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Comparison of the lipase-catalyzed cleavage of polar esters derived
from ethylene glycol proved 2-methoxyethyl (ME) esters most
favorable protecting groups for the carboxylic function of peptides
and glycopeptides. They combine high substrate acceptance and
high yields of hydrolysis with favorable physicochemical properties
and advantageous solubility. The application of this polar ester as
protecting group was extended to N-glycosylated amino acids and
N-glycopeptides. The selective removal of ME esters by lipases was
achieved under mild conditions (pH 7.0 and 37°C), leaving all other
linkages including peptide bonds and other ester protecting groups
unaffected.

Enzymatic methods are useful in glycopeptide synthesis.!
To form peptide bonds? and intersaccharidic and sac-
charide-peptide linkages,>* various biocatalysts and
methods have been developed and provide efficient ways
to construct large polyfunctional molecules. Enzymes
may also be used for the protection and deprotection of
functional groups. During the past years, efficient com-
binations of protecting groups have been reported, which
permit selective enzymatic deprotections of carboxylic,
amino, thiol and hydroxyl groups.’ The application of
enzymatic methods are advantageous in glycopeptide
synthesis because of their selectivity. Enzymes often show
high regio- and stereoselectivity,® and they are able to
distinguish even between similar parts of molecules. In
addition, strongly acidic and basic conditions are avoid-
ed, since enzymes operate under very mild conditions,
usually in neutral media at temperatures of 20 to 50°C.
Thus, epimerization within the peptide portions or S-eli-
mination of carbohydrate side chains under basic con-
ditions as well as cleavage or anomerization of the gly-
cosidic bonds under acidic conditions can be prevented.’
In particular, at the end of the synthesis of large glyco-
peptides, mild deprotection conditions are required du-
ring the long reaction times. There are some protecting
groups cleavable by enzymes which could be applied to
the final deblocking of peptides and glycopeptides.® Most
of them are esters, which can be hydrolyzed by proteases,
esterases and lipases. In contrast to proteases, lipases do
not attack peptide bonds. This is why lipases can be more
generally applied than proteases in protecting group
chemistry.

We here report on a comparative study of esters derived
from ethylene glycol as the carboxylic protecting groups
for amino acids, peptides and glycopeptides. These in-
vestigations aimed at esters with optimum properties in
both, synthesis and hydrolysis. As the cleavage of ester
protecting groups by lipases has been described only for
O-glycopeptides so far, extension of this methodology to
N-glycopeptides was also examined. Among the describ-

ed protecting groups, heptyl->!°, morpholinoethyl-'!

and 2-(2-methoxyethoxy)ethyl (MEE)'? esters have suc-
cessfully been applied to glycopeptide synthesis (Scheme
1). For instance, a broad range of peptide heptyl esters,
are hydrolyzed by lipase N from Rhizopus niveus.® Also
O-glycosylated amino acid and peptide heptyl esters were
converted to corresponding acids.!® However, some hy-
drophobic peptide heptyl esters were not accepted as
substrates by lipases.® The substrate acceptance was im-
proved by introducing glycol-based esters which have
enhanced solubility in aqueous solutions. Hydrophilic
2-(2-methoxyethoxy)ethyl esters proved to be distinctly
better substrates to lipases than heptyl esters. Even pep-
tide esters which contain hydrophobic amino acids in the
C-terminal region were hydrolyzed in high yields.!* How-
ever, some unsolved problems remained: The reaction of
some glycosylated amino acids, e.g. O-(N-acetylgalactos-
aminyl) serine and threonine MEE esters, gave only poor
yields in lipase-promoted hydrolysis. Moreover, additio-
nal purification steps are necessary to obtain pure pep-
tides because of the oily consistence of most MEE esters.

R 0\/\/\/\
b
o Hep

R O OMe ;
\'r N O/\/ Lipase
o MEE

R O\/\N
0
MoEt

OHep = heptyl ester; OMEE = 2-(2-methoxyethoxy)ethyl
ester; OMoEt = 2-(N-morpholino)ethyi ester

R-COOH

Scheme 1. Esters useful in glycopeptide synthesis.

To combine high substrate acceptance, optimum purifi-
cation properties and high solubility in aqueous solu-
tions, various esters of dipeptides were synthesized and
examined in lipase-catalyzed hydrolysis. As model com-
pounds, esters 2 of the hydrophobic dipeptide N-terz-bu-
tyloxycarbonyl-L-leucyl-L-phenylalanine were chosen as
difficult substrates. The corresponding heptyl ester is not
cleaved by lipases.’

Most of the amino acid esters required for the synthesis
of the model peptide esters are readily accessible from
amino acids and the ethylene glycol derived alcohol by
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azeotropic esterification in the presence of p-toluenesul- Ph
fonic acid (Scheme 2 and Table 1). Subsequent coupling R-OH PTosO'/(
. . . . : H-Phe-OH ———m +
with N-Boc-leucine using ethyl 2-ethoxy-1 ,z—dlhydroqul- p-TosOH HN” NCOOR
noline-1-carboxylate (EEDQ)*? gave the dipeptide esters Toluene, refl.
2a-1. The dipeptide (2-aminoethyl) esters 2m and 2n 1
were obtained by reaction of 2-bromoethyl ester! -4 2i /
with the corresponding amines. on Eg% 'Eflé; gi:é‘l:Eta
Out of 34 lipases investigated in screening assays with y 5 /(
dipeptide esters 2, the enzymes quoted in Table 2 proved B°°—N\)]\N COOR
to be most effective in cleaving the esters. In consideration i H
of their stability in the presence of an organic cosolvent Y 2a. 2l

and of their proteolytic activity, lipase N (Amano) from
Rhizopus niveus, lipase M (Amano) from Mucor javanicus
and lipase A6 (Amano) from Aspergillus niger showed Ph
the most advantageous properties. All lipases given in o]

Table 2 are commercially available, inexpensive and re- \)J\ /(n/o o~ R
tain some extent of their activity in the presence of an i N 1 Br + N

H
Boc—N
organic cosolvent over several days. For some lipases, \r
accompanying proteolytic activity has to be inhibited, in

2i
particular, if prolonged reaction times are required as 'O Ph
for esters of larger glycopeptides. _H
Boc N\)]\u O\/\NR12
\(E o

The results of the comparative investigation (Scheme 3)
are shown in Table 1. This data illustrates that dipeptide
esters 2a—e and 2n, which are soluble in aqueous phos-
phate buffer after addition of small amounts of acetone,
are readily cleaved by lipase N and give yields of more
than 85 %. Slow or no hydrolysis was observed in screen-  geheme 2. Synthesis of phenylalanine esters 1 and Boc-leucyl-phe-
ing assays with various lipases for compounds 2f-m, pylalanine esters 2.

including the heptyl ester 21.

2m, 2n
EEDQ = ethyl 2-ethoxy-1,2-dinydroquinoline-1-carboxylate
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Table 1. Synthesis of Phenylalanine Esters 1 and Boc-leucyl-phenylalanine Esters 2; EEDQ = Ethyl 2-ethoxy-1,2-dihydroquinoline-1-

carboxylate.
R? Tos-OH H-Phe-OR Dipeptide  Synthesis Hydrolysis 1d'

Ester Yield [%]  (vield [%])

mp [)C]  [a]2 R,

—-(CH,),0CH, (ME) 1a 93 +0.2° 0.77° 2a 79 quantitative (91)
—(CH,),0(CH,),0CH, (MEE) i1b il ~0.8%f 0.53¢ 2b 81 quantitative (94)
—~[(CH,),0],CH, (MEEE) 1c il +4.5¢ 0.65° 2¢ 67 quantitative (86)
—(CH,),0iPR 1d 105 —3.1° 0.60° 2d 84 quantitative (85)
—(CH,),0(CH,),0C,H, (EEE) le oil —0.9¢ 0.71° 2e 65 quantitative (90)
—[(CH,);0],CH; (MPP) 1f 144 +0.55¢ 0.78° 2f 72 incomplete
~CH; (Me) 1g amorph. 4+ 11.4%8 0.81° 2g 66 incomplete
—(CH,),Br (BrEt) 1h 119 —9.1¢ 0.70¢ 2h 76 incomplete
—(CH,),0(CH,);CH, (BE) 1i oil —2.2° 0.70°¢ 2i 61 incomplete
—[(CH,),0]5(CH,);CH, (BEEE) 1k il —0.4¢ 0.72¢ 2k 79 incomplete
—(CH,),CH, (Hep) 11 amorph.  —2.3%h 0.81° 21 85 none
—(CH,),N(C,Hj), 2m 49 none
2-(N-morpholino)ethyl (MoEt) 2n 62 quantitative (90)

2 Abbreviations: ME = 2-methoxy ethyl ester, MEE = 2-(2-methoxyethoxy)ethyl ester, MEEE = 2-[2-(2-methoxyethoxy)ethoxyJethyl
ester, EEE = 2-(2-ethoxyethoxy)ethyl ester, MPP = 3-(3-methoxypropoxy)propyl ester, Me = methyl ester, BrEt = 2-bromoethyl ester,
BE = 2-butoxyethyl ester, BEEE = 2-[2-(2-butoxyethoxy)ethoxylethyl ester, Hep = heptyl ester; MoEt = N-(morpholino)ethyl ester.

® MeOH/EtOAc 3:1.
¢ MeOH/EtOAc 1:3.
4 (¢ 1, CHCL,).
¢ (c 1, MeOH).

f Compounds 1b, 1¢ and 1k contain > 10 % of the corresponding alcohol.

£ Lit.2%: +13.1 (¢ 7.5, MeOH).
B Lit.%% 49.7 (¢ 2.1, MeOH.

! Conversion according to TLC.
i TIsolated yields.

Table 2. Lipases Effective in the Selective Hydrolysis of Amino
Acid, Peptide and Glycopeptide Esters.

Name of lipase Supplier Origin
lipase N Amano Rhizopus niveus
lipase M Amano Mucor javanicus
lipase A6 Amano Aspergillus niger
lipase AP6 Fluka Aspergillus niger
lipase CE Amano Humicola lanuginosa
lipase D Amano Rhizopus delemar
lipase F-AP15 Amano Rhizopus javanicus
lipase L-3126 Sigma Candida cylincracea
Type VII
lipase M10 Amano Mucor javanicus
lipase R Amano Penicillium roqueforti

lipase from
Rhizopus arrhizus Boehringer

Mannheim

Rhizopus arrhizus

Including the criterion of useful physicochemical proper-
ties, the 2-methoxyethyl ester 2a most advantageously
fulfills the requirements defined above: High solubility

Ph
Lipase N uy 9
pH7,37°C oc—H \/U\

" ~N" NCOOH
H,O / Acetone ¢ H

T,

Scheme 3. Comparison of various esters in lipase-catalyzed hydro-
lyses of Boc-Leu-Phe-OR.

EEDQ

PG-AA-OH  + pTos-OH:H-AAyOME —08M ————»
NEt,, CHLCl,
Lipase N
™ PG-AA;-AA-OME PG-AA;{-AA;-OH
H 7,37
" pH7,37°C 5

Scheme 4. Synthesis of dipeptide ME esters 4 from the hydrotosy-
lates of amino acid ME ester and the hydrolysis of 4 catalyzed by
lipase N to give dipeptides 5; PG = protective group; AA = amino
acid.

in a mixture of aqueous sodium phosphate buffer with
small amounts of acetone as the cosolvent, high yield of
enzymatic hydrolysis and simple purification of the ami-
no acid ester salt 1 as well as of the dipeptide ester 2a.

To investigate the influence of the C-terminal amino acid
and the amino protecting group, dipeptide esters 4 were
synthesized and hydrolyzed using lipase N (Scheme 4).
Most peptide ME esters were obtained in pure crystalline
form. The results given in Table 3 show, that neither the
type of amino acids nor that of the amino protecting
group have an inhibitory influence on the cleavage of the
ME ester. Only Fmoc protection, which decreases the
solubility of compound 4f, results in a lower rate of
hydrolysis. In all lipase-catalyzed hydrolyses of peptide
ME esters, no undesired side reactions were observed.
The N-terminal tert-butyloxycarbonyl (Boc)-, benzyl-
oxycarbonyl (Z)-, 9-fluorenylmethoxycarbonyl> (Fmoc)-
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Table 3. Synthesis of Dipeptide ME Esters 4 from the Hydrotosylates of Amino Acid ME Ester and the Hydrolysis of 4 Catalyzed by
Lipase N to Give Dipeptides 5; PG = Protective Group; AA = Amino Acid.

H-AA,-OME* Dipeptide Yield Dipeptide Hydrolysis
ME ester [%] Yield {%]
PG AA, AA, mp [o]22
(c 1, CH,OH)
Boc Phe Ala 208°C +57 4a 95 5a 82
Boc Gly Leu 118°C +6.8 4b 87 5b 91
Boc Ser Leu 4c 85 5S¢ 90
zZ Thr Gly 176°C 4d 89 5d 94
Aloc Val Ser 160°C +4.4 4e 78 Se 92
Fmoc Gly Ser 4f 67 5f 79
2 Hydrotoluenesulfonate
MEoH 1050 (~COOME COOME o o won
- - Ac4Galf(1-4)Ac,GlcNAC-NH _
H.Asp.OH ———— + —— I 8a 4 B( ) C2 2 V4 N\/u\o/\/OMe
Toluene H;N” “COOME NEt; PG-HN” “COOME
Tos-OH. OAc OAc O >
reflux 6 ?’g: F;g = ‘Zr
:PG = Tcoc o}
AcO O
d a0 NH 11
Lipase A6 OACOAC NHAc
o pH 7,37°C Lipase A6
H pH 7,37 °C
PG—N OM
\i/u\o/\/ e 15 h
OAc O :
: COOH
AcO o Y AcaGleNAC-NH, H
P NH z—N.__COOH
¢ OAc :
OAc 0
9a:PG =7, 78% 8a:PG=2Z, 1h, 82%
9b: PG = Tcoc, 85 % 8b: PG =Tcoc,15h, 74 % AcO o 0 O, NH
AcO 12, 76%
OACOAG NHAc
Lipase N PH7,37°C . . i .
Scheme 6. Hydrolysis of asparagine ester 11, containing a disac-
H charide of lactosamine type [.
PG*NYCOOH
OAc 0. F of the diesters or via selective formation of f-esters.2°
AcO o] The alternative nucleophilic opening of aspartic acid an-
AcO M 102 P -2, 13h,77% hydrides leads to mixtures of products and results in only
NHAc 10b: PG =Tcoc, 14 h, 83 %

Z= benzyloxycarbonyl; Teoc = 2,2,2-trichloroethoxycarbonyl,
1IDQ = isobutyl 2-isobutoxy-1,2-dihydroquinoline-1-carboxylate

Scheme 5. Synthesis of aspartic acid di-ME esters 7, regioselective
hydrolysis by lipase A6 and cleavage of ME esters of N-glycosylated
asparagine derivatives 9, giving building blocks 10 for the chain
elongation in peptide synthesis. PG = protecting group.

and allyloxycarbonyl*® (Aloc)-groups remained unaffect-
ed in the obtained dipeptides 5.

In glycopeptide synthesis, the use of 2-methoxyethyl
(ME) ester displays further advantages. To explore the
capacity of the ME ester in the synthesis of N-glycosy-
lated peptides, N-glycosyl asparagine building blocks
must be generated first. It has been shown that papain
can be used to selectively cleave methyl,'” heptyl and
2-(2-methoxyethoxy)ethyl esters of O-glycosylated serine
and threonine derivatives'® as well as methyl esters of N-
glycosylated asparagine.!® N-Protected aspartic acid a-
monoesters are usually prepared by selective hydrolysis

moderate yields of the desired products.??

Because of the regioselectivity of enzymes, an efficient
access to aspartic acid derivatives selectively deblocked
at the f-carboxylic function is possible. N-Protected as-
partic acid di-2-methoxyethyl esters 7 were synthesized
in two steps in high yields (Scheme 5). Treatment of
compounds 7 with lipase A6 at pH 7 and 37°C for 60—90
minutes yielded aspartic acid derivatives 8 with an un-
protected S-carboxylic function. The a-ME esters remain-
ed intact. After reaction times of at least 8 hours, both
ester functions were hydrolyzed giving the N-terminally
protected aspartic acid. It is interesting to note that op-
posite selectivity was observed for the hydrolysis of as-
partic acid diallyl and dimethyl esters catalyzed by papain
or thermitase.?? In these cases, the a-ester was selectively
cleaved giving side-chain protected aspartic acid deriva-
tives. Compounds 8 can be reacted with 2-acetamido-
3,4,6-tri-O-acetyl-2-deoxy--D-glycopyranosylamine ’®
and isobutyl 2-isobutoxy-1,2-dihydroquinoline-1-carbo-
xylate (IIDQ)?? to form the N-glycosylated asparagine
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esters 9a or 9b, respectively. Treatment of these N-gly-
cosylasparagine esters 9 with lipase N for 12 hours fur-
nished the C-terminally deblocked compounds 10. Reac-
tion of 8 with 2-acetamido-3,6-di-O-acetyl-4-(2,3,4,6-te-
tra-0-acetyl-f-p-galactopyranosyl)-2-deoxy-S-p-glyco-
pyranosylamine®* resulted in the formation of the lactos-
amine asparagine ester conjugate 11 (Scheme 6). In con-
trast to the hydrolysis of compounds 9a and 9b, lipase
A6 was used in the hydrolysis of this ME ester giving
the lactosamine asparagine building block 12 in higher
yield than with lipase N. In all reactions, selective hy-
drolysis of the ME ester was achieved under mild reaction
conditions (pH 7.0, 37°C). Neither the O-acetyl groups
within the carbohydrate portions nor the amino protect-
ing groups or the glycosidic bonds were affected. Deri-
vatives 10 and 12 can be directly used as building blocks
for glycopeptide synthesis in solution?* as well as on
solid phase.?3

In order to demonstrate the properties of ME esters in
the synthesis of N-glycopeptides, compounds 9a and 10b
were used in the synthesis of glycopeptides 14 and 18.
The N-glycosyl dipeptide 13 was chosen as a model sub-
strate because of its hydrophobic character. As was
shown earlier, the enzymatic cleavage of esters of O-gly-
cosyl amino acids in some cases gave unsatisfying re-
sults.®¢1% Therefore, the Z group of 9a was hydrogeno-
lyzed in the presence of hydrogen chloride to yield the
N-glycosyl asparagine ester as the hydrochloride. The
ME ester remained stable under these conditions (Scheme
7). After drying in high vacuum, deprotonation and con-
densation with Z-Phe-OH, DCC (dicyclohexyl carbodi-
imide)?® and HOBt (1-hydroxybenzotriazole),?” the Z-
protected glyco-dipeptide ME ester 13 was obtained.
Cleavage of its ME ester using lipase A6 was carried out
in aqueous phosphate buffer at pH = 7.0. The N-glyco-
sylated dipeptide 14 was isolated in a yield of 78 %.

o)
z—Phe—H\)]\
-~ “OME

1. Hz/ Pd-C, HCI, EtOH

9a OAC O : ——
2. Z-Phe-OH, EEDQ, Y
NEts, CH,Cl AcO O NH
AcO 13,78 %
NHAC
0
Lipase A6 Z—Phe—-n\/u\
<~ OH

pH 7,37 °C

AcO NH
NHAc

OAc O ﬁ’/i
A°°/§§v
14,78 %

Scheme 7. Synthesis of N-glycosylated dipeptide ester 13 and re-
moval of the ME ester protecting group using lipase; DCC = di-
cyclohexyl carbodiimide; HOBt = hydroxybenzotriazole.

The glycotetrapeptide ME ester 17 was prepared accor-
ding to Scheme 8. Like the MEE ester,**'® the ME ester
is also stable under the conditions required for the re-
moval of N-terminal protecting groups, commonly ap-
plied in peptide synthesis. Benzyloxycarbonyl (Z)-seryl-
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alanine-2-methoxyethyl ester 15 obtained from Z-serine
and alanine ME ester according to Scheme 4 was sub-
jected to hydrogenation of the Z group. Condensation
of the seryl-alanine ME ester with trichloroethoxycarbo-
nyl (Tcoc)-protected N-glycosyl asparagine 10b using
IIDQ gave the protected N-glycotripeptide ME ester 16.
Treatment of 16 with zinc in acetic acid resulted in the
selective removal of the Tcoc group.?® Also under these
conditions, the ME ester was not affected. The obtained
amino-deblocked N-glycotripeptide ME ester was con-
densed with Tcoc-alanine to furnish the desired Tcoc-
protected N-glycotetrapeptide ME ester 17 in an overall
yield of 72 %.

The ME ester of 17 was selectively cleaved by lipase A6
atpH = 7 and 37° C in phosphate buffer containing 30 %
of acetone. The glycosidic bond, the peptide linkages and
all other protective groups, in particular, the ester pro-
tecting groups of the carbohydrate hydroxylic functions,
remained unaffected. The selectively carboxy-deblocked
compound 18 was obtained in a yield of 85 % after lyo-
philization and recrystallization from methanol/diethyl
ether.

1. Hy / Pd-C, HCI,
EtOH H
Z-Ser-Ala-OME ——————» Tcoc—N\/u—-Ser—Ala—OME
2.10b, 1IDQ, Y
15 CH,Cl,NEt3  OAc 0. %
AcO Q,
AcO NH
NHAC 16, 56 %
1. 2Zn, AcOH

2. Tcoc-Ala-OH, NEt,,

lDQ, CH,Cl,
OH
L9 w9
reoow. N N N L ~_ome
oc\N 8, : N : O/\/
H H H H
OAc ©O. o =
AcO o]
cAco NH 17, 72%
NHAG

Lipase A6, pH 7, 37 °C

OH
o) o]
rease I M A R
cocC
>N 8’ " N <" “OH
H i H

OAc O d o
AcQO Q
0 NH
NHAG 18, 85 %

Scheme 8. Synthesis of N-glycosylated tetrapeptide ME ester 17 and
hydrolysis of the ME ester by lipase.

In conclusion, these results illustrate the advantageous
properties of the 2-methoxyethyl (ME) ester in the syn-
thesis of peptides and N-glycopeptides. In comparison
to other esters, cleavable by enzymes, peptide ME esters
of various structure are accepted as substrates to lipases.
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In addition, these ME esters show enhanced solubility
in water-containing solutions. Therefore, ME esters of
hydrophobic peptides and glycopeptides can be subjected
to lipase-catalyzed hydrolysis. Moreover, the ME esters
compared to long-chain ethylene glycol esters show im-
proved properties during purification procedures. Most
peptide ME esters readily crystallize, whereas many MEE
esters are oily liquids. The regioselective lipase-catalyzed
hydrolysis of the f-ME ester of aspartic acid di-ME esters
opens up a short and efficient way to aspartic acid syn-
thons required for the synthesis of N-glycosyl asparagine
building blocks. Finally, the lipase-catalyzed cleavage can
be applied to the synthesis of N-glycopeptides. The se-
lective cleavage of the ME ester under mild conditions
prevents any undesired attack at other linkages of the
molecules, like peptide and glycosidic bonds or other
protecting groups including the ester protecting groups
within the carbohydrate portions.

'H NMR and *3C NMR spectra were recorded on a Bruker AC-200
(200 MHz 'H and 50.3 MHz !3C) and on a Bruker AM 400
(400 MHz ‘H, 100.6 MHz !3C). Mps are uncorrected. Optical ro-
tations were measured with a Perkin-Elmer 241 polarimeter. Flash
chromatography was carried out on silica gel purchased from J. T.
Baker (0.030-0.060 mm), E. Merck, Darmstadt (0.040—0.063 mm)
and Amicon (0.035-0.070 mm). The phosphate buffer solution was
prepared from a solution of disodium hydrogenphosphate (36.5 g,
0.2 mol) in H,O (1 L), adjusted to pH 7 by addition of H,PO,. For
compounds 2, NMR data of typical examples of each series are
given.

L-Phenylalanine Ester Hydrogentoluenesulfonate (1):

A mixture of phenylalanine (3.3 g, 20 mmol), p-TsOH - H,0 (5.7 g,
30 mmol) and the corresponding ethylene glycol derived alcohol
(0.1 mol) in benzene (100 mL) was refluxed until H,O (2.8 mL) has
separated. The solvent was removed in vacuo. In case of compounds
1a, 14, 1h and 11, the remaining crude phenylalanine ester hydro-
gentosylate was stirred with Et,0O. All other crude phenylalanine
ester salts (see Table 1) were dried in vacuo and used directly in
the synthesis of dipeptide esters 2.

N-tert-Butyloxycarbonyl-L-leucyl-L-phenylalanine Esters 2a—k

A solution of N-tert-butyloxycarbonyl-L-leucine (1.4 g, 6 mmol) and
ethyl  2-ethoxy-1,2-dihydroquinoline-1-carboxylate’®* (1.7 g,
7 mmol) in anhyd CH,Cl, (50 mL) were stirred for 15 min. Phenyl-
alanine ester salt 1 (7mmol) and Et,N (0.7 g, 7 mmol) were
added and the stirring was continued, until Boc-leucine was com-
pletely consumed (monitoring by TLC). The solution was washed
with 0.1 M HCI (2 x 30 mL) and sat. aq NaHCO; (2 x 30 mL) and
dried (MgSO,). The solvent was evaporated in vacuo. The product
was purified by flash chromatography. Yields are given in Table 1.
Physical and elemental analysis data are given in Table 4.

As examples, NMR data of compounds 2a, 2b, 2k and 21 are given:

2a:

"HNMR (200 MHz, CDCL): § = 0.90 (d, J;yy, = 3.7 Hz, 6H, 2
(CH)..); 1.21-1.27 (m, 1H, (-CH),.)); 142 (s, 9H, C(CH,),);
1.56-1.60 (m, 2H, (B-CH,),..); 3.12 (55, 2H, (B-CH,)p,); 3.35 (s,
3H, (OCH,)yp); 3.54 (t, J,. = 4.1Hz, 2H, (CH,0),,p); 4.07-4.12
(m, 1H, (-CH),.); 4.23 (1, J, =3.8Hz, 2H, (COOCH,).);
4.84-4.88 (m, 2 H, (-CH)y,) and (NH)p,); 6.56 (d, Jyy 0y = 7.2 Hz,
1H, (NH),,); 7.13-7.24 (ArH),,).

BCNMR (50.3 MHz, CDCL,): 6 = 21.81,22.73 (CH, Leu); 24.55 (g-
CH Leu); 28.16 (C(CH,),); 37.74 (-CH, Phe); 41.21 (6-CH, Leu);
53.05 («-CH Phe, «-CH Leu); 58.69 ((OCH,)); 64.14
((COOCH )); 69.95 ((CH,O)yp); 79.75 (C(CH,),); 126.87, 128.33,
129.29 (ArC); 135.76 ((CAr),,,); 155.39 (urethane C=0); 171. 10
(amide C=0); 172.12 (ester C=0).

SYNTHESIS

Table 4. Elemental Analysis and Physical Data of Dipeptide Esters
Boc-Leu-Phe-OR 2.

dipeptide mp [«]22 R, elemental analysis

ester EtOAc  caled./found

2a 64°C —-6.7¢  0.76 C63.90 H8.31 N6.42

2b oil —14.5¢ 071 C62.48 H8.39 N 5.83

2¢ oil® —11¢  0.67

2d 68°C —9.0¢ 0.71 C64.63 H8.68 N 6.03
C64.17 H8.57 N 6.31

2e oil ~3.9¢  0.68 C63.14 H8.56 N 5.66
C63.33 H8.48 N 5.69

2f 88°C —-10.2¢ 0.73 C63.76 H8.72 N 5.51
C63.09 H8.71 N 5.47

2g? 74°C  —192°% 0.73

2h 119°C —9.24 0.74 C5444 H6.85 N 5.77
C54.32 H6.92 N5.74

2i 97°C —15.19 0.79 C65.25 H8.84 N5.85
C64.64 H8.75 N 5.87

2k oil —314¢ 072 C63.58 H8.89 N4.94
C63.19 H9.34 N4.93

219 amorph. — 20.0°

2m 50°C —3.7¢ 027 C65.383 H9.07 N 8.80
C65.10 H9.46 N 8.38

2n 97°C —27.8¢ 0.35 C63.52 H8.41 N8.55

C64.47 H8.45 N8.63

2 Compound contains > 10% of the corresponding alcohol
(*HNMR); MS (FAB, C,,H,,N,0,, MH*): caled 525.3, found
525.5.

P Lit.*%%: mp 78-79°C; Lit.3": [a]3? =

° Lit.: [oz]22 —211 (c =1, CH OH.

4 (¢ =1, CHCl,).

¢ (c=1, CH,OH).

19.5 (c = 1, CHCl,).

2b:

'"HNMR (200 MHz, CDCl,): 6 = 0.89 (d, Js,,u =4.2Hz, 6H, 2
(CH,),.0; 1.41 (s, 9H, C(CH,);); 1.43-1.52 (m 1H, (y-CH)...);
1.55-1.62 (m, 2H, (B-CH,),.); 3.11 (d, Jypy,u = 56HZ 1H, (8-
CH,), pne); 3.13 (d, Sy n = 5.5Hz, 1H, (B-CH,)ypp); 3.36 (s, 3H,
(OCH,)pe); 3.51-3. 54 (m, 2H, (CH,0CH,);s); 3.58-3.66 (m, 4 H,
2(CH,O)yp); 4.06 (m, 1H, («-CH),,,); 4.25 (t, J,, = 4.6Hz, 2H,
(COOCH,),p); 4.79-4.89 (m, 2H, (a- CH)Phe) und (NH);,); 6.56 (d,
Junan = 7.6Hz, 1H, (NH),,); 6. 56 d,J; = 7.6Hz,2 H, (ArH), p,.);
7.14-71.26 (m, 3H, (ArH),, , pn.)-

BCNMR (50.3 MHz, CDCL,): § = 21.74, 22.71 (CH, Leu); 24.46
(y-CH Leu); 28.10 (C(CH,),); 37.62 (-CH, Phe); 41.10 (-CH, Leu);
53.00 (x-CH Leu); 54.52 («-CH Phe); 58.81 ((OCH,)); 64.24
((COOCH,)p); 68.56 (COOCH,CH,); 70.28 (CH,OCH;); 71.67
(CH,CH,0OCH,); 79.69 (C(CH,),); 126.81, 128.27, 129.25 (ArC);
135.71 ((CAr),,,); 155.33 (urethane C=0); 171.03 (amide C=0);
172.11 (ester C=0).

2k:

'HNMR (200 MHz, CDCL): & = 0.87 (s, 3H, (CH,)gze); 0.90 (d,

Jyum = 3.8Hz, 6H, 2(CH,),.); 1.23-1.38 (m, 3H, (3-CH Leu),
(CH,CH,)geee); 1.40 (s, 9 H, C(CH,),); 1.46-1.65 (m, 4H, (B-CH.),,
and (CH,C,Hy)gp); 3.10 (d, Jyp o = 5.8 Hz, 1H, (8-CH,), ,,); 3.12
(d, Jpun = 5.6Hz, 1H, (B-CH,), no); 341 (t, J,. = 6.7Hz, 2H,
(OCH,CH,)ge): 3.51-3.66 (m 10H, 5(CH,0)y,); 4.05-4.08 (m,
1H, (-CH)_):; 4.23 (t, J, =48Hz, 2H, (COOCH,)ser);
4.79-4.88 (m, 2 H, (2-CH)p,.) and (NH)p,); 6.61 (d, Jyy o = 7.7 Hz,
1H, (NH),)); 7.09-7.29 (m, SH, (ArH),,).

BCNMR (50.3 MHz, CDCL): 6 = 3.82 ((CH,)ggee); 19.19, 19.20
(CH,CH,)pegps (CHLC,H,)pepe); 21.92, 22.83 (CH, Leu); 24.65 (3-
CH Leu); 28.26 (C(CH,),); 37.82 (8-CH, Phe); 41.32 (3-CH, Leu);
5314 («-CH Leu, «-CH Phe); 64.42 ((COOCH,)gee); 68.71
((COOCH,CH,)pere); 70.01, 70.56, 70.59, 70.64 (4 (CH,O)peee);
71.13 (OCH,C,H.)geer); 79.38 (C(CH,),); 126.97, 128.43, 129.40

* “vic
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(ArC); 135.86 ((CAr),,,); 155.14 (urethane C=0); 171.15 (amide
C=0); 172.16 (ester C=0).

2Lk

'HNMR (400 MHz, CDCL): § = 0.84-0.92 (m, 9H, 2(CH,),,,
(CHy)yi,,); 1.18-1.34 (m, 10H, (CH,),,); 1.40 (s, 9H, C(CH,),);
1.46-1.63 (m, 3 H, (B-CH,),., (;-CH),,,; 3.08 (s,, 2H, (B-CH),,);
4.01-4.07 (m, 3H, («-CH),,,, (COOCH,),,); 4.79-4.82 (m, 1H,
(@-CH)p); 487 (d, Jyym=79Hz, 1H, (NH),): 6.53 (d,
T = 1.9Hz, 1H, (NH),_ ); 6.97-7.26 (m, 5H, (ArH),,).

BCNMR (50.3MHz, CDCL): 6 =13.72 (CH, Hep); 14.20
(CHpye): 22.27, 22.59 (CH, Leu); 24.47 (-CH Leu); 25.49
((CH,)y,,); 28.04 (C(CH,),); 28.20, 28.56, 31.38 (3 (CH,),,); 37.85
(B-CH, Phe); 41.12 (3-CH, Leu); 52.98, 53.14 («-CH Phe and o-CH
Leu); 65.38 ((COOCH,),.); 79.77 (C(CH3)3); 126.77, 12822,
128.99, 129.09 (ArC); 135.67 ((CAr),,); 155.24 (urethane C=0);
171.05 (amide C=0); 171.83 (ester C=0).

N-tert-Butyloxycarbonyl-L-leucyl-L-phenylalanine 2-Aminoethyl Esters
2m and 2n:

To morpholine or diethylamine, respectively (50 mL) stirred at 0°C
dipeptide-(2-bromoethyl)ester'* 2i (1.9 g, 4 mmol) was added in
small portions. The stirring was continued for 2h at r.t. After
evaporation of the amine in vacuo, the residue was purified by flash
chromatography. Yields are given in Table 1. Physical and elemental
analysis data are quoted in Table 4.

2m:

'HNMR (200 MHz, CDCL,): § = 0.83 (d, Jy.4y =2.5Hz, 3H,
(CHyy,); 087 (d, Jyy=3.0Hz, 3H, (CHyy,; 1.08 (d,
Js = 71.1Hz, 6H, (NCH,CH,)); 1.18-1.63 (m, 3H (7-CH),,» (8-
CH,)...); 144 (s, 9H, C(CH3)3), 244 (t, J,=49Hz, 2H,
COOCH,CH,); 3.13 (d, J, = 5.3Hz, 2H, (- CHZ)Phe); 3.37 (q,
JV,C = 7.2Hz, 4H, (NCH,CH))); 3.97-4.09 (m, 1 H, («-CH), ..); 4.03
(t,J,. = 44Hz, 2H, COOCH,); 4.54-4.62 (m, 1 H, (x-CH),,,); 4.96
(, JNHJ H=8.3Hz,1 H,(NH)Phe); 6.63 (d, Jyuu = 7-3Hz, 1H,
(NH)_.,); 7.07-7.28 ((ArH)p,).

BCNMR (50.3 MHz, CDCL): § = 15.00 (CH, ester); 21.88, 22.87
(CH, Leu); 24.66 (y-CH Leu); 28.27 (C(CH.,),); 37.84 (5-CH, Phe);
41.16,43.79 (NCH,CH,, 8-CH, Leu); 53.09, 53.76 (-CH Phe, o-CH
Leu); 56.38 (COOCH,CH,); 62.39 (COOCH,CH,); 80.16 (C(CH,),);
127.35, 128.64 (ArC); 136.53 ((CAr), ); 155.39 (urethane C=0);

ipso.

170.22, 171.83 (amide C=0, ester C=0).
2n:

'"HNMR (200 MHz, CDCL,): é = 0.86 (d, Jsuu = 2.3Hz, 3H,
(CH,),..); 0.89 (d, Jsuyn = 24Hz, 3H, (CH,),,,); 1.08-1.23 (m, 1 H,
(-CH),.,); 140 (5, 9H, C(CH,).); 146-1.71 (m, 2H, (§-CH)),,,);
241, J,, =4.6Hz, 4H 2(NCH2)E1M0) 2.52(t, J,,=57Hz, 2H,
(COOCH CHZ)EtMo) 3.09 (d, J,, = 6.0Hz, 2H, (-CH,);,.); 3.65 (1,
Joe =4.6Hz,4H, 2(CH,0);,\0); 4.05-4.12 (m, 1 H, (¢-CH),); 4.17
(t, J,. = 5.8Hz, 2H, (COOCH,)g1,); 4.75-4.88 (m, 2 H, (x-CH),,,
(NH)p,); 6.67 (d, Jyyun =7.7Hz, 1H, (NH).); 7.09-7.25
((ArH)py,o)-

BC NMR (50.3 MHz, CDCl,): 6 = 22.00 (CH, Leu); 24.74 (y-CH
Leu); 28.31 (C(CH,),); 38.28 (f-CH, Phe); 41.41 (8-CH, Leu); 52.12,
53.63, 5470 («-CH Phe, o-CH Leu, NCH,CH,0); 57.04
(COOCH,CH,); 61.80 (COOCH,CH,); 66.41 (NCH,CH,0); 79.78
(C(CH,),); 126.83, 128.34, 129.18 (ArC); 135.84 ((CAr),,.); 155.90

ipso.

(urethane C=0); 171.68, 171.99 (amide C=0, ester C=0).

N-tert-Butyloxycarbonyl-L-leucyl-L-phenylalanine (3):

To a solution of Boc-dipeptide ester 2 (2-3 mmol) in acetone
(4—8 mL), aq sodium phosphate buffer (0.2 M, 30 mL, pH = 7) was
added and the mixture was warmed to 37°C. Lipase N (Amano)
(200 mg) was added. The solution was shaken for 15 h. After addi-
tion of brine (50 mL), the product was extracted with EtOAc
(3 x40 mL). If necessary, HOAc was added before extraction. After
drying (MgSO0,), the solvent was evaporated in vacuo and the residue
purified by flash chromatography (petroleum ether/EtOAc
2:14+ HOAc 1 %). Yields of Boc-Leu-Phe-OH are given in Table
3. Amorphous; [0]22= —10.9 (c=1, MeOH); (Lit.3:
[e]3? = —10.2 (¢ = 0.8, MeOH)}); R, = 0.78 (EtOAc/HOAc 10:1).
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'HNMR (200 MHz, CDCL): & =0.88 (d, Jg,u=3.1Hz, 3H,
(CH,)0.); 0.92 (d, Jyyy s = 3.2 Hz, 3H, (CH,),.); 1.20-1.29 (m, 1H,
(-CH)..); 1.41 (s, 9H, C(CH,)); 1.50-1.63 (m, 2 H, (B-CH,),,,);
285 dd, J,,, = 13.1Hz, J,, = 6.0Hz, 1 H, (8-CH,), p,,); 3.06 (dd,
oo = 13.2Hz, J ;. = 6.2 Hz, 1 H, (B-CH,), p); 3.99-4.04 (m, 1H,
(@-CH),.); 4.80-4.88 (m, 2H, (2-CH)p,, (NH)p); 6.50 (d,
Jaan = 1.6Hz, 1H, (NH)_,); 7.12-7.34 ((ArH)pyo).
BCNMR (50.3 MHz, CDCL): & = 21.83, 22.69 (CH, Leu); 24.50
(y-CH Leu); 28.18 (C(CH,),); 37.65 (8-CH, Phe); 40.09 (8-CH, Leu);
52.88,53.06 (a-CH Phe, «-CH Leu); 79.61 (C(CH,),); 126.65, 128.37,
129.18 (ArC); 134.82 ((CAr),,); 155.41 (urethane C=0); 170.99
(amide C=0); 174.22 (acid C=0).

N-Protected Dipeptide (2-Methoxyethyl) Esters 4:

To a stirred mixture of amino acid (50 mmol) and p-
TsOH - H,0(11.4 g, 60 mmol) in benzene (200 mL), 2-methoxyeth-
anol (10.9 mL, 0.2 mol) was added. The mixture was refluxed using
a water separator at 90°-100°C, until 6.1 mL of H,O separated.
Solvent and excess of alcohol were evaporated in vacuo. The residue
was recrystallized from MeOH/Et,0 if possible. The obtained crude
hydro-p-toluenesulfonate of the amino acid (2-methoxyethyl) ester
(10 mmol) was added to a solution of the N-protected amino acid
(6 mmol) and ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxylate!?
(1.7 g, 7mmol) in anhyd CH,Cl, (50 mL). Et;N (0.7 g, 10 mmol)
was added, and the solution was stirred for 4 h at r.t. After washing
with 0.1 M HCI (2 x 50 mL), sat. aqg NaHCO;, (2 x 50 mL) and sat.
aq brine (50 mL) and drying (MgSO,), the solvent was evaporated
in vacuo. The residue was purified by recrystallization from MeOH/
Et,0 or by flash chromatography (petroleum ether/EtOAc 4:1).
Yields of the synthesized N-protected dipeptide ME esters 4 are
given in Table 3.

N-tert-Butyloxycarbonyl-L-phenylalanyl-L-alanine (2-Methoxyethyl)
Ester (4a):

Colorless crystals; mp. 78°C; [e]2 = +15.3 (c=1, MeOH);
R, = 0.71 (EtOAc).

'"HNMR (200 MHz, CDCL): § =1.35 (d, Jo, = 8.8Hz, 3H,
(CH,)A); 1.38 (s, 9H, C(CH,),); 3.05 (d, J,,,_I 4 =00Hz 2H,
(CHypehs 335 (s, 3H (OCH,)\z); 3.56 (t, J,,=4.6Hz, 2H
(CH,O)ye); 425 (t, J,.=4.6Hz, 2H, (COOCH,)y); 4.33 (t,
Jaipn = 6.5Hz, 1H, (a-CH),,); 4.52 (t, J 4 ,,H =72Hz, 1H, (a-
CH)pyo); 5.01 (s, 1H, (NH)p,); 6.51 (d, Jyu.u=6.9Hz, 1H,
(NH),.); 7.21-7.31 (m, 5H, (ArH),).

BCNMR (50.3 MHz, CDCl): 6=18.02 (CH, Ala); 28.11
(C(CH,),); 38.33 (5-CH, Phe); 48.05 («-CH Ala); 55.49 («-CH Phe);
58.74 ((OCH3)ye); 64.11 ((COOCH,)e); 70.05 ((CH,0)yp); 79.90
(C(CH,),); 126.67, 128.38, 129.25 (ArC); 136.63 ((CAr),,); 155.28
(urethane C=0); 170.90 (amide C=0); 172.32 (ester C=0).

Anal. Caled for C,H;N,O, (394.5): C, 60.90; H, 7.67; N, 7.10.
Found: C, 60.86; H, 7.79; N, 7.17.

N-tert-Butyloxycarbonyl-L-glycyl-L-leucine (2-Methoxyethyl) Ester
(4b):
Colorless crystals; mp. 61°C; [a]Z =
R, = 0.65 (EtOAc).
'"HNMR (200 MHz, CDCL): 6 =0.89 (d, J, = 5.4Hz, 6H,
2(CH,)); 1.40 (s, 9H, C(CH,),); 1.55-1.62 (m, 3H, (f-CH,),.,
and (y-CH),.); 3.32 (s, 3H, (OCH,);y); 3.54 (t, J,. =4.7Hz, 2H,
(CH7O)ME), 378 d, Jyunu=4.8Hz, 2H, (CH,),); 422 (1,
Ji.=4.6Hz, 2H, (COOCH,)\p); 4.55-4.69 (m, 1H, (¢-CH),,);
5.35(t, Junan = 49 Hz, 1 H, (NH)g,,); 6.68 (d, Jyu = 6.9Hz, 1H,
(NH), .-
BC NMR (50.3 MHz, CDCl,): § = 21.57, 22.46 (CH, Leu); 24.49
(y-CH Leu); 27.99 (C(CH,),); 40.94 (5-CH, Leu); 43.92 («=-CH, Gly);
50.58 («-CH Leu); 58.50 ((OCH,)ye); 63.81 ((COOCH,)y5); 69.93
((CH,O)yp); 79.93 (C(CH,),); 120.81, 126.29, 127.54, 128.98, 129.19
(ArC); 135.88 ((CAr),,,); 155.97 (urethane C=0); 169.40 (amide
C=0); 172.51 (ester C=0).

Anal. Caled for C,(H,;)N,O( (346.4): C, 55.47; H, 8.73; N, 8.09.
Found: C, 55.30; H, 8.85; N, 7.91.

—20.0 (c=1, MeOH);
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N-tert-Butyloxycarbonyl-L-seryl-L-leucine (2-Methoxyethyl) Ester
(4c):
Colorless crystals; mp. 47°C; [0]Z=
= 0.42 (EtOAc).
IH NMR (200 MHz, CDCl,): 6 =0.90 (d, J,;y = 6.1Hz, 3H,
(CH3).); 097 (d, Jyy5u = 5.8Hz, 3H, (CH,),..); 1.38-1.41 (m, 1 H,
(-CH),.); 1.42 (s, 9H, C(CH,),); 1.53-1.60 (m, 2H, (B-CH,),,,);
3.36 (s, 3H, (OCH,)\p); 3.61 (t, J,.=5.0Hz, 2H, (CH,O)p);
3.77-4.09 (m 2H (p-CH,)Ser); 4.23 (t, J,=4.8Hz, 2H,
(COOCH,)yp); 4.31 (m, 1H, (x-CH)g,,); 4.49-4.52 (m, 1H, (-
CH).,); 582 (d, Jyyw=75Hz, 1H, (NH)y); 6.87 (d,
Jnian = 7-0Hz, 1H, (NH),,).
BCNMR (200 MHz, CDCL,): 6 = 21.89, 22.36 (CH, Leu); 25.01
(z-CH Leu); 27.84 (C(CH,),); 40.87 (8-CH, Leu); 48.91 (y-CH Leu);
56.52 (@-CH Ser); 58.51 ((OCH,)yg); 60.99 (5-CH, Ser); 64.16
((COOCH,)g); 68.91 ((CH,O)ye); 80.05 (C(CH,),); 155.47 (ureth-
ane C=0); 169.02 (amide C=0); 171.97 (ester C=0).
Anal. Caled for C;H,,N,0O, (376.5): C, 54.24; H, 8.57 N, 7.44.
Found: C, 54.14; H, 8.71; N, 7.07.

~20.8 (c=1, MeOH);

N-Benzyloxycarbonyl-L-threonyl-glycine (2-Meth0xyethyl) Ester (4d):
Colorless solid; [¢]2 = —6.8 (¢ = 1, MeOH); R, = 0.31 (EtOAc).
'HNMR (200 MHz, CDCL): 6 =1.19 (d, J, H,,H =32Hz, 3H,
(CHy)py,); 3.35 (s, 3H, (OCH,)ye); 3.56 (t, J,.=5.0Hz, 2H,
(CH,O)p); 4.04 (d, Jyypn = 5.5Hz, 2H, (CH,)g,,); 4.18-4.24 (m,
1H, (a-CH)y,); 4.27 (t, J;,. = 4.2Hz, 2H, (COOCH,),z); 4.42-4.50
(m, 1H, (-CH)q,,); 5.10 (s, 2H, (CH,),); 5.92 (d, Jyu = 7.8 Hz,
1H, (NH)p,); 713 (4, Jyuu = 4.9 Hz, 1H, (NH)g,); 7.32 (s, SH,
(ArH),).

CNMR (50.3 MHz, CDCL,): 6 = 18.20 (CH, Thr); 41.21 (-CH,
Gly); 58.74 ((OCH,)yp); 59.17 (a-CH Thr); 64.23 ((COOCH,)\e);
67.11, 67.73 ((CH,),, (-CH)4,,); 70.03 ((CH,O)yp); 127.75, 127.88,
128.03, 128.11, 128.45 (ArC); 136.12 ((CAx),,.); 156.76 (urethane
C=0); 169.80 (amide C=0); 171.32 (ester C=0).

Anal. Caled for C;H,,N,O, (368.4): C, 55.43; H, 6.57; N, 7.60.
Found: C, 55.48; H, 6.56; N, 7.27.

N-Allyloxycarbonyl-L-valyl-L-serine (2-Methoxyethyl) Ester (4¢):
Colorless oil; {o]2 = —7.5 (¢ = 1, MeOH); R, = 0.22 (EtOAc).
'HNMR (200 MHz, CDCL): 6 =0.93 (d, Jum=T18Hz, 3H,
(CHyyy); 097 (d, Jyu=69Hz, 3H, (CHy)y,), 2.08 (g,
o = 6.6 Hz, 1 H, (8-CH)y,; 2.92 (s,, 1 H, (OH)s,,); 3.35 (s, 3H,
(OCHy)ye); 3.58 (t, J,=4.7Hz, 2H, (CH,0)\); 3.83 (dd,
o= 11.6, Sy y = 3.2Hz, 1 H, (-CH,),..); 4.00 (dd, J ., = 11.6,

a,Ser.

JMH w=47Hz, 1H, (B-CH,),); 425 (dt, J..-120Hz
o= 4.6 Hz, 1H,(COOCH,), ,,p); 4.37 (dt, J,,, = 12.0, /.= 4.8 Hz,

1 H (COOCH,), \p); 4.52(d, J,, .= 4.3Hz, 2 H, (CH,),\..); 4.66—4.73
(m, 2H, (-CH)s, and («-CH),);, 5.17 (dd, J,,=10.4Hz,
Jue=13Hz, 1H, (CH,=)spq)s 523 (dd, J,=10.8Hz,
Jie=14Hz, 1H, (CH,=)a0cmns); 558 (4, Jyyaw=8.7Hz, 1H,
(NH)y,); 5.78-5.94 (m, 1 H, (CH) o); 7.11 (d, Jyyyy = 7.8 Hz, 1 H,
(NH)s.,)-

BCNMR (50.3 MHz, CDCl,): 6 = 17.84, 19.07 (CH, Val); 31.26
(p-CH Val); 54.61 (0-CH Val); 58.76 ((OCH,)ye); 60.25 (2-CH Ser);
62.79 (B-CH, Ser); 64.23 ((COOCH,)\g); 65.85 (CH,=CHCH,);
70.08 ((CH,O)yp); 117.69 (CH,=CHCH,); 132.61 (CH,=CHCH,);
156.61 (urethane C=0); 170.26 (amide C=0); 171.76 (ester C=0).
Anal. Caled for CH,\N,O, (346.4): C, 52.01; H, 7.57; N, 8.09.
Found: C, 51.89; H, 7.68; N, 8.09.

N-Fluorenyl-9-methoxycarbonyl-L-glycyl-L-serine
Ester (4f):

Colorless crystals; mp. 107°C; (a2 = +44 (c=1, MeOH);
R, = 0.62 (EtOAc).

"HNMR (200 MHz, CDCL): § = 3.35 (s, 3H, (OCH,),y); 3.54 (t,
Ji=3.8Hz, 2H, (CH,O)y); 386 (d, J,,=104Hz,
Tyn=41Hz, 1H, (B-CH,),); 3.99-4.06 (m, 3H, (B-CH,)y,.
(CHZ)Gly) 4.22-4.54 2m, 4 H, (0-CH)s,,, (H-9)gn0er (COOCH,)\45)5
4.50(d, J,,. = 5.6Hz, 2H, (CH,0)¢,...); 5.38 (, Jyu.n= 8.9Hz, 1 H,
(NH)g,,); 7.34 (d, Jypn = 8.8Hz, 1 H, (NH)g,); 7.28-7.40 (m, 4 H,

(2-Methoxyethyl)
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(H-2,H-3, H-6, H-T)¢.00); 7.60 (d, J,. = 8.0Hz, 2 H, (H-1, H-8);,...);
7.72 (4, J,,.= 7.6Hz, 2H, (H-4, H-5);,...)-

*C NMR (50.3 MHz, CDCL): § = 39.72 («-CH, Gly); 47.27 ((C-
Nemoe)s 57.45 (x-CH Ser); 58.88 ((OCH,)yp); 63.01 (B-CH, Ser);
63.33 ((COOCH,)pp); 67.50 ((CH,O)pmoc); 69.81 ((CH,O)y5); 124.77,
126.34, 127.05, 127.81 (ArC); 141.72, 142.83, 142.50 ((ArC),,,);
156.10 (urethane C=0); 170.26 (amide C=0); 171.20 (ester C=0).
Anal. Caled for C,;H,\N,O, (442.5): C, 62.43; H, 5.92; N, 6.33.
Found: C, 62.48; H, 5.96; N, 6.35.

Lipase-Catalyzed Hydrolysis of Peptide ME esters. N-Protected Di-
peptides 5:

N-Protected dipeptide 2-methoxyethyl esters 4 (3 mmol) were dis-
solved in acetone (5—-15mL). Aqueous sodium phosphate buffer
(0.2 M, 50 mL, pH = 7) was added, and the mixture was warmed
up to 37°C. After addition of lipase N (Amano) (300 mg), the
solution or suspension, respectively, was shaken for 15h to 2 d at
37°C. It was saturated with NaCl and the dipeptide extracted with
EtOAc. If necessary, HOAc was added before extraction. The or-
ganic layer was dried (MgSO,) and the solvent removed in vacuo.
The residue was purified by flash chromatography (EtOAc/HOAc
100:1). The yields are given in Table 3.

N-tert-Butyloxycarbonyl-L-phenylalanyl-L-alanine (5a):

Colorless crystals; mp. 96°C (Lit.>%: 88°C); [} = +9.3 (c =1,
CHCL,) (Lit.*%: [0} = + 11.6 (¢ = 2, CHCL,)); R, = 0.75 (EtOAc/
HOACc 10:1).

'"HNMR (200 MHz, CDCL): 6 =1.29 (d, JaH‘,,H= 8.8Hz, 3H,
(CHyuW); 141 (s, 9H, (CHy)) 3.11 (d, Jyy,u=51Hz, 2H,
(CHypne); 4.31-4.41 (m, 1H, (2-CH),,); 4.49 (t, J,p = 6.8 Hz,
1H, (¢-CH)p,); 541 (d, Jyu= 74Hz, 1H, (NH),,); 6.73 (d,
Junan= 7.1Hz, 1H, (NH),,); 7.29-7.44 (m, SH, (ArH);,.)-

BCNMR (50.3MHz, CDCL): §=16.99 (CH, Ala); 27.82
(C(CH,),); 38.34 (5-CH, Phe); 49.40 (o-CH Ala); 53.71 («-CH Phe);
79.93 (C(CH,),); 126.29, 128.53, 128.98, 129.19 (ArC); 135.89
((CAr),,.); 155.87 (urethane C=0); 169.51 (amide C=0); 174.46
(acid C=0).

Anal. Caled for C,,H,N,0, (336.4): C, 60.70; H, 7.19; N, 8.33.
Found: C, 60.98; H, 6.96; N, 7.87.

N-tert-Butyloxycarbonyl-L-glycyl-L-leucine (5b):

Colorless crystals; mp 96°C (Lit.33": 112°C); [¢]5 = — 18.6 (¢ = 1,
MeOH); (Lit.>*": [q]5 = —21.0 (¢=0.2, CH,OH); R, =0.46
(EtOAc/HOACc 50 1).

'HNMR (200 MHz, CDCl,): 6 =0.78 (d, Jysm= 6.1Hz, 3H,
2(CHy)y,,); 0.83 (d, Jyysu=5.9Hz, 3H, 2(CH3)Leu), 1.30-1.38 (m,
1H, (g-CH Leuw)); 1. 41 (s, 9H, C(CH,),); 1.47-1.65 (m, 2H, (-
CHy)\.); 3.85(d, J oy = 6.0Hz, 2H, (CH,);,,); 4.34-4.45 (m, 1 H,
(«-CH)...); 586 (t, Jywu=52Hz, 1H, (NH)g,); 6.90 (d,
Jauan= 7.7Hz, 1 H, (NH), ).

BCNMR (50.3 MHz, CDCL,): § = 21.99, 22.58 (CH, Leu); 23.89
(y-CH Leu); 27.94 (C(CH,),); 40.91 (f-CH, Leu); 42.93 («-CH, Gly);
52.69 (x-CH Leu); 80.86 (C(CH,),); 120.72, 126.14, 127.44, 128.88,
129.02 (Ar—C); 135.24 ((C—Aur),.); 155.79 (urethane C=0); 171.60

ipso.

(amide C=0); 174.71 (acid C=0).

N-tert-Butyloxycarbonyl-L-seryl-L-leucine (5c¢):

Colorless crystals; mp 138°C; [a]Z+ 7.1 (¢ = 1, MeOH);
(EtOAc/HOACc 10:1).

'HNMR (200 MHz, CDCL): 6 = 0.92 (d, Jsu=5.3Hz, 3H,
(CHy),,); 095 (d, J,4su=57Hz, 3H, (CH3)Leu) 1.38 (s, 9H,
C(CHj;),); 1.41-1.63 (m 3H, (8-CH,),,, and (y-CH),,); 3.56-3.92
(m, 2H (8-CH,)g..); 4.18-4.49 (m, 2H, («-CH);,, and («-CH),.);
5.81(d, Jyuu= 7.4 Hz, 1 H, (NH),); 6.34 (d, Jyp = 6.6Hz, 1 H,
(NH),..).

BCNMR (50.3 MHz, CDCL,): § = 21.95, 22.62 (CH, Leu); 25.04
(y-CH Leu); 27.82 (C(CH,),); 40.91 (8-CH, Leu); 48.62 («-CH Leu);
56.55 (x-CH Ser); 61.57 (8-CH, Ser); 79.38 (C(CH,),); 155.42 (ure-
thane C=0); 171.72 (amide C=0); 173.78 (acid C=0).

Anal. Caled for C,,H,N,O, (318.4): C, 52.82; H, 8.23; N, 8.80.
Found: C, 52.93; H, 8.50; N, 8.42.

R,=0.31
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N-Benzyloxycarbonyl-L-threonyl-glycine (Sd):
Colorless oil; [0]2—36.3 (¢ =1, DMF) (Lit.>*: [a]= ~33.0
(c = 0.2, DMF)); R, = 0.43 (EtOAc/HOAc 10:1).

'HNMR (200 MHz, CDCL): & = 1.07 (d, J = 5.0Hz, 3H,
(CHy)ry): 3.85 (d, Jy g = 7.6 Hz, 2 H, (CH),): 4.28—4.44 (m, 2 H,
(-CH)p,,, (B-CH)yy,); 5.1 (s, 2H, (CH,),); 7.4 (s, SH, (ArH),);
7.62 (d, Ty gy = 8.9 Hz, 1 H, (NH)m,); 7.73 (t, Juga = 7.9 Hz, 1 H.
(NH)g,)-

BCNMR (50.3 MHz, CDCL): § = 20.00 (CH, Thr); 40.03 (¢-CH,
Gly); 57.17 («-CH Thr); 66.21, 67.06 (CH,),, f-CH Thr); 127.12,
127.35, 127.73, 128.49 (ArC); 135.61 ((CAT),); 154.90 (urethane

ipso.

C=0); 169.23 (amide C=0); 172.66 (acid C=0).

N-Allyloxycarbonyl-L-valyl-L-serine (5e):

Colorless oil; [a]2 = —16.9 (c =1, MeOH),
HOAc 5:1).

'"HNMR (200 MHz, CDCly): 6 =0.89 (d, J,, = 6.4Hz, 3H,
(CH,)y,); 0.94 (d, J, H/,H = 6.3Hz, 3H, (CH,),,); 2.10-2.26 (m, 1 H,
(B-CH)y,; 3.63 (4, J g = 9.THz, Jyy s = 4.7Hz, 1 H, (B-CH),,,);
3.81(dd, Jpru=9.8 Hz, Jum=47Hz, 1H, (f-CH,)s,,,); 3.92-4.01
(m, 1H, («-CH)y,)); 4.49 (d, J,.= 5.3Hz, 2H, CH,=CHCH,),,,.);
4.53-4.66 (m, 1 H, (a-CH)s,,); 5.21 (dd, J,,, = 10.3Hz, J,, .= 1.5Hz,
1H, (CH,=CHCH,)0cir); 5.33 (dd, J,= 11.2Hz, J, .= 1.4Hz,
1H, (CH,=CHCH,) 5 0c rune); 5.69-5.81 (m 1H, (CH),.); 7.02 (d,
Junan= 7-7Hz, 1H, (NH)y,); 7.91 (d, Jyy = 7- 8Hz 1H, (NH),,,).
BCNMR (50.3 MHz, CDCl,): § = 18.54, 18.98 (CH, Val); 31.19
(B-CH Val); 53.62 (a-CH Val); 57.43 («-CH Ser); 61.37 (8-CH, Ser);
6498 (CH,=CHCH,); 117.68 (CH,=CHCH,); 132.65
(CH,=CHCH,); 155.18 (urethane C=0); 169.67 (amide C=0);
171.66 (acid C=0).

Anal. caled for C,,;H,,)N,O, (288.3): C, 49.99; H, 6.99; N, 9.72.
Found: C, 49.65 ; H, 7.38 ; N, 9.43.

R, =0.56 (EtOAc/

N-Fluorenyl-9-methoxycarbonyl-L-glycyl-L-serine (5f):

Colorless crystals; mp 184°C; [o]5— 3.1 (¢ = 1, MeOH); R, = 0.71
(EtOAc/HOACc 5:1).

'HNMR (200MHz, CDCL): 6=3.80 (d, J,,=09Hz

Jun=39Hz, 1H, (B-CH,),..); 3.86-3.99 (m, 3H, (B-CIL), .,
(CHZ)Gly); 4.23 (1, Jx-w‘cx-xz: 7.3Hz, 1H, (H-9),..); 4 38-4.42 (m,
1H, (x-CH),,); 440 (d, J,, = 6.4Hz, 2H, (CH,0);,..0; 7.03 (t,
Junan= 8.4 Hz, 1H, (NH)o): 7.26-7.41 (m, SH, (NH)g,, (H-2,
H-3. H-6, H-7).. ) 7.58 (d, J,. = 8.3Hz, 2H, (H-1, H-8),,..); 7.74

(d, J,= 8.0Hz, 2H, (H-4, H-5)p.00)-

BCNMR (50.3 MHz, CDCL,): 6 = 40.04 (-CH, Gly); 47.14 ((C-
Neod); 56.58 (a-CH Ser); 62.76 (B-CH, Ser); 67.29 ((CH,0)g,00;
120.36, 124.07, 126.10, 127.23 (ArC); 141.35, 142.97 ((ArC),,,.);

155.15 (urethane C=0); 171.21 (amide C=0); 173.50 (acid C=0).

Anal. Caled for C, H,\N,O, (384.4): C, 62.49; H, 5.24; N, 7.29.
Found: C, 62.94; H, 5.33; N, 6.86.

L-Aspartic Acid Di-ME-ester Hydrogentoluenesulfonate (6):
Methoxyethanol (50 mL, 0.6 mol) was added to a stirred mixture
of aspartic acid (13.3g, 0.1mol) and p-TsOH-H,O (22.8¢g,
0.12 mol) in benzene (300 mL). The mixture was refluxed for 12 h.
The solvent was evaporated in vacuo. The crude aspartic diester
salt was used directly in the synthesis of N-protected compounds
7; yellow oil; [a]F = ~— 2.6 (¢ = 1.5, MeOH); R, =0.55 (MeOH/
EtOAc 3:1).

N-Benzyloxycarbonyl-L-aspartic Acid Di(2-methoxyethyl) Ester (72a)
and N-2,2,2-Trichloroethoxycarbonyl-L-aspartic Acid Di(2-metho-
xyethyl) Ester (7b):

To a stirred solution of crude 6 (3 g, 5.9 mmol) in CH,CIl, (40 mL)
was added dropwise at 0°C benzy! chloroformate (0.9 mL,
6.4mmol) or 2,2,2-trichloroethyl chloroformate (0.8 mL,
6.2 mmol). Subsequently, Et;N (1.7mL, 12.3 mmol) was added
dropwise. The solution was stirred at r.t. for 5 h, washed with 0.5 M
HCl (2x30 mL) and dried (MgSO,). After evaporation of the
solvent, the residue was purified by flash chromatography (petro-
leum ether/EtOAc 2:1).

SYNTHESIS 1507

7a: Yield 1.8 g (80 %); colorless oil; []Z = 14.5 (¢ = 1, MeOH);
R, = 0.61 (EtOAc), R, = 0.20 (EtOAc/petroleum ether 1:1).
'‘HNMR (200 MHz, CDCL): 6=290 (dd, J,,=152Hz,
Ja=38Hz, 1H, (B-CHy,,,): 3.13 (dd, JEem = 15.9Hz,
Jpan=4.6Hz, 1H, (B-CH,),,,); 3.31, 3.32 (2s, 6H, OCH,);
3.36-3.47 (m, 4H, 2(CH,OCH,)); 4.09-426 (m, 4H,
(COOCH)p); 449 (d, Jynn = 8.3Hz, 1 H, (¢-CH),,); 5.11 (s, 2 H,
(CH,0),); 5.71 (d, Jyuau=8.5Hz, 1H, (NH),,); 7.35 (s, 5H,
(ArH),).

BCNMR (50.3 MHz, CDCL,): 6 = 36.75 (8-C Asp); 50.65 (2-C Asp);
58.83 (OCH,); 63.74, 64.25 ((COOCH,)yp); 67.17 ((CH,0),); 70.09
(CH,0),5); 128.21, 128.59, 128.74 (ArC); 136.62 ((ArC),,,); 154.85
(urethane C=0); 170.18, 170.38 (ester C=0).

7h: Yield 2.0 g (80 %); colorless oil; [e]22 = — 20.7 (¢ = 1, McOH),
R,= 0.58 (EtOAC).

'HNMR (200 MHz, CDCl): ¢=276 (dd, J,.,=151Hz,
Jywn=37Hz, 1H, (B-CHy,,,); 3.10 (dd, Jgem— 14.9 Hz,
Jma=4.5Hz, 1H, (B-CH,),,,); 3.34, 3.36 (2s, 6H, OCH,);
3.39-349 (m, 4H, 2(CH,OCH,)); 421-433 (m, 4H,
(COOCH,)\e); 4.51(d, J = 9-1Hz, 1 H, (a-CH),,,); 4.75 (s, 2 H,
(CHy)1eo0); 6.01 (d, Sy = 9.0Hz, 1H, NH).

BC NMR (50.3 MHz, CDCL): § =36.77 (-C Asp); 50.35 (a-C
Asp); 58.36 (OCH,); 63.82, 64.77 ((COOCH,)5); 70.19 (CH,O)ye)s
74.56 ((CH)1e00); 95.01 ((CL,O)p0); 154.51 (urethane C=0); 170.13,
170.25 (ester C=0).

N-Benzyloxycarbonyl-L-aspartic Acid «-(2-Methoxyethyl) Ester (8a)
and N-2,2,2-Trichloroethoxycarbonyl-L-aspartic Acid «-(2-Methe-
xyethyl) Ester (8b):

To aqueous sodium phosphate buffer (0.2 M, 20 mL, pH = 7) at
37°C was added N-protected aspartic acid di-ME ester 7 (1.5 mmol)
and lipase A6 (Amano) (200 mg). After shaking for 90 min, the
solution was saturated with brine and the product extracted with
EtOAc (5 x 20mL). The organic layer was dried (MgSO,), and the
solvent evaporated in vacuo. The remainder was purified by flash
chromatography (petroleum ether/EtOAc/HOAc 100:50:1).

8a: Yield 0.4 g (82 %); colorless oil; [¢]2 = — 3.2 (¢ = 1, MeOH);
R, = 0.47 (EtOAc/HOAc 50:1), R, = 0.38 (CHCL,/MeOH/HOAc
120: 10:5).

'HNMR (200 MHz, CDCL): 6=288 (dd, J,,=16.8Hz,
Jen=44Hz, 1H, (B-CH,),,.); 3.09 (dd, me =17.0Hz,
Jwan=39Hz, 1H, (8-CH,), ), 3.34 (s, 3H, OCH,); 3.55 (1,
J,.=44Hz,2H (CH O)yip); 424 (t, J,.= 5.0Hz, 2H, (COOCH,));
4.67(ddd, J4 v = 8.3Hz, Jy yy = 4.3 Hz, J oy s = 4.0Hz, 1 H, (a-
CH),yp); 5.11 (s, 2H, (CH,),); 5.97 (d, Jyuu= 8.6Hz, 1 H, NH);
7.25-7.33 (m, 5H, ArH); 7.66 (s,, 1 H, COOH).

BCNMR (50.3 MHz, CDCL,): 6 = 36.22 (8-C Asp); 50.16 («-C Asp);
58.63 ((OCH,)yp); 63.73 ((COOCH,)\e); 67.07 ((CH,0),); 69.92
((CH,O)y); 127.98, 128.08, 128.40 (ArC); 135.95 ((ArC),..); 156.02
(urethane C=0); 170.57 (ester C=0); 174.54 (acid C=0).

Anal. Calcd for C H (NO, (325.3): C, 55.38; H, 5.89; N, 4.31.
Found: C, 55.47; H, 5.88; N, 4.02.

8b: Yield 0.4 g (74 %); colorless solid; [a]2 = — 20.7 (¢ = 1, MeOH);
R, = 0.46 (EtOAc/HOAC 50:1).

'HNMR (200 MHz, CDCL): 6 =296 (dd, J,,=17.3Hz,
Jonen=46Hz, 1H, (B-CH,),,,); 3.05 (dd, J =17.3 Hz,
Jonen=47THz, 1H, (B-CH,), »,); 3.34 (s, 3H, OCH3) 3.36-3.50
(m, 2H, (CH,OCH,)yg); 4.15-429 (m, 2H, (COOCH,)yz);
4.51-4.57 (m, 1H, («-CH),); 4.74 (s, 2H, (CHy)re0); 6.00 (d,
Junan = 8.1 Hz, 1 H, NH).

BC NMR (50.3 MHz, CDCl,): 6 = 36.20 (8-C Asp); 50.64 (a-C
Asp); 58.85 (OCH,); 63.84 ((COOCH,)yp); 69.01 (COOCH,CH,);
74.70 ((CH)1oo); 95.30 ((CL,C)yp); 154.61 (urethane C=0); 168.70,
(ester C=0); 174.13 (acid C=0).

Anal. Caled for C,,H,,NO,Cl, (366.6): C, 32.76; H, 3.85; N, 3.82.
Found: C, 32.48; H, 3.90; N, 3.55.

N’-Benzyloxycarbonyl-N*-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-
p-D-glucopyranosyl)-L-asparagine (2-Methoxyethyl) Ester (9a) and
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N2-2,2,2-Trichloroethoxycarbonyl-N*-(2-acetamido-3,4,6-tri-O-ace-
tyl-2-deoxy-f-D-glucopyranosyl)-L-asparagine (2-Methoxyethyl) Ester
(9b):

To a solution of 8a (1.2 g, 4 mmol) or 8b (1.5 g, 4.1 mmol), respec-
tively, in anhyd CH,C}, (30 mL), isobutyl 2-isobutoxy-1,2-dihydro-
quinoline-1-carboxylate?® (IIDQ 1.4 g, 4.7 mmol) was added. The
solution was stirred for 15 min. After addition of a solution of 2-
acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-glucopyranosylamine
(1.4 g, 4 mmol) in anhyd CH,Cl, (20 mL), the stirring was continued
for 8 h. The solution was washed twice with sat. aq NaHCO,
(2x30mL), 0.1 M HCl (30mL), sat. brine (30 mL) and dried
(MgSO,). The solvent was evaporated in vacuo and the crude prod-
uct was purified by flash chromatography (EtOAc).

9a: Yield 2.0 g (78 %); colorless crystals; mp. 201°C; [¢]B = + 6.6
(¢ =1, MeOH); R, = 0.43 (CHCL,/MeOH 10:1); R, = 0.52 (ace-
tone).

'HNMR (200 MHz, CDCL): 6 = 1.91 (s, 3H, NHAc); 2.00, 2.02,
2.04 (3s, 9H, OAc); 2.69 (dd, J,,= 17.1Hz, Jy 4= 4.2Hz, 1 H,
(B-CH,), p); 2,86 (dd, Jo = 17.1Hz, Jy,u=4.0Hz, 1H, (b
CH,), po); 3.34 (5, 3H, OCH,); 3.55 (t, J, = 4.2 Hz, 2 H, (CH,0)e);
3.71-3.74 (m,, 1H, H-5); 4.00-4.29 (m, 5H, (COOCH,), ., H-2,
H-6); 4.60 (ddd, Jy = 8-2H2, Joypun = Jurgon = 42 Hz, 1H, (o
CH),,); 5.03-5.07 (m, 3H, H-1, H-3, H-4); 5.08 (s, 2 H, (CH,0),);
5.96 (d, Jyum=8.3Hz, 1 H, («-NH),); 6.23 (d, Jyu= 8.2 Hz,
1H, NHAC); 7.26 (d, Jyy 1 = 5.2Hz, 1 H, (B-NH),,,); 7.31 (m, 5 H,
(ArH),).

13CNMR (100.6 MHz, CDCl,): § = 20.45,20.56, 20.59 (CH,COO);
22.80 (CH,CONH); 37.89 (8-C Asn); 50.61 (2-C Asn); 52.91 (C-2);
58.74 (-OCH,); 61.75 (C-6); 64.44 (COOCH,),z); 66.88 ((CH,0),);
67.86 (C-5); 70.01 (CH,OCH,); 72.96, 73.42 (C-3, C-4); 79.44 (C-1);
127.93, 128.04, 128.38 (ArC); 136.10 (ArC),,,); 155.93 (urethane
C=0); 169.21, 170.54, 170.98 (COOME, CH,COO); 171.30 (amide
C=0); 172.00 (CH,CONH).

Anal. Caled for C,iH,,N,O,, (653.6): C, 53.29; H, 6.01; N, 6.42.
Found: C, 53.35; H, 6.10; N, 6.40.

9b: Yield 2.2g (76%); colorless crystals; mp. 93°C;
[o]5 = +102.5°C (¢ = 1, MeOH); R, = 0.58 (CHClL;/MeOH 5:1);
R, =0.23 (CHCL;/MeOH 10:1).

'HNMR (200 MHz, CDCL): § = 1.96 (s, 3H, NHAc); 2.01, 2.04,
2.06 (3s, 9H, OAc); 2.73 (dd, J,,, = 17.2Hz, Jyy = 4.5Hz, 1 H,
(B-CH,), n); 291 (dd, Jo=17.0Hz, Jyq=4.6Hz, 1H, (5
CH,)y psr); 3.36 (5, 3H, OCH,); 3.58 (t, J,. = 4.6 Hz, 2 H, (CH,0)e);
3.71-3.74 (m,, 1 H, H-5); 4.02-4.31 (m, 5H, (COOCH,),s, H-2,
H-6); 4.60 (ddd, J,; = 8.7 Hz, J gy put = Jussgons = 4-3Hz, 1 H, (o-
CH),.); 471 (s, 2H, (CH,0);...); 5.04-5.12 (m, 3H, H-1, H-3,
H-4); 6.30 (d, Jyy = 7.7Hz, 2H, (o-NH),,, and NHAc); 7.34 (d,
Jann = 8.4Hz, 1 H, (B-NH),,).

3CNMR (50.3 MHz, CDCL): § = 20.48, 20.58, 20.61 (CH,COO);
22.89 (CH,CONH); 37.58 (8-C Asn); 50.82 (a-C Asn); 53.12 (C-2);
58.80 (OCHL); 61.89 (C-6); 64.66 ((COOCH,)y); 68.05 (C-5); 70.08
(CH,0CH,); 72.90, 73.61 (C-3, C-4); 74.69 (CH,0)1,..): 79.63 (C-1);
95.32 ((CL,O)r.); 154.36 (urethane C=0); 169.23, 170.34, 170.54,
170.57 (COOME, CH,COO); 171.38 (amide C=0); 172.08
(CH,CONH).

Anal. Caled for C,,H,,N,0,,Cl, (694.9): C, 41.48; H, 4.93; N, 6.05.
Found: C, 41.46; H, 4.99; N, 5.89.

N?-Benzyloxycarbonyl-V*-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-
B-D-glucopyranosyl)-L-asparagine (10a) and N?-2,2,2-Trichloroeth-
oxycarbonyl-V*-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-gluco-
pyranosyl)-L-asparagine (10b):

To a solution of 9a (1.0 g, 1.5 mmol) in acetone (5 mL) or 9b (2.0 g,
2.9 mmol) in acetone (12 mL), respectively, aq sodium phosphate
buffer (0.2 M, 40 mL, pH = 7) and lipase A6 (Amano) (200 mg)
were added. After shaking for 14 h at 37°C, the solution was sa-
turated with NaCl and the product extracted with EtOAc
(5 x 30 mL). The organic layer was dried (MgSO,) and the solvent
evaporated in vacuo. The remaining residue was purified by flash
chromatography (EtOAc/HOAc 100:1).

SYNTHESIS

10a: Yield 690mg (77 %); colorless crystals; mp. 211°C;
] = —66.1 (¢ =1, MeOH); R,=0.26 (CHC,/MeOH 10:1);
R, = 0.42 (EtOAc/HOAc 10:2).

'"HNMR (200 MHz, DMSO-d,): 6 =1.90 (s, 3H, NHAc); 1.91,
1.96,1.99 (3s, 9H, OAc); 2.41-2.89 (m, 2 H, (-CH,),,,); 3.47-3.84
(m,, 1H, H-5); 4.02-4.38 (m, 3H, H-2, H-6); 4.76 (m, 1H, (o-
CH),.J; 5.01 (s, 2H, (CH,0),); 5.05-5.21 (m, 3H, H-1, H-3, H-4);
7.35 (m, 5H, (ArH),); 7.39 (d, Jyu.—6.4Hz, 1H, (o-NH),); 7.90
d, Jyum= 8.2Hz, 1H, NHAc); 8.59 (d, Jygpn, = 9-1Hz, 1H, (-
NH)Asn)'

BC NMR (50.3MHz, DMSO-d): §=20.31, 2045, 20.76
(CH,COO); 22.48 (CH,CONH); 36.79 (f-C Asn); 50.02 («-C Asn);
52.03 (C-2); 61.75 (C-6); 65.40 ((CH,0),); 67.73 (C-5); 72.20, 73.02
(C-3, C-4); 7794 (C-1); 126.65, 127.66, 128.24 (ArC); 136.77
(ArC),,.); 15573 (Urethane C=0); 169.22, 169.40, 169.68
(CH,COO0); 169.95 (amide C=0); 172.85 (CH,CONH, acid C=0).

Anal. Caled for C,;H;;N,O,; (595.6): C, 52.44; H, 5.58; N, 7.06.
Found: C, 52.02; H, 5.74; N, 7.40.

10b: Yield 1.5g (83%); colorless crystals; mp. 188°C;
[o]5 = + 1101 (¢ =1, MeOH); R,=0.51 (CHCL,/MeOH 5:1);
R, = 0.38 (CHCIl,/MeOH 10:1).

'HNMR (200 MHz, DMSO-d,): 6 = 1.98 (s, 3H, NHAc); 2.03,
2.04,2.07 (35, 9H, OAc); 2.85 (d, J,, = 15.1 Hz, 1 H, (B-CH)), ...)i
2.96 (d, J,o,, = 15.0Hz, 1H, (8-CH,), ,,); 3-84 (d, J,;,= 8.7Hz, 1 H,
H-5); 4.06-4.23 (m, 2H, H-2, H-6); 4.61 (dd, J, = 8.0Hz,
Tyign=43Hz, 1 H, (a-CH),.); 4.75 (s, 2 H, (CH,0)r,...); 5.09-5.25
(m, 3H, H-1, H-3, H-4); 6.59 (d, Jyuu= 8.1 Hz, 1H, (-NH),);
7.20 (d, Juy o= 9-6 Hz, 1 H, NHAC); 7.53 (d, Jyyyp, = 7.9Hz, 1H,
(B-NH),,).

BCNMR (50.3 MHz, DMSO-d,): & = 20.75 (CH,COO); 22.65
(CH,CONH); 37.45 (8-C Asn); 50.50 (a-C Asn); 53.37 (C-2); 62.09
(C-6); 68.36 (C-5); 72.87, 73.44 (C-3, C-4); 74.78 (CH,O)r.,.); 79.08
(C-1); 95.34 ((Cl,C-)y.,.); 154.74 (urethane C=0); 169.70, 170.92,
171.13 (CH,COO); 171.31 (amide C=0); 173.37 (CH,CONH);
173.57 (acid C=0).

Anal. Caled for C,H,N,O,Cl, (636.8): C, 39.61; H, 4.43; N, 6.60.
Found: C, 39.46; H, 4.65; N, 6.45.

N*-Benzyloxycarbonyl-N*-(2-acetamido-3,6-di-O-acetyl4-0-(2,3,4,6-te-
tra-O-acetyl-$-D-galactopyranosyl)-2-deoxy-f-D-glucopyranosyl)-L-
asparagine (2-Methoxyethyl) Ester (11):

A solution of 8a (1.0 g, 3mmol) in anhyd CH,Cl, (30 mL) and
isobutyl 2-isobutoxy-1,2-dihydroquinoline-1-carboxylate®® (1.2 g,
4 mmol) was stirred at r.t. for 15 min. A solution of 2-acetamido-3,6-
di-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-f-b-galactopyranosyl)-2-
deoxy-p-p-glucopyranosylamine (1.4 g, 2 mmol) in anhyd CH,Cl,
(20 mL) was added. After stirring for 13 h, the solution was washed
with sat. aqg NaHCO; (2 x 30mL), 0.1 M HC! (30 mL) and sat.
brine (30 mL) and dried (MgSO,). The solvent was evaporated in
vacuo, and the crude product was purified by flash chromatography
(petroleum ether/EtOAc 2:1); Yield 1.5 g (81 %); colorless crystals;
mp. 126°C; [a]5 = + 5.3 (¢ = 1, MeOH); R, = 0.40 (CHC],/MeOH
10: 1).

'H NMR (200 MHz, CDCl,): 6 = 1.88 (s, 3H, NH4c); 1.94, 2.01,
2.06, 2.09, 2.12, 2.13 (6s, 18 H, OAc); 2.56 (dd, J,= 13.1Hz,
Jpau=3.5Hz, 1H, (B-CH,),,,); 2.81 (dd, J,=14.0Hz,
Jonan = 3.6Hz, 1H, (-CH,), ), 3.35 (s, 3H, OCH,); 3.58 (t,
J,.=45Hz, 2H, (CH,0)\); 3.67-3.91 (m, 4 H, (H-5),), (H-2)gc,
(H-4)gy, (H-6), 6,0); 4.03 (dd, J ., = 11.2Hz, J¢ 5= 7.0Hz, 1 H, (H-
6)cay 411-421 (m, SH, (H-6)q., H-0)ycu H-5)gy,
(COOCH,p); 4.47-448 (m, 1H, (a-CH),,); 470 (d,
Juyrme = 6.4Hz, 1H, (H-1);,); 4.99 (s, 2H, (CH,0),); 5.02-5.03 (m,
1H, (H-3)gy); 5.09 (d, Jy, y,= 9-1Hz, 1 H, (H-1),); 5.17-5.25 (m,
3Ha (H'3)Glcs (H'Z)Ga]’ (H'4)Gal); 6.13 (d7 ']NH‘azH= 7.8HZ, lH’ (OC-
NH),); 6.33 (d, Juum=285Hz, 1H, NHAc) 7.53 (d,
Jynnr = 8.5Hz, 1H, (-NH),,,); 7.56-7.67 ((ArH),).

BCNMR (50.3 MHz, CDCL,): § = 20.14, 20.21, 20.34, 20.94, 20.98
(CH,COO0); 22.57 (CH,CONH); 36.89 (-C Asn); 51.34 («-C Asn);
53.96 (C-2 Glc); 58.83 (OCHy,); 60.48 (C-6 Glc); 61.74 (C-6 Gal);
64.37 ((COOCH,)p); 65.03 ((CH,0),); 65.58 (C-4 Gal); 67.76, 68.22
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(C-2 Gal, C-3 Gal); 69.81 (C-5 Gal); 70.40 (CH,OCH,); 71.41 (C-4
Gle); 73.19 (C-5 Gle); 76.92 (C-3 Gle); 80.33 (C-1 Gle); 100.03 (C-1
Gal); 126.73, 127.46, 128.70 (ArC); 136.67 (ArC), ,); 155.21 (ure-
thane C=0); 165.96, 168.36, 169.22, 169.23, 170.10, 170.16, 170.67,
171.80 (CH,COO, COOME); 17220 (amide C=0); 172.44
(CH,CONH).

Anal. Caled for C HN,O,, (941.9): C, 52.28; H, 5.89; N, 4.46.
Found: C, 51.88; H, 5.91; N, 4.90.

N?-Benzyloxycarbonyl-V*~(2-acetamido-3,6-di-O-acetyl-4-0-(2,3,4,6-
tetra-O-acetyl-f-D-galactopyranosyl)-2-deoxy-f-D-glucopyranosyl)-
L-asparagine (12):

To a solution of 11 (0.9 g, 1 mmol) in acetone (3 mL), aq sodium
phosphate buffer solution (0.2 M, 20 mL, pH = 7) and lipase A6
(Amano) (300 mg) were added. After shaking for 15 h at 37°C, the
solution was saturated with NaCl and the product extracted with
EtOAc (5 x 30 mL). The organic layer was dried (MgSO,), and the
solvent was evaporated in vacuo. The residue was purified by flash
chromatography (EtOAc/HOACc 100: 1); yield 670 mg (76 %); color-
less crystals; mp. 185°C; [o]2 = + 87.7 (¢ = 0.5, MeOH); R,=0.59
(CHCI,/MeOH/HOAC 2:2:1); R, = 0.39 (EtOAc/HOAc 5:1).
'"HNMR (200 MHz, DMSO-d,): 6 = 1.92 (s, 3H, NHdc); 2.01,
2.02,2.03,2.07,2.10,2.12 (6, 18H, OAc); 2.62(d, J=3.8Hz, 1 H,
(B-CH,), as)s 2.83 (dd, J, = 13.4Hz, Jpn=3.7Hz, 1H, (p-
CH,)y u); 3.75-3.89 (m, 4 H, (H-5)g, (H-2)g1e. (H-4)gr (H-6), 6,
4.00 (dd, J,,,= 11.7Hz, Jy, s = 8.0Hz, 1 H, (H-6),,); 4.10-4.28
(m> 3 H’ (H'6)b‘G]c7 (H'6)b,Ga]’ (H'S)Gal); 4.31-4.35 (m’ 1 Ha (a'CH)Asn);
4.61 (d, Jy o= 7.2Hz, 1H, (H-1)g,); 507 (s, 2H, (CH,0),);
5.11-5.16 (m, 1 H, (H-3)g,); 5.29 (d, Jy o= 9.0Hz, 1 H, (H-1)g,);
5.35-5.56 (m, 3H, (H-3)g., H-2)g, H-4g: 7.33 (,
Jawen= 79Hz, 1H, («-NH),..); 7.54 (s, 5H, (ArH),); 7.85 (d,
Jyum= 8.6Hz, 1H, NHAc); 8.58 (d, Jyyy=8.6Hz, 1H, (-
NH) o)

BC NMR (50.3 MHz, DMSO-d,): § = 20.03, 20.13, 20.16, 20.79,
20.97 (CH,COO0); 22.16 (CH,CONH); 36.68 (5-C Asn); 49.81 (a-C
Asn); 53.79 (C-2 Glc); 60.27 (C-6 Glc); 61.38 (C-6 Gal); 65.29
((CH,0),); 65.59 (C-4 Gal); 67.70, 68.67 (C-2 Gal, C-3 Gal); 69.98
(C-5 Gal); 70.22 (C-4 Glc); 72.49 (C-5 Glc); 75.69 (C-3 Glc); 80.23
(C-1 Glc); 100.13 (C-1 Gal); 126.08, 127.47, 128.07 (ArC); 136.39
(ArC),,,); 155.43 (urethane C=0); 166.71, 168.21, 169.41, 169.46,
170.05, 170.29, 170.55 (COOME); 171.76 (amide C=0); 172.82
(CH,CONH, acid C=0).

Anal. Caled for C;;H, N,O,, (883.8): C, 51.66; H, 5.59; N, 4.75.
Found: C, 51.66; H, 5.11; N, 4.57.

N-Benzyloxycarbonyl-L-phenylalanyl-N*-(2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-f-D-glucopyranosyl)-L-asparagine (2-Methoxyethyl)
Ester (13):

The 2-(N-glycosyl)asparagine ester 9a (1.3 g, 2 mmol) was dissolved
in EtOH (50 mL). Conc. HCI (0.2 mL) and paliadium (5 %) on
charcoal (100 mg) were added. Hydrogenation was carried by stirr-
ing the solution for 6 h under H, atmosphere. After filtration on
Hyflo-Supercell, the solvent was evaporated in vacuo. The residue
was dissolved in anhyd CH,Cl, (50 mL) and added to a ice-cooled
solution of N-benzyloxycarbonyl-L-phenylalanine (0.4 g, 1.4 mmol),
dicyclohexyl carbodiimide (0.4 g, 2 mmol) and 1-hydroxybenzotri-
azole (0.5 g, 3 mmol) in anhyd CH,Cl, (50 mL), which already had
been stirred for 15 min. Et;N (0.3 mL, 2 mmol) was added, and the
solution was stirred for 16 h at r.t. After washing with 0.1 M HCI
(2x 50 mL), sat. ag NaHCO, (2 x 50 mL), sat. brine (50 mL) and
drying (MgSO,), the solvent was evaporated in vacuo, the residue
was purified by flash chromatography (petroleum ether/EtOAc4: 1);
Yield 0.9 g (78 %); colorless crystals; mp. 118°C; [x]2 = —7.5
(c =1, MeOH); R, = 0.46 (EtOAc).

'"HNMR (200 MHz, CDCL,): § = 1.89 (s, 3H, NHAc); 2.02, 2.04,
2.08 (3s, 9H, OAc); 2.67 (dd, J,, = 15.9Hz, Jy = 4.1Hz, 1H,
(B-CHy), an); 292 (dd, J,.,=16.0Hz, Joy,,=4.5Hz, 1H, (§-
CH))y a)s 3-03 (dd, J,.,= 14.3Hz, J,,, = 49Hz, 1 H, (-CH,), 1.);

3.21(dd, J,., = 13.9Hz, J,,. = 5.7Hz, 1 H, (B-CH,), pn0); 3.35 (5, 3 H,
OCH,); 343 (t, J,.= 4.5Hz, 2H, (CH,0),); 3.75-3.77 (m, 1 H,
H-5); 4.02-4.21 (m, 4H, (COOCH,),s, H-2, H-6); 4.49-4.57 (m,

1H, (¢-CH),,,); 4.86-5.00 (m, 2H, H-1, (2-CH),,); 5.04-5.12 (m,
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2H, H-3,H-4); 5.13 (s, 2H, (CH,0),); 6.34 (d, Jyy.u= 7.1 Hz, 1 H,
(NH),,.); 6.80 (d, Jyy o= 8.0Hz, 1 H, NHACc); 7.11-7.35 (m, 11 H,
(ArH),), (ArH)p,, (B-NH),,); 7.50 (d, Juuan=7.7Hz, 1H, (a-
NH),,,)-

BCNMR (50.3 MHz, CDCL,): 6 = 20.20, 20.27, 20.79 (CH,COO);
23.13 (CH,CONH); 37.24, 37.35 (5-C Asn, -C Phe); 49.93 (a-C
Asn); 52.68 (C-2); 53.73 («-CH Phe); 58.74 (OCH,); 62.13 (C-6);
64.26 ((COOCH,),;); 67.74 ((CH,0),); 67.95 (C-5); 69.72
(CH,0OCH,); 73.43, 73.44 (C-3, C-4); 78.97 (C-1); 125.65, 127.16,
127.40, 128.78, 129.22, 129.70 (ArC); 136.01, 136.77 (ArC),,);
155.68 (urethane C=0); 169.50, 170.01, 170.16, 172.73 (COOME,
CH,COO, amide C=0); 172.45 (CH,CONH).

Anal. Caled for C,H, N, O, (800.8): C, 56.99; H, 6.04; N, 7.00.
Found: C, 56.76; H, 6.11; N, 6.67.

N-Benzyloxycarbonyl-L-phenylalanyl-N*-(2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-f-D-glucopyranosyl)-L-asparagine (14):

To a solution of glycodipeptide ester 13 (0.9 g, 1.1 mmol) in acetone
(5mL), aq sodium phosphate buffer (0.2 M, 40 mL, pH = 7) and
lipase A6 (Amano) (200 mg) were added. The mixture was shaken
for 18 h at 37°C, the solution saturated with brine and the product
extracted with EtOAc (5 x S50mL). The organic layer was dried
(MgSO,) and the solvent evaporated in vacuo. The residue was
purified by flash chromatography (EtOAc); yield 640 mg (78%);
colorless crystals; mp. 84°C; [¢]2= +16.6 (c=1, MeOH);
R, = 0.54 (EtOAc/HOAc 5:1).

'"HNMR (200 MHz, DMSO-d,): § = 1.90 (s, 3H, NHAc); 1.98,
2.03,2.07(3s, 9H, OAc); 2.60-2.68 (m, 1 H, (8-CH,), ,,,); 2.88 (dd,
Joem=162Hz, Jpy, ., =4.8Hz, 1H, (8-CH,), ) 3.06 (dd,

2

Jem=151Hz, Jy nw=48Hz, 1H, (B-CH,),pn.); 3.13 (d,
Jpu=53Hz, 1H, (b-CHp),p,); 3.80-3.83 (m, 1H, H-5)
4.00-4.12 (m, 2H, H-2, H-6); 4.81 (mc, 1
H, (a-CH),,); 4.92-5.09 (m, 4H, H-1, («-CH),,., H-3, H-4); 5.10
(s, 2H, (CH,0)Z); 7.33-7.37 (m, 10 H, (ArH),), (ArH),,.); 7.41 (d,
Jynan= 8.7Hz, 1 H, (NH);,); 7.74 (d, Jyyn, = 8.9Hz, 1 H, NHAC);
791 (d, Jyyum = 8.7Hz, 1H, (¢-NH),.); 8.13 (d, Jyyu; = 8.9Hz,
TH, (B-NH),0)-

B"CNMR (200 MHz, DMSO-d): 6 =20.15 20.80, 21.31
(CH,COO0); 22.40 (CH,CONH); 36.75, 37.78 (8-C Asn, -C Phe);
47.10 (a-C Asn); 52.38 (C-2); 53.69 («-CH Phe); 62.11 (C-6); 67.17
((CH,0),); 68.50 (C-5); 73.51, 73.56 (C-3, C-4); 79.09 (C-1); 125.66,
126.53, 127.18, 128.86, 129.56 (ArC); 136.57, 136.94 (ArC)ipso);
155.37 (urethane C=0); 169.67, 170.58, 170.86, 171.09 (CH,COO,
amide C=0); 172.16, 172.51 (CH,CONH, acid C=0).

Anal. Caled for C, ,H,N.O,, (914.0): C, 56.60; H, 5.70; N, 7.54.
Found: C, 56.23; H, 5.61; N, 7.25.

N-Benzyloxycarbonyl-L-seryl-L-alanine (2-Methoxyethyl) Ester (15):
A solution of N-benzyloxycarbonyl-L-serine (9.6 g, 40 mmol) and
isobutyl 2-isobutoxy-1,2-dihydroquinoline-1-carboxylate (13.2g,
44 mmol) in anhyd CH,Cl, (200 mL) was stirred for 15 min. A
solution of crude L-alanine-2-methoxyethyl ester hydrotoluenesul-
fonate (19 g, 45 mmol, see general procedure for compounds 4)
and Et;N (6.5 mL, 45 mmol) in anhyd CH,Cl, (50 mL) was added.
The solution was stirred for 5 h, washed with 1.0 M HCI (2 x 80 mL),
sat. ag NaHCO;, (2 x 80 mL), sat. brine (80 mL) and dried (MgSO,).
After evaporation of the solvent, the residue was purified by flash
chromatography (petroleum ether/EtOAc 4:1); yield 13.0 g (88 %);
colorless crystals; mp. 67°C; [a]f = — 7.2 (c = 1, MeOH); R, = 0.60
(CHCIL,/MeOH/HOAc 60:10:5); R, = 0.26 (EtOAc).

'HNMR (200 MHz, CDCL): 6 =1.39 (d, Jy s = 7.2Hz, 3H,
(CHyaw); 335 (s, 3H, (OCH,)ME); 3.56 (t, J,,=44Hz, 2H,
(CH,O)yg); 3.66—4.08 (m, 3H (OH)Ser, (5-CH,).); 4.12-4.25 (m,
3H, («-CH)Ala and (COOCH,)g); 4.55 (t, J,,. =7.3Hz, 1H, (a-
CH)s.,); 5.09 (s, 2H, (CH,),); 5.93 (d, Jynur—7-5Hz, 1H, (NH)g,,);
715 (d, Juyu= 6.8Hz, 1H, (NH),,); 7.32 (s, SH, (ArH),).
"CNMR (50.3 MHz, CDCL,): §= 17.36 (CH, Ala); 48.27 (a-CH
Ala); 55.61 («-CH Ser); 58.73 ((OCH,)); 62.85 (B-CH, Ser); 64.16
((COOCH,)p); 66.96 ((CH,),); 70.02 ((CH,0),5); 127.84, 128.02,
128.35 (ArC); 135.98 ((CAr),,,); 156.26 (urethane C=0); 170.43
(amide C=0); 172.62 (ester C=0).
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Anal. Caled for C,H,N,0,,Cl, (853.1): C, 55.43; H, 6.57; N, 7.60.
Found: C, 55.45; H, 6.48; N, 7.47.

N2-2,2,2-Trichloroethoxycarbonyl-N*-(2-acetamido-3,4,6-tri-O-ace-
tyl-2-deoxy-p-D-glucopyranosyl)-L-asparaginyl-L-seryl-L-alanine (2-
Methoxyethyl) Ester (16):

To a solution of dipeptide ester 15 (2.0 g, 5.5 mmol) in EtOH
(50 mL), conc. HCI (0.1 mL) and palladium (5 %) on charcoal
(100 mg) were added. The solution was stirred for 5h under H,
atmosphere. After filtration through Hyflo-Supercell, the solvent
was evaporated in vacuo. The residue was dissolved in anhyd CH,Cl,
(30 mL), and this solution was added to a ice-cooled solution of
10b (2.9 g, 4.6 mmol), dicyclohexyl carbodiimide (1.3 g, 6.5 mmol)
and 1-hydroxybenzotriazole (1.0 g, 6.5mmol) in anhyd CH,Cl,
(50 mL), which had been stirred for 15 min. Et,N (0.7 mL, 4.8 mmol)
was added. The solution was stirred for 15 h at r.t., washed with
0.1 M HCI (2 x 50 mL), sat. ag NaHCO, (2 x 50 mL), sat. aq brine
(50 mL) and dried (MgSO,). After evaporation of the solvent, the
residue was purified by flash chromatography (petroleum ether/
EtOAc 4:1); yield 2.2 g (56 %); colorless crystals; mp. 113°C;
[eff = —5.2 (¢ = 1, MeOH); R, = 0.55 (CHCL;/MeOH 5:1).
'HNMR (200 MHz, CDCL): 6 =1.31 (d, Jy = 7.4Hz, 3H,
(CH,),); 1.83 (s, 3H, NHAc); 2.02, 2.04, 2.09 (3s, 9H, OAc); 2.59
(dd, Jyu=15.6Hz, Jy, ,n=4.8Hz, 1H, (B-CH,),.); 2.82 (dd,
Joem=149Hz, Jy, =47THz, 1H, (B-CH,),,.); 3.33 (s, 3H,
OCH,); 3.49 (t, J,, .= 4.8 Hz, 2H, (CH,O),.s); 3.48-3.61 (m, 2H,
(B-CHyg.); 3.79 (d, Jysys= 8.9Hz, 1H, H-5); 3.96--4.06 (m, 1 H,
(0-CH),,,); 4.22-437 (m, 6H, H-2, (H-6),, (H-6),, («-CH),,,,
(COOCH,)\e); 4.56 (s, 2H, (CH,0)r.0); 4.78 (d, Jynn= 8.7Hz,
1H, («-CH),,); 5.01-5.12 (m, 1 H, H-1); 5.04-5.12 (m, 2H, H-3,
H-4); 6.16 (d, Jyywm=79Hz, 1H, («-NH),.); 6.52 (d,
Junan= 7.4Hz, 1H, (NH),,); 6.74 (d, Sy = 74 Hz, 1 H, (NHAC)
or (NH),,); 6.81 (d, Jyyy s = 8.7Hz, 1 H, (NHAc) or (NH),,,); 8.11
(d, Jyyu= 8.3Hz, 1 H, (-NH),,).

BCNMR (50.3 MHz, CDCL,): § = 18.01 (CH, Ala); 19.94, 20.21,
20.47 (CH,COO); 22.24 (CH,CONH); 37.60 (B-C Asn); 48.12 (a-C
Ala); 51.15 (-C Asn); 54.92 (C-2); 55.13 («-C Ser); 58.96 (OCH,);
61.47 (B-C Ser); 61.87 (C-6); 64.41 (COOCH,); 68.34, 68.54 (C-5,
COOCH,CH,); 69.94, 72.48 (C-3, C-4); 73.35 ((CH,0)1...); 79.85
(C-1); 96.03 ((ClLyC)g); 155.00 (urethane C=0); 169.38
(CH,;CONH); 169.52, 169.73, 170.29 (CH,COO0); 170.54, 170.90,
171.15, 171.38 (amide C=0); 172.38 (ME ester C=0).

N?-2,2,2-Trichloroethoxycarbonyl-L-alanyl- V*-(2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-p-D-glucopyranesyl)-L-asparaginyl-L-seryl-1-
alanine (2-Methoxyethyl) Ester (17):

Zn (2.5 g, 37 mmol) was added to 1 M HC! (50 mL) and stirred for
10 min. After filtration and washing with HOAc (3 x 20 mL), the
Zn was added to a solution of glycotripeptide 16 (2.0 g, 2.3 mmol)
in HOAc (30 mL). The mixture was stirred for 6 h, filtered, and the
solvent was evaporated in vacuo. The residue was dried in high
vacuum and dissolved in DMF/CH,CI, (1: 1, 30 mL). This solution
was added to a solution of N-2,2,2-trichloroethoxycarbonyl-L-ala-
nine (1.1 g, 4 mmot), dicyclohexyl carbodiimide (0.8 g, 4 mmol) and
1-hydroxybenzotriazole (0.8 g, 5 mmol) in anhyd CH,Cl, (30 mL),
which had already been stirred for 15 min. Et;N (0.3 mL, 2.3 mmol)
was added. The solution was stirred for 10 h at r.t., filtered and
the solvent was evaporated in vacuo. The residue was purified by
flash chromatography (petroleum ether/EtOAc 1:1); Yield 1.5¢g
(72 %); colorless solid; [«]2 = —15.3 (¢ = 1, MeOH); R,=044
(CHCI,/MeOH 5:1).

'"HNMR (200 MHz, DMSO-d,): 6 = 1.22 (d, Jou.u=70Hz, 3H,
(CH3)AIa‘N-1¢:rm); 127 (d9 J/fH_gHz 7~3HZ’ 3H7 (CHS)Alz\,C-&erm); 1.76 (S,
3H, NHAc); 1.91, 1.96, 2.00 (3s, 9H, OAc); 2.50-2.70 (m, 2 H,
(B-CH,), an> (B-CH,)y acn); 325 (s, 3H, OCH,); 3.33 (t, J,,, = 4.8 Hz,
2H, (CH,0)\); 3.46-3.60 (m, 2 H, (§-CH,)s..); 3.82-3.97 (m, 3 H,
H'Sa (a'CH)Ala,C-term’ (a-CH)Ala,N»zerm); 4.15-4.39 (ma 6 H, H'27 (H'6)a5
(H-6),, («-CH)s,,,, (COOCH, )z ); 4.77 (s, 2 H, (CH,0)-.); 4.80—4.87
(m, 2H, H-1, (a-CH),,,); 5.06-5.21 (m, 2H, H-3, H-4); 7.40 (d,
Tawa=7.5Hz, 1H, (NH),); 7.88 (m, 1H, (NH),,); 791 (d,
Jnar = 49Hz, 1H, (NH),,); 7.96 (d, Jyu=75Hz, 1H, (o
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NH)..); 811 (d, Jyum=74Hz, 1H, (NHAc); 8.66 (d,
Juua = 8.7Hz, 1 H, (8-NH), ).

BCNMR (50.3 MHz, DMSO-d,): § = 17.23 (CH, Ala); 18.08 (CH,
Ala); 20.39, 20.52 (CH,COQ); 22.68 (CH,CONH); 36.85 (8-C Asn);
47.48 (¢-C Ala); 48.58 (a-C Ala); 51.13 (a-C Asn); 52.12 (C-2); 55.08
(@-C Ser); 58.02 (OCH,); 60.01 (5-C Ser); 61.59 (C-6); 64.31
(COOCH,); 68.27 (C-5); 72.27 (COOCH,CH,); 73.35, 73.54 (C-3,
C-4); 73.88 ((CH,0),,); 77.97 (C-1); 96.00 ((CL,C)ron); 154.10 (ur-
ethane C=0); 169.30 (CH,CONH); 169.44, 169.55 (CH,COO);
170.03, 170.55, 171.94 (amide C=0, ester C=0).

MS (FAB, C,;H,N,0Cl, MH"): calcd 923.2, found 923.2.

N2-2,2,2-Trichloroethoxycarbonyl-L-alanyl-V*-(2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-L-asparaginyl-L-seryl-L-
alanine (18):

To a solution of glycotetrapeptide ester 17 (1.2 g, 1.3 mmol) in
acetone (3 mL), aq sodium phosphate buffer (0.2 M, 10 mL,pH = 7)
and lipase A6 (Amano) (500 mg) were added. The mixture was
shaken for 17 h at 37°C. After lyophilization, the residue was dis-
solved in MeOH (7 mL) and crystallized by addition of Et,0 ; yield
1.0 g (85 %); colorless crystals; mp. 137°C; [¢] = — 69.7 (¢ = 1,
MeOH); R,=0.41 (CHCI,/MeOH/HOAc 60:10:5); R, =0.13
(CHCL,/MeOH 5:1).

'"HNMR (400 MHz, DMSO-4,): 6 = 1.20 (d, Jpu=6.6Hz, 3H,
(CHy) g Neaerm)s 1:26 (d, Ty 9= 7.0Hz, 3H, (CHy)yp, c.om)s 1.74 G5,
3H, NHdAc); 1.89, 1.95, 1.98 (3s, 9H, OAc); 2.44-2.63 (m, 2H,
(B-CH,), psws (B-CHy), ,); 3.53-3.60 (m, 2 H, (B-CH,)g,); 3.75-3.85
(m’ 2H7 (a-CH)Alu,C-termi (a-CH)AIu,N-tcrm); 3.91-3.94 (m’ 1H7 H'S)’
4.15-4.27 (m, 3H, H-2, (H-6),, (H-6),,); 4.36 (d, J4yny= 6.5Hz,
1H, («-CH)g,); 4.75 (d, J,yny= 10.2Hz, 1 H, (a-CH),,,); 4.80 (s,
2H, (CH,0)y.,.); 483 (m, 1H, H-1); 5.07-5.17 (m, 2H, H-3, H-4);
7.38(d, Sy = 7.9Hz, 1 H, (NH)g,,); 7.87 (d, Jyy,n = 6.5Hz, 1 H,
(NH),); 7.90 (m,, 1H, (NH),,); 7.93 (d, Jyy = 7.1Hz, 1H, (o-
NH),); 8.09 (d, Jyym=6.7Hz, 1H, (NHAc)), 8.63 (d,
Jaum = 8.8Hz, 1H, (-NH),,,); 10.50 (s,,, 1 H, COOH).

PCNMR (100.6 MHz, DMSO-d,): 6 = 17.23 (CH, Ala); 18.03 (CH,

Ala); 20.32, 20.45 (CH,COO); 22.61 (CH,CONH); 37.87 (8-C Asn):

47.46 (a-C Ala); 48.55 (2-C Ala); 51.20 (2-C Asn); 51.20 (C-2); 55.03
(2-C Ser); 61.57 (B-C Ser); 61.73 (C-6); 68.34 (C-5); 72.30, 73.35
(C-3, C-4); 73.59 ((CH,O)p,,.); 78.01 (C-1); 95.99 (CLC-)r,,.); 154.06
(urethane C=0); 169.22 (CH,CONH); 169.40, 169.45, 169.54
(CH,COOY; 169.94, 170.02, 170.53, 171.88 (amide C=0); 173.79
(acid C=0).

MS (FAB, CyH,;N,0,,Cl,, MH"): caled 865.2, found 865.7.
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