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ABSTRACT 

~ephr~togenoside has been prepared by coupling of the acyl azide derivative of a N-triglycosyl 
dipeptide, derived from the corresponding hydrazide derivative of U-(2,3,4,6-tetra-0-acetyl-o-o-gluco- 
pyranosyll-(1 -+ 6)-O-(2,3,4-tri-CLacetyl-P_D-glucopyranosyll-(1 -) 6)-2,3-di-0-benzyl-I-N-[N-(rert-butoxy- 
carbonyl)-t-aspart-l-oyl-CL-proline methyl ester)-4-oyl]-cr-o-glucopyranosylamine, with a nonadecapep- 
tide, followed by deprotection of the desired protected nephritogenoside. The N-triglycosyl pentapep- 
tide also has been prepared as a model compound. 

INTRODUCTION 

Shibata et al? isolated and purified, from the glomerular basement membrane 
of rats, a compound named nephritogenoside that caused the induction of 
glomerulonephritis in homologous animals”. Nephritogenoside is composed of 
three D-glucose units, a-D-Gkp-(1 + 6)-p-D-Gkp-(1 + 6)-D-Glcp, and 21 amino 
acids [ 1Asn-Pro-Leu-Phe-Gly-Jle-Ala-Gly-Glu-Asp-Gly-Pro-Thr-Gly-Pro-Ser-Gly- 
Ile-Val-Gly- “Gin]. The reducing a-o-glucose unit is N-glycosidically linked to the 
~-te~inal asparagine unit4. Syntheses of mode1 gl}fcopeptides and nephritogeno- 
side itself are important because these compounds may have significant biological 
properties. 

A part of the study has been reported in a preliminary communication on a 
total synthesis of nephritogenosider, in which detailed procedures for the synthesis 
were not reported. Shiba and co-workers5 have reported a total synthesis of 
nephritogenoside using the Alec group as the final protecting group. 

* Corresponding author. 
’ Part XII. The Nephritogenic Glycopeptide from Rat Glomerular Basement Membrane. For Part XI, 

see ref 1. 
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Herein, we describe details of the total synthesis of nephritogenoside and its ,!3 
anomer and also the synthesis of the triglycosyl pentapeptide as a model com- 
pound. 

RESULTS AND DISCUSSION 

In our previous paper”, we described the synthesis of an N-trigfycosyf dipeptide, 

O-cu-D-glucopyranosyl-( I + 6)-O-P-D-glycopyranosyl-( 1 --) 6)- 1 -N-[L-aspart- I-oyl-(L- 
proline)-4-oyl]-cu-D-glucopyranosylamine. The N-triglycosyl dipeptide derivative, 
0-(2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl)-Cl ---) 6)-0-(2,3,4-tri-Gacetyl-P-o- 

glucopyranosyl)-(1 -j 6)-2,3-di-0-benzyl-l-N-[N-(tert-butoxycarbonyl)-L-aspart-I- 
oyl-(t-proline methyl ester)-4-oyl]-o$-D-glucopyranosylamine (lcu and lp)h was 
converted into the hydrazide by the procedure of Fujii and Yajima’. Isomers 2a 
(68.2%) and 2/3 ff3.X%) were separated by silica gel column chromatograph~~ in 
the ratio 5: 1. The presence of a doublet at 6 5.76 (J 5.5 Hz) in the ‘H NMR 
spectrum of 2a established the cu-n-configuration of the reducing-end residue. The 
/W-linked anomer (2p) showed a signal at 6 5.14 (J 9.0 Hz). The acyl azide (3a) 
derived from the corresponding hydrazide (2cu) by the Honzl and Rudinger’ 

R, = OMe, R, = Boc, R, = Bn, R, = AC 
R, = NHNH,, R, = Boc, R, = Bn, R, = H 
R,=N,, R,=Boc, R,=Bn, R,=H 
R, = Leu-Phe-Gly-Ile-Ala-Gly-Glu-Asp-Gly-Pro-Thr-Gly-Pro-Ser-Gly-Ilc- 
Val-Gly-Gln-OH 

R,=Boc, R,=Bn, RJ=H 
R, = nonad~capeptid~, Rz = H, R, = En, R, = H 
R, = nonadecapeptide, R, = R, = R, = H 
H-Leu-Phe-Gly-Ile-Ala-GIy-Glt~-Asp-Gly-Pro-Thr-Gly-Pro-Ser-Gly-Ile- 
Val-Gly-Gln-OH 

R, = Leu-Phe-Gly-OMe, R2 = Boc, R, = Bn, R, = H 
R, = Leu-Phe-Gly-OMe, R, = H, R, = Bn, R, I- H 

10~3 R L = Leu-Phe-Gly-OH, R z = H, R, = Bn, R, = H 
liar,/? R, = Leu-Phe-Gly-OH, R, = R, = R, = H 
12 Z-Phe-Gly-OMe 
13 Z-Leu-Phe-Gly-OM~ 
14 H-Leu-Phe-Giy-OMe 
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procedure was allowed to react with the triethylammonium salt of nonade~apep- 
tide 7, which was obtained by the procedure described below, to give the desired 
protected nephritogenoside 4a in 81.2% yield. 

The signal for the tert-butoxy methyl groups appeared at 6 1.42, and that for the 
alanine p methyl and the threonine y methyl groups appeared at 6 1.40 (J 7.3 Hz) 
and 1.72 (J 6.2 Hz), respectively. The other ‘H NMR and 13C NMR data were in 
accordance with the proposed structure. Fm~-fin-~-poller (purchased 
from Kokusan Chemical Works, Ltd.) was subjected to the usual procedures of 
solid-phase peptide synthesis using an Applied Biosystems (AI30 Model 431A 
Synthesizer, employing Fmoc amino acids purchased from ABI, to give the 
protected resin corresponding to nonadecapeptide 7. Reaction of the peptide resin 
with trifluoroacetic acid, and purification of the product by high-pe~ormance 
liquid chromatography (HPLC), gave 7 in an excellent yield. 

Removai of the Bert-buto~carbonyl group of 4ar with 90% TFA gave SQ, 
followed by removal of the benzyl group with 10% Pd-C, afforded the target 
compound, nephritogenoside 6a ([culu - 31.3”) in 88.8% yield, The configuration 
of nephritogenoside was confirmed by ‘H NMR spectroscopy, with signals for H-l, 
H-l’, and H-l” being observed at 6 5.43 (J 5.5 Hz), 4.30 (J 7.2 Hz), and 4.94 (J 3.7 
Hz), respectively. HPLC was performed on an AI31 HPLC 130A Separation System 
equipped with an Aquapore RP-300, C, (7 ,um> column, Retention times were 9.52 
min for nephritogenoside and 10.02 min for the nonadecapeptide. The p anomer 
of the nephritogenoside was also prepared according to the method described for 
the fy anomer. The configuration of the p anomer of nephritogenoside (6~) was 
confirmed by ‘H NMR spectroscopy, signals for H-l, H-l’, and H-l“ being 
observed at 6 5.01 (J 9.2 Hz), 4.32 (1 7.5 Hz), and 4.93 0 3.7 Hz), respectively. 

Next, we synthesized N-triglycosyl pentapeptide @la) and its /I anomer (11#3). 

O-cu-D-Glucopyranosy1-11 -+ 6}-~-~-D-glucop~anosyl~(l -+ 6)-2,3-di-U-benzyl-l-N- 
[N-(rert-butoxycarbonyI)-L-aspart-l-oyl-(L-proline hydrazide)-4-oyl~-~-o-gluco- 
pyranosylamine (Z&I was transformed into the acyl azide (3a), and attachment of 
acyl azide to tripeptide derivative, L-leucyl-L-phenylalanyl-glycine methyl ester gave 
the N-triglycosyl pentapeptide derivative (8cu). Removal of the terf-butoxycarbonyl 
group of 8a with 90% TFA gave 9a, and removal of the benzyl group of this 
compound with 10% Pd-C afforded the N-triglycosyl pentapeptide, O-iw-o-gluco- 
p~anosyl-(1 -+ 6~-O-~-D-glucopyranosyl-(1 -+ 6)-~-[I~-aspart-l-oyl-{L-prolyl-L-IeucyI- 
~-phenylalanyl-gIycine-4-oyll-cu-n-gIucopyranosylamine (lla). The tripeptide, L- 
leucyl-L-phenylalanyl-glycine methyl ester (14), was synthesized by stepwise elonga- 
tion from the carboxy terminus by way of the diethyl cyanophosphonate (Et,PC) 
methodY. Coupling of ben~lo~carbonyl-L-phenylalanine with glycine methyl ester 
gave the dipeptide 12, which was treated with 10% Pd-C to give the dipeptide. 
This compound was then coupled with ben~Io~carbonyl-~-leucine to form a 
tripeptide 13. Treatment of 13 with 10% Pd-C gave 14. 

The p anomer of this N-triglycosyl pentapeptide (ll/?I was also prepared 
according to the method described for the cy anomer. The configuration of the cy 
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anomer Ila was confirmed by ‘H NMR spectroscopy, the signals for H-l, H-l’, 
and H-l” being observed at 8 5.63 (J 5.5 Hz), 4.52 (J 8.1 Hz), and 4.96 (I 3.5 Hz), 
respectively, whereas, in the case of p anomer ll& the H-l. H-l’, and H-l” signals 
were observed at S 5.01 (J 9.0 Hz), 4.51 (J 7.9 Hz), and 4.92 (1 3.7 Hz), 
respectively. The “C NMR data were in accordance with the proposed structure 
(see Table I>. 

N~phr~togeni~ activity tests of nephritogenos~de and related compounds are 
now being carried out and will be reported elsewhere. 
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General met/x&.-Melting points were measured with a Yanagimoto micro 
meIting-point apparatus and are uncorrected. Optical rotations were dete~ined 
with a Jasco DIP-140 digital pofarimeter. ‘H NMR and t3C NMR spectra were 
recorded with Jeol EX-270 and CSX-400 spectrometers, Me,Si was the internal 
standard for solutions in CDCl, and CD,OD, and sodium 4,4-dimethyl-4-silapen- 
tane-l-sulfonate for solutions in D,O. Plasma-desorption mass spectroscopy 
(PDMS) was carried out with a Bio-Ion 20 mass spectrometer (ABI). TLC was 
performed on Silica Gel-60 (E. Merck), and the compounds were detected by the 
quenching of UV fluorescence and by spraying with either 10% H,SO, or 5% 
methanolic ninhydrin solution. Column chromatography was carried out on Silica 
Gel-60 (E. Merck). 

Preparation of O-C2,3,4,6-~etra-O-ace~~-~-~-gl~copyrano~l~- (1 + 6j-O-(2,3,4-tri- 
0-ace~l-p-D-gruco~yranu~l~-~~ -3 6~-2,3-d~-O-6enzyl-~-N-~N-~te~-buto~car~onyf~- 
L-aspart-I-oyl-(L-~ro~~~e methyl esfer)-4-oyU-~,P-o-glucopyra~~y~amine (lru and 
lp).---This compound was obtained by the procedure described in a previous 
papei?. 

&x-D-Gkcopyranosyl-(1 -+ 6)-0-P-D-gh&zopyranosyl_(2 -+ 6)-2,3-di-O-benzyl-l- 
N-(N-(tert-butoJcycarbonyI)-L-aspart-l-oyl-~~-proline hydrazidej-4-oyl]-a$-D-giuco- 
pyranosy~amine (2a and 2/3).-A somtion consisting of la and l/3 (100 mg, 0.08 

mmol) in MeOH (6 mL) and aq 80% hydrazine hydrate (0.3 mL) was stirred at 
room temperature for 24 h and concentrated to a syrup that was chromatographed 
on a column of silica gel. The first eluate was evaporated to dryness to give 2a: 
(52.8 mg, 68.2%), and the latter eluate gave 2s (10.7 mg, 13.8%). Physicochemical 
data for 2~: mp 150-152°C; [ru]: + 37” (c 0.7, MeOH); TLC, (65 : 35 : 10 CHCI,- 
MeOH-H,O, lower layer) R, 0.39; ‘H NMR (CD,OD, 50°C): S 7.38-7.23 (m, 10 
H, Ar), 5.76 (dt 1 H, J 5.5 Hz, H-l), 4.85 (d, 1 H, J 3.7 Hz, H-l”), 4.73-4.64 (m, 1 
H, Aspcu), 4.47 (dd, 1 H, J 3.1, 11.0 Hz, Proa), 4.38 (d, 1 H, J 7.5 Hz, H-l’), 
2.80-2.76 (m, 2 H, Aspp), 2.21-2.02 (m, 4 H, Pro&r), and 1.44 (s, 9 H, Boc-Me). 
Anal. Calcd for C,H,N,O, - 3H,O: C, 51.92; H, 6.35; N, 6.58. Found: C, 51.89; 
H, 6.62; N, 6.32. 

Physicoch~mical data for 28: mp 145-148°C; IalE + 15” (c 0.8, MeOH); TLC, 
65 : 35 : 10 CHCI,-MeOH-H20, lower layer) R, 0.31; ‘H NMR (CD,OD, 50°C): S 
7.38-7.22 (m, 10 H, Ar), 5.14 (d, 1 H, J 9.0 Hz, H-l), 4.86 (d, 1 H, J 3.5 Hz, H-l”), 
4.66-4.61 (m, 1 H, Aspa), 4.45 (dd, 1 H, J 3.6, 8.3 Hz, Procu), 4.36 (d, 1 H, 57.9 
Hz, H-l’), 2.81 (dd, 1 H, J 9.7, 15.4 Hz, Asp&Ha), 2.51 (dd, 1 H, J 5.0, 15.4 Hz, 
Asp@-Hb), 2.11-1.92 (m, 4 H, Prop,?), and 1.42 (s, 9 H, Boc-Me). Anal. Calcd for 
~~~H~,Ns~~~ ’ 3H,O: C, 51.92; H, 6.35; N, 6.58. Found: C, 51.55; H, 6.34; N, 6.23. 
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eluate was lyophi~~ed to give 6a (7.0 mg, 95.1%): mp 15&-140°C; [(YIP -31” (c 
0.4, H,O); TLC (1: 1: 1: 1 BuOH-AcOH-EtOAc-H,O) R, 0.15; “H NMR (I&O): 
b’ 7.37-7.24 (m, 5 H, Ar), 5.63 (d, 1 H, J 5.5 Hz, H-l), 4.94 (d, 1 H, J 3.7 Hz, H-l”), 
4.30 (d, 1 H, J 7.2 Hz, H-l’), 1.40 (d, 3 H, J 7.3 Hz, Alap), 1.22 (d, 3 H, J 6.2 Hz, 
Thry), 0.96 (d, 3 H, J 7.0 Hz, Valy), 0.95 (d, 3 H, J 8.2 Hz, Valy), and 0.92-0.84 
(18 H, 2 x Let.&, 2 x Be&Me, 2 x IleS); r3C NMR (DzO): S 79.6 fC-11, 105.7 
(C-l’), and 100.8 (C-1”). Amino acid ratios in a 6 N HCI hydrolysate: Asp 1.83, Glu 
2.02, Ser 0.90, Gly 6.00, Thr 0.92, AIa 1.01, Pro 2.93, Val 0.63, Ile 1.67, Leu 0.97, 
Phe 1.02. Plasma-desorption mass spectrometry (PDMS): CaIcd mol wt, M + H: 
2470.5 found 2472.3. 

(3 Anomer (6fl).--This compound was prepared as described for 6cu, yield 15.8 
mg (97.5%): mp 167-170°C; [fxlg -43” (c 0.8, H,O); TLC (1: 1: 1: 1 BuOH- 
AcOH-EtOAc-Hz01 Rf 0.15; ‘H NMR (D,O>: 6 7.37-7.24 (m, 5 H, Ar), 5.01 (d, 
1 H, J 9.2 Hz, H-l>, 4.93 (d, 1 H, J 3.7 Hz, H-l”), 4.32 (d, 1 H, J 7.5 Hz, H-l’), 

1.41 (d, 3 H, J 7.0 Hz, Ala@), 1.22 (d, 3 H, J 6.2 Hz, Thry), 0.97 (d, 3 H, J 7.1 Hz, 
Valy), 0.95 (d, 3 H, J 7.5 Hz, Vafy), and 0.93-O-85 (18 H, 2 X La&, 2 x IlefS-Me, 

2 x Ilea); r3C NMR (D20): 6 82.3 (C-l), 105.7 (C-l’), and 100.8 (C-1”). Amino 
acid ratios in a 6 N HCl hydrol~ate: Asp 1.90, Glu 2.01, Ser 0.92, Gly 6.00, Thr 
0.90, Ala 1.00, Pro. 2.98, VaI 0.62, Be 0.97, Phe 1.01. 

~-Leucyl-~-phenylalnyl-gtycyl-~-~soieucyf-~-ala~~yi-giy~~~-~-glut~myl-t-uspar~l-gly- 
cyi-~-prolyl-~-threo~y~-gfycy~-~-prolyl-~-~e~~-g~y~yl-~-~ole~y~-~-uuiy~-g~ycyl-~-g~ut- 

amine (7).-Using an Applied Biosystems (AI311 Model 431A peptide synthesizer 
employing Fmoc amino acids, Fmoc-Gln(Mbh~~-polymer was subjected to the 
usual procedures of solid phase peptide synthesis to give the protected resin 
corresponding to the nonadecapeptide. Reaction of the peptide resin with 
CF,CO,H, and purification of the product by HPLC [ABI 150A separation system; 
Aquapore Prep-lo, C, (20 pm) column 00 mm i.d. x 250 mm); solvent, MeCN- 
H,O containing 0.1% CF,CO,H (O-100% gradient); flow rate, 2 mL/min; detec- 
tion, 220 nm] gave 7. The sequence was cornfirmed by an Applied Biosystems 
(ABI) Model 477A protein sequencer. Physicochemical data: [(Y]E -80” (c 0.62, 
H,O); ‘H NMR CD,01 6: 7.39-7.26 (m, 5 H, Ar), 1.39 (d, 3 H, J 7.3 Hz, AlaP>, 
1.21. (d, 3 H, J 6.4 Hz, Thry), 0.96 (d, 3 H, J 4.8 Hz, Valy), 0.94 (d, 3 H, J 6.8 Hz, 
Valy), and 0.92-0.82 (18 21, 2 X Leu& 2 x Ilep-Me, 2 X Ilea); HPLC [ABI 130A 
separation system; column, Aquapore RP-300, C, (7 pm); solvent, MeCN-H~O 
containing 0.1% CF,CO,H (O-30%, 5 min; 30-40%, 25 min.); flow rate, 200 
pL/min; detection, 220 nm] retention time for 6a, 9.52 min; for natural nephri- 
togenoside, 9.52 min; for 7, 10.02 min. Amino acid ratios in a 6 N HCI hydroiysate: 
Asp 0.98, Glu 2.01, Sex 0.94, Gly 6.00, Thr 0.95, Ala 1.00, Pro 1.96, Val 0.70, Be 

1.78, Leu 0.99, Phe 1.00. 
O-a-~-Glu~~pyran~~yE-(f -+ 6)-O-P-D-glucopyrffno~~-~~ + 6~-~,3-~~-O-ben~l-~- 

N-( N-(tert-butoxycarbonyf--L-aspart-f-oyl-fL-proZyl-~-leucyl-~~-ph~~ylalanyZ-~~lycine 
methyl ester~-4-oyl~-~-~-g~ucopyrano~~m~ne @a).--To a solution of the hydrazide 
2a (23.0 mg) in DMF (0.3 mL) were added 6.9 N HCI in DMF (40 FL) and 



isoamyl nitrite (70 &). The solution was cooled to --20°C for 20 min. When the 
hydra&e test became negative, the solution was neutralized with Et,N (411 FL) 

and combined with a solution of 14 (20 mL) in DMF (0.3 ml.,) c~~ntaining Et,N (30 
FL). The mixture was stirred for 48 h at 4”C, diIuted with CHOIJt and washed with 
water. Drying, followed by evaporation, gave a syrup that was chromatographzrt on 
silica gel with 4: 1 ~HCI~-Mesh. The eluate was cv~por~ted to dryness to give 
8a (21.2 mg, 70.2%): mp 112-I 15°C; [a]; i 5” (c‘ 0.7, MeOH); TLC (65 : 3 : 10 

CHCI,-MeOH-H,@ lower layer) Rf 0.60; ‘H NMR (CD,ODk S 7.33-7.15 <rn: 

15 II, ArI, 5.75 fd, I H, J 5.4 Hz, H-l), 4.84 (d, 1 H. ,I 3.8 Hz, H-I”), 4.70-4.0.3 tm, 
2 H, Phecr, Aspc~), 4.53-4.42 (m, 1 H, Procu), 4.35 (cl, 1 El, .I 7.X Hz, H-l’), 4.22 

(dd, I H, J 4.7, 10.5 Hz, Lcucu), 3.70 (s, 3 H, OMc), X27-3.19 (m, 1 H, Phe&Ha), 

2.95 jdd, 1 H, J 9.3, 14.1 Hz. Fhe~-Hb)~ 2.78-3.74 (m, 2 H, AspSI, 1.45 (s, 9 I-i, 

Boc-Me), 0.89 (d, 3 f-I, J 6.6 Hz, Leub”), 0.83 (d, 3 H, f 6.6 Hz, Lcuii). Anal. Catcd 
for ~~,~H~~~~N~~~~. 4H,O: C, 54.93; H, 7.06; N, 6.01. Found: C, 55.34: H. 7.26: N. 

5.55. 
p Aflonter t8/3),--This compound was prepared as described for Scu; yield 42.5 

mg (60.4%): mp 14%151°C: [cy]$ + 10.5” (c 0.6- MeOH); TLC (AS : 35 : IO 

C~Cl~-~~O~-~~~, tower layer) R, 0.60; ‘H NMR iCD,OD>: 8 7.37-7.18 t’m, 

15 H, Ar), 5.04 (d, 1 H, J 9.1 Hz, H-l), 4.87 (d, I IX, I 3.6 Hz, H-l”), 4.hS (dd, 1 H, 

J 6.1, 9.0, Phecu), 4.42-4.38 (m, 1 H, Proa), 4.35 (d, I W, ,I 7.9 Hz, H-l’), 4.21 kk.i, 
1 I-I, f 4.1, 11.1 Hz, Leuff), 3.70 (s, 3 i-i, OMe), 3.27-3.22 in, 1 n, ~~~~-~~). 2.07 
(dd, 1 W, J 9.0, t4.O Hz, Phep-Hh), 2.X1-2.8 cm, It H. Asp/S-Ha), 2,56-2.X im, I 
H, Aspp-Hbf, 1.44 (s, 9 H, Boc-Me), 0.96 fd, 3 H, J 6.4 Hz, Leu8), ancJ 0.85 td, 3 

H, f 6.5 Hz, Leu8). Anal. Calcd for ~~~H,~~~N~~~~ * itH,O: C. 54.93: H, 7.06; N. 

6.01. Found: C, 55.38; H, 7.20; N, 5,48. 
O-tu-~-Clz~eyp~~~an~s~~* (1 -3 6;1-O-p-u-~~~~~~~i~~~~~- ( I -+ 6)-2,2-tii-Q-hcri~~I_N- 

IL-aqmt- I-i&( - l I f 1, pm y -I_- ciicyl-x.-ph~~~~~~u~~~~- &&cine i?l~t~~~ cYstt~r)i-4-oyi]-N-r.>, 

~IL~ci~~~~urzosylarllirae (!h !.--The net-butoxycarbanyl grtmp of 8a! f I X.6 mg) was 
cleaved with 90% CF,COZH (2 mL) for 1 II at room temperatl~re to give 91~ (16.2 

mg, 94.2%): mp 150-lS3”C; f~]z< -t 12” (c 0.8, MeQHk TLC (65%: 10 CHCIj- 
MeOH-H,O, lower layer) R,[ 0.32; ‘H NIMR (CD,OD, So”C): 8 7.39-7.15 tm, 15 
H, Arf, 5.75 td, 1 H, J 5.1 Hz, H-l), 4.86 (d, 1 H, ,I 3.5 Hz, Ii-l”), 3.49 (dd, 1 H. J 

4.9, X.3 Hz, Procu), 4.44 (d, 1 H, J 7.5 Hz, H-l’), 4.28 fdd, I H. J 5.7. 9.5 Hz, 
Leua), 3.19-3.15 (m, 2 H, PIrep), 3.69 (s, 3 H, OMe), 3.03-2.37 (m, 2 H, Asp@), 

0.92 cd, 3 H, f 6.6 Hz, Leu&), and 0.87 id, 3 I-I, ,I 6.4 Hz, Lcufi). 
/3 Anamer (c)pk--This compound was prepared as described for 9a: yield 24.5 

mg (93.8%): mp 154-157°C; [cy];: -i- 1 I” (c 1.2, MeOH); TLC (65:X: 10 CHCI,- 
MeOH-H20, lower layer) RI. 0.32; ‘H NMR (CD,QDf: 6 7.37-7.10 (m, 15 H, 
Arf, 5.07 (d, 1 FI, J 9.2 Hz, H-t), 4.46-4.40 (m, I H, Aspcw, Procr:u), 4.36 (d, 1 H, I 

7.9 Hz, H-l”), 4.27 (dd, 1 H, J 5.11, 10.3 Hz, Leun), 3.70 fs, 3 H, OMeI, 0.94 (s. 3 If, 
J 6.6 Hz, Let&f, and 0.86 cd, 3 H, J 4.4 Hz, Leu&). 

O-cw-o-C;l~~~o~~rff~~s~~- f1 --+ SI-O-P-o-~lraco~yraaos~~-~~ -j 6)-2,.3-ni-O-Fetl~~~--N- 

~~-~~~~~r~- 1 ql- Cr-p~ot)~l-r.-l~~Li~~~~-~.-~~~~~~~~~a~~n~~~-~lyc~~~~~-~-~~~~~-~-~~-~~~~~~~~~~~~r~~~~~~y~- 
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amine (lOa).-To a solution of 9& (15.0 mg> in MeOH (4 mL) and water (0.2 mL) 
was added N&Me (10 mg), and the mixture was stirred for 5 h at room 
temperature. After neutralization with Amberlite IR-120B (H+), the resin was 
filtered off, and the filtrate was concentrated to give a syrup which was chro- 
matographed on a column of silica gel to give lOa (11.1 mg, 80.1%): mp 170-172°C; 
[cylg f9.5” (c 0.5, H,O); TLC (5 :4: 1 CHCI,-MeOH-Ha01 R, 0.43; ‘H NMR 
(D,O, 60°C): S 7.40-7.12 (m, 15 H, Ar), 5.73 cd, 1 H, J 5.1 Hz, H-l), 4.95 (d, 1 H, J 
3.7 Hz, H-l”), 3.22 (dd, 1 H, I 5.3, 14.2 Hz, Phep-Ha), 2.97 (dd, 1 H, J 9.3, 14.2 
Hz, Phep-Hb), 2.79-2.59 (m, 2 H, Aspp), 2.30-2.23 (m, 1 H, ProB-Ha), 2.03-1.80 
(m, 3 H, Prop-Hb, Pro?), 1.55-1.32 (m, 2 H, Leup-Ha, Leuy), 0.91-0.86 (m, 1 H, 
Let@-Hb), 0.85 (d, 3 H, J 6.2 Hz, LeuG), and 0.79 (d, 3 H, J 6.4 Hz, LeuG). 

/3 Anomer aloes.-This compound was prepared as described for lOa; yield 
14.4 mg (82.3%): mp 173- 175°C; [cx]~ +8.5” (c 0.7, H,O); TLC (5 : 4: 1 CHCI,- 
MeOH-H,O) R, 0.43; ‘H NMR (D,O, 60°C): S 7.40-7.16 (m, 15 H, At=), 5.09 (d, 
1 H, J 8.8 Hz, H-l), 4.97 (d, 1 H, J 3.7 Hz, H-I”), 3.29-3.19 (m, 2 H, Phej?), 
3.04-2.91 (m, 2 H, Asp@), 2.29-2.25 cm, 1 H, Prop-Ha), 1.92-1.74 cm, 3 H, 
Pro@-Hb, Pro?), 1.54-1.38 (m, 3 H, Leup-Ha, Leuy), 0.93-0.85 (m, 1 H, I..eup- 
Hb), 0.85 (d, 3 H, J 5.9 Hz, LeuS), and 0.78 (d, 3 H, J 6.1 Hz, LeuG). 

0-a-D-Glucopyranosyl-(1 -+ 6)-0-/3-D-glucopyranosyl-(1 --+ 6)-N-(L-aspart-I-oyf- 
~L-pro~y~-r,-kucy~-L-pheny~a~anyl-g~ycine~-4-oyl]-ar-D-glucopyranosylamine (lla).- 

To a solution of 1Oa (9.3 mg> in 1: 1 EtOH-I-1,0 (2 mL) was added 10% Pd-C (20 
mg). The suspension was stirred for 24 h under Ha, and then filtered and 
concentrated to dryness. The residure was chromatographed on Sephadex G-10. 
The water eluate was Iyoph~l~ed to give a white powder (7.5 mg, 95.2%): mp 
175-180°C; [@I* *a + 4” (c 0.3, H,O); TLC (5 : 4: 1 CHCI,-MeGH-Ha01 Rf 0.17; 
“H NMR (D@): 6 7.39-7.26 (m, 5 H, Ar), 5.63 (d, 1 H, J 5.5 Hz, H-l), 4.96 (d, 1 
H, J 3.5 Hz, H-l”), 4.52 (d, 1 H, .I 8.1 Hz, H-l’), 4.47 (m, 2 H, Aspcr, Proa), 3.25 
(dd, 1 H, J 5.5, 14.0 Hz, Phep-Ha), 3.03 (dd, I H, f 9.3, 14.0 Hz, Phe~-Hb~, 2.99 
(dd, 1 H, f 5.7, 16.7 Hz, Asp&Ha), 2.81 (dd, 1 H, J 8.4, 16.7 Hz, Asp@-Hb), 
2.33-2.25 (m, 1 H, Prop-Ha), 2.03-1.99 (m, 2 H, Pray), 1.90-1.84 (m, 1 H, 
Pro/?-Hb), 1.57-1.38 (m, 3 H, Let@, Leuy), 0.92 (d, 3 H, J 6.1 Hz, LeuS), and 0.84 
(d, 3 H, J 6.0 Hz, LeuS). Amino acid ratios in a 6 N HCI hydrolysate: Asp 0.96, 
Gly 1.00, Pro 0.96, Leu 0.96, Phe 0.96. 

p Anomer (ll@).--This compound was prepared as described for lla; yield 8.3 
mg (94.3%): mp 183-185°C; [a],, 20 - 12.5” (c 0.4, H,O); TLC (5 :4: 1 CHCI,- 
MeOH-H20) R, 0.17; ‘H NMR (D,(I): 6 7.40-7.26 (m, 5 H, Ar), 5.01 (d, 1 H, J 
9.0 Hz, H-l) 4.92 (d, 1 H, J 3.7 Hz, H-l”), 4.51 (d, 1 H, J 7.9 Hz, H-l’), 4.45 (dd, 1 
H, J 5.8, 8.3 Hz, Proa), 4.38 (dd, 1 H, J 5.5, 7.8 Hz, Aspa), 3.29-3.23 (m, 1 H, 
Phe~-Ham, 3.02 (dd, 1 H, J 5.5, 16.0 Hz, Phe~-Hb), 2.87 (dd. 1 H, J 5.5, 16.0 Hz, 
Aspp-Ha), 2.71 fdd, 1 H, 1 8.2, 16.0 Hz, Asp@-Hb), 2.32-2.23 (m, 1 H, Pro/?-Ha), 
2.08-1.99 (m, 2 H, Pray), 1.90-1.82 (m, 1 H, Pro@&), 1.61-1.50 (m, 2 H, 
Leup-Ha, Leuy), 1.43-1.40 (m, 1 H, Leup-Ha), 0.91 (d, 3 H, .I 6.0 Hz, LeuS) and 
0.84 (d, 3 H, ./ 6.2 Hz, Lcu~?). 



Berzzyfoxycar~~nyl-L-gfieaplalanyl-gly ~~~~yf es&r (12).---To a solution of 
glycine rn~thy~ ester hydroc~ior~d~ (1.7 gjT ben~lo~~carbonyl-L-ph~ny~aIan~ne (4.0 
g), and Et,N (2.6 mL) in 9: 1 ~H~C~~-~xolane (30 mL) was added diethyl 

cyanopbospbonate (2.6 mt) at -WC, and after 24 h at room temperature, the 
mixture was extracted with CHCI,. This solution was washed successively with 
water, 10% citric acid, satd aq NaHCO,, and water, and dried tNa,SO,j. After 
evaporation of the soluvent in vacua, the residue was crystallized from MeOH to 
give 12 (4.4 g, 89.5%): mp 122-125°C; [al:; +28” fc 0.2, CHCl,); TLC (IO: 1 

CHCI,; TLC (10: 3 C~Cl~-~~O~) R, 0.6o; ‘E-I NMR OXI,f: 6 7.37-7.12 (m, 

IO H, Ar), 5.05 (d, 2 H, J 2.6 Hz, Z-CH,), 4.55-4.46 (m, 1 l-I, Phecu). 4.01 (dd, 1 H, 
J 5.5, 18.1 Hz, Gly-Ha), 3.89(dd, I I-f, J 5.3, 18.1 Hz, Gly-Hb), 3.71 k, 3 H, OMe), 
and 3.16-3.05 (m, 2 H, Phe@). Anal. C&d for C&XI. ,,N,&: C? 64.85; H, 5.99; N1 
7.56. Found: C, 64.85; H, 5.68; N, 7.29. 

~~~~rytux?;cnrb~i~~vl-t-leucyl-t-lllzer~ r~~~~y~ &to (wi.--To a sdu- 
tion of 12 (l(111 mg) in ox&me (1 mL) was added 10% Pd-C (10 mgk The 
s~~spe~si~n was stirred for 24 h under Hz at room temperature. After f&ration of 
the catatyst oxolane CS mL) and Et,N (0.1 I mL1 were added to the filtrate. To this 
solution were added benzyloxycarbonyl-t-letlcine: * 0.5 piperazine (100 mg) in DMF 
(0.6 mL), and diethyl cyanophosphonate (0.09 mL) in oxoiane (0.5 mL). The 
mixture was stirred for 24 h at room temperature, diluted with CH,CIZ, and 

washed with water, 10% critic acid solution, satd NaHCO,, and water, and dried 
INa$O,). After ~v~po~tion of the solvent in vacua, the r&due was chro- 
matographed on silica gel with IO: i CHCf~-Mesh as the elucnt to give ‘13 (70 
mg, 53.6%;): mp 94-WC7 [fyl$ -43” fc 0.3, CHCI,); TLC (10: 1 CHCl~-M~UH~ 
R, 0.57; “H NMR (CDC13): 6 7.38-7.17 fm, 10 H, Ar), 5.08 cd, 2 H. J 1X1 Hz, 
Z-C&L,), 4.78-4.72 (m, 1 H. Phca), 4.16-4.08 fm, I FE, Leutui, 4.03 (dd, I f-1. J 5.4 

17.7 Hz, ClpHa), 3.87 (dd, I H, f 4.6, 17.7 Hz, GIy-Hh?, 3.71 (s, 3 H, OMcf, 3.16 
idd, 1 H, J 6.6, 13.7 Hz, Phe~-~a~, 3.04 (dd, I W, .I ‘7.1. 13.7 Hz, Phe~-Hb~~ 
1.62-1.49 fm, 2 H, Let@>, 1.41-1.25 (m, 1 H, Leur). 0.90 (d, 3 H. .i 6.6 Hz, LeuG), 
and 0.86 (d, 3 H, J 6.3 Hz, Leu6). Anal. CaIcd for C1,H,,NJO,: C. 64.58; H: 6.88: 
N, 8.69. Found: G, 64.60; H, 6.81; N, 8.53. 

L-Lelrcyl-L-phenytalny~-gl~~i~~ mefhyi ester (24).-A solution of 13 (255 mg) in 
MeOH (3 mL) was hydrogenolyzcd in the presence of 10% Pd-C (12 mg) for 24 h 
at room temperature, and then f&red and concentrated to dryness. The residue 
was c~lromatographed on silica gel with I : I benzene-~~cett~ne as the eIuent to give 
14 (130 mg, 70.6%): mp 91-%X; I@]$ -35” (c 0.3, CHCI,); TLC (1: 1 benzcne- 
acetone) R, 0.46; ‘H NMR (CDCIJ: 6 7.29-7.19 (m, 5 H, AI-). 4.78-4.72 tm, 1 H, 
Phea), 3.99 (dd, 1 W, J 5.7, 1X.1 Hz, G&-Ha), 3.91 (dd, I H, J 5.5. 18.1 Hz, 
GIy-Hb), 3.71 (s, 3 H, OMe), 3.35 (dd* 1 H, I4.4, 9.7 Hz, Leucu), 3.20 (dd. I H, J 

6.4, 13.9 Hz, Phc@-Ha), 3.01 tdd, 1 H, J 8.2, 13.9 Hz, PhqSHb). 1.6X-1.58 (m, 1 
H, L~u~~H~), 1.50-I .43 im, 1 H, Leup-Hb), 1.16-1.09 (m, I H, Lay). 0.88 (d, I 

H, J 6.6 Hz? LeuGl, and 0.85 (d, I H, I 6.6 Hz, Leuh’). Anal. Calcd for 
C,,H27N30J: C, 63.87; H, 7,79; Nz 12.03. Found: C, 61.51: H. 7.87; N, 11.83. 
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