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ABSTRACT 

2-Acetamido-3,4,6-t-O-acetyI-l-N-[N-(benzyIoxycarbonyl)-L-aspart-I-oyI-(~- 
IeucyI-L-threonyl-N”-tosyi-L-Iysinep-nitrobenzyl ester)-4-oyl]-2-deoxy-/3-D-gIuco- 
pyranosylamine (21) and 2-acetamido-3,4,6-~-i--acetyI-l-N-[N-~enzyloxycarbonyl)- 
L-aspart-l-oyI-(L-IeucyI-L-threonyI-~~-tosyl-L-Iysine p-nitrobenzyl ester)-4-oyl]-Z 
deoxy-fl-D-glucopyranosylamine (22), 2-acetamido-3,4,6-tri-O-acetyI-l-N-[N-(benzyI- 
oxycarbonyI)-L-aspart-I-oyl-(glycine ethyl ester)-4-oyI]-2-deoxy+D-ghrcopyranosyI- 
amine, and 2-acetamido-3,4,6-tri-O-ace~I-l-N-[~-(beno~carbonyl)-L-aspart-l- 
oyl-(phenylalanine methyl ester)-4-oyl]-2-deoxy-8_D-gIucopyranosyIamine were syn- 
thesized by condensation of 2-acetamido-3,4,6-tri-i--acetyl-l-N-[N-(benzyIoxy- 
carbonyl)-L-aspart-4-oyl]-2-deoxy-~-~-glucopyranosyI~ne with the appropriate 
protected amino acids and tri- and tetra-peptides. The amino acid sequences of 21 and 
22 correspond to the protected amino acid sequences 34-37 and 34-38 of ribonucIease 
B that are adjacent to the carbohydrat+protein linkage. 

INTRODUCTlON 

Plasma glycoproteins, including the immunogIobuIins as weII as numerous other 
glycoproteins possessing hormonal or enzymic activities, are characterized by a 
2-acetamido-l-N-(aspart-4-oyl)-2-deoxy-L+glucosylamine linkage between their carbo- 
hydrate chain(s) and the protein backbone ‘_ The carbohydrate chain includes a 
“core” region composed of an additional 2-acetamido-2-deoxy-b-r+glucopyranosyI 
residue and of c+ (and in the few glycoproteins investigated up to now /3-) D-manno- 
pyranosyl residues3; the outer part is composed of 2-acetamido-2-deoxy+-n-gluco- 
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pyranosyl, /3-D-galactopyranosyl, cc-L-fucopyranosyl, and sialyl residues’. Although 
the biosynthesis of this outer part is well understood, very little is known of the 
synthesis of the “core” region and no enzymic systems have been isolated. On the 
other hand, it has been established that the structure Asn-X-Ser(or Thr) is always 
necessary for the attachment of a carbohydrate chain to the asparagine residue, and 
it has been suggested4 that the nature of the residue X could direct the formation of 
the outer region. Finally, there is growing evidence that both the 2-acetamido- 
2-deoxy-D-glucose and D-mannose residues could be biochemically introduced into 
the glycopeptide molecule via activated isoprenoid sugar .phosphates from the 
activated nucleotide sugars’, a hypothesis difficult to prove with endogeneous 
acceptors and membrane-bound, particulate, enzymic systems. 

Synthetic glycopeptide acceptors could be of great help in order to test these 
various hypotheses and isolate the biosynthetic systems. Glycopeptides derived from 
beef ribonuclease B were selected because the complete amino acid sequence of 
ribonuclease is known6 and has been synthesized7**, and the carbohydrate sequence 
adjacent to the carbohydrate-protein linkage in ribonuclease B is known9 and has 
been, in part, synthesized _ lo In addition, the carbohydrate chain of ribonuclease B is 
composed only of the core section, and enzymic systems that spthesize isoprenoid 
alcohol D-mannopyranosyl phosphate and may be active in the biosynthesis of this 
carbohydrate chain have been isolated from pancreas in this laboratory* ‘. 

As a model substance for the preparation of glycopeptides having the structure 
of part of the molecule of ribonuclease B, protected glycopeptides containing a 
2-acetamido-2-deoxy-/?-D-glucopyranosyl residue and the amino acid sequences 34-37 
(21) and 34-38 (22) of ribonuclease B have been synthesized. 

RESULTS AND DISCUSSION 

Many approaches are possible for the synthesis of glycopeptides. The pathway 
described in this paper, namely the attachment of a preformed oligopeptide to a 
glycosyl derivative of r.-asparagine was seIected because it could be applied to 
r.-asparagine derivatives containing di- and &saccharides which, at the present time, 
are more cumbersome to synthesize than is the oligopeptide part; in addition, the 
unreacted carbohydrate moiety can be recovered. The direct condensation of a 
glycosylamine with the Pcarboxyl group of an L-aspartyl residue that is part of a 
peptide chain was not considered because of probable difficulties in recovering the 
unreacted glycosylamine from the glycopeptide and unreacted peptide mixture. As a 
first approach, attachment of a peptide to the I-carboxyl group of a glycosyl- 
asparagine derivative was investigated ; the carbohydrate moiety consisted of only one 
sugar residue and the peptide moiety of an amino acid and of a tri- and tetra-peptide, 
respectively, and the condensing agent was either N,N’-dicyclohexylcarbodiimide’ ’ 
(DCC) or N-ethyl-5-phenylisoxazolium 3’-sulfonatel 3 (WRK). It was necessary to 
study the application of both condensing agents, as recent reports’ 4p 1 5 have indicated 
that the WRK reagent gives less-satisfactory yields than the DCC reagent. 
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The condensation of the peptide moiety with 2-acetamido-3,4,6-tri-O-acetyl- 
1-N-[N-(benzyloxycarbonyl)-~-aspart-4-oyl]-2-deoxy-~-~-glucopyranosylamine’6 (1) 
was at first investigated by coupling 1 with glycine ethyl ester (2) and L-phenylalanine 
methyl ester (3) as amino acid model substances, in the presence of DCC or WRK 
reagent to give 4 and 5, respectively. In both condensations, the resulting compounds 4 
and 5 could be obtained pure oniy after column chromatography when the DCC 
method was applied, whereas the WRK method gave crystalline compounds directly. 

In order to study the efficiency of the condensing agent for larger peptide 
moieties, 1 was coupled with the protected amino acid sequence 34-37 (12) of beef 
ribonuclease in the presence of DCC and with the protected amino acid sequence 
35-38 (20) in the presence of the WRK reagent. Condensation of an oligopeptide to 
the glycosyl-asparagine derivative was preferred to the sequential addition of amino 
acids to this derivative because the former procedure requires only one recovery of the 
unreacted carbohydrate-amino acid moiety. Thus, it is possible to devise a synthesis 
of the oligopeptide moiety based on the syntheses previously described7**, and 
especially to use the solid-support method for the synthesis of oligopeptides of 
molecular weight higher than the ones described in the present study. In the synthesis 
of the protected tripeptide 12, NE-tosyl-x.-lysinep-uitrobenzyl ester l7 (6) was coupled 
with N-benzyloxycarbonyl+threonine (7) in the presence of DCC to give crystalline 
N-benzyloxycarbonyl-L-threonyl-NE-tosyl+lysine p-nitrobenzyl ester (S), which was 
treated with hydrogen bromide in acetic acid and then triethylamine. The resulting 
dipeptide having a free amino group (9) was condensed with thep-nitrophenyl ester of 
N- benzyloxycarbonyl- L-leucine’ * (10) to give N-benzyloxycarbonyl-L-leucyl-r_- 
threonyl-iV”-tosyl-L-lysinep-nitrobenzyl ester (ll), which, on treatment with hydrogen 
bromide in acetic acid, afforded the tripeptide ester having a free amino group (12). 
Condensation of the latter compound with the L-asparagine derivative (1) in the 
presence of DCC resulted in the protected glycopeptide, 2-acetamido-3,4,6-&i-O- 
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acctyl- 1 -N-[N-(benzyIoxycarbonyl)-L-aspart-l -oyl-(L-leucyl-L-threonyl-NE-tosyl-L- 
Iysine p-nitrobenzyl ester)4oyI]-%deoxy-&D-gIucopyranosyIamine (21) having the 
amino acid sequence 34-37 of ribonuclease B. 
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The synthesis of the protected tetrapeptide 20 was accomplished by con- 
densation of N’-benzyloxycarbonyl-NC-tosyk-Iysine (13) with L-aspartic p-nitro- 
benzyl diesterlg (14) in the presence of N,N’-dicyclohexylcarbodiimide (DCC) to give 
N”-benzyloxycarbonyl-NC-tosyl-L-lysyl-L-aspartic p-nitrobenzyl diester (ls), followed 
by treatment with hydrogen bromide in acetic acid. The resulting hydrobromide salt 
(16) was condensed with N-benzyoIxycarbonyl+threonine (7) in the presence of DCC 
to give N-benzyloxycarbonyl-L-threonyI-No-tosyl_c p-nitrobenzyl 
diester (17). Removal of the N”-benzyloxycarbonyl group with hydrogen bromide in 
acetic acid, fohowed by treatment with triethylamine gave the protected tripeptide 
(IS), which was condensed with the p-nitrobenzyl ester of N-benzyloxycarbonyl- 
L-leucine” (10) to give the tetrapeptide Na-benzyloxycarbonyl-L-leucyl-Mhreonyl- 
NC-tosyl-L-Iysyl-L-aspartic p-nitrobenzyl diester (19). Treatment of 19 with hydrogen 
bromide in acetic acid, followed by addition of triethylamine gave the protected 
tetrapeptide unit, r,-IeucyI-L-threonyI-N”-tosyI-L-IysyI-r_-aspartic p-nitrobert@ diester 
(20), which was coupled with 1 in the presence of WRK to give 2-acetamido-3,4,6-t- 
O-acetyl-l-N-[N-(benzyIoxycarbonyI)-~-aspart-I-oyI-(~-leucyI-~-threonyl-Ne-tosyl-~- 
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lysyl+aspartic p-nitrobenzyl diester)-4-oyl]-2-deoxy-P_D-glucopyranosylamine (22) 
having the amino acid sequence 34-38 of ribonuclease B. 

The yields of the preparation of the glycosyltetrapeptide (21) in the presence of 
DCC and of the glycosylpentapeptide 22 in the presence of WRK were 7% and 12%, 
respectiveIy, indicating a greatiy improved yield when the WRK reagent was used 
instead of DCC and, thus, con&-ming the results of the condensation with single 
amino acids. 

We have not considered the possibility of a rearrangement of the Zacetamido- 
I&deoxy-D-gIucopyranosyIaminy1 residue from the Ccarboxyl to the I-carboxyl group 
of asparagine during the condensation of 1 with the amino acids 2 and 3 or with the 
peptides 12 and 20, which would result in derivatives having the glycosyl residue linked 
to the I-carboxyl group and the amino acid or peptide residues linked to the 4- 
carboxyl group of the asparagine molecule for the following reasons: (a) No rearrange- 
ment has been observed during the coupIing of various mono-, di-, and tri-saccharide 
glycosylamines with 1-benzyl N-benzyloxycarbonyl L-aspartate in the presence of 
DCC10*‘o*21; (b) this rearrangement was observed only under strong alkaline con- 
ditions22-24, not used in the present work. 

EXPERIMENTAL 

Geireral met/to&. - Melting points were determined with a Mettler FP-2 
apparatus and correspond to “corrected melting points”. Rotations were determined 
for solutions in I-dm, semimicro tubes with a Perkin-Elmer No. 141 polarimeter. The 
NJ?-dimethylformamide used was Spectra-reagent grade. 1-r. spectra were recorded, 
for potassium bromide discs, with a Perkin-Elmer spectrophotometer Model 237. 
Evaporations were performed ipz racuo, the bath temperature being kept below 45”. 
Column chromatography was performed on Silica Gel Merck (70-325 mesh, E. 
Merck, Darmstadt, Germany), used without pretreatment; the ratio of the weight of 
substance to the weight of silica gel was 1:50; the volume of the fractions collected was 
34 ml per g of the substance; and the ratio of diameter of the column to its length 
was 1:18. The homogeneity of compounds was verified by ascending t.1.c. on pre- 
coated plates of Silica Gel (Merck); the spots were detected by spraying with 20% 
sulfuric acid and heating at 200” for a few min. The microanalyses were performed by 
Dr. W. Manser, Zurich, Switzerland. The amino acid composition of hydrolyzates of 
21 and 22 were determined (A) with a Beckman Spinco Model 117 amino acid analyzer 
and (B) by g.1.c. of the IV-trifluoroacetyl butyl esters with a Perk&Elmer Model 900 
gas chromatograph on a column of Tabsorb (Regis Chemical Co., Chicago, Ill. 60610) 
programmed for a rise of 4” per min from 75” to 225”. The peptides were hydrolyzed 
by heating with constant boiling-point hydrochloric acid (ca. 5.8~) for 24 h at 108”, 
followed by evaporation of the solution in a high vacuum in the presence of sodium 
hydroxide pellets. The dry residue was heated with 3M hydrogen chloride in butanol 
(0.5 ml) for 1 h at loo”, followed by treatment with a 25% solution of trifluoroacetic 
anhydride in dichloromethane (0.1 ml) for 1 h at 100”. The results are reported in 
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molecular proportions relative to the asparagine residue. Discrepancies between the 
found and calculated results for basic amino acid residues have been previously 
reported2 ’ when carbohydrate residues are present. In addition, analysis of crystalline 
NE-tosyk-lysine by method B showed the recovery of only 70% of L-lysine. 

N-Benzyloxycarbonyl-L-threonyl-N’-rosyZ-Mysine p-nitrobenzyl ester (8). - 

Triethylamine (0.4 ml) was added to a mixture of N-benzyloxycarbonyl-L-threonine 
(7,0.77 g, Cycle Chemical Company, Los Angeles, Calif. 90001) and PI’-tosyl+lysine 
p-nitrobenzyl ester (6) benzenesulfonate17 (1.7 g) in 5:l dichloromethane-IV,ZV- 
dimethylformamide (30 ml) at 0”. N,N’-Dicyclohexylcarbodiimide (0.06 g) was added 
and, after 3 h at O”, the reaction mixture was kept overnight at room temperature_ The 
insoluble N,N’-dicyclohexylurea was filtered off and the filtrate evaporated to dryness. 
The syrup was dissolved in ethyl acetate (200 ml), and the solution washed successively 
with 1% sodium hydrogen carbonate, water, hl hydrochloric acid, and water, dried 
(magnesium sulfate), and evaporated. The residue was triturated with ether, and the 
resulting product (1.8 g, 93%) crystallized from hot ethyl acetate, m-p. 138.5-139”, 
[aI2 - 10.5” (c 1 .O, chloroform); i.r. data: ~2:; 3320 (OH), 3250 (NH), 1725 (benzyl- 
oxycarbonyl group CO), and 1700-1600 cm-l (peptide amide I); Rf 0.25 in 9:l (v/v) 
chloroform-methanol. 

Anal. Calc. for C32H38N4010S: C, 57.24; H, 5.71; N, 8.35; S, 4.77. Found: 
C, 57.33; H, 5.78; N, 8.32; S, 4.92. 

N-BenzyZoxycarborzyI-L-Zez~c~~I-L-tltreo~zyl-Nt-tosyZ-L-Zysi~ze p-nitrobenzyl ester 

(11). - A solution of 8 (0.67 g) in glacial acetic acid (4 ml) was treated with 30% 
hydrogen bromide in acetic acid (4 ml) for 1 h at room temperature. Anhydrous ether 
was added to precipitate the hydrobromide of L-threonyl-IV-tosyl-L-lysine p-nitro- 
benzyl ester (9), which was rapidly filtered off and immediately dissolved in the 
minimum volume of N,iV-dimethylformamide (1 ml). Triethylamine (0.14 ml), 
N-benzyloxycarbonyl-L-leucine p-nitrophenyl ester’* (10, 0.38 g), and chloroform 
(8 ml) were added, and the solution was stirred for 24 h at room temperature. After 
evaporation, the syrup was washed with ether, and the residue dissolved in ethyl 
acetate. The solution was washed successively with 1% sodium hydrogen carbonate, 
water, M hydrochloric acid, and water, and dried (sodium sulfate). Evaporation and 
crystallization from methanol afforded 0.35 g (4-4%), m-p. (sint. 75’) 153-154’, 

[alii -33” (c 1.2, chloroform); i.r. data: YE; 3300 (OH, NH), 1740 (benzyloxy- 
carbonyl group CO), and 1610 and 1620 cm- ’ (peptide amide I); RF 0.23 in 9:l (v/v) 
chloroform-methanol. 

Anal- Calc. for C38H48NS011S: C, 58.31; H, 6.18; N, 8.95; S, 4.10. Found: 
C, 58.19; H, 6.24; N, 8.77; S, 4.20. 

Na-Benz~~IoxycarbonyZ-N’-tos~~l-L-lysyi-(~-aspartic p-nitrobenzyl i,4-diester) (15). 
- IV-Benzyloxycarbonyl-NE-tosyl-r.-lysine (19, 1.24 g) and 1,4-di(p-nitrobenzyl) 
L-aspartate (14) benzenesulfonate’g (1.6 g) in acetonitrile (50 ml) were treated with 
triethylamine (0.4 ml) and the solution was cooled to 0”. N,N’-Dicyclohexylcarbo- 
diimide (0.62 g) was added, and the resulting mixture stirred for 4 h at 0” and at room 
temperature overnight. The solvent was evaporated and the residue dissolved in ethyl 
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acetate. After filtration from the N,N’-dicyclohexylurea, the filtrate was successively 
washed with M hydrochloric acid, water, 1% sodium hydrogen carbonate solution, 
water, and dried (sodium sulfate). After evaporation, the residue was crystallized 
from ethyl acetate (2.2 g, 77%), m.p. 144-145” (sint. at 141”), [&“ +9-l” (c 1.4, 
chloroform); i-r. data: ~2:: 3300 (NH), 1690 (benzyloxycarbonyl group C=O), and 
1525-1725 cm-’ (peptide amide I); R, 0.31 in 9:1 (v/v) chloroform-methanol. 

Anal. Calc. for C,,H,,N,O,sS: C, 57.14; H, 5.04; N, 8.53; 5, 3.92. Found: 
C, 57.27; H, 5.15; N, 8.55; S, 3.97. 

NE-TOSyl-L-ly~yZ-(L-a~partic p-nitrobenzyl I,Cdiester) hydrobrontide (16). - A 
solution of 15 (1.0 g) in acetic acid (4 ml) was treated with 30% hydrogen bromide in 
acetic acid (4 ml). After 1 h, ether was added and the precipitated salt (0.9 g, 96%) 
was collected and recrystallized from methanol-ether (0.75 g, 80%), m.p. 105-106”; 
[a]:’ +2.8” (c 1.1, NJV-dimethylformamide); i-r. data: vzzi 3275, 3375 (NH), 2950 
(NH;), and 1525-1730 cm- ’ (peptide amide I). 

Anal. Calc. for C,,H,,N,O,,S-HBr: C, 48.55; H, 4.73; N, 9.13; S, 4.18. 
Found: C, 48.48; H, 4.78; N, 8.98; S, 4.27. 

N-BenzyZoxycarbonyZ-L-tZ~reonyZ~~”-tosyZ-L-ZysyZ-(L-a~partic p-nitrobenzyl 1,4- 

diester) (17). - Solutions of N-benzyloxycarbonylthreonine (7, 0.126 g, Cycle 
Chemical Co.) in dichloromethane (10 ml) and 16 (0.383 g) in N&V-dimethylfor- 
mamide (2 ml) and triethylamine (0.07 ml) were cooled to 0”, and mixed. N,N’- 
Dicyclohexylcarbodiimide (0.10 g) was added and the mixture stirred for 8 h at 0” 
and overnight at room temperature. The dichloromethane was evaporated and the 
N,N’-dicyclohexylurea was filtered off. Upon dilution of the filtrate with water, the 
tripeptide was precipitated. After filtration, it was dissolved in ethyl acetate and the 
solution washed with M hydrochloric acid, water, 1% sodium hydrogen carbonate 
solution, and water, and then dried (sodium sulfate). After evaporation, crystallization 
from methanol gave 0.35 g (76%), m-p. 84-85’, [a]:” -4.2” (c 1.0, chloroform); i-r. 
data: vzz 3290 (NH); 1675 (benzyloxycarbonyl CO), and 1525-1725 cm-’ (peptide 
amide I) ; R, 0.18 in 9:1 (v/v) chloroform-methanol. 

Anal. Calc. for C,,H,sN,O,$: C, 56.03; H, 5.25; N, 9.12. Found: C, 56.06; 
H, 5.21; N, 9.06. 

N-Be~zzyZoxycarbonyZ-~-ZezrcyZ-L-threo~zyZ-Ne-tosyZ-L-ZysyZ-(L-aspartic p-nitro- 

benzyZ2,#-diester)-(19). - Compound 17 (0.49 g) was dissolved in acetic acid (2 ml) 
and 30% hydrogen bromide in acetic acid (2 ml) was added. After 1 h at room temper- 
ature, ether was added to precipitate the hydrobromide of lS, which was washed with 
ether by decantation. It was dissolved in N,N-dimethylformamide (2 ml) and tri- 
ethylamine (0.07 ml) was added to give free 18. After addition of N-benzyloxy- 
carbonyl-L-leucine p-nitrophenyl ester” (10, 0.191 g) in chloroform (5 ml), the 
pale-yellow solution was kept for 24 h at room temperature. The chloroform was 
evaporated, ethyl acetate (5 ml) added, and the solution was successively washed with 
1% sodium hydrogen carbonate solution, water, M hydrochloric acid, water, and then 
dried (magnesium sulfate). After evaporation of the solvent, the syrupy residue was 
crystallized from methanol (0.3 g, 58%), m.p. 108-log”, [a]? -20” (c 1.4, chloro- 
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form); i.r. data: ~2: 3300 (NH), 1680 (benzyloxycarbonyl CO), and 1525-1730 cm- ’ 
(peptide amide I); Rt: 0.20 in 9:l (v/v) chloroform-methanoi. 

Anal. Calc. for CS9H5sN701sS.H20: C, 55.95; H, 5.84; N, 9.32; S, 3.04. 
Found: C, 55.80; H, 5.69; N, 9.33; S, 3.55. 

2-Acetamido-3,4,6-triri-O-acetyl-I-N-[N-(benzyZoxycar~ony~-~-aspart-l-oyZ- 
(glycine ethyZ ester)-kuy~-2-deoxy-1B-D-glucopyranoJyl~ (4). - A. To a solution 
of 2-acetamido-3,4,6-tri-O-acetyI-l-N-[~-(benzyloxycarbonyI)-aspart4oyl]-2-deoxy- 
j?-D-glucopyranosylamine’ 6 (1, 0.59 g) in dichloromethane (35 mI) was added a 
solution of glycine ethyl ester (2) Cprepared by treatment of a solution of gIycine ethyl 
ester hydrochloride (0.14 g) in N,N-dimethylformamide (2 ml) and triethylamine 
(0.14 ml)]. The suspension was stirred at 0” till a clear solution was obtained, N,N’- 
dicyclohexylcarbodiimide (0.21 g) was added, and the mixture stirred for 24 h at room 
temperature. The suspension was filtered, and the filtrate evaporated. The residue was 
extracted with chloroform (100 ml), and the solution washed successively with M 

hydrochloric acid, 1% sodium hydrogen carbonate, and water, and dried (magnesium 
suifate). After evaporation, the crystalline residue (0.25 g) was dissolved in N,N- 
dimethylformamide. The N,N’-dicyciohexylurea crystallized at room temperature. 
After titration, the mother liquor was refrigerated, and gave a product, m-p. 252- 
254”, which was further purified from the remaining N,N’-dicycIohexy!urea by column 
chromatography on silica gel. Chloroform eluted N,N’-dicyclohexylurea (R, 0.63 in 
141, v/v, chloroform-methanol) and 7:l (v/v)chloroform-methanoi gave crystalline 4 
(0.085 g, 12.5%), which was recrystallized from hot acetonitrile, m-p. 253-255”, 
[c&’ +8.9” (c 1.1, N,N-dimethylformamide; i.r. data: YE:; 3300 (NH), 1725 (OAc), 
1690 (benzyIoxycarbony1 group CO), and 1540-1640 cm-’ (peptide amide I); 
R, 0.43, in 14:l (v/v) chloroform-methanol. 

Anal. Calc. for C,,-,H,,N~0,4: C, 52.94; H, 5.92; N, 8.23; 0, 32.91. Found: 
C, 52.94; H, 5.86; N, 8.08; 0, 32.80. 

B. To a solution of N-ethyl-5-phenylisoxazolium-3’-sulfonate (0.1258) in ace- 
to&rile (20 ml) at 0” was added 1 (0.298 g) and N-methylmorpholine (0.05 ml) in 
acctonitrile (40 ml). The reaction mixture was stirred for 65 min at room temperature 
until the suspension had clarified. A solution of glycine ethyl ester (2) hydrochloride 
(0.07 g, AIdrich Chemical Co.) in acetonitrile (12 ml) and N-methylmorpholine 
(0.05 ml) was added, and stirring was continued for 24 h. The acetonitrile was 
evaporated, dichloromethane (100 ml) added, and the solution washed successively 
with 1% hydrogen carbonate, water, M hydrochloric acid, and water, and dried 
(magnesium sulfate). After evaporation, crystallization of the residue from acetonitriie 
gave 4 (0.082 g, 24%), m.p. 253-254”; the i-r. spectrum was identical with that of the 
material obtained by method A. 

2-Acetanrido-3,4,6-tri-O-acetyI-I-N-[N-(benzy~oxycarbony~-L-~part-l-oyZ-~~e- 
nylalanine nzetlzyz ester)d-oyl]-2-deoxy-jh-ghopyranosyhnine (5). - A. L-Phenyl- 
alanine methyl ester (3) hydrochloride (0.108 g, AIdrich Chemical Co.) was condensed 
with l(0.298 g) in dichloromethane in the presence of N,N’-dicyclohexykarbodiimide 
(0.103 g) after treatment with triethylamine (0.07 ml), essentiahy as described for the 
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preparation of 4 by method A. The resulting crude, white solid (0.35 g) was purified 
by column chromatography on silica gel. Chloroform eluted N,N’-dicyclohexylurea 
(RF 0.63 in 9:1, v/v, chloroform-ethanol) and 14~1, v/v, chloroform+thanol5, which 
was recrystallized from acetonitrile to give 0.05 g (13%), m.p. 271-272”, [a]2 +7.5” 
(c 1 .O, N,N-dimethylformamide); i.r. data: vi;; 3300 (NH), 1735 (OAc), 1690 
(benzyloxycarbonyl group CO), and 1520-1640 cm- ’ (peptide amide I); RP 0.48 in 
14: 1 (v/v) chloroform-methanol. 

Anal. Calc. for Cs6H44N4014: C, 57.15; H, 5.86; N, 7.40; 0, 29.60. Found: 
C, 57.26; H, 5.88; N, 7.17; 0, 29.22. 

B. Compound 5 was prepared from 1 (0.298 g) by the same procedure B as 
described for 4, starting from L-phenylalanine methyl ester (3) hydrochloride (0.108 g) 
instead of 2. The crude product (0.15 g) was recrystallized from acetonitrile (0.13 g, 
34%), m.p. 274-276”; the i-r. spectrum was identical with that of the product prepared 
by method A. 

2-Acetamido-3,4,6-tri-O-acetyl-I-N-~-(benzyloxycarbonyI)-L-aspcrrt-I-oyZ-(L- 

leucyl-L-threonyl-NE-tosyl-i_-lysine p-nitrobenzyl ester)-4-oyZ]-2-deoxy-j?-o-gluco- 

pyranosylanzine (21). - To a solution of 11 (0.391 g) in glacial acetic acid (2 ml) was 
added 30% hydrogen bromide in acetic acid (2 ml). The mixture was kept for 1 h at 
room temperature and the resulting hydrobromide was precipitated with anhydrous 
ether and rapidly filtered off. Treatment with triethylamine (0.07 ml) in NJ- 
dimethylformamide (2 ml) gave the free amino acid peptide 12, which was condensed 
with 1 (0.298 g) in dichloromethane (20 ml) in the presence of N,N’-dicyclohexyl- 
carbodiimide (0.105 g) essentially under the same conditions as described for the 
preparation of 4. The crude product (0.2 g) was putied by column chromatography 
on silica gel. Chloroform eluted N,N’-dicyclohexylurca and 19:l (v/v) chloroform- 
ethanol gave 21, which was recrystallized from 1:l (v/v) methanol<hloroform 
(0.045 g, 7.5%), m-p. 248-250”, [a]? - 3.4” (c 0.3, NJ-dimethylformamide); t.1.c. 
(19:1, v/v, chloroform-ethanol): RF 0.48, (9:1, v/v, chloroform-methanol): RF 0.91; 
i.r. data: v?; 3300 (NH), 1740 (OAc), 1700 (benzyloxycarbonyl group CO), and 
1520-1660 cm- r (peptide amide I). 

Anal. Calc. for C,BH,,N,O,,S: C, 54.86; H, 6.00; N, 9.13; S, 2.62. Found: 
C, 54.83; H, 6.07; N, 9.12; S, 2.76. Ammo acids: Asp 1.00 (A, B); Lys 0.13 (A), 0.17, 
0.29 (B); Leu 0.33 (A), 0.93, 0.92 (B); and Thr 0.88 (A), 1.06, 0.99 (B). 

2-Acetanzido-3,4,6-tri-O-acetyZ-I-N-(N-(benzyIoxycarbonyl)-L-aspart-I-oyl-[L- 

leucyl-L-threonyl-Nt-rosyl-L-Iysyl-(L-aspartic p-nitrobenzyl I,4-diester]-4-oyZ)-2-deoxy- 

/I-D-ghtcopyranosylnine (22). - To a solution of N-ethyl-5-phenylisoxazolium-3’- 
sulfonate (0.063 g) in acetonitrile (20 ml) at 0” was added 1 (0.15 g) and N-methyl- 
morpholine (0.025 ml) in acetonitrile (20 ml). The reaction mixture was stirred at 
room temperature until the suspension had clarified (65 mm). A solution of the 
hydrobromide of L-leucyl-L-threonyl-W-tosyl-L-lysyl-(L-aspartic p-nitrobenzyl 2,4- 
diester) (20) was prepared by treatment of 19 (0.258 g) in acetic acid (1 ml) with 30% 
hydrogen bromide in acetic acid (1 ml) for 1 h at room temperature, followed by 
addition of ether and washing with this solvent by decantation. The precipitate was 
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dissolved in acetonitrile (10 ml) and treated with IV-methylmorpholine (0.025 ml) to 
give 20. This solution was added to the clear solution of 1 and stirring was continued 
for 24 h. The-acetonitrile was evaporated and chloroform (75 ml) added. The solution 
was successively washed with a 1% sodium hydrogen carbonate solution, water, M 
hydrochloric acid, and water, and dried (sodium sulfate). After evaporation, 
crystallizatioti of the residue from acetonitrikgave 37 mg (12%), m.p. 232-234” (dec) 
(sint. at 21 S’), [a]:’ - 6.7” (c 0.5, N,N-dimethylformamide); i-r. data: v:,“; 3300 (NH), 
1735 (OAc), 1650 (benzyloxycarbonyl group CO), and 1525-1690 cm-’ (peptide 
amide I); RF 0.65 in 14~1 (v/v) chloroform-methanol, RF 0.89 in 9:1 (v/v) chloroform- 
methanol. On evaporation of the mother liquor, additional material was obtained 

(5 mg). 
Anal. Cab for C67H84N10026S: C, 54.47; H, 5.73; N, 9.46; S, 2.17. Found: 

C, 54.40; H, 5.72; N, 9.32; S, 2.24. Amino acids: Asp 2.00 (A, B); Lys 0.13 (A), 0.17, 
0.31 (B); Leu 1.02 (A), 1.01, 0.99 (B); and Thr 1.00 (A), 1.19, 1.00 (B). 
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