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ABSTRACT

The synthesis of protected 2-acetamido-2-deoxyglucosylasparagine glyco-
peptides, using the allyl ester as the C-terminal protecting group, their deprotec-
tion, and some possible applications of these glycopeptides for the synthesis of
modified silica gels and the construction of liposomes are described. The selective
carboxyl deblocking is achieved under neutral conditions by rhodium(I)-catalyzed
isomerization of the allyl group followed by hydrolysis of the resulting propenyl
ester. The fert-butoxycarbonyl group can be cleaved selectively in the presence of
the allyl ester with hydrogen chloride in ether. The allyl ester and the acetates can
be removed simultaneously with ammonia in methanol. This method opens up a
preparative route to glycopeptide model structures of biological interest.

INTRODUCTION

Most of the proteins in eukaryotic cells are glycosylated and these glyco-
proteins play central roles in such biological processes as recognition on cell
membranes, intercellular communication, and tumor growth!. In contrast to
peptides, glycopeptides representing partial structures of glycoproteins are not
easily available from gene-technological procedures. The central problem in glyco-
peptide synthesis is the selective protection and deprotection of numerous
functional groups. The acid-labile glycosidic bond and the base-labile O-glycosylic
bond in serine- and threonine-O-glycopeptides require the use of protecting groups
which can be removed under almost neutral conditions?. We have shown that the
use of the allyl ester for C-terminal protection of amino acids is particularly
advantageous for glycopeptide synthesis’~>. This group can be cleaved by
palladium(0)-catalysed allyl transfer to weakly basic or neutral nucleophiles and
rhodium(I)-catalyzed isomerization followed by hydrolysis of the resulting
propenyl ester. We now describe the application of this methodology in combina-
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tion with acid hydrolysis of the tert-butoxycarbonyl (Boc) group in the construction
of complex N-glyco-tri- and -penta-peptides.

RESULTS AND DISCUSSION

The key intermediate was the fully protected 2-acetamido-2-deoxyglucosyl-
asparagine derivative 1, which has been used? in the preparation of the glycopeptide
partial sequence AB%-A3% of human fibroblast interferon, namely, H-
Asn(GlcNAcB-1)-Glu-Thr-Ile-Val-OH3?. Compound 1 was obtained?* as follows.
The ester obtained by alkylation of the copper—potassium complex of aspartic acid
with phenacyl bromide was acylated with rert-butoxycarbonyl azide and the a-
carboxyl group was alkylated with allyl bromide. The phenacyl ester was then
cleaved with thiophenolate and the product was coupled to 2-acetamido-2-deoxy-
3,4,6-tri-O-acetyl-B-D-glucopyranosylamine using 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline (EEDQ)% to give 1. The allyl ester was removed from 1 by the
Wilkinson-catalyst (PPh;);Rh(I)Cl to give 2 in high yield. Alternatively, the Boc-
group could be cleaved selectively and quantitatively from 1 using hydrogen
chloride in dichloromethane; the allyl ester was not affected under these acidic
conditions. Anomerization of the N-glucosylic bond was not observed.
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i

_NH /\//' Ac;GleNAc

Boc 0 2(91%)

OAc o
0 \ HCI-H-Asn-OAll
AcO i
Ac NH Ac3GicNAc
NHAc
3(98%)

1

2+ HCI'-H-AA'-AA2-QAll —————» Boc-Asn-AAL-AA2-OAl
!
4

Ac;GIeNAc
s
AA = amino acid
3 +PG-AA'-AA2-OH » PG-AA'-AAZ Asn-OAll
6 |
Ac;GlcNAc

7
PG = protecting group

Glycotripeptides 5 were accessible from 2 by C-terminal chain elongation
with the dipeptide allyl ester hydrochlorides 4*5. These derivatives were synthesized
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TABLE 1

YIELDS, PHYSICAL DATA, AND ELEMENTAL ANALYSIS OF THE DIPEPTIDE ALLYL ESTER HYDROCHLORIDES 4

Com- AA-AA? Yield Mp.(°) [al3?(°) Formula Elemental analysis
pound (%) (c1, MeOH)
C H N
4a  Ala-Thr 97 9697 —9.6 CilICIN,O, Calc.  45.03 7.18 10.50
Found 45.80 7.15 10.19

4b Tle-Ser 88 162-164 +5.9 C,HyCIN,O, Calc. 4890 7.86 9.50

(dec.) Found 48.74 7.75 9.33
TABLE IT

YIELDS, PHYSICAL DATA, AND ELEMENTAL ANALYSIS OF THE N-ACYLGLYCOTRIPEPTIDE ALLYL ESTERS §

Com- AA-AA? Yield M.p.(°) [e]32(°) Formula Elemental analysis
pound (%) (c, MeOH)
C H N
Sa Ala-Thr 87 221 -15.2 CyH NLOy¢ Cale. 51.22 6.64 9.05
(dec.) (0.8) Found 50.88 6.62 9.21
5b  Leu-Phe 83 237 ~25.5 CyHyN,O,5 Cale. 57.13 6.90 8.12
(dec) (1) Found 57.43 7.19 8.25
Sc lle-Len 85 254 -32.8 CHNOy5 0.5 H,0O Cale.  54.53 7.47 8.37
(dec) (1) Found 54.54 7.33 8.12
5d Thr-Ser 86 210-211 -12.0 C;HNOy4 Cale. 50.05 6.75 8.84
(dec) (1) Found 49.72 6.40 8.93

via the N-terminal deprotection of Boc-dipeptide allyl ester (see Tables I and II).

The hydrochloride 3 could be used for the condensation with the N-protected
dipeptides 6 (see Table II) to give the fully protected glycotripeptides 7 by means
of the EEDQ-method (see Table IV).

Surprisingly, the reaction of 3 with 6a gave only 18% of 7b, and 3 was mainly
(66%) acylated by EEDQ to form the ethoxycarbonylasparagine derivative 12.
However, the use of carbodi-imide—hydroxybenzotriazole gave 51% of 7b.

Rh(I)~catalyzed removal of the allyl esters from the glycotripeptides 5 and 7
gave the selectively carboxy-deblocked products 8 and 9 in high yields, which were

TABLE III

YIELDS, PHYSICAL DATA, AND ELEMENTAL ANALYSIS OF THE N-ACYLDIPEPTIDES 6

Com- AA-AA? Yield M.p. (%) [a]f2(°) Formula Elemental analysis
pound (%) (c, MeOH)
C H N
6a Boc-Leu~-Thr 81 amorph. —18.7 CysH,6N,Og — — —
) - - =
6  BzGly-Thr 95 170172 +8.6 CpHN,Os  Cale.  S5.71 575 9.9

(dec) (0.5 Found 55.14 596 9.58
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TABLE IV

YIELDS, PHYSICAL DATA, AND ELEMENTAL ANALYSIS OF THE N-ACYLGLYCOTRIPEPTIDE ALLYL ESTERS 7

Com- AA-AA? Yield M.p. (°) [a]32() Formula Elemental analysis
pound (%) (¢, MeOH) T
C H N
7a  BocLeu-Thr 78 206 —59 CyHNO HLO  Cale.  51.85 7.13 8.40
(dec.) (1) Found 51.68 7.04 8.54
v BzGly-Thr 18 221 ~43 CyHsNO, H,0 Cale. 5224 6.06 8.96
516 (0.5) Found 51.96 596 9.31

“N-terminal elongation with EEDQ?®%, *N-terminal elongation with DCC-HOBt%®.

H- 3. 4_
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}

4 I
AcyGIcNAC Ac;GleNAc
8 10
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7 —» PG-AALAAZAsn.O HELHAATAATQAN PG-AALAAL Asn-AAL-AA%OAIl
! 4 I
Ac;GlcNAc AciGlcNAc
9 1
(6]
\”/ 0
o OAc 0
N
AcO NH
AcO.
NIlAc
12

TABLE V

YIELDS, PHYSICAL DATA, AND ELEMENTAL ANALYSIS OF THE N-ACYLGLYCOTRIPEPTIDES 8 AND 9

Com- AA-AA’ Yield M.p. (°) [2]3?(9) Formula Elemental analysis
pound (%) (c, solvent)
C H N
8 Ala-Thr 98 205-206 -11.8 CyuHpN,Opy  Cale.  49.11 646 9.55
(dec.) (1,MeOH) Found 49.55 6.93 9.00
9a Boc-Leu-Thr 93 180-182 +2.7 CyHuN,Oy  Cale.  51.09 6.89 9.03
(dec.) (1,Me,SO) Found 51.40 6.78 8.94
9 Bz-Gly-Thr 93 189-192 -1.6 CyH,NsOyy Cale.  51.45 571 9.68

(0.3, McOH) Found 51.94 6.01 9.71
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elongated with the dipeptide allyl ester hydrochlorides 4 to give the 2-acetamido-2-
deoxyglucosylasparaginyl pentapeptides 10 and 11, again using EEDQ.

The glycopeptides in Table VI represent partial sequences of naturally
occurring glycoproteins: 10 is derived from human a,-acid glycoprotein’, 11a from
human orosomucoid?®, and 11b contains the linkage region of turkey ovomucoid®.

The structures of these compounds were confirmed by 2D-n.m.r. spectros-
copy. In Figs. 1 and 2, the COSY- and the BC-'H-correlated spectra of the glyco-
peptide 10 are shown; all 'H and *C resonances of 10 could be assigned
unambiguously.

For the further use of the glycopeptides synthesized in biochemical or
immunological investigations, it was necessary to remove all protecting groups. The
fully protected glycopeptides 4d, 10, and 11b were each treated with methanolic
ammonia, and all O-acetates were cleaved and the allyl ester was removed to give
the peptide amides 13-15, respectively, in high yields.

The glycopeptide amides 13-15 were each treated with 3M HCI to remove the
Boc-group quantitatively, to yield totally deblocked 2-acetamido-2-deoxyglucosyl-
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Fig. 1. COSY-spectrum of Boc-Asn(Ac;GlcNAc)-Ala-Thr-Ile-Leu-OA11 (10).
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Fig. 2. 3C—'H-correlated spectrum of Boc-Asn(Ac;GlcNAc)-Ala-Thr-Tle-Leu-OAl1 (10).

54 —» Boc-Asn-Thr-Ser-NH, ——% HCI*H-Asn-Thr-Ser-NH,
| !
(HO);GlcNAc (HO);GlcNAc

13(82%) 16
10 ——» Boc-Asn-Ala-Thr-lle-Leu-NH, ———# HCI.H-Asn-Ala-Thr-lle-Leu-NH,
|

|
(HO);GlcNAc (HO);GlcNAc
3 3

14(90%) 17

11b ——» Bz-Gly-Thr-Asn-lle-Ser-NH,
I
(HO)3GIcNAc

15(86%)

pentapeptide amides 16 and 17. Under these conditions, the N-glycosylic linkage
was not affected.

Chemically synthesized glycopeptides can serve not only as starting materials
for biochemical and immunological studies but can also be linked to silica gel to
provide materials for affinity chromatography, for the construction of amphiphilic
derivatives which permit the formation of liposomes containing glycopeptide
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structures exposed on their surface. These supramolecular assemblies may be con-
sidered as models for cell membrane structures.

Preparation of modified silica gels for affinity-h.p.l.c. — The N-glycosyl-
asparagine 2 was reacted with 3-(triethoxysilyl)propylamine, using the EEDQ
method, and with 3-(triethoxysilyl)propyl isocyanate!® to yield the amide 18.

{aj or (b
2 ————————» Boc-Asn-NH-(CH,);-Si(OEt); (@) with NHy-(CH,)3-Si(OE),/EEDQ (77 %)
I

Ac,GlcNAc 18 (b) with S=C=N-(CH);-Si(OEt); (88% )
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] |
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‘ o I |
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— §—

‘ Boc NH l

NH 19
OQAc
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AcO NH
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Fig. 3. Pressure—surface diagrams of 20¢ and 21e¢.

In the presence of weak bases, the product 18 could be connected to silica
gelll (19). The capacity of the product was 2.2 pemol/m?2. The O-acetates then could
be removed with hydrazine or ammonia in methanol, and the modified silica gels
can be used for the isolation of lectins by affinity-h.p.l1.c.

Preparation of artificial liposomes. — Glycopeptides can be modified to give
amphiphilic compounds with a hydrophilic carbohydrate-containing head and a
hydrophobic soapy tail which can be applied in the construction of lipid bilayer
membranes!?. For this purpose, the 2-acetamido-2-deoxyglucosylasparagine 2 was
condensed with octadecyl- or dioctadecyl-amine using the EEDQ-procedure. The
protecting groups were then removed to obtain the soapy compounds 20¢ and 21c.

Amphiphilic compounds like 20¢ and 21c¢ form monomolecular layers'?,
Using a film balance, it is possible to measure the tension difference between water
and amphiphile-containing water in a “pressure-surface diagram”. The surface
which is available for the molecules is reduced continuously, and the resulting
pressure against a stationary barrier is registered. The pressure rises until the
highest possible density of packing of the molecules on the surface is reached.
Beyond this point, the monomolecular layer collapses. Such characteristic
“pressure-surface diagrams” for 20c and 21c are shown in Fig. 3, which prove the
amphiphilic character of these compounds.

The collapsing point of 20c¢ is reached at 63 dyn/cm? which accords to a
surface of 22.4 AZmolecule; for 2le¢, the values are 68 dyn/cm? and 44.4
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A2molecule. From the amphiphilic conjugates, liposomes could be prepared.
Thus, 21¢ was suspended in watcr and ultrasonicated for 8 min. The resulting lipo-
somes were isolated by gel filtration. Electron microscopy revealed spherical parti-
cles.

EXPERIMENTAL

General methods. — N.m.r.-spectra were recorded with Jeol JNM-60 (60
MHz, 'H), Bruker WP 80 (80 MHz, 'H; 20.15 MHz, 1*C), WH 90 (90 MHz, 'H;
22.63 MHz, 13C), WH 270 (270 MHz, 'H), AM 400 (400 MHz, 'H), and Nicolet-470
(470 MHz, 'H) spectrometers. L.r. spectra were recorded with a Beckman Acculab-
2 and optical rotations with a Perkin-Elmer Polarimeter 241. All melting points are
uncorrected. T.1.c. was conducted on Silica Gel 60 F,;, (Merck) and detection with
0.3% ninhydrin in methanol-acetic acid (97:3) or with 0.1% 1,3-dihydroxy-
naphthalene in ethanol-M H,SO, (1:1) and heating. Only L-amino acids were used.

N*-(2- Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosy)-N2- (tert-
butoxycarbonyl)-1-asparagine allyl ester hydrochloride (3). — A solution of 1 (2.4
g, 4 mmol) in dichloromethane (10 mL) was stirred with cold saturated ethereal
HCl (30 mL) at room temperature. White crystals began to precipitate and, after 3
h, the solution was concentrated to dryness, the residue was triturated with di-
chloromethane (20 mL) and ether (30 mL), and the crystals were collected.
Compound 3 (2.1 g, 98%) had m.p. 207° (dec.), [a]3® +18.7° (c 1.2, methanol);
vRBr 1745 (C=0, ester) and 1665 cm~! (Amide I). N.m.r. data [(CD,),S0]: BC (75
MHz), & 170.38, 170.02, 169.84, 169.62, 169.32, 168.59 (6 C=0), 132.02
(CH=CH,), 118.13 (CH=CH,), 78.12 (C-1), 73.34 (C-3), 72.61 (C-5), 68.71 (C-2),
66.14 (OCH,CH=CH,), 62.1 (C-6), 52.69 (C-4), 48.71 (a-CH), 35.0 (8-CH,),
22.94 (CH,CONH), 20.81, 20.80, 20.67 (3 CH,COO).

Anal. Calc. for C, H,,CIN;0,,: C, 46.89; H, 6.00; N, 7.81. Found: C, 46.81;
H, 6.00; N, 8.12.

Dipeptide allyl ester hydrochlorides 4. — The yields and physical data are
given in Table 1. These compounds were prepared following the procedure
described in ref. 4.

L-Alanyl-1-threonine (4a) and L-isoleucyl-L-serine (4b) allyl ester hydro-
chlorides have i.r. bands at 1730-1750 (C=0, ester) and 1660-1670 cm~! (Amide
I). The 90-MHz 'H-n.m.r. spectra contained signals typical of the amino acids to-
gether with those for the allylic system at 65.8 (m, 1 H, CH=CH,), 5.15 (dd, 1 H,
Jians 175 Jgem 1 Hz, CH=CH,,,,), 5.0 (dd, 1 H, J; 10, J,,,. I, ¥ ~1 Hz,
CH=CH,,), 4.5(d,2 H, J 5 Hz, CH,CH=CH,).

N-Acylglycotripeptide allyl esters 5. — To a solution of 2 (0.6 g, 1 mmol), 4
(1 mmol), and triethylamine (0.1 g, 1 mmol) in dichloromethane (10 mL) was
added EEDQ (0.4 g, 1.6 mmol), and the solution was stirred at room temperature
for 24-72 h. The reaction was monitored by t.1.c. (chioroform~methanol). The solu-
tion was extracted with 0.5M HCl (3 x 10 mL), 0.25M Na,CO, (3 X 10 mL), and
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water (10 mL), dried (MgSO,), filtered, and concentrated in vacuo. The residue
was recrystallized from dichloromethane—ether or methanol—ether. The yields,
physical data, and elemental analysis are given in Table I. The following glyco-
peptides were obtained by this procedure.

N*-(2-Acetamido-3,4.6-tri- O-acetyl-2-deoxy- B-D-glucopyranosyl)- N2-(tert-
butoxycarbonyl)-L-asparaginyl-L-alanyl-1.-threonine allyl ester (5a), Rp 0.53
(chloroform-methanol, 7:1); vEBBr 1750 (C=0, ester), 1690 (urethane), and 1650
cm~t (Amide I). N.m.r. data [(CD,),SO]: C (22.63 MHz), § 172.5-169.0 (8 5, 8
C=0), 155.0 (C=O, urethane), 132.2 (CH=CH,), 117.5 (CH=Cil,), 78.3
[(CH,),C], 78.1 (C-1), 73.2 (C-3), 72.2 (C-5), 28.0 [(CH,);C]. 22.5 (CH,CONH),
20.2 (CH;COO), 20.0 (v-CH Thr), 18.3 (B-CH; Ala).

N4-(2-Acetamido-3,4,6-tri- O-acetyl-2-deoxy-B-D-glucopyranosyl)- N>-(tert-
butoxycarbonyl)-L-asparaginyl-1L-leucyl-L-phenylalanine allyl ester (5b); vXBr 1750
(C=0, ester), 1690 (urethane), and 1650 cm~! (Amide I). N.m.r. data [(CD,),SO]:
'H (90 MHz), §8.6-8.3(2d,2H,/J8and 7Hz, 2NH), 79-76 2d, J8Hz, 2 H,
2NH), 7.3 (m, S H, Ph), 6.9 (d, 1 H, J 8 Hz, NH), 6.1-5.6 (m, 1 H, CH=CH,),
2.0-1.9 (45,12 H, 4 CH;CO), 1.4 (s, 9 H, Me;C), 0.85 (2d, 6 H, CMe,); 13C (22.63
MHz), 8§ 172-169 (8 s, 8 C=0), 155 (C=0 urethane), 136 (ipso-C, Ph), 131.2
(CH=CH,), 129-125 (3 s, 0-, m-, p-C, Ph), 117.7 (CH=CH,), 78.2 [(CH;),(], 77.8
(C-1), 72.6 (C-3), 72.0 (C-5), 61.7 (C-6), 27.9 [(CH,);C], 21.5 [CH(CH,)], 20.0
(CH,CO).

N*-(2-Acetamido-3,4,6-tri- O-acetyl-2-deoxy- B-D-glucopyranosyl)- N2-(tert-
butoxycarbonyl)-L-asparaginyl-i-isoleucyl-1-leucine allyl ester (Sc¢); 8Br 1750
(C=0, ester), 1690 (urethane), 1655 cm~! (Amide I). N.m.r. data [(CD;),SO]: 1H
(90 MHz), 68.6-83(2d,2H,J9Hz,2NH),79(d, 1 H,J9 Hz, NH), 7.0 (d, 1
H, J 8 Hz, NH), 6.2-5.6 (m, 1 H, CH=CH,), 455 (d, 2 H, J 5 Hz,
OCH,CH=CH,), 2.0-1.9 (4 s, 12 H, 4 CH;CO), 1.4 (s, 9 H, Me;C), 1-0.7 [m, 12
H, CH(Me)CH,CH, and CMg,]; ¥*C (22.63 MHz), 6 172-169 (8 s, 8 C=0), 155.1
(C=0, urethane), 132.2 (CH=CH,), 117.8 (CH=CH,), 78.3 [(CH,);C], 77.8 (C-
1), 73.4 (C-3), 72.2 (C-5), 67.4 (C-2), 61.9 (C-6), 28.0 [(CH,),C], 24.1 [CH(CH,),],
2277 (CH;CONH), 20.2 (CH,;COO), 149 [CH(CH,;)CH,CH,], 109
[CH(CH;)CH,CH,].

N*-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy- B-D-glucopyranosyl)- N2-(tert-
butoxycarbonyl)-L-asparaginyl-L-threonyl-L-serine allyl ester (5d), Ry 0.43 (chloro-
form-methanol, 4:1); ¥XBr 1750 (C=0, ester) and 1650 cm~! (Amide 1). N.m.r.
data [(CD,),SO]: ¥3C (22.63 MHz), 8 172-169 (8 s, 8 C=0), 155 (C=0, urethane),
132.2 (CH=CH,), 117.5 (CH=CH,), 78.5 [(CH,);C], 78.0 (C-1), 73.3 (C-3), 72.3
(C-5), 28.1 [(CH,),C), 22.5 (CH;CONH), 20.2 (CH,COO0), 18.9 [CH(OH)CH,).

N-Acyldipeptides 6. — These compounds were prepared following the
procedure described*. The yields and physical data are given in Table III.

N-tert-Butoxycarbonyl-L-leucyl-L-threonine (6a) and N-benzoylglycyl-L-
threonine (6b) had vKBr 1710 (C=0, COOH), 1690 (urethane), 1660-1670 (Amide
I), and 1520-1530 cm~! (Amide IT). The 90-MHz 'H-n.m.r. spectra contained
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signals typical of the amino acids. The singlet of the Boc-group in 6a appears at §
1.45 and that of the benzoyl group in 6b at 6 7.3-8.0.

N4-(2- Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-N2-(N-tert-
butoxycarbonyl-1-leucyl-L-threonyl)-L-asparagine allyl ester (Ta). ~— A solution of
6a (1 g, 3 mmol), 5 (1.6 g, 3 mmol), triethylamine (0.3 g, 3 mmol), and EEDQ (1.5
g, 6 mmol) in chloroform (30 mL) was stirred at room temperature for 10 days,
then extracted with 0.5M HCI (3 X 20 mL), 0.25M Na,CO, (3 x 20 mL), and water
(20 mL), dried (MgSO,), filtered, and concentrated to dryness. The residue was
recrystallized from dichloromethane—ether to give 7a (for the yield, physical data,
and elemental analysis, see Table III), Ry 0.72 (chloroform-methanol, 7:1);
vKBr 1750 (C=0, ester) and 1660 cm~! (Amide I). N.m.r. data [(CD,),SO]: BC
(22.63 MHz), 6 172.4-169.2 (8 s, 8 C=0), 155.3 (C=0 urethane), 132.2
(CH=CH,), 117.4 (CH=CH,), 78.1 [(CH,),C and C-1], 73.3 (C-3), 72.3 (C-5),
28.0 [(CH,),C], 24.2 [CH(CHS,),], 22.9 and 22.4 [CH(CH,),), 21.3 (CH,CONH),
20.4 and 20.2 (CH;CO0), 18.9 [CH(OH)CH,].

N#-(2-Acetamido-3,4,6-tri-O-acetyl-2 - deoxy- B-D-glucopyranosyl) -N2- (N -
benzoyliglycyl-L-threonyl)-L-asparagine allyl ester (Tb). — (a) Modified carbodi-
imide procedure®®. To a solution of 5 (1 g, 1.8 mmol), triethylamine (0.18 g, 1.8
mmol), 1-hydroxybenzotriazole (0.73 g, 5.4 mmol), and N-benzoyldipeptide 6b
(0.5 g, 1.8 mmol) in dichloromethane (30 mL) at 0° was added dicyclohexylcarbodi-
imide (0.55 g, 2.7 mmol). After stirring at room temperature for 7 days, the solu-
tion was concentrated in vacuo and the residue was purified by column chromato-
graphy (silica gel; acetone-light petroleum, 2:1). The product was recrystallized
from methanol-ether.

(b) EEDQ procedure®™. To a solution of 6b (2 g, 7.4 mmol), 5§ (3.9 g, 7.4
mmol), and triethylamine (0.75 g, 7.4 mmol) in chloroform (100 mL) was added
EEDQ (3.6 g, 15 mmol). The solution was stirred at room temperature for 7 days
and then concentrated to dryness. The residue was subjected to column chromato-
graphy [light petroleum-ethyl acetate (2:1), light petroleum-acetone (2:1), and
acetone]. The first fractions contained 12 (2.7 g, 66%) and the last fractions con-
tained 7b (for the yields, physical data, and elemental analysis, see Table III), Ry
0.17 (acetone-light petroleum, 2:1); »XBr 1750 (C=0, ester) and 1660 cm~! (Amide
I). N.m.r. data [(CD,),SOJ: 'H (90 MHz), § 8.7 (d, 1 H, J 10.9 Hz, NH), 8.26 (d,
1H, J9.6 Hz, NH), 7.9-7.4 (m, 8 H, 3 NH and Ph), 6.1-5.7 (m, 1 H, CH=CH,),
4.5 (d, 2 H,J 5 Hz, OCH,CH=CH,), 1.99, 1.96, 1.90 (3 5, 9 H, 3 CH,COO), 1.74
(s, 3 H, CH,CONH), 1.0 [d, 3 H, J 6.5 Hz, CH(OH)CH;,]; *C (22.63 MHz), §
170.4-169 and 166.6 (9 C=0), 134.0 (ipso-C, Ph), 132.3 (CH=CH,), 131.4 (p-C,
Ph), 128.3 (m-C, Ph), 127.3 (0-C, Ph), 117.5 (CH=CH,), 78.0 (C-1), 73.3 (C-3),
723 (C-5), 42.7 («-CH, Gly), 22.6 (CH,;CONH), 20.4 (CH,;COO), 19.3
[CH(OH)CH,).

N4-(2- Acetamido-3,4, 6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-N2-(ethoxy-
carbonyl)-L-asparagine allyl ester (12). — Compound 12 (2.7 g, 66%) had Rg 0.72
(acetone-light petroleum, 2:1); vXBr 1750 (C=0, ester), 1705 (urethane), and 1670

max
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cm~! (Amide I). N.m.r. data [(CD;),S8O]J: 13C (22.63 MHz), § 171.1-169.3 (6 s,
C=0), 155.8 (C=0, urcthane), 132.3 (CH=CH,), 117.3 (CH=CH,), 78.0 (C-1),
73.3 (C-3), 72.2 (C-5), 68.4 (C-2), 52.1 (C-4), 50.2 (a-CH), 22.4 (CH;CONH),
20.3 (CH;COO), 14.4 (CH,CH,).

N-Acylglycotripeptides 8 and 9. — To a solution of § or 7 (1 mmol) in 9:1
ethanol-water (20 mL) at 70° was added tris(triphenylphosphine)rhodium(I)
chloride (0.1 g, 0.11 mmol, 11 mol%). After 24 h, the sodium was filtered and
concentrated to dryness, and the residue was recrystallized from dichloromethane-
ether or methanol—ether. The product could also be isolated by chromatography on
silica gel (chloroform-methanol), The yields, physical data, and elemental analysis
are given in Table V. Using this procedure, the following glycotripeptides were
prepared.

N*-(2-Acetamido-3,4,6-tri- O-acetyl-2-deoxy- B-p-glucopyranosyl)- N2-(tert-
butoxycarbonyl)-L-asparaginyl-L-alanyl-L-threonine (8); vKBr 1750 (C=0, ester),
1685 (urethane), and 1660 cm~! (Amide I). F.a.b.-mass spectrum: m/z 734 (M7).
N.m.r. data (CD,0OD): 'H (90 MHz), & 2.6 (dd, 2 H, B-CH, Asn), 2.02, 2.0, 1.97,
1.91 (45,12 H, 4 CH;CO), 1.43 (s, 9H, Me;C),1.39(d, 3H,J 6.7 Hz, CH;), 1.19
(d, 3H, J 6.2 Hz, CH,).

N4-(2-Acetamido-3,4,6-tri- O-acetyl-2-deoxy-B-D-glucopyranosyl)-N2-( N-tert-
butoxycarbonyl-L-lcucyl-L-threonyl)-L-asparagine (9a); vXBr 1745 (C=0, cster) and
1655 ecm~! (Amide I). N.m.r. data [(CDs),SOJ: 3C (22.63 MHz), § 172.5-169.2 (8
s, 8 C=0), 155.3 (C=0, urethane), 78.2 [(CH,),C and C-1], 73.3 (C-3), 72.3 (C-5),
28.1 [(CH,),C], 24.3 [CH(CH,),], 22.9 and 22.5 [CH(CH,),], 21.4 (CH,CONH),
20.4 and 20.3 (CH5;COO), 18.9 [CH(OH)CH,).

N4-(2- Acetamido-3,4,6-tri- O-acetyl-2-deoxy- B-D-glucopyranosyl) - N2-(N-
benzoylglycyl-L-threonyl)-L-asparagine (9b); vXBr 1750 (C=0, ester) and 1660 cm™!
(Amide I). N.m.r. data [(CD;),SO]: 'H (90 MHz), § 8.8 (s, 1 HI, COOH), 8.7 (d,
1 H, J 10 Hz, NH), 8.0-7.3 (m, 8 H, 3 NH and Ph), 1.99, 1.96, 1.9, 1.74 (4 s, 12
H, 4 CH,CO), 1.0 [d, 3 H, J 6.8 Hz, CH(OH)CH,].

N-Acylglycopentapeptide allyl esters 10 and 11. — To a solution of 8 or 9 (1
mmol) and 4 (1 mmol) in chloroform (20 mL) was added EEDQ (0.4 g, 1.6 mmol).
The solution was stirred for 5-7 days and then concentrated in vacuo. The residue
was purified by chromatography on silica gel (light petroleum—ethyl acetate —
chloroform—methanol) and the product was recrystallized from mecthanol-ether.
The yields, physical data, and elemental analysis are given in Table VI. Using this
procedure, the following N-acylglycopentapeptides were prepared.

N#-(2- Acetamido-3,4,6-tri- O-acetyl-2-deoxy- 8-D-glucopyranosyl)- N2- (tert-
butoxycarbonyl)-L-asparaginyl-L-alanyl-L-threonyl-1 -isoleucyi-L-leucine allyl ester
(10) was isolated by chromatography on silica gel (light petroleum—ethyl acetate —
chloroform-methanol, 7:1), Ry 0.6 (chloroform—methanol, 7:1); XBr 1750 (C=0,
ester) and 1650 cm ™! (Amide I). F.a.b.-mass spectrum: m/z 1000 (M*). N.m.r. data
[(CD;),SO]: 'H (400 MHz), §8.57 (d, 1 H, Jnpy 9-6 Hz, NH Asn), 8.36 (d, 1 H,
J 8 Hz, NH), 8.06 (d, 1 H, 7 9 Hz, NH), 7.91 (d, 1 H, Jyy s, 7.9 Hz, CH,CONH),
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7.85(d, 1H,J7Hz, NH Ala), 7.6 (d, 1 H, J 10 Hz, NH), 6.87 (d, 1 H, J § Hz, NH
Asn), 5.87 (ddt, 1 H, CH=CH,), 5.30 (dd, 1 H, J,,, 173, J,, 1.5 Hz,
CH=CHy,,,), 5.20 (dd, 1 H, J ;, 10.6, J,,,, 1.5 Hz, CH=CH,;), 5.18 (dd, 1 H, J, ,
8.6 Hz, H-1),5.13(dd, 1 H, J;,9.5,J;,7.3Hz, H-3), 5.03[d, 1 H, Jo 5.cy 5.6 Hz,
CH(OH)CH,|, 4.81 (dd, 1 H, J,5 9.5 Hz, H4), 454 (d, 2 H, J 5.6 Hz,
CH,CH=CH,), 4.36 (dq, 1 H, a-CH Ala), 4.3-4.2 (m, 4 H, a-CH of Asn, Thr, Ile,
and Leu), 4.18 (dd, 1 H, J;43.9 Hz, H-6), 4.0-3.9 (m, 2 H, g-CH Thr and H-6"),
3.88-3.78 (m, 2 H, H-2,5), 2.57 (dd, 1 H, J,,,, 15.1, J,;. 4.8 Hz, B-CH, Asn), 2.42
(dd, 1 H, J,,. 6 Hz, B-CH, Asn), 2.0, 1.97, and 1.91 (3 5, 9 H, 3 CH,COO), 1.77
(s, 3H, CH,CONH), 1.77-1.70 (m, 1 H, 8-CH Ile), 1.68-1.54 (m, 2 H, 8-CH, Leu
and y-CH Leu), 1.53-1.40 (m, 2 H, 8-CH, and a-CH, Ile), 1.4 (s, 9 H, Me;C), 1.2
(d, 3H,J 6.1 Hz, B-CH; Ala), 1.14-1.02 (m, 1 H, y-CH, lle), 1.01 [d,3 H, J 6.2
Hz, CH(OH)CH,], 0.9 (d, 3 H, J 6.1 Hz, 6-CHj,, Leu), 0.85-0.77 (m, 9 H, 5CH,,
Leu, y-CH; and 6-CH,; Ile); 1*C (100.6 MHz), 6 172.1-169.3 (C=0), 155.1 (C=0
urethane), 132.4 (CH=CH,), 117.8 (CH=CH,), 78.5 [(CH,);C], 78.1 (C-1), 73.4
(C3), 72.3 (C-5), 68.5 (C-4), 66.4 (B-CH Thr), 64.8 (CH,CH=CH,), 61.9 (C-6),
58.2 (e-CH Thr), 56.5 (a-CH Ile), 52.3 (C-2), 50.9 (a-CH Asn), 50.3 (a-CH Leu),
48.2 (a-CH Ala), 36.9 (8-CH lle), 28.0 [(CH;);C], 24.1 (8-CH, Leu), 23.9 (8-CH,
Ile), 22.6 (CH; Leu), 22.5 (CH,CONH), 21.0 (CH; Leu), 20.3 and 20.2
(CH,C00j, 19.4 (CH, Thr), 15.2 (y-CH, Ile), 11.1 (§-CH, Ile).

N*-(2- Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-N?-(N-tert-
butoxycarbonyl-L-leucyl-L-threonyl)-L-asparaginyl-L-alanyl-L-threonine allyl ester
(11a). This product was recrystallized from methanol-cther; Rg 0.36 (chioroform-—
methanol, 14:1); vXBr 1750 (C=0, ester) and 1650 cm~! (Amide I). F.a.b.-mass
spectrum: m/z 988 (M*). N.m.r. data [(CD,),SO]: 13C (20.15 MHz), 6 172.5-169.2
(C=0), 155.3 (C=0, urethane), 132.3 (CH=CH,), 117.5 (CH=CH,), 78.2
[(CHy),C], 78.0 (C-1), 73.3 (C-3), 72.3 (C-5), 61.8 (C-6), 28.1 [(CH,),C], 24.2
[CH(CHj;),], 23.0 and 22.6 [CH(CH,),], 21.3 (CH,CONH), 20.4 (CH,COO), 20.0,
18.7, 18.0 (2 CH, Ala and CH, Thr).

N*-(2-Acetamido-3,4,6-tri- O-acetyl-2-deoxy- B-D-glucopyranosyl)- N2- (N-
benzoylglycyl-L-threonyl)-L-asparaginyl-L-isoleucyl-L-serine allyl ester (11b) was
recrystallized from methanol-ether; vXBr 1745 (C=0, ester) and 1645 cm~! (Amide
I). F.a.b.-mass spectrum: m/z 964 (M*). N.m.r. data [(CD,),SO]: *C (20.15 MHz),
8 171.2-169.1 (10 s, C=0), 166.7 (Ph-C=0), 134.0 (ipso-C, Ph), 132.4
(CH=CH,), 131.4 (p-C, Ph), 128.3 (m-C, Ph), 127.3 (0-C, Ph), 117.6 (CH=CH,),
78.2 (C-1), 73.3 (C-3), 72.3 (C-5), 24.1 (CH,CHy), 22.6 (CH,CONH), 20.9, 20.5,
20.4 (CH,COO0), 19.2 [CH(OH)CH,], 15.3 and 11.3 [CH(CH,)CH,CH,].

N#-(2- Acetamido-2-deoxy-B-D-glucopyranosyl) -N2-(tert-butoxycarbonyl) -L-
asparaginyl-1-threonyl-L-serine amide (13). — A solution of 5d (0.6 g, 0.758 mmol)
in saturated methanolic ammonia was stirred at room temperature for 3 days, then
concentrated to dryness. The residue was recrystallized from 2-propanol-water, to
give 13 (for the yield, physical data, and elemental analysis, see Table VII);
vEBr 1645 (Amide I) and 1550 cm~! (Amide II). F.a.b.-mass spectrum: m/z 622 and
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623 (M?). N.m.r. data (D,0): 'H (470 MHz), 6 5.07 (d, 1 H, J, , 9.56 Hz, H-1),
4.56 (dd, 1 H, J 4.56 Hz, a-CH Asn), 4.45 (t, 1 H, J 5.06 Hz, «-CH Ser), 4.39 (d,
1H,J4.5 Hz, a-CH Thr), 4.32 (m, 1 H, B-CH Thr), 3.92-3.86 (m, 3 H, 8-CH, Ser
and H-6), 3.81 (dd, 1 H, J,510.13 Hz, H-2), 3.75 (dd, 1 H, J;. 5 5.06, J¢. ; 12.4 Hz,
H-6"), 3.61 (dd, 1 H, J5 , 8.43 Hz, H-3), 3.53-3.45 (m, 2 H, H-4,5), 2.85 (dd, 1 H,
Joem 16.3, J,,. 5.6 Hz, B-CH, Asn), 2.75-2.67 (m, 1 H, B8-CH, Asn), 2.02 (s, 3 H,
CH;CO), 1.44 (s, 9 H, Me,C), 1.22 [d, 3 H, J 6.2 Hz, CH(OH)CH,]: N.m.r. data
(D,0, CD;0D): BC (22.63 MHz), 6 175.6-172.7 (C=0), 157.9 (C=0, urethane),
82.8 (C-1), 79.2 (C-3), 78.5 (C-5), 75.1 (C-4), 37.8 (B-CH, Asn), 28.5 [(CH,);C],
24.7 (CH;5CO), 19.6 [CH(OH)CH;).

N*-(2-Acetamido-2-deoxy-B-D-glucopyranosyl)-N2- (tert-butoxycarbonyl)-L-
asparaginyl-L-alanyl-1-threonyl-L-isoleucyl-1 -leucine amide (14). — Compound 10
(0.4 g, 0.4 mmol) was treated with methanolic ammonia (50 mL) as described above
for compound 13. The product was recrystallized from 2-propanol-water (the yield,
physical data, and elemental analysis are given in Table VII); »XBr 1650 (Amide I)
and 1550 cm~! (Amide II). F.d.-mass spectrum: m/z 856 (M + Na)*. N.m.r. data
(D,0): H (470 MHz), 6 5.15(d, 1 H, J, , 9.56 Hz, H-1), 3.87 (dd, 1 H, J¢ 52, J ¢
12.4 Hz, H-6), 3.81 (dd, 1 H, J,5 10.7 Hz, H-2), 3.76 (dd, 1 H, J; 5 3.3 Hz, H-6'),
3.61(dd, 1 H, J;,9.3 Hz, H-3), 3.52-3.48 (m, 2 H, H-4,5), 2.82 (dd, 1 H, 8-CH,
Asn), 2.7 (m, 1 H, B-CH,, Asn), 2.04 (s, 3 H, CH,CO), 1.44 (s, 9 H, Me;C), 1.2
[d, 3 H, J 6.2 Hz, CH(OH)CH,}, 1.19 (d, 3 H, J 5.1 Hz, CH, Ala), 0.95-0.85 (m,
12 H, 4 CH; lle and Leu).

N*- (2- Acetamido - 2 - deoxy - B-D - glucopyranosyl) -N2- (N -benzoylglycyl - L -
threonyl)-L-asparaginyl-1-isoleucyl-L-serine amide (15). — Compound 11b (0.65 g,
0.67 mmol) was treated with methanolic ammonia as described above for 13. The
product was recrystallized from methanol-acetone (for the yield, physical data,
and elemental analysis, see Table VII); vEBr 1640 (Amide I) and 1550 cm~! (Amide
II). F.a.b.-mass spectrum: m/z 797 (M*). N.m.r. data (D,0): 'H (470 MHz),
7.87(d, 2 H, J,,, 7.48 Hz, 0-H Ph), 7.68 (t, 1 H, J, , 7.54 Hz, p-H FPh), 7.58 (dd,
2H, m-H Ph),5.05(d, 1 H, J,,9.75 Hz, H-1), 4.44 (t, 1 H, J 5.36 Hz, a-CH Ser),
44 (d, 1 H, J 431 Hz, «-CH Thr), 4.29 [m, 1 H, CH(OH)CH,}, 4.24 (s, 2 H,
a-CH, Gly), 4.21 (d, 1 H, J 7.1 Hz, o-CH 1le), 3.91-3.87 (m, 3 H, B-CH, Ser and
H-6), 3.83(dd, 1 H, J,5 10.7 Hz, H-2), 3.75 (dd, 1 H, Jg 4 12.3, J¢ s 4.5 Hz, H-6"),
3.6(dd, 1 H, J;,9.2 Hz, H-3), 3.52-3.48 (m, 2 H, H-4,5), 2.95 (dd, 1 H, /,,, 17.3,
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J,. 6.6 Hz, B-CH, Asn), 2.84 (dd, 1 H, J,,. 6.76 Hz, B-CH, Asn), 2.01 (s, 3 H,
CH;CO), 1.93-1.87 (m, 1 H, 8-CH 1le), 1.39 (dt, 1 H, »CH, Ile), 1.26 (d, 3 H, J
6.4 Hz, Me Thr), 1.17 (dt, 1 H, y-CH, Ile), 0.89 (d, 3 H, J 7 Hz, CMe), 0.82 (t, 3
H, J 7.3 Hz, CH,CH, lle).

Cleavage of the Boc-group from N-terminal protected asparaginylglyco-tri-
peptide or -pentapeptide 13 or 14. — A solution of 13 or 14 (0.1 mmol) in 3mM HCl
(5§ mL) was stirred at room temperature for 1 h, then concentrated in vacuo. The

residue was triturated several times with methanol and concentrated to dryness to
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leave an amorphous residue in quantitative yield. Using this procedure, the
following two glycopentapeptides were prepared.

N#- Acetamido-2-deoxy- 8- D-glucopyranosyl)-L-asparaginyl-L-threonyl-L-
serine amide hydrochioride (16). N.m.r. data (D,0): 'H (470 MHz), 5.1 (d, 1 H,
J,,9.52 Hz, H-1), 4.47 (m, 2 H, a-CH Asn and ¢-CH Ser), 4.32 (d, 1 H, J 4.4 Hz,
o-CH Thr), 3.77 (dd, 1 H, J; 4 11.8, J¢ 5 5.9 Hz, H-6"),3.63 (dd, 1 H, J;, 9.7, /3,
9.1 Hz, H-3), 3.56-3.46 (m, 2 H, H-4,5), 3.07 and 3.0 (2 m, 2 H, B-CH, and B-CH,,
Asn), 2.03 (s, 3 H, CH,;CO), 1.26 (d, 3 H, J 6.6 Hz, CHCH,).

N4-(2- Acetamido-2-deoxy- B-D-glucopyranosyl)-L- asparaginyl-L-alanyl-L-
threonyl-L-isoleucyl-L-leucine amide (17). N.m.r. data (D,0): 'H (470 MHz), &
5.09 (d, 1 H, J;,9.56 Hz, H-1), 3.89 (dd, 1 H, J¢¢ 2, J¢5 12.5 Hz, H-6), 3.82 (dd,
1H, J,310 Hz, H-2), 3.77 (dd, 1 H, J¢ 5 4.5 Hz, H-6), 3.63 (dd, 1 H, J; , 8.8 Hz,
H-3), 3.56-3.47 (m, 2 H, H-4,5), 3.05 (dd, 1 H, J,,,, 18, J,;. 4.7 Hz, B-CH, Asn),
2.92 (dd, 1 H, J,,. 9.5 Hz, B-CH,, Asn), 2.02 (s, 3 H, CH;CO), 1.44 [d, 3 H, J 6.7
Hz, CH(OH)CH,], 1.21 (d, 3 H, J 6.8 Hz, CH, Ala), 0.95-0.87 (m, 12 H, 4 CH,
Tle and Leu).

N¢-(2- Acetamido-3,4,6-tri-O-acetyl-2-deoxy - B~D-glucopyranosyl) -N2- (tert-
butoxycarbonyl)-L-asparagine 3-(triethoxysilyl) propylamide (18). — (a) Using 3-tri-
ethoxysilyl)propylamine. A mixture of 2 (0.5 g, 0.9 mmol), EEDQ (0.26 g, 1
mmol), and 3-(triethoxysilyl)propylamine (0.2 g, 0.9 mmol) in chloroform (10 mL)
was stirred at room temperature for 5 days and 18 was precipitated with light
petroleum.

(b) Using 3-(triethoxysilyl)propyl isocyanate. To a solution of 2 (0.5 g, 0.9
mmol) in chloroform (10 mL) was added 3-(triethoxysilyl)propyl isocyanate (0.44
g, 1.78 mmol) dropwise. The mixture was stirred at room temperature for 2 days,
and 18 was precipitated with light petroleum, collected, washed with light
petroleum, and dried in vacuo. Compound 18 (0.6 g, 88%) had m.p. 190°, [«]3?
+15°(c 1, chloroform); »XBr 1750 (C=0, ester) and 1660 cm~! (Amide I). N.m.r.
data (CDCLy): 'H (90 MHz), 63.8 (q, 6 H,J 7.1 Hz, 3 OCH,CH,), 2.08, 2.06, 2.03,
and 2.01 (4 s, 12 H, 4 CH,CO), 1.44 (s, 9 H, Me,C), 1.22 (t, 9H, J 7.1 Hz, 3
CH,CH,). N.m.r. data [(CD,),SO]: *C (20.15 MHz), 8 171.1-169.3 (C=0), 155
(C=0 urethane), 78.2 [(CH,);C], 78.0 (C-1), 73.3 (C-3), 72.3 (C-5), 57.7 (3
OCH,CH,), 28.5 (CH,CH,CH,), 28.1 [(CH,),C], 22.6 (CH;CONH), 20.4 and 20.3
(CH,CO), 18.1 (3 OCH,CHj;).

Anal. Calc. for C,H(N,0,5:2 H,0: C, 47.99; H, 7.04; N, 6.99. Found: C,
47.90; H, 6.90; N, 7.64.

N4-(2- Acetamido-3,4,6-tri-O-acetyl-2-deoxy- B-D-glucopyranosyl-N?- (tert-
butoxycarbonyl)-L-asparagine octadecylamide (20a). — To a solution of 2 (0.25 g,
0.44 mmol) and ocatadecylamine (0.12 g, 0.44 mmol) in chloroform (5 mL) was
added EEDQ (0.22 g, 0.89 mmol). The solution was stirred for 48 h at room
temperature, then concentrated in vacuo. The residue was purified by chromato-
graphy on silica gel (light petroleum—cthyl acetate, 1:1 — chloroform-methanol,
7:1) (for the yield, physical data, and elemental analysis, see Table VIII); Rg 0.82



92 H. WALDMANN, J. MARZ, H. KUNZ

(chloroform—methanol, 7:1), zXBr 1750 (C=0, ester) and 1660 cm~! (Amide I).
N.m.r. data (CDCl,): 'H (60 MHz), 6§ 2.1-1.9 (45, 12 H, 4 CH;CO), 1.4 (s, 9 H,
Me,C), 1.35-0.9 (m, 37 H, C;;Hs,).

N*-(2- Acetamido-2-deoxy-B-D-glucopyranosyl)-N?-(tert-butoxycarbonyl)-1 -
asparagine octadecylamide (20b). — A solution of 20a (0.35 g, 0.44 mmol) in
chioroform (5 mL) and cold saturated methanolic ammonia (10 mL) was stirred for
24 h at room temperature, then filtered, and concentrated to dryness. The residue
was purified by chromatography on silica gel (chloroform—methanol, 3:1) (for the
yield, physical data, and elemental analysis, see Table VIII); Ry 0.15 (chloroform—
methanol 7:1); ¥XBr 1690 (urethane) and 1660 cm™! (Amide I). N.m.r. data
(CDCI,-CD,0OD, 1:1): 'H (200 MHz), §4.91 (d, 1 H, J,, 9.7 Hz, H-1), 2.61 (d, 2
H, J 5.9 Hz, 8-CH, Asn), 1.45 (s, 9 H, Me;C), 1.35-1.21 (m, 32 H, 16 CH,), 0.88
(t,3H,J 6.3 Hz, CH,CH,).

N*-(2-Acetamido-2-deoxy-B-D-glucopyranosyl)-L- asparagine octadecylamide
hydrochloride (20c). — The amide 20b (0.3 g, 0.44 mmol) was stirred with
methanol (5 mL) and cold dichloromethane (50 mL), saturated with HCl, at room
temperature. The reaction was monitored by t.l.c. (chloroform—methanol, 4:1).
When the reaction was finished, the solution was concentrated in vacuo, the residue
triturated with dichloromethane, and the solid collected by filtration (the yield,
physical data, and elemental analysis are given in Table VIII); vXBr 1660 (Amide I)
and 1550 cm™! (Amide II). N.m.r. data (CD;OD-CDCl,-CF;COOH, 10:10:1): 'H
(200 MHz), 6 5.0 (d, 1 H, J, , 8.1 Hz, H-1), 2.02 (s, 3 H, CH,CO), 1.3-1.2 (m, 32
H, 16 CH,), 0.9 (t, 3 H, J 6.3 Hz, CH,CH,).

N4-(2-Acetamido-3,4,6-tri-O-acetyl-2- deoxy- B-D-glucopyranosyl)-N2- (tert-
butoxycarbonyl)-L-asparagine bis(octadecyl)amide (21a). — A solution of 2 (0.6 g,
1.07 mmol), bis(octadecyl)amine (0.65 g, 1.19 mmol), and EEDQ (0.44 g, 1.8
mmol) in chloroform (10 mL) was stirred for 48 h at room temperature, then con-
centrated in vacuo. The residue was purified by chromatography on silica gel (light
petroleum—ethyl acetate, 1:1) and the product was crystallized by trituration with
ether (for the yield, physical data, and elemental analysis, see Table VIII); Ry 0.67
(ethyl acetate); »XBr 1750 (C=0, ester) and 1660 ¢m~! (Amide I). N.m.r. data
(CDCL): TH (90 MHz), § 2.06, 2.04, 1.98, 1.8 (4 5, 12 H, 4 CH,CO). 1.41 (s, 9 H,
Me;C), 1.35-1.2 (m, 74 H, 37 CH,), 0.95-0.8 (m, 6 H, 2 CHj;).

N4-(2-Acetamido-2-deoxy- B-D-glucopyranosyl)-N*-(tert-butoxycarbonyl)-1-
asparagine bis(octadecyl)amide (21b). — Compound 21a (0.5 g, 0.46 mmol) was
stirred in dichloromethane (20 mL) and methanolic ammonia (30 mL) for 24 h at
room temperature. The solution was concentrated in vacuo and the residue was
chromatographed on silica gel (chloroform—methanol, 7:1) (the yicld, physical
data, and clemental analysis are given in Table VIII); Ry 0.63 (chloroform-
methanol, 7:1); vKBr 1690 (urethane) and 1650 cm~! (Amide I). N.m.r. data
(CDCL): 'H (200 MHz), 64.99 (d, 1 H, J, , 9 Hz, H-1), 2.0 (s, 3 H, CH;CO), 1.45
(s, 9 H, Me,C), 1.3-1.2 (m, 74 H, 37 CH,), 0.95-0.85 (m, 6 H, 2 CH,).
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Né-(2-Acetamido-2-deoxy-B-p-glucopyranosyl)-L-asparagine  bis(octadecyl)-
amide (21c). — Compound 21b (0.35 g, 0.4 mmol) was stirred with dichloro-
methane saturated with HCI (50 mL) for 3 h at room temperature. The crystals
were collected and the filtrate was concentraed in vacuo (for the yield, physical
data, and elemental analysis, see Table VIII); vKBr 1650 (Amide I) and 1550 cm~!
(Amide II). N.m.r. data (CD,0OD): 'H (200 MHz), 6 5.0 (d, 1 H, J,,9.8 Hz, H-1),
2.7 (m, 2 H, B-CH, Asn), 1.96 (s, 3 H, CH,CONH), 1.6-1.4 [broad, 4 H,
N(CH;-),}, 0.93-0.86 (m, 6 H, 2 CH,).

Recording of the “pressure-surface diagram”. — Compound 20¢ (4.4 mg) was
dissolved in 16:2:3 hexane—acetic acid—ethanol (20 mL) (solution A), and 21¢ (5.5
mg) was dissolved in 8:2 ether~methanol (10 mL) (solution B). Portions (20 uL) of
solutions A and B were added to a water surface in a film balance. The surface
available for the molecules was continuously reduced and the resulting pressure
against a stationary barrier was registered.

Preparation of the liposome solution. — A suspension of 21c¢ (10 mg) in water
(3 mL) was treated with ultra-sound (Branson Ultrasonicator) for 8 min. The solu-
tion was filtered through a millipore gel-permeation filter, the first 3 mL eluted
were discarded, and the following 3 mL of liposome-containing solution were
collected. Small spherical particles were visualized with an electron microscope.
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