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Novel immonium type peptide coupling reagent: 5-(1H-benzo-
triazol-1-yloxy ) -3 4-dihydro-1-methyl 2 H-pyrrolium hexachloro-

antimonate (BDMP® )

LI, Peng(Z8%) XU, Jie-Cheng (% 7 %)

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032, China

A novel immonium type coupling reagent, 5-(1H-benzotria-
zdl-1-yloxy )-3, 4-dihydro-1-methyl 2H-pyrrolium hexachlo-
roantimonate (BDMP) has been designed, synthesized and u-
tilized to synthesize oligopeptides and biologically active pep-
tide both in solution and solid phase with satisfactory yield,
low racemization and fast reaction rate. The estimation of
racemization and the influence of several reaction parameters
were studied by HPLC method using the model reaction: Z-
Gly-Phe-OH + Val-OMe - HCl— Z-Gly-D/ L-Phe-Val-OMe.
It was shown that the reactivity of BDMP was much higher
and the racemization was much lower than those of HOBt-
based onium’ reagents, even though its analogues BOMI. To
further verified the effectiveness of BDMP, Leu-enkephalin
was synthesized both in solution and solid phase using BDMP
as coupling reagent. The proposed mechanism was also specu-
lated.
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Introduction

With the development of peptide chemistry, many
new peptide coupling reagents have been designed and
synthesized to meet the needs of peptide synthesis. In
the past decades, one of the significant development in
this field was the exploitation of HOBt-based ‘onium’-
type reagents, such as BOP,! HBTU,? PyBOP,3
HBPyU,* HBPipU,> HBMDU® et al. , which were wide-
ly used in peptides synthesis both in solution and solid
phase. Subsequently those reagents have been modified
by replacing HOBt with HOAt to obtain HOAt-based

Received April 21, 1999; accepted June 7, 1999.

onium’ agents, such as HATU, HAPyU, AOP and
PyAOP.” These reagents were more efficient than corre-
sponding HOBt-based reagents due to the anchimeric as-
sistance effect of HOAt.® Despite the above mentioned
studies, another pathway, enhancing the efficiency and
decreasing the racemizaion during coupling, is still as-
sumable by replacing one of the substituted amino groups
of central carbon atom of uronium reagents with hydro-
gen, alkyl or aryl. Thus the electron density of the cen-
tral carbon of immonium salts was much lower than that
of corresponding uronium salts and the immonium
molecules were adequately activated due to obvious elec-
tronic effect (Scheme 1) . Based upon this consideration
we designed and synthesized a new series of immonium
type coupling reagents. In previous studies,’ we proved
HOBt-based immonium salts BOMI to be very effective,
Herein we will report its more efficient analogue BDMP
in detail.

Results and discussion

Synthesis and evaluation of BDMP

BDMP can be easily synthesized from inexpensive
and nontoxic starting material N-methyl pyrrolidone by
condensation with bis (trichloromethyl ) carbonate yielded
the immonium chloride, which was stabilized subse-
quently with SbCls to give the intermediate 5-chloro-3,4-
dihydro-1-methyl 2 H-pyrrolium hexachloroantimonate,
followed by reacting with the potassium salt of 1-hydroxyl
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benzotriazole to give the desired compound as a yellowish

crystalline and shelf-stable solid (Scheme 2) .

Scheme 1 Resonance structures of uronium and immonium type coupling reagents
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In previous study,’ we have optimized the reaction
conditions and investigated the influence of solvent, base
and temperature during peptide synthesis by HPLC using
the model reaction: Z-Gly-Phe-OH + Val-OMe* HCl—>Z-
Gly-Phe-Val-OMe. " It was found that less polar THF
and the hindered, less basic tertiary amine, 2,6-lutidine
were suitable for these HOBt-based immonium type cou-
pling reagents based on the yield and reaction rate com-
paring to other solvents and bases which were commonly
used in peptide synthesis. Owing to the high reactivity of

1) (C,C),CO,
_—
2) SbClg

»—Cl
N*  sbelg
CH,

| sbCl; \=N
3

these reagents, the reaction can be conducted in reduced
temperature resulting in higher yield.

In attempt to evaluate the extreme reactivity of
BDMP the model reaction: Z-Gly-Phe-OH + Val-OMe -
HCl — Z-Gly-Phe-Val-OMe was adopted using HPLC
method by comparing to the HOBt-based uronium reagent
HBPyU, which was shown to be the most efficient among
HOBt-derived ‘onium’ salts, such as HBTU, HBPipU,
BOP and PyBOP.”!! As the results shown in Fig. 1
and Table I, it is obviously that BDMP is superior to
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HBPyU and BOMI by comparison of coupling yield and

racemization during different time course of reaction us-

- 10°C) . For example after 35 min reaction, the yield
is up to 94% for BDMP, meantime 80% for BOMI only

ing same reaction condition (THF, 2,6-lutidine, 8% for HBPyU.
Table 1 Reaction speed and racemization of BDMP, BOMI and HBPyU
Coupling Reaction conditions Reaction time Yield D-isomer

reagent T (C) Base Solvent (min) (%) (%)
1 46.0
10 89.6

BDMP -10 2,6-lutidine THF 25 93.1 1.11
35 93.1
120 95.3
1 4.98
10 20.1

BOMI -10 2,6-lutidine THF 25 61.5 1.55
35 79.5
120 93.4
1 1.57
10 3.29

HBPyU -10 2,6-lutidine THF 25 5.43 14.6
35 7.69
120 16.1

100 ¢ It is likely that the higher reactivity of BDMP than

80 o
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Fig. 1  Comparison of reactivity of BDMP with BOMI and
HBPyU. (Reaction conditions: T: - 10°C; Base: 2,
6-lutidine; Solvent: THF; Substrate ratio: N-protected
amino acid: amino acid ester hydrochloride: coupling
reagent: base = 1:1.1:1.1:3. The reactions were
monitored by HPLC, the reaction mixtiure was sampled
al,2,3%,4,5,10, 15, 20, 25, 35, 50/,
120’ and 180, respectively. Part of these data were
listed in Table 1.)

HBPyU may attribute to the two pyrrolindino groups of
the central carbon atom in the HBPyU molecule provid-
ing two equal resonances to stabilize uronium salt, but
greatly decrease the reactivity of the reagent; Whereas
BDMP provides with the structural feature by replacing
one of the substituted amino group of the uronium
reagent HBMDU with alkyl to dislocate the two equal
resonance structures. In addition the higher reactivity of
BDMP than its analogues BOMI was probably due to the
tension of intra-annular imide bond. By calculation using
PCMODEL software'? it was found that the angle of N—
CP>—C#% in the molecule of BDMP having a value of
113.7°, indicating the five number ring of 2 H-pyrrolium
was to some extent constraint. The higher reactivity of
BDMP were also attribute to the relatively low electron
density in central carbon of BDMP.

In order to evaluate the extent of the racemization
during coupling using BDMP an HPLC method ( coupling
of Z-Gly-Phe-OH and Val-OCH;)' and Young’s test®
(coupling of Bz-Leu-OH and Gly-OFEt- HCl) were adopt-
ed. It was observed that the racemization with BDMP
was the lowest comparing to other coupling reagents
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(Table 2). The reduced racemization with BDMP may
be due to the mild reaction conditions, the weak basicity
as well as the hindrance of the tertiary amine 2, 6-luti-
dine.

Synthesis of oligopeptides , Leu-enkephalin using BDMP

In order to assess the effectiveness of BDMP the
syntheses of a number of oligopeptides were accom-
plished using the above optimized reaction conditions
with satisfactory yield (83—93%) and negligible
racemization (Table 3). The reaction can be carried out
by one pot procedure without the pre-activation of the
carboxylic component .

An biologically active peptide Leu-enkephalin’® was
also synthesized to confirm further the efficiency of
BDMP on peptide coupling in solution (Fig. 2). The
protected Leu-enkephalin was obtained via seven cou-
pling steps in 51.4% overall yield. The product of each
step was confirmed by elemental analysis and other crite-
ria. Using HPLC and ESI-MS the final product was
shown to be identical with an anthentic sample from Sig-
ma.

BDMP can also be used in the ester formation with
excellent yield, especially the preparation of active es-

ters such as benzotriazolyl ester, pentafluorophenyl ester
and succminyl ester which were often used during the
synthesis of lactone and lactam. The utilization of BDMP
to synthesize cyclopeptide, such as biologically active
peptide cyclosporins which bear potent immunosuppres-

sive activity, is underway.

Table 2 Comparison of racemization of BDMP with
different coupling reagents®

Reagent™ HPLC method Young’s test
DL(%)* DL(%)"

DCCI 19.7 72.1
BOP 9.6 39.6
HBTU 9.8 24.3
HBPyU 7.9 18.0

HBPipU 8.9 20.5
BOMI 6.4(3.1°) 8.8°
BDMP 4.6(2.2°) 5.3

Al reactions were carried out in the same conditions which were
commonly used for the HOBt-derived uronium reagents such as
BOP, HBTU and HBPyU . %

*DL(%) equal to D-isomer(% ) multiplied by two.

“Reaction conditions were the same as those used in Fig. 1 which
were suitable for the HOBt-derived immonium coupling reagent—
BOMI, BDMP.

Tyr Gly Gly Phe Leu
Boc —+- OH H ~4+—OMe
BDMP
Boc OMe
OBzl TI;A
Boc —f OH H——OMe Boc —— OH H OMe
OB2z2! BDMP BD+MP
Boc OMe Boc OMe
OBzl NaOH HCI/ACOEt
Boc OH H ¥ OMe
OBzl BDMP
Boc Y OMe
lNaOH

Boc-Tyr(OBzl)-Gly-Gly-Phe-Leu-OH

HCI/AcOEt

H-Tyr(OBzi)-Gly-Gly-Phe-Leu-OH

le, Pd/c

H-Tyr-Gly-Gly-Phe-Leu-OH
(Leu-enkephilin)

Fig. 2 Synthesis of Leu-enkephalin in solution using BDMP as coupling reagent.
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Solid phase peptide synthesis using BDMP reagens

The solid phase synthesis of Leu-enkephalin on
Merrifield’ s resin using BDMP was performed according
to the general SPPS principle. It was observed that the
trifluoroacetate of amino component on resin can be used
directly during coupling without pre-neutralization by

adding one more equivalent base, thus the synthetic cy-
cle could be simplified to some extent (the standard syn-
thetic cycle was shown in Table 4). The final product
was purified and characterized by HPLC and ESI-MS and
shown to be identical with the product obtained from the
solution method and an authentic sample.

Table 3 Synthesis of oligopeptides using BDMP as coupling reagent

d
Entry Peptide* Yield® (%) Mp (C) Lalo
(conc., solv., temp.)
1 Boc-Phe-Leu-OMe 91.1 102—103 -26.4°(1, MeOH, 22C)
v
Boc-Gly-Phe-Leu-OMe 92.4 43—44°¢ -22.9°(1, MeOH, 22C)
3 BOC-Tyr( B2 )-Gly-OEt 83.3 127—128 1.1°(1, MeOH, 22°C)
4 (Boc-Tyr( B)-Gly-Gly-Phe-Leu-OMe 84.1 147—148 -9.1°(1, MeOH, 19C)
5 Bz-Leu-Gly-OFEt 86.9 154—155 -32.2°(3.1, EtOH, 19C)
6 Fmoc-MelLeu-Ala-OBzl 91.3 — - 43.0°(0.88, MeOH, 20C)
¥
7 Fmoc-Meleu- Val-Meleu- Ala-OBzl 2.9 44—46 -91.8°(0.5, MeOH, 20C)

¢ The CO-NH bond formed in the peptides is indicated by ¥ .

b Isolated yields based on N-protected amino acid except entry 7 which based on the amino component.
¢ The peptide, which used to be an oil product, was firstly obtained as crystalline solid.
¢ Melting points and [ a]p values are in accord with the reported values.

Table 4 Standard protocol for a synthetic cycle using BDMP

Step Reagent Time
1 CH,CL 1x 1 min
2 50% TFA/CH,CL 1x 1 min
3 CH,Cl, 1x 1 min
4 50% TFA/CH,ClL, 1% 20 min
5 CH,CL, 4 x 1 min

3 equiv. Boc-AA--OH/CH,CL, +
6 3 equiv. BDMP reagent + 2h
7 equiv. 2,6-lutidine

DMF 2% 1 min
8 EtOH 2x 1 min
CH,Cl, 3x 1 min

Speculated reaction mechanism for BDMP coupling
reagent

Based on the previous studies, a mechanism for
BDMP during coupling was proposed. We assumed that
the first step during carboxylic activation by BDMP in-
volves the formation of an unstable (acyloxy) immonium

salt I intermediate as shown in Fig. 3. Then, the inter-
mediate was attacked by the highly nucleophilic oxyben-
zotriazolyl anion to form a benzotriazolyl ester of N-pro-
tected amino acid accompanied by releasing of the corre-
sponding substrate amide N-methyl pyrrolindone. Subse-
quently the active benzotriazolyl ester reacted with C-
protected amino acid to afford the final amide product.
The proposed mechanism was supported by the isolation
of the intermediate HOBt ester from reaction mixture in
the absence of amino component or much hindered such
as N-alkyl or a- C-dialkyl amino acid ester and dicyclo-
hexylamine being used. It is also noteworthy that the in-
termediate I seems not to react directly with amino com-
ponent to afford final product because the reaction rate
was very slow accompanied by considerable racemization
when 5-chloro-3, 4-dihydro-1-methyl 2 H-pyrrolium hex-
achloroantimonate was used as coupling reagent for pep-
tide synthesis.

Comparing to the HOBt-based uronium type cou-
pling reagents, the high reactivity of BDMP may attribute
to the instability of the immonium salt and the reactivity .
of (acyloxy)immonium salt I was much higher than those
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of (acyloxy) uronium salts due to obvious electronic ef-
fect.

In conclusion, HOBt-based immonium salt BDMP,
which can be easily prepared from easily available start-
ing materials, was proved to be a very efficient novel
peptide coupling reagent with respect to the high reactiv-

R"

R
\N)\fo + C>’O\ Q
H N N

+ N\
OH LS00 N=N

Bas:

NN

HOBt

e
R'—¢ —_—
_<OI Base

o

N

R=Z, Fmoc, Boc

Base
_Ddaseé |

ity, low racemization and excellent yield comparing to
other conventional HOBt-derived uronium and phospho-
nium reagents. A number of oligopeptides and Leu-
enkephalin were synthesized both in solution and solid
phase in assessing the effectiveness of BDMP. The pro-
posed mechanism was speculated and discussed.
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Fig. 3 Proposed reaction mechanism for coupling reagent BDMP.

Experimental

Amino acid derivatives were obtained from com-
mercial sources or synthesized according to the litera-
ture. Melting points were determined in capillary tubes
and are uncorrected. IR spectra were measured with IR-
440 spectrometer. 'H NMR spectra were recorded on
Bruker AM 300 MHz and are reported as parts-per-mil-
lion downfield from a tetramethylsilane intemal stan-
dard. The following abbreviations are used: singlet(s) ,
doublet(d), triplet (t), quartet(q), multiplet(m),
broad(br). Mass spectra were taken with HPS5890A,
and VG QUATTRO mass spectrometers. Elemental anal-
yses for carbon, hydrogen and nitrogen were determined
on an MOD-1106 elemental analyzer. Optical rotations

were determined using a Perkin-Elmer 241 MC po-
larimeter. HPLCs were carried out on Varian-SY-5000
with Kromasil RP-18 (0.5 x 25 cm) column. Flash col-
umn chromatography was performed with 300—400
meshes silica gel, and analytical thin layer chromatogra-
phy was performed on precoated silica gel plates (GF-
254) with the systems (v/v) indicated. Solvents and
reagents were purified by standard methods as neces-
sary. Amino acids were L-configuration if not otherwise
stated .

Synthesis of coupling reagent BDMP

5-Chloro-3,
hexachloroantimonate ( CDMP)

4-dihydro-1-methyl 2 H-pyrrolium
A solution of N-
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methyl pyrrolidone (0.96 mL, 10 mmol) in CH,Cl, was
added dropwise to a solution of bis( trichloromethyl) car-
bonate (0.989 g, 3.33 mmol) in CH,ClL, (25 mL) at
0°C under nitrogen atmosphere. After approximately
1 h, when the evolution of carbon dioxide has ceased, a
0.887 mol/L solution ShCls in CHCl; (10.7 mL) was
added dropwise at — 30°C under vigorous stirring. The
reaction mixture was stirred at 0°C for 2 h, then the re-
sultant suspension was filtered under nitrogen atmo-
sphere, washed with cold CH,Cl, and dried in vacuo .
Recrystallization from CH;CN-CH,Cl, gave 4.31 g prod-
uct as colorless crystals. Yield 90. 7% . mp 191—
193°C(dec) . vax (KBr): 1661 (C = N) em™. 8y
([ dglacetone, 25°C, TMS): 3.60(t, J=7 Hz, 2H,
a-CH,), 2.91(s, 3H, CH;3), 2.59(t, J =8 Hz, 2H,
v-CH,), 2.04—2.16(m, 2H, B-CH,). FABMS: 118
( M-SbCls). Anal. CsHyCyNSh. Caled: C, 13.24;
H, 1.99; N, 3.09; ClI, 54.83. Found: C, 13.47;
H, 2.06; N, 3.03; Cl, 54.99.

5-( 1 H-benzotriazol- 1 -yloxy ) -3, 4-dihydro-1-me-
thyl 2H-pyrrolium hexachloroantimonate ( BDMP)
KOBt (0.173 g, 1 mmol) was added to a solution of
CDMP (0.453 g, 1 mmol) in dry CH3CN (6 mL) at
~30°C with stirring under nitrogen atmosphere. After
the reaction mixture was stirred at room temperature for
2 h, it was filtered and the filtrate was concentrated un-
der reduced pressure, the residue was recrystallized from
CH;CN-Et,0 to give 0.487 g yellowish crystalline com-
pound. Yield 88.2% . mp 165—166°C (dec.). vpa
(KBr): 1655, 1496, 1479, 1445, 1165, 1066, 763,
640 cm™ . 8y([Dglacetone, 25°C, TMS): 7.34—
7.95(m, 4H, aryl), 3.48(t, J =7 Hz, 2H, «-CH,),
2.83(s, 3H, CH;), 2.39(t, J =8 Hz, 2H, y-CH,),
1.98—2.09(m, 2H, B-CH,). FABMS: 217(M - Sb-
Cls'). Anal. C;;H;3CgN4OSb. Calad: C, 23.94; H,
2.36; N, 10.15. Found: C, 23.83; H, 2.13; N,
10.24.

Test of reaction speed and racemization by HPLC using
the model reaction : Z-Gly-Phe-OH + Val-OMe* HCl—Z-
Gly-D/ L-Phe-Val-OMe

Z-Gly-Phe-OH (50 mg, 0.14 mmol) was coupled
with Val-OMe-HCl (26 mg, 0.154 mmol) using BDMP
(85 mg, 0.154 mmol) or the same equivalent other

coupling reagents. Boc-Phe-Val-OMe (66 mg, 0. 175
mmol) was added as the internal reference. Test reac-
tions were performed on total 1.5 mL scale. Aliquots
(10 pL) from the reaction mixture were quenched and
dissolved in 100 pL buffer solution ( CH;CN/H,0/
TFA: 50/50/0.1). The resultant samples were ana-
lyzed by HPLC to give the following result: Z-Gly-Phe-
OH (tg = 4.04 min); Z-Gly-L-Phe-Val-OMe (ty =
9.24 min) ; Z-Gly-D-Phe-Val-OMe ( tg = 10.28 min) ;
Boc-Phe-Val-OMe (tg = 15.82 min) . Peak areas were
compared in order to obtain the chemical yields (yield
(%) = [(LL/X, + DL/X,)/S] x 100%) . Percent-
age of epimers was calculated according to the equation:
D(%) = [ DL/X,/(LL/X; + DL/X;)] x 100%:;
where LL refers to the area of Z-Gly-L-Phe-Val-OMe,
DL refers to that of Z-Gly-D-Phe-Val-OMe, S refers to
that of Boc-Phe-Val-OMe, X; =1.269 and X, =1.254
which are the determined correction factors for absorp-
tion difference (220 nm) between the references.

General procedure for peptides synthesis using BDMP as
coupling reagent

2,6-Lutidine (3.2 equiv.) was added to a cold
mixture (-10°C) of N-protected amino acid (1 e-
quiv. ), amino acid ester hydrochloride (1.1 equiv. ),
and BDMP (1.1 equiv.) in THF (2—4 mL/mmol),
stirred for 1 min cold and for 1 h at room temperature.
For large scale and coupling between hindered amino
acids, the reaction time should be moderately pro-
longed. After the completion of reaction, the reaction
mixture was diluted with THF, the resultant suspension
was filtered and the filtered cake was washed with THF .
The filtrate was concentrated under reduced pressure to
give the crude product which was purified by flash chro-
matography on silica gel column to afford the desired
product.

Fmoc-Meleu-Ala-OBzl ~ Yield 91.3%. [a]p®
-43.0°(c 0.88, MeOH), R;=0.59(AcOEv/Pe =1/
2) . 8u( dg-acetone, 25°C, TMS) 2 conformers: 0.73,
0.85(2d, J =7 Hz, 6H, 2CH;*"), 1.29—1.42(m,
1H, v-CH**), 1.39(d, J=7 Hz, 3H, CH"*),
1.63(m, 2H, CH,'*"), 2.82(s, 3H, N-CH;), 4.06
(q, J=7Hz, 1H, CH*), 4.30(t, J =7 Hz, 1H,
9-CH™>°), 4.49(m, 2H, CH,"™*), 4.79(¢, J =7
Hz, 1H, o-CH™"), 5.12, 5.18(2d, J =13 Hz, 2H,
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CH,-Ph), 7.32—7.45(m, 9H, 2,3,6,7-CH™" &
CH,Ph), 7.68(d, J =7 Hz, 2H, 1,8-CH™>*), 7.75
(d, J=6Hz, 1H, NH), 7.89(d, J =7 Hz, 2H, 4,
5-CH™>*), EIMS m/z(%): 529(M + H*, 4.79),
421(M*-CH,Ph, 0.57), 179[ (Fmoc-CO,)*, 100],
91(PhCH,, 28.01).

Fmoc-Meleu-Val-Meleu-Ala-OBzl  Yield 92.9% .
R;=0.61(AcOEt/Pe = 1/1),[a]p® - 91.8°(¢ 0.5,
MeOH). 0yx(CDCl;, 25°C, TMS) 2 conformers:
0.82—0.95(m, 18H, 4 CH;™ & 2CH;"¥), 1.26,
1.36(2d, J =7 Hz, 3H, CH;Ala), 1.33—2.06(3m,
7H, 2 CH," & 2y-CH™ & B-CH'™), 2.78, 2.82,
2.84, 3.01(4s, 6H, 2 N-CH;), 4.10—4.92(m,
3H, 3 o-CHY®: lew A2y 5 06—5 28 (m, 3H, o
CH“* & CH,Ph), 6.48, 6.63(2d, J =9 Hz, 2H,
2NH), 7.25—7.43(m, 9H, 2, 3,6, 7-CH™>* &
CH,Ph), 7.59(d, J =7 Hz, 2H, 1,8-CH™>*), 7.76
(d, J =7 Hz, 2H, 4,5-CH™>). EIMS m/z(%):
754(M*, 0.11), 576 (M* -1a-OBzl, 41.74), 179
[ (Fmoc-CO,) *, 100], 91(PhCH,, 28.01).

Z-Aib-OBt  2,6-Lutidine (1.0 mmol, 116 pL)
was added to a cold mixture ( - 10°C) of Z-Aib-OH
(0.5 mmol, 119 mg) and BDMP (0.55 mmol, 304
mg) in THF (2 mL), stirred for 1 min cold and 1 h at
room temperature. The reaction mixture was treated ac-
cording to the general procedure and purified by flash
chromatography on silica gel column eluted with AcOEt/
Petroleum ether(1/2) to give Z-Aib-OBt. Yield: 157
mg (88.7%). Ry=0.53(AcOEt/Pe: 1/2). 8y(CD-
Cl, 25°C, T™MS): 8.02(d, J=8 Hz, 1H, aml),
7.20—7.75(m, 8H, aryl), 5.59(s, 1H, NH), 5.21
(s, 2H, PhCH,), 1.78(s, 6H, 2CH;). Vinax ( Nugjol) ¢
3322, 1817, 1713, 1521, 1270, 1091, 1047, 744

cm’!.

Synthesis of Leu-enkephalin in solution

Boc-Tyr ( OBzl ) -Gly-OFEt Yield 83.3%. mp
127—128°C, [aJ® +1.1°(c 1, MeOH). Anal. Cos-
H3;N,Og. Caled: C, 65.77; H, 7.06; N, 6. 14,
Found: C, 65.91; H, 7.11; N, 6.22.

Boc-Tyr ( OBzl ) -Gly-OH Yield 95.0%, mp
149—150C, [al} +1.6°(c 1, MeOH). Anal. Cy-
HyN,Og. Caled: C, 64.47; H, 6.59; N, 6.54.
Found: C, 64.42; H, 6.52; N, 6.47.

Boc-Phe-Leu-OCH, Yield 91.1% . mp 102—

103°C, [a]# - 26.4°(c 1, MeOH). Anal. Cy Hy-
N,Os. Caled: C, 64.26; H, 8.22; N, 7.14. Found:
C, 64.05; H, 8.48; N, 7.19.

TFA + Phe-Leu-OCH; Yield 95.5%. mp
163—165°C, Ry=0.85(CHCL/MeOH: 10/1). [a]®
-11.4°(c¢ 1, MeOH).

Boc-Gly-Phe-Leu-OCH, Yield 924%, mp
43—44C, [alf - 22.9°(¢ 1, MeOH). Anal. Cy-
H3sN;06° H,0. Caled: C,59.15; H,7.92; N,8.99.
Found: C, 59.06; H, 7.64; N, 9.02.

HCl - Gly-Phe-Leu-OCH; Yield 96.0%, mp
89—91°C, R, = 0. 78 ( n-BuOH/HOAc/H,0: 4/1/
2), [a]§ -5.5°(c 1, MeOH) .

Boc-Tyr( OBzl ) -Gly-Gly-Phe-Leu-OCH, Yield
84.1% , mp 147—148C, [a]f -91%c 1, MeOH).
Anal. C4 Hs3NsOg. Caled: C, 64.78; H, 7.03;
N, 9.22. Found: C, 64.48; H, 6.92; N, 9.22.

Boc-Tyr ( OBzl )-Gly-Gly-Phe-Leu-OH Yield
92.7%, mp 148—150C, R, = 0. 84 ( n-BuOH/
HOAc/H,0: 4/1/2), [oa]f -1.2°(c 1, MeOH).
Anal. CyHs-NsOy. Caled: C, 64.41; H, 6.89; N,
9.39. Found: C,64.21; H, 6.72; N, 9.30.

HCI( Tyr( OBzl )-Gly-Gly-Phe-Leu-OH Yield:
0.126 g(90.0%), mp = 125—127°C, R, =0.74
(BuOH/ AcOH/H,0: 4/1/2). [alF +9.5 (¢ 1,
MeOH) .

Leu-enkephalin HCl - Tyr( OBzl ) -Gly-Gly-Phe-
Leu-OH (0.110 g, 0.175 mmol) was hydrogenated
over 10% Pd/C (0.2 g) in CH;O0H (15 mL) for 6h.
The catalyst was filtered off, the filtrate was concentrat-
ed under reduced pressure. The residue was precipitated
with ether to give the crude product which was purified
by preparative HPLC'® to afford the pure product as
white solid. Yield: 52 mg (53%), mp 157—160°C,
Ry=0.56(BuOH/AcOH/H,0: 4/1/2),[alf + 10.4°
(¢ 1, MeOH) . ESI-MS: 278[ (M +2H"*)/2], 557(M
+H*), 1112(M+M+H*).

tg = 19.53 min. HPLC conditions: Column:
Lichrosorb RP-18 (0.5 x 30 cm). Solvent A: 0.1%
TFA in water; Solvent B: 75% CH;CN (0.1% TFA),
Gradient: 20% solvent B to 60% solvent B in 20 min.
Flow rate: 1. 0 ml/min. Detection: 230 nm (0. 5
AUFS).

Solid phase synthests of Leu-enkephalin

Anchoring of Boc-Leu-OH on merrifield resin
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To a solution of Boc-Leu-Cs (2.022 g, 5.304 mmol) in
DMF (35 mL), Merifield resin (3.040 g, 3.536
mmol) was added. The mixture was gently stirred 4 days
at 45—50°C. The resin was filtered, washed succes-
sively with DMF (3 x ), MeOH (3 x ), DMF/H,0 9/1
(v/v, 3x), DMF (3 x ) and MeOH (3 x ), and
dried under vacuum. Element analysis indicated the
quantity of unreacted chloride was less than 0.1% .

General procedure for solid phase peptide coupling
using BDMP Starting from Boc-Leu-Memifield resin
(0.3 g, 0.273mmol), the following synthetic cycles
were performed according to the standard protocol as
shown in Table 4.

The peptide was cleavaged from the resin using
HF-anisole to yield 140 mg of crude product. 40 mg of
crude product was purified by preparative HPLC'® o af-
ford 18 mg pure product. Overall yield: ~ 40% . mp
155—159°C, Ry = 0. 54 (BuOH/AcOH/H,0: 4/1/
2). ESI-MS: 278[(M + 2H*)/2], 557(M + H*),
HI2(M+M+H").

tg = 19. 19 min. HPLC conditions:
Lichrosortb RP-18(0.5 x 30 em). Solvent A: 0.1%
TFA in water; Solvent B: 75% CH;CN (0.1% TFA),
Gradient: 20% solvent B to 60% solvent B in 20 min.
Flow rate: 1.0 mL/min. Detection: 230 nm (0.5
AUFS).

Column:
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(0.1% TFA), Flow rate: 1.0 mL/min. Detection: 230
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