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Table 1. Isolated yield in esterification of A^-protected amino acids and dipeptide'

JV-Hydroxysuccinimide ester Alcohol Product YieldMb

Z-Asn-ONSu

Boc-Asp(OBzl)-ONSu

Boc-Cys(Bzl)-ONSu

Z-Gln-ONSu

Boc-Glu(OBzl)-ONSu

Boc-Gly-ONSu

Boc-Phe-ONSu

Boc-Tyr(Bzl)-ONSu

Z-Gly-Gly-ONSu

Z-Gly-Gly-ONSu

Z-Gly-Gly-ONSu

Boc-Ala-ONSu

MeOH

BzlOH

BzlOH

BzlOH

BzlOH

BzlOH

BzlOH

MeOH

MeOH

EtOH

BzlOH

H-Hmb-Phe-OBzl

Z-Asn-OMe (1)

Boc-Asp(OBzl)-OBzl (2)

Boc-Cys(Bzl)-OBzl (3)

Z-Gln-OBzl (4)

Boc-Glu(OBzl)-OBzl (5)

Boc-Gly-OBzl (6)

Boc-Phe-OBzl (7)

Boc-Tyr(Bzl)-OMe (8)

Z-Gly-Gly-OMe (9)

Z-Gly-Gly-OEt (10)

Z-Gly-Gly-OBzl (ll)

Boc-Ala-Hmb-Phe-OBzl (12)
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aThe amino acids and hydroxy acid used, except Gly, are all of Lconfiguration. b Yields

reported are for the products purified by recrystalhzation. cYield is for product purified by

silica gel column chromatography.

of DMAP in CH2CI2at room temperature for 6 h. The esters (1-8) prepared by this

method are summarized in Table !. Both N-benzyloxycarbonyl and iV-tert-butyloxycar-

bonyl ammo acids readily undergo estenfication with methanol, ethanol, or benzyl alcohol

to furnish the corresponding esters in satisfactory to high yields. Unfortunately, tert-

butyl esters of ^-protected amino acid could not be obtained by this method.

The esters (9-ll) of A^-protected dipeptide, Z-Gly-Gly-OR", were also synthesized in

high yields by this procedure as shown in Table 1.

The method is applicable to the preparation of depsipeptide. Boc-L-Ala-L-Hmb-L-

Phe-OBzl (12),12) which is an important intermediate for the synthesis of AM-toxins,13 14)

was prepared in 82% yield from Boc-L-Ala-ONSu and 1 equivalent of H-L-Hmb-L-Phe-OBzl

by this method.

The analytical parameters of the products obtained by this method with respect to

melting point and specific rotation were identical with those of the literatures (see Ex-

perimental Section).

The reaction is based on a requirement for DMAP. Thus, in the absence of DMAP

no reaction occurs. Probably, A^-hydroxysuccinimide ester is converted to an acylpyri-

dinium species, reactive intermediate, with DMAP. Nucleophilic attack by the alcohol

on the acyl group of the acylpyridinium species generates the desired ester and DMAP,

which consequently forms the salt with the resulting A/-hydroxysuccinimide.

Several advantages of this new procedure should be pointed out here in comparison

with the known methods. The iV-hydroxysuccinimide esters of iV-protected amino acids

are relatively stable and may be stored for ready use, and hence the esters could be easily

obtained from commercial sources. This esterification procedure is very simple and
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method are summarized in Table 1. Both N-benzyloxycarbonyl and N-tert-butyloxycar-
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proceeds under mild reaction conditions (CH2 Cl2 , at room temperature), so that labile

protecting groups for other functional groups can be present.

This mild and simple procedure may provide a versatile synthetic method not only

for the synthesis of peptides and depsipeptides but also for the preparation of many natu-

ral products. Further studies in order to demonstrate the utility of this method are now

in progress.

Experimental

All the melting points were determined in open capillaries on a MP-21

Yamato melting point apparatus and are uncorrected. Optical rotations

were measured with a JASCO digital automatic polarimeter Model DIP-140

in a 1 dm microcell. Elemental analyses were carried out on a Yanagimoto

CHN corder Model MT-2 instrument. TI」C was performed on silica gel 60 F254

pre-coated plates (Merck) with the following solvent systems, the ratio in

parentheses being indicated by volume: Rfl , CHCl3-MeOH (5:l); Rf2, CHCh-

MeOH-AcOH (95:5:1); Rf3, CHCh-MeOH (10:1); Rf4, CHCU-acetone (10:1).

Materials. The ammo acids and hydroxy acid used, except of Gly, are

all of L-configuration.

iV-Hydroxysuccinimide esters, Z-Asn-ONSu,15) Boc-Asp ( OBzl) -ONSu,16)

Boc-Cys (Bzl) -ONSu,10) Z-Gln-ONSu,17) Boc-Glu (OBzl ) -ONSu,18) Boc-Gly-

ONSu,10) Boc-Phe-ONSu,10) Boc-Tyr (Bzl)-ONSu,19) Z-Gly-Gly-ONSu,20) and

Boc-Ala-ONSu,10) were prepared according to the literatures.

H-Hmb-Phe-OBzl was synthesized form H-Hmb-OH21) (3.90 g, 33.0 mmol)

and H-Phe-OBzlォTosOH22) (12.8g, 30.0 mmol) by the DCC/HOBt method.

Recrystallization from EtOAc-n-hexane gave the desired compound; yield,

9.44g(89%); mp, 89.0-89.5-C; [ α]d-37.20(cl, MeOH); Rfl 0.67, Rf2 0.48.

Found: C, 71.23; H, 7.15;N, 3.94%. Calcd for C21H2504N: C,70.96;H,7.09;N,

3.94%.

General Procedure of Esterification. A stirred suspension of the N-

hydroxysuccinimide ester (1 mmol) in dry CH2 CI2 (2 ml) were added the

alcohol (1.5 mmol) or H-Hmb-Phe-OBzl (1 mmol) and then DMAP (1 mmol)

at room temperature. After 6 h the clear reaction mixture was dissolved in

EtOAc (60ml). The solution was washed successively with water (15 ml),

10% aqueous citric acid (15ml), water (15 ml), 4% aqueous NaHCCh (15 ml),

water (15 ml) and brine (15 ml), dried over anhydrous MgSCh , and evapo-

rated to dryness. Recrystallization from the appropriate solvent gave the
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desired ester (1-ll). The tridepsipeptide (12), Boc-Ala-Hmb-Phe-OBzl, was

purified by silica gel column chromatography.

Following compounds were prepared by this procedure.

Z-Asn-OMe (1). Recrystallization from EtOAc-ether-petroleum ether

gave the compound 1; yield, 244 mg;mp, 153.5-154.0 -C; [α]d -0.4- (c 1,

AcOH); Rfl 0.40, Rf20.27. Reported values;mp, 151-152-C; [ォ]d -0.9-(c 1,

AcOH).23) Found:C, 55.70;H, 5.75;N, 9.99%. Calcd for C13H16OsN2 :C,

55.71; H, 5.75; N, 10.00%.

Boc-Asp(OBzV)-OBzl {2). Recrystallization from EtOAc-7i-hexane gave

the compound2; yield, 405mg; mp, 59.5-61.0-C; [ォ]d -ll.8-(c 1, MeOH); Rfl

0.83, Rf2 0.83. Found:C,64.48;H, 6.54;N, 3.32%. Calcd for C23H27O6Nォ

4/5H20: C, 64.56; H, 6.74; N, 3.27%.

Boc-CysCBz0-OBzl (3). Recrystallization from EtOAc-petroleum ether

gave the compound 3;yield, 340 mg;mp, 86.5-87.5 -C; [ a]d -39.2- (c 2,

DMF); Rf1 0.88, Rf2 0.88. Reported values; mp, 84-86-C; [ a]d -40.4-(c 2,

DMF).24) Found: C, 65.63; H, 6.73; N, 3.49%. Calcd for C22H2704NS: C,65.81;

H, 6.78; N, 3.49%.

Z-Gln-OBzl (4). Recrystallization from EtOAc-ether-petroleum ether

gave the compound 4; yield, 333 mg; mp, 130.0-131.5-C; [ a]d -8.3 -(c 0.62,

AcOH); Rfl 0.43, Rf2 0.32. Reported values; mp, 129-130-C; [ α]」-7.5- (c

0.67, AcOH).25) Found: C, 64.24;H, 5.95;N, 7.68%. Calcd for C20H2205N2

1/5H20:C, 64.23; H, 6.04; N, 7.49%.

Boc-Glu(OBz0-OBzl (5). Recrystallization from EtOAc-ra-hexane gave

the compound5;yield, 399mg; mp, 72.0-73.0 -C; [ a]? -22.5- (c 1, MeOH);

RflO.83, Rf20.83. Found: C, 67.55;H, 6.80;N, 3.20%. Calcd for C24H2906N:

C, 67.43; H, 6.84; N, 3.28%.

Boc-Gら′-OBzl (6). Recrystallization from EtOAc-n-hexane gave the com-

pound 6; yield, 215 mg; mp, 73.0-74.0-C; Rf* 0.78, Rf3 0.68. Reported value;

mp, 72-73-C.9) Found: C, 63.16; H, 7.23; N, 5.12%. Calcd for C14H1904N: C,

63.38; H, 7.22; N, 5.28%.

Boc-Phe-OBzl (7). Recrystallization from EtOH-water gave the com-

pound7; yield, 341mg; mp, 67.0-68.0-C; [ォ]d -12.4- (c 2, MeOH); Rfl 0.83,

Rf3 0.73. Reported values;mp, 64-65-C; [α]㌻ -12.8-(c 2, MeOH).9)

Found: C, 70.84; H, 7.04; N, 3.93%. Calcd for C21H2504N: C,70.96;H, 7.09; N,

3.94%.

Boc-Tyr(Bz0-OMe (8). Recrystallization from EtOAc-petroleum ether

gave the compound 8;yield, 378mg;mp, 56.5-57.5 -C; [ a]」, +5.1- (c 1,

MeOH); Rfl 0.83, Rf2 0.83. Reported value; mp, 59-60-C.26) Found: C,68.48;
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H, 7.08; N, 3.56%. Calcd for C22H2705N: C, 68.55;H, 7.06;N, 3.63%.

Z-Gly-Gly-OMe (9). Recrystallization from EtOAc-ra-hexane gave the

compound 9;yield, 223 mg;mp, 66ふ68.0 oCiRfl 0.51, Rf2 0.30. Reported

value; mp, 63-64-C.27) Found: C, 55.81; H, 5.72; N, 10.01%. Calcd for

C13H1605N2: C, 55.71; H, 5.75;N, 10.00%.

Z-Gly-Gly-OEt (10). Recrystallization from EtOAc-n-hexane gave the

compound 10; yield, 246 mg; mp, 77.0-78.0 -C; Rfl 0.53, Rf2 0.30. Reported

value; mp, 77-79 -C.28) Found: C, 57.03; H, 6.13; N, 9.52%. Calcd for

C14H1805N2: C, 57.13; H, 6.17;N, 9.52%.

Z-Gly-Gly-OBzl ( ll ). Recrystallization from EtOAc-ether-petroleum

ether gave the compound ll; yield, 319 mg; mp, 108.5-109.5 -C; Rfl 0.59, Rf2

0.36. Reported value; mp, 111-112-C.29) Found: C, 63.95;H, 5.66;N, 7.74%.

Calcd for C19H2005N2: C, 64.03; H, 5.66; N, 7.86%.

Boc-Ala-Hmb-Phe-OBzl (12). The crude product contained small am-

ounts of reactants, so purification was carried out by silica・gel chromatogra-

phy using a column (2.2 x 22 cm) and a solvent of CHCh-acetone (20:1).

The fractions (50-115 ml) were evaporated in vacuo. The residual solid was

recrystallized from EtOAc-ether-rレhexane; yield, 432 mg; mp, 107.5-108.5 -C;

[ォ]d -30.8-(c 1, CHCl3); RflO.77, Rf20.75, Rf40.61. Reported values; mp,

86-87-C; [a]｡ -27.6-(c 1, CHC13).12) Found: C, 66.03;H, 7.29;N, 5.35%.

Calcd for C29H3807N2: C, 66.14;H, 7.27;N, 5.32%.

References and Notes

1) M. Bodanszky, Y. S. Klausner, and M. A. Ondetti, "Peptide Synthesis," 2nd ed, John

Wiley & Sons, New York(1976), p. 85.

2) A. Ito, R. Takahashi, and Y. Baba, Chem. Pharm. Bull, 23, 3081 (1975).

3) A. Ito, R. Takahashi, C. Miura, and Y. Baba, Chem. Pharm. Bull, 23, 3106 (1975).

4) R. Schwyzer and P. Sieber, Helv. Chim. Ada, 42, 972 (1959).

5) S. S. Wang, B. F. Gisin, D. P. Winter, R. Makofske, I. D. Kulesha, C. Tzongraki, and

J. Meienhofer, J. Org. Chem., 42, 1286 (1977).

6) Abbreviations given by the IUPAC-IUB Commission (Eur. J. Biochem., 138, 9 (1984))

have been used throughout. Other abbreviations: Bzl, benzyl ether; BzlOH, benzyl al-

cohol ; DCC, N, W-dicyclohexylcarbodiimide; DMAP, 4-(./V,./V-dimethylamino) pyridine ;

DMF, N, iV-dimethylformamide; Hmb, 2-hydroxy-3-methylbutanoic acid; HOBt, 1-

hydroxybenzotriazole; OBzl, benzyl ester; ONSu,./V-hydroxysuccinimide ester; TosOH,

p-toluenesulfonic acid.

7) A. Hassner and V. Alexaman,Tetrahedron Lett., 1978, 4475.

8) C. Gilon, Y. Klausner, and A. Hassner, Tetrahedron Lett., 1979, 3811.



6 K. Ueda

9) M. K. Dhaon, R. K. Olsen, and K. Ramasamy, J. Org. Chem., 47, 1962(1982).

10) G. W. Anderson, J. E. Zimmerman, and F. M. Callahan, J. Am. Chem. Soc, 86, 1839

(1964).

ll) M. Bodanszky, "The Peptides," ed by E. Gross and J. Meienhofer, Academic Press,

New York (1979), Vol. 1, pp. 105-196.

12) Y. Shimohigashi and N. Izumiya, Int. J. Peptide Protein Res., 12, 7 (1978).

13) T. Ueno, T. Nakashima, Y. Hayashi, and H. Fukami, Agnc. Bwl. Chem., 39, 1115

(1975).

14) T. Ueno, T. Nakashima, Y. Hayashi, and H. Fukami, Agric. Bwl. Chem., 39, 2081

(1975).

15) S. Sakakibara and S. Hase, Bull. Chem. Soc. Jpn., 41, 2816 (1968).

16) D. A. Laufer and E. R. Blout, J. Am. Chem. Soc, 89, 1246(1967).

17) J. Beacham, G. Dupuis, F. M. Finn, H. T. Storey, C. Yanaihara, N. Yanaihara, and

K. Hofmann, J. Am. Chem. Soc, 93, 5526 (1971).

18) K. Nakajima and K. Okawa, Bull. Chem. Soc. Jpn., 46, 1811 (1973).

19) J. Ramachandran, A. Berger, and E. Katchalski, Biopolymers , 10, 1829 (1971).

20) E. Wunsch, E. Jaeger, and G. Schonsteiner-Altman, Hoppe-Seyler's Z. Physiol. Chem.,

352, 1568(1971).

21) G. Losse and G. Bachmann, Chem. Ber., 97, 2671 (1964).

22) L. Zervas, M. Winitz, and J. P. Greenstein, J. Org. Chem., 22, 1515 (1957).

23) T. Yamada, N. Isono, A. Inui, T. Miyazawa, S. Kuwata, and H. Watanabe, Bull.

Chem. Soc. Jpn., 51, 1987 (1978).

24) M. Bodanszky, N. Chandramouli, J. Martinez, and R. Walter, J. Med. Chem., 22, 270

(1979).

25) F. Weygand and K. Hunger, Chem. Ber., 95, 7 (1962).

26) C. Sorg, E. Reide, and O. Westphal, Justus Liebigs Ann. Chem., 734, 180 (1970).

27) S. -I. Yamada, M. Wagatsuma, Y. Takeuchi, and S. Terashima, Chem. Farm. Bull,

19, 2380 (1971).

28) M. Goodman and K. C. Stueben, J. Am. Chem. Soc, 84, 1279(1962).

29) D. Theodoropoulos and J. Gazopoulos, J, Org. Chem., 27, 2091 (1962).


