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ABSTRACT 

3-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-/~-D-glucopyranosyl)-N-(tel-t-bu- 
tyloxycarbonyl)-L-serine was synthesized and condensed by the solid-phase procedure 

to give the sequence Gly-[fi-II-GlcpNAc-(I +3)-Ser]-Ala-OH and /I-D-GlcpNAc- 

(l-3)-Ser-13-somatostatin. The synthetic glycopeptides appeared homogeneous on 
t.1.c. and l.c. examination and showed the correct amino acid composition and 2- 
amino-2-deoxy-u-glucose content. The structure of Gly-C/1-D-GlcpNAc-(1 +3)- 
Ser]-Ala-OH was further confirmed by mass spcctrometry of the N-acetyl per- 
methyl derivative_ and by n.m.r. spectroscopy. 

INTRODUCTlON 

In naturally occurring glycoproteins, the carbohydrate residue has been found 
attached mainly to asparagine, serine, or threonine residues. In a previous paper’ we 
described the synthesis of two giycopeptides, [I-D-Gkp-( I +4)-Asn-Phe-Phe-Trp-Lys- 

OH and /I-wGlcpNAc-( I -+4)-Asn-Phe-Phe-Trp-Lys-OH, and recently’ reported the 
synthesis and biological activity of two glycosomatostatins (CHO-Asn-5)-S& con- 
taining a lI-D-glucopyranosyl or a 2-acetamido-2-deoxy-/l-D-glucopyranosyl moiety 
coupled to the asparagine residue. 
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The remaining potential carbohydrate attachment positions in somatostatin3, 
Ala-Gly-Cys-L_vs-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH are the two thre- 

I I 

onine (Thr-10; Thr-12) and the serine (Ser-13) residues. For the L-seryl-glycosyl- 
amine linkage, so far only th, a 2-acetamido-2-deoxy-D-galactopyranosyl residue has 
been foundl. As a first attempt to synthesize by solid-phase procedure O-glycosylated 
peptides: we report herein the synthesis of a model tripeptide, Gly-[P-D-GlcpNAc- 
(l-+3)-Ser]-Ala-OH (6) and a glycosomatostatin, /I-D-GlcNAcp-(1 +3)-Ser-13- 
somatostatin (7): containing a 2-acetamido-2-deoxy-P-D-glucopyranosyl residue 
coupled to the serine residue. 
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RESULTS AXD DISCUSSIOS 

Synthesis of 3-O-/?-D-glycosyl-L-serine having an N-benzyloxycarbonyl protecting 
group has been reportediV7. To introduce a glycosylserine derivative into a peptide 

by a solid-phase procedure’, an acid-labile, N-protecting group, such as the N-te& 
butyloxycarbonyl group, that will not be cleaved during the hydrogenolysis of the 
benzyl ester protecting group and yet be readily removed by an anhydrous acid, such as 
trifluoroacetic acid, was required_ As the benzyl ester 2 ofN-(rert-butyloxycarbonyl)-L- 
serine (1) was not commercially available, it was prepared by benzylation of the 
potassium salt of 1 with benzyl bromide *. The Koenigs-Knorr condensationg*” 

*The N-ret-t-butyIoxycarbonyl-L-threonine benzyl ester was obtained by the same method in 72% 
yieId, m-p. 7476”, [a]? -20.1 o (c 2, methanol). 
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of 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl chloride*’ (3) in the 
presence of mercuric cyanide, as described by Garg and Jeanloz’, gave 4 with an 
average yield of 25 to 30%. This low yield, as compared with that obtained for the 

N-benzyloxycarbonyl derivative”, may be explained by the presence of the tert-butyl- 
oxycarbonyl group, which was partially hydrolyzed by the hydrogen chloride gener- 
ated” during the coupling reaction **. The mass spectrum confirmed rhe structure 
of the compound formed, and n.m.r. data at 220 MHz for the solution in dimethyl 

sulfoxide established the /I-D configuration (.I1 ,? S Hz). The material obtained was 
then hydrogenated with 10% palladium-on-charcoal to afford the acid 5. 

Synthesis of the glycopeptides Gly-[/II-D-GkpNAc-(I +3)-Ser]-Ala-OH (6) and 
/I-D-GIc~NAc-(I +3)-Ser-l3-somatostatin (7) by the solid-phase procedure’, in- 
volved steps that have already been described’-‘-‘3. Coupling of N-(fe/+butyloxy- 
carbonyl)-L-alanine and N-(te~t-butyloxycarbonyl)-S-(p-methoxybenzyl)-L-cysteine to 

the chloromethylated resin was performed by the Monahan and Gilon procedure”_ 
Appropriate (ZV-rer-t-butyloxycarbonyl)amino acids were coupled in the presence of 
dicyclohexylcarbodiimide (DCC) for 2 h, except for the glycosyk-serine 5, which 
was coupled by the DCC-1-hydroxybenzotriazole method”, and r-asparagine as its 

p-nitrophenyl ester overnight. After cleavage of the peptide from the resin by hydro- 
fluoric acid16*’ 7 , glycopeptide 6 was first purified by partition chromatography16 
on Sephadex G-25 fine, and then O-deacetylated by a saturated solution of ammonia 
in methanol, a procedure that minimizes j?-eliminationa_ The deprotected glyco- 
peptide was finally purified by partition chromatography’8 to yield a homogeneous 
product on t.1.c. The amino acid and 2-acetamido-2-deoxy-D-glucose content of 6 
were in agreement with the theoretical values, and its structure was confirmed by mass 
spectroscopy after N-acetylation with an equimixture of acetic anhydride and 
[‘H,]acetic anhydride, and permethylation” (Fig. 1). The p-D configuration was 
further ascertained by 220-MHz, n-m-r. spectroscopy on the solution in D,O (J,,, 
8 Hz). 

The glycosylated analog of somatostatin /I-D-GkpNAc-( l-+3)-Ser-I 3-somato- 
statin (7) was synthesized by the same procedure. After cleavage of the peptide from 
the resin with hydrofluoric acid, the peptide solution was diluted with water and 
oxidized by the ferricyanide method, as described by Rivier et nl_‘O. After successive 
purification steps, the suiar moiety was O-deacctylated, and the glycopeptide finally 
purified by partition chromatography. The amino acid and 2-amino-2-dcoxy-D- 
glucose composition of 7 was in agreement with the theoretical values. The glycoso- 

matostatin were found to be homogeneous in t.1.c. and -97% pure in l.c.; no soma- 
tostatin was detected in the product by l.c. analysis_ 

**On t.1.c. of the crude product, at least four spots could be detected by U.V. light: Two of these 
spots were detected by the ninhydrin reagent, whereas the remaining two were detected by the nin- 
hydrin reagent after prer*ious spraying with trifluoroacetic acid. 
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ESPERNENTAL 

Gejler-nl ~netho~~. - Amino acid analyses and determination of the Z-acetamido- 
2-deoxy-D-glucose content were performed after hydrolysis with 4~1 methanesulfonic 
acid for 20 h at 1 IO’, in evacuated sealed tubes. Ascending t.1.c. on silica gel was 

performed on precoated silica gel 60 plates (Merck, 0.25mm thick). The solvent 

systems were: (A) 1 :4 ethyl acetate-chloroform: (B) 4: I : 5 (upper phase) l-butanol- 

acetic acid-water: (C) 5 : 3 : I 1 (upper phase) 1 -butanol-pyridine-0. 1 “/:: acetic acid: 

(D) 1 : 1 (upper phase) I-butanoi-0.1 >I acetic acid: and (E) 6 ~4: 1 : 9 I-butanoi- 

pyridine-acetic acid-water (all v/v)_ High-pressure liquid chromatography (l.c.) was 

performed with a Waters Associates Model 204, liquid-chromatog-aphy system 

equipped with two M-6000 A pumps, a 660 solvent programmer, a Schoeffei variable 

U.V. detector, a Spectra Physics “Minigrator”, and a Linear instrument 456 recorder: 

separation was accomplished in a 25 x 0.45cm column filled with a Zorbax ODS, 

in isocratic mode with the indicated percent composition of acetonitrile in buffer F 

oz- buffer Gr at a flow rate of 1.5 mL/min and 0.1 absorbance full-scale at 210 nm. 
Buffer F. was 0.25sr triethylammonium phosphate, pH 3.00 (refs. 21 and 22), and 

buffer G. was 0.01&1 triethyIammonium phosphate, pH 3.00; 1 O-20 /lg of compound 

were in-&ted. IOO-MHz n.m.r. spectra were recorded with a JEOL JNM-PS-100 

spectrometer, terramethylsiiane being the internal reference, and 220-Hz n.m.r. 

spectra obtained in the Fourier transform (F.t.) mode with a HR-220 spectrometer 

fitted with a Nicolet TT-100 system: spectra were accumulated into Sk points by use 
of a 45” i>ulse of 20 jcs to cover a spectrum width of + 1250 Hz with quadrature-phase 

detection_ Homonuclear spin-decoupiin g experiments were carried out in the FT 

mode with a home-built, double-irradiation apparatus assembled from a 73-MHz 

crystal oscillator coupled with a IO-MHz oscillator in a Syntest synthesizer, and 

tripled up to 220~MHz frequencies. The samples (4.0 m,o) were dissolved in 0.5 ml,_ 

of the appropriate solvent. The solvents D,O (99.95 l)/n) and [‘H,]dimethyl sulfoxide 
(99.5 ?<) were purchased from Diaprep and Merck, respectively. For deuterated water, 

the chemical shifts are given relative to sodium 3-(trimethylsilyl)-[“H,7propionate 

(Wilmad Glass Co., Buexa, NJ OS3 IO), and for (‘H,)dimethyl sulfoxide the reference 
compound was tetramethylsilane. 

Mass spectra of the giycopeptide derivatives were recorded with a Varian Mat 

CH-5 single-focusing mass-spectrometer with the direct-inlet system-at an ionization 

current of 300 !cA, an energy of 70 eV, and an acceleration voltage bf 3 kV. 

_~-(tert-B~rt~loCos~c~~~bo~z~~f~-L-s~ri~~~~ ~L’II& ester (2). - To a solution of A-(w-t- 

butyloxycarbonyl)~L-serine (Vega-Fox, Biochemicais Div.. Newbery Ener_gy Corp., 
Tucson, AZ S57 19) (S. I2 g. 40 mmol) in dimethyi sulfoxide (42 mL) was added of %I 

ethanolic potassium hydrosidc (42 mL, 1.05 equiv.). After 5 min at room temperature, 
benzyi bromide (9.52 mL, SO mmol. 2 equiv.) was added. and the mixture was stirred 

for 15 h at room temperature. After addition of dichloromethane (300 mL), the 

solution was washed with water (7 x ), dried (magnesium sulfate), and the solvent 

evaporated. The yellowish syrup (10.75 g) was further purified by chromatography 
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on a silica gel column (300 g, A) to yield 2 (SO2 g, 68 %), which crystallized on addi- 
tion of petroleum ether and was recrystallized from diethyl ether-petroleum ether, 

m-p. 69-70”, [z]‘,” - lS.9” (c 2, methanol); t.1.c.: RF 0.65 (it); l.c.: (iso., 44% aceto- 
nitrile in buffer G), 10.4 min, purity 99’x; ‘H-n.m.r. ( IOO-MHz, [‘Hlchloroformj-: 

5 7.2s (s, 5 H, C,H,CH,), 5.58 (d, 1 H, &nz,+ S Hz), 5.15 (s, 2 H, C,H,CH,), 
4.35 (m, 1 H, CH,), 3.S9 (m, 2 H, CH?,,), 2.92 (m, 1 H, OIf), and 1.3s (s, 9 H, 
rert-butyl of Boc). 

Anal. Calc. for C,,HI,NO,: C, 61.02; H, 7.12; N, 4.76. Found: C, 60.54: 
H, 7.21; N, 4.91. 

0-(2-Acetcrnzi~/o-3,4,6-tl-i-O-~I~et~/-2-~eo~~~-~- D-g/llco~~~~rmlo.~~~i)- N- (tcrt-blrrJ./- 
Osr_carbOJz~l)-L-~FL~iJz~ beuqd cstw6*’ (4) - A solution of 2 (2.95 g, 10 mmol) in 
benzene (125 mL) was dried by azeotropic distillation (25 mL of benzene removed), 
and then mercuric cyanide (3.04 g, 12 mmol) and benzene (25 m L) were added, and 
the mixture was further dried by distilling off benzene (25 mL). 2-Acetamido-3.4,6- 
tri-O-acetyl-2-deoxy-cr-D-glucopyranosyl chloride (4) was added (4.40 g, 12 mmol), 
and the mixture was stirred for IS h under refhrx, and then kept for 24 h at room 
temperature_ The dark-orange solution was evaporated and the residue extracted with 
dichloromethane. The extract was washed with IO’% potassium iodide and dried 
(magnesium sulfate). After evaporation, the residual oil (6.07 g) was purified by 
chromatography on a silica gel column (300 g: solvent il) to afford 4 (1.7 g) as a 

slightly yell&v oil, which crystallized on addition of diethyl ether (yield 27];<), and 

was recrystallized from dichloromethane-diethyl ether, m-p. 137-13S”, [Y]‘,’ - 12.1 o 
(c 1, chloroform): t.1.c.: RF 0.44 (,4); l.c. (iso., 4S% acetonitrile in buffer G). S.7 
min, min. purity 99%; ‘H-n.m.r. [220 MHz. (‘H6) dimethyl sulfoxidc]: 6 7.93 (d, 
1 H, J 10 Hz, NNAc), 7.35 (s, 5 H, &Us), 6.90 (d, 1 H, J, ,,,, r ,-,. S Hz. NHBoc), 5.12 

(2 H, JA.n 14 Hz, CH&,Hs), 5.07 (t, 1 H, J 10 Hz, H-3 of Glc); 4.S4 (t, 1 H, J 10 
Hz, H-4 of Glc), 4.67 (d, 1 H, J 8 Hz, H- 1 of Glc), 4.28 (m, 1 H. N-l ’ of Ser), 4.1 S 

(1 H, J,,, 12, J 4 Hz, H-6 of Glc), 4.01 (1 H, J ,,_, s 12, J 2 Hz: H-6’ of Glc), AS4 
(m, 1 H, H-5 of Glc), 3.75 (m, 2 H, H,-2’ of Ser), 3.71 (m, 1 H, 1-1-2 of Glc), 2.00 
(s, 3 H, COCH3), 1.97 (s, 3 H, COCH,), 1.91 ( s, 3 H, COCH,), 1.76 (s, 3 H, COCH,). 
and 1.37 (s, 9 H, Boc); m.s.: w/z 564 (I.[), 550 (1.7), 523 (1.9), 4SS (l.S), 330 (52). 
270 (7), 210 (31), 168 (31): 150 (49), and 91 (100). 

ff/m/. Calc. for CZ9H,aN,0,,r C, 55.77; H, 6.41; N, 4.49. Found: C, 55.60; 
H, 6.54; N, 4.64. 

0-(2-Acetan~ido-3,4,6-rl-i-O-ac~t~l-2-~~o_~~-~-D-g/~icop~~r~~~~o_~~~~)-N-(tert-b~~f~~l- 
os~c~~r-boiz~l)-L-~e~iJz~ (5). -A solution of 4 in 1 :9 (v/v) water-ethanol (250 mL) was 

hydrogenated in the presence of IO’% palladium-on-charcoal (0.250 g) for 5 h at 
atmospheric pressure and room temperature. After filtration through a Celite column, 
the filtrate was evaporated at 40” to yield a white, amorphous powder (1 .Ol g, 90 >;,)_ 
m-p. 157-I 59 O, [u]$ f3 o (c I, chloroform); t.1.c.: R, 0.52 (B), 0.56 (C), and 0.37 (D). 

Anal. Calc. for Cz,H3,N,0,3: C, 49.44: H, 6.37: N, 5.24. Found: C, 49.26; 
H, 6.19; N, 5.29. 

L-Gfrc~+[J-0-(2- ~t~~t~fJtli~fO-~-~i~O_~~~-~-D-~~Ll~O~~J-~JJlOS~~~-L-.~~~~~~-L-a~~JJliJl~ (6). 
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- Coupling of N-(rerr-butyloxycarbonyl)~L-alanine to a chloromethylated resin 
(0.9 meq. Cl/g* Lab Systems, Inc., San Mateo, CA 9440 1) was performed by the 
Monahan and Gilon procedure’a to give a compound containing 0.23 mmol of 
r-alanine/g of resin. Coupling ofthe other N-(terf-butyloxycarbonyl)amino acids to 2g 
of the N-(tert-butyloxycarbonyl)-L-alanine-resin was accomplished manually accord- 
ing to the previously described procedure’, by use of 0.5 mmol of 5 per gram of resin 
in 1 :3 (v/v) N_Kdimethylformamide-dichloromethane plus 1 equiv. of 2~ DCC 

and 1.5 equiv. of I-hydroxybenzotriazole for 6 ht and 1 mmol of !V-(rerr-butyloxy- 
carbonyl)-L-glycine per gram of resin in dichloromethane plus 1 equiv. of 211 DCC 
for 2 h. The coupling reaction was monitored by the ninhydrin test of Kaiser et n/.‘3. 
The protected-peptide resin (2.23 g) was treated with anisole (3.35 mt) and hydro- 
fluoric acid (22.3 mL) for 0.5 h at -20”: and for 0.3 h at 0”. The processing of the 
hydrogen fluoride-cleavage reaction was performed as described earlier’, and lyo- 
philization of the extract gave the crude glycopeptide (146 mg), which was purified 

by partition chromatography on Sephadex G-25 fine with solvent B to yield 67 mg 
The fulIy acetylated glycopeptide was O-deacetyIated with a saturated solution of 
ammonia in methanol as follows: the gIycopeptide was introduced into a round- 
bottomed flask, sealed with a septum; dry benzene was added with a syringe, and the 
peptide was dried by vacuum distillation of benzene (2 x 5 mL) through a needle 
in the septum. Dry methanol (3 mL) and a saturated solution of ammonia in methanol 
(4.5 mL) were introduced through the septum at 0” and the mixture was kept for 
3 h at room temperature. The solvent was evaporated (high vacuum, needle) at room 
temperature, and Iyophilization of the residue in >f acetic acid gave 53-S mg of glyco- 
peptidc. Lvhich was further purified by partition chromatography (solvent E) to 
yield 35 mg of 6: ‘I-I-n.m.r. (220 MHz, ‘HzO)r 5 4.59 (t, 1 H, J 6.5 Hz, H-3 of 

GIcNAc), 4.56 (d. 1 H, J S.0 Hz, H-l of GlcNAc), 4.16 (q, 1 H, J 7.5 Hz, CH-Ala), 

Fig. 1. amass spectrum of 6 after A’-acetylation and permethylation. 
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4.03 (q, 1 H, J S-0, J 6.5 Hz, H-2 of GlcNAc), 3.9s (1 H. J,_,, 15, J 2 Hz. H-6’ 

of GlcNAc), 3.55 (d, 2 H, J 2.5 Hz. CH,-Gly). 3.70 (I H. J,.[, 15. J 5 Hz. H-6 

of GlcNAc), 3-66 (q, 1 H, J 5.0, J 6.5 Hz, H-4 of GlcNAc). 3.56 (m. I H, CkI-Scr). 

3.52 (m, 1 I-f, H-5 of GIcNAc), 3.46 (m, 2 H. CH1-Ser). 2.05 (s, 3 H, COCH,). and 

1.35 (d, 3 H, J 7.5 Hz CH,-Ala): m-s., see Fig. 1. 

~tnccl. Calc.: Ala, 1.0: Gly, 1.0: Ser, 1.0: GlcNAc. 1.0. Found: NH,, 0.95; Ala, 

1.03: Gly, 1.0; GlcNAc, 0.9% 

~-A~n~i~~f-t-,rr[?~c~~l-~-~~:~tei~~~-~-~~~.~~~l-~-~~.~~~~~~~~~~i~~~l- ~-plrc~~~?.lrrln~~-I -L -~~lrc~~t~-l~rfcn~~~l- 

L-tl.~ptophnfl~~f-L-l~‘.~~l-L-tllr.eofl~.l-L -pirc,rl?.lcrl~if?,.I- L - rhr_eof1~+[3 - 0 - C2-cz~ctciilli~f~-~-~~~~- 

O_~~~-/l-D-~/l~t~O~~~~~fil~OS~~~)-L-.~~~~~~]-L-(:1T~L’~lI~ (7). - The synthesis of N-(tcr-r-bL!tyIoxy- 

carbonyl)-S-(p-methoxybenzyl)-L-cysteinyl resin v \*as performed as described for 6 to 

yield a content of 0.26 mmoi of cysteine/g of resin. IV-(fcr-i-Butylosycarbonyi)-L- 

alanine, N-(ter-t-butyloxycarbonyl)-L-glycinc. ,V-( tei-f-butylosycarbonyl)-S-(p-rnctho- 

xybenzyl)-r-cysteine, 2-~\~-(r~~t-butyIoxycarbon~~l)-6-~tf-(~-chIorobenzylosyc:~rbon~~l)- 

L-lysine, ~~-(rc~r-r-butyloxycnrbonyl)-~-phenyl~~~~~~~i~~c_ 3-O-benzyl-N-(fr/-f-butyloxy- 

carbonyl)-L-threonine, and 5 were coupled to 5 g of rcsi!?. as previously described’. 

except N-(tert-butyloxycarbonyl)~i_-tryptophan. ~vhich was coupled in I :9 (v/v) 

IVJV-dimethylformamide-dichloromethane, and f\f-(fcr.t-hL~t~~los~~c;lrbonyl)-L-:Lsp;Lr;l- 

gine, which was coupled as its p-nitrophenyl ester with 1.5 cquiv. of l-hydrosybcnzo- 

triazole for 7 h. After cleavage as previously described’, the pcptidc solution was 

diluted to 700 mL with dcgasscd water and added dropwisc to a ferricyanido solution. 

to form the disulfide bridge as described by Rivicr ef rrl.“. After oxidation. the pcp- 

tide was chromatographed on both anion- and cation-cschangc resins as previously 

described”, and lyophilized. The residue (1.15 g) was purified by gel filtration twice 

on Sephadex G-25 fine to afford 347 mg of material_ which was further purified by 

partition chromatography on Sephadcx G-25 fine (B) to yield I35 mu. After O- 

deacetylation as described for 6. the pcptide (I 17.5 mg) was finally purified by 

partition chromatography (B) to give 76.5 mg of glycosomatostatin (7): t.l.c.: R,- 

0.15 (B) (somatostatin, O-17), 0.25 (C) (somntostatin, 0.27): [~]2,” -36.2” (c I. 

1 ‘% acetic acid) (somatostatin, [~]2, -3 1.9” (c 1, I :!I acetic acid)) I Ix. (iso., I S.3”,. 

acetonitrile in buffer F) 16.3 min, min. purity 97 ‘,‘;,, (somatostatin. iso., 23.2”,, accto- 

nitrile in buffer F, 25.7 min, min. purity 9S.5IJTL). 

ifrznl. Calc.: _4la, 1.0; Asp, 1.0: Cys, 2.0: Gly, 1.0: Lys. 2.S: Phc + GlcNAc. 

4.0; Scr, 1.0; Thr. 2.0. Found: NH, 12.5: Ala, 1.02: Asp. O-SO; Cys. 1.95: Gly, 1.00: 

Lys, 2.06; Phe i GlcNAc, 3.95; Ser, 1.00: Thr, 2.0s. 
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