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ABSTRACT

2.3.4.6-Tetra-O-acetyl-1-N-[ N-(tert-tutyloxycarbonyl)-L-aspart-4-oyl]-p-gluco-
pyranosylamine and 2-acetamido-3.4.6-tri-O-acetyl-1-N-[ N-(rert-butyloxycarbonyl)-
L-aspart-4-oyl ]-2-deoxy-D-glucopyranosylamine were introduced, respectively, by
the solid-phase procedure in the amino acid sequence 5 to 9 of somatostaiin. The
two resulting glycopeptides f-p-Glep-(1—4)- and f-p-GlepMNAc-(1—4)-Asn-Phe-
Phe-Trp-Lys-OH were homogeneous on examination by tlc. and lc.. and their
structures were confirmed by m.s. of the N-acetyl, permethyl derivatives.

INTRODUCTION

The carbohydrate substituents of the glycoprotein hormones have specific
functions, one of which is to impart an extended biological half-life to the parent
molecule!. The overalli objective of synthesizing longer-acting analogs of somato-

statin? (SS) (Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH) sug-
l |
gested that the incorporation of a sugar moicty in the molecule might increase the

biological half-life of the native molecule. Since the Asn-5 residuc of somatostatin
may be substituted. and cven deleted, without complete loss of biological activity™++,
this residue is the logical position for introducing a sugar substituent.

In the N-glycoproteins containing the 2-acetamido-1-N-(L-aspart-4-oyl)-2-
deoxy-D-glucopyranosylamine residuc. so far. only 2-acetamido-2-dcoxy-n-glucose
has been found®. Although the chemical synthesis of a few glycopeptides has
been reported®, ail of them were synthesized by classical peptide methods. In order
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to verify the stability of the 2-acetamido-2-deoxy-1-N-(L-aspart-4-oyl)-D-gluco-
pyranosylamine linkage under the conditions of solid-phase peptide synthesis”,
we first attemprted the synthesis of glycopeptides 8 and 9 containing a f8-D-glucopyra-
nosyl and a 2-acetamido-2-deoxy-f-D-glucopyranosyl residue, respectively, coupled
to Asn-3 of the amino acid sequence 5 to 9 (Asn-Phe-Phe-Trp-Lys-OH) of somato-
statin. These two glycopeptides also served as model compounds for t.l.c. and l.c.
comparison of the enzyme digest of the two corresponding glycosylated somatostatin,
B-pD-Glep-(1—+4)-Asn-3-somatostatin and f-D-GlcpNAc-(1—-4)-Asn-5-somatostatin,
which upon trypsin treatment specifically released 8 and 9, respectively.

RESULTS AND DISCUSSION

The synthesis of compounds similar to 2,3.4.6-tetra-O-acetyl-1-N-[ N-(zert-
butyloxycarbonyl)-L-aspart-4-oyl ]-pD-glucopyranosyl (5) and 2-acetamido-3,4,6-tri-
O-acetyl-1-N-[ N-(tert-buiyloxycarbonyl)-L-aspart-4-oyl ] - 2 - deoxy-D-glucopyranosyl-
amine (6) but having a N-benzyloxycarbonyl protecting group, easily removed by
hydrogenation, has been previously described®. The introduction of glycoasparagine
derivatives into peptides by solid-phase methodology required an acid-labile, N-
proteciing group, such as AN-(rerr-butyloxycarbonyl), that would not be cleaved
during the hvdrogenolysis of the benzyl ester group, and yet be readily removed by
an anhydrous acid, such as trifluoroacetic acid. The starting materials for the synthesis
of 5 and 6 were the corresponding 2.3,4,6-tetra-O-acetyl-® and 2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-z-D-glucopyranosyl bromides®, which, by treatment with sodium
azide, gave the corresponding azides'®~'*. Hydrogenation of the azides with Adams’
catalyst yielded the corresponding amines'3-1* 1 and 2. The next step involved a
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SocHN-—CH BocHN-—CH
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co cO
AcOCH AcOCH
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condensation with 1-benzyl N-(tert-butyloxycarbonyl)-L-aspartate. In the synthesis
of the corresponding N-(benzyloxycarbonyl) derivative, the method used by the
previous investigators involved condensation in the presence of dicyclohexylcarbo-
diimide (DCC) with yields ranging between 40 to 65%,. In the present work, 3 and 4
were obtained in 72-82 % yields by the active ester method'® using 1 equiv. of DCC
in the presence of an excess (1.5 equiv.) of I-hydroxybenzotriazole. The resulting
compounds obtained were hydrogenated in the presence of 109 palladium-on-
charcoal to afford the acids 5 and 6, respectively. N.m.r. data confirmed the f-p
configuration of these compounds (J, > 8.3-9 Hz): 5 and 6 were found to be homoge-
neous in t.l.c. and lLec.

The synthesis of peptide 7 and glycopeptides 8 and 9 by the solid-phase
procedure involved successive steps that have already been described'®. Coupling of
2-N-(tert-butyloxycarbonyl)-6-N-(2-chlorobenzyloxycarbonyl)-t.-lysine to the chloro-
methylated resin was performed by the Monahan and Gillon procedure!”. The
appropriate Boc-amino acids were coupled tn the presence of DCC for 2 h. except
for the glycoasparagines 5 and 6; which were coupled by the dicyclohexyl carbodiimide
1-hydroxybenzotriazole method, and asparagine which was coupled overnight as the
p-nitrophenyl ester. After cleavage of the peptide from the resin by hydrofluoric
acid!®'?, peptides 8 and 9 were first O-deacctylated by a saturated solution of
ammonia in methanol, and then purified by partition chromatography?® on Sephadex

TABLE I

YIELDS® AND PROPERTIES OF 7, 8, AND 9

Properties Compound
7 8 9
Yield® (%) 40 36 40
[)330 —0.5 --0.5 —0.3
T.Le.e (A) 0.53 0.45 0416
(B) 0.55 0.50 0.52
L.c.4 (min) 9.5 7.2 6.85
(minim. purity, %) 98 =99 299
Amino acid and amino sugar analysis®
Lys 1.02 (1.00) 0.97
Asp 1.01 1.03 1.05
Phe (2.00) 2.00 215
Trp 0.93 0.93 0.54
GIcN (1.00)
NHs3 1.20 1.00 1.30

aYields were calculated on the basis of moles of peptide obtained after final purification relative to
the total amount of starting Boc-amino acid on the resin. *Conc. 1. 19}, acetic acid. Ry values were
determined on Eastman No. 13191 silica gel sheets. 4For methodology, sce Experimental scction.
cPeptides were hydrolyzed with 4M methanesulfonic acid for 20 h at 1107, and then analyzed with a
Beckman 119 amino acid analyzer.
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Fig. 2. Mass specirum of glycopeptide 9 after N-acetylation and permethylation.
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G-25 fine. These compounds were obtained in good yiclds. based upon the starting
protected amino acid resin, and were found homogeneous by t.l.c. and l.c. The amino
acid analyses were In good agreement with the theorctical values. including the 2-
acetamido-2-deoxy-D-glucose content (see Table I).

As the structure of peptide 7 was already determined by mass spectrometry
when the sequence of somatostatin was elucidated?!, it was expected that the sequence
of the two glycopeptides 8 and 9 could be directly elucidated by mass spectrometry.
Thus, 8 and 9 were acetylated with an equimixture of acetic anhydride and [?>Hg]-
acetic anhydride and pqrmethylated with methyisulfinylmethyl sodium and methyl
iodide as described by Ling e a/.?? for the %z- and y-endorphins. In gencral, the mass
spectra of N-acetylated and permethylated peptides exhibit peaks that correspond to
the cleavage of the amide bond, with charge retention on the carbonyl portion of the
molecule. Thus, the sequence of the two glycosylated peptides was readily deduced
from the series of doublet peaks in the mass spectra (sce Fig. | and 2). Trypsin di-
gestion of the two corresponding glycosomatostatins?3 (Glc-Asn-5)-SS and (GIcNAc-
Asn-5)-SS gave the pentapeptide fragment comprising residues 5 io 9 which, in t.l.c.
(in iwo solvent systems) and l.c., showed the same R values and retention times as
those of 8 and 9, respectively.

EXPERIMENTAL

General methods. — Melting points were determined with a Hoover capillary
melting-point apparatus and are uncorrected. Optical rotations were determined with
a Perkin—Elmer Model 141 polarimeter. N.m.r. spectra were recorded with a JEOL
JNM-PS-100 spectrometer, tetramethylsilane being the internal reference. Mass
spectra were recorded with a Varian Mat CH-3, single-focusing, mass spectrometer
equipped with a direct-inlet system, at an ionization current of 300 uA. an cnergy of
70 eV, and an acceleration voltage of 3 kV. Ascending t.l.c. on silica gel was per-
formed on precoated silica gel 60 plates (Merck, 0.25 mim thick) for Boc aminoacids
derivatives, and on Eastman chromatogram sheet No 13191 for peptides: the spots
were detected by iodine vapor or the ninhydrin reagent. The solvent systems were:
(4) 4:1:5 (upper phase) l-butanol-acectic acid—water; (8) 5:3:11 (upper phase)
I-butanol-pyridine-0.1 9{ acetic acid; and (C) 1:1 (upper phase) I-butanol-0.1M
acetic acid (all v/v). High-pressure, liquid chromatography (l.c.) was performed with
a Waters Associates Model 204 liquid-chromatography system, equipped with two
M-6000 A pumps, a 660 solvent programmer, a Schoeflel variable u.v. detector, a
Spectra-Physics “Minigrator”, and a Linear instrument 456 recorder; separation was
accomplished on a 25 x 0.45-cm column, filled with a Zorbax ODS, in isocratic
mode with the indicated percent composition of acetonitrile in buffer D or buffer E,
at a flow rate of 1.5 mL/min and 0.1 absorbance full-scale at 210 nm. Buffer D was
0.25M triethylammonium phosphate at pH 3.00 (ref. 23), and buffer £ was 0.01Mm
triethylammonium phosphate at pH 3.00; 10-20 ug of compound was injected.
Trifluoroacetic acid and N,N-dimethylformamide were distilled before use. I-Hydroxy-
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benzotriazole was recrystallized from methanol. All other solvents were reagent
grade and not further purified.

Amino acid derivatives used for the synthesis were of the L configuration and
were purchased from Bachem. Inc.. Torrance, CA 90505. The z-amino group was
protected exclusively with the fert-butyloxycarbonyl group (Boc). Glycosylamines
1 and 2 were synthesized from corresponding azides and bromides according to pre-
viously described methods®™'*: melting points and rotations were in agreement
with the literature values.

2.3,4.6-Tetra-O-acetyl-1-N-[ I-benzyl N-(tert-butyloxycarbonyl)-L-4-aspart-4-
ovl}-p-glucoprranosyiamine (3). — To a solution of I-benzyl N-(tert-butyloxycarbo-
nyl)-L-aspartate {0.834 g. 2.38 mmol. m.p. 95-98°, [«]33 —20° (¢ 1, methanol)
onc peak in Lc. (iso.. 34, acetonitrile, 17.5 min, 2999%,)} and 1-hydroxybenzotri-
azole (0.593 g. 4.39 mmol) in 1:1 (v/v) N.N-dimethylformamide-dichloromethane
(3 mL) was added. at 0°. i.l equiv. of af dicyclohexylcarbodiimide solution in 1:9
(v/v) N_N-dimethyiformamide-dichloromethane. After 5 min, the solution was
filtered into a solution of 2,3.4.6-tetra-O-acetyl-§-p-glucopyranosylamine (1) (0.806 g,
2.35 mmol) 1 dichloromethanc (3 mL). The mixture was stirred for 2 h at room
temperature. After the usual processing involving washing with weak acid and base,
the solvent was evaporated. and the remaining syrup was chromatographed on a
column of silica gel (100 g) with 3:2 (v/v) chloroform-ethyl acetate to yield 3 (1.23 g,
829). m.p. 169-171°. [«]5* + 217 (¢ 1, chloroform): recrystallization from dichloro-
methanc-ether raised the m.p. to 170-1722, [2]3* +22° (¢ 1, chloroform); 'H-n.m.r.
1100 MHz. [*H]chloroform}: 7.23 (s, 5 H, C,H5sCHa,), 6.38 (d, | H, Jyy-1.; 9 Hz,
NHCO). 5.63 (d. 1 H, Ju-» 9 Hz, NHtBoc), 5.19 (t, 1 H. /9 Hz). 5.10 (t. 1 H,
J 9 Hz. H-1 of Glc), 5.05 (s, 2, C,HsCH,), 4.83 (1, 1 H, /9 Hz). 4.77 (t, 1 H, / 9 Hz),
448 (m. 1 H. H'-2 of Asp), 4.20 and 3.92 2 H, J,; 14. /4 Hz, J 2 Hz, H,-6 of Glc),
3.68 (m. 1 H, H-5 of Glc), 2.70 (m, 2 H, H'-3 of Asp), 2.02 (s, 3 H, CH;CO),
1.99 (s, 6 H, CH;CO), 1.85 (s, 3 H, CH,CO), and 1.40 (s, 9 H, rert-butyl of Boc);
m.s.: mfe 652 (M7) (0.5), 596 (5), 552 (4). 517 (8). 461 (10), 417 (27), 331 (I18),
271 (13), 169 (62). and 91 (100).

Anal. Cale. for C30H oN,O0,,: C, 55.21: H, 6.13; N. 4.29. Found: C, 55.06;
H, 6.36: N, 4.46.

2-Acetamido-3.4.6-tri-O-acetyl-1-N-[ I-benzyl  N-(tert-butyloxycarbonyl)-L-as-
part-4-oyl'}-2-deoxy-p-glucopyranosyiamine  (4). — The procedure was the
same as that used for 3. 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-ff-D-glucopyranosyl-
amine (2) (0.9 g) gave a syrup that was chromatographed on a column of silica gel
(100 g) with ethyl acetate to yield 1.226 g (729;) of 4, m.p. 157-158°, [«]33® +6.5°
(¢ 1, chloroform); m.s.: mje 651 (M ™) (0.3), 595 (1.5), 551 (0.8), 516 (7), 460 (14),
416 (9), 330 (33), 270 (24), 227 (67), 210 (64), 150 (83), and 91 (100).

Anal. Calc. for C3oH,,N;O,5: C, 55.30; H, 6.30; N, 6.45. Found: C, 55.45;
H, 6.39; N, 6.37.

2,3.4,6-Tetra-O-aceryl-1-N-[ N-(tert-buryloxycarbonyl)-L-aspart-4-oyl ]-p-gluco-
pyranosylamine (5). — Compound 3 (0.978 g) was hydrogenated in 10:1 (v/v)
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ethanol-water (220 mL) in the presence of 109 palladium-on-charcoal (0.15 g) for
5 h at room temperature and atmospheric pressure. After filtration through a Celite
column and evaporation of the solvent, a white, amorphous powder was obtained
(0.735 g, 87%), [«]33 +31° (¢ 1, chloroform); t.L.c.: R 0.62 (4), 0.66 (B), and 0.46
(C): l.c. (iso., 329, acetonitrile in buffer £): 6.8 min, min. purity 97.5%,.

Anal. Cale. for C,3H;,N,O,,: C, 49.11; H, 6.05; N, 4.98. Found: C, 49.25:
H, 6.08; N, 5.03.

2-Aceramido-3,4.6-tri-O-acetvI-N-[ N-(tert-butyloxycarbonyl)-L-aspart-4-oyl]- 2-
deoxy-D-glucopyranosylamine (6). — The procedure was the same as that used for 5.
Compound 4 (1.2 g) gave, after hydrogenation, 0.92 g of the free acid 6 (90%()
as a white amorphous powder, m.p. 193-195° [«]33 +23.4° (¢ 1. chloroform);
tlc.: Re 0.60 (4) 0.62 (B), and 0.35 (C): l.c. (iso., 24 Y, acetonitrile in buffer £):

11.4 min, min. purity 98 %/.

Anal. Calec. for C,3H;5N;0,5: C. 49.20; H, 6.24; N. 4.99. Found: C, 49.07;
H. 6.17: N, 5.05.

L-Asparaginyl-L-phenylalanyl-L-phenylalanyl-L-tryptophanyl-L-[ysine  (7), [-N-
[L-aspart-1-0yi-(L-phenylalanyl-L-phenylalanyl-L-tryptophanyl-L-lysine)-4-oyl 1-p-p-glu-
cupyranosylamine (8), and 2-acetamido-1-N-[ L-aspart-1-oyI-(L-phenylalanyl-L-phenyl-
alanyl-L-trvptophanyl-L-Ivsine)-4-oyl]-B-D-glucopyranosylamine (9). — Coupling of
2-N-(tert-butyloxycarbonyl)-6-N-(2-chlorobenzyloxycarbonyl)-L-lysine to the (chlo-
romethyl)resin (0.9 mequiv./g, Lab Systems, Inc., San Mateo, CA 94401) was per-
formed by the Monahan and Gilon procedure'”. A ratio of 0.6 mequiv. of 2-N-(tert-
butyloxycarbonyl)-6-N-(2-chlorobenzyloxycarbonyl)-L-lysine to 0.54 mequiv. of
potassium tert-butoxide per g of resin was used, which resulted in a substitution of
0.30 mmol of lysine per gram of resin. {Boc-lysyl) resin (1.5 g, 0.45 mmol of lysine)
was treated in a four-cycle procedure according to the following scheme: (a) dichloro-
methane wash: (b) 1:9:10 (v/v) ethane-1,2-dithiol-trifluoroacetic acid-dichlorome-
thane, 20 min; (c) dichloromethane wash (3 x); (d) 1 :9 (v/v) triethylamine—dichloro-
methane neutralization: (e) dichloromethane wash; (f) 1:9 (v/v) tricthylamine—-dichlo-
romethane; (g) dichloromethane wash: (h) methanol wash (2 x ); (i) dichloromethane
wash (2 x); (j) Boc-amino acid (1.5 mmol) plus 1 equiv. of 2um dicyclohexylcarbo-
diimide in dichloromethane, 2 h, except for Boc-asparagine, 5, and 6; Boc-Asn was
coupled as its p-nitrophenyl ester in N, N-dimethylformamide overnight, and 5 and 6
were coupled with 1 equiv. of dicyclohexylcarbodiimide and 1.5 equiv. of 1-hydroxy-
benzotriazole in 1:1 (v/v) N,N-dimethylformamide-dichloromethane overnight;
(k) methanol wash (3 x); and (1) dichloromethane wash (3 x). Coupling efficiency
was monitored with the Kaiser test>>. The protected peptide-resins were treated with
1.5 mL of methoxybenzene and 10 mL of hydrogen fluoride per g of peptide-resin
for 0.5 h at —20° and for 0.3 h at 0°. The resins were first washed (3 x ) with 1:1
(v/v) diethyl ether-chloroform, and then the peptide was eluted with 1:9 (v/v)
acetic acid—water. Lyophilization of the extracts gave 320, 310, and 352 mg of the
crude peptides 7, 8, and 9, respectively. The two glycopeptides 8 and 9 were O-
deacetylated with a saturated solution of ammonia in methanol (15 mL per 300 mg
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of peptide) for 4 h at room temperature. After evaporation of the solvent in vacuo
at 40°, the residues were diluted with water and lyophilized. The crude peptides were
purified by partition chromatography?® on Sephadex G-25 fine with the solvent
system A to yield 144, 123, and 188 mg of 7, 8, and 9, respectively. The properties
and amino acid contents are reported in Table 1.

Derivatization of glycopeptides 8 and 9 for mass spectrometric analysis. — Tryp-
sin digestion, N-acetylation, with acetic anhydride and [?HgJacetic anhydride, and
permethylation were performed as described?2.
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