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Benzotriazol-1-yl Diethyl phosphate and benzotriazol-1-yl diphenyl phosphate were conveniently prepared in essentially
quantitative yields by the reaction of diethyl chlorophosphate and diphenyl chlorophosphate with equal amounts of 1-hy-
droxybenzotriazole and triethylamine in tetrahedrofuran at room temperature, respectively. Benzotriazol-1-yl diethylp-
hosphate was effective for the preparation of amides from carboxylic acids amines. Young test and Anderson test for racemi-
zation studies using benzotriazol-1-yl diethyl phosphate were investigated and practically no racemization occurred. How-
ever, racemization occurred to some extent during coupling of Z-Phe-Val-OH with Pro-OBu.? Several dipeptides and tripep-
tides were prepared without little racemization using benzotriazol-1-yl diethyl phosphate. Benzotriazol-1-yl diphenyl pho-
sphate was less effective than benzotriazol-1-yl diethyl phosphate in terms of the degree of racemization.

Introduction

One of the popular methods for coupling two fragments in
peptide synthesis involves activation of N-protected amino
acids or N-protected peptide acids by the formation of the
mixed carboxylic-carbonic anhydrides with alkyl chlorofor-
mates, especially isobutyl chloroformate in the presence ofa
tertiary amine base.! However, the mixed carboxylic-car-
bonic anhydride methods have certain limitations such as the
dependence of the degree of recemization on the reaction
conditions and urethane formation by attack of an amino acid
ester at carbonic acid carbonyl of the mixed anhydrides.'?
Therefore, mixed anhydrides of carboxylic acids with phos-
phoric acids have attracted a great deal of recent attention in
peptide synthesis. Among a number of phosphate types of
coupling reagents developed for this purpose,? diphenylpho-
sphoroazidate is the most well known and frequently utilized
in racemization-free peptide synthesis.* Recently developed
phosphate types of coupling reagents include diethyl phos-
phorobromidate,® N-succinimidyl diphenyl phosphate,$ nor-
born-5-ene-2,3-dicarboximido diphenyl phosphate,” and di-
ethyl 2-(3-0xo-2,3-dihydro-1,2-benzisosulfoazolyl)phospha-
te.8 The use of phosphate types of coupling reagents pro-
vides several advantages over other coupling methods as foll-
ows. First, coupling reaction generally proceeds without
appreciable recemization. Second, the reaction can be car-
ried out by one step procedure, indicating that phosphate
types of coupling reagents selectively react with carboxylate
anions to form mixed anhydrides in the presence of an amino
group. Thirdly, the byproducts from the reaction are normal-
ly removable with aqueous workup. Finally, the reagents are
easily prepared in high yields.

Synthetic usefulness of coupling reagents containing
1-benzotriazolyl moiety has been previously demonstrated. It
has been reported that 1,1 ’-(ca.rbonyldioxy)dibenzotriazole9
and 1,1’-bis [6-{trifluoromethyl) benzotriazolylloxalate!® are
new reactive coupling reagents for the synthesis of esters,
amides, and dipeptides. We have recently reported t-butoxy-
carbonylation of amino acids with t-butyl benzotriazol-1-yl
carbonate!! and the preparation of isothiocyanates from
amines with 1,1-{thiocarbonyldioxy) dibenzotriazole.'? Con-
cerning 1-benzotriazolyl related organophosphorous coup-
ling reagents, bis (benzotriazol-1-yl) phenyl phosphate as a

versatile phosphorylating reagent in the synthesis of nucle-
otides!® and benzotriazoltris (dimethylamino)phosphonium
hexafluorophosphate as a peptide coupling reagent! have
been reported.

In connection with our continuous efforts toward the
development of new useful coupling reagents,!® we have pre-
viously reported that benzotriazol-1-yl diethyl phosphate is a
new convenient coupling reagent for the synthesis of amides
and peptides.!® The present paper describes a full detail of
the preparation of benzotriazol-1-yl diethyl phosphate and
benzotriazol-1-yl diphenyl phosphate, their use for the syn-
thesis of amides and peptides, and recemization study during
peptide sythesis.

Results and Discussion

Preparation of Benzotriazol-1-yl Diethyl Phosphate
and Benzotriazol-1-yl Diphenyl Phosphate. Benzotri-
azol-1-y! diethyl phosphate (BDP) was prepared by mixing
equimolar amounts of diethyl chlorophosphate, 1-hydroxy-
benzotriazole, and triethylamine in tetrahydrofuran and sub-
sequent stirring at room temperature for 30 min. When we
attempted to purify the crude product by Kugelrohr distill-
ation, it was converted into an unidentified product. The
unknown product was stable to aqueous workup and it did
not react with amines. Therefore, the crude product was
purified by the filtration through a short column of silica gel
or cellulose. Using this procedure, BDP was obtained as an
oil in essentially quantitative yields (90-95%) and could be
stored in refrigerator for several weeks without little decom-
position.

0
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Similarly, benzotriazol-1-yl diphenyl phosphate was pre-
pared by the reaction of diphenyl chlorophosphate with equi-
molar amounts of 1-hydroxybenzotriazole and triethylamine
in tetrahydrofuran at room temperature for 30 min. The rea-
gent was obtained in 85-95% yield after purification. It is
noteworthy that the reagent was crystallized from methylene
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Table 1. Preparation of Amides with BDP at Room Tempera-
ture
RCOOCH + R’NH, + BDP + Et;N - RCONHR '’

R R’ solvent time, h ;rsi::izt,e;;

C¢HsCH, CeHjy DMF 0.2 96
C¢HsCH, CH;CN 0.2 94

CH, CsHsCH, CH3;CN 0.2 92
c-CgHyy CH4,CN 0.3 95

t-CH, CH;CN 0.5 89

CH,CH=CH CgH; CN4;CN 0.2 93
C¢HsCH, CH,CN 0.2 93

CeHy c-CgHy, DMF 0.2 93
CH,CN 0.2 93

CH,Cl, 0.8 92

THF 0.3 91

C¢HsCH, DMF 0.2 95

CgHs DMF 0.2 96

¢The isolated yield was determined by Kugelrohr distillation in
vacuum.

chloride-hexane below 0°C, but it rapidly melted at room
temperature.

Preparation of Amides. First, we have briefly studied
solvent effects using benzoic acid and cyclohexylamine. Re-
action of benzoic acid with equimolar amounts of cyclohexyl-
amine, BDP, and triethylamine in dimethylformamide pro-
ceeded rapidly and cleanly, yielding N-cyclohexylbenzamide
in 92% yield within 10 min at room temperature. Acetonitrile
and tetrahydrofuran were equally effective, though the use of
methylene chloride required 1 h for completion of the reac-
tion. In all cases N-cyclohexylbenzamide was obtained in es-
sentially quantitative yields without contamination of bypro-
ducts, indicating that BDP reacted selectively with a car-
boxylate anion. Furthermore, it is noteworthy that the use of
N,N’-dicyclohexylcarbodiimide did not give any trace of
N-cyclohexylbenzamide from benzoic acid and cyclohexyl-
amine,'” demonstrating the effectiveness of BDP as a coup-
ling reagent.

RCOOH + R’NH, + BDP + Et,N - RCONHR*

In order to determine limitations and the scope of BDP,
the preparation of amides has been studied with several stru-
cturally different amines. Table 1 summarizes some experi-
mental results obtained in this study. In general, the reaction
was carried out with an equimolar ratio of BDP, and acid, an
amine, and triethylamine in acetonitrile and/or dimethylfor-
mamide at room temperature. Benzoic acid was readily con-
verted to the corresponding amides by the reaction of BDP
with benzylamine or aniline within 20 min. Similarly, reac-
tion of acetic acid with sterically hindered t-butylamine oc-
curred smoothly to yield t-butyl acetamide in 89% yield
within 30 min. Crotonic acid was cleanly converted to the
corresponding amides in high yields without 1,4-addition
side products.

Recemization Studies. In order to investigate the syn-
thetic usefulness of BDP and benzotrizol-1-yl diphenyl phos-
phate in the peptide synthesis, we have performed several
racemization tests. Young found that the racemization occur-
red during the condensation of acetyl-L-leucine or benzoyl-L-
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Table 2. Effect of Solvent on the Young Test Using BDP¢

P
Bz-L-Leu-OH + Gly-OEt-HCl %tllbl_) Bz-Leu-Gly-OEt

3

solvent isolated [elp L-isomer, %
yield, %
DMF 89 -33.0 97
90 -32.6 96°

CH,CN 77 -32.1 95
THF 60 -31.0 91
EtOAc 79 -30.4 89
CH,(Cl, 80 -27.8 82

4The reaction was carried out with 2.1 equiv of Et;N at room tem-
perature for 4 h. *With 1.1 equiv of Et,N for 12 h.

leucine with glycine ethyl ester hydrochloride when various
coupling methods were employed.!® The Young test have
been widely used in measuring the degree of racemization
and in proving the effectiveness of the new coupling method.
The Young test indicated that the acid azide method gave
products of high optical yields without little racemization,
whereas racemizations were observed to some extent when
dicyclohexylcarbodiimide method, the mixed anhydride
method, and the active ester method were employed.
Bz-L-Leu + Gly-OEt-HCl —— Bz-L-Leu-Gly-OEt

In order to find out an optimum condition which could
minimize the degree of racemization during the peptide syn-
thesis, we performed the Young test using BDP and benzo-
triazol-1-yl diphenyl phosphate under various conditions.
First, the solvent effects were investigated and the result is
shown in Table 2. The Young test was carried out with 21
equiv of triethylamine by the known procedure. The coup-
ling of Bz-L-Leu-OH with Gly-OEt HCl and BDP in dimethyl-
formamide gave Bz-L-Leu-Gly-OEt in 97% optical yield. The
crude product was crystallized from methylene chloride and
hexane to give white needle crystals (mp, 156.5-157°C; [a] b
-33.0°. lit."® mp, 156.5-157°C; [q] p—34.0°). When the reac-
tion was carried out in acetonitrile, tetrahydrofuran, ethyl
acetate, and methylene chloride, Bz-L-Leu-Gly-OEt was ob-
tained in 95%, 91%, 89%, and 82% optical yields, respective-
ly, indicating that dimethylformamide is the most effective in
terms of chemical and optical yields Furthermore, the use of
the highly polar solvent, dimethylformamide, in which even
large peptides might be soluble, widens the scope of the pre-
sent coupling method.

We have briefly studied the effect of bases in dimethylfor-
mamide as a solvent. When the Young test was carried out
with 2.1 equiv of N-methylmorpholine, the optical yield was
93%([«], -37.1°), whereas the use of triethylamine, im-
idazole, and pyridine gave 97%( [2]p-33.0°), 87%({a],-29.5°),
and 40%([a], -13.7°) optical yield, respectively. Further-
more, we performed the Young test by the two step se-
quence. First, Bz-L-Leu-OH was converted to the correspon-
ding 1-benzotriazolyl active ester with BDP and triethyl-
amine in dimethylformamide at room temperature and then
1-benzotriazolyl ester was treated with glycine ethyl ester hy-
drochloride to afford Bz-L-Leu-Gly-OEt. Surprisingly, [a],
value of the product was zero, indicating that complete race-
mization had occurred during coupling and the Young test
under the standard condition did not proceed via the interme-
diacy of 1-benzotriazolyl ester.
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Table 3. Synthesis of Dipeptides Using BDP As a Coupling Agent in Dimethylformamide®

. isolated o o Lit

peptides® vield, % mp, °C [elp, (c, solvent, °C) s (elp . sotvent, °O)
Z-Phe-Gly-OEt 95 109-110 -17.0 (1.7, EtOH, 16) 109 -17.0 (2.0, EtOH, 20)?2
Z-Phe-Ser-OMe 96 121-122 -5.5 (1.0, DMF, 20) 122-123 -5.7 (1.0 DMF, 23)23
Z-Phe-Leu-OMe 96 110-111 -25.5 (2.0, MeOH, 20) 110-111 -24.7 (3.1, MeOH, 20)2!
Z-Phe-Tyr-OMe 93 155-157 -10.3 (2.1, EtOH, 15) 155-157 -9.4 (1.0, EtOH, 24)21
Z-Pro-Leu-OMe 77 76.5-77 -69.4 (1.3, EtOH, 18) 75.5-78 -69.0 (1.0, EtOH, 21)*
Z-Val-Tyr-OMe 90 155-156 +14.6 (1.8, pyridine, 16) 157-158 +14.8 (5.0, pyridine, 25)21
Z-Val-Gly-OEt 94 166-167 -30.2 (1.5, MeOH, 16) 166-167 -32.0 (1.0, MeOH, 22)?2
Z-Met-Gly-OEt 90 94-95 -19.2 (1.2, EtOH, 17) 96-97 -18.9 (4.8, EtOH, 27)2!
Z-Met-Val-OMe 92 103-104 -26.3 (0.8, MeOH, 17) 103 -26.0 (1.0, MeOH, 20)21
Z-Ala-Gly-OEt 93 97-98 -21.3 (2.7, EtOH, 18) 97.8 -24.0 (1.0, EtOH, 20)21
Boc-Ile-Val-OMe 76 167-168 -15.4 (1.2, EtOAc, 15) 177-167 -15.0 (1.0, EtOAc, 20)?3
Boc-lle-Gly-OEt 89 104 -28.5 (1.4, EtOH, 15) 104 -28.2 (1.0, EtOH, 20)21
Boc-Tyr-Gly-OEt 90 117-118 -12.7 (1.0, EtOH, 18) 117 -12.9 (2.5, EtOH, 20§21
Boc-Val-Val-OMe 96 166-167 -9.3 (2.0, EtOAc, 18) 165-166 -9.0 (1.0, EtOAc, 20)*®
Boc-Phe-Gly-OEt 93 91-92 -5.1 (1.2, EtOH, 16) 88-89.5 -4.2 (5.0, EtOH, 25)27
Boc-Phe-Met-OMe 94 90-91 -21.9 (1.0, MeOH, 15) 80 -22.3 (1.0, MeOH, 20)28
Boc-Leu-Leu-OMe 96 140-141 -49.5 (1.8, MeOH, 20) 140-141 -50.4 (1.0, MeOH, 25)%°
Z-Val-*Phe-Gly-OEt 94 190 -20.9 (1.7, AcOH, 18) 191.5-192 -21.0 (2.1, AcOH, 24)*
Boc-Gly-Phe-*Met-OMe 92 oil -24.0 (1.5, MeOH, 16) 68 -24.35 (1.5, MeOH, 20)28
Z-Phe-*Val-Pro-OBu? 92 115-116 -76.6 (0.8, MeOH, 16) 115-116 -76.1 (1.0, MeOH, 20)2°

aThe reaction was carried out with 1.1 equiv of BDP and 2.1 equiv of triethylamine for 4 h. #The CO-NH bond formed in the peptide synthesis was indi-

cated by asterisk.

We have briefly studied the Young test using benzotri-
azol-1-yl diphenyl phosphate. The Young test was carried out
with 2.1 equiv of triethylamine in dimethylformamide under
the standard condition and 61% of L-isomer ([a];, -20.8°)
was obtained. When the reaction was carried out at room
temperature, 38% of L-isomer was obtained. The present
study indicates that the degree of racémization depends criti-
cally on the nature of organophosphate coupling reagents
and reaction conditions such as solvents, bases, and tempera-
ture.

Anderson test involves the coupling of Z-Gly-Phe-OH and
Gly-OEt HC! and has been commonly used in the racemiza-
tion test.!® Coupling of Z-Gly-Phe-OH with Gly-OEt HCI us-
ing BDP in dimethylformamide gave Z-Gly-Phe-Gly-OEt in
97% yield. The mp and [e], value were almost identical with
those of reported data,!® indicating that the reaction proceed-
ed without little racemization.

We have further examined a recently developed racemi-
zation test by the use of high performance liquid chromato-
graphy (HPLC). Shioiri extensively studied the extent of
racemization during coupling of Z-Phe-Val-OH with Pro-
OBu’ with various coupling methods.?® Therefore, Z-Phe-
Val-OH was prepared by coupling of Z-Phe-OH and Val-O-
Bu’ HCl with BDP in dimethylformamide and

Z-Phe-Val-OH + Pro-OBu’ %%Z-Phe-L/D—Val-Pro-OBu’

_TFA _ 7 Phe-L/D-Val-Pro-OH

following hydrolysis of t-butyl group with trifluoroacetic
acid. Treatment of Z-Phe-Val-OH with Pro-OBu’ and BDP
followed by hydrolysis of t-butyl ester with trifluoroacetic
acid gave Z-Phe-L/D-Val-Pro-OH. A standard sample of Z-

Phe-L-Val-Pro-OBu’ was similarly prepared by coupling of
Z-Phe-OH and L-Val-Pro-OBu’ with BDP in dimethylforma-
mide. HPLC analysis of the product from coupling of Z-Phe-
Val-OH with Pro-OBu’ indicates the presence of L-and
D-isomer in a ratio of 82:18, showing that racemization
occurred to some extent during coupling reaction with BDP,
though the standard sample was obtained as a pure L-isomer.

Peptide Synthesis. In order to demonstrate the coupl-
ing efficiency of BDP in the peptide synthesis, we have pre-
pared several dipeptides and tripeptides. The coupling reac-
tion was normally carried out with equimolar amounts of N-
protected amino acids, amino acid, esters hydrochloride,
and BDP in the presence of 2.1 equiv of triethylamine in
dimethylformamide at room temperature and the reaction
was generally complete within 4 h. The identities of the pro-
ducts obtain in this study were determined by the compari-
son of mp, [e], value, and nmr data with those of reported
data. Table 3 summarizes some experimental results and il-
lustrates the efficiency and applicability of the present me-
thod. As shown in Table 3, various peptides were prepa-
red in high yields without little racemization. Furthermore, it
is noteworthy that the present method can be successfully
applied to the coupling of two fragments having hydroxyl or
amino group without its protection. For instance, coupling of
Z-Phe-OH with Ser-OMe HCl and Try-OEt HCl occurred
cleanly, yielding Z-Phe-Ser-OMe and Z-Phe-Try-OEt in 96%
and 93% yield, respectively. When a valine derivative is used
as a carboxyl component, the present method consistently
gives the high yield of coupling product, though it has been
reported that other coupling methods give relatively the low
yield of coupling product because of the difficulty of ac-
tivating a valine derivative due to its steric hindrance.?!

We have briefly studied the effectiveness of benzotriazol-
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Table 4. Synthesis of Dipeptides Using Benzotriazol-1-yl Di-
phenyl Phosphate in Dimethylformamide at Room Tempera-
ture®

dipeptide ;Sil:l:;d% mp, °C  [alp (c, solvent, °C)®
Z-Phe-Gly-OEt 97 109-110 -16.9 (1.3, EtOH, 17)
Z-PHe-Leu-OMe 91 I10-111 -24.8 (1.8, MeOH, 20)
Z-Val-Tyr-OMe 95 155-157 +14.7 (1.5, pyridien, 18)
Boc-Ile-Val-OMe 85 167-168 -15.5 (1.8, EtOAc, 20)
Boc-Ile-Gly-OEt 95 104 -28.4 (1.2, EtOH, 16)
Boc-Leu-Leu-OMe 86 140-141 -48.5 (1.8, MeOH, 20)

9The reaction was generally carried out with 1.1 equiv of the rea-
gent and 2.1 equiv of triethylamine at room temperature for 4 h. ®mp
and [a]p values are in accord with reported values and literatures are
shown in Table 3.

1-yl diphenyl phosphate in the peptide synthesis, though
racemization during Young test with this reagent has been
observed to some extent. We adopted the similar conditions
employed in the peptide synthesis using BDP and the results
are summarized in Table 4. The reaction was complete with-
in 4 h at room temperature and several dipeptides were pre-
pared in high yields without appreciable racemization as
determined by their melting points and optical rotations.

Experimental

'HNMR spectra were recorded with Varian T-60A or FT-
80A spectrometer and chemical shifts are expressed as
units relative to tetramethylsilane. Infrared spectra were
recorded on a Perkin-Elmer 267 spectrophotometer and fre-
quences are given in reciprocal centimeter and optical rota-
tions were recorded on Autopol III automatic polarimeter.
High performance liquid chromatography was obtained on
an Waters Associates Model 244 equipped with Model 6000
A solvent delivery system and Model 440 absorbance de-
tector. Melting points were determined on a electrothermal
melting point apparatus and reported boiling points are those
observed during distillation with Kugelrohr apparatus. Ele-
mental analysis were performed by Korea Institute of Chemi-
cal Technology. Analytical thin layer chromatography was
performed on precoated silica gel plate (0.25 mm, 60F-254,
E. Merck) and silica gel (0.063-0.020 mm, E. Merck) was us-
ed for column chromatography.

All the reagents purchased from Aldrich and Sigma Che-
mical companies were used without further purification. Di-
methylformamide and acetonitrile were distilled over cal-
cium hydride. Tetrahydrofuran was refluxed over sodium
and benzophenone for 12 h under nitrogen and distilled prior
to use.

Preparation of Benzotriazol-1-yl Diethyl Phosphate
(BDP). To a solution of 1-hydroxybenzotriazole (1.35 g,
10.0 mmol) and triethylamine (1.01 g, 10.0 mmol) in tetra-
hydrofuran (40 m/) at 0°C was slowly added diethyl chloro-
phosphate (1.73 g, 1.0 mmol) with stirring. After 30 min, the
formed salt was filtered off by using sintered filter, and the
solution was evaporated to dryness. The crude product was
purified by column chromatography (Cellulose, Avicel, E.
Merck) gave BDP (2.58 g) in 95% yield. 'HNMR (CDCl,)#
1.56 (tt, J = 8.0, 1.3 Hz, 6H), 4.10-4.65 (m, 4H), 7.28-7.75 (m,
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4H). IR(film) 3000, 1450, 1400, 1380, 1280 cm~!. Anal. Caled
for C,(H,,N;0,P; C, 43.51; H, 5.20; N, 14.64. Found: C,
43.29; H, 5.20; N, 14.49.

Preparation of Benzotriazol-1-yl Diphenyl Phos-
phate. To a solution of 1-hydroxybenzotriazole (1.35 g, 10
mmol) and triethylamine (1.01 g, 10 mmol) in tetrahydro-
furan (40 m/) at room temperature was slowly added di-
phenyl chlorophosphate (2.69 g, 10 mmol). The reaction mix-
ture was stirred for 30 min and the formed salt was filtered
off and the resulting solution was evaporated to dryness and
purified by column chromatography (Cellulose, Avicel, E.
Merck) to yield benzotriazol-1-yl diphenyl phosphate (3.42 g)
in 93% yield. IR(film) 3100, 1600, 1500, 1470, 1460, 1380,
1345 cm™. Anal. Caled for C,4H,,N,0,P: C, 58.80; H, 3.84:
N, 11.45. Found: C, 58.53; H, 4.35; N, 11.05.

General Procedure: for the Preparation of Amides.
To a solution of a carboxylic acid (2.0 mmol), an amine (2.0
mmol), and triethylamine (2.0 mmol) at room temperature
was added BDP (2.1 mmol) in acetonitrile (10 ml)) or dime-
thylformamide (10 m/) and the resulting solution was stirred
at room temperature until completion of the reaction. The
reaction mixture was diluted with diethyl ether (50 m/) and
washed with saturated sodium carbonate solution, water,
and brine. The ether extracts were, evaporated to dryness
and the crude product was purified by distillation with a
Kugelrohr. The products obtained in this study were pre-
viously known compounds and their spectral and physical
data were identical with those of reported data.

Typical Procedure for the Young Test. To a stirred
solution of benzoyl-L-leucine (235 mg, 1.0 mmol) and glycine
ethyl ester hydrochloride (154 mg, 1.1 mmol) in dimethylfor-
mamide (2.5 mJ) was added BDP (300 mg, 1.1 mmol) in dime-
thytformamide (2.5 m/) at 0°C, followed by the addition of
triethylamine (213 mg, 2.1 mmol). The reaction mixture was
stirred at 0°C for 1 h and then at room temperature for 4 h.
The reaction mixture was diluted with ethyl acetate (30 mJ)
and washed with 5% aqueous HCI solution, water, 10% so-
dium bicarbonate solution, water, and brine. Drying over
anhydrous magnesium sulfate and the following evaporation
gave colorless crystals. The crude product was purified by
passing through a short column of silica gel using ethyl ace-
tate-hexane (1:6) as an eluant to yield colorless crystals of
benzoyl-L-leucine ethyl ester (285 mg) in 89% yield. mp;
156.5-157°C, Lit.!® 156.5-157°C. [a],, -33.0 (2.0, EtOH, 18).
Lit.’8 [a], -34.0 (2.0, EtOH, 18). IR(KBr) 3320, 1770, 1670,
1645 cm™.

Preparation of Z-Gly-Phe-Gly-OEt for Anderson Test.
To a stirred mixture of Z-Gly-Phe-OH (357 mg, 1.0 mmol)
and glycine ethyl ester hydrochloride (1400 mg, 1.0 mmol) in
dimethylformamide (5 m/) at 0°C was added a solution of
BDP (302 mg, 1.1 mmol) and triethylamine (215 mg, 2.1
mmol) in dimethylformamide (2 mi). The reaction mixture
was stirred at 0°C for 1 h and then at room temperature for 6
h, diluted with ethyl acetate (50 m/) and washed with 5%
aqueous HCl solution, 10% sodium carbonate solution, water
and brine. The organic phase was dried and evaporated to
dryness and the crude product was purified by passing
through a short column of silica gel to yield Z-Gly-Phe-Gly-
OEt (395 mg) in 90% yield. mp, 117-118°C, [e];, -12.3 (2.0,
EtOH, 16). Lit."® mp, 117-118°C, [a]p, -12.0 (2.0, EtOH, 25).

Preparation of Z-Phe-Val-Pro-OBu* for Racemization
Test with HPLC. To a solution of Z-Phe-Val-OH (260 mg,
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0.8 mmol), which was prepared by the known procedure, and
commercially available Pro-OBu’ (150 mg, 0.9 mmol) in di-
methylformamide (5 m/) at 0°C was slowly added a solution
of BDP (244 mg, 0.9 mmol) in dimethylformamide and then
triethylamine (100 mg, 10 mmol) was slowly added to the
solution. After being stirred at room temperature for 5 h, the
reaction mixture was diluted with ethyl acetate (50 m/) and
washed with 5% aqueous HCI solution, 10% sodium carbo-
nate solution, water, and brine, dried, evaporated to dryness.
The crude product was purified by passing through a short
column of silica gel to give Z-Phe-Val-Pro-OBu’ (340 mg) in
89% yield. mp, 114°C, [o], ~80.4 (1.3, MeOH, 16). Lit.Z mp,
115-116°C, [(a]p -76.11 (1.0, MeOH, 20). Z-Phe-Val-Pro-
OBu’ (300 mg, 0.63 mmol) was dissolved in trifluoroacetic
acid (1 mJ) and stirred at room temperature for 2 h. Trifluoro-
acetic acid was removed in vacuo to give a residue, which
was dissolved in benzene and evaporated to dryness.
Without further purification of the crude product, it was sub-
jected to HPLC analysis under the following conditions. Col-
umn; P/N 84040 -Bondapak NH,; temperature, room tem-
perature; eluant, 0.02M ammonium formate in methanol-
water (95:5); flow rate, 0.6 m/ per min; range, 0.05 absor-
bance unit; detector, 254 nm; retention time, L-D-L form,
19.10 min, L-L-L form, 22.30 min; the ratio of L-D-L/L-L-L,
18/82. ’

Typical procedure for Peptide Synthesis. To a solu-
tion of Z-Phe-OH (300 mg, 1.0 mmol) and HCl Gly-OEt (154
mg, 1.1 mmol) in dimethylformamide (4 m/) at room tem-
perature was added a solution of BDP (300 mg, 1.1 mmol) in
dimethylformamide (3 m/) and then triethylamine (210 mg,
2.1 mmol) was slowly added to the solution. The reaction
mixture was stirred at room temperature for 4 h, diluted with
ethyl acetate (50 mJ), washed with 5% aqueous HCl solution,
10% sodium carbonate solution, water and brine, dried over
anhydrous MgS0,, and evaporated to dryness. The crude
product was purified by passing through a short column of
silica gel to yield Z-Phe-Gly-OEt (365 mg) in 95% yield. mp,
109-110°C, [«],-17.0 (1.7, EtOH, 16). Lit.22 mp, 109°C, [a],
-17.0 (2.0, EtOH).

Acknowledgement. This research was financially suppor-
ted by a grant from Korea Science and Engineering Founda-
tion.

References

1. (a) N. F. Albertson, Org. React. (N. Y.), 12, 157 (1962),
(b) D. S. Tarbell, Acc. Chem. Res., 2, 296 (1969).

2. E. Gross and J. Meienhofer, Eds., ‘“The Peptides, Ana-
lysis, Synthesis, Biology™’; Academic Press: New York,
1979; Vol. 1 and references cited therein.

3. (a) S. Yamada and Y. Takeuchi, Tetrahedron Lett., 3595
(1971). (b} T. Shioiri, Y. Yokoyama, Y. Kasai, and S.
Yamada, Tetrahedron, 32, 2211 (1976). (c) A. G. Jack-
son, G. W. Kenner, G. A. Moor, R. Ramage, and W. D.
Thorpe, Tetrahedron Lett., 3627 (1976). (d) S. Bernas-
coni, A. Comini, A. Corbella, and M. Sisti, Synthesis,
385 (1980). (¢) R. D. Tung and D. H. Rich, J. Am. Chem.
Soc., 107, 4342 (1985).

Bull. Korean Chem. Soc., Vol. 8, No. 6, 1987 475

4. T. Shioiri, K. Ninomiya, and S. Yamada, /. Am. Chem.
Soc., 94, 6203 (1972).

5. A. Gorecka, M. Leplawy, J. Zabrocki, and A. Zwierzak,
Synthesis, 474 (1978).

6. H. Ogura, S. Nagai, and K. Takeda, Tetrahedron Lett.,
1467 (1980).

7. Y. Kiso, T. Miyazaki, M. Satomi, H. Hiraiwa, and T.
Akita, J. C. S. Chem. Comm., 1029 (1980).

8. M. Miyake, M. Kirisawa, and N. Tokutake, Chem. Lett.,
123 (1985).

9. M. Ueda, H. Oikawa, and T. Teshirogi, Synthesis, 908
(1983).

10. K. Takeda, K. Tsuboyama, K. Yamaguchi, and H.
Ogura, J. Org. Chem., 50, 273 (1985).

11. S. Kim and H. Chang, J. C. S. Chem. Comm., 1357
(1983).

12. H. Chang and S. Kim, Bull. Korean Chem. Soc., 7, 407
(1986).

13. (a) G. A. van der Marel, C. A. A. van Boeckel, G. Wille,
and J. H. van Boom, Nucl. Acids Res., 10, 2337 (1982).
() C. T. J. Wreesman, A. Fidder, G. H. Veeneman, G.
A. van der Marel, and J. H. van Boom, Tetrahedron
Lett., 933 (1985).

14. B. Castro, J. R. Dormoy, G. Evin, and C. Selve, Tetra-
hedron Lett., 1219 (1975).

15. @ S. Kim, J. L. Lee, and Y. K. Ko, Tetrahedron Lett,
4943 (1984). (b) S. Kim and S. S. Kim, J. C. S. Chem.
Comm., 719 (1986). (c) S. Kim and K. Y. Yi, J. Org.
Chem., 51, 2613 (1986).

16. S.Kim, H. Chang, and Y. K. Ko, Tetrahedron Lett., 1341
(1985). '

17. S. Yamada, Y. Kasai, and T. Shioiri, Tetrahedron Lett.,
1595 (1973).

18. M. W. Williams and G. T. Young, /. Chem. Soc., 881
(1963).

19. (@) G. W. Anderson and R. W. Young, /. Am. Chem.
Soc., 74, 5307 (1952). (b) G. W. Anderson, J. E. Zimmer-
mann, and F. M. Callanan, /. Am. Chem. Soc., 89, 5012
(1967).

20. S. Takuma, Y. Hamada, and T. Shioiri, Chem. Pharm.
Bull., 30, 3147 (1982).

21. Y. Takeuchi and S. Yamada, Chem. Pharm. Bull., 22,
841 (1974).

22. T. Mukaiyama, R. Matsueda, and M. Suzuki, Tetrahed-
ron Lett., 1901 (1970).

23. Y. Watanabe, N. Morito, K. Kamekawa, and T. Mukai-
yama, Chem. Lett., 66 (1981).

24. R. Appel, G. Baumann, and W. Struver, Chem. Ber.,
108, 2680 (1975).

25. W. D. Cash, J. Org. Chem., 26, 2136 (1961).

26. K. Lloid and G. T. Young, J. Chem. Soc., (C), 2870
(1971).

27. G. W. Anderson and R. Paul, . Am. Chem. Soc., 82,
4596 (1960).

28. V. Dourtoglou and B. Gross, Synthesis, 572 (1984).

29. D. E. Nitecki, B. Halpern, and J. W. Westley, . Org.
Chem., 33, 864 (1968).



