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Solid-Phase Synthesis and Characterization of 0-Dimannosylated 
Heptadecapeptide Analogues of Human Insulin-like Growth Factor 1 (IGF-1 ) 
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Nm-Fmoc-3-O- [Ac,-a-~-Manp-(l+2)-Ac,-a-~-Manp-l-] -Thr-OPfp, 7, and N"-Fmoc-3-0-  [Ac4-a- 
~ - M a n p - (  1-+2)-Ac3-a-o-Manp-1-] -Ser-OPfp, 8, were prepared and used as building blocks in auto- 
mated continuous-flow solid-phase glycopeptide synthesis of two  0-glycosylated heptadecapeptide 
analogues of human insulin-like growth factor 1. The corresponding non-glycosylated fragments 
were also prepared, and comparative NMR studies regarding the  influence of the sugar moiety on 
the peptide backbone showed only limited effects due to glycosylation. 

The oligosaccharides in 0-glycosylated proteins play an 
important role in controlling the transport, stability, and 
recognition phenomena of the glycoproteins (for a review of 0- 
glycoproteins, see ref. 1). In contrast to proteins the glyco- 
proteins are not easily available by gene-technology, and iso- 
lated proteins exist as mixtures of many glyco-forms. Accord- 
ingly, there is a need for synthetic techniques to make well 
defined carbohydrate-peptide conjugates, in reasonable quan- 
tities (5-100 mg scale), in order to get a better understanding of 
the role of the carbohydrate part in glycopeptides and proteins. 
In this work we describe a sequential solid-phase synthesis of 
two glycosylated heptadecapeptides by using suitable protected 
glycosylated amino acids as building blocks. 

Human insulin-like growth factor 1 (IGF-1, Somatomedin C) 
is a secretory polypeptide of 70 amino acid residues, involved in 
the regulation of cell growth. A glycosylated form of IGF-1, 
produced by the yeast Saccharomyces cereuisiae, has recently 
been isolated and characterized, in addition to the non- 
glycosylated form.2 The glycosylation site was determined to be 
threonine-29 and it was mainly substituted with a-D-Manp- 
(1-+2)-a-~-Manp-( 1-3). In order to study the influence of the 
sugar moiety on the peptide backbone, we have synthesized the 
heptadecapeptide fragment of IGF- 1 corresponding to amino 
acid 22 (glycine) to 38 (alanine), both in the glycosylated, [Di- 
Man-Thr 29] IGF-1 (22-38), 10, and non-glycosylated, IGF-1 
(22-38), 13, forms.3 Furthermore the two corresponding serine 
analogues, [Di-Man-Ser '"1 IGF-1 (22-38), 12, and Ser *" 
IGF-1 (22-38), 14, were prepared for comparative studies. 

0-Glycosylated P-hydroxy a-amino acid derivatives are 
sensitive to both strong acid and strong base: and therefore it is 
necessary to use protective groups that can be removed under 
mild conditions. Utilization of glycosylated amino acids as 
building blocks in solid-phase synthesis of 0-glycopeptides has 
been reported by several We have recently 
described a fully automated solid-phase method for synthesis of 
0- and N-glycopeptides where the pentafluorophenyl (Pfp) 
esters of suitable protected glycosylated amino acids are used as 
building blocks.3*' 3*14 The Pfp-ester serves the dual purpose of 
protecting the carboxylic function during glycosylation, and 
activating the carboxylic group in the acylation step.' Hence 
Pfp-esters are stable enough to survive both glycosylation and 
purification on silica gel under dry ~ondt ions. '~  The a-amino 
group is preferably protected with the fluoren-9-ylmethoxy- 
carbonyl (Fmoc) group, which is suitable for synthesis of 0- 
glycopeptides due to its sensitivity to mild organic secondary 
bases, such as rnorpholine.'6 The hydroxy groups of the di- 
saccharide are best protected with acetyl or benzoyl groups, 
which confer stability to the bond between the disaccharide and 

the peptide during the synthesis and easily can be removed with 
sodium methoxide in methanol. l 7  Syntheses were carried out on 
a custom-made continuous-flow peptide synthesizer using Na- 
Fmoc-amino acid 3,4-dihydr0-3-hydroxy-4-0~0- 1,2,3-benzotri- 
azine (Dhbt-OH) esters.' * Acylation times were measured with 
a solid-phase spectrophotometer and the coupling reactions 
of glycosylated Pfp-esters were monitored and catalysed by 
addition of Dhbt-OH. Using this technique, pure heptadeca 0- 
glycopeptides have been prepared in a 30 mg scale. 

Results and Discussion 
Condensation of tetra-O-aCetyl-a-D-mannOpyranOSyl brom- 
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Table 1 'H NMR data (500 MHz) for compounds 3 and 5-8 

Chemical shifts (6) for compound 
~~ ~~ ~ 

Proton" 3 5 6 7 8 

1 "-H 
I"-H 
3"-H 
4"-H 
5"-H 
6"-H, 
1'-H 
2'- H 
3'-H 
4'-H 

5.04 
5.34 
5.53 
5.41 
4.46 
4.36.4.10 
5.83 
4.20 
5.15 
5.37 

4.95 4.98 
5.29 5.32 
5.41 5.42 
5.33 5.32 
4.07 4.14 
4.25,4.22 4.27,4.10 
5.15 5.06 
3.99 4.08 
5.30 5.33 
5.32 5.32 

5'-H 3.82 4.09 4.00 
6'-H 2 4.30,4.22 4.22,4.01 4.22,4.22 
OAc 2.20,2.19, 2.18,2.16, 2.19,2.14, 

2.17,2.14, 2.13,2.09, 2.13,2.08, 
2.13,2.08, 2.08,2.06, 2.07,2.06, 
2.06 2.04 2.05 

2- H 4.55 4.56 4.87 5.04 
P-H 4.30 3.86 4.57 4.22,4.16 
Y-H3 1.24 1.45 
NH 7.8 1 8.00 5.75 6.08 
OH 5.10 5.23 
Fmoc-CH 4.25 4.25 4.32 4.3 1 
Fmoc-CH, 4.37 4.37 4.54 4.52,4.51 
ArH 7.87,7.75, 7.89,7.73, 7.80,7.67, 7.81,7.66, 

7.40,7.31 7.41,7.32 7.43,7.35 7.44,7.35 

Atoms belonging to the mannopyranosyl residue linked to the amino 
acid are primed, those to the second mannopyranosyl residue are 
doubly primed, and atoms belonging to the amino acid residues are 
designed r-y. For solutions in CDCI,, except for 5 and 6, which are in 
(CD3)2S0. 

ide 2o 1 and 1,3,4,6-tetra-~-acety~-P-~-mannopyranose ' 2, 
using silver trifluoromethanesulfonate (silver triflate) in 
dichloromethane at low temperature (-40 "C), afforded 1,3,4,6- 
tet ra-O-acetyl-2-0-(tetra-~-acetyl-~-~-mannopyranosyl)-~-~- 
mannopyranose 3. The yield, after chromatography, was almost 
quantitative (97%). By using reversed addition in the reaction, 
acetyl migration to position two in compound 2 was avoided. 
This reaction has been reported previously, although with a 
moderate yield, using mercury(rr) cyanide/mercury(rr) bromide 
in a ~ e t o n i t r i l e . ~ ~ ' ~ ~  Conversion of p-acetate 3 into the 
corresponding 1-bromide 4, followed by silver triflate-promoted 
reaction with N " - F m ~ c - T h r - O P f p , ~ , ~ ~  5, or N"-Fmoc-Ser- 
OPfp, 14.24 6, afforded the protected dimannosylated building 
blocks 7 and 8, respectively. Long reaction times (7-8 h at - 30 
to -40°C) were needed for the completion of the 
glycosylations, which might be due to the electronegative 
influence of the Pfp-esters. This has previously been observed in 
other glycosylation reactions. The glycosylation products 
were purified by chromatography on dry silica gel using dry 
solvents, and the isolated yields were 80% of 7 and 65% of 8 
NMR data of compounds 3,5,6, 7 and 8 are given in Tables 1 
and 2. Recently an alternative synthetic route to benzylated a-D- 

The glycosylated amino acid derivatives 7 and 8 were then 
used in automated continuous-flow solid-phase synthesis of the 
heptadecapeptide fragments of JGF- 1, [A~,-di-Man-Thr~~] 
IGF-1 (22-38), 9, and [A~,-di-Man-Ser~~] IGF-1 (22-38), 11, 
respectively. Kieselguhr-supported poly(dimethylacry1amide) 
resin was used as the solid phase 26 and N,N-dimethylform- 
amide (DMF) as the solvent. The first amino acid (Ala) was 
coupled to the resin by using the symmetrical anhydride and 4- 
(dimethy1amino)pyridine (DMAP) as a ca ta ly~t ,~ ,  or by the 
recently described method where the Na-Fmoc-protected amino 
acid is esterified, in high yield and without significant racemiz- 
ation, using 1 -mesitylenesulfonyl-3-nitro- 1,2,4-triazole (MSNT) 
in the presence of 1-methylimidazole " (MeIm). The synthesis 
was then continued with three mole equivalents of activated 
Dhbt-esters of Na-Fmoc-protected amino acids ' with tert- 
butyl (Bur)-based acid-labile protecting groups in the side- 
chains. Arginine was protected with the acid-labile 2,2,5,7,8- 
pentamethylchroman-6-sulfonyl (Pmc) group.2g In the coupling 
steps where the glycosylated amino acid derivatives were used 
(three mole equivalents of compound 7 and 2.7 mole equivalents 
of compound 8, respectively), one mole equivalent of Dhbt-OH 
was added as an auxiliary nucleophile. The acylation steps were 
monitored at 440 nm by a solid-phase spectrophotometer 
recording the colouration of the resin due to formation of an 
ion-pair between Dhbt-OH and unchanged amino groups. l 9  

Minimum acylation time was programmed to 30 min. The 
reaction times varied from 30 min to 33 h, and 40% of the 
couplings were finished within one hour. The acylation times 
with compounds 7 and 8 were 115 min and 5 h, respectively. 
Deprotection of the a-amino groups was achieved by treatment 
with 50% morpholine in D M F  for 20 min. The 0-glycopeptides 
were cleaved from the resin by treatment twice with 95% 
trifluoroacetic acid (TFA) for 30 min, with simultaneous de- 
protection of the acid-labile side-chain-protecting groups, and 
solidified by trituration with diethyl ether. The crude yields of 
products 9 and 11 after solidification were quantitative, and, 
after preparative HPLC, 53% and 67%, respectively. 0-De- 
acetylation was then successfully performed by treatment with 
sodium methoxide at pH 12 in room temperature for 30 min. 
According to HPLC the reaction was finished after 10 min, and 
no by-products could be detected by HPLC after 3 h. This 
observation is general and has since been well documented in 
our laboratory. The deprotected glycopeptides were then 
purified by preparative reversed-phase HPLC to give products 
10 and 12 in overall yields of 37 and 33%, respectively. The 
corresponding non-glycosylated fragments, IGF- 1 (22-38), 13, 
and [Ser29] IGF-1 (22-38), 14, were synthesized by the same 
methodology. 

Characterization of the glycopeptides and the peptides was 
performed by 1D- and 2D-NMR spectroscopy (see Tables 3-45), 
FAB-MS and amino acid analysis. Comparison of 'H and I3C 
chemical shifts of the glycosylated and non-glycosylated com- 
pounds shows that only the shifts of the glycosylated amino acid 
were affected by the glycosylation. The largest shift differences 
due to glycosylation were observed for the a-protons in Thr 
and Ser, which were shifted 0.15 and 0.16 ppm downfield, 

mannopyranosyl-( 1 --+2)-x-~-mannopyranose linked to N a -  respectively; for the a-carbons, which were shifted 1.2 and 1.8 
Fmoc-Thr-OBn and Na-Fmoc-Ser-OBn, respectively, has been ppm upfield; and for the P-carbons, which were shifted 8.7 and 
r ep~r t ed . '~  5.6 ppm downfield, respectively. These shift differences are 

H-Gly-Phe-Tyr-Phe-Asn-Lys-Pro-NH-CH-CO-Gly-Tyr-Gly-Ser-Ser-Ser-Arg-Arg-Ala-OH 

9 
10 
11 
12 
13 
14 

R' = Me, R 2  = Ac4-rx-~-Manp-(1--+2)-Ac,-a-~-Manp-(1- 
R '  = Me, R 2  = ~ - ~ - M a n p - ( 1 ~ 2 ) - a - ~ - M a n p - ( l -  
R' = H, R2 = Ac,-a-D-Manp-( 1-+2)-Ac,-a-~-Manp-( 1-  
R' = H, R 2  = a-~-Manp-(l-+2)-a-D-Manp-(l- 
R' = Me,R2 = H 
R '  = R2 = H 
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Table 2 ',C NMR data (125 MHz) for compounds 3 and 5-8 

Chemical shifts (6) for compound 

Carbon' 3 5 6 7 a 

c- 1 " 
c-2" 
c-3" 
C - 4  
c-5" 
C-6" 
c-1' 
c-2' 
c-3' 
C - 4  
c-5' 
C-6' 
COMe 

COMe 

c o - o f f p  
C-a 
c-P 
C-Y 
Fmoc-C H 
Fmoc- C H 
OCONH 
Fmoc arom.-C 

prp-c 

98.3 
69.9 
68.3 
66.1 
68.9 
62.2 
91 .O 
74.6 
72.1 
65.7 
73.2 
61.8 

170.9, 170.5, 
170.2, 169.8, 
169.6, 169.3, 
168.3 
20.9, 20.7, 
20.6,20.5 

167.7 
60.3 
66.5 
19.8 
46.6 
66.1 

156.5 
143.8, 143.7, 
140.8, 127.7, 
127.1, 125.3, 
120.1 
141.5, 140.0, 
139.6, 138.5, 
138.1, 136.5, 
124.9 

167.6 
56.7 
61.0 

46.6 
66.0 

156.1 
143.8, 143.7, 
140.7, 127.6, 
127.1, 125.3, 
125.2, 120.1 
141.4, 140.1, 
139.5, 138.5, 
138.1, 136.5, 
124.4 

99.0 
69.7 
68.3 
66.2 
69.4 
62.2 
99.9 
76.8 
69.6 
66.3 
69.2 
62.2 

170.7, 1 70.4, 
170.3, 169.8, 
169.6, 169.4, 
169.3 
20.7,20.6 
20.5,20.4, 

166.7 
58.5 
76.7 
18.1 
47.1 
67.5 

156.4 
143.6, 143.5, 
141.3, 127.7, 
127.1, 125.0, 
120.0 
141.9, 141.8, 
140.8, 139.9, 
138.9, 138.8, 
136.9 

99.1 
69.6 
68.3 
66.4 
69.3 
62.1 
99.3 
76.3 
69.7 
66.2 
69.2 
62.5 

170.7, 170.5, 
170.2, 169.8, 
169.7, 169.5, 
169.4 
20.8,20.6 

166.3 
54.3 
69.1 

47.0 
67.6 

155.8 
143.6, 141.3, 
127.8, 127.1, 
125.0, 120.0 

141.8, 140.8, 
139.9, 138.9, 
136.9 

Atoms belonging to the mannopyranosyl residue linked to the amino acid are primed, those to the second mannopyranosyl residue are doubly 
primed, and atoms belonging to the amino acid residues are designed a-y. For solutions in CDCl,, except for 5 and 6, which are in (CD,),SO. 

believed to be due to substitution effectsz5 Comparison of 
qualitative rotating-frame nuclear Overhauser enhancements 
(ROE), measured from ROESY experiments for the glycosyl- 
ated and non-glycosylated compounds, gave no indication of 
conformational effects due to glycosylation. 

3C Spin-lattice relaxation times ( T,), a useful tool for studies 
of macromolecular  dynamic^,^' were measured for compounds 
10, 12,13 and 14 (see Table 7). A small T1 value correlates with 
reduced flexibility in that region of the molecule. T I  Values 
for the glycosylated and non-glycosylated analogues were 
measured at the same concentration and under the same 
experimental conditions in order to be comparable. The T ,  
measurements indicated a rigid region of the peptide backbone 
extending for four amino acids around the glycosylated amino 
acid; this rigidity was more evident with glycosylated threonine 
than with glycosylated serine. Aside from an overall slower 
tumbling rate reducing T ,  by 5%, the other parts of the 
molecules seems to be unaffected by glycosylation. As expected, 
the mannosyl residue bound to the peptide backbone is less 
flexible than is the outer residue. 

Comparison of the 'H NMR shifts of a-D-mannopyranosyl- 
(1+2)-~-~-mannopyranose when it is linked to Thr in 
compound 10 with the shifts when it is linked to Thr itself25 
shows small upfield shifts (< 1 ppm) of the anomeric protons 
and of 2-H of the inner mannopyranosyl moiety. This may be a 
result of small changes in the glycosidic dihedral angles when 
the disaccharide is linked to Thr in the heptadecapeptide, these 
changes being due to steric interaction with the methyl group. 
This effect is not observed in the corresponding Ser analogue. 

Recently the structure of IGF-I in solution has been investi- 

gated, with a combination of NMR and restrained molecular 
dynamics methods3 * *32  These investigations clearly demon- 
strate that the 22-38 domain of IGF-1 has an undefined struc- 
ture. This is in agreement with the lack of strong correlations in 
the ROESY experiments on the synthetic peptides 10, and 12- 
14. The amide protons have not been assigned for compound 
13 but the size of the coupling constants 3JHa-Na are in the range 
6-8 Hz, also indicating a random structure of the peptide 
back bone. 

In conclusion, the influence of the sugar moiety on the peptide 
backbone in compounds 10 and 12 has been observed to be 
limited. 

Experimental 
TLC was performed on Merck Silica Gel 60 F254 aluminium 
sheets with detection by charring with sulfuric acid, and by UV 
light when applicable. Flash column chromatography was per- 
formed on Merck Silica Gel (0.040-0.060 mm) and chromato- 
graphy under dry conditions was performed on dried Silica Gel 
(120 "C; >24 h) with distilled solvents kept over molecular 
sieves. DMF was freshly distilled by fractional distillation at 
reduced pressure and kept over 3 A molecular sieves. Dichloro- 
methane was distilled from phosphorus pentoxide and kept 
over 3 A molecular sieves. Tetrahydrofuran (THF) was passed 
through a column of basic alumina prior to use. Light 
petroleum was the 60-80 "C fraction. Concentrations were 
performed under reduced pressure at a temperature <40 "C 
(bath). The organic layers were dried over anhydrous MgSO,. 
Suitable protected Na-Fmoc amino acids were purchased from 
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Table 3 1H NMR assignments for dimannosylated peptide 10 and non-glycosylated peptide 13 (in parentheses) 

Chemical shifts (6) 

Amino acid a a-H P-H 7-H 6-H E-H 6-H 

H-Gly 

Phe 

TY r 

Phe 

Asn 

LYS 

Pro 

Thr 

GlY 

TY 

GlY 

Ser 

Ser 

Ser 

Arg 

Arg 

Ala 

3.57/3.53 
(3.48/3.44) 
4.52 

(4.53) 
4.54 

(4.52) 
4.50 

(4.49) 
4.59 

(4.58) 
4.49 

(4.50) 
4.52 

(4.48) 
4.42 

(4.27) 
3.93 

(3.92) 
4.47 

(4.48) 
3.93 

(3.95) 
4.43 

(4.44) 
4.45 

(4.47) 
4.49 

(4.50) 
4.32 

(4.3 1 )  
4.32 

4.10 
(4.12) 

(4.33) 

Dimannosyl data of compound 10: 
1-H 

Man(lj2)  4.94 
Man( l+Thr) 5.10 

2.8912.84 
(2.93/2.86) 
3.0512.93 

(3.05/2.95) 
3.04i2.94 

(3.0612.93) 
2.7 112.6 1 

(2.73/2.62) 
1.7211.61 

(1.7211.62) 
2.261 1.92 

(2.2711.87) 
4.23 
(4.16) 

2.9112.80 
(2.9212.77) 

3.85 
(3.84) 
3.8913.84 
(3.90/3.84) 
3.8913.86 
(3.92/3.87) 
1.83/1.72 

(1.83/ 1.72) 
1.83/1.72 

(1.83/1.72) 
1.30 

(1.30) 

2-H 
4.02 
3.83 

(7.1 1 
(7.10) 
7.10 

(7.09) 
7.20 

(7.20) 

1.38 1.62 
( I  .37) (1.61) 
1.99 3.75i3.59 

( 1.99) (3.77/3.59) 
1.24 

(1.19) 

7.01 
(7.02) 

7.27 7.25 
(7.27) (7.24) 
6.82 

(6.81) 
7.32 7.25 

(7.32) (7.24) 

2.93 
(2.92) 

6.78 
(6.75) 

1.60 3.15 
(1.61) (3.16) 
1.60 3.15 

(1.59) (3.16) 

3-H 4-H 5-H 6-H, 
3.79 3.63 3.71 3.70-3.75, 3.82-3.90 
3.89 3.63 3.7 1 3.7&3.75, 3.82-3.90 

Assignments of protons to those amino acids of which there are more than one in the molecular entity 22-38 may be interchanged. 

MilliGen (Taastrup, Denmark) or Bachem (Bubendorf, 
Switzerland), and the Dhbt-esters were prepared according to 
the method of Atherton et af.' * Kieselguhr-supported 
poly(dimethylacry1amide) resin, Macrosorb SPR 100, pur- 
chased from Sterling Organics (Newcastle, England), was 
functionalized into the amine form with ethylenediamine 26 and 
derivatized with 4-(hydroxymethy1)phenoxyacetic acid Dhbt- 
ester. The peptides and the glycopeptides were hydrolysed with 
6 mol dm-, HCI at 110°C for 24 h and the amino acid 
composition was determined on a Pharmacia LKB Alpa Plus 
amino acid analyser. Asn was determined as Asp. Nomenclature 
is according to IUPAC recommendations. Positive fast-atom- 
bombardment mass spectra were recorded on a JEOL SX 102 
MS instrument. Ions were produced by a beam of xenon atoms, 
6 keV, from a matrix of 3-nitrobenzyl alcohol. Optical rotations 
were measured with a Perkin-Elmer 241 polarimeter, and are 
given in units of 10-' deg cm2 g-'. 'H and I3C NMR spectra 
were recorded on  a Bruker AM 500 MHz spectrometer. 
Chemical shifts are given in ppm and referenced to internal 
SiMe, (S,,, S, 0.00) for solutions in CDCl, at 300 K, and to 
external dioxane (6,3.76,6,67.40) for solutions in D 2 0  at 3 10 
K. pD in the D 2 0  solutions was adjusted to 7.3 by addition of 
0.2 mol dm-, Na,CO, in D20.  The coupling constants 3JHm-Nd 
were measured in 10% CD,C02D in water at pH 3. For the 
assignment of signals, proton-proton and carbon-proton shift- 

correlation spectroscopy were used. 'H NMR chemical shifts of 
overlapping signals were obtained from the centre of the cross- 
peaks in the proton-proton 2D homomuclear chemical-shift 
correlation (COSY) spectra. A mixing time of 200 ms was used 
for the 2D ROESY experiments. 13C relaxation times, T, ,  were 
determined by the inversion-recovery method with 4 delay times 
(t). The T ,  -values for the glycosylated and non-glycosylated 
threonine analogues, 10 and 13 were measured in D 2 0  at a 
concentration of 4.5 mmol dmP3, and for the serine analogues, 
12 and 14, at 7.7 mmol dm-3. Preparative HPLC separations 
were performed on a Waters HPLC system using a DELTA 
PAK C-18 column (300 A; 19 mm x 3 cm) with a flow rate of 10 
cm3 min-' and detection at 215 nm and 280 nm with a 
photodiode array detector (Waters M 991). Solvent system A: 
0.1% TFA. B: 0.1% TFA in 90% acetonitrile-10% water. 
Elemental analyses were carried out at LEO Pharmaceutical 
Products, Denmark. 

Solid-phase Synthesis. General Procedure.-Syn thesis of the 
glycopeptides was performed in DMF with a custom-made, 
fully automatic, continuous-flow peptide synthesizer using 
Kieselguhr supported poly(dimethy1acrylamide) resin with 4- 
(hydroxymethy1)phenoxyacetic acid as a linker (0.5 g; 0.1 1 
mequiv. g-'; 0.055 mmol). The first amino acid (Ala) was 
coupled to the linker via the symmetrical anhydride, prepared 
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Table 4 I3C NMR assignments for dimannosylated peptide 10 and non-glycosylated peptide 13 (in parentheses) 
~~~ 

Chemical shifts (6) 

Amino acid" C-a c-P C-Y C-6 C-E c-5 
H-Gly 

Phe 

TY 

Phe 

Asn 

LY S 

Pro 

Thr 

GlY 

TYr 

GlY 

Ser 

Ser 

Ser 

Arg 

Ala 

42.5 
(42.5) 
55.7 

(55.7) 
56.3 

(56.3) 
55.7 

(55.7) 
51.1 

(51.1) 
55.6 

(55.6) 
61.2 

(6 1.4) 
58.9 

(60.2) 
43.2 

(43.3) 
52.3 

(52.4) 
43.5 

(43.5) 
56.6 

(56.6) 
56.6 

(56.6) 
56.6 

(56.6) 
54.2 

(54.2) 
54.2 

(54.2) 
52.0 

(52.0) 

37.9 
(37.8) 
37.2 

(37.2) 
37.2 

(37.1) 
37.2 

(37.1) 
31.0 

(30.9) 
30.2 

(30.3) 
76.7 

(68.0) 

38.2 
(38.2) 

62.0 
(62.0) 
61.9 

(61.9) 
61.9 

(61.9) 
29.1 

(29.1) 
29.1 

(29.1) 
18.4 

(1 8.5) 

137.1 
(1 37.1) 
128.9 

(1 28.9) 
137.1 

(137.1) 

22.7 
(22.7) 
25.6 

(25.6) 
18.6 

(19.7) 

129.0 
(1 28.9) 

25.1 
(25.1) 
25.2 

(25.2) 

130.0 
(1 30.0) 
131.5 

( 1 3 1.5) 
130.1 

(1 30.1) 

27.3 
(27.3) 
48.9 

(48.9) 

131.4 
(1 3 1.4) 

41.5 
(41.5) 
41.5 

(41.5) 

129.7 128.1 
(1 29.7) (1 28.1) 
116.4 155.5 

(116.4) (1 55.6) 
129.7 128.1 

(1 29.7) (128.1) 

40.2 
(40.1) 

1 16.4 155.4 
(1 16.4) (155.5) 

157.8 
(1 57.8) 
157.8 

(1 57.8) 

Carbonylcarbons 185.0, 175.3, 174.7, 174.0, 173.3, 173.1, 172.7, 172.5, 172.4, 171.8 
(180.9, 174.6, 173.9, 173.2, 173.0, 172.7, 172.5, 172.4, 172.3, 172.0) 

Dimannosyl data of compound 10: 

Man( 1 4 2 )  103.3 71.0 71.3 67.8 74.1 61.9 
Man(l+Thr) 100.5 80.1 70.9 68.0 74.1 62.0 

c- 1 c-2 c-3  c -4  c -5  C-6 

Assignments of carbons to those amino acids of which there are more than one in the molecular entity 22-38 may be interchanged. 

from Na-Fmoc-Ala-OH (0.17 g, 0.55 mmol) and diisopropyl- 
carbodiimide (43 mm3, 0.27 mmol) in CH2C12-DMF (25: 1) (5.2 
cm3) at 0 "C for 20 min, by addition of DMAP (7 mg, 0.055 
mmol) in D M F  (1.5 cm3) (Procedure A), or by esterification of 
N"-Fmoc-Ala-OH (68 mg, 0.22 mmol) promoted with MSNT 
(65 mg, 0.22 mmol) in the presence of MeIm28 (13 mg, 0.16 
mmol) (Procedure B). In both procedures capping of iin- 
changed amino groups by addition of acetic anhydride (20 
mm3) was performed before coupling of the second amino acid. 
The incorporation of Ala, when using Procedure A, was not 
quantitatively determined but was estimated to be 65% C0.036 
mmol(0.5 g)-'], as was determined for Procedure B by quanti- 
tative amino acid analysis. In coupling steps with glycosylated 
Na-Fmoc-Thr-OPfp, 7 or Na-Fmoc-Ser-OPfp, 8, Dhbt-OH (1  
mol equiv.) was added as an auxiliary nucleophile. All other 
amino acids were coupled as their Na-Fmoc-protected Dhbt- 
esters (3 mol equiv.) with the side-chains protected with Pmc for 
arginine, But for serine and tyrosine, and tert-butyloxocarbonyl 
(Boc) for lysine. Na-Fmoc deprotection was effected by treat- 
ment with 50% morpholine in DMF for 20 min and the acyl- 
ation times were determined with a solid-phase spectrophoto- 
meter at 440 nm. After completion of the synthesis the resin was 

washed with diethyl ether (60 cm3) and dried by nitrogen flow 
for 120 min. The resin was then removed from the column, and 
cleavage of the glycopeptide from the linker was performed by 
two successive treatments with 95% TFA (30 cm3) for 30 min, 
followed by filtration. Acetic acid (3 cm3) was added to the 
combined filtrates and, after concentration under reduced 
pressure, the residue was solidified by trituration with diethyl 
ether (2 x 25 cm3). After decantation and evaporation the 
glycopeptide was purified by preparative HPLC. 

The purified acetylated glycopeptide was dissolved in dry 
methanol (2 mg ~ m - ~ )  and 0.1 mol dm-3 sodium methoxide in 
methanol was added until a wetted pH-paper indicated pH 12. 
The mixture was stirred at this pH at room temperature for 20 
min, neutralized with small pieces of solid C02 ,  filtered, and 
lyophilized. The residue was dissolved in water (10 mg ~ m - ~ )  
and purified by preparative HPLC. 

1,3,4,6- Tetra-O-acetyl-2-O-(2,3,4,6-tetra-O-acetyl-a-~- 
mannopyranosyl)-~-D-mu~~o~yranose 3.-Tetra-O-acetyl-a-~- 
mannopyranosyl bromide 1 (0.83 g, 2.0 mmol), silver triflate 
(0.52 g, 2.0 mmol) and powdered 3 molecular sieves was 
stirred in dry dichloromethane (8 cm3) under argon at -40 "C. 
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Table 5 'H NMR assignments for dimannosylated peptide 12 and non-glycosylated peptide 14 (in parentheses) 

Chemical shifts (6) 

Amino acid a a-H P-H Y-H 6-H E- H 5-H 

H-Gly 

Phe 

TY 

Phe 

Asn 

LY s 

Pro 

Ser 

GlY 

TY r 

GlY 

Ser 

Ser 

Ser 

Arg 

Arg 

Ala 

3.4713.42 
(3.5613.54) 
4.52 

(4.52) 
4.49 

(4.49) 
4.51 

(4.49) 
4.58 

(4.58) 
4.47 

(4.47) 
4.42 

(4.39) 
4.53 

(4.36) 
3.94 

(3.91) 
4.47 

(4.47) 
3.94 

(3.91) 
4.43 

(4.43) 
4.46 

(4.45) 
4.50 

(4.49) 
4.32 

(4.32) 
4.32 

(4.30) 
4.1 1 

(4.09) 

Dimannosyl data of compound 12: 
1-H 

Man( 1+2) 5.00 
Man( 14Ser) 5.10 

2.8912.83 
(2.8712.81) 
3.0412.95 

(3.0312.90) 
3.0612.93 

(3.0312.90) 
2.7312.63 

(2.70/2.6 1 ) 
1.721 1.63 

(1.7 11 1.61) 
2,2711.88 

(2.2511 3 9 )  
3.9313.77 

(3.8413 30) 

2.9212.77 
(2.8912.77) 

3.851332 
(3.8413.80) 
3.9013.84 

(3.8913.82) 
3.9213.86 

(3.901334) 
1.8111.71 

(1.8 111.71) 
1.81 11.71 

(1.8311.71) 
1.30 

(1.29) 

2-H 
4.06 
3.93 

7.12 
(7.09) 
7.1 1 

(7.07) 
7.21 

(7.18) 

1.34 1.59 
(1.34) (1.59) 
1.97 3.7513.55 

(1.96) (3.7313.55) 

7.02 
(7.00) 

1.57 3.15 
(1.54) (3.13) 
1.62 3.17 

(1.61) (3.14) 

3-H 4-H 
3.82 3.62 
3.88 3.67 

7.30 7.29 
(7.26) (7.25) 
6.84 

(6.81) 
7.34 7.29 

(7.31) (7.25) 

2.9 1 
(2.90) 

6.79 
(6.77) 

5-H 6-H, 
3.75 n.a. 
3.55 3.85, 3.72 

a Assignments of protons to those amino acids of which there are more than one in the molecular entity 22-38 may be interchanged. n.a. = Not as- 
signed. 

A solution of 1,3,4,6-tetra-O-acetyl-P-~-mannopyranose 2 (0.47 
g, 1.35 mmol) in dry dichloromethane (3 cm3) was added and 
the mixture was stirred at -40 "C. After 40 min 2,4,6-tri- 
methylpyridine (2,4,6-collidine) (0.2 1 cm3, 1.6 mmol) was added 
and the temperature was slowly raised to ambient. After being 
stirred at this temperature for 45 min the mixture was filtered. 
The filter was washed dichloromethane and the combined 
washings and filtrate were poured onto ice. The organic layer 
was washed successively with cold 10% aq. sodium thiosulfate, 
water, 1 mol dm-, sulfuric acid, 10% aq. sodium hydrogen 
carbonate and water, dried, and concentrated to a syrup. 
Purification on silica gel [ethyl acetate-light petroleum (55 : 45 
followed by 60:40)] gave pure disaccharide 3 as a solid (0.88 g, 
97%), [ct]b8 +0.7 (c 0.6, CHCl,); 'H and 13C NMR data are 
presented in Table 1 and Table 2, respectively (Found: C, 
49.6; H, 5.7. C2,H3,019 requires C, 49.56; H, 5.64%; M ,  
678.61). 

Na-( Fluoren-9-ylmetho.xycarbonyl)-O-[ 3,4,6- tri-O-acetyl-2- 
0-( 2,3,4,6- tetra-0-acetyl-a-D-mannopyranosyl )-z-D-manno- 
pyranosyll-~-threonine Pentajluorophenyl Ester 7.-To a 
solution of the octaacetate 3 (0.30 g, 0.44 mmol) in dry 
dichloromethane (1.5 cm3) with molecular sieves 3 8, was added 
4 mol dm-, hydrogen bromide in acetic acid (1.1 cm3, 4.4 mmol). 

The mixture was stirred at room temperature for 60 min, diluted 
with dichloromethane, and then poured onto ice. The organic 
layer was washed successively with cold water, saturated aq. 
sodium hydrogen carbonate and water. Drying and evapor- 
ation were followed by concentration under reduced pressure to 
constant weight (8 h; 0.5 mmHg). 

The resulting syrup of the a-bromide 4 (0.30 g, 0.43 mmol) 
was dissolved in dry dichloromethane (2.5 cm3) and added to a 
mixture of N"-Fmoc-L-Thr-OPfp 5 (0.22 g, 0.43 mmol), silver 
triflate (0.1 1 g, 0.43 mmol) and powdered 3 8, molecular sieves 
in dry dichloromethane (4.5 cm3) under argon at -40 "C. The 
mixture was stirred at between - 30 and -40 "C for 8 h and the 
progress of reaction was followed by TLC [ethyl acetate-light 
petroleum (3 : 2)]. 2,4,6-Collidine (56 mm3, 0.43 mmol) was then 
added by syringe, the temperature was slowly raised to room 
temperature, and the mixture was stirred overnight. Dilution 
with dry dichloromethane, filtration, and concentration of the 
filtrate gave a syrup, which was purified on dried silica gel with 
dry solvents [ethyl acetate-light petroleum (1 : l)]. This afforded 
pure solid title compound 7 (0.39 g, 80%), + 13.4 (c 0.6, 
CHCl,); 'H and 13C NMR data are presented in Table 1 and 
Table 2, respectively; m/z 1126 (M + H)+ and 1148 (M + 
Na)' (Found: C, 54.1; H, 5.1; N, 1.6. C5,H5,F5N02, requires 
C, 54.40;, 4.65; N, 1.24%; M ,  1125.97). 
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Table 6 'jC NMR assignments for dimannosylated peptide 12 and non-glycosylated peptide 14 (in parentheses) 

Chemical shifts (6) 
~ 

Amino acid a C-a c-P C-Y C-6 C-E c-6 
H-Gly 

Phe 

TYr 

Phe 

Asn 

LY s 

Pro 

Ser 

GlY 

TY 

GlY 

Ser 

Ser 

Ser 

Arg 

A% 

Ala 

42.9 
(42.6) 
55.7 

(55.8) 
56.5 

(56.4) 
55.6 

(55.6) 
51.1 

(51.1) 
55.6 

61.3 
(61.5) 
54.8 

(56.6) 
43.3 

(43.4) 

(55.7) 

52.3 
(52.4) 
43.5 

(43.5) 
56.6 

(56.6) 
56.6 

(56.6) 
56.6 

(56.6) 
54.2 

(54.2) 
54.2 

(54.2) 
52.0 

(52.0) 

38.1 
(38.2) 
37.1 

(37.0) 
37.8 

(37.9) 
37.1 

(37.1) 
30.9 

(30.9) 
30.3 

(30.3) 
67.5 

(6 1.9) 

37.2 
(37.2) 

61.9 
(62.0) 
62.1 

(62.0) 
61.9 

(6 1.9) 
29.1 

(29.1) 
29.1 

(29.1) 
18.5 

(1 8.5) 

137.1 
(1 37.1) 
128.9 

(128.9) 
137.1 

(1 37.1) 

22.7 
(22.7) 
25.6 

(25.6) 

128.9 
(1 28.9) 

25.2 
(25.3) 
25.1 

(25.1) 

130.1 
(1 30.1) 
131.5 

(1 3 1.5) 
130.0 

(1 30.0) 

27.3 
(27.3) 
48.9 

(48.9) 

131.4 
(1 31.4) 

41.5 
(41.5) 
41.5 

(41.5) 

129.7 128.1 
(1 29.7) (128.1) 
116.5 155.6 

(116.4) (1 55.5) 
129.7 128.1 

(129.7) (1 28.1) 

40.2 
(40.1) 

1 16.4 155.5 
(1 16.4) (1 55.4) 

157.7 
(1 57.7) 
157.7 

(1 57.7) 

Carbonyl 
carbons 

180.5, 175.1, 174.7, 174.0, 173.3, 173.1, 172.5, 172.4, 171.9 
(180.5, 175.1, 174.7, 174.0, 173.3, 173.1, 173.0, 172.7, 172.6, 172.5, 172.4, 172.1, 171.1) 

Dimannosyl data of compound 12: 

Man(1-2) 103.2 70.9 71.3 67.9 74.2 62.0 
Man( 143er) 99.8 79.5 71.0 67.9 74.0 61.9 

c- 1 c -2  c-3 c-4  c -5  C-6 

Assignment of carbons to those amino acids of which there are more than one in the molecular entity 22-38 may be interchanged. 

Na-( Fluoren-9-ylmethoxycarbon~~l)-0-[3,4,6-tri-0-acetyl-2- 
0-( 2,3 ,~,6-tetra-~-ace?y~-a-D-mannopyranosy~)-~-D-manno- 
pyranosyl]-~-serine PentaJluorophenyl Ester 8.-The prepar- 
ation of the m-bromide 4 was performed as described above from 
compound 3 (0.10 g, 0.14 mmol). The resulting syrup (0.10 g, 
0.14 mmol) was dissolved in dry dichloromethane (3 cm3) and 
added to a mixture of N"-Fmoc-L-Ser-OPfp 6 (69 mg, 0.14 
mmol), silver triflate (36 mg, 0.14 mmol) and powdered 3 1$ 
molecular sieves in dry dichloromethane (3 cm3) under argon at 
-40 "C. The mixture was stirred at between -25 and -40 "C, 
and the reaction was followed by TLC [ethyl acetate-light 
petroleum (3:2)]. After 7 h 2,4,6-collidine (18 mm3, 0.14 mmol) 
was added and the mixture was stirred at room temperature 
overnight. Dilution with dry dichloromethane, filtration, and 
concentration were followed by purification on dried silica gel 
with dry solvents [ethyl acetate-light petroleum (2: 1.25)J which 
gave pure title compound 8 (103 mg, 65%), [a]b8 +23.0 (c 0.4, 
CHCl,); 'H and 13C NMR data are presented in Table 1 and 
Table 2, respectively; m/z 11 12 (M + H)' and 1134 (M + Na)' 
(Found: C, 53.6; H, 4.8. C5,,H5,,FSNOt2 requires C, 54.01; H, 
4.53%; M ,  11 11.95). 

[Di-Man-Thr 29]GF-1 (22-38) 10.-The solid-phase syn- 
thesis was carried out according to the general procedure as 
described above. The first amino acid (Ala) was coupled to the 
resin according to procedure A. The loading of Ala was 
estimated to be 65% (0.036 mmol). In the coupling step with the 
dimannosylated threonine derivative 7 three mole equivalents 
(1 30 mg, 0.1 1 mmol) were used. The acylation times varied from 
30 min (Gly) to 17 h (Pro) and the acylation time for substrate 
for 7 was 11 5 min. After cleavage from the resin, IGF-1 [Ac,-Di- 
Man-Thr 2 9 ] 9  (22-38) was purified by preparative HPLC using 
a linear gradient of 20-100% solvent B 8 0  during min (retention 
time 37 rnin). The yield of heptaacetate 9 was 48 mg, 53%. 

Compound 9 was deacetylated with sodium methoxide as 
described above. Preparative HPLC using the same gradient as 
for compound 9 (retention time 20 min) afforded pure title 
compound 10 (29 mg, overall yield of 37%). 'H and NMR 
data are presented in Table 3 and Table 4, respectively. Amino 
acid analyses (theoretical value in parenthesis): Ala 0.95( l), Arg 
2.04(2), Ser 2.79(3), Gly 2.93(3), Tyr 1.87(2), Thr 1.02( 1), Pro 
1,24(1), LysO.99(1), Asn 1.17(1) and Phe 1.95(2);m/z2220(M + 
H)' (C9,H,,,N2s0,, requires M, 2219.37). 
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Table 7 13H Relaxation times ( T , / s )  for dimannosylated peptide 10 and 12 and non-glycosylated peptide 13 and 14 (in parentheses) 

Amino acid a C-a c-P c-Y C-6 C-E c-i 
[lo and (13)] 

Phe 

Phe 
Asn 

Pro 
Thr 

H-Gly 

TY I. 

LY s 

GlY 
TYr 
GlY 
Ser 
Ser 
Ser 
'4% 
A% 
Ala 

[I2 and (14)] 

Phe 
TY r 
Phe 
Asn 
LYS 
Pro 
Ser 
GlY 
TY 
GlY 
Ser 
Ser 
Ser 
'4% 

Ala 

H-Gly 

n.d. 
0.44 (0.42) 
0.28 (0.45) 
0.32 (0.39) 
0.33 (0.41) 
0.32 (0.41) 
0.24 (0.36) 
0.23 (0.38) 
0.14(0.15) 
0.25 (0.43) 

0.34 (0.38) 
0.36 (0.43) 
0.36 (0.43) 
0.36 (0.34) 
0.36 (0.34) 
0.70 (1.09) 

0.20 (0.17) 

0.45 (0.41) 
0.36 (0.36) 
0.31 (0.30) 
0.31 (0.32) 
0.32 (0.32) 
0.31 (0.32) 
0.28 (0.33) 
0.26 (0.35) 
0.12 (0.13) 
0.27 (0.29) 
0.13 (0.13) 
0.34 (0.34) 
0.34 (0.35) 
0.34 (0.36) 
0.35 (0.33) 
0.35 (0.36) 
0.67 (0.74) 

Dimannosyl data of 10 and 12: 
c- 1 

ClOI 
Man( 1 4 2 )  0.35 
Man( l+Thr) 0.3 1 

CW 
Man( 1-2) 0.36 
Man( 14Ser)  0.34 

0.17 (0.19) 
0.14 (0.19) 
0.17 (0.21) 
0.17 (0.2 1) 
0.14 (0.16) 
0.23 (0.37) 
0.22 (0.42) 

0.23 (0.18) 

0.23 (0.23) 
0.24 (0.24) 
0.24 (0.24) 
0.23 (0.23) 
0.23 (0.23) 
0.79 (1.1 1) 

0.25 (0.23) 
0.14 (0.13) 
0.13 (0.12) 
0.14 (0.12) 
0.13 (0.13) 
0.28 (0.30) 
0.1 5 (0.22) 

0.13 (0.13) 

0.21 (0.22) 
0.22 (0.22) 
0.21 (0.22) 
0.22 (0.22) 
0.22 (0.22) 
1.01 (1.01) 

c -2  

0.36 
0.30 

0.40 
0.29 

1.14 (1.10) 
0.87 (1.17) 
1.14(1.01) 

0.28 (0.30) 
0.32 (0.48) 
0.43 (0.51) 

0.86 (1.17) 

0.33 (0.42) 
0.29 (0.32) 

0.92 (0.90) 
1.09 ( 1.04) 
0.81 (0.82) 

0.28 (0.30) 
0.28 (0.29) 

1.09 (1.04) 

0.29 (0.29) 
0.31 (0.32) 

c -3  

0.36 
0.27 

0.38 
0.3 1 

0.41 (0.49) 
0.34 (0.37) 
0.36 (0.46) 

0.47 (0.49) 
0.17 (0.20) 

0.32 (0.34) 

0.37 (0.39) 
0.37 (0.39) 

0.35 (0.37) 
0.32 (0.33) 
0.46 (0.46) 

0.41 (0.46) 
0.12 (0.12) 

0.32 (0.32) 

0.36 (0.35) 
0.36 (0.35) 

c -4  

0.33 
0.28 

0.36 
0.26 

0.42 (0.49) 
0.36 (0.38) 
0.38 (0.45) 

0.55 (0.76) 

0.34 (0.37) 

0.37 (0.37) 
0.33 (0.36) 
0.44 (0.45) 

0.64 (0.69) 

0.33 (0.34) 

c -5  

0.3 1 
0.3 1 

0.36 
0.27 

0.29 (0.30) 
n.d. 
0.29 (0.33) 

0.30 (0.28) 
0.80 (0.82) 
0.30 (0.28) 

0.80 (0.75) 

C-6 

0.24 
0.23 

0.21 
0.21 

~~ - ~ - ~~ 

IL Assignment of carbons to those amino acids of which there are more than one in the molecular entity 22-38 may be interchanged. 

[Di-Man-Ser29]IGF-l (22-38) 12.-The first amino acid was 
coupled to the resin according to procedure B (incorporation of 
Ala was determined to be 62%, 0.034 mmol), and the solid-phase 
synthesis was performed as described above. Dimannosylated 
serine derivative 8 (2.7 mol equiv.) was used (105 mg, 0.094 
mmol), and the acylation times varied from 30 min (Ser, Gly, 
Tyr, Pro and Phe) to 5 h (8). Cleavage from the resin and 
purification with preparative HPLC with a linear gradient of 
20-100% B during 40 min, retention time 24 min, afforded pure 
heptaacetate 11 (67 mg, 67%). 

Deacetylation of compound 11 with sodium methoxide and 
purification by preparative HPLC with the same gradient 
(retention time 18 min) gave pure title compound 12 (27 mg, 
overall yield of 33%). 'H and 13C NMR data are presented in 
Table 5 and Table 6, respectively. Amino acid analyses 
(theoretical value in parenthesis): Ala 1.03( l ) ,  Arg 2.12(2), Ser 
3.77(4), G l y  3.05(3), T y r  1.93(2), Pro l . lO( l ) ,  Lys 0.98(1), Asn 
1.02(1) and Phe 1.99(2); rn/z 2206 ( M  + H)+ (C96H14,Nt5035 
requires M ,  2205.34). 

IGF-1 (22-38) 13.-Solid-phase synthesis of peptide 13 was 
carried out according to the general procedure and the first 
amino acid was coupled to the resin according to procedure A. 
The loading of Ala was estimated to 65% (0.036 mmol). 
Acylation times varied from 30 to 90 min, except for lysine 
which was coupled for 7.5 h. After cleavage from the resin the 
peptide was purified by preparative HPLC using 10% solvent B 
for 10 min, a linear gradient of 10-25% B during 30 min, 25% B 
for 10 min and a linear gradient of 25-100% B for 20 rnin 
(retention time 40 min). This afforded pure title compound 13 
(24 mg, 35%). 'H and I3C NMR data are presented in Table 3 
and Table 4, respectively. Amino acid analyses (theoretical 
values in parenthesis): Ala 1.13( l ) ,  Arg 2.17(2), Ser 2.90(3), Gly 
3.13(3), Tyr 1.68(2), Thr 0.94(1), Pro l.OO(l), Lys 1.01(1) Asn 
1.06(1) and Phe 1.98(2); m/z 1896 (M + H)+ (C8,H,,,N2,02, 
requires M ,  1895.08). 

[Ser 29 JZGF-1 (22-38) 14.-The first amino acid was coupled 
to the resin according to procedure B (incorporation of Ala was 
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determined to 73%, 0.044 mmol) and preparation of peptide 14 
was performed according to the general procedure. Acylation 
times varied from 30 min to 33 h (Lys) and purification, after 
cleavage from the resin, by preparative HPLC with a linear 
gradient of lO-lOO% solvent B during 40 min (retention time 24 
min), afforded pure title compound 14 (36 mg, 43%). H and 3C 
NMR data are presented in Table 5 and Table 6, respectively. 
Amino acid analyses (theoretical values in parenthesis): Ala 
1.14( l), Arg 2.27(2), Ser 3.74(4), Gly 3.03(3), Tyr 1.90(2), Pro 
0.93( I ) ,  Lys 1.02( l ) ,  Asn 0.99( 1 )  and Phe 2.00(2); m/z  1882 (M + 
H)' (CS4H121N25025 requires M ,  1881.05). 
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