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A shortened, protecting group free, synthesis of the anti-wrinkle
venom analogue Syn-Ake� exploiting an optimized Hofmann-type
rearrangement
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Figure 1. Structure of Syn-Ake�.
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An unusual five-step synthesis of H-b-Ala-Pro-DabNHBz diacetate (a muscular nicotinic acetylcholine
receptor antagonist) has been delineated through Hofmann-type rearrangement as a final step to build
the target skeleton. The synthesis has been carried out using a protecting group free strategy and
employed readily available reagents as the starting materials.

� 2014 Elsevier Ltd. All rights reserved.
H-b-Ala-Pro-DabNHBz diacetate (Syn-Ake�) (1) is a synthetic could be obtained from readily available and inexpensive starting

tripeptide (Fig. 1), with a mode of action similar to that of Waglerin
1, a polypeptide that is found in the venom of the Temple viper
(Tropidolaemus wagleri).1

The peptide 1 is an antagonist of the muscular nicotinic acetyl-
choline membrane receptor (mnAChR). When mnAChR is blocked,
the ion channel remains closed. There is no uptake of Na+ and the
muscle cells stay relaxed.

A traditional peptide approach to the synthesis of 1 from the
corresponding amino acids (b-alanine, L-proline, and L-2,4-diamin-
obutyric acid) involves a 10-step synthesis including the installa-
tion of protecting groups, condensation, and finally deprotection.2

Also, in the case of a L-2,4-diaminobutyric acid (L-DAB), selective
protection of the amino groups is required and this amino acid is
not a commercially available low cost reagent.

As part of our ongoing research aimed at developing a new, fac-
ile, and short synthesis of 1, we found that the target tripeptide
reagents. Our synthetic approach for the synthesis of 1 was
envisioned via an unusual route, without the use of protecting
groups/deprotection strategies, and relies on a Hofmann-type
rearrangement as the final step as shown in Scheme 1.

No information on the acylation of L-proline with 3-chloropro-
pionyl chloride has been reported in the literature up to now.
Unfortunately, direct acylation provided not only N-(3-chloropro-
pionyl)proline (6), but also significant quantities of a dehydrochlo-
rination by-product—N-acryloylproline (7) (20–50% according to
LSMS data). After several attempts using both organic and inor-
ganic bases, we found that bases such as Et3N, pyridine, and
K2CO3 gave poor yields of 6. The use of an additional one equiva-
lent of L-proline was chosen as an optimum base—the acylation
product was recovered without any dehydrochlorination occur-
ring. Thus, the reaction of 3-chloropropionyl chloride with two
equivalents of L-proline in methylene chloride at �10 �C gave 6
in 74% yield. Although there was no need to isolate 6, the pure
product could be obtained as white crystals by removal of methy-
lene chloride under low pressure and crystallization of the residue
from EtOAc.3

A solution 6 in methylene chloride was cooled to �5 �C and one
equivalent of pentafluorophenol (PfpOH) was added, followed by
1.1 equiv of DCC in methylene chloride. The resulting mixture
was stirred at 0 �C for one hour and target 2 was isolated as a mix-
ture with N-(3-pentafluorophenoxypropanoyl)proline (8) (92:8).
Crude 2 was crystallized from Et2O–hexane to give pure (>98%) 2
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Figure 2. X-ray crystal structure of compound 2.
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Scheme 1. Reagents and conditions: (a) 3-chloropropionyl chloride, CH2Cl2, �10 �C, 0.5 h; �10 �C to 0 �C; 10% aq NaCl; Na2SO4. PfpOH, DCC, �5 �C, then 0 �C, 1 h; (b) NMM,
CH2Cl2, rt, 48 h; (c) BzNH2, HOBt, DCC, DMF, 0 �C, then 5 �C, 18 h; (d) NH3, MeOH, 10 �C, then rt, 48 h; (e) PhI(OAc)2, 1,4-dioxane–H2O, Py, 5 �C, 5 h.
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in 56% yield as large colorless crystals.4 The X-ray crystal structure5

of 2 is shown in Figure 2.
The reaction of 5-methyl ester of L-glutamic acid with pentaflu-

orophenyl ester 2 produced acylated dipeptide 3. The reaction was
carried out under standard peptide synthesis conditions in the
presence of NMM at rt for 48 h; methylene chloride was used as
the solvent. The yield of pure (96%) 3 was 81%.6

Treatment of dipeptide 3 with benzylamine in the presence of
the coupling reagents DCC and HOBt at 0–5 �C in DMF afforded
Table 1
Results of the Hofmann-type rearrangement using various reagents and different conditio

Entry Reagent (equiv) Reaction conditions

1 NaOBr (1.5) 1,4-Dioxane–H2O, Py, 5 �C
2 PIDA (1.5) 1,4-Dioxane–H2O, Py, 5 �C
3 PIFA (1.5) 1,4-Dioxane–H2O, Py, 5 �C
4 HTIB (1.5) 1,4-Dioxane–H2O, Py, 5 �C
5 PIDA (2.0) 1,4-Dioxane–H2O, Py, 5 �C
6 PIDA (3.0) 1,4-Dioxane–H2O, Py, 5 �C
7 PIDA (4.0) 1,4-Dioxane–H2O, Py, 5 �C
8 PIDA (5.0) 1,4-Dioxane–H2O, Py, 5 �C
9 PIDA (4.0) 1,4-Dioxane–H2O, Py, 5 �C
10 PIDA (4.0) 1,4-Dioxane–H2O, Py, 5 �C
11 PIDA (4.0) 1,4-Dioxane–H2O, Py, 5 �C
12 PIDA (4.0) 1,4-Dioxane–H2O, Py, 5 �C

a Isolated yield.
benzylamide 4. Under the optimum conditions: HOBt (1.07 equiv),
benzylamine (1.23 equiv) and DCC (1.03 equiv), 18 h, the yield of 4
was 69%.7

In the next step, direct ammonolysis of the methyl ester and
alkyl chloride resulted in tripeptide 5. This procedure is conven-
tionally carried out in the presence of methanol as the reaction
medium and requires a large excess of ammonia to ensure that fur-
ther substitution does not take place. Peptide 5 was recovered in
51% yield after purification by flash chromatography on silica gel
(MeOH/CHCl3, 1:1).8

In the final step, conversion of –CH2C(O)NH2 into –CH2NH2 was
achieved by the aid of a Hofmann-type rearrangement. So far, to the
best of our knowledge, there have been no reports on the synthetic
application of selective Hofmann-type degradation of bisamides of
glutamic residues in peptides. However, Rodionov et al., described
the utility of PhI[OC(O)CF3]2 (PIFA) for the degradation of protected
linear dipeptides containing glutamine.9 Reactions were performed
with PIFA (1.5 equiv) in DMF–H2O (1:1) for three hours at room
temperature in the presence of pyridine (2.0 equiv). However, we
encountered difficulties which can be ascribed mainly to the
presence of two different amide groups (CONHBz and CONH2).
A series of compounds including NaOBr, (diacetoxyiodo)benzene
[PhI(OAc)2, PIDA], PIFA, and [hydroxy(tosyloxy)iodo]benzene
(HTIB) were investigated as reagents for this rearrangement and
the results are shown in Table 1.
ns

Yield % (HPLC)

, 2 h <3
, 2 h 30
, 2 h 29
, 2 h 24
, 2 h 36
, 2 h 42
, 2 h 46
, 2 h 48
, 3 h 49
, 5 h 53
, 8 h 51
, 5 h (2.4 equiv PIDA, then 1.6 equiv after 3 h) 59 (54a)
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Among the reagents used (entries 1–4), PIDA gave a slightly bet-
ter yield than PIFA and HTIB, and subsequent experiments were car-
ried out with PIDA. During the next optimization (entries 5–12), it
was found that the significant factors for the success of this reaction
were the amount of PIDA, the time of exposure, as well as the frac-
tional addition of the reagent. Thus, with the optimum conditions
the isolated yield of target 1 was 54%. The reaction procedure is very
simple.10 A mixture of pyridine and 1,4-dioxane was added to a solu-
tion of tripeptide 5 in H2O. The solution was cooled in an ice bath and
then PIDA (2.4 equiv) in 1,4-dioxane was added at 5 �C. After three
hours, an additional quantity of PIDA (1.6 equiv) was added and
the mixture was stirred for a further two hours. The mixture was
diluted with ice water, washed twice with ethyl acetate, and once
with ethyl acetate/butanol (4:1). The aqueous layer was evaporated
and the residue was chromatographed (HPLC) to give target 1.

In summary, we have reported a useful and short method for
the synthesis of H-b-Ala-Pro-DabNHBz (1). The synthesis has been
carried out without the use of protecting groups/deprotection
strategies, uses readily available reagents, and relies on a
Hofmann-type rearrangement as the final step. Hopefully, this
new synthetic procedure will receive further attention for the
preparation of DAB-containing peptides.
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