
SYNTHESIS OF 0-(2”0-~~~GLUCOPYRANOSYL)- 
~-~-~ALACT~~YRAN~SI~E OF OPTIMALLY 

XY-L-LYSYL~LYCINE AN 
~XY-L-~YSYL~LYCYL- 

ASPARTYL~LYCI 

will also be reported. 

at least two sar~hydrate-~ch protein moieties, one a 
collagen and the other a non~ollage~ g~y~oprotein.~ 

Cupful analysis by Spiro et ul. of the c~~hydrate 
moiety of the collages residue indicts ce of 
the disa~~baride 2~~-~~u~~yrano @PY- 
ranose, which is linked via a /3-glycosidi h the 
alcoholic function of ~-hydroxy-L-lysine (Hyl).* A small 
glycopept~e composed of the same di~~~~ride and the 
~ptide ~yl~~y~~u-As~~1~ was also isolated’ from 
CBM and reported to constitute the ant@& site of 

dy, which is present in some 
stints with glome~lon~ph~is and 
syndrome.’ In this paper we wish to 

pasture’s 
des in details 

the 0-(2-0-a-Pglucopyranosyl)-B-D- 
of optimally pure ~-hydro~~L-iysyl- 

f the pentapeptide L-Hyl-Gly-t-t%-L- 

be hearted. 

One prerequisite in the total sy~tbesis of the natu~~ty 
occuring glycoprotcins 7c and 9b is the availability of 
opti~~ly pure ~-hydro~~L-lysylglycine (3, n 
with a free OH function (scheme 1). The 
adopted for the synthesis of di~ptide 3 consists of the 
following steps: (i) e~zyrnati~ resolution of a - 
~hloroacety~ - E - c~~~~z~xy - 6 - hydroxy - DL - 
lysine (local and alto forms); (ii) ~arbo&n~oxy~ation of 
the so ob~ined L-mixture giving the diear~~n~oxyl- 
ated la&one 1 (normal and atio fossil followed by (iris 
separation of the diastereomers of 1 by ff~sb~h~rna- 
tography affording 1 (normal, L-form); (iv) finally, 
aminolysis of the lactone 1 (normal t-form) with the 
t-butyl ester of glycine (2) which results in the formation 
of the required dipePtide 3. 

L L- nbrmQl farm 

Thus, ~-hydrox~DL-lysine mo~ohy~~blo~dG (nor- 
mal and alto forms) was prepared as described by I~miya 
et at.* The reso~tion of the amino acid, involving the 
~~irect~ hy~ol~ic action of acylase I .on the cor- 
resending cr-ch~oroaceryt-cF_carbobcnzoxy derivative, as 
descend by Fones,’ afforded r-&&o 
hydroxy-L-lysine (normal and allo forms). d”; 
girted by Fones, roacetyl-~~r~~~~oxy-~- 
bydroxy - t - &sine out to be a pwr ~~~~ 
for acylase I and 0 all q~ati~ (2~) of the 
desired product could be isolated. On the other band, 
most of the refused mate~at (7~~~ existed in the nor- 
mal-form, as foilowed from the ~omp~ison of the! 
specific rotations of the, diastereom~~~ mixture with 
those of the ~ndi~d~1 iso~rs gable I); the same ratio 
of normal to allo was derived from the s~c~c ro~tio~s 
of the corresponding dicarbobenzoxylactoms (Table I), In 
a~~i~ng the above e~ymatic resol 
ob~i~d, s~jng from a mixes con 
amounts of the normal- and alI~f~~ a 
the nodal isomer: latter i~i~t~s that 
form of a - ~~oroa~ty~ - c: - 
- L - lysine is a better substrate for acylase i than the 

ent of ~~~~~xy-~-hydr~xy-L- 
alto foist with c~~~n~x~c~o~de 

and 184 NaQH at pH 9.8 gave, after adjustment of the 
pH to 2.5 and work-up, crystalline L-lactone 1 (normal 
and allo foist in 87% yield. ~p~~~~ of the codas 
and alb isomers of L-~a~to~e 1 was ac~ved by ftash- 
ch~ato~ph~ to agog c~s~lii~ ~-hydroxy-L-lysi~ 



d-hydroxy-DL-lysine 
(normal and al10 form) 

dicarbobenzoxy-b-hydroxy-L- 
lysine laccone 
(I; normal and al10 forms) d) 

dicarbobanroxy-d-hydroxy-L- 
:rine lactone 
,; normal form) 

ej 

dicarbobenzoxy-d-hydroxy-l- 
lysine lactonee) 
(& all0 form) 

c-carbobeazoxy-&hydroxy-L- + II.4 

lysine 
(normal and al10 forms)b’ 

(c 1 CN HCL) 

s-carbobentoxy-b-hydroxy-l- + a.$) 
lysinc (c 1 6N HCL) 
(normal ford 

t-carbobenroxy-b-hydroxy-l- + 19.8’) 

lyrinc (c I 6N HCL) I 
(a110 form) 
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Table 1. Speci6c rotation and composition (normal vs allo form of several S-hydroxy-lysinc residues 

[alD,o CO)BOSITION, X 

normal al10 

44 ssa) 

76 24 

+ 6.3 
(c I cl!C13) 

+ 67.2 
(c I CHC13) 71 29 

- 18.3 

(c I CHCIJ) 
I 

a. Composition determined after partial saponification of the diastcreomeric 
mixture of dicagjobenzoxy-b-hydroxy-DL-lyrine lactoac as described by 
Izumiya et aZ. 

b. Diastereomeric mixture obtained after the enzymatic resolution procedure 
(see Text). 

c. See Panes, ref. ?a. 
d. Diastereomeric mixture obtained after carbobenroxylation of t-carbobenzoxy- 

b-hydroxy-L-lyeine (normal and allo form, see Text and Experimntal). 
e. Obtained from a diastereomeric mixture after reparation by flash-chromato- 

Sraphy . 

lactom 1 (normal form) in 3% yield. The use of flash- 
chromatography in the last separation step is based on 
the following observation. 

Separation of the normal from the allo-form of lactone 
1 by using short column chromatography’ on Kieselgel 
60 led to a considerable decomposition of the normal- 
form of 1. However, we found that the decomposition of 
the normal form of 1 could be decreased by applying 
flashchromatography.’ The latter technique reduces the 
time to separate the normal from the allo-form to only 
15 min: for comparison, the same separation, using short 
column chromatography is 8 hr. The same phenomenon 
was also observed in an attempt to analyse a mixture 
containing the normal- and allo-form of 1 by HPLC (solid 
phase :Partisil 5, eluens THF-hexane). X-ray analysis of 
1 (normal-form) confirmed, as predicted by Witkop,Ih 
unambiguously the trans configuration of normal S- 
hydroxy_L-lysinelactone (see Fig. l).lw 

Finally, aminolysis” of lactone 1 with the t-butyl ester 
of glycinc,‘2 2, in dry dioxan (Scheme l), during 20 hr at 
70” gave, after work-up, the desired dipeptide 3 as a crys- 
talline product in 72% yield. 13C NMR data confirmed 
the proposed structure (Experimental). 

(B) Preparation of glycodipeptide 7c 
The synthesis and the removal of protective 

groups from the fully protected glycoprotein 7 
to give the naturally occuring compound 7c, is illustrated 
in Scheme I. 

Both glycopeptides 7c and 9b contain one galactose 
unit the anomeric centre of which is b-linked to the 
I-hydroxy+lysyl residue, while the neighbouring OH 
group is a-linked to glucose. For the introduction of the 
&linkage we started” from the properly protected 
galactose bromide derivative 4 (R’ = AC, R’= Lev). 
Compound 4 is protected with three acetyl and one 
levulinyl group, the former functions as a persistent and 
the latter as a temporary blocking group. The use of the 
levulinyl group not only favors, under the conditions of 
Helferich,” the formation of a p-linkage with the par- 
tially protected dipeptide 3, but also opens the way to 
extend the galactose derivative 5 in the 2direction with 
the glucose derivative 6. The alcoholic functions of the 
glucose derivative 6 (Scheme 1) are protected with the 
persistent benzyl groups, while the anomeric centre is 
functionalized with the N-methyl-acetimidyl group. 

The nature of the latter group must ensure” the for- 

Fis. I. ORTEP projection of dicarbobcnzoxy-LLhydroxy-t-lysine lactone, 1 (normal-form). 
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mation of the required a-linkage between the galactose 
and glucose moieties (e.g. compounds Sb and 6, respec- 
tively). For the introduction of the j?-glycosidic bond WC 
chose, as mentioned before, the conditions of Helferich. 
Thus, condensation of the bromo derivative 4 with the 
dipeptide 3 in dry toluene in the presence of Hg (CNh 
afforded, after work-up and column chromatography, 
crude glycopeptide Sa (R’ = Lev) as a glass. The latter 
material was mainly (= 30%) contaminated with 2 - 0 - 
levulinyl - 3.4.6 - tri - 0 - acetyl - a/@ - D - gulac- 
topyranose, which was formed during the hydrolysis of 
excess 4. Unfortunately, this impurity had almost the 
same R,-value as the required compound 5~ (R’= Lev), 
which made further purification by column chromate 
graphy ineffective. However, acetylation of the mixture 
with acetic anhydride, followed by work-up, afforded 

after purification by column chromatography, Sa (II*= 
Lev; 31% yield) as a homogeneous glass. 

The ficonfiguration of the glycosidic bond of 51 was 
established by ‘H NMR spectroscopy. Removal of the 
levulinyl group was performed” by treating 5a (R’= 
Lev) with a solution of hydraxine hydrate (I .O M) in 
pyridinelacetic acid. Quenching of the reaction mixture 
with pentanc-2,4dione afforded, after work-up and 
purification by column chromatography, Sb (R’ = H) as a 
homogeueous dass in 64% yield. ‘Ii NMR and “C NMR 
data confirmed the proposed structure @xpwimental). 
The final step in the synthesis of the fully-protected 
glycodipcptide 7, which consisted of the introduction of 
the aglycosidic bond between Gil’ of the glucose 
derivative 6 and the OH function at C-2 of the galactose 
derivative 5b, was accomplished by applying the 
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Scheme 2. 

Sepbadex C-25 ion-exchange chromatography using 
aqueous ammonium formate (pH 3.1) as the cluting 
solvent followed by lyophjl~tion of the ure fractions 
to afford the di-fo~ate salt of 9b (R2 = R P = H; R* = H, 
HC~~) as a white powder in 35% yieId (based on 
fully-protected 9). The identity and homogeneity of gly 
copentapeptide 9b was confirmed by ‘% NMR spec- 
troscopy, paper chromatography, paper electrophoresis, 
HPLC (Fii. 4) and amino acid analysis. 

(D) Preparation of the glycodipepfkfe-MA conjugate 
(17) 

As men~ned before, the gtycopeptide containing 2 - 
0 - a - D - ~ucop~nosy~ - 0 - @ - D - ~~actop~anosyI_ S- 
hydroxy - L - lysine is reported3 to be the antigenic site 
of anti-GBM autoantibody. Covalent attachment of syn- 
thetic giycopeptides to proteins or other polymers may 

‘c- 

jl 4 tImin II”- 4 tImin) 
Fig. 4. HPLC-analysis of (A) the fully~nprotected glycodipeg 

tide 7c (R’ = H, HCOOH) and (~)~glycopentapeptide 9b. 

t&l fk8tions were performed in ~l~a~~tion with the 
~p~~~t of Nep~oi~, University Hospital, L&den. 
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provide artificial antigens which generate, after im- 
munization of animals, antibodies specific to the giy- 
cod~~ptide determinant.~ These monos~cific anti- 
bodies may have impo~nt immunolo~~l applicat~ns, 
e.g. to establish the antigenic site on kidney tissues. 

We now wish to describe the conjugation of glycopep- 
tide 7c to bovine serum albumin (BSA lo), with 
the reagent N-succinimidyl-3-(2 pyridylthio)-propionate 
(SPDP, 11). 

The properties and applications of this heterobifunc- 
tional reagent in the preparation of conjugates has been 
described by Carisson et aLa The strategy we adopted 
for the synthesis of the ~yc~i~ptid~BSA conjugate 
17 is outlined in breve 3 and consists of the foi~ow~~ 
steps: (i) ~~~uc~n of Z-pyridyl disulphide structures 
into BSA la, with SPDP affording 12; (ii) preparation of 
the protein-bound thiol compound 14 by reduction of 
protein 12 with dithiothreitol (DTI’); (iii) aminolysis of 
SPDP with 7c which affords the 2-pyridyldisulphide 
containing glycodipeptide 16; (iv) finally, the reaction of 
16 with protein 14 to afford the desired disulphide-linked 
conjugate 17. 

To be an useful antigen in irnrnu~lo~~t studies, con- 
jugate 17 should contain as many ~yc~i~ptide residues 
as possible. Therefore, most of the free r-amino groups 
of the lysyl residues present in BSA (total amount 57) 
were converted to 2-pyridyl disulphide derivatives and 
subsequently to tbiol groups. 

Thus, treatment of a solution of BSA in 0.1 M N-ethyl- 
morphotineacetate buffer (NEMIHOAc) pH 7.9 with a 
solution of SPDP in THF afforded, after work-up, an 
aqueous solution of 12. The number of Zpyridyl di- 
sulphide stN~~~s inbound was ca 4Omot per mol 
BSA. 

The latter quantity was determined spectropho- 
tometricalfy by measuring the amount of pyridine-Z- 
thione (15) retcased during the reaction of a sample of 
the modified BSA 12 with a large excess of D’IT 
(Experimerttal). Compound 12 was reduced to the BSA- 
bound thid compound 14 by treatment with DlT for 1 hr 
at pH 7.5. A gel filtration? of the reaction mixture 
afforded 14 in 45% yield (based on IO). 

Due to the two free amino groups (tr and ef in the 
~-h~drox~L-lysine residue, two tpyridyl disulphide 
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(b) Reduction of 2-pyridyl dbdphide groups of BSA detiuative 
12 afording 14. To the above obtained soln of BSA derivative 12 
(part a.; 7.5x lO-‘mmol, 1.75 ml) was added a soln of DTT 
(22.5 mg, 0.07 mmol) in 0.2 M NEM HOAc pH 7.5 (1.25 ml). After 
1 hr the thiol groups containing BSA derivative 14 was separated 
from the low-molecular-weight material by Gel filtration over 
Sephadex G-25 in 0.1 hi NEM HOAc pH 7.5 containing 0.1 M 
NaCI. Fractions containing the desired product 14 were pooled 
and concentrated by pressure filtration (AMICON, TYPEXM 50) to 
yield 23.4 mg (45% based on BSA IO) of 14 in 0.1 M NEM HOAc 
pH 7.5 containg 0. I M NaCl (3 ml). 

(c) Introduction of the 2-pyridyl disuiphide structure in g/y- 
codipeptide fr (R’ = H, HCOOH) with SPDP (11). To a stirred 
soln of 7c (R’ = H, HCOOH; 15.9mg, 2.5 x IO-*mmol) in 0.1 M 
NEM HOAc pH 4.7 (0.25ml) was added a soln of SPDP (11; 
8.6 mg. 2.75 x IO-* mmol) in THF (0.2 ml). After 18 hr at t&5”, tic 
(solvent G; UV, N, H2S0,1 showed co 40% conversion of 
starting 7c into glycodipeptide derivative 16. After evaporation of 
the THF and adjustment of the pH to 7.5 with 0.1 M-aq NEM, 
the soln was diluted with water (0.25 ml) and extracted with 
EtOAc (3 x I ml). The aqueous phase (0.5 ml) containing cu 
IO-* mmol of 16 and co I.5 IO-’ mmol not thiolated 7c (and a 
trace, <5%, of dithiolated 7c) was used without further 
purification for the synthesis of the conjugate 17. 

(d) Reaction of thiol groups containing BSA 14 with gly- 
codipeptidt-2-pytidyl disulphide 16 affording 17. A soln of I4 
(I I.5 mg, 1.6 x lO-‘mmol; co 40 mol thiol groups per mol BSA) in 
0.1 M NEM HOAc pH 7.5 containing 0.1 M NaCl (1.5 ml) was 
mixed with a soln of 16 (IO-* mmol; 0.5 ml pH7.5) 
obtained previously (see part c.). After standing for three days, 
spectrophotometrically determination of pyridine-Zthione (15, 
see part a.). which was released during the reaction, indicated cnm- 
plete conversion of the thiol groups of BSA derivative 14(O.u x 
10Wz mmol) into glycodipeptide-BSA conjugate 17. After Gel 
filtration over Sephadex G-25 in 0.1 M NEM HOAc pH 7.5, 
containing 0.1 M NaCI, the appropriate fractions were suc- 
cessively pooled, dialyzed against distilled water and lyophilized 
to afford 11.7 mg (78% based on 14) of t7 as a fluffy material. 
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