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Synthesis of Cyclic Tetrapeptides via Ligation of Peptide Hydrazides
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Abstract Naturally occurring or man-made cyclic tetrapeptides have unique rigid skeletons and therefore, represent an
interesting class of candidate bioactive molecules in drug discovery. However, efficient chemical synthesis of cyclic tetrapep-
tides often presents a difficult problem due to the large strain involved in this category of target compounds. To overcome
this problem we describe in the present study the use of peptide hydrazides for the preparation of highly strained
12-membered all-L cyclic tetrapeptides. The new synthetic route starts with the easy Fmoc solid phase synthesis of a linear
N-Cys-tetrapeptide hydrazide precursor. Upon quick activation by NaNO, at pH 3 and —10 ‘C for 20 min followed by
treatment with a pH 7 buffer containing an external thiol (4-mercaptophenylacetic acid, 40 equiv.) at room temperature, the
N-Cys-tetrapeptide hydrazide precursor is converted in situ to an N-Cys-tetrapeptide thioester. This thioester undergoes a fast
intramolecular thioester exchange reaction to generate a 13-membered thiolactone intermediate. Then an S-to-N acyl shift is
expected to take place to create an amide bond, which affords the desired cyclic tetrapeptide in a modest overall yield (ca.
40%). Finally, desulfurization of the cyclic peptide product can be carried out to produce the target cyclic tetrapeptide that
does not contain any Cys residue. Through detailed 'H, '*C, and TOSCY NMR and HPLC analyses, it is found that the new
method for tetrapeptide synthesis can be carried out at relatively high substrate concentrations (0.8—1.0 mmol/L) without
causing the formation of much cyclic octapeptide byproduct. Our test also showed that the reaction can generate the desired
cyclic tetrapeptide in an epimerization free manner. By using the new method we have successfully prepared several cyclic
tetrapeptides including cyclo(Ala-Leu-Ala-Leu), cyclo(Ala-His-Gly-Trp), and cyclo(Ala-Val-Gly-Ile) in 18%—25% overall
yields. We expect that our method of cyclic tetrapeptide synthesis may find applications in the development of cyclic peptide
libraries for bioactivity screening.
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Figure 1 Strategies developed for synthesis of cyclic tetrapeptides
(a) Solid-phase synthesis of cyclic tetrapeptide beginning from aspartic acid which is

attached to the solid support by its side chain. (b) Synthesis of C,-symmetric,

all-L cyclic tetrapeptides by two turn-inducer pseudoprolines. (c) Use of HnB (a photolabile auxiliary) in a ring-contraction strategy to make highly strained cyclic

tetrapeptides
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Figure 2 Synthesis of cyclic tetrapeptides through ligation of tetrapeptide hydrazides
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Figure 3 Cyclization of model tetrapeptide hydrazide H-Cys-Tyr-Arg-

Phe-NHNH,

(1) Reactant 1a used for cyclization. (2) Cyclization for 2 h under optimized
conditions. (3) Desulfurization of 2a for 5 h. Note: *: internal standard; **:

MPAA; *** derived from VA-044
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IIETERN A5%; or a3 B 2a, T VA-044 IR
N5 h, RS2 2a' (ESI found 538.4, caled for [M+
H]: 538.3). WD R0 577K 28%.
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Figure 4 Concentration dependence for cyclization of 1a
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Table 1 Optimization of the reaction conditions for cyclization of
tetrapeptide hydrazide”

e M G/ %
1 MPAA 86.3
2 AL I MesNa 88.5
3 PhSH 91.2
4 6.0 54.4
5 pH’ 8.0 76.1
6 9.0 63.5

“ Peptide 1a (1.0 mmol/L) was dissolved into the aqueous phosphate buffer
(0.2 mol/L) containing 6.0 mol/L guanidinium chloride and the pH was ad-
justed to 7.0 in the second step; ’pH value of the second step.
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fITLL H-Cys-Tyr-Arg-Phe,-NHNH, (1b)4 Ji k}, & ik
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t/min

Bl s DUBKIEENE 1a W5 hEdat.

Figure S Epimerization test of 1a

(1) Purified 2a; (2) Purified 2b; (3) Co-injection of 2a and 2b; (4) Co-injection
of 2a and 2b at 60 C. Note: *: MPAA
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Figure 6 Treatment of 2a with NaOH at pH=14.0
(1) Purified 2a. (2) Purified 2a in pH 14.0 solution for 30 min
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Figure 7 'H and TOCSY spectra of 2a’ and 2¢'

NMR spectra were recorded in DMSO-dj at 298 K on a Bruker Avance III 400
spectrometer

NH,NH,*H,O (¥ DMF (2 mL), &% 30 min J54iT, M
DMF, DCM (CH,Cl,), DMF &% 5 Ik, it R)5H#%
HEFRIE Fmoc [EAH G B2 KT VE -G At I 1R 42 P DU TR 1k
JHE. KA R IE R VA4 equiv. EIFEIR, 3.6 equiv.
HCTU (6-5 7K = %(ME-1,1,3,3-PU FE LR /N S B IR TR,
8 equiv. DIEA (N,N-_5#N2E2N%), A TAANET 5
min) JIAZ K& E H, &M 1 h. Hf DMF, DCM, DMF
FUREE S K, I 20%UREE DMF #5015 min (5
min, 10 min £—X), Bk Fmoc. KBS AHA1%E 52 S5,
IO 5 mL ) ERRFHI[95% TFA, 2.5% H,0, 2.5% TIPS (=
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Table 2 Scope of the method for cyclic tetrapeptide synthesis
. FPY ik Jit 2 DY ik
)NE2T] KL R — — — —

WTEY%  DETEY  NTR' RYBTEN O TR
H-Cys-Leu-Ala-Leu-NHNH, 2d 2d' 86 40 401.3 24 369.2
H-Cys-His-Gly-Trp-NHNH, 2e 2¢' 79 38 484.1 25 452.1
H-Cys-Val-Gly-Ile-NHNH, 2f 2f" 76 30 373.2 18 341.3
H-Cys-His-Trp-Gly-NHNH,? 2g 2g' 78 40 485.3 25 4533

“The isolated yield was calculated upon purified cyclic product after lyophilization and the crude peptide used for cyclization. ® Molecular weight was obtained by
ESI-MS and in agreement with the calculated mass. © The isolated yield was calculated based on the weight of each peptide purified after desulfurization and the

crude peptide used for cyclization. ¢ The carboxyl carbon of Gly is °C labeled.
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TR 5 22 /(6.0 mol/L GneHCl, 0.2 mol/L NaH,PO,)t
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BN 10 equiv. NaNO, (0.2 mol/L 7K¥#¥, 100 pL), %tk
20 min J5, MIA 40 equiv. MPAA (13.4 mg %1 0.9 mL
WERR ERGZ I ), AR N ZARFA 2 mL. ¥ pH 14
7.0, RN 2 h. F] HPLC W PRk, 5z v E
422 vARBLM 1a RE 5 IR E 21

H TR 1a WS NI CR, TATH HPLC
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