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We hereby present a new class of macrocyclic peptidomimetics' exemplified by structure 1 (Figure 1),
enabled by an efficient solid phase parallel synthesis method for producing macrocycles in large numbers.’
Macrocycle 1 is composed of a tripeptide cyclized backbone-to-backbone by a nonpeptidic tether, and also
bears a secondary amine. The tether restricts the conformation of the molecule, provides a molecular
recognition element and allows tuning of its physico-chemical properties.

The synthetic method relies on solid phase parallel synthesis on a polystyrene (PS) support via a thioester
linker, and makes use of the Irori™ platform (Scheme 1).

Macrocyclization is combined with cleavage in a cyclative release step,’ allowing for removal of unreacted
resin-bound materials atthe end of the reaction.

Figure 1. Representative structure of macrocyclic The method was app”ed to the generation of Tranzyme
peptidomimetics (L stereochemistry indicated for reference) Pharma’s HitCreate™ |ibrary of 35,000 Chemically and
AA; conformationally diverse macrocycles. At each position, a
R, O AAs broad diversity of amino acids was introduced including L-, D-
AA, 2 NﬁN 3 , o—, B—, y- amino acids, with acidic, basic, aromatic, aliphatic,
R1~2; ‘S:O polar neutraand cyclicamino acids.
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Synthetic features (Scheme 1):
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Scheme 1. Solid pjhase parallel synthesis of macrocycles
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- final compounds were purified by MS-
triggered prep HPLC for characterization Scheme 2. Tether attachment via reductive amination

OtBu OtBu

o £

O " : |
O_S)‘j/)N W(\H/S_.s\\OtBu . O_S)J)/ \n/\N _.\\ i
N

O NH2 x TFA BocNH H

a. Ddz-tether-CHO, BH5:CsHsN, HC(OMe)z, MeOH, RT ©;

NHDdz

Representative macrocyclization results (Table 1):

- overall yields (11 steps) vary from 1 to ca 50%, and are profoundly influenced by the stereochemistry and

chemical nature of amino acids and tethers;

- generally, tripeptides alternating stereochemistry give higher macrocyclization yields than their homochiral
counterparts. This difference is exacerbated in cases where macrocycles are more difficult to form, and is
presumably due to transannular interactions at the transition state in the homochiral series making
macrocyclization an unfavorable process (see entries 1vs 2, 7 vs 8);

- the presence of turn-inducing amino acids in position AA, ) is favorable for cyclization (entries 5 and 9);

- the presence of bulky amino acids in position AA, is detrimental to macrocyclization when silver is absent,

however this difficulty is overcome with silver activation (see entries 15 vs 16 and Figure 2);
- the use of silver trifluoroacetate has a mixed influence on overall yield. In sequences that undergo
macrocyclization easily it has little impact (entries 7, 8), whereas in more difficult sequences it is beneficial

(entries
- overal
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5vs 106). Itis believed that silver brings both an enthalpic and an entropic effect;
yield and product quality were affected by ring size (14- to 19-membered rings), but were significantly
ngs bearing less than 14 atoms."

-tether attachment via reductive amination was applied, and allowed macrocyclization smoothly (13, 14).

Table 1. Summary of macrocyclization yields.

Yield'

Sequence ring Dimer

Nr tether Ag | overall macro

AA-AA,-AA; size (%) | (%) | (%)
1 Leu-(D)Leu-Phe \ . / 1Y 36.1* | 67.1 nd

N /=
2 Leu-Leu-Phe _ y 9.5 16.1 33
3 Om-Ser-Glu | "~ ™ 15yl 18 | 281 | nd
4| see@abom | <O | 15|y | 12 [ 261 | nd
HO OH
H

5 Phe-Sar-Leu SN N 16 Ly | 272 | 305 nd
6 | (D)Phe-(D)Lys-Met ﬁj/ S\é 17 | v | 186° | 74.7 nd
Ta ) y | 225 | 35.7 6.7

Ile-(D)Ala-Ph & -
7 | HeDAlFhe f ¢ o | n] 359 | 57 | nd
8a lle-(D)Ala(D)Phe y | 119 | 17.6 | 10.7
8b n| 132 | 194 5.3

e
9 Ile-Acp-3Thi 18 | vy 5.6 33 5.1
\/’ ’\‘,
o
10 | (D)Nva-Asp-Phe _ 18 | vy 15¢ 25.5 nd
\ 4
L

11 | (D)Phe-(D)Ser-Tyr | 5 \o 19 | y| 237 | 30.7 nd
12 <— ' y 16 26.3 7.4

Leu-(D)Leu-Ph ° 18
e [ e (DheuPhe d_/ y| 21 | 39 | nd
14| Ser-Tyr-(D)Lys é/sb 17 | y 20 44 nd

d

15 Leu-Leu-Val ~" o7 | 15 y | 302 200 || o6
16 n 1.7 3.1 nd
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Kinetic studies (Figure 2):

Several reactions were performed and stopped at set times on two sequences: Leu-Leu-Phe 1 and
Leu-(D)Leu-Phe 2, Leu-Leu-Val 3 and Leu-(D)Leu-Val 4 (Figure 2).

-on Leu-Leu-Phe sequence 1, the use of silver almost triples the yield (Figure 2a). Reaction reached
maximum yield in about 1h with silver salts;

- on Leu-(D)Leu-Phe sequence 2, after 20h there is no difference in yield with or without silver. The
reaction was faster with silver;

- final yield is the same in the LDL sequence, regardless of conditions, compared to the L-L-L series
with silver:;

- qualitatively, the use of silver facilitates difficult reactions, whereas it has a marginal impact on
easier reactions. It therefore seems to lower the activation barrier for the reaction to occur, with a
limited impact when barrier is low. As a result, we believe that a certain degree of preorganization is
associated with sequences of alternative stereochemistry, which undergo macrocyclization easily in
the absence or presence of silver. The fact that silver has zero or a slightly negative impact in these
cases may pointto arole forintramolecular H-bond formation, which may be disrupted by silverions;

- this notion is further exemplified in Figure 2c, where a bulkier amino acid is used in AA, with the

Leu-Leu-Val and Leu-(D)Leu-Val sequences 3 and 4, resulting in a more difficult macrocyclization. In
the L-L-L series 3, after 20h there was almost no reaction without silver whereas the presence of
silver increased yield to 17%. In the L-D-L series 4, after 2h the yield was above 20% with or without
silver.

Figure 2. Kinetic studies
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Conclusion:

A new class of macrocyclic peptidomimetics has been synthesized, based on a tripeptide scaffold
tethered by a nonpeptidic tether. Tripeptide encompasses all classes of natural and unnatural amino
acids, whereas tether can support a broad chemical diversity. This class is empowered by an efficient
solid phase parallel synthesis technology, which has delivered 35,000 molecules.

Mechanistic studies indicate that yields and kinetics of macrocyclizations are profoundly influenced
by the structure of the four building blocks, as well as the presence of silver salts.
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