
Two cyclopentapeptides cyclo(ProTyrLeuAlaGly)(1) and
cyclo(AlaTyrLeuAlaGly)(2) isolated and identified from a
Chinese medicinal herb were chosen as model cyclopeptides to
evaluate a novel coupling reagent DEPBT (3-(diethoxy-phos-
phoryloxy-1,2,3-benzotriazin-4(3H)-one).  DEPBT was used
for synthesis of cyclic peptides in one-pot procedure. Compared
with some other coupling reagents, the cyclization yields were
satisfactory. 

Many cyclic peptides of natural or synthetic analogs have
important bioactivities,1,2 Therefore, the study on the synthesis
of cyclopeptide has become attractive project for peptide
chemists.  Cyclic peptides are usually prepared by suitably free
linear precursors, which are selectively activated and cyclized
in a highly dilute solution.  However, the cyclization yields are
always very low, especially pentapeptides are often not the best
starting materials for cyclization.  Because the cyclodecapep-
tides or linear decapeptides as by-products are easily generated
even under high dilution.  The ring closure is affected by many
important factors such as the structure of linear precursor, cou-
pling reagent, concentration of reaction solution, solvent, reac-
tion temperature etc. 

Cyclo(ProTyrLeuAlaGly) (1) and cyclo(AlaTyrLeuAlaGly)
(2) were isolated and identified from one kind of Chinese
medicinal herbs named Stellaria yunnanensis Franch(M),3,4

The two cyclopentapeptides were chosen as model cyclopep-
tides to evaluate the cyclization effect of DEPBT, 3-(diethoxy-
phosphoryloxy-1,2,3-benzotriazin-4(3H)-one), which was
developed by our group.  It is a colorless stable crystalline com-
pound and easy to prepare.  It has been successfully used for
synthesis of linear peptides by both solution method and solid
phase method.  DEPBT mediate amide formation with a
remarkable resistance to racemization.  Moreover, the side
chain of Tyr or Ser need not be protected.5–7

Protected linear pentapeptides BocProTyrLeuAlaGlyOMe
and BocAlaTyrLeuAlaGlyOMe were synthesized using DEPBT
as coupling reagent by one-pot method5 with the overall yields
60% and 52% respectively.  Free linear pentapeptides were
used for the synthesis of the corresponding cyclic pentapeptides
after deprotection and saponification.  Because the solubilities
of the linear pentapeptides in DCM and THF are poor, cycliza-
tions of the two free linear precursors were carried out in DMF

solution (10–3 M) by DEPBT.  In order to let the reaction finish
completely, excessive DEPBT (4eq) was added to the solution.
Et3N was used for keeping pH = 8–9.  The reaction time was
usually for 4–5 days.  After evaporation of the DMF in vacuum,
the crude product was obtained and purified by a silica gel col-
umn (gradient elution: CHCl3/CH3OH = 50:1–10:1) and then
TLC plate(1: CHCl3/CH3OH = 6:1, Rf = 0.50; 2:
CHCl3/CH3OH = 5:1, Rf = 0.52 ) to give pure cyclopentapep-
tide.  The purity of the product was analyzed by HPLC (>95%)
(Figure 1).  The structures of the two cyclopentapeptides were
identified by FAB-MS (1: [M+H]+ m/z: 502, 2: [M+H]+ m/z:
476), 1H NMR and amino acid analysis (1: Pro 1.0 (1), Tyr 0.89
(1), Leu 1.1 (1), Ala 0.96 (1), Gly 1.0 (1); 2: Ala 2.0 (2), Tyr
0.9 (1), Leu 1.03 (1), Gly 1.03 (1)).  The cyclization with
DEPBT proceeded smoothly and only trace cyclodecapeptides
(<5%) were formed in the synthesis of the two cyclopentapep-
tides.  Excessive DEPBT was readily removed through a silica
gel column. 

Other coupling reagents BOP, EDCI, HBTU, DPPA,
TBTU and DCC8 were also used for synthesis of the two
cyclopentapeptides under the same reaction conditions as those
for DEPBT.  The cyclization yields by DEPBT were higher
than those of BOP, EDCI or HBTU (Table 1). 

Using the strongly active reagents BOP, HBTU or TBTU,
only traces of linear precursor were detectable by TLC after a
reaction time of 2 h.  However, more by-products were
observed on TLC during the reaction and the product was not
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easy to purify.  Coupling reactions with DCC or EDCI proceed-
ed much more slowly than with BOP, HBTU or TBTU, and the
cyclization yields were unsatisfactory since even more by-prod-
ucts were formed.  DPPA is also an efficient coupling reagent
for synthesis of the two cyclopentapeptides.  There is no racem-
ization problem in the cyclization reaction since the C-terminal
was Gly residue, so there were no remarkable differences
among the specific optical rotation values of the products syn-
thesized with those coupling reagents. 

In conclusion, DEPBT is an efficient coupling reagent for
cyclization and the results showed that the formation of the cor-
responding cyclodecapeptides as by-product was not serious

during the cyclization reaction.  DCC and EDCI gave low
yields.  BOP, TBTU and HBTU gave moderate yields.  Like
DEPBT, DPPA gave high cyclization yield, but DPPA is oil,
which is not so convenient to use as other solid coupling
reagents.  Our study indicated that DEPBT is a useful coupling
reagent for synthesis of both linear and cyclic bioactive pep-
tides.
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