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A protected 33-residue peptide corresponding to the entire amino acid sequence of human
cholecystokinin (hCCK-33) was synthesized by successive azide condensations of 7 peptide
fragments of established purity. f-Cycloheptyl aspartate [Asp(OChp)] was employed to suppress
base-catalyzed succinimide formation.
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In two consecutive papers, we wish to report the synthesis of a 33-residue peptide
corresponding to the entire amino acid sequence of human cholecystokinin (hCCK-33), the
gene structure of which was elucidated by Takahashi er al.® in 1985. From the synthetic
viewpoint, CCK offers considerable difficulty mainly for two reasons; one is the instability of
Tyr(SO;H) (position 27) to acids, including TFA treatment which is required for N*-
deprotection prior to chain elongation, and the other is the fact that sulfation with pyridine—
SO; complex takes place predominantly at the alcoholic OH group of Ser, rather than at the
phenolic OH group of Tyr. Thus, it is clear that the total synthesis of hCCK-33 possessing 4
Ser residues can not be accomplished by the same method employed for the previous synthesis
of porcine CCK-8 (positions 26—33), or even CCK-12 (positions 22—33).%

We have synthesized hCCK-33 by a method different from that employed for the
synthesis of porcine CCK-33” by Kurano ef al.® In the final step of their synthesis, the
phenoxyacetyl groups, used for OH-protection of 4 Ser residues, were removed, after sulfation
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Fig. 1. Synthetic Scheme for Protected hCCK-33 (Free 27-Tyr)

O, protected amino acids: Lys(Z), Arg(Mts), Met(O), Ser(Bzl), Asp(OChp), Asp(OBzl)
(position 17), Trp(Mts).
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of Tyr, by treatment with 0.1 M NaOH. Even with these precautions, the yield in the final
sulfation step was reported to be ca. 5%. In our synthesis, a free form of hCCK-33 was first
prepared, then 27-Tyr was sulfated with pyridine-SO; complex, after reversible masking of
other functions with hard base-labile protecting groups, i.e., the amino functions with the
Fmoc group” and four Ser-OH functions with the tert-butyldiphenylsilyl (tBuPh,Si) group.®

We prepared two forms of protected hCCK-33 by using unprotected Tyr and protected
Tyr, Tyr(Cl,~Bzl).” The latter synthesis, ie., synthesis of protected Tyr(Cl,~Bzl)-hCCK-33,
was conducted to prevent over-acylation at the Tyr residue, and to make purification of each
intermediate easier, as will be described in the subsequent paper. In this paper, we wish to
report the initial synthesis of protected hCCK-33 (free 27-Tyr), which was accomplished by
successive azide condensation'® of 7 peptide fragments as shown in Fig. 1.

The C-terminal fragment, Z(OMe)-Asp(OChp)-Arg(Mts)-Asp(OChp)-Tyr-Met(O)-
Gly-Trp(Mts)-Met(O)~Asp(OChp)-Phe-NH, [1], was prepared in a stepwise manner start-
ing from H-Phe-NH, (Fig. 2). Besides Arg(Mts),!" Asp(OChp)'? and Trp(Mts)**® were em-
ployed to suppress side reactions, i.e., the former, base-catalyzed succinimide formation!®
and the latter, indole-alkylation during N*-deprotection.!® Thus, these three amino acid
derivatives introduced by us were successfully employed in the present synthesis. Met was
protected as its sulfoxide.'® The Su ester procedure!” was employed as a main tool to
condense constituent amino acid residues, except for three residues. For condensations of two
residues, Met(O) and Arg(Mts) (positions 31 and 25), the NB ester'® and the MA method!®
respectively gave better yields than the Su method for some reason. The azide procedure was
employed for condensation of the unprotected Tyr residue. The purity of fragment [1] was
ascertained by thin layer chromatography (TLC), elemental analysis and amino acid anal-
ysis after 6 N HCI hydrolysis, as was done with other fragments.

Z (OMe)-Asp(OChp)-OH

Z(OMe)-Arg(Mts)-0OH 1.MA
2.TFA

- -0OH
Z(OMe) Asp(OChp) 1.Su

2.TFA
Z(OMe)-Tyr-NHNH, l.azide

2.
Z(OMe)-Met (0O)-0OH TFA

1.5u
2.TFA

Z(OMe)-Gly-OH 1.Su
2.TFA

Boc-Trp(Mts)-OH 1.Su

2.TFA

Z(OMe)-Met (0)-OH —— 1.NB
2.TFA

Z (OMe)-Asp(OChp)-0OH- 1.Su

[2.TFA

H—Phe-—NH2

7Z (OMe)-Asp(OChp)-Arg(Mts)-Asp(OChp)-Tyr-Met (0)-Gly-Trp(Mts)-Met (0)~Asp(OChp)-
PhemNH2 (1]

Fig. 2. Synthetic Scheme for the C-Terminal Decapeptide Amide [1] (Positions

24-—33)
Z(OMe)—His—NHNH2 1.azide
Z(OMe)-Arg(Mts)-OH— | . |2 Nia"
H-Ile-Ser-OMe . 2.TFA Fig. 3. Synthetic Scheme for the Protected

Tetrapeptide Hydrazide [2] (Positions 20—23)
Z(OMe)-His-Arg(Mts)-1I le—Ser--NHNH2 [2]
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Fragment [2], Z(OMe)-His-Arg(Mts)-Ile-Ser-NHNH,, was prepared in a stepwise
manner also starting from a TFA-treated sample of Z(OMe)-Ile-Ser—OMe,2? onto which two
residues, Arg(Mts) and His, were condensed successively by the MA and the azide methods,
respectively. The resulting protected tetrapeptide ester was converted to [2] by the usual
hydrazine treatment (Fig. 3).

Fragment [3], Z(OMe)-Asp(OBzl)-Pro—Ser(Bzl)-NHNH,, was prepared with the aid of
the substituted hydrazine, Troc-NHNH,.?") H-Ser(Bzl)-NHNH-Troc?* was condensed with
Z(OMe)-Pro-OH by DCC?* in the presence of HOBt,2* then Z(OMe)-Asp(OBzl)-OH by
the MA method. From the resulting tripeptide derivative, the Troc group was removed by
treatment with Zn—AcOH?* to give [3] (Fig. 4). Ser(Bzl) was employed for preparations of
fragments [3] and [S] in order to increase the solubilities of these fragments.

Fragment [4], Z(OMe)-Asn-Leu-GIn-Asn-Leu-NHNH,, was prepared in a stepwise
manner starting with a TFA-treated sample of Z(OMe)-Asn-Leu-OMe.?® The Np method?”
was employed as a tool to elongate the peptide chain. The resulting protected pentapeptide
ester was converted to [4] by the usual hydrazine treatment (Fig. 5).

Fragment [5], Z(OMe)-Ser(Bzl)-Ile-Val-Lys(Z)-NHNH,, was prepared as shown in

Z (OMe)-Asp(0OBz1)-0OH MA

Z(0Me)-Pro-OH ————— 1 pcC+HOBt
2.TFA

H-Ser (Bz1l)-NHNH-Troc

7 (OMe)-Asp(0OBz1l)-Pro-Ser(Bz1l)-NHNH-Troc
Zn-AcOH Fig. 4. Synthetic Scheme for the Protected
Tripeptide Hydrazide [3] (Positions 17—19)
7Z(OMe)-Asp(0OBzl)-Pro-Ser (Bzl )—-NHNHZ [3]

Z (OMe)-Asn-OH

1.Np
Z(OMe)-Leu-O ———— 1 o 2. NH NH
2.TFA
Z (OMe)~-G1ln-OH 1.Np|
| 2.TFA . .

H-Asn-Leu-OMe Fig. 5. Synthetic Scheme for the Protected

Pentapeptide Hydrazide [4] (Positions 12—16)
Z(OMe)-Asn- Leu-Gln-Asn-Leu-NHNH, [4]

Z(OMe)-Ser(Bz1)-0OH
1.MA

Z(OMe)-Ile-OH— 1.Np 2.NH,NH
2 .NH,NH
H-Val-OMe ! 2772 1.azide
2.TFA . .
H-Lys(Z)-OMe¢ —————— Fig. 6. Synthetic Scheme for the Protected

2772
Tetrapeptide Hydrazide [5] (Positions 8—11)
Z(OMe)—Ser(le)-Ile—Val-—Lys(Z)—NHNHz [5]

Z(OMe)-Lys(Z)-OH ——— 1.Su

2. .NH,NH
Z(OMe)-Ala-Pro-OH— 1.DCC 2
H-Ser-OMe ——  12.TFA

2
Z(OMe)-Lys(Z)-Ala-Pro-Ser-NHNH, [7]

Fig. 7. Synthetic Scheme for the Protected
Tetrapeptide Hydrazide [7] (Positions 1—4)
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Fig. 6. A dipeptide unit with bulky side chains, Z(OMe)-Ile-Val-NHNH,, was first prepared
by the Np method, followed by the usual hydrazine treatment. This was then condensed with
H-Lys(Z)-OMe via the azide to give Z(OMe)-Ile-Val-Lys(Z)-OMe. This tripeptide, after
TFA treatment, was condensed with Z(OMe)-Ser(Bzl)-OH via the MA and the resulting
tetrapeptide ester was converted to [5] as usual.

Fragment [6], Z(OMe)-Gly—-Arg(Mts)-Met(O)-NHNH,, was easily prepared by the Su
condensation of Z(OMe)-Gly-OH with a TFA-treated sample of Z(OMe)-Arg(Mts)-
Met(O)-OMe,*® followed by the usual hydrazine treatment.

The N-terminal fragment [7], Z(OMe)-Lys(Z)-Ala~Pro-Ser—-NHNH,, was prepared by
using an available dipeptide unit, Z(OMe)-Ala-Pro—OH.?*’ This dipeptide was condensed
with H-Ser-OMe by using DCC and the resulting protected tripeptide ester, after TFA
treatment, was condensed with Z(OMe)-Lys(Z)-OH via the Su ester to give the protected
tetrapeptide ester, which was converted to [7] as usual (Fig. 7).

Seven peptide fragments thus obtained were assembled successively by the azide
procedure to minimize racemization. Each reaction was continued until the solution became
negative to ninhydrin. The amount of the acyl component was increased from 1.5 to Seq as
chain elongation progressed. In particular, for condensation of fragment [4], a toral of 8
(5+3) eq of the acyl component was employed. This hydrazide was less soluble in DMF.
Thus, a mixture of three solvents, DMF-DMSO-HMPA (1:1:1), had to be employed in a
large excess. Consequently, the solution was too diluted to allow completion of the reaction.
The products were purified either by precipitation from DMF with MeOH or by gel-filtration
on Sephadex LH-60 using DMF as an eluant. Throughout the synthesis, Phe, the C-terminal
residue, was used as a diagnostic amino acid in acid hydrolysis in order to ascertain the
homogeneity of each product. Recovery of Phe was compared with those of newly added
amino acids after each condensation. Thus, satisfactory incorporation of each fragment was
ascertained (Table I).

In the above fragment condensation reactions, we had to use the acyl component in a
large excess to bring the reaction to completion. Consequently, the possibility can not be

TaBLE I. Amino Acid Ratios in 6 N HC! Hydrolysates of Protected hCCK-33
(Free 27-Tyr) and Its Intermediates

24—33  20—33 17—33 12—33 833 5—33 1—33

Asp 3.05 3.10 3.82 6.01 6.27 6.12 601 (6
Ser 1.00 1.86 1.90 2.82 275 345 (@)
Glu 1.10 1.08 1.08 .03 (1)
Pro 1.00 0.82 1.00 1.00 201 (2
Gly .12 1.14 1.18 1.05 1.06 1.98 195 (2
Ala 099 (1)
Val 0.53 0.72 070 (1)
Met 1.88 1.75 1.74 1.58 1.80 2.68 250 (3)
Ile 1.03 0.88 0.94 1.42 1.59 160 (2
Leu 2.07 2.07 2.04 200 (2
Tyr 0.89 1.07 1.01 1.02 1.00 0.99 096 (1)
Phe 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (1)
Lys 0.92 0.97 1.90 (2
His 1.01 0.86 0.92 0.88 0.97 081 (1)
Trp® 1.21 0.93 0.89 0.85 0.94 111 088 (1)
Arg 0.98 2.10 1.86 2.00 1.98 2.96 286 (3)
Recov. (%) 82 78 84 85 82 73 86

a) Determined by 4N MSA hydrolysis.
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excluded that over-acylation at the Tyr residue took place to a certain degree. Indeed, we had
to purify four products, resulted from azide condensations of fragments from [4] to [7], by gel-
filtration on Sephadex LH-60. The yields we obtained were 48% to at best 69%. Considering
the difficulty of the sulfation step for the synthesis of hCCK-33, we decided to prepare a
certain quantity of protected hCCK-33 by an alternative route using protected Tyr,
Tyr(Cl,—Bzl), as will be described in the subsequent paper.

Experimental

General experimental procedures described herein are essentially the same as described in Part CLVII?® of this
series. Prior to condensation, the N*-Z(OMe) group was removed by TFA treatment in the presence of anisole. The
active ester reaction was performed at room temperature, the azide reaction at 4°C and the MA reaction in an ice-
bath. Unless otherwise stated, products were purified by one of the following procedures.

A. Extraction Procedure: After evaporation of the solvent, the product was dissolved in AcOEt or some other
organic solvent(s). The organic phase was washed with 5% citric acid, 5% NaHCO,; and H,0-NaCl, dried over
Na,SO, and concentrated. The residue was recrystallized or precipitated from appropriate solvent(s).

B.  Washing Procedure: After evaporation of the solvent, the residue was treated with 5% citric acid and ether,
then the resulting powder was washed with 5% citric acid, 5% NaHCO, and H,0, and recrystallized or precipitated
from appropriate solvents.

C. Gel-Filtration Procedure: The product, partially purified by procedure B, was dissolved in a small amount of
DMF and a solution was applied to a column of Sephadex LH-60, which was eluted with DMF. Fractions
corresponding to the front main peak [monitored by ultraviolet (UV) absorption measurement at 280 nm] were
combined and the solvent was removed by evaporation in vacuo. The residue was precipitated from DMF with
AcOEt.

TLC was conducted on silica gel (Kieselgel G, Merck) and Rf values refer to the following solvent systems: Rf;
CHCl;-MeOH-H,O0 (8:3:1), Rf, CHCl,-MeOH (10:0.5).

Z(OMe)-Asp(OChp)-Phe-NH, [1]-(1)——A mixture of Z(OMe)-Asp(OChp)-OSu [prepared from 25.00 g
(44.0mmol) of the DCHA salt], H-Phe-NH, [prepared from 14.44 g (44.0mmol) of the Z(OMe)-derivative] and
NMM (4.84ml, 1eq) in THF-DMF (60 ml-50 ml) was stirred overnight. The product was purified by procedure A
(solvent CHCl,), followed by recrystallization from CHCI, and ether; yield 16.33 g (69%), Rf, 0.76, Rf, 0.25. Physical
constants and analytical data are listed in Table II, together with those of other protected peptides.

TaBLe II. Physical Constants and Analytical Data for Fragment [1] and Its Intermediates

Analysis (%)

Fragment [1] and mp [ ) Caled (Found)
intermediates ©C) (DMF) Formula
C H N
(1) Z(OMe)-Dipeptide 163—165 -20.0 C,0H;3,N,0;, 64.54 691 7.79
(32—33) (64.50 7.04  7.78)
(2) Z(OMe)-Tripeptide 197—199 +6.17 C34Hy N, O,S 59.46 6.75 8.16
(31—33) (59.21 6.70  8.07)
(3) Boc-Tetrapeptide 152—154 —32.29 Cs50HesN6Oy, S, 60.58 6.71 8.48
(30—33) (60.72 6.72  8.29)
(4) Z(OMe)-Pentapeptide 172—175 —25.0 Cs6HgoN,0,,5S,-H,0 59.50 6.33  8.68
(29—33) (59.77 6.42  8.75)
(5) Z(OMe)-Hexapeptide 175—178 +3.1 Cs;H,5NO,5S;-H,O 57.35 6.31 8.77
(28—33) (57.52  6.26  8.36)
(6) Z(OMe)-Heptapeptide 194—197 —13.3 C,oHg;NgO,-S;-H,O 58.35 6.16 8.75
(27—33) (58.53  6.05 8.75)
(7) Z(OMe)-Octapeptide 202—204 —22.6 Cs1H;04N;00,4S5-2H,0 58.25 6.52  8.39
(26—33) (58.32 6.32 8.74)
(8) Z(OMe)-Nonapeptide 189—191 —17.0 CosH;26N140,5S,-2H,0 57.41 652 9.76
(25—33) (57.25 6.56 10.03)
[11 Z(OMe)-Decapeptide 203—205 —23.6 Ci07H143N;50,65, . 2H,0 5790  6.68 9.47
(24—33) (5798 6.79  9.46)
a) In MeOH.
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Z(OMe)-Met(O)-Asp(OChp)-Phe-NH, [1]-(2——A TFA-treated sample of the above dipeptide amide
(16.33 g, 30.3 mmol) was dissolved in DMF (300 ml) containing TEA (4.22ml, 1eq), then Z(OMe)-Met(O)-ONB
[prepared from 10.97g (33.3mmol) of Z(OMe)-Met(O)-OH] in DMF-THF (10ml-35ml) and NMM (3.33ml,
30.3 mmol) were added and the mixture was stirred overnight. The product was purified by procedure B, followed by
precipitation from DMSO with ether; yield 13.66 g (66%), Rf, 0.60.

Boc—Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]-(3) A TFA-treated sample of the above tripeptide amide
(5.50 g, 8.01 mmol) was dissolved in DMF (50 ml) containing TEA (1.11 ml, 1 eq), then Boc-Trp(Mts)-OSu [prepared
from 6.42 g (9.61 mmol) of the DCHA salt] in THF (30 ml) and NMM (0.88 ml, 1 eq) were added and the mixture was
stirred overnight. The product was purified by procedure B, followed by precipitation from DMF with ether; yield
5.20g (66%), Rf, 0.71.

Z(OMe)-Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH,, [1]-(4——A TFA-treated sample of the above tetra-
peptide amide (5.30 g, 5.35 mmol) was dissolved in DMF (50 ml) containing TEA (0.75ml, 1 eq), then Z(OMe)-Gly-
OSu (2.16 g, 6.42mmol) and NMM (0.59 ml, 5.35mmol) were added and the mixture was stirred for 48 h. The
product was purified by procedure B, followed by precipitation from DMF with ether; yield 5.42 g (91%), Rf, 0.54.

Z(OMe)-Met(O)-Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]-(5)——A TFA-treated sample of the
above pentapeptide amide (5.42 g, 4.87 mmol) was dissolved in DMF (30 ml) containing TEA (0.68ml, 1eq), then
Z(OMe)-Met(0)-OSu [prepared from 1.92 g (5.84 mmol) of Z(OMe)-Met(O)-OH] in THF-DMF (30 ml-2 ml) and
NMM (0.34 ml, 4.87 mmol) were added and the mixture was stirred overnight. The product was purified by procedure
B, followed by precipitation from DMSO with AcOEt; yield 4.57 g (75%), R/, 0.62.

Z(OMe)-Tyr-Met(O)-Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]-(6)——The azide [prepared from
1.71 g (4.76 mmol) of Z(OMe)-Tyr—NHNH,] in DMF (5ml) and TEA (0.66 ml, 4.76 mmol) were added to an ice-
chilled solution of a TFA-treated sample of the above hexapeptide amide (5.00g, 3.97mmol) in DMF (20ml)
containing TEA (0.55ml, 3.97 mmol) and the mixture was stirred for 24 h. The product was purified by procedure B,
followed by precipitation from DMF with AcOEt; yield 4.58 g (81%), Rf; 0.58.

Z(OMe)-Asp(OChp)-Tyr-Met(O)-Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]-(7)——A TFA-treated
sample of the above heptapeptide amide (4.50 g, 3.16 mmol) was dissolved in DMF (40 ml) containing TEA (0.44 ml,
1 eq), then Z(OMe)-Asp(OChp)-OSu [prepared from 2.72g (4.74 mmol) of the DCHA salt] in THF (10ml) and
NMM (0.35ml, 3.16 mmol) were added and the mixture was stirred overnight. The product was purified by procedure
B, followed by precipitation from DMF with MeOH; yield 3.53 g (68%), Rf; 0.72.

Z(OMe)-Arg(Mts)-Asp(OChp)-Tyr—-Met(O)-Gly—Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]-(8)——A mix-
ed anhydride [prepared from 2.60g (1.8eq) of Z(OMe)-Arg(Mts)-OH-CHA] in THF (20ml) was added to an
ice-chilled solution of a TFA-treated sample of the above octapeptide amide (3.42g, 2.09 mmol) in DMF (30 ml)
containing TEA (0.29 ml, 1 eq) and the mixture was stirred for 6 h. The product was purified by procedure B, followed
by precipitation from DMF with AcOEt; yield 3.34 g (81%), Rf, 0.65.

Z(OMe)-Asp(OChp)-Arg(Mts)-Asp(OChp)-Tyr-Met(O)-Gly—Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, [1]
(Positions 24—33)——A TFA-treated sample of the above nonapeptide amide (3.30 g, 1.67 mmol) was dissolved in
DMF (8 ml) containing TEA (0.23ml, 1 eq), then Z(OMe)-Asp(OChp)-OSu [prepared from 1.44 g (2.51 mmol) of the
DCHA salt] in THF (20 ml) and NMM (0.18 ml, 1.67mmol) were added and the mixture was stirred overnight. The
product was purified by procedure B, followed by precipitation from DMF with AcOEt; yield 3.11 g (85%,), Rf, 0.70.
Amino acid ratios in a 6 N HCI hydrolysate are listed in Table 1.

Z(OMe)-Arg(Mts)-Ile-Ser—-OMe A mixed anhydride [prepared from 20.43g (33.0mmol) of Z(OMe)-
Arg(Mts)-OH-CHA] in THF (60 ml) was added to an ice-chilled solution of a TFA-treated sample of Z(OMe)-lle—
Ser-OMe (11.89 g, 30.0 mmot) in DMF (100 ml) containing TEA (4.16 ml 1 eq) and the mixture was stirred for 6 h.
The product was purified by procedure A, followed by recrystallization from MeOH and ether; yield 20.20 g (92%,),
mp 99—101°C, [¢]5’ —1.0° (¢ =1.0, MeOH), Rf; 0.75. Anal. Calcd for C3,HoNgO,,S- H,0: C, 54.23; H, 6.96; N,
11.16. Found: C, 54.55; H, 6.62; N, 10.84.

Z(OMe)-His—Arg(Mts)-lle-Ser-NHNH, [2] (20—23)——The azide [prepared from 13.61 g (40.8 mmol) of the
Z(OMe)-His—NHNH,] in DMF (100 ml) and TEA (4.55ml, 32.7 mmol) were added to an ice-chilled solution of a
TFA-treated sample of Z(OMe)-Arg(Mts)-Ile-Ser-OMe (20.00g, 27.2mmol) in DMF (50ml) containing TEA
(3.79 ml, 27.2 mmol) and the mixture was stirred overnight. The product was purified by procedure A, then dissolved
in MeOH (50 ml) and 809, hydrazine hydrate (6.81 ml, 5eq) was added. The solid formed on standing overnight was
precipitated from DMF with MeOH; yield 14.34 g (60%), mp 168—170°C, [a]y —1.2° (¢=0.8, DMF), Rf; 0.36.
Amino acid ratios in a 6 N HCI hydrolysate: His 0.99, Arg 0.95, Ile 1.00, Ser 0.96 (recovery of Ile, 81%). Anal. Calcd
for C3oHs,N;;0,0S1/2H,0: C, 53.16; H, 6.64; N, 17.49. Found: C, 53.17; H, 6.68; N, 17.63.

Z(OMe)-Pro—Ser(Bzl)>NHNH-Troc A mixture of Z(OMe)-Pro-OH [prepared from 4.39 g (9.54 mmol) of
the DCHA salt], H-Ser(Bzl)-NHNH-Troc [prepared from 5.24 g (9.54 mmol) of the Z(OMe)-derivative], DCC (2.36 g,
11.5mmol) and HOBt (1.29g, 9.54mmol) in DMF (50 ml) was stirred for 18h, then filtered. The filtrate was
concentrated and the product was purified by procedure A, followed by recrystallization from AcOEt and ether; yield
3.70 g (60%), mp 85—87°C, [a]%’ —2.9° (¢=1.0, DMF). Rf, 0.42. Anal. Calcd for C,,H;; Cl;N,Oq: C, 50.20; H, 4.84;
N, 8.67. Found: C, 50.35; H, 4.92; N, 8.82.
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Z(OMe)-Asp(OBzl)-Pro—Ser(Bzl)-NHNH, [3] (17—19)——A mixed anhydride [prepared from 3.96g (10.2
mmol) of Z(OMe)-Asp(OBzI)-OH] in THF (30 ml) was added to an ice-chilled solution of a TFA-treated sample of
the above dipeptide derivative (5.50 g, 8.51 mmol) in DMF (30 ml) containing TEA (1.18ml, 1 eq) and the mixture
was stirred for 6 h. The product was purified by procedure A. The oily product (3.66 g, Rf, 0.48) was dissolved in
AcOH (30ml) and treated with Zn powder (5.59 g, 20eq) at 25°C for 4 h. The solution was filtered, the filtrate was
concentrated and the residue was dissolved in ACOEt and the extract, after being washed with 3% EDTA, was dried
over Na,SO, and concentrated. Trituration of the residue with ether afforded a powder, which was recrytallized from
MeOH and ether; yield 2.47 g (85%), mp 92—95°C, [«J3' —31.1° (¢=0.5, DMF), Rf, 0.40. Amino acid ratios in a 6 N
HCI hydrolysate: Asp 1.04, Pro 1.00, Ser 1.04 (recovery of Pro, 77%). Anal. Caled for C55H, N5O,- 1 /2H,0: C,
61.39; H, 6.18; N, 10.23. Found: C, 61.69; H, 6.19; N, 10.21.

Z(OMe)-GIn-Asn-Leu—-OMe——A mixture of Z(OMe)-GIn-ONp (2.71g, 6.28 mmol), TEA (1.59ml, 11.4
mmol) and a TFA-treated sample of Z(OMe)-Asn-Leu-OMe (2.42 ¢, 5.71 mmol) in DMF (30ml) was stirred for
48 h. The product was purified by procedure B, followed by precipitation from DMF with MeOH; yield 2.20 g (70%),
mp 259—261°C, [«]3! —10.9° (¢=0.5, DMSO), Rf; 0.50. Anal. Calcd for C,sH;,NsO,: C, 54.43; H, 6.76; N, 12.70.
Found: C, 54.63; H, 6.72; N, 12.64.

Z(OMe)-Leu—GIn-Asn-Leu—-OMe——A mixture of Z(OMe)-Leu~-ONp (1.90g, 4.57mmol), TEA (1.06 ml,
7.62mmol) and a TFA-treated sample of the above tripeptide (2.10g, 3.81 mmol) in DMF (20ml) was stirred
overnight. The product was purified by procedure B, followed by precipitation from DMF with MeOH; yield 2.26 g
(89%), mp 246—248 °C, [a]3' +20.0° (c=0.5, DMSO), Rf, 0.66. Anal. Calcd for C31HysNGOyo: C, 56.01; H, 7.28; N,
12.64. Found: C, 55.93; H, 7.37; N, 12.41.

Z(OMe)-Asn-Leu-Gln-Asn-Leu-OMe——A mixture of Z(OMe)-Asn-ONp (1.40g, 3.34mmol), TEA (0.78
ml, 5.58 mmol) and a TFA-treated sample of the above tetrapeptide (2.17 g, 2.79 mmol) in DMF (60 ml) was stirred
for 18 h. The product was purified by procedure B, followed by precipitation from DMSO with MeOH; yield 2.03 g
(80%,), mp 261—263°C, [a]3} —14.0° (c=0.5, DMSO), Rf, 0.34. Anal. Calcd for C,5H;,NgO,,: C, 53.97; H, 6.99; N,
14.39. Found: C, 53.72; H, 7.02; N, 14.12.

Z(OMe)-Asn-Leu—Gln~Asn-Leu-NHNH, [4] (12—16)——The above protected pentapeptide ester(6.72 g,
8.63mmol) in DMSO-MeOH (80 ml-10 ml) was treated with 80% hydrazine hydrate (5.07ml, 10eq) for 48 h. The
product was precipitated from DMSO with MeOH; yield 4.33 g (64%), mp 250—253°C, [a]3! —13.3° (¢=0.5,
DMSO), Rf, 0.18. Amino acid ratios in a 6 N HCI hydrolysate: Asp 2.01, Glu 1.01, Leu 2.00 (recovery of Leu, 82%).
Anal. Caled for C3,Hs,N;,0y, -H,0: C, 51.30; H, 7.09; N, 17.60. Found: C, 51.53; H, 7.06; N, 17.38.

Z(OMe)-lle-Val-OMe——A mixture of Z(OMe)-Ile-ONp (7.05 g, 16.9 mmol), H-Val-OMe- HCl salt (2.84 g,
16.9mmol) and TEA (4.72ml, 33.9mmol) in DMF (70ml) was stirred overnight. The product was purified by
procedure B, followed by precipitation from DMF with ether; yield 5.11 g (74%), mp 116—118°C, [a]3! +2.0° (c=
0.5, DMF), Rf, 0.81. Anal. Calcd for C,,H;,N,04: C, 61.74; H, 7.90; N, 6.86. Found: C, 61.84; H, 8.07; N, 7.07.

Z(OMe)-Ile-Val-NHNH, The above dipeptide ester (5.00 g, 12.2mmol) in MeOH (100 ml) was treated with
807, hydrazine hydrate (6.13ml, 10eq) for 48h. The solid formed on standing was precipitated from DMF with
MeOH; yield 2.77g (55%), mp 252—254°C, [o]f’ +0.9° (c=1.0, DMF), Rf, 0.74, Rf, 0.15. Anal. Caled for
C,0H;3,N,0s: C, 58.80; H, 7.90; N, 13.72. Found: C, 58.90; H, 7.91; N, 13.57.

Z(OMe)-lle-Val-Lys(Z)-OMe——The azide [prepared from 2.70 g (6.61 mmol) of Z(OMe)-Ile-Val-NHNH,]
in DMF (30ml) and TEA (1.01 ml, 1eq) were added to an ice-chilled solution of H-Lys(Z)-OMe [prepared from
2.19 g (6.61 mmol) of the HCl salt] in DMF (20 ml) and the mixture was stirred overnight. The product was purified
by procedure B, followed by precipitation from DMF with AcOEt; yield 3.60 g (81%), mp 202—204°C, [o]3° +1.5°
(¢=1.0, DMF), Rf, 0.65. Anal. Calcd for C35Hs,N,Oy: C, 62.67; H, 7.51; N, 8.35. Found: C, 62.44; H, 7.63; N, 8.29.

Z(OMe)-Ser(Bzl)-lle-Val-Lys(Z)-OMe——A mixed anhydride [prepared from 2.87g (6.26 mmol) of
Z(OMe)-Ser(Bzl)-OH CHA salt] in THF (30 ml) was added to an ice-chilled solution of a TFA-treated sample of the
above tripeptide ester (3.50 g, 5.22mmol) in DMF (10 ml) containing TEA (0.73 ml, 5.22 mmol) and the mixture was
stirred for 6h. The product was purified by procedure B, followed by precipitation from DMF with MeOH; yield
3.25g(69%), mp 179—181°C, [«J! —1.1° (c=1.0, DMF), Rf, 0.90. Anal. calcd for C4sHg  N:sO,, - 1/2H,0: C, 63.06;
H, 7.29; N, 8.17. Found: C, 63.18; H, 7.13; N, 7.81.

Z(OMe)-Ser(Bzl)-1le-Val-Lys(Z)-NHNH, [5] (8—11)——The above protected tetrapeptide ester (3.15 g,
3.71mmol) in DMF (100 ml) was treated with 80%, hydrazine hydrate (0.93 ml, 5eq) overnight. The solid formed
during the treatment was precipitated from DMF with MeOH; yield 2.66 g (84%), mp 126—128 °C, [o]3' +12.6° (c=
1.0, DMF), Rf, 0.77, Rf, 0.13. Amino acid ratios in a 6 N HCI hydrolysate (96 h): Ser 0.87, Ile 0.94, Val 0.92, Lys 1.00
(recovery of Lys, 79%). Anal. Caled for C44Hg N0, o: C, 62.32; H, 7.25; N, 11.56. Found: C, 62.44; H, 7.27; N, 11.29.

Z(OMe)-Gly-Arg(Mts)-Met(O)-NHNH, [6] (5—7)——A mixture of Z(OMe)-Gly-OSu (2.07 g, 6.16 mmol),
TEA (1.43ml, 2eq) and a TFA-treated sample of Z(OMe)-Arg(Mts)-Met(O)-OMe (3.50 g, 5.13mmol) in DMF
(30 ml) was stirred for 48 h. The product was purified by procedure A, followed by recrystallization from MeOH and
ether. The product was dissolved in MeOH (40 ml), then treated with 809 hydrazine hydrate (1.29ml, 5eq) for 24 h.
The solvent was evaporated off and the residue was triturated with n-BuOH and ether; yield 1.91 g (51%), mp 93—
96°C, [el' —5.5° (¢=0.5, DMF), Rf; 0.59. Amino acid ratios in a 6N HCI hydrolysate: Gly 1.05, Arg 1.00,
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Met+ Met(O) 0.87 (recovery of Arg, 81%). Anal. Caled for Cy,HysNgO,S, - 1/2H,0: C, 49.78; H, 6.33; N, 14.98.
Found: C, 50.05; H, 6.56; N, 14.70.

Z(OMe)-Ala—Pro-Ser-OMe DCC (4.09g, 19.8 mmol) was added to a mixture of Z(OMe)-Ala—Pro-OH
(6.31g, 18.0mmol) and H-Ser-OMe [prepared from 3.36 g (21.6 mmol) of the HCI salt] in DMF (30ml) and the
solution was stirred overnight. The solution was filtered and the filtrate was concentrated. The product was purified
by procedure A (solvent n-BuOH), followed by recrystallization from MeOH and ether; yield 6.69 g (82%), mp 109—
112°C, [o]5® —14.5° (¢=0.9, MeOH), Rf; 0.84. Anal. Calcd for C,,H;,N;0,: C, 55.86; H, 6.47; N, 9.31. Found: C,
56.11; H, 6.71; N, 9.33,

Z(OMe)-Lys(Z)-Ala—Pro—Ser-OMe——A mixture of Z(OMe)-Lys(Z)-OSu (2.35 g, 4.34 mmol), TEA (1.08 ml,
7.76 mmol) and a TFA-treated sample of the above protected tripeptide ester (1.75 g, 3.88 mmol) in DMF (50 ml) was
stirred overnight. The product was purified by procedure A, followed by recrystallization from MeOH and AcOEt;
yield 1.91 g (69%), mp 153—156°C, [a]5> —33.5° (c=1.0, DMF), Rf, 0.79. Anal. Calcd for C;5H,,NsO,,: C, 58.89;
H, 6.64; N, 9.81. Found: C, 58.94; H, 6.80; N, 9.80.

Z(OMe)-Lys(Z)-Ala—Pro-Ser-NHNH, [7] (1—4)——The above protected tetrapeptide ester (2.65g, 3.71
mmol) in MeOH (30 ml) was treated with 809 hydrazine hydrate (2.32 ml, 10eq) overnight. The solid formed during
the treatment was precipitated from DMF with MeOH; yield 2.43 g (92%), mp 154—159°C, [a]¥° —36.6° (c=1.0,
DMF), Rf, 0.73. Amino acid ratios in a 6 N HCI hydrolysate: Lys 0.98, Ala 1.06, Pro 1.00, Ser 0.95 (recovery of Pro,
84%;). Anal. Calcd for C3,H,,N;0,,-H,0: C, 55.80; H, 6.75; N, 13.40. Found: C, 55.94; H, 6.59; N, 13.25.

Z(OMe)-His—Arg(Mts)-lle-Ser~Asp(OChp)-Arg(Mts)-Asp(OChp)-Tyr-Met(O)-Gly-Trp(Mts)-Met(O)-Asp-
(OChp)-Phe-NH, (Positions 20—33)——The azide, prepared from fragment [2] (1.31 g, 1.5¢q), in DMF (6 ml) and
NMM (0.13ml, 1.2eq) were added to an ice-chilled solution of a TFA-treated sample of fragment [1] (2.18 ¢,
1.00 mmol) in DMF (6 ml) containing TEA (0.14ml, 1eq) and the mixture was stirred for 48 h. H,O was added and
the resulting powder was precipitated from DMF with MeOH; yield 2.45 g (86%), Rf, 0.66. Physical constants and
analytical data are listed in Table III and amino acid ratios after 6 N HCI hydrolysis are listed in Table I, respectively.

Z(OMe)—Asp(Ole)—Pro—Ser(le)—His—Arg(Mts)—Ile—Ser—Asp(OChp)—Arg(Mts)—Asp(OChp)—Tyr—Met(O)—
Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, (Positions 17—33)——The azide, prepared from fragment [3] (0.60 g,
1.5eq), in DMF (3ml) and NMM (90 41, 1.2 eq) were added to an ice-chilled solution of a TFA-treated sample of the
above 14-residue peptide amide (1.95 g, 0.68 mmol) in DMF (10 ml) containing TEA (0.10ml, 1 eq) and the mixture
was stirred overnight. H,O was added and the resulting powder was precipitated from DMF with MeOH; yield 1.90 g
(84%), Rf, 0.60.

Z(OMe)-Asn-Leu-Gln-Asn-Leu—Asp(OBzl)-Pro—Ser(Bzl)-His-Arg(Mts)-Ile—Ser—Asp(OChp)-Arg(Mts)-Asp-
(OChp)-Tyr-Met(O)-Gly-Trp(Mts)-Met(O)-Asp(OChp)-Phe-NH, (Positions 12—33)——The azide, prepared
from fragment [4] (1.32 g, 5eq), in DMF-DMSO-HMPA (1:1:1, 15ml) and TEA (47 pl, 1 eq) were added to an ice-
chilled solution of a TFA-treated sample of the above 17-residue peptide amide (975 mg, 0.34 mmol) in DMF (5ml)
containing TEA (47 ul, 1 eq) and the mixture was stirred for 24 h. Further azide and TEA (3 eq each) were added and
the reaction was continued for an additional 18 h. The solvent was removed by evaporation and the residue was
treated with H,O to give a powder (2.78g). The product was further purified by procedure C, followed by
precipitation from DMF with AcOEt; yield 642 mg (48%), Rf, 0.57.

TasLE III. Physical Constants and Analytical Data for Protected hCCK-33
and Its Protected Intermediates

Protected mp C[:ﬁ:a:ily(iil(xﬁc)i)
pepti.des ¢0) [ (©) Formula
(positions) c H N
14-Residue ~ 227—230  —15.0  C,3,H,45Np.O055S5-3H,0 5648 6.71 11.54
(20—33) (DMF) (56.47 675 11.33)
17-Residue ~ 230—233  —15.1  Cu;H,1Np 05085 4H,0 5739 6,65 11.09
(17—33) (DMF) (57.33  6.56 10.95)
22-Residue  225—228  —18.0  C,g4H,50N;50,,Ss-7TH,0 5578 6.80 1211
(12—33) (DMSO) (5578 6.84 12.40)
26-Residue 250252 —6.7  CrpsHysNyoOsiSs-8H,0 5677 6.92 11.92
(8—33) (DMSO) (56.66 6.74 11.97)
29-Residue  251—253 —20  CusHausNuygOgoS,- 11H,0  55.37 6.90 12.13
(5—33) (DMF) (55.65 6.63 11.86)
33-Residue  257—259  —333  C,,0H3 N5 OS, 5SH,0  56.65 6.82 12.48
(1—33) (DMF) (56.58 6.72 12.61)
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Z(OMe)—Ser(le)—Ile—Val—Lys(Z)—Asn——Leu—Gln—Asn—Leu—Asp(Ole)—Pro——Ser(le)—His—Arg(Mts)—Ile—
Ser—Asp(OChp)—-Arg(Mts)—Asp(OChp)—Tyr—Met(O)—Gly—Trp(Mts)—Met(O)—Asp(OChp)-—Phe—NH2 (Positions 8—33)
——The azide, prepared from fragment [5] (690 mg, Seq), in DMF (6 ml) and TEA (27 ul, 1.2eq) were added to an
ice-chilled solution of a TFA-treated sample of the above 22-residue peptide amide (638 mg, 0.16 mmol) in DMF
(4 ml) containing TEA (23 pl, 1 eq) and the mixture was stirred for 48 h. Ether and H,O were added and the resulting
powder was purified by procedure C, followed by precipitation from DMF with AcOEt; yield 459 mg (62%), Rf, 0.59.

Z(OMe)—GIy-Arg(Mts)—Met(O)—Ser(le)—Ile—Val—Lys(Z)—Asn—Leu~Gln—Asn—Leu~Asp(Ole)—Pro—Ser(le)—
His—Arg(Mts)—IIe—Ser—Asp(OChp)—Arg(Mts)—Asp(OChp)—Tyr—Met(O)—Gly—Trp(Mts)—Met(O)—Asp(OChp)—
Phe-NH, (Positions 5—33)——The azide, prepared from fragment [6] (371 mg, 5 eq), in DMF (2ml) and TEA (17 ul,
1.2 eq) were added to an ice-chilled solution of a TFA-treated sample of the above 26-residue peptide amide (455 mg,
0.10 mmol) in DMF (1 ml) containing TEA (14 ul, 1 eq) and the mixture was stirred for 48 h. H,O was added and the
resulting powder was purified by procedure C, followed by precipitation from DMF with AcOEt; yield 293 mg (57%),
Ry, 0.62.

Z(OMe)—Lys(Z)—Ala—Pro—Ser—Gly—Arg(Mts)—Met(O)—Ser(le)—Ile—Val—-Lys(Z)-Asn—Leu—Gln~Asn—Leu—
Asp(Ole)—Pro—Ser(le)—His—Arg(Mts)—Ile—Ser—Asp(OChp)—Arg(Mts)—Asp(OChp)—Tyr—Met(O)—GIy—Trp(Mts)—
Met(O)-Asp(OChp)-Phe-NH, [Positions 1—33, Protected hCCK-33 (Free 27-Tyr)] The azide, prepared from
fragment [7] (63mg, Seq), in DMF (2ml) and TEA (5pul, 1.2 eq) were added to an ice-chilled solution of a TFA-
treated sample of the above 29-residue peptide amide (90 mg, 18 umol) in DMF (3ml) containing TEA (3ml, 1eq)
and the mixture was stirred for 48 h. H,O was added and the resulting powder was purified by procedure C, followed
by precipitation from DMF with AcOEt; yield 70 mg (69%), Rf, 0.67. ‘
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