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Abstract - By using both g-N-glycosylation and g-0-glycosylation
procedures, different methods for the {ncorporation of glucose
mofeties to proline, hydroxyproline or glutamic acld containing
protected neuropeptides have been examined. As far as glycosylation
of Glu and Hyp containing fragments {s concerned, the Incorporation
of elither VP-B-N-glucosylated glutamic acid or 4-g-0-glucosylated
hydroxyproline to the rest of the peptide have been chosen. However,
in the case of C-terminal proline containing peptide fragments,
direct B-N-glucosylation of the full peptide has been preferred.
Acetyl protecting groups on the sugar moiety led to better ylelds
than the bulkier benzyl groups.

There 1{s a growing evidence of the crucial role played by carbohydrate residues 1in
biological processes such as receptor recognition. Thus, an increasing number of results are
pointing out the {nfluence of the sugar moleties of glycopeptides in their biological activity
and selectivity (1). Following this major tendency, one of the maln goals of current research in
our Laboratory s the {mprovement of the activity and selectivity of neuropeptides by means of
the Incorporation of sugar moieties to different positions on the peptide structure (2,3).

In the present paper we describe different methods for the Incorporation of glucose moteties
to some N and/or C-terminal protected neutrosctive peptides. These peptide sequences are Boc-
Tyr-DMet-Cly-Phe-Pro-0H, Boc-Tyr-DMet-Cly-Phe-Hyp-OMe (protected enkephalin related peptides),
Fmoc-Clu-Phe-Phe-Cly-Leu-Met-OMe and Fmoc-Glu-Phe-Phe-Pro-Leu-Met-OMe (protected C-terminal
hexapeptide analogues of Substance P). Structure-activity studies have shown that both position
5 of enkephalins and 6 of Substance P (6-11) allow modifications leading 7to more ??tlve
agonists (4,5,6) whereas other positions such as Tyr of enkephalins and Phe , Met-NH of
Substance P have been recommended to remain unmodified (7,8,9). The glucose moleties hase been
incorporated either via g-N-qlycosidic linkage between 2,3,4,6-tetra-0-acetyl-D-glucopyranosyl
aaine and the free aor y-carboxyl group of Pro or Clu6 resgecllvely or via 8-0-glycosldic
linkage between protected glucose and the hydroxyl group of Hyp .

An  Important goal of this work was the preparation of different glucosyl amino acid
intermediates which could be used for the synthesis of glycosylneuropeptides. The preparation of
the g-anomers of the glycosyl amino acids have been pursued since the g-glycosyl linkage 1s
more usual than the a-linkage among the animal kingdom (10). MNevertheless, a3 method to obtain
both a and B-glycosyl derivatives has been tested.
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a) MQlycosylstion by DCC/HOBt (compourd 7,8,9,13) e&nd sl xed anhydrice (compound 12)
b) O-glycosylatfon by trifluoromethrenesulpronic snhydride (cospound 17) or welferich
sodification of the xoenigs-xnorr method (CORpouUs 18,19)

* After cleavege of R_ 7 was linked to Phe-Phe-Gly-Leu-set-Ode and Pre-Pre—Pro-Leu- ket-OMe Lo yleld Fmoc (Nl-2.).l.6-
tetra-0-acetyl-g—glcp)Gl-Pre-Pre-ClyLeu-et-Oe  (compound 20) snd FrOC(N -2,),4,6-tetra-0-acetyl-8-glcp)Glu-Fhe-Phe-
Pro-Leu-Met -OMe (CORpound 21), cheaical ylelc 25-30 % by OCC/OBt procedure, 40 % by the aixed anhydride method. After
ssponification, compounds 8 end 9 were lirked to Leu-Met-OMe by the DCC/AMOBL procedure to yielo compound 20 and compound
21 (5-10% chemical yleld).

ee After cleavage Of R compound 12 was linkec to Boc-Tyr-OMet-Cly-Fhe-OM by OCC/HOBE procedure to ylelc Boc-Tyr-Det-
Gly-FPhe-[N -2,3,4,6-tetra-O-acetyl 8glco) Pro (compound i3, chemical yleld 5 %).

ees After cleavage of R compounds 17 end 19 were lirked to Boc-Tyr-Oret-Gly-Phe-OM by the DCC/HOB procedute to  yleld
&x-fyr-ott-cly-lold.).A.é-ulu-o-oentyl-g-qleo] Myp-Ome (compound 22 chenicel yleld 29 %) and Boc-Tyr-Omet-Gly-Pre-
10 -2,3,4,6-tetra-0-acetyl-g-gicp) wyo-O® (cowound 23 cheaicsl yleld 73 %).
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Two condensation methods leading to a, 8-0-glycosidic bonds have been assayed. Thus, the
triflvoromethanesulphonic anhydride procedure (11) using O-benzylated sugar yielded mixtures of
aand p-anomers whereas the Hg(CN) catalysis method (12) using acetylated-glycosyl bromides
gave, as the main {somer, the -ang.er. In both cases further purification was necessary to
obtain pure p-anomers. Concerning the -N-glycosylation, two common coupling methods In
peptide synthesis have been used: DCC/HOBt and mixed anhydride (1sobutylchloroformate). In this
way, the g-N-glycosylation step could be performed before and after the incorporation of the
corresponding amino acid to the rest of the peptide chain. In case of strategies involving the
synthesis of simple glycosyl amino acid intermediates obtained by both 0- and N-glycosylation,
their 1incorporation to neuropeptide sequences have also been studied. Using both approaches,
direct peptide glycosylation and through glycosyl amino acld intermediates, a wide range of the
different possibilities of sugar incorporation to such neuropeptides has been achieved and the
best routes, among those examined, have been determined.

Scheme 1 summarizes the different routes tested. In addition, the obtained chemical yields

corresponding to the glycosylation steps are shown {n Table 1.

TABLE 1

Chemical ylelds corresponding to the glycosylation step and
analytical data of the resulting glycosyl amino acids and glycosyl
peptide fragments.

Compound formula Anal. t.l.c. yleld (%)
Rf Rf A-anomer
....................................... I U
7 C,H 0O N C,H,N 0.75 0 566 72
8 C“H“I‘OMNZ L 0.60 0.386 50
9 C”NmO”N5 - 0'65 0.056 57
12 CSBH“OUNS C ; N 0.62 0.302 55
13 CUHMONNZS . 0.50 0'205 63
49 6617 6 ) ) 1
17 C”H”omN C,H,N 0.60 0.603 40 (84a +8)
18 C”H”OMN C,H,N 0.60 0.’002 50 (65a -8)
19 CZSH”O“N C,H,N 0.60 0.30 40 (60a +p)

t.1.c. solvent systems are (a) Chloroform/methanol/acetic acid
(95:5:3) and (b) (]) Hexane/ethyl acetate (4:6), (2) Hexane/ethyl
acetate (3:7), (3) Hexane/ethyl acetate (2:8), (&) Hexane/ethyl
acetate  (1:9), (5) Ethyl acetate, (6) 1-Heptane/tert-
butanol/pyridine (7.5:1.5:1.5). Compounds 8,9 & 13, as well as
compounds 20, 21, 22, 23 corresponding to Scheme 1, have been
identified, after deprotection, by amino acid analysis and FAB-MS.

N-glycosylation

The best chemical yleld (72%) for the pg-N-glycosylation of GClu, was obtained by the
DCC/HOBt procedure, when | was jolned to the protected amino acid & to yleld 7. However, the
same reaction between 1 and the peptide fragments 5 & 6 resulted in lower chemical ylelds.
Moreover, the coupling between saponified compound 7 and Phe-Phe-Cly or Pro-Leu-Met-OMe ylelded
the final protected Substance P (6-11) analogues 20, 21, with 40% chemical yleld (MA,
{sobutylchoroformate) whereas the fragment condensation between saponified compounds 8,9 and
Leu-Met-OMe yielded the same final analogues, with only 5-10% chemical yleld. In consequence,
the g-N-glycosylation of Glu and further incorporation of the glucosyl amino acid to the rest of
the peptide structure resulted to be the preferred method for the synthesis of glycosylated
SP(6-11) analogues. On the contrary, for the enkephalin related sequences, the route concerning



6134 J. L. Torres et al.

f-N-glycosylation of Pro was less effective and the glycosylation step led to lower ylelds.
Moreover, only 5% chemical yield was obtained In the incorporation of the previously deprotected
compound 12 to the rest of the peptide fragment. In sumwmary, the obtained chealcal ylelds have

been shown to be strongly dependent on the nature of the glycosylated amino acid.

3-0-glycosylation

For SP(6-11) analogues, both glycosylation methods have led to similar chemical ylelds
although slightly depending on the N-protecting group used. The best 0-glycosylation assay
ylelding 40% of the p-anomer of compound 17 has been conducted with trifluoromethanesulphonic
anhydride, benzylated sugar and Fmoc as N-protecting group. Moreover, by Hg(CN) catalysis the
B-glucosyl derivative of 18 was obtained from 3 and Fmoc-Hyp-OMe (15) with 50% cgenlcal yleld,
whereas from 3 and Z-Hyp-OMe (16) 40% chemical yield was achleved.

0-glucosyl enkephalin sequences have Dbeen obtained by coupling the glycosylated
hydroxyprolines 17 & 19 w»ith the opeptide fragment Boc-Tyr-OMet-GCly-Phe-OH. However, non-
compatibility of piperidine treatment for the cleavage of Fmoc protecting group with acetyl
groups on the glucose molety, made routes such as the one involving compound 18 unpractical. It
is worth noting that acetylated sugar moieties such as 17, after N-deprotection, coupled to
Identical peptide sequence with higher yleld (77%) than the benzylated compound 19 (29%). In
addition, significant yleld differences have been observed for proline derivatives contalning
sugar moleties on the amino acid side chain (compound 19) or at the N-carboxyl group (compound
12) when condensing them to the same enkephalin sequence. In this way, peptides 23 & 13 were
obtained with 75% and 5% yleld respectively.

N-glcp-(0Ac)

fmoc - Glu = 08z Phe-Phe-Gly(Pro)-Leu-Met-0Me
N-glcp-(0Ac)
Fmoc OH
N-qlcp-(OAc),‘ MA 4O%
Fmoc OMe
(a)
Boc-Tyr-DMet-Gly-Phe-Pro-0H Acetobromo-D-glucose
Ny —— (0Ac)
DCC/H0Bt 63% HON e (0AC)
2 4
Boc (OKC)“

(b)

/O-glcp-(OAc)“
Boc-Tyr-DMet-Cly-Phe-OH 1-Hyp £ 0oMe

0-glcp-(0Ac)
4
Bo¢c ——4——_OH n_éone
DCC/HOBL 75% O-glcp-(OAc)b
Boc OMe
(c)
SCHEME 2

In summary, the best routes among those tested are shown in Scheme 2. They Iinvolve the
{ncorporation by g-N-glycosylation of ?.3,10.6-t.etra-0-acctyl-[}-D-glucopyrar;osyl amine 1 both
(a) to N-a & C-a-protected glutamic acid of Substance P (6-11), (b) to Pro of the enkephalin
related sequence and (c) the B-0-glycosylation of benzyloxycarbonyl protected hydroxyproline
using 2,3,4,6-tetra-0-acetyl-g8-D-glucopyranosyl bromide. The direct 0-glycosylation of tyrosine
and methionine containing peptide fragments wds always avolided because of elther the strong
acidic conditions or high temperatures involved in the 0-glycosylation methods.
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EXPERIMENTAL

™in layer chrometography was performed on silice gel plates (0.25 mm) from Merck. Spots sere adetected by resction
with ninhydrin or chlorine followed by tolicine solution. T™e suger wes a!eciec by i.'ve Orcinol-xCi resgent. Amino acid
snalysis were performed in o Beckman 119 C {nstrument or 8 Biotronik LC S001. M and C-NMR spectrs were ootsineC wmith a
Broxer (80 M) or o varisn X200 (200 Mix) spectrometer I~ COCl_. Chewicsl s~ifts are reportec in §-units, osirQ
cetzamethylsilane os Internal stendard. All the solvents used were snalytica. grave. Tey were olstillec and stores cve:
moiecular sleve when necessary.
wicroanalysis were performec =y °he microanalytical Laborstory, Oepsrtwment of Biological Organic Chemistry, C.1.C.
Bazcelons. FAB-Mass spectra were deternired with a M59-v6 woOB%ed syster equipoed with a Vv6-11 25C nit Dy the Labcralsly
of Mass Spectrometry, C.1.0. Barcelore.

Isolation end ourificeticn of tme protected glyccsyl derfvatives o anino acids ano peptices were ca:iried oot by
“Flasr Thromstography® (13, wusirg Silica gel (a0-63 u3), 15x2 ¢ or 15x5 on colums anc eluting with tne aporoviate
solvent systems at a flow raze of 5 ca/ain,

™e curity of tne protected glycosyl amino acids or peptides were checxed by HALC-reversed-phese (005, Sum coluw,
H_ 0 J.0%% TFa/On CN gradient eiution from 9 to 100 % 01)CN 3% 8 linea:r rate of 3.% CN,CN/Pln) getection hy absorverce
rationing meas.rements at several savelengths.

2.),4,6-leua-0-a:e:y:-ﬂ-DiqL.Lacyranosyz amire (1) has beer obtainec ‘rom scetobroro-L-glucose (18). ™ resulting
OIOOC: was chafaiterlzeo By M-NWR. meizing point 129°, vielo Sa % .

Three Jifferent amino acld M-protecting Jroups have beer used, 9-Tluorenylmethyloxycardonyl (FRoc), Berzyloxylardanyl
{2} a~g teri.-butyloxycartonyl {Boc}. Faoc groups were removed by trestment with cipericlre/O4, 21, (1:1) 1 nour at roor
temperature. 1 Qrouss were cleaved by hydrogerolysis (n the cresence of 10 % callscium o chazcaal (J.1 g/g) In
meineno.. Removal of Bol  Jrouss wes echieved witr TFA/TW Cl_ {1:1) contalning a few drocs of 2-mercaptoet~anc., 30
ainutes at coom temperatuze with @ ra°10 of 10 & acliu-solvert aixzure tc | mmcl of peotide or smjno acid derivatives.

To [1lustrate tre aifferent glycosylation anc peglice bond formeticr cougiirg methcds used In this eCr«, on exoxgic
cf esch type of reactlor is given. Purificstion conditiors an2 n.m.r. characterizaticn of 8ll new or srevicusly Jescrithed
compoutds  prepares following a give~ procedure are also proviced., H-n.r.1, chemicel shifis are reported avcidirg
repetitfon of commor Signels cerresponding to a3ino ecid resicues alreacy (ncluded In sirflar glven spectrs. All the
glotosyl de:ivatives mave proved tn be PomOgendus on TLS a~d (.

all cetically active aaino aclds eese 0f 2me L ccrfigurat{on mith the cxtepticn cf C-metniori-e, as Indicateq
trougrout the text.

Te fo.lowing aebbreviations according ¢ the [UPAC-1UB Corlssicr were used: T “etrarycrofuran, O N,N-
Jimethylformer!de, N N-eethy.eorpholine, HOBt, 1-hylroxydenzctriazoie, OCC, N,N -0ityciohexylcarboolirise, A aixed
arhycrice procecire, Boc tert.-butylosycarbory., Fmoc 9-fl.orenylmethylosycarboryl, 2 benzyloxycardory..

The nomeng .ature ¢f Jlycopeptines usec In this caper fo..ows the IUPAC-1U8 Joirt Comrission rules which aie ue 1O De
ablished in orlef,

1.- B-N-glycosylation. OCC/HOBt procedure Synthesis of N-9-fl.10rMylmlh)lOlE3th‘;l-;‘ll 2,3,4,6-tetra-C-acetvl-g-0-
glucopyrenosyl ! glutemic acid Benzyl Ester 7.

Fa0c-Glu-0B2 (J.% ¢, 1.09 mmcl) anc 2,3,6,6-tetra-C-scetyl-B-0-glucopyranosyl amine (0.37% ¢, ..C9 -mol) were
aissolvec Ir IC sL "+ a2 -1%°, m(Bt (0.17% g, 1.09 mmcl) an2 OCC {0.2% G, ..31 mmol; olssolved Ir “F wele agded 87y the
reaction alxlure «ept 1 h at -1%° and overnight ot rcom tewmperature. The ixture was fillered ard tne filtrate washed
succesively with 5% citrlc aclo (3x20 mL), 5% 500! Dicarborate (3:20 #L) 8rd = 0 (3220 rL). The orgenlc isyer was the-
dried over anycrous Ne SC“ anC the :ro.nw? $0119 ootainec a’ter evaporaticn wes putlfied by flas~ chrcmatogrednhy cor
Stlica gel using “exaresethyl acetate (1:9). M-a.r.¢. 7.2-7.9 aror Fmor, MWz, © 8.2% :a“ Gis, 2 1.70 CgM GLu, o 2.1 C)m
s.;. 3566, ) .3 L, 1Et, (19) 8.5 Hz, 4.1-5.¢ 61 guucocyTanose, S 2.13 (3w), s 2.C7 (3]}, s 2.03 (&) OAC,

C-n.m.r. (20 w2)783.2 C-1 poenower.

N-9-f. orenylrethyloxycatbonyl '_\1-2,),A,é-u:'.u-O-oce'.yl-B-o—gluzopyramhl] glutamyl, phecylaiary., prenylslang:,
glycine metnvl Ester 8. Puriffration elsent, hewsre/etryl scetate (1:9). xN-fg.l'.r. 7.2% aton Phe, r 3.70 Gt e 3.85
(un Ciyy s 3.55 0-2M_, m 3,1-2.65 CaH Phe.  N-9-.07enylmethyloxycardonyl N°-2,3,8,6-teira-G- -acetyl-g-0-glcogyran0sy. )
glutamy., onenylalany:, prenylalanyl, prollre methyl Ester 9. PLrification eient, "exane/enyl acelate (.:9). w-n.a.r.
da.% Ca* Yo, 2 2.03 C M Pro, = 1.8% Gy Pro, n 3.6! C&" PIc,

p
N-tert. -ootyloxycarboryl tyrosyl, D-metnlonyl, glycy!, i8lgnyl Lﬁ'-2,),A,c-tet:a-:-nce:,i-&O-Lla;op,ramsxd

proline 13. Purificetlon eluent, ethyl acetate/meitancl (8:2). H-n.e.2. 5 1.3} test,-butyl, m 7,25 eror e, 1.02 & 6.72
ator Tyr, sr.osgan'yr.-aszc»-om,o)escanmy.-e CaNPhe 1&kLuPro.n289(5NTyr.1173:5
JQI.HBC)&?/?"DNW,F?O)L’N-’I’O.'??)CWDQ -lescyﬂ’ro.r)él% 9{3520 -S04, Deet, C 5.02
J, 2-8.: HZz H-1, 4.1-5.¢ 64 Giucopyranose, s 2.10 (), s 2.07 (3m), s 2.0 (6+4) DAC. C-n.mr, (20 m2) 83.C C-)

B8 omer .

2.- f-N-glycosylation. mixec Avhycricde, Isobutylchloroformate procedure Syrthesis of N-berzylesycarboryl ;31-2,3,56-
tetra-0-acetyl-g-0-glucopyrancsyl ] proline 12,

2-Pro-0H (0.125 9, 0.6) mmol) and N4 (0.0C67 L, 0.6]1 mmoi) were Olssolved i~ 7 m cf OnF . The solition wes cociec 0
-15% (c¢ry fcesacetone} anc {sod.tylchlorocarbonete (J.079 m, .61 wmol) was adoed cropwise; the aixt.re was stirzec at
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-15* for 90 s. A precooled (-1%°) solution of 2,3,4,6-tetre-0-scetyl-g-0-glucopyrenosyl ealne (0.211 g, 0.61 mmol) anc
N (0.067 aL) {n 5 A of O was then added to the formed mixed srhydride. The resction mixture was stirred for 1 h et
-13*  and 2 h at room temperature, filtered end after solvent evsporation the remaining aily mslaﬁ s aomitted to
flash chromstograpghy on Silica gel, 15xz5 cm I0 column eluted with 300 s hexsne/ethyl acetate 3:7. w-n.m.r. 8 7.23 SM
erom 2, s 5.2, -O4_-CO- 2, 0 5.06 ) _«8.4 Wz H-1, 4.1-5.4 & glucopyrenose, 3 2.10 (3H), s 2.07 (M), 3 2.03 (64) OAC, @
4.36 Can Pro, = 2.6) cﬁ" Pro, » 1.8!'8)01 Pro, & 3.6l 06N Pro. C-n.a.r. (20 M) 83.2 C-1 p-snomer.

3.-  O-glycosylstion. Triflucromsthenesulphonic Anhydride Procedure. Synthesis of N-9-fluorenylmetnyloxycardbonyl ml':
2,3,4,6-tetrs-0-benzyl-a 8-D-glucopyranosyl) hydroxyproline methyl Ester 17.

2,3,4,6-tetre-0-berzyl-gl copyrarose (0.500 g, 0.94 smol) end Fmoc-Myp-Ome (0.850 9, 2.) smol) were Oissolved In 10
M of O« Cl . The solution wes cooled to -70* (Ory fce/acetone) and 0.223 s (1.4 mmol) of trifluoromethenssulohonic
anhydrice were added, the mixture wes stirred at -70¢ for 5 ain and 1 h st room tesperature., The solution wes then cooled
sgain to -70° and 80 &L of weter were s00ed. The resulting products were extrscted with ethyl scetate (3x1% aL) end the
orgenic layer wes neutrelized with s 5% bicarbonete solution end washed with water (3x15 sL), JIried over Ne SO onO
eveporated. The ofly resulting sixtire wes then purified on Silica gel, 15x5 cm 1.0. coluon, eluted with hexsne/ethyl
acetete 4:6. H-n.m.1, 0 4.3 Co)d HyD, -13.12 Cﬁ" Hyp, & 4.45% CpH Wyp, = 3.82 C6N Myp, s 7.20 204 arom (Bz, C 4.32
J _a7.2 Mz W1 p-snomer, 8 3.35 0-OM.. C-n.a.r. (20 W) 103.0 C-1 BS-snomer, 96.8 C-1 a-snomer, 38.3 Cq Myp, lit.
(h; 102.42 & 102.28 C-1 p-eromer, 96.7 & 96.08 C-1 a-ancmer, 58.04 & 57.84 CoHyD.

4.- p-0-glycosyletion, ) /C n1 Procedure. Synthesis of N-9-fluorenylmethyloxycarbonyl ml-w,gg-uuo-o-mlyl-qﬁ
-Oglucopyrenosyl ) hydroxyproline metnyl Ester 18.

Fmoc -Hyp-OMe  (0.330 g, 0.9 vmol) wes cissolved in 30 L of dry benzene ond X aL of nitromet~ane enc hested under
erhyarous conditions until about 15 mL of solvent hed distilled off. To this solution 8 double equivalent smount of both
2,3,4,6-tetra-0-scetyl -a-0-glucopyrsnosyl bromide (0.737 g) snd bq(CN)z (0.461 g) were added {n three portions: helf of
the given emounts at the beginning of the resction and the rest {n two equal portions after 2 h sno 3 h respectively. e
aixture wes heated at 80° Juring a totel time of 4 h., The solution was then cooled end diluted with ether (80 &) onC
filteres to eliainate the precipitates mercuric salts. ™e flitrate wes then washed mith mater, dried over N8 S()A ang
eveporsted. The ofly resulting mixture was suonitted to chrometography on Silice gel, 15x5 cm [.0. colum eluzec with
hexere/ethyl scetste (2:8). w-n.ar. 0 4.35 31'2-6.5 HZ H-1 p-snomer.

In aduition, the final protected p-N-glucosylated or g-0-glucosylated peptice fregments 20, 21, 22 & 23 have been
obtained by using eftner OCC/HOB or MA Isobutylchloroformete 88 stated {n Schesme . They heve been {dentified, after
deprotection, by Anino acid snelysis anc FaB-sass Spectrometry and characterized by n.a.r,
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