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ABSTRACT
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The solid-supported synthesis of a bicyclic diketopiperazine, a potential peptide f-turn mimetic, is described. The Ugi reaction between the
resin ester of a-N-Boc-diaminopropionic acid (an amine input), a-bromo acid, aldehyde, and isocyanide is the key step in the proposed
protocol.

We recently described our efforts in the high-throughput
organic synthesis of peptide turn mimetic libraries based on

piperazinic acid scaffoldl (Figure 1)! While studying SR RS
methods that would allow us to introduce the missing R Rl Rl Ou NH
substituent, we turned our attention to diaminopropionic acid Oy NH \L o} I

as a source of the central framework on which we hoped to O- NJ\AN R

. ) X ; L HN ~ 4
build our libraries Another approach using diaminopro- L !J-JLN R N\)
R? U'Hﬁ/&o R?

pionic acid in the solid-phase synthesis of pyridones and

pyridopyrazines as a peptidomimetic scaffold has also been ° ®
reported® While working on this manuscript we became Rs
aware of Kahn and co-workers approach to conformationally
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_ _ 0 CON atlo R o Oy NH R! Oy NH
restricted peptide secondary structure mimetics utilizing a \L J\/\ I Q I
N N R )kl/\

similar bicyclic heterocyclic scaffollA cyclopropyl deriva- : N N™TR*
tive of this heterocycle was recently reported by Belov and szx\S(N g 2 NY&O
co-workers: The-turn is a common feature in biologically o R o &

active peptides and is defined as any tetrapeptide sequence
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hedron Lett2000,41, 4841—4844. Figure 1. Peptides-turn and the evolution of our peptide turn

(2) Recent, improved synthesis of diamino propionic acid: Zhang, L. mimetic concept.
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and i3, there are at least 14 types g@fturn structures tection exposed an amine group which was applied as one
described in the literaturePreliminary modeling using the  of the inputs in solid-phase Ugi reaction (Scheme 1).
SYBYL 6.6 molecular modeling program was performed on
structures2 and 3 (Figure 1) to determine their propensity
to adopt ap-turn. It consisted of energy minimizing both
structures in a distance dependent dielectric and then
constraining the dihedral angles infaturn followed by
energy minimization of the fully unconstrained structures. ?

Scheme

The root-mean-square deviation calculated for the heavy o] ab H

O N
atoms between a typefl turn and the structurg (RL,R®> = OJK_/\ NHFm: ? j)\/\
H, R* = CHs) was 1.1 A, and the deviation was 0.9 A with BocHH AL
structure3. The root-mean-square deviations between type BDCHP.“....(J*o
Il B turns and structure® and 3 were 0.7 and 0.9 A, 4 5 Br
respectively.

These results suggest that the absolute stereochemistry of /@\ l c.d
diaminopropionic acid can slightly affect the conformation /Q\
of the backbone which will ultimately influence the overall 0 B i
positioning of the side chains. This should allow us to tune HNJJ\/\N £9 0

our mimetic into a givers-turn target. Figure 2 presents . '5‘\/1*0 OJ\/\N

compound? overlapped with a type |B-turn peptide. | I

aReagents and conditions: (a) 25% piperidine, DMF, 30 min;
(b) hydrocinnamaldehyde (5 equiv), 2,6-dimethylphenyl isocyanide
(5 equiv), (B-(+)-2-bromopropionic acid, MeOH/CHE(1:4; viv),
rt, 2 x 2 h; (c) 25% TFA in DCM; (d) 10% DIPEA, DCM, rt, 18
h; (e) Boc-Phe-OH, NMM, isobutyl chloroformate, THF/DMF; (f)
25% TFA, DCM; (g) 2 M AcOH, i-PrOH, 50C, 18 h.

Optically active R)-(+)-2-bromopropionic acid, hydrocin-
namaldehyde, and 2,6-dimethylphenylisocyanide were used
in excess (5 equiv) to drive the reaction to completion. Boc
group removal followed by base-catalyzed cyclization af-
forded resin-bound produét The second ring system was
elaborated via Boc-amino acid coupling, amino group
deprotection, and cyclitive cleavage induced by heating the
resin in 2 M acetic acid in 2-propanol. We tested several
coupling procedures, and the mixed anhydride method was
o o ) found to be the optimum. As expected, the application of a
o-N-Boc-N-Fmoct-diaminopropionic acid was attached ¢y qjitive cleavage step afforded the crude produatith a

to Merrifield’s hydroxymethy! resin using Mitsunobu condi-  rg|atively high level of purity (85% pure HPLC/UV detector).
tions to provide resin estdr® Standard Fmoc-group depro- After HPLC purification, the produc? was isolated in

overall 20% vyield (calculated on the Merrifield-OH resin)
(5) Belov, V. N.; Funke, C.; Labahn, T.; ESayed, M.; de-Meijere, A. 0 i
Eur. J. Org. Chem1999, 1345—1356. 82% average yield. - . .
(6) (a) Venkatachalam, C. NBiopolymersL968 6, 1425-36. (b) Chou, The diastereoselectivity of the Ugi reaction was not very

P.Y.; Fasman, G. DJ. Mol. Biol. 1977,115, 135—175. (c) Ball, J. B; high, and as a consequence the crude produds isolated

Huahes, . A Alewood, P. F.; Andrews, P. Retrahedronl993 49, 55 4 1:1.5 mixture of diastereoisomeTa and7b) at the R

(7) (a) Rose, G. D.; Gierasch, L. M.; Smith, J. A. Turns in peptides and center? However, it should be pointed out that the present

proteins. InAdvances in Protein Chemistry; Anfinsen, C. B., Edsall, J. T., ini ;
Richards, F. M., Eds.: Academic Press: Orlando. FL. 1985: Vol p@7, method allows for control of all the remaining chiral centers.

1-109. (b) Gillespie, P.; Cicariello, J.; Olson, G. Biopolymers Peptide Both enantiomers of diaminopropionic acid are readily

acignc?,éll%rggrfleregglR%%%rtS(dcﬁ)c (queW_1927,?<3,lt191%218- (cz:*éahn, available from.- andp-asparaginé@ Optically activeo-bro-
. Synle ,1l, - . lannis, A.; Kolter, Angew. em.,, . . . . 0
Int. Ed. Engl.1993,32, 1244-1267. () Hanessian, S.; McNaughton-Smith, MO acids are readily prepared from relatedmino acids

G.; Lombard, H. G.; Lubell, W. DTetrahedron1997,53, 12789—12854.  The bromine displacement occurs via a2 8nechanism with

1o Mitsunobu, O-; Yamada, M.; Mukalyama, Bull: Chem. Soclen.——inversion of the configuration on the’Rtereocentet: No

(9) (a) Ugi, |.; Steinbruckner, CChem. Ber1961,94, 734. (b) Udgi, I.;

Figure 2. Compound?, (S-diaminopropionic acid, as the substrate,
overlapped with a type IB-turn peptide (magenta).

Domling, A.; Horl, W. Endeavour1994,18, 115—-123. (c) For diastereo- (10) Souers, A. J.; Schurer, S.; Kwack, H.; Virgilio, A. A.; Ellman, J.
selectivity of the Ugi reaction, see: Kunz, H.; Pfrengle, WAm. Chem. A. Synthesig999, 583—85.
Soc.1988,110, 651. (11) As proven by NOESY experiment: see Supporting Information.
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epimer at the Rchiral center was isolated. Substituents R obtained in high yield and good purity. The scope and
and R are not conformationally constrained, but they are limitations of the proposed method as well as its demonstra-
presented in the right distance and position to the remainingtion in the high-throughput mode are currently being studied
R, R? and R side chains. Simulated annealing was in our group and will be reported shortly.

performed on structuré The protocol consisted of 50 cycles

of annealing from 1000 to 300 K, with a 10 ps annealing  Acknowledgment. We thank Professor Kevin Burgess

time. This process yielded 50 structures whose energy-(Texas A & M University) and Dr. Dave Portlock for helpful
minimized average structure is presented in Figure 2. This comments during the course of this work.

compound overlapped well with a typeflturn as indicated
by the small root-mean-square deviation of the heavy atoms
(0.5 A).

In conclusion, we have developed an efficient solid-
supported synthesis of a peptigeturn mimetic. The key
multicomponent reaction is carried out under mild conditions
utilizing readily available components. The final product is OL006145S

Supporting Information Available: Experimental pro-
cedures and characterization detaitsl (and 3C NMR,
NOESY, LC-MS) for product§a and7b. This material is
available free of charge via the Internet at http://pub.acs.org.
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