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A series of dimeric through pentameric oligomers of a bicyclic y/é-amino acid (BTG) were synthesized using peptide coupling methods in
solution with PyBroP or HATU. The analysis of 'H NMR and CD spectra suggests that these oligomers could have a partially ordered structure
in alcohol solutions.

Several homooligomers of noncoded 3,2 y,® andd* amino has been demonstrated that these oligomers (named “fol-
acids have been synthesized in recent years, and theidamers” by Gellma)can adopt a variety of secondary
conformational proprieties have been extensively studied. It structures, including helices, sheets, and turns, depending
. either on the number of units and the amino acid structure
Ch(ell]n';‘?rKej‘QT{’,{,zn; aggb?'{,\,%fjf_&'j'kaf Qﬁérﬁ.’géc\fsvﬁg?iﬁfc* (side chain substitution, configuration of the stereocenters,
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Thus, the design and synthesis of new oligomers which  Thus, starting from the monomer Bn—BTG—OMe (1), a
possess the specific structural properties of the naturalstrategy for oligomerization has been developed leading to
biopolymers such as catalysis and molecular recognition isthe synthesis of a dimer (Bi(BTG),—OMe, 2), a trimer
of current interest for producing artificial enzymes and (Bn—(BTG)s—OMe, 3), a tetramer (Bn—(BTG)-OMe, 4),
receptors. and a pentamer (Bn—(BT&)OMe, 5) (Scheme 1).

Herein, we describe the synthesis and a preliminary

conformational study of newy/s-peptide oligomers (po- |

lyBTG), constructed from the enantiopureR(IR)-3-aza- Scheme 2
6,8-dioxabicyclo[3.2.1]octane-7-carboxylic acid (BTG). This To . To
compound, recently prepared byiiselongs to a new series BaN O . HN&)\

of amino acids (BTA&)containing the 3-aza-6,8-dioxabicyclo- COR COMe
[3.2.1]octane-7-carboxylic acid skeleton. The bicyclic lactams ; E 1 ReMe 1o
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through amide bond formation and carbonyl ketalization. The BN G 3 N/g\o

amide group is then selectively reduced to give the final Q)I( Q)\COQR
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These BTAa can be described as conformationally rigidi-
: ) : : 710 | 1o
fied y- or 0-amino acids according to the Seeb®cand BnN O NG Nﬂo\o
1 I )
Gellmart! subdivisions (see Figure 1?. _ _ Y Q/‘\C%Me
A large panel of these new/d-amino acids, different °l,

either in the type of substitution or in the configuration of

the stereocenters, have been prepared by simply changing aReagents and conditions: (i),H1 atm), 20% Pd(OHJC,
the startinga-amino acids and tartaric acids. Owing to the MeOH, 21 h, 100%; (i) HCI 4 M, 21 h, 100%; (iii) PyBrOP,
unique features of the new BTAa molecular scaffeithich DIPEA, CHCl, 97%; (iv) LIOH, MeOH-THF, 100%; (v)
has a rigid skeleton, several points of substitution and PYBrOP. DMF, DIPEA, 68%; (vi) HATU, DIPEA, DMF, 50%.

coordination, a proline-like secondary amino function, a

carboxylic group which can be oriented &xo or endo The orthogonally protected monomer-BBTG—OMe (1)-

position—we were intrigued by the possibility of producing 55 synthesized as previously repoft@&tiefly, the coupling
BTAa homooligomers and studying their structural proper- (R.R)-2,3-di-O-isopropylidentartaric acid mono methyl

ties. ester with 2-(Nbenzylamino)acetaldehyde, followed by a

(8) Guarna, A.; Guidi, A.; Machetti, F.; Menchi, G.; Occhiato, E. G.; treatment in refluxing toluene with230, adsorbed on Si©)
Scarpi, D.; Sisi, S.; Trabocchi, Al. Org. Chem1999,64, 7347—7364. gave (R,557R)-3-benzyl-2-0x0-6,8-dioxa-3-azabicyclo-
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HOBt) or bromo-tris-pyrrolidino-phosphonium hexafluoro- protons on C-2 in rotamerg and on protons on C-4 in
phosphate (PyBroP) as coupling reagents. rotamersZ. An energy barrier AG¥) of 18.7 kcal/mol in
Dimer 2 was obtained in pure form after filtration of the DMSO-d; for the rotation of the amide bond Biwas also
reaction mixture, followed by FCC purification of the crude determined by recording a series6f NMR spectra with
residue obtained after evaporation of the solvent. The highestincreasing temperature until the signals for the two rotamers
yield (97%) was obtained using PyBrop. In both cases the were observed to coalesce.
aqueous workup had to be avoided because extraction of Because of the high complexity of thel NMR spectra
dimer 2 with organic solvents was particularly difficult and for the longer oligomers, we were unable to gain information

lowered the final yield. on the possible preferred conformation in solution by this
The tripeptide3 could be obtained through two different means. Instead we found it more useful to record their CD
approaches: by elongating the oligomer fromxgerminal spectra?

or the C-terminal side. The latter approach resulted in the  Circular dichroism (CD) spectra of monomegrdimer2,
best yield (68%) compared with a yield of 6% obtained by trimer 3, tetramer4, and pentameb were performed in
the other procedure. In both cases couplings were performedvieOH (Figure 3, top) and TFE solutions (Figure 3, bottom).
using PyBroP as activating reagent.

Hydrolysis of dimer2 performed under basic condition _
(LIOH in THF—MeOH) gave better yields than acid hy-
drolysis, wherein the formation of decomposition products
was observed by HPLC. 000 -

On the basis of the these results, the synthesis of tetramer I E
4 was performed by coupling of monom#p and acid trimer |
3a, the latter obtained by hydrolysis 8fwith LIOH. S

When the coupling was performed using PyBroP, the
yields of compound were very low (8%). Thus, the reaction
was carried out using-(7-azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluroniumhexafluorophospate (HATU) as coupling
reagent to affordt in 30% vyield after chromatography. In
this case the yield was lowered by the poor solubility of
tetramer4 in organic solvents which affected the chromato- 200 1 - 1 - -
graphic purification. However, the yield was improved up
to 50% when the isolation of from the reaction mixture
was carried out by crystallization from MeOH. Alternative
synthesis of tetramer through a coupling between-Bn
BTG,—OH and H—BTG—OMe gave lower yields using
either PyBroP or HATU (8% and 11%, respectively).

The tetrame#d was hydrolyzed tatawith LIOH, and the
pentameb was obtained in 50% yield through the coupling
of 4awith 1b using HATU in DMF solution and purification
by crystallization from MeOH.

The 'H NMR spectra of dimeR in CDCl;, DMSO-d;,
and CROD showed two sets of signals of almost equal
intensity. This observation suggests the presence of two
rotamers related t&/Z conformations of the amide bond ) a0 20 20 20 20 o
(Figure 2). These are easily distinguished by the anisotropic Wavelength [nm]

Mol. Ellip.

Mol. Ellip.

Figure 3. (Top) CD spectra of oligo-BTG in MeOH (100M):
monomerl, dimer2 trimer 3. (Bottom) CD spectra of oligo-BTG
in TFE (100 «M): monomerl, dimer 2, trimer 3, tetramer4,

BN A\ & BaN A\ pentamers.

o’ ¢ "o
K'/g; 4 Kl/&f 2 1
1 N?o . NG\ COaMe

o, K,/< . 0 4\;-/0 Because of the low solubility of and5 in methanol, their
1 coMe » CD spectra were recorded only in TFE. As expected, the
Rotamer E Rotamer Z oligomers gave a CD spectrum, both in MeOH and TFE,
distinctly different from those of monomet, due to the

Figure 2. presence of amide bond(s) which determines a positive band
and the crossover to negative values in MeOH (Figure 3,
effect of the carbonyl grodp which causes a strong (12) All new compounds were fully characterized by spectroscopic and

downfield shift (~1 ppm with respect to monomErof the analytical means.
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top) and the negative bands in TFE (Figure 3, bottom). Each the oligomers is possible. It is known in fact that the presence

oligomer displays a negative Cotton effect at ca. 2230

of a band whose intensity increases with the oligomer chain

nm both in MeOH and TFE, with the intensity of the negative length is indicative of a secondary arrangement in solution.

maximum increasing with oligomer length.
Also the positive band, at ca. 23@15 nm, in the MeOH

Furthermore, the normalized length-dependent trend for poly-
BTG (Figure 4) is comparable to the length-dependent

spectra increases with the length of the chain, indicating anbehavior of proline oligomers in spite of the fact that poly-
additive contribute of each unit to the ellipticity value. The BTG display lower mean residue ellipticity. Indeed, in both
presence of two bands in dim&rin TFE is noteworthy (a  the cases, when the number of units was increased, the
maximum at 223 nm and a shoulder at 228 nm), while for normalized CD spectra became quite similar, suggesting that
higher oligomers only one band is present (Figure 3). If we the extent of secondary structure formation should reach the
normalize the data also for the number of amide groups, maximum?!°¢ However, while the secondary structures are
which facilities the comparison among oligomers of different stabilized by the formation of the hydrogen bonds in the
length, we observe that the spectra for tetramer and pentamefoldamers described previously by SeelFaeind Gellmars?
oligomers are nearly identical (Figure 4). Although not in our poly-BTG a secondary structure could arise from a
conformationally restricted rotation around the amide bnd.
This latter phenomenon could be more dependent upon the
external conditions (i.e., temperature, solvent, concentration),
and this could explain the differences observed in the
complexity either between the CD afd NMR spectra or

the difference between the CD spectra in MeOH and TFE.

In conclusion, we have demonstrated that oligon2et$
can be easily prepared using standard solution coupling
procedures and have obtained preliminary evidences that
poly-BTAa’'s could form secondary structures (foldamers)
in solution.

It is probable that elongation of the polypeptide chain and
introduction of a substituent at position 4 of BTAa monomer
could affect theE/Z amide bond equilibriut in the related
oligomers, thus further favoring the formation of secondary
structures in solution. Studies aimed at ascertaining this
possibility are in progress.

Wavelength [nm]

Figure 4. CD spectra of oligo-BTG in TFE (108M): dimer 2, .
trimer 3, tetramer4, pentameb. Molar ellipticity values for2—5 Acknowledgment. This work was supported by MURST
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exhaustive, the analysis of the CD spectra of compounds
2—5suggests that the formation of a secondary structure in
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