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SOLID-PHASE SYNTHESIS OF TWO GLYCOPEPTIDES CONTAINING THE 

AMINO ACID SEQUENCE 5 TO 9 OF SOMATOSTATIN”’ 

2_3,4.6-Tetra-0-::cetyi-i-R~-[~\~-~f~~~~-L7ut~~io~ycarbonyl)-~-aspart-4-oyi]-~,-gluco- 

pyranosylamine and 2-acetamido-3.4.6-tri-3-acetyi-i-~~’-[~V-(fcl-r-butyiosyc:.~rbonyi)- 

L-aspart-4-oyi]-2-deosy-D-~i~!copyr~~~oSyi~l~~~i~~c were introdxxd, rcspcctivciy, by 

the solid-phase procedure in the amino acid scquencc 5 to 9 of somatostntin. The 

two resulting giycopeptides /I-D-Gic;~( i-+4)- and /I’-D-G~c/IN.~-( I -+4)-Asn-Phc- 

Phc-Trp-Lys-OH were !lornogeneous on examination by t.1.c. and l.c.. and thcil 

structures wcrc confirmed by M.S. of the !V-acctyi, pet-methyl deriwtivcs. 

INTI<ODUCTION 

The carbohydrate substituents of the z ~~lycoprotein hormones have sptcilic 

functions, one of which is to impart an cstcnded biological half-life to the parent 

molecule’. The overall objective of synthcsizin, 0 longer-acting analogs of somato- 

statin’ (SS) (Aia-CJly-Cys-Lys-Asn-Phe-Pl~c-Trp-Lys-T~~r-P~~c-T~~~--Scr-~ys-OH) suf- 

I 1 
gested that the incorporation of a sugar moiety in the moiccuic mi_cht increase the 

biological half-life of the native molecule. Since the Asn-5 rc:kiuc of somatostatin 

may be substituted_ and cvcn deleted, without complete loss of biological activity”.‘, 

this residue is the logical position for introducing a sugar substitucnt. 

In the A’-glycoprotcins containing the 2-tlce:amido-I-/~‘-( t_-aspart-4-oyl)-2- 

deoxy-D-glucopyranosyiamine residue. so far. only 2-acetnmido-2-deoxy-I,-giucox 

has been found’. Although the chemical synthesis of a few glycopeptidcs has 

been reported6, ail of them were synthesized by classical pcptidc methods. In order 
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to verify the stability of the 2-acetamido-2-deoxy-1 -A’-(r-aspart-4-oyl)-o-gluco- 

pyranosylamine linkage under the conditions OT solid-phase peptide synthesis’, 
we first attempted the synthesis of glycopeptides 8 and 9 containing a /I-D-glucopyra- 
nosy1 and a 2-acetamido-2-deoxy-B-D-&rcopyranosyl residue, respectively, coupled 
to Am-5 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.1.c. and l.c. 
comparison of the enzyme digest of the two correspondin= +cosylated somatostatin, r’s_ 
/I-D-G&-( l--+4)-Asn-5somatostatin and /?-D-GkpNAc-( 1+4)-Asn-5somatostatin, 

which upon trypsin treatment specificahy released 8 and 9: respectively. 

RESI_!I_TS XSD DISCUSSlOX 

The synthesis of compounds similar to 2,3_4_6-tetra-O-acetyl-l-W[N-(zert- 
butyloxycarbonyl)-~-aspart-4-oyl]-D-glucopyranosyl (5) and 2-acetamido-3,4,6-tri- 
O-acetyl-i-ilr-[~-(t~~t-butyloxycnrbonyl)-~-aspart-4-oyl] -2-deoxy-D-glucopyranosyl- 

amine (6) but having a _WbenzyloxycarbonyI protecting group, easily removed by 
hydrogenation, has been previously described6. The introduction of glycoasparagine 
derivatives into peptides by solid-phase methodology required an acid-labile, N- 
protecting group, Such as IV-(rer-t-butyloxycarbonyi), that would not be cleaved 
during the hydrogenolysis of the benzyl ester group: and yet be readily removed by 

an anhydrous acid, such as trifiuoroacetic acid. The starting materials for the synthesis 
of 5 and 6 were the correspondin, = 2,3,4,6-tetra-O-acetyl-* and 2-acetamido-3,4,6- 
tri-O-acetyl-2-deoxy-x-D-giucopyranosy1 bromidesg, which, by treatment with sodium 
azide, gave the corresponding azides”-“. Hydrogenation of the azides with Adams‘ 
catalyst yielded the corresponding amines’3*‘J 1 and 2_ The next step involved a 
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condensation with I-benzyl N-(rwt-butyloxycarbonyl)~L-aspartate. In the synthc5is 

of the correspondin g IV-(benzploxycarbonyl) derivative, the method used by the 

previous investigators involved condensation in the presence of dicyclohesylcarbo- 

diimide (DCC) with yields ranging between 40 to 65%. In the present work, 3 and -I 

were obtained in 72-S2”/” 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 10% palladium-on- 

charcoal to afford the acids 5 and 6, respectively. N.m.r. data contirmcd the /I-D 

configuration of these compounds (.I, _? S.59 Hz): 5 and 6 were found to bc homogc- 

neous in t.1.c. and l.c. 

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-(rel-f-butyloxycarbonyl)-6-N-(2-chlorobenzyloxycarbonyI)-~.-lysinc to the chloro- 

methylated resin was performed by the Monahan and Gillon proccdurc”_ The 

appropriate Boc-amino acids were coupled in the presence of DCC for 2 h. except 

for the glycoasparagines 5 and 6; which were coupled by the dicyclohcsyl carbodiimidc 

I-hydroxybenzotriazole method, and asparagine which was coupled overnight as the 

p-nitrophenyl ester. After cleavage of the peptide from the resin by hydrotluoric 

acid”*“, peptides 8 and 9 were lirst O-deacctylated by a saturated solution of 

ammonia in methanol, and then purified by partition chrom:ltofr:lpl~~~v’O on Sephadcs 

TABLE I 

YI!zLDS’~ ASD PROPERTIES OF 7, 8, AND 9 

7 8 9 

Yield[’ (“,I) 
[a]gb 
T.I.c.~ (A) 

iBj 
L.c.~~ (min) 

(minim. purity, %) 
Amino acid and amino sugar analysiS 

LYS 
Asp 
Phe 

Trp 
GlcN 
NH3 

40 
-0.5 

0.53 
0.55 
9.5 

9Y 

1.02 
I.01 

(2.00) 
0.93 

1.20 

36 -lO 
--0.5 -0.5 

0.45 O.-l6 
0.50 0.51 
7.2 6.S5 

;-- 99 _-_. 99 

( 1.00) 
1.03 
2.00 
0.93 

0.97 
1.05 
7.15 
0.94 
(1.00) 
1.30 1 .oo 

aYields were calculated on the basis of moles of peptidc obtained after final purification rclati\c to 
the total amount of starting Boc-amino acid on the resin. “Cont. 1. 1”’ ,<, acetic acid. 'RF values \terc 
determined on Eastman No. 13191 silica gel sheets. “For methodology, xc Espcrimental section. 
Veptides were hydrolyzed with 4~ methanesulfonic acid for 20 h at 1 IO’, and then analyzed ~.ith a 
Beckman 119 amino acid analyzer_ 
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Fig. 1. kl:ass spectrum of gtycopeptidc 8 aftrr A’-acctylntion and permethylation. 

Fig. 2. Mass spcc:rum of glycopeptide 9 after Wacetylation and permethylation. 
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G-25 fine. These compounds were obtained in good yields. based upon the starting 
protected amino acid resin, and were found homogeneous by t.!.c. and l.c. The amino 
acid analyses were in good agreement with the theoretical values. including the 2- 
acetamido-2-deoxy-D-glucose content (see Table I). 

As the structure of peptide 7 was already determined by mass spectromctry 

when the sequence of somatostatin was elucidated”, it was cxpccted that the sequent: 

of the two glycopeptides 8 and 9 could be directly elucidated by mass spcctromctry. 
Thus, 8 and 9 were acetylated with an equimisture of acetic anhydride and [‘He]- 
acetic anhydride and prrmethylated with methylsulfinylmethyl sodium and methyl 
iodide as described by L&g et al.“’ for the X- and y-endorphins. In genera!, the mass 
spectra of i%acetylated and permethylated peptides exhibit peaks that correspond to 
the cleavage of the amide bond, with charge retention on the carbony! 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 (see Fig. I and 2). Trypsin di- 
gestion of the two correspondin g glycosomatostntins’3 (Glc-Asn-5)-SS and (GlcNAc- 
Asn-5)-SS gave the pentapeptide fragment comprisin, n residues 5 to 9 which, in t.1.c. 
(in two solvent systems) and l.c., showed the same RF values and retention times as 

those of 8 and 9, respectively. 

ESPERIMENT.4L 

Genes-cll ~~zer/zo~k - 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-5, single-focusing, mass spectrometer 
equipped with a direct-inlet system, at an ionization current of 300 /LA, an energy of 
70 eV, and an acceleration voltage of 3 kV. Ascending t.1.c. on silica gel was per- 
formed on precoated silica gel 60 plates (Merck, 0.25 mm thick) for Boc aminoacids 

derivatives, and on Eastman chromatogram sheet No 1319 I for peptidcs: the spots 
were detected by iodine vapor or the ninhydrin reagent. The solvent systems WCI-cc: 

(A) 4: 1 :5 (upper phase) I-butanol-acetic acid-water; (B) 5 : 3 : I 1 (upper phase) 
I-butanol-pyridine-0.1 “/, acetic acid; and (C) 1 : I (upper phase) I-butanol-0. I 11 

acetic acid (all v/v)_ High-pressure, liquid chromatography (IX.) was performed with 
a Waters Associates Model 204 liquid-chromatography system, equipped with two 
M-6000 A pumps, a 660 solvent programmer, a Schoeffel variable U.V. detector, a 
Spectra-Physics “Minigrator“, and a Linear instrument 456 recorder; separation was 
accomplished on a 25 x 0.45cm column, filled with a Zorbax ODS, in isocratic 
mode with the indicated percent composition of acetonitrile in buffer D or buKer E, 

at a flow rate of 1.5 mL/min and 0.1 absorbance full-scale at 210 nm. Buffer D was 

0.25~ triethylammonium phosphate at pH 3.00 (ref. 23), and bulrer E was 0.01x1 
triethylammonium phosphate at pH 3.00; IO-20 fig of compound was injected. 
Trifluoroacetic acid and N,N-dimethylformamide were distilled before use. I-Hydroxy- 
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of peptide) for 4 h at room temperature. After evaporation of the solvent in vacz~o 

at 40”, the residues were diluted with water and lyophilized. The crude peprides were 
purified by partition chromatography” on Sephadex G-25 fine with the solvent 
system A to yield 144, 123, and IS8 mg of 7, 8, and 9, respectively_ The properties 
and amino acid contents are reported in Table 1. 

Derivatization of &copeptide.s 8 at& 9 for mass spectromett-ic atralysis. - Tryp- 
sin digestion, N-acetylation, with acetic anhydride and [‘H,]acetic anhydride, and 

permethylation were performed as describedz2_ 
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