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roform-methanol (90:10) as developing solvent were (mobilities of
authentic standards in parentheses) 6a, 0.37, (20¢ = 0.26; 208 = 0.37);
6b, 0.47 (20 = 0.37; 208 = 0.47); (chloroform-methanol, 85:15) 6c,
0.32 (20 = 0.24; 208 = 0.32); 6d, 0.25 (20« = 0.18, 208 = 0.25).

Acknowledgments. This investigation was supported by
U.S. Public Health Service Grants CA 14914, AM 09006, and
RR 5589. S.;-w.0.is a trainee of theNational Cancer Institute
(Grant CA 5215).

Registry No.—1a, 64-85-7; 1b, 152-58-9; l¢, 50-22-6; 1d, 50-23-7;
2a, 853-27-0; 2b, 20287-95-0; 2¢, 20287-97-2; 2d, 14760-49-7; 3a,
59005-48-0; 3b, '59005-49-1; 3c, 59005-50-4; 3d, 59005-51-5; 4a,
59005-52-6; 4b, 59005-53-7; 4e, 59005-54-8; 4d, 59005-55-9; 5a,
59005-56-0; 8b, 59005-57-1; 5¢, 59005-58-2; 5d, 59005-59-3.

References and Notes

(1) E. C. Kendall, H. L. Mason, B. F. McKenzie, C. S. Myers, and G. A. Koeische.
Proc. Staff Meet. Mayo Clin., 9, 245 (1934),

Garg and Jeanloz

2) L.eFo.oFleser and M. Fieser, ‘‘Steroids’’, Reinhold, New York, N.Y., 1959,

(3) K. O. Martin and C. Monder, Biochemistry, 15, 576 (1976).
(4) H. L. Bradlow, B. Zumoff, C. Monder, H. J. Lee, and L. Hellman, J. Clin.
Endocrinol. Metab., 37, 811 (1973).
(5) H. L. Bradlow, B. Zumoff, C. Monder, and L. Hellman, J. Clin. Endocrinol.
Metab., 37, 805 (1973).
(6) }-:.QL.SLee and C. Monder, Fed. Proc., Fed. Am. Soc. Exp. Biol., 36, 479
(1973).
(7) J. von Euw and T. Reichstein, Helv. Chim. Acta, 24, 1140 (1941).
(8) T. Reichstein, U.S. Patent 2 389 325; Chem, Abstr., 40, 1974 (1946).
(8) W. Schindler, H. Frey, and T. Reichsteln, Helv, Chim. Acta, 24, 360 (194 1).
(10) D. Taube, R. H. Psttebone, N. L. Wendler, and M. Tishler, J. Am. Chem. Soc.,
76, 4094 (1954).
(11) C. 8. Furfine and A. White, J. Biol, Chem., 243, 1190 (1968).
(12) Soc. pour I'Ind. Chim a Bale, Swiss Patent 235 507; Chem. Abstr., 43,
7055h,i(1949),
(13) (S1cghse8r)ing A.-G., German Pagent 870 103; Chem. Abstr., 52, P15603g
(14) S1 9I-ls.el'-’ines, J. M. Chemerda, and M. A, Kozlowski, J. Org. Chem,, 31, 3446

(15) C. Mor;der and C. 8. Furfine, Methods Enzymol., 18, 667 (1969).

Synthesis of Substituted Glycopeptides Containing
a 2-Acetamido-2-deoxy-8-D-glucopyranosyl Residue and the
Amino Acid Sequence 18-22 of Bovine Pancreatic Deoxyribonuclease A!

Hari G. Garg and Roger W. Jeanloz*

Laboratory for Carbohydrate Research, Departments of Biological Chemistry and Medicine, Harvard Medical School
and Massachusetts General Hospital, Boston, Massachusetts 02114

Received December 22, 1975

Condensation of 2-acetamido-3,4,6-tri-O-acetyl-1-N-[N-(benzyloxycarbonyl)-L-aspart-4-oyl]-2-deoxy-3-D-glu-
copyranosylamine (1) with protected L-alanine, L-alanyl-L-threonine, L-alanyl-L-threonyl-L-leucine, and L-alanyl-
L-threonyl-L-leucyl-L-alanine derivatives gave glycodi-, -tri-, -tetra-, and.-pentapeptides corresponding to the se-
quences 18-19, 18-20, 18-21, and 18-22 of deoxyribonuclease A.

Glycoproteins containing the 2-acetamido-1-N-(L-as-
part-4-oyl)-3-D-glucosylamine carbohydrate—protein linkage
include many of the biologically important proteins, such as
hormones, enzymes, plasma proteins, etc.2 The mechanism
of the biosynthesis of the carbohydrate chain and its attach-
ment to the protein backbone are not as yet completely elu-
cidated, because of the difficulty in the separation and iden-
tification of the final product, in addition to the instability of
the possible carbohydrate intermediates. For this reason, a
study of the biosynthesis of glycoproteins based ori chemically
synthesized peptide acceptors and carbohydrate intermedi-
ates34 has been undertaken in this laboratory. Glycoproteins
from pancreatic tissues were selected because this tissue has
been shown to synthesize rapidly the possible intermedi-
ates.

In a preceding paper,® we have described the synthesis of
glycopeptides derived from beef ribonuclease B and in the
present paper we describe the synthesis of glycopeptides de-
rived from beef deoxyribonuclease A. This enzyme exists in
bovine pancreatic tissue in three forms, A, B, and C, which
differ in the carbohydrate composition of the chain attached
to Asn-18 as well as in their amino acid sequences.>-8 In ad-
dition, the amino acid sequence Asn-X-Ser, which is generally
assumed to be a prerequisite for the linkage of a carbohydrate
chain to an asparagine residue,? exists at Asn-103, X being
Asp-104, but no carbohydrate chain is linked to Asn-103.
Thus, biosynthetic experiments with glycopeptides derived
from the Asn-18 and Asn-103 regions could give important
information on the role played by the amino acid sequence in
the formation and structure of the carbohydrate chain. As
model glycopeptides, the synthesis of di-, tri-, tetra-, and

pentapeptides related to the sequence 18-22 (Asn-Ala-
Thr-Leu-Ala) of deoxyribonuclease A, where a 2-acetamido-
2-deoxy-B3-D-glycopyranosyl residue is linked to the amide
group of the Asn-18 residue, is described.

The present synthesis of the protected glycopeptides Asn
(GleNAc)-Ala (2 and 3), Asn (GleNAc)-Ala-Thr (11 and 12),
Asn (GleNAc)-Ala-Thr-Leu (13), and Asn (GlcNAc)-Ala-
Thr-Leu-Ala (14) is based on the synthesis of the peptide
chain, unmasking of the terminal amino group, and conden-
sation with 2-acetamido-3,4,6-tri-O-acetyl-1-N-[N-(ben-
zyloxycarbonyl)-L-aspart-1-oyl]-2-deoxy-B8-D-glucopyra-
nosylamine (1), in a sequence of reactions similar to that de-
scribed? for the synthesis of glycopeptides derived from the
region of Asn-34 of beef ribonuclease B. Of the two reagents
for peptide synthesis, N-ethyl-5-phenylisoxazolium 3’-sul-
fonate® (WRK) and 2-ethoxy-N-ethoxycarbonyl-1,2-dihy-
droquinoline!® (EEDQ), thelatter-named reagent was found
to be more efficient for the synthesis of N%-glycosylaspara-
gine,l! but less efficient for peptides of high molecular weight.!2
Both reagents were tested for the condensation of the glyco-
pyranosylamine 1 with L-alanine p-nitrobenzyl ester to give
crystalline  2-acetamido-3,4,6-tri-O-acetyl-1-N-[N-(ben-
zyloxycarbonyl)-L-aspart-1-oyl-(L-alanine p-nitrobenzyl
ester)-4-oyl]-2-deoxy-8-D-glucopyranosylamine (2) in similar
yields. The p-nitrobenzyl ester group, protective of the C-
terminal group, is stable under acid conditions and, thus, is
useful for elongation of the peptide chain from the N-terminal
group. In order to elongate the chain at the C-terminal group,
the methyl ester derivatives, which can be easily converted
into reactive hydrazides,!* were selected. Condensation of 1
with L-alanine methyl ester in the presence of the WRK re-
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OAc CH(CH,),
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agent gave, however, the methyl ester analogue 3 of 2 only in
25% vield.

In order to ascertain whether the alkaline condition of the
peptide chain elongation might cause a translocation of the
glycosylamine group from C-4 to C-1 of the asparagine moiety,
the isomeric glycosylamine of 1, namely 2-acetamido-3,4,6-
tri-O-acetyl-1-N-[N-(benzyloxycarbonyl)-L-aspart-1-oyl]-
2-deoxy-8-D-glucoypyranosylamine (4), was condensed with
L-alanine p-nitrobenzyl ester and L-phenylalanine methyl
ester in the presence of the WRK or EEDQ reagent to give
2-acetamido-3,4,6-tri-O-acetyl-1-N -[N-(benzyloxycar-
bonyl)-L-aspart-4-oyl-(L-alanine nitrobenzy!l ester and L-
phenylalanine methyl ester)-1-oyl]-2-deoxy-8-D-glucopyra-
nosylamine (5 and 6), respectively. Both 5 and 6 showed
properties different from those of the analogue 3 and of the
previously synthesized 2-acetamido-3,4,6-tri-O-acetyl-1-
N-[N-(benzyloxycarbonyl)-L-aspart-1-oyl-(L-phenylalanine
methyl ester)-4-oyl]-2-deoxy-3-D-glucopyranosylamine,?
respectively, and no transposition products were observed.

Removal of the protective N-benzyloxycarbonyl group from
the methyll5 and p-nitrobenzyl esters of N-(benzyloxycar-
bonyl)-L-alanyl-L-threonine (7 and 9), obtained by conden-
sation of N-benzyloxycarbonyl-L-alanine with L-threonine
methyl or p-nitrobenzyl ester in the presence of dicyclohex-

14, R = NHCHCONHCHCO,CH, C, H,NO,(p)

acarbodiimide, gave the corresponding dipeptides 8 and 10.
These were coupled with 1 in the presence of the WRK reagent
to give the crystalline glycotripeptides 2-acetamido-3,4,6-
tri-O-acetyl-1-N-[N-(benzyloxycarbonyl)-L-aspart-1-oyl-
(L-alanyl-L-threonine methyl and p-nitrobenzyl ester)-4-
oyl]-2-deoxy-B-D-glucopyranosylamine (11 and 12), in 38 and
30% yields, respectively. These protected glycotripeptides
correspond to the amino acid sequence 18-20 of deoxyribo-
nuclease A. ’

The synthesis of the p-nitrobenzyl ester of the tri- and te-
trapeptides N-(benzyloxycarbonyl)-L-alanyl-L-threonyl-
leucine (16) and N-(benzyloxycarbonyl)-L-alanyl-L-thre-
onyl-L-leucyl-L-alanine (19) by coupling N-(benzyloxycar-
bonyl)-L-alanyl-L-threonine hydrazide (15) via the azide
derivative with L-leucine p-nitrobenzyl ester and with N-
(benzyloxycarbonyl)-L-leucinyl-L-alanine p-nitrobenzyl ester
(18), after removal of the N-(benzyloxycarbonyl) group, re-
spectively, is illustrated in Schemes I and II. After removal
of the protective N-(benzyloxy¢arbonyl) group, the tripeptide
17 was condensed with 1 in the presence of either the WRK
or the EEDQ reagent to give crystalline 2-acetamido-3,4,6-
tri-O-acetyl-1-N-[N-(benzyloxycarbonyl)-L-aspart-1-oyl-
(L-alanyl-L-threonyl-L-leucine p-nitrobenzyl ester)-4-oyl]-
2-deoxy-B-D-glucopyranosylamine (13), which corresponds
to the amino acid sequence 18-21 of deoxyribonuclease A. In

Scheme I both cases, the yields of 13 were low (19 and 13%, respec-
Ala Thr Leu tively).
Cbz OMe A similar condensation of the deblocked tetrapeptide 20,
15 Cbz NHNH, PhSO,H-H,N—OCH,C,H,NO,(p) obtained from 19, with 1 in the presence of the WRK or EEDQ
Chz N, H,N——OCH,C,H,NO,(r) reagent gave the crystalline, protected glycopentapeptide
16 Chz OCH,C,H,NO,(p) 2-acetamido-3,4,6-tri-O-acetyl-1-N-[N-(benzyloxycar-
17 H,N OCH,C,H,NO,(p) bonyl)-L-aspart-1-oyl-(L-alanyl-L-threonyl-L-leucyl-L-alanine
Scheme 11
Ala Thr Leu Ala
Chz ———— OC,H,NO,(p) H,N OCH, C,H,NO,(p)
18 Cbz OCH,C,H,NO,(p)
HBr-H,N OCH,C,H,NO,(p)
Chz N, H,N OCH,C,H,NO,(p)
19 Cbz OCH;C,H,NO, (p)
20 H,N OCH,C,H,NO,(p)
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Table I.

Garg and Jeanloz

Amino Acid Composition of the Synthetic Glycopeptides?

Amino acid analysis

Found Found
Theory (GLC) (Beckman)
L-Alanine p-nitrobenzyl ester (2) L-Asp  1.00 1.00
L-Ala 1.00 0.81
L-Alanine methyl ester (3) L-Asp 1.00 1.00
L-Ala 1.00 1.06
L-Alanyl-L-threonine methyl ester (11) L-Asp 1.00 1.00
L-Ala 1.00 0.86
L-Thr 1.00 0.91
L-Alanyl-L-threonine p-nitrobenzyl ester (12) L-Asp  1.00 1.00 1.00
L-Ala 1.00 0.92 0.93
L-Thr 1.00 1.04 0.91
L-Alanyl-L-threonyl-L-leucine p-nitrobenzyl ester (13) L-Asp 1.00 1.00 1.00
L-Ala 1.00 0.82 0.98
L-Leu  1.00 0.90 0.98
L-Thr 1.00 1.00 0.96
L-Alanyl-L-threonyl-L-leucyl-L-alanine p-nitrobenzyl ester (14) L-Asp 1.00 1.00 1.00
L-Ala 2.00 2.08 1.89
L-Leu 1.00 0.99 0.93
L-Thr 1.00 0.84 0.78

@ 2-Acetamido-3,4,6+tri-O-acetyl-1-N- [N- (benzyloxycarbonyl)-L—aspart-l-oyl-(peptide ester)-4-oyl}-2-deoxy-8-D-glucopyrano-

sylamine.

p-nitrobenzyl ester)-4-oyl]-2-deoxy-B8-D-glucopyranosylamine
(14), corresponding to the amino acid sequence 18~22 of ri-
bonuclease A. The respective yields were 11 and 3%. The low
yield of the condensation in the presence of the EEDQ reagent
‘is in agreement with the low yields obtained previously in the
synthesis of high molecular weight polypeptides with this
reagent.1?

Experimental Section

General Methods. Melting points were determined with a Mettler
FP-2 apparatus and correspond to “corrected melting points”.
Rotations were determined for solutions in 1-dm semimicrotubes with
a Perkin-Elmer No. 141 polarimeter. The N,N-dimethylformamide
used was Spectro-reagent grade. Ir spectra were recorded for potas-
sium bromide disks, with a Perkin-Elmer spectrophotometer Model
237. Evaporations were performed in vacuo, the bath temperature
being kept below 45 °C. 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 1:60; the volume of the fractions collected was
2 ml/g of the substance; the ratio was verified by ascending TLC on
precoated plates of silica gel (Merck); solvents (v/v) used were A,
chloroform-methanol, 19:1; B, chloroform—ethanol, 19:1; C, chloro-
form-methanol, 14:1; D, chloroform-methanol, 9:1; E, chloroform-
ethanol, 14:1; the spots were detected by spraying the plates with 20%
sulfuric acid and heating them at 200 °C for a few minutes, The mi-
croanalyses were performed by Dr. W, Manser, Zurich, Switzer-
land.

The amino acid composition of the peptides was determined after
hydrolysis by heating the solution for 24 h at 108 °C with hydrochloric
acid (ca. 5.8 M, constant boiling point), followed by evaporation in
the presence of NaOH pellets. (a) The dry residue was heated with
3 M hydrochloric acid (5 ml) for 1 h at 100 °C, followed by treatment
with a 25% solution of trifluoroacetic anhydride in dichloromethane
(0.1 ml) for 1 h at 100 °C. GLC analysis of the N-trifluoroacetyl butyl
esters was performed on a column of Tabsorb (Regis Chemical Co.,
Chicago, Ill.) programmed for a rise of 4 °C/min from 75 to 225 °C.
{(b) The amino acid composition of the residue was determined with
a Beckman Spinco Model 117 amino acid analyzer.

2-Acetamido-3,4,6-tri-O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanine p-nitrobenzyl ester)-4.oyl}-2-
deoxy-B-D-glucopyranosylamine (2). A. To a solution of N-
ethyl-5-phenylisoxazolium 8’-sulfonate (63 mg) in acetonitrile (10 ml)
at 10 °C was added 1 (0.149 g) and N-methylmorpholine (25 ul) in
acetonitrile (20 ml). The reaction mixture was stirred and the ice bath
was removed. After 65 min, all compounds were in solution. L-Alanine

p-nitrobenzyl ester hydrobromidel? (80 mg) in acetonitrile (10 ml)
and N-methylmorpholine (25 ul) were added. The mixture was stirred
for 24 h at room temperature, and the solvents were removed in vacuo.
The residue was dissolved in chloroform, and the solution was suc-
cessively washed with 1 M hydrochloric acid, water, 1% sodium hy-
drogen carbonate, and water, dried with sodium sulfate, and evapo-
rated in vacuo. The residue was crystallized from chloroform-meth-
anol (0.125 g, 62.5%): mp 271-273 °C dec; [«]?2D +4.7° (¢ 0.94,
N,N-dimethylformamide); ir 3300 (NH), 1740 (OAc), 1650 (ben-
zyloxycarbonyl group CO), 1580-1680 cm~! (peptide amide1); R,
0.63 (D), 0.54 (E).

Anal. Caled for C36Hy3NzO16: C, 53.93; H, 5.41; N, 8.73; O, 31.93.
Found: C, 53.98; H, 5.50; N, 8.78; O, 32.04.

B. A solution of 1 (0.149 g) in tetrahydrofuran-acetonitrile (20 ml)
was mixed with L-alanine p-nitrobenzyl ester hydrobromide (80 mg)
in the same solvent mixture (1 ml) containing triethylamine (35 ul),
and treated with N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
(EEDQ, 0.62 g). The mixture was stirred overnight and evaporated
in vacuo. The residue was dissolved in chloroform and processed as
described in method A. The residue crystallized as long needles from
chloroform-methanol (0.13 g, 65%), mp 274-275 °C; ir spectrum and
mobility on TLC were identical with those of material obtained by
method A.

2-Acetamido-3,4,6-tri-O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanine methyl ester)-4-oyl]-2-deoxy-
B-D-glucopyranosylamine (3). To a solution of N-ethyl-5-phenyl-
isoxazolium 3'-sulfonate (0.125 g) in acetonitrile (20 ml) at 0 °C was
added 1 (0.298 g) and N-methylmorpholine (50 1) in acetonitrile (40
ml). The suspension was treated as described for 2, and a solution of
L-alanine methyl ester hydrochloride (70 mg)'® in acetonitrile (12 ml)
and N-methylmorpholine (50 ul) was added. The mixture was treated
as described for 2 and the residue was crystallized from hot methanol
(85 mg, 25%): mp 268-269 °C dec (sintered at 255-257 °C); [«]2°D
+7.9° (¢ 0.94, N,N-dimethylformamide); ir 3300 (NH), 1650 (ben-
zyloxycarbonyl group CO), 15650-1740 cm™! (peptide amide I); Ry 0.58

C)

Anal. Caled for C30H4()N4014: C, 52.94; H, 5.92; N, 8.23; 0, 32.91.
Found: C, 52.86; H, 5.96; N, 8.28; 0, 32.91.

2-Acetamido-3,4,6-tri- O-acetyl-1-N-[ N-(benzyloxycarbon-
yl)-L-aspart-4-oyl-(L-alanine p-nitrobenzyl ester)-1-oyl]-2-
deoxy-B3-D-glucopyranosylamine (5). A, A solution of 4 (0.15 g)1®
in benzene—ethanol (1:1 v/v, 20 ml) was mixed with a solution of L-
alanine p-nitrobenzyl ester hydrobromide (80 mg) in the same solvent
mixture (5 ml) containing triethylamine (35 ul), and EEDQ (65 mg)
was added. The mixture was stirred overnight and the solvents were
removed in vacuo. The residue was washed successively with 1 M
hydrochloric acid, water, 1% sodium hydrogen carbonate, and water,
dried with sodium sulfate, evaporated in vacuo, and crystallized from
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acetonitrile (95 mg, 47.5%): mp 238-239 °C dec; []1®D ~10.4° (¢ 1.1,
N,N-dimethylformamide); ir 3300 (NH), 1740 (OAc), 1650 (ben-
zyloxycarbonyl group CO), 1550-1700 cm™! (peptide amide I); Ry 0.25
(E).

Anal. Caled for C36H43N5014: C, 53.93; H, 5.41; N, 8.73; O, 31.93.
Found: C, 53.89; H, 5.72; N, 8.84; O, 31.65.

B. To a clarified mixture of N-ethyl-5-phenylisoxazolium 3’-sul-
fonate (63 mg), 4 (0.15 g), and N-methylmorpholine (25 pl) in aceto-
nitrile (20 ml) obtained under conditions described for 2 was added
a solution of L-alanine p-nitrobenzy! ester hydrobromide (80 mg)
containing N-methylmorpholine (25 ul). The mixture was stirred
overnight and the solvents were removed in vacuo. The residue was
dissolved in chloroform, and the solution was washed, dried, and
evaporated as described for 5. The residue was crystallized from ac-
etonitrile (26 mg, 13%): mp 238.5-239 °C dec; ir spectrum and mobility
on TLC were identical w1th those of the compound obtained by
method A.

2-Acetamido-3,4,6-tri- O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-4-oyl-(L-phenylalanine methyl ester)-1-oyl}-2-
deoxy-B-D-glucopyranosylamine (6). A solution of 4 (0.15 g) in
benzene—ethanol (1:1 v/v, 20 ml) was mixed with a solution of L-
phenylalanine methyl ester hydrochloride!® (55 mg) in the same sol-
vent mixture (2 ml) containing triethylamine (35 ul), and EEDQ (65
mg) was added. The mixture was stirred overnight and the solvents
were evaporated. The residue was filtered off, washed successively
with 1 M hydrochloric acid, water, 1% sodium hydrogen carbonate,
and water, dried with sodium sulfate, and crystallized from hot ace-
tonitrile as needles (0.185 g, 71%): mp 263-264 °C dec (sintered at 260
°C); [¢]*'D +1.0° (¢ 0.8, N,N-dimethylformamide); ir 3300 (NH), 1740
(OAc), 1675 (benzyloxycarbonyl group CO), 1555-1695 cm™! (peptide
amide I); R, 0.34 (E).

Anal. Caled for CggH44N4O14: C, 57.14; H, 5.86; N, 7.40; O, 29.60.
Found: C, 57.00; H, 5.83; N, 7.38; O, 29.48.

N-(Benzyloxycarbonyl)-L-alanyl-L-threonine p-Nitrobenzyl
Ester (9). A solution of L-threonine p-nitrobenzyl ester was prepared
by treatment of a solution of N-(benzyloxycarbonyl)-L-threonine
p-nitrobenzyl ester?® (1.94 g) in glacial acetic acid (5 ml) with 30%
hydrogen bromide in acetic acid (5 ml), keeping the mixture at room
temperature for 1 h and precipitating the resulting hydrobromide with
anhydrous ether; the precipitate was rapidly filtered off and treated
with triethylamine (0.7 ml) in N,N-dimethylformamide (5 ml). This
solution was added to a cooled solution (0 °C) of N-(benzyloxycar-
bonyl)-L-alanine (1.12 g} and N,N-dicyclohexylcarbodiimide (1.03
g) in dichloromethane-N,N-dimethylformamide (2:1 v/v, 30 ml). This
mixture was stirred for 3 h at 0 °C and then at room temperature
overnight. The solvents were evaporated and the residue was dissolved
in ethyl acetate. The N,N-dicyclohexylurea was filtered off and the
filtrate was successively washed with 1 M hydrochloric acid, water,
1% sodium hydrogen carbonate, and water, and dried with sodium
sulfate. After evaporation, the residual syrup crystallized on tritu-
ration with hexane. The crystals were recrystallized from ethyl acetate
as long needles (1.3 g, 57%): mp 133-134 °C; [«]?D —55.5° (¢ 0.76,
N,N-dimethylformamide); ir 3325-3375 (NH), 1660 (benzyloxycar-
bonyl group CO), 1525-1746 cm™1! (peptide amide I); By 0.21 (A).

Anal. Caled for CogHosN3Og: C, 57.51; H, 5.48; N, 9.15; O, 27. 86.
Found: C, 57.60; H, 5.68; N, 9.14; 0 27.66.

2-Acetamido-3,4,6-tri- O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanyl-L-threonine methyl ester)-4-
oyl]-2-deoxy-B-D-glucopyranosylamine (11), To a solution of
N-ethyl-5-phenylisoxazolium 8’-sulfonate (63 mg), 1 (0.15 g), and
N-methylmorpholine (25 ul) in acetonitrile (20 ml), prepared under
the conditions described for 2, was added 1.-alanyl-L-threonine methyl
ester hydrobromide in acetonitrile (10 ml) containing N-methyl-
morpholine (25 ul). L-Alanyl-L-threonine methyl ester hydrobromide
was prepared from N-(benzyloxycarbonyl)-L-alanyl-L-threonine
methyl ester! (85 mg) by treatment in acetic acid (1 ml) with 30%
hydrogen bromide in acetic acid (1 ml) at room temperature for 1 h,
subsequent precipitation, and rapid filtration. The mixture was stirred
overnight and the solvent evaporated in vacuo. The residue was dis-
solved in dichloromethane and the solution washed, dried with sodium
sulfate, and evaporated as described for 2. The residue was crystallized
from ethyl alcohol (75 mg, 38%): mp 252-254 °C dec (sintered at 247
°C); [«]?°D +9.4 °C (c 0.54, N,N-dimethylformamide); ir 3300 (NH),
1650 (benzyloxycarbonyl group CO), 15401690 cm=? (peptide amide
I); Ry 0.47 (C).

Anal. Caled for C34H47N5046: C, 52.23; H, 6.06; N, 8.96; O, 32.75.
Found: C, 51.99; H, 6.00; N, 8.67; O, 32.48.

-Acetamld0-3 4 6-tri-O- acetyl 1-N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanyl-L-threonine p-nitrobenzyl es-
ter)-4-oyl]-2-deoxy-3-D-glucopyranosylamine (12). L-Alanyl-
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L-threonine p-nitrobenzyl ester hydrobromide was prepared by
treatment of 9 (0.115 g) in glacial acetic acid (2 ml) with 30% hydrogen
bromide in acetic acid (2 ml) at room temperature for 1 h, subsequent
precipitation with anhydrous ether, and filtration. A solution in ac-
etonitrile (10 ml) containing N-methylmorpholine (25 ul) was added
to a solution of N-ethyl-5-phenylisoxazolium 3’-sulfonate (63 mg),
1 (0.15 g), and N-methylmorpholine (25 ul) in acetonitrile (10 ml)
prepared as described for 2. The reaction mixture was stirred for 24
h and the solvents were removed in vacuo. The residue was dissolved
in chloroform, and the solution was washed, dried; and evaporated
as described for 2. The residue crystallized from methanol (75 mg,
309%): mp 244.5-245.5 °C dec (sintered 241.5 °C); [a]?'D ~18.0° {¢ 0.77,
N,N-dimethylformamide); ir 3300 (NH), 1740 (OAc), 1640 (ben-
zyloxycarbonyl group CO), 1525-1700 cm~ (peptide amide I); By 0.77
(D).

Anal. Calcd for C40H50N5O18 C 53. 21 H 5. 58 N 9. 31; O 31.90.
Found: C, 53.17; H, 5.66; N, 9.38; 0 31.78.

N. -(Benzyloxycarbonyl)-L-alanyl-L-threonine Hydrazide (15).
Hydrazine?2 (95%, 0.6 ml) was added to a solution of methyl N-
(benzyloxycarbonyl)-L-alanyl-L-threonate!5 (2.0 g) in methanol (10
ml) and the mixture was kept at room temperature overnight. The
hydrazide was obtained after evaporation of the solvent and recrys-
tallized from methanol (1.7 g, 85%): mp 208-210 °C; [«]?D —37.4° (c
0.53, 0.2 M hydrochloric acid); ir 3250-3275 (NH), 1630 (benzyloxy-
carbonyl group CO), 1525-1675 cm™~! (peptide amide I).

Anal. Caled for C15H2oN4Os: C, 53.26; H, 6.56; N, 16.54; O, 23.64.
Found: C, 53.08; H, 6.47; N, 16.41; O, 23.69.

N-(Benzyloxycarbonyl)-L-alanyl-L-threonyl-L-leucine p-
Nitrobenzyl Ester (16). N-(Benzyloxycarbonyl)-L-alanyl-L-thre-
onine hydrazide (15, 0.85 g) was dissolved in a mixture of concentrated
hydrochloric acid (0.25 ml), glacial acetic acid (0.75 ml), and water
(6.5 ml), and the solution was cooled to 0 °C. Sodium nitrite (0.175
g) was added with stirring and the syrupy azide formed was extracted
with ethyl dcetate precooled to 0 °C. The extract was washed with cold
water and dried with sodium sulfate. It was added to a precooled so-
lution of L-leucine p-nitrobenzyl ester prepared from a solution of
its benzenesulfonic salt?! (1.06 g) in N,N-dimethylformamide (5 ml)
and triethylamine (0.35 ml). After 24 h at 6 °C and several hours at
room temperature, the solvents were evaporated. The residue was
dissolved in ethyl acetate and washed successively with 1 M hydro-
chloric acid, water, 1% sodium hydrogen carbonate, and water, and
dried with sodium sulfate. The solution was evaporated and the res-
idue dissolved in‘a small amount of ethyl acetate. The insoluble ma-
terial was filtered off, and the filtrate crystallized on cooling (0.975
g, 89%): mp 79-80 °C; [«]22D —12.3° (¢ 0.61, N,N-dimethylformam-
ide); ir 3275 (NH), 1630 (benzyloxycarbonyl group CO), 1550-1750
cm~! (peptide amide I); Ry 0.36 (B).

Anal. Caled for CogHzgN4Og: C, 58.73; H, 6.34; N, 9.78; O, 25.15.
Found: C, 58.63; H, 6.36; N, 9.84; O, 25.22,

N-(Benzyloxycarbonyl)-L-leucyl-L-alanine p-Nitrobenzyl
Ester (18). A solution of p-nitrophenyl N-(benzyloxycarbonyl)-L-
leucinate?® (1.93 g) in chloroform (10 ml) was added to a N,N-di-
methylformamide solution (5 ml) containing L-alanine p-nitrobenzyl
ester hydrobromidel” (1.52 g) and triethylamine (0.7 ml). The mixture
was stirred for 24 h, the solvents were removed, and the residue was
dissolved in ethyl acetate. The organic layer was washed successively
with 1 M hydrochloric acid, water, 1% sodium hydrogen carbonate,
and water, and dried with sodium sulfate. The solvent was evaporated
and the syrup crystallized from ethyl aleohol on cooling (1.7 g, 72%):
mp 108-109 °C; [«]25D —17.3° (¢ 0.87, N,N-dimethylformamide); ir
3300 (NH), 1630 (benzyloxycarbonyl group CO), 1560-1725 ¢cm™!
(peptide amide I); R; 0.7 (B).

Anal. Caled for Co4Ho9N3O7: C, 61.14; H, 6.20; N, 8.91; O, 23.75.
Found: C, 61.14; H, 6.24; N, 8.88; O, 23.89.

N-(Benzyloxycarbonyl)-L-alanyl-L-threonyl- L-leucyl L-
alanine p-Nitrobenzyl Ester (19). N-(Benzyloxycarbonyl)-L-leu-
cyl-L-alanine p-nitrobenzy! ester (18, 0.24 g) was converted into its
hydrobromide derivative by dissolving it in glacial acetic acid (1.5 ml)
and treating the solution with 30% hydrogen bromide in acetic acid
(1.5 ml) for 1 h at room temperature. The hydrobromide was precip-
itated by anhydrous ether and rapidly filtered off, dissolved in
N,N-dimethylformamide (1 ml), and treated with triethylamine (70
ul). The resulting product was condensed with the azide prepared
from N-(benzyloxycarbonyl)-L-alanyl-L-threonine hydrazide (15,
0.17 g) in the same manner as described for 16. The mixture was
stirred for 20 h, and the solvents were removed in vacuo. The residue
was dissolved in ethyl acetate, and the solution was washed succes-
sively with 1 M hydrochloric acid, water, 1% sodium hydrogen car-
bonate, and water, dried with sodium sulfate, and concentrated in
vacuo. The residue was crystallized from absolute ethanol as granules
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(0.19 g, 60%); mp 187-189 °C dec; [«]?2D —11.7° (¢ 0.71, N,N-di-
methylformamide); ir 3250 (NH), 1660 (benzyloxycarbonyl group
C0), 1630-1730 cm™~1 (peptide amide I); Ry 0.3 (B).

Anal. Caled for C3;H41N50410: C, 57.85; H, 6.42; N, 10.88; O, 24.85.
Found: C, 57.83; H, 6.47; N, 10.86; O, 24.80.

2-Acetamido-3,4,6-tri-O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanyl-L-threonyl-L-leucine p-nitro-
benzyl éster)-4-oyl]-2-deoxy-3-D-glucopyranosylamine (13). A.
A solution of N-ethyl-5-phenylisoxazolium §’-sulfonate (63 mg) in
acetonitrile (10 ml) cooled to 0 °C was added to 1 (0.149 g) and N-
methylmorpholine (25 ul) in acetonitrile (20 ml). The reaction mixture
was stirred for 65 min at room temperature until dissolution. A so-
lution of L-alanyl-L-threonyl-L-leucine p-nitrobenzyl ester hydro-
bromide was prepared from 16 (0.143 g) in glacial acetic acid (2 ml)
by treatment with 30% hydrogen bromide in acetic acid (2 ml) at room
temperature for 1 h, removal of the acids by evaporation in vacuo,
washing the residue with anhydrous ether, and drying in a vacuum
desiccator. This residue was dissolved in acetonitrile (10 ml) con-
taining N-methylmorpholine (25 ul), and the solution was added to
the previously described solution. The mixture was stirred for 24 h
and the acetonitrile was evaporated in vacuo. The residue was dis-
solved in chloroform, and the solution was successively washed with
1 M hydrochloric acid, water, 1% sodium hydrogen carbonate, and
water, dried with sodium sulfate, and evaporated in vacuo. The crude
material (0,15 g) showed on TLC two major spots [Ry 0.55 and 0.43
(C)] and a few minor spots moving faster. It was purified by column
chromatography on silica gel. Chloroform eluted fast-moving prod-
ucts, and successive elution with a linear gradient (1:100 to 3:100, v/v)
of methanol-chloroform gave in the earlier fractions 0.21 mg of a
compound having B 0.53 (C) and then vure 13 [Ry 0.43 (C), 0.56 g].
This was crystallized from acetonitrile-methanol (48 mg, 19%): mp
263-264 °C dec; [«]?'D —2.0° (¢ 0.68, N,N-dimethylformamide); ir
3285 (NH), 1740 (OAc), 1630 (benzyloxycarbonyl group CO),
1530-1650 cm™! (peptide amide I).

Anal. Caled for C4Hg1N7019: C, 54.38; H, 6.05; N, 9.65; O, 29.92.
Found: C, 54.29; H, 6.08; N, 9.63; O, 30.02.

B. A solution of 1 (0.149 g) in tetrahydrofuran (15 ml) was treated
with a solution of L-alanyl-L-threonyl-L-leucine p-nitrobenzyl ester
hydrobromide [prepared from 16 (0.143 g) under the same conditions
as described in method A] in acetonitrile (5 ml) containing triethyl-
amine (35 ul) and EEDQ reagent (62 mg). The mixture was stirred
overnight at room temperature. The solvents were removed in vacuo
and the residue was dissolved in chloroform. The solution was washed
successively with 1 M hydrochloric acid, water, 1% sodium hydrogen
carbonate, and water, dried with sodium sulfate, and evaporated. The
residue was crystallized from acetonitrile-methanol (35 mg, 13%), mp
261-263 °C. The ir spectrum and the mobility on TLC were identical
with those of the material obtained by method A.

2-Acetamido-3,4,6-tri-O-acetyl-1- N-[ N-(benzyloxycarbon-
yl)-L-aspart-1-oyl-(L-alanyl-L-threonyl-L-leucyl-L-alanine
p-nitrobenzyl ester)-4-oyl]-2-deoxy-8-D-glucopyranosylamine
(14). A. To a solution of N-ethyl-5-phenylisoxazolium 3’-sulfonate
(63 mg) in acetonitrile (10 ml) at 0 °C was added 1 (0.149 g) and N-
methylmorpholine (25 ul) in acetonitrile (20 ml). The reaction mixture
was stirred for 65 min at room temperature until dissolution. A so-
lution of L-alanyl-L-threonyl-L-leucyl-L-alanine p-nitrobenzyl ester
hydrobromide [prepared from 19 (0.161 g), glacial acetic acid (2 ml),
and 30% hydrogen bromide in glacial acetic acid (2 ml) under the same
conditions as described for 16] in acetonitrile (10 ml) containing N-
methylmorpholine (25 ul) was added to the previously described so-
lution. The mixture was stirred for 24 h and then the acetonitrile was
removed in vacuo. The crude material was dissolved in chloroform,
and the solution was successively washed with 1 M hydrochloric acid,
water, 1% sodium hydrogen carbonate, and water, dried with sodium
sulfate, and evaporated to give a crude material (33 mg, 12%) that was
crystallized from methanol (19 mg): mp 249-251 °C dec (and
shrinking at 247 °C); [«]?'D +6.4° (¢ 0.72, N,N-dimethylformamide);
ir 3300 (NH), 1740 (OAc), 1660 (benzyloxycarbonyl group CO),
1530-1700 cm™~! (peptide amide I); Ry 0.34 (E) and 0.69 (D).

Anal. Caled for C49H66N8020: C, 54.14; H, 6.11; N, 10.30; 0, 29.43.
Found: C, 54.17; H, 6.18; N, 9.62; O, 29.53.

Garg and Jeanloz

B. A solution of 1 (0.149 g) in tetrahydrofuran (15 ml) was treated
with a solution of L-alanyl-L-threonyl-L-leucyl-L-alanine p-nitro-
benzyl ester hydrobromide [prepared from 19 (0.161 g) by following
the same conditions as described in method A] in acetonitrile (5 ml)
containing triethylamine (85 ul) and EEDQ reagent (62 mg). The
mixture was stirred overnight at room temperature. The solvents were
removed in vacuo and the residue was dissolved in chloroform. The
solution was washed successively with 1 M hydrochloric acid, water,
1% sodium hydrogen carbonate, and water, dried with sodium sulfate,
and evaporated. The residue crystallized from ethanol-ether (8 mg,
3%), mp 250-252 °C dec, ir identical with that of the product prepared
by method A.

Registry No.—1, 38877-33-7; 2, 58944-53-9; 3, 58944-54-0; 4,
38877-35-9; 5, 58944-55-1; 6, 58944-56-2; 7, 58944-57-3; 11, 58944-58-4;
12, 58944-59-5; 13, 58944-60-8; 14, 58944-61-9; 15, 41961-29-9; 16,
58944-62-0; 18, 58944-63-1; 19, 58944-64-2; L-alanine p-nitrobenzyl
ester HBr, 10144-66-8; L-alanine methyl ester HCI, 2491-20-5; L-
phenylalanine methyl ester HCI, 7524-50-7; L-threonine p-nitrobenzyl
ester, 58944-65-3; N-(benzyloxycarbonyl)-L-alanine, 1142-20-7; L-
alanyl-L-threonine methyl ester HBr, 58944-66-4; L-alanyl-L-threo-
nine p-nitrobenzyl ester HBr, 58944-67-5; hydrazine, 302-01-2; methyl
N-(benzyloxycarbonyl)-L-alanyl-L-threonate, 19898-16-9; L-leucine
p-nitrobenzyl ester, 21691-57-6; p-nitrophenyl N-(benzyloxycar-
bonyl)-L-leucinate, 1738-87-0; N-(benzloxycarbonyl)-L-alanyl-L-
threonine azide, 58944-68-6; L-alanyl-L-threonyl-L-leucine p-nitro-
benzyl ester HBr, 58944-69-7; L-alanyl-L-threonyl-L-leucyl-L-alanine
p-nitrobenzyl ester HBr, 58944-70-0; L-alanyl-L-threonyl-L-leucyl-
L-alanine HBr, 58944-71-1.
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