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Scheme. Strategy Usedfor the Solid-Phase Syn-
thesis of ~-Heptapeptides as Shown for the W-
Derivatives (for details see Experimental Part).
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Abstract: Fmoc-N-Protected f)-amino acids of (S)-configuration bearing the side chains
of Ala, Val, Leu, and Phe in the 3- and 2-position have been prepared (lc-4c and Id-
4d). Manual solid-phase synthesis (ortho-chlorotrityl-chloride resin) of the ,B-hepta-
peptides H-.fll-HV al-.fll- HAla-.fll- HLeu-.fll- HPhe-.fll- HVal-.fll- HAla-.fll- HLeu-OH (9)
and H -fJ2- HVal- fJ2- HAla- fJ2- HLeu- fJ2- HPhe-fJ2- HVal- fJ2- HAla-fJ2- HLeu-OH (10), and,
for comparison, of the corresponding a-heptapeptide H-Val-Ala-Leu-Phe-Val-Ala-
Leu-OH (8) was achieved under standard conditions (HPLC/NMR identification),
With the .fll-peptide 9, the yield and purity of the crude product are similar to those of
the a-peptide 8, while the jJ2-peptide synthesis needs to be optimized. CD measure-
ments show that the f)-peptides have helical secondary structures in MeOH, while the
a-peptide does not.
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has received a lot of attention recently [1].
There are mainly two reasons for excite-
ment: i) in spite of added degrees of con-
formational freedom, they form surpris-
ingly stable helices and pleated-sheet sec-
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A novel class of peptide analogues, the
,B-peptides (consisting entirely of,B- rather
than the proteinogenic a-amino acids),
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Fig. I. Building blocks for the synthesis of~-peptides. The IF-amino acids 7 were N-protected by
treatment with Fmoc-N-hydroxysuccinimide (H20/acetone, Na2C03) to give Id-4d. The protected
f32-and /J3-amino acids were purified by flash chromatography (AcOEtlhexane/ AcOH) before use in
the coupling steps (Scheme).

Fmoc = 9-ftuorenylmethyloxy-carbonyl
DMF = N,N-dimethylformamide
BOP = benzotriazol-1-yloxytris(dimethylamino)-

phosphonium hexafluorophosphate
HOBt = 1-hydroxybenzotriazole

*Correspondence: Prof. Dr. D. Seebach
Laboratorium fiir Organische Chemie
Eidgenossische Technische Hochschule
ETH-Zentrum
Universitatstrasse 16
CH-8092 Ziirich



NOTES

ondary structures even when they contain
as few as six ,B-amino-acidresidues [2][3],
and ii) they appear to be totally stable to
the action of peptidases [4]. This latter
property suggests that, given the neces-
sary proteinogenic side chains for recog-
nition by a receptor, ,B-peptidesare candi-
dates for drugs with high bioavailability.
So far, ,B-peptideswith common sidechains
in either the 2- and/or 3-position of the ,B-
amino-acid residues have been prepared
in solution, using N-Boc (= tert-butyloxy-
carbonyl) protection and EDC (= 1-[3-
(dimethy lamino )propy 1]-3-ethy lcarbodi-
imide hydrochloride)/HOBt coupling [2]
[3]. However, for the efficient discovery

of active ,B-peptidic lead compounds, ac-
cess by solid-phase and combinatorial syn-
thesis is a prerequisite [5]. We have started
work in this area, following two different
strategies: a) conventional coupling of
activated, separately prepared, ,B-amino
acids (reported here) and b) acylation of
the growing chain by ketene intermediates
generated in the Arndt-Eistert homologa-
tion of a-amino acids (to be described
separately [6][7]).

Solid-Phase Synthesis
We decided to use the Fmoc metho-

dology which is well established in a-
peptide solid-phase and automated syn-
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thesis. To this end, the commercially avail-
able Fmoc derivatives la-4a of the amino
acids alanine, valine, leucine, and phenyl-
alanine (Fig. 1) were converted to the
diazo ketones 1b--4b.The subsequent Wolff
rearrangement of these diazo ketones in
aqueous THF gave the desired Fmoc-pro-
tected IF-amino acids (S)-lc, (R)-2c, (S)-
3c, and (S)-4c, as described previously
for the Boc analogues [2][3]. The Fmoc-
protected (S)-jP-amino acids Id-4d with
Ala, Val, Leu, and Phe side chains in
the a-carbonyl position were obtained via
the (R)-N-acyl-oxazolidinones 5 (hydro-
lysis, ---16 ---17) (Evans' methodology) [8]
(Fig. 1).
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Fig. 2. Comparison of HPLC profiles of the crude products obtained in the assembly of8-10 under the conditions described in the Scheme (for details
see Experimental Part).
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Fig. 3. Overlay of the CD spectra of 8-10 (as
trifluoroacetate salts) in MeOH. The spectra were
recorded between 190-250 nm using a Jobin-
Yvon-Mark-III system. Peptide concentrations
were 0.2 mM in MeOH. Molar ellipticity [e) in
10 deg cm2 mol-I.
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The assembly of the j33-aminoacids is
outlined in the Scheme: We employed the
ortho-chlorotrityl-chloride resin [9], ap-
plied conventional conditions forthe cou-
pling and deprotecting steps, as well as for
the final cleavage from the resin, and used
a manual solid-phase apparatus [10]. For
comparison, we first synthesized the a-
heptapeptide 8, and then the correspond-
ing j33-heptapeptide 9. In Fig. 2, the ana-
lytical reverse-phase HPLC profiles of the
two crude products are shown. After sub-
sequent preparative HPLC, they were iso-
lated in pure form and identified by CD,
IH-NMR, and HPLC/electrospray MS
analysis. As can be seen, the j33-peptide
(having a much longer retention time!)
was formed in a purity very similar to that
of the a-peptide. Much less satisfactory
was our first attempt at the solid-phase
synthesis of the isomeric fJ2-heptapeptide
10, assembled from the fJ2-amino acids
Id-4d under exactly the same conditions
as the other two heptapeptides: the desired
compound amounted only to ca. 40% of
the crude product mixture after cleavage
from the resin; 10 was separated by HPLC,
isolated in pure form, and identified as
mentioned above. We have not optimized
these syntheses as yet, and we do not know
the structures of the other components in
the mixture from which we separated the

fJ2-peptide 10. The problem could be
caused by less efficient coupling ofthe fJ2-
as compared to the j33-aminoacids, or by
partial racemization of the activated form
in the first case (cf A and B, possible
candidates for the actual acylating reagent
[6], Fig. 1).

CD Spectroscopy
As for a-peptides, optical measure-

ments give reliable information about the
presence of helical secondary structures
of j3-peptides [2-4]. Thus, a left-handed or
(M)-31-helix of a j3-peptide (with Me, i-Pr,
i-Bu side chains) has a negative Cotton
effect at ca. 216 nm.

We measured the CD spectra of the
three pure peptides 8-10 (Fig. 3). As ex-
pected, there is no indication of a second-
ary structure for the a-hexapeptide in
methanol solution, but the two j3-peptides
show intensive minima (e= -3.8 x 104for
9 and-4.9 x 104 for 10) at216 and 220nm,
respectively (the somewhat longer wave-
length observed for 10 may be caused by
the benzene chromophore of j3-HPhe).

Conclusion and Perspectives

We have demonstrated that j33-pep-
tides (and also fJ2-peptides to a certain

extent) can be efficiently prepared on sol-
id support by exactly the same procedure
as the conventional a-peptides. Thus, the
j3-heptapeptide 9 (68 mg, yield 89%, puri-
ty 94%) was obtained from 150 mg resin
in ca. 35 working hours. This opens up the
possibility of quick access to a wide vari-
ety of j3-peptides carrying the side chains
of natural (or unnatural) amino acids. NMR
and CD analyses, and tests of physiologi-
cal activity of j3-peptides produced in this
way will teach us more about the supramo-
lecular interactions which govern the prop-
erties of a-peptides and natural proteins.

Experimental Part

Solid-Phase Synthesis
Esterification of 3c and 3d with the ortho-

chlorotrityl-chloride resin was performed accord-
ing to [9]. The resin (150 mg, 1.05 mmol Cl-/g)
was swelled in 2 ml ofCH2Cl2 for 10 min. A soln.
of 3c or 3d (41 mg, 11211I11ol)in CH2Cl2 (2 ml)
and (i-Pr)zEtN (77 J.1I,448I1I11ol)were then added
successively and the suspension was mixed un-
der Argon for 4 h. Subsequently, the resin was
filtered and washed with CH2CI2/MeOH/(i-Pr)z-
EtN 17:2: 1, (3 x 3 min), CH2Cl2 (3 x 3 min), DMF
(2 x 3 min), CH2CI2 (3 x 3 min), MeOH (2 x 3
min). The substitution of the resin determined on
a 3-mg sample by measuring the absorbance of
the dibenzofulvene-piperidine adduct at 300 nm,
was 0.42 (74%) and 0.43 mmollg (75%) with 3c
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and 3d, respectively. The Fmoc group was re-
moved using 20% piperidine in DMF (4 011,2 X
20 min) under Ar bubbling. The resin was then
filtered and washed with DMF (6 x 3 min). For
each coupling step, a soln. of the [32-or {J3-amino
acid (3 equiv.), BOP (3 equiv.) and HOBt. (3
equiv.) in DMF (2011) and (i-Pr)zEtN (9 eqUlv.)
were added successively to the resin and the
suspension was mixed for I h under Ar. Monit~r-
ing of the coupling reaction was performed with
2,4,6-trinitrobenzenesulfonic acid (TNBS) [II]
instead of the classical ninhydrin test [12] (Fmoc-
deprotected fP-peptide resin fails to give a blue
color with ninhydrin). In case of a positive TNBS
test (indicating incomplete coupling), the sus-
pension was allowed to react for a further I h. The
resin was then filtered and washed with DMF (3
x3 min) priortothefollowing Fmoc deprotection
step. After the removal of the last Fmoc protect-
ing group, the resin was washed with D~F (6 x
3 min), CH2CI2 (3 x 3 min), Et20 (3 x 3 min), and
dried underh.v. for 3 h. Finally, the peptides were
cleaved from the resin using 2% TFA (= trifluoro-
acetic acid) in CH2CI2 (2 01], 5 x 15 min) under
Ar. The solvent was removed and the oily resi-
dues were triturated in ether to give the crude
heptapeptides 9 (68 mg, 89%) and 10 (60 mg,
79%) as white solids.

HPLC Analysis and Purification
RP-HPLC analysis was performed on aMach-

erey-Nagel C8columnlNucleosil100-5 C8(250x
40101) by using a mixture of 30% MeCN in H20
(containing 0.1 % CF3COOH) as eluent for 8 or a
linear gradient of A (0.1 % CF3COOH in H20)
and B (MeCN) for 9 (40-90% B, 30 min) and 10
(30-90% B, 20 min) at a flow rate of ] ml/min
with UV detection at 220 nm. Crude products
were purified by preparative RP-HPLC on a
Macherey-Nagel C8 columniNucleosil100-5 C8
(250 x 20 mOl) using a mixture of MeCN/H20
(containing 0.1 % CF3COOH) as eluent (30:70
for8 and 40:60 for 9 and 10) at a flow rate of 4 mil
min with UV detection at 214 nm and then
lyophilized.

We thank the Association pour la Recherche
sur Ie Cancer (ARC, France) for a postdoctoral
stipend granted to Gilles Guichard.

Received: May 30, ]997

[1] B.L. Iverson, Nature (London) 1997, 385,
] 13; and ref. cit. therein.

[2] D. Seebach, M. Overhand, F.N.M. Kiihn]e,
B. Martinoni, L. Oberer, U. Hommel, H.
Widmer, Helv. Chirn. Acta 1996, 79,913;
D. Seebach, P.E. Ciceri, M. Overhand, B.
Jaun, D. Rigo, L. Oberer, U. Hommel, R.
Amstutz, H. Widmer, ibid. 1996, 79,2043.

[3] T. Hintermann, D. Seebach, Synlett 1997,
437.

[4] T. Hintermann, D. Seebach, Chirnia 1997,
51,244.

[5] For the most recent extensive coverage of
this methodology see a Tetrahedron issue
(Symposium-in-print No. 63) and two arti-
cles: Tetrahedron 1996, 52, 4527-4554;
ibid. 1997,53,5643-5678 and 6573-6705.

[6] Cf the homologative peptide coupling: I.
Podlech, D. Seebach, Angew. Chern. 1995,
107,507; ibid. Int. Ed. 1995,34,471.

[7] Personal communication of independent
work along these lines by researchers of
Novartis Pharrna, East Hanover, USA, is
gratefully acknowledged (R.E. Marti, K.H.
Bleicher, K.W. Bair).

[8] ent-5-ent-7 and the Boc-protected deriva-
tives have been previously described by us
[3].

[9] K. Barlos, D. Gatos, I. Kallitsis, G. Papa-
photiu, P. Sotiriu, Y. Wenging, W. Schafer,
Tetrahedron Lett. 1989, 30, 3943.

[10] R.B. Merrifie]d, Angew. Chern. 1985,97,
801; ibid. Int. Ed. 1985,24,799.

[II] W.S. Hancock, I.E. Battersby, Anal. Bio-
chern. 1976,71,260.

[12] E. Kaiser, R.L. Co]escott, C.D. Bossinger,
P.I. Cook, Anal. Biochern. 1970,34, 595.

318
CHIMIA 5/ (1997) Nr. 6 (Juni)


