2103    -0.3882    -0.8376

C     -3.2369    -0.8767     0.2969

C     -3.0584    -2.3749    -0.1215

C     -4.3763    -3.0780     0.1680

C     -5.2126    -2.6676    -0.7854

O     -3.0765    -2.2703    -1.5542

C     -5.5344     0.2690    -0.4422

C     -1.7660     0.9960     0.8978

N     -1.9441    -0.2007     0.3108

O     -2.6886     1.6371     1.4169

O     -6.5743    -0.0274    -1.0256

H     -7.4989     1.5482     0.5163

H     -6.5196     3.0192     0.6795

H     -6.7065     1.9231     2.0651

H     -4.5397     1.4062     0.9367

H     -4.6994    -1.5848    -2.6868

H     -3.6632     0.3236    -1.4617

H     -3.6837    -0.7791     1.2864

H     -2.1387    -2.8427     0.2236

H     -4.5821    -3.6941     1.0324

H     -6.2692    -2.8566    -0.8948

H     -1.1330    -0.6716    -0.0963

C     -0.2453     3.0496     1.2903

C     -0.3349     1.5243     0.9480

C      0.5313     1.4646    -0.3643

C      0.9543     2.9680    -0.4813

C     -0.2888     3.7517    -0.8738

C     -1.0350     3.8068     0.2291

C      2.8699    -2.9988    -0.1447

C      2.9900    -1.4620    -0.4160

C      4.1000    -1.0624     0.6254

C      4.3795    -2.4560     1.2774

C      3.1607    -2.8292     2.1066

C      2.2239    -3.1740     1.2240

O      1.1143     3.3211     0.9023

O      4.2495    -3.3188     0.1340

C      1.6579    -0.7207    -0.3750

N      1.7172     0.6201    -0.2637

N      5.3192    -0.5396     0.0251

O      0.5935    -1.3389    -0.4866

C      5.3905     0.7303    -0.4439

C      6.7728     2.2969    -1.5526

O      4.5012     1.5628    -0.3406

O      6.5793     0.9672    -1.0352

H     -0.4145     3.3063     2.3313

H      0.1955     0.9648     1.7231

H     -0.0538     1.1366    -1.2240

H      1.8717     3.1463    -1.0382

H     -0.5249     4.0949    -1.8714

H     -2.0312     4.2004     0.3590

H      2.4891    -3.5933    -0.9691

H      3.4054    -1.3215    -1.4180

H      3.7467    -0.3345     1.3542

H      5.3597    -2.5581     1.7390

H      3.0838    -2.7419     3.1814

H      1.1904    -3.4336     1.3934

H      2.6296     1.0689    -0.1869

H      6.0281    -1.1908    -0.2811

H      7.7635     2.2854    -2.0006

H      6.0169     2.5314    -2.3028

H      6.7258     3.0307    -0.7474

The 12-8/8-helix of trimer 8 optimized with B3LYP/6-311++G**.
N     -1.5375     0.5043    -0.7146

C     -2.7396    -3.0753    -0.3131

C     -1.7412    -1.8744    -0.3641

C     -0.6895    -2.3189     0.7041

C     -1.1903    -3.7884     0.9831

C     -2.4147    -3.6310     1.8702

C     -3.3719    -3.1616     1.0701

C      4.2888    -1.5512     1.1965

C      3.0331    -1.6896     0.2771

C      3.0233    -0.2763    -0.4230

C      4.2974     0.3604     0.2252

C      3.9729     0.6502     1.6802

C      3.9686    -0.5361     2.2867

O     -1.7809    -4.1493    -0.2787

O      5.1549    -0.7915     0.3240

C     -2.2891    -0.4743    -0.1563

C      1.7441    -2.0927     0.9928

N      0.6599    -2.1961     0.1768

N      3.1716    -0.3338    -1.8720

O      1.6955    -2.3145     2.1958

O     -3.3202    -0.2423     0.4783

C      2.1265    -0.4742    -2.7137

C      1.5036    -0.6926    -4.9878

O      0.9497    -0.5617    -2.3716

O      2.5333    -0.5133    -3.9984

H     -0.6803     0.2516    -1.1954

H     -3.3939    -3.1645    -1.1769

H     -1.2626    -1.9179    -1.3451

H     -0.7471    -1.7356     1.6241

H     -0.4136    -4.4889     1.2745

H     -2.4324    -3.7588     2.9433

H     -4.3626    -2.8177     1.3235

H      4.7588    -2.4845     1.4921

H      3.2476    -2.4386    -0.4898

H      2.1255     0.2999    -0.2066

H      4.7615     1.1498    -0.3624

H      3.7147     1.6198     2.0811

H      3.7016    -0.7816     3.3023

H      0.7605    -1.8921    -0.7843

H      4.1002    -0.4124    -2.2618

H      2.0276    -0.7271    -5.9399

H      0.9629    -1.6237    -4.8154

H      0.8051     0.1443    -4.9695

C     -4.7523     2.7108     2.7424

N     -3.6421     2.3140     1.8904

C     -0.3851     3.5839     0.4030

C     -1.4561     2.5268     0.8278

C     -1.8466     1.9228    -0.5719

C     -0.9112     2.7608    -1.5047

C     -1.4382     4.1862    -1.5220

C     -1.1083     4.7011    -0.3377

O      0.2634     2.8787    -0.6799

C     -2.5683     3.1120     1.7023

O     -2.4439     4.2177     2.2228

H     -2.9012     2.0710    -0.8038

H     -5.4720     3.3388     2.2063

H     -4.3775     3.2786     3.5943

H     -5.2637     1.8160     3.0984

H     -3.6678     1.4088     1.4243

H      0.3286     3.8637     1.1711

H     -0.9601     1.7416     1.4043

H     -0.6748     2.2905    -2.4571

H     -2.0359     4.6234    -2.3096

H     -1.3719     5.6559     0.0895
The 8/12-8-helix of trimer 8 optimized with B3LYP/6-311++G**.
C      2.6690    -1.6444     3.7646

N      2.6825    -1.4405     2.3259

C      4.7252    -1.5891    -0.8575

C      3.6112    -1.0932     0.1204

C      3.4941     0.4051    -0.3055

C      4.4224     0.4039    -1.5803

C      5.8425     0.3847    -1.0398

C      6.0233    -0.8478    -0.5657

O      4.2676    -0.9444    -2.0606

C      3.8368    -1.3424     1.6061

C      1.7076     2.0311    -0.7876

N      2.1033     0.7545    -0.5592

O      2.4900     2.9564    -0.9741

O      4.9508    -1.4492     2.1015

H      2.1799    -0.8098     4.2756

H      3.7006    -1.7135     4.1056

H      2.1462    -2.5698     4.0234

H      1.7970    -1.3448     1.8443

H      4.7750    -2.6678    -0.9868

H      2.6908    -1.5980    -0.1834

H      3.8996     1.0880     0.4433

H      4.1577     1.1330    -2.3388

H      6.4920     1.2442    -0.9520

H      6.8510    -1.2452     0.0000

H      1.3918     0.0825    -0.2881

C     -0.2667     3.7134    -0.9709

C      0.1912     2.2260    -0.8305

C     -0.6086     1.7900     0.4537

C     -1.3982     3.1123     0.7454

C     -0.3887     4.1248     1.2641

C      0.3169     4.4993     0.1972

C     -1.7781    -3.1122     0.0835

C     -2.2844    -1.6499     0.3266

C     -3.3580    -1.5151    -0.8169

C     -3.2408    -2.9294    -1.4723

C     -1.9004    -2.9981    -2.1864

C     -0.9902    -3.1192    -1.2210

O     -1.6510     3.5874    -0.5864

O     -3.0125    -3.7463    -0.3101

C     -1.1716    -0.6100     0.4031

N     -1.5308     0.6748     0.2455

N     -4.7154    -1.2976    -0.3390

O     -0.0050    -0.9605     0.6441

C     -5.1248    -0.0805     0.0963

C     -6.9233     1.1255     1.0403

O     -4.4451     0.9348     0.0587

O     -6.3851    -0.1259     0.5714

H     -0.1750     4.1388    -1.9656

H     -0.2037     1.6620    -1.6796

H      0.0557     1.5222     1.2742

H     -2.3262     2.9809     1.2974

H     -0.2383     4.3869     2.3022

H      1.1856     5.1361     0.1426

H     -1.3433    -3.6078     0.9457

H     -2.8118    -1.6250     1.2850

H     -3.1184    -0.7201    -1.5221

H     -4.1245    -3.2551    -2.0169

H     -1.7510    -2.8882    -3.2513

H      0.0858    -3.1324    -1.3010

H     -2.5109     0.8912     0.0572

H     -5.2809    -2.0982    -0.0956

H     -7.9245     0.8902     1.3937

H     -6.3145     1.5238     1.8520

H     -6.9642     1.8506     0.2273
The 12/12-helix of trimer 8 optimized with B3LYP/6-311++G**.
C     -2.9904    -0.8292    -3.6190

N     -2.4177    -0.9595    -2.2899

C     -2.7294    -2.5418     1.1013

C     -2.3717    -1.4056     0.0902

C     -2.5900    -0.1336     0.9920

C     -2.8963    -0.8242     2.3709

C     -4.3032    -1.3856     2.2702

C     -4.2059    -2.4421     1.4636

O     -2.0900    -2.0159     2.2829

C     -3.1368    -1.4111    -1.2281

C     -1.4321     1.9998     0.5398

N     -1.4200     0.7242     1.0204

O     -2.4509     2.5900     0.2044

O     -4.2992    -1.7919    -1.3124

H     -3.9914    -1.2571    -3.6022

H     -2.3833    -1.3644    -4.3540

H     -3.0607     0.2210    -3.9189

H     -1.4551    -0.6729    -2.1513

H     -2.3323    -3.5237     0.8530

H     -1.3025    -1.4771    -0.1188

H     -3.4227     0.4816     0.6593

H     -2.6296    -0.2334     3.2438

H     -5.1943    -0.9223     2.6695

H     -4.9911    -3.0508     1.0450

H     -0.5378     0.3218     1.3195

C      0.0858     4.1570     0.5642

C     -0.0444     2.6107     0.3948

C      0.5670     2.4276    -1.0464

C      1.0255     3.8974    -1.3459

C     -0.2306     4.7024    -1.6237

C     -0.8249     4.8497    -0.4408

C      3.3270    -1.6258    -2.1986

C      2.7489    -0.6845    -1.0855

C      2.4195    -1.7396     0.0379

C      2.9948    -3.0410    -0.6245

C      2.0315    -3.4374    -1.7280

C      2.2242    -2.5480    -2.7005

O      1.3921     4.3484    -0.0280

O      4.1069    -2.5095    -1.3679

C      1.5629     0.1942    -1.4450

N      1.6807     1.4921    -1.0568

N      3.0590    -1.4613     1.3092

O      0.5674    -0.2478    -2.0141

C      2.5042    -0.6276     2.2268

C      2.8303     0.3687     4.3475

O      1.4172    -0.0847     2.1179

O      3.3232    -0.4748     3.2903

H      0.0754     4.5126     1.5917

H      0.6353     2.1381     1.1055

H     -0.1605     2.0699    -1.7702

H      1.8609     3.9821    -2.0375

H     -0.5986     4.9726    -2.6033

H     -1.7932     5.2681    -0.2166

H      3.9581    -1.1342    -2.9352

H      3.5776    -0.0702    -0.7282

H      1.3495    -1.8178     0.2159

H      3.3190    -3.8054     0.0780

H      1.2809    -4.2115    -1.6577

H      1.6730    -2.4207    -3.6192

H      2.4828     1.7486    -0.4990

H      4.0233    -1.7296     1.4437

H      3.6173     0.3750     5.0978

H      2.6477     1.3786     3.9787

H      1.9091    -0.0398     4.7633
The 12/8-helix of trimer 8 optimized with B3LYP/6-311++G**.
C     -5.6674    -0.7886    -1.4108

N     -4.3313    -0.8070    -0.8371

C     -1.3096    -3.0560    -0.3756

C     -2.0978    -1.7080    -0.4398

C     -1.9480    -1.2065     1.0448

C     -1.0972    -2.3728     1.6474

C     -1.9916    -3.5989     1.7266

C     -2.1206    -4.0280     0.4711

O     -0.2423    -2.6925     0.5312

C     -3.5058    -1.8616    -1.0158

C     -1.7409     1.2435     0.8259

N     -1.2127     0.0472     1.1647

O     -2.9226     1.3921     0.5024

O     -3.8325    -2.8753    -1.6290

H     -6.2208    -1.6841    -1.1208

H     -5.6347    -0.7552    -2.5042

H     -6.1929     0.0929    -1.0434

H     -3.9733     0.0222    -0.3666

H     -0.9155    -3.4106    -1.3226

H     -1.5467    -1.0199    -1.0871

H     -2.9108    -1.0973     1.5437

H     -0.5105    -2.1062     2.5239

H     -2.4817    -3.9587     2.6205

H     -2.7441    -4.8165     0.0796

H     -0.2250    -0.0037     1.3996

C     -1.2083     3.8130     1.2077

C     -0.7354     2.3791     0.8145

C     -0.1381     2.6496    -0.6169

C     -0.2264     4.2180    -0.6559

C     -1.6909     4.5473    -0.8931

C     -2.3054     4.2726     0.2565

C      3.5265    -0.2808    -2.5171

C      2.8153     0.3644    -1.2800

C      2.7850    -0.8662    -0.2906

C      3.5782    -1.9214    -1.1401

C      2.6658    -2.3723    -2.2637

C      2.6202    -1.3492    -3.1150

O     -0.0646     4.5585     0.7345

O      4.5172    -1.0735    -1.8295

C      1.4506     0.9917    -1.5191

N      1.2014     2.1115    -0.7678

N      3.4626    -0.6065     0.9692

O      0.6309     0.5217    -2.2942

C      2.8277    -0.1908     2.0888

C      3.1567     0.4215     4.3534

O      1.6269     0.0119     2.1984

O      3.7095    -0.0196     3.1011

H     -1.3586     3.9738     2.2726

H      0.0941     2.1249     1.4769

H     -0.7357     2.2016    -1.4072

H      0.5256     4.7062    -1.2709

H     -2.1265     4.8200    -1.8440

H     -3.3616     4.2698     0.4765

H      4.0002     0.4243    -3.1958

H      3.4981     1.1069    -0.8611

H      1.7764    -1.2086    -0.0664

H      4.0898    -2.6819    -0.5545

H      2.0992    -3.2919    -2.2760

H      2.0101    -1.2280    -3.9960

H      1.8882     2.3825    -0.0788

H      4.4721    -0.6369     0.9932

H      4.0056     0.4958     5.0291

H      2.6745     1.3932     4.2405

H      2.4331    -0.3020     4.7299
The 8/12-helix of trimer 8 optimized with B3LYP/6-311++G**.
C     -1.6369    -2.8955     1.6413

C     -2.1437    -1.5160     1.0993

C     -2.5921    -1.9211    -0.3560

C     -2.2202    -3.4380    -0.3490

C     -0.7055    -3.5580    -0.3268

C     -0.3425    -3.2353     0.9140

O     -2.5772    -3.7855     1.0022

N     -4.0189    -1.7720    -0.5989

C     -4.5685    -0.5571    -0.8425

C     -6.5913     0.6042    -1.2086

O     -3.9348     0.4811    -0.9615

O     -5.9094    -0.6377    -0.9478

H     -1.6627    -3.0131     2.7201

H     -3.0415    -1.2327     1.6554

H     -2.0625    -1.3657    -1.1289

H     -2.7666    -4.0423    -1.0700

H     -0.0834    -3.7894    -1.1800

H      0.6464    -3.1393     1.3339

H     -4.6370    -2.5172    -0.3113

H     -7.6480     0.3482    -1.2259

H     -6.3829     1.3275    -0.4202

H     -6.2798     1.0148    -2.1690

C      3.4534    -0.2441     3.5118

N      2.9513    -0.4737     2.1674

C      3.6708    -1.9268    -1.1981

C      3.0636    -0.8717    -0.2191

C      3.0416     0.4025    -1.1408

C      3.5331    -0.2264    -2.4956

C      5.0182    -0.4975    -2.3467

C      5.1077    -1.5419    -1.5241

C     -0.6038     3.9459    -0.6855

C     -0.1053     2.4668    -0.6515

C     -0.6742     1.9945     0.7385

C     -1.4994     3.2731     1.1401

C     -0.4853     4.3259     1.5557

C      0.0858     4.7327     0.4225

O      2.9730    -1.5538    -2.4064

O     -1.9273     3.7570    -0.1441

C      3.7796    -0.7091     1.1159

C      1.3916     2.2308    -0.7937

N      1.7080     0.9733    -1.2295

N     -1.4826     0.7901     0.6445

O      2.2313     3.0689    -0.5038

O      4.9980    -0.7919     1.2190

C     -1.1358    -0.3749     1.2401

O     -0.0984    -0.5249     1.8906

H      4.5272    -0.4230     3.5072

H      2.9773    -0.9254     4.2215

H      3.2679     0.7852     3.8325

H      1.9493    -0.4224     2.0133

H      3.4704    -2.9639    -0.9389

H      2.0266    -1.1605    -0.0347

H      3.7015     1.1954    -0.7962

H      3.1829     0.2881    -3.3867

H      5.8116     0.1226    -2.7389

H      5.9854    -1.9827    -1.0794

H     -0.6510     4.3944    -1.6745

H     -0.6434     1.9227    -1.4317

H      0.1141     1.7885     1.4581

H     -2.3484     3.0811     1.7918

H     -0.2254     4.5814     2.5733

H      0.9224     5.3989     0.2842

H      0.9521     0.3366    -1.4343

H     -2.3379     0.8233     0.0873

