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ABSTRACT 

The dimeric and trimeric sialosyl-Tn epitopes, [a-D-NeupSAc-(2+6)-a-o-GalpNAc-( I +3)-L-Ser],- 

L-Val (n = 2 and 3), which represent part of a clustered carbohydrate region of glycophorin A, a human 

erythrocyte glycoprotein, have been synthesised stereoselectively. 2-Azido-3-0-benzyl-4,6-O-benzyli- 
dene-2-deoxy-u-galactopyranosyl fluoride (GalpNAc unit), Fmoc-L-serine phenacyl ester (Ser unit), and 

benzyl 5-acetamido-4,7,8,9-tetra-O-benzyl-5-deoxy-3-~-phenyl-3-thio-~-er~~h~o-~-g~uc~-2-nonulopyrano- 

sylonate bromide (NeupSAc unit) were the key intermediates for stereoselective glycosylation. 2-Ethoxy-l- 

ethoxycarbonyl-1,2-dihydroquinoline-promoted elongation of the peptide chain and then hydrogenolysis 

afforded the title compounds. 

INTRODUCTlON 

During investigations on the total synthesis of cell-surface glycans’, we have been 
especially interested in mucin-type glycopeptides that contain sialic acid residues. 

The monoclonal antibodies B72.3 (ref. 2) and MLS102 (ref. 3), raised against 
human metastatic breast cancer and colonic cancer cell lines, respectively, which 
recognise the sialosyl-Tn epitope4*‘, r-D-NeupSAc-(24)~D-GalpNAc, and synthetic 
molecules6 of the monomeric epitope, were used to identify the structure of the epitope. 
In the immunoassay study of MLS102 with various mucins, a strongly enhanced 
immunoreaction was observed with ovine submaxillary mucin (OSM) that carried 
clusters of the epitopic disaccharide4. Our attention was then directed towards the 
synthesis of the clustered sialosyl-Tn epitope system by a novel sequence. Asialoglyco- 
peptides with T and Tn epitope clusters have been synthesised by other groups7. 

As a first attempt to synthesise sialoglycopeptides”, we now report syntheses of 1 

and 2 with the di- and tri-merit sialosyl-Tn epitopes that correspond to the partial 
structures of glycophorin A, a major glycoprotein of human erythrocyte membrane’. 
Based on ` strategy of stepwise elongation of the peptide chain, ` suitably protected 
amino acid fragment with the sialosyl-Tn epitope 22 was designed which, in turn, would 
be obtainable by stereocontrolled condensation of D-GalpNAc, L-Ser, and D-NeupSAc 
synthons (9-11 and 17). 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 
’ Synthetic Studies on Cell-Surface Glycans, Part 80. For Part 79, see ref. 1. 
: To whom correspondence should be `ddressed. 
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a partial structure of gtycophorin A 

- Thr - Thr - Thr + ser - ser ser val - i 
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OH 

Synthons 11”’ and 17” are known, and synthons 9 and 10 were obtained as 
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Fmoc = 9-tluorenymethoxycarbonyl 

the selective cleavage of the phenylthio group from 18 was unsuccessful without 
affecting the labile phenacyl group, 18 was converted into 22 (97%) with zinc-acetic 
acid, which was condensed with L-valine benzyl ester”, using 2-ethoxy-l-ethoxycarbo- 
nyl-1,2-dihydroquinoline (EEDQ) in dichloromethane. to give dipeptide 24 (82%). 

When 24 was heated with triphenyltin hydride and a,%‘-azobis(isobutyronitrile) 
(AIBN) in toluene, the desulfurised product 25 (54%) was obtained. Treatment of 25 
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tert-Butyldiphenylsilyl2-azido-2-deoxy-~-D-galactopyranoside (5). - To a solu- 
tion of 4 (13.9 g, 24.4 mmol) in MeOH (120 mLttoluene (30 mL) was added 0.1~ 
NaOMeeMeOH (5 mL). The mixture was stirred at room temperature for 3 h, then 
treated with an excess of Amberlyst 15 (H ‘) resin, filtered, and concentrated to give 
syrupy 5, [a]: +45” (c 1.6); R, 0.49 (9:1 CHCl,-MeOH). N.m.r. data: ‘H (CDCl,-D,O), 
6 l.l2(s,9H,‘Bu), 3.06(bt, 1 H,H-5) 3.30(dd, 1 H,J3.3 and 10.3Hz,H-3) 3.48(dd, 1 
H, J4.9 and 11.7 Hz, H-6a), 3.57 (dd, 1 H, J 5.9 and 11.7 Hz. H-6b), 3.59 (dd, 1 H, J7.8 
and10.3Hz,H-2),3.79(d,lH,J3.3Hz,H-4),4.79(d,1H,~7.8Hz,H-l),7.3~7.47(m, 
6 H, Ar), 7.7c7.76 (m, 4 H, Ar); “C, 6 19.1 (CMe,). 26.8 [C(CH,),], 61.9, 66.7, 68.6, 
72.1, 74.1, 97.3 (C-l), 127.4-135.8 (Ar). 

Anal. Calc. for C,,H,,N,O,Si: C, 59.57; H, 6.59; N, 9.47. Found: C, 59.36; H, 6.49; 
N, 9.46. 

tert-Butyldiphenylsilyl 2-azido-4,6-0-benzylidene-2-deoxy-~-D-galactopyranoside 
(6). -A mixture of 5 (22 g, 49.6 mmol), a,a-dimethoxytoluene (22.4 mL, 148.6 mmol), 
and p-TsOH-H,O (270 mg) in dry MeCN (400 mL) was stirred at room temperature for 
1.5 h, then neutralised with aq. NaHCO,, and concentrated in uacuo. The residue was 
extracted with ether, and the extract was washed with water and brine, dried (Na,SO,), 
and concentrated in uacuo. Column chromatography of the residue on silica gel (800 g) 
with hexane-EtOAc (3:2) afforded 6 (24 g, 91%), [u]: -3.4” (c 2.2); R, 0.47 (1:l 
hexane-EtOAc). N.m.r. data: ‘H, 6 1.14 (s, 9 H, ‘Bu), 2.68 (b, 1 H, OH), 2.90 (bs, 1 H, 
H-5),3.36(b,lH;H-3),3.64(dd,lH,J7.6and10.1Hz,H-2),3.79(bd,1H,~12.2Hz, 
H-6a),3.90(d,lH,Jl2.5Hz,H-6b),3.96(d,l H,J3.7Hz,H-4),4.39(d,lH,J7.6Hz, 
H-l), 5.44 (s, 1 H, PhCH), 7.33-7.42 (m, 9 H, Ar), 7.50 (m, 2 H, Ar), 7.72-7.81 (m, 4 H, 
Ar); “C, 6 19.2 (CMe,), 26.9 [C(CH,),], 66.3, 66.8, 68.7, 71.4, 74.4, 96.8 (C-l), 101.3 
(PhCH), 126.5-137.6 (Ar). 

Anal. Calc. for C,,H,,N,O,Si: C, 65.5 1; H, 6.26; N, 7.90. Found: C, 65.71; H, 6.31; 
N, 8.00. 

tert-Butyldiphenylsilyl 2-azido-3-0-benzyl-4,6-O-benzylidene-2-deoxy-~-D-galac- 
topyranoside (7). - A mixture of 6 (1.5 g, 2.8 mmol) and 60% NaH in oil (22.5 mg, 5.6 
mmol) in dry tetrahydrofuran (20 mL) was stirred at 60” for 1 h, benzyl bromide (860 
mg, 5.0 mmol) was added, and stirring was continued at 60” overnight. The mixture was 
cooled, small pieces of ice were added, and the mixture was concentrated in vacua. The 
residue was extracted with ether-EtOAc (1: l), and the extract was washed with water 
and brine, dried (Na,SO,), and concentrated. Crystallisation of the residue from 
hexane-EtOAc afforded needles of 7 (1.36 g). From the mother liquor, more 7 (0.14 g) 
was obtained after column chromatography on silica gel (85.3% total yield); m.p. 
147.5”, [a]: +24.5” (c 1.3); R, 0.57 (7:3 hexane-EtOAc). N.m.r. data: ‘H, 6 1.13 (s, 9 H, 
‘Bu), 2.85 (d, 1 H, JO.7 Hz, H-5), 3.23 (dd, 1 H,J3.7and 10.3 Hz, H-3), 3.77 (dd, 1 H,J 
1.8and12.5Hz,H-6a),3.89-3.93(m,3H,H-2,4,6b),4.38(d,1H,58.1Hz,H-l),4.68(s, 
2 H, PhCH,), 5.38 [s, 1 H, PhCH(O)J, 7.27-7.41 (m, 14 H, Ar), 7.53-7.54 (m, 2 H, Ar), 
7.71-7.80 (m, 4 H, Ar); ‘-C, 6 19.3 (CMe,), 26.9 [C(CH,),], 64.8, 66.3, 68.9, 71.5, 72.4, 
77.9, 96.9 (C-l), 101.1 [PhCH(O),], 126.5-138.0 (Ar). 



.4nul. Calc. for C&,,)N,O,Si:, C. 69.54; H. 6.32; N. 6.76. Found: C. 09.50: H. 
6.35; N. 6.73. 

-7-A~i6~~~-3-O-h~n~~/-4,~-~~-~~~~n~~~~~~l~~f~~~-~-~f~~~.~~~-~~-~~~ti~i~~rcip.~~,-ctr~o~s~ (81. To ;I 

stirred mixture of7 (1.3; g. 7.2 mmol) and AcOH (1.28 ml , _-, -77 4 I-nI?Kd~ in retrahgh- 
furan (30 mL) was added 0.23~ n-Hu,NF tetrahydrofuran (19 rnL., 9 mmol) at 11 
Stirring was continued at 0 -+ room tempcraturc overnight. The mixture M a~ then 
concentrated irz WC’UO. the residue wasextracted ktith ether- EtO!2c ( I : 1 ). and 111~ CY~IXI 
\~a% washed :++th water. ay. NaHC’O1. and brine. dried IN~.SC)~). and concentrated i/r 
VU(‘UO, Column chromatography oi‘the residue on silica gel ( i 00 g J H irh toluertc Et(,.dc 
(312) Save 8 (0.X3 8. 96.X*%). 1x1;‘; + 138 I(’ I .O)I R, 0.25 i7:1 llC’idl?C F,tOXCl. 

.A~zcd. c‘;ilc. for C‘,,,H,,N 0;: C. 62.65; H, 5.52: N, lO.%. Fi~iunti: C‘. hYX: I-1. ! 55* 
N. 10.6X. 

,7-A~ir~~~-~-O-hcr?~~~/-4,h-C)-hrn-_~~~i(~~,r?~~-~-~i~~(~.~~.-~- (9) utrri -(:-l,-~~rr/~ii~tci~.~~~~itt~t.~~~/ 

,fhoride (10). To a stirred ~lution of 8 (750 HI_L. _. 1 7 0 mrnoli in (if-v rctrahqdrofuran 1 15 
mL) at 0 was added diethylar?linosulfur triffuoride (420 /iL. 3.2 mmol). The mixture 
was stirred at room temperature for 30 min, MeOH (0.5 ml..) \I;:> added. and thi: 
mixture was concentrated irr ~‘~/Lwu. The residue ~a% extracted \+ith c‘(her EtOAc i I : I ). 
and the extract was washed with water and brine, dried (>a.%);). and cc~ncrntrat~~i itl 
IYICW. Column chromatography of the crude product on \il!ca pcl ! 100 g) i+-iih toiuene 
EtOAc(7:3)gave9(591 & ?X.4(T,“)and IO(99 mg. 13.!‘i,,r. 

Compound 9 had m.p. 108 109 (needles from hexane EtOAci, j x]fy t- 173.5 (c’ 

1 .l); R, 0.60(7:3 toluene EtO4c). N”n1.r. data: ‘Ii. ci .i.X.?ibi. I 11. F1-5,. 3.96 l.Oh(m, 3 
H,H-2.3,6a),4.25(d, 1 ~I,,/,?.;!fIz,F-I-4),4,29(dd. I H,Jl.-;nnd 12.X JIr,Ii-6b).4.74(d. 
1 H. J 12.1 Hz, PhCH,), 4.7X (d. I H. J 12.1 Hz. PhCil,), 5.18 [\, 1 H. PhC‘FI(0)ll. 5.74 
(dd. I H.J2.6and 53.5 Hz, H-l ). 7,?0 7.51!1n, IOf-I. .%r,: “~‘,ciiX.h(ii,J_a.l.l Hr.C-2). 
64.9, 68.8, 71.3, 72.2, 74.2. IDO. [PhC‘lH(0)l]. 106.9 (d. ,121.X Hz. C-II. 13h.l 17.: 

(Ar). 
Anal. Calc. forC,,,H,,,FN,O,: C, 62.33; H. 5.23: N. 10.90; F. 4.93. Found: C, h2.32; 

H, 5.24; N, 10.86; F, 5.08. 
Compound 10 had m-p. lo? IO9 (needles from hcxanc- EtOAc). [xl;:’ -+ 55.7 (c’ 

1.1); R, 0.38 (7:3 toluene- EtOAc). Nmr, data: ‘H. 6 3.41 (bs. 1 H. f-i-5), 3.43 (ddd. 1 H, 
J 1.1. 3.3, and 10.3 Hz, H-31, 3.98 fddd, 1 14. J7.7. iO.3, and 12.5 HT. 1-1-2’1, 4.03 (bd. ./ 
12.8Hz.H-6a~,4.09(bs.1~-1.1-~-4),4.33(dd,~H,J1.5and 17.5H~.FI-6b~.3,75(~.2H, 
PhCN>). 5.OO(dd, I H.b7.7 andS2.P Hz, H-l). S.481~. 1 II. Ph<‘(liO),].?.!2 :.53jm, 10 
H. Ar); “C. d62.0(d,J20.8 Hz,C-2).66.7(d,.16.1 Hz,C-7), 6X,6. 7l.f~~ 7:4id,,lQ.X HL 

C-5), 101.1 [PhCH(0)3], 102.7 cd. .I 213.6 Hz, C-l), 112.9 13?4 (AI-!. 
And. Found: C, 62.38: k-1. 5.23; N, 1 i.Oi; F. 5.18. 

N- [Y-Fluorenvlrtzc~r}lo”~.~~~,~~~~)(ttl~l) - 0- / ,‘- azih-.3-O- lwtrqd4,6- O-hcn,l,lini~rtc~-.I- 

cleox~3- and -~-r~-gciluc~ro~p~~~citzo.s,~~l- i 1 +.~)-L-,rcrir7~~ phcnac!~/ e.Ffcr ( 12 and 16). : 0 1 
B~~ouplingof9lcnnil. Amixtureof Cp,ZrCl,(l21 mg, 414/nnoI). A&10,( 172 mg. 830 
/irnol). and well-dried powdered molecular sieves 4A (I g) in dry CH,Cl, $4 mL) was 
stirred at - 20’ for 30 min under Ar. A solution of 9 (80 mg, 707 jirnol) and 11 ( 108 mg, 
242Lmol) in dry CH,Cl, (4 mL, was added, and the mixture was srirred :a[ .- 20 to .- IO 
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for 1.5 h, then quenched with pyridine (2 mL), diluted with CHCl,, filtered through 
Celite, washed with water, aq. NaHCO,, and brine, dried (Na,SO,), and concentrated in 
ULICUO. Flash chromatography of the residue on silica gel (30 g) with toluene-EtOAc 
(4:l) afforded 12 (115 mg, 68.3%), 16 (31 mg, 18.4%). and 11 (17 mg). 

(6) By coupling of10 and 11. Reaction of the P-fluoride 10 (48 mg, 125 pmol) and 
ll(58 mg, 130 pmol) was carried out with Cp,ZrCl, (55 mg, 188 pmol), AgClO, (78 mg, 
376 pmol), and molecular sieves 4A (0.6 g) in CH,Cl? (4 mL), as described above, to 
afford 12 (61 mg, 60.4%), 16 (16 mg, 15.8%), and 11 (12 mg). 

Compound 12 had m.p. 115” (wett121’ (from hexane-EtOAc), [@I? + 103” (c 
1.1); R, 0.59 (7:3 toluene-EtOAc). N.m.r. data: ‘H, 6 3.75 (s, 1 H, H-5), 4.37 (bt, 1 H, 
CHAr,), 4.7k4.77 (m, 3 H, Ser cr-H and PhCH,), 5.10 (d, 1 H, J2.4 Hz, H-l), 5.41 (d, 1 
H,J6.1 Hz, CH,COPh), 5.45 [s, 1 H, PhCH(O),], 5.46(d, 1 H,J6.1 Hz, CH,COPh), 5.96 
(d, 1 H,J7.9Hz,NH),7.2&7.90(m,23H,Ar); 13C,a47.1, 54.6, 58.8, 63.5,66.9, 67.3, 
69.2,71.3,73.0,74.2,100.2 (‘J,,, 172 Hz, C-l), 100.8 [PhCH(O)J, 150.5 (NHCO), 169.5 
(COOCH,), 191.0 (CH,COPh). 

Anal. Calc. for C,,H,,N,O,,: C, 68.14; H, 5.22; N, 6.9 1. Found: C, 67.99; H, 5.15; 
N, 6.59. 

Compound 16 had [MI: + 9.6” (c 1.4), R, 0.39 (7:3 toluene-EtOAc). N.m.r. data: 
‘H, 6 3.30 (s, 1 H, H-5), 3.40 (dd, 1 H, J3.4 and 10.4 Hz, H-3), 3.89 (dd, 1 H, J8.2 and 
10.1 Hz, H-2), 3.97 (dd, 1 H, J 1.5 and 12.5 Hz, H-6a), 4.07 (d, 1 H, J 3.4 Hz, H-4), 
4.224.27 (m, 2 H, H-6b and CHAr,), 4.32-4.40 (m, 3 H, H-l, CH,OOCNH and Ser 
/I-H), 4.46 (dd, 1 H, J 3.4 and 10.7 Hz, Ser /I-H), 4.74 (s, 2 H, PhCH,), 4.78 (m, 1 H, Ser 
a-H),5.38(d, 1 H, J16.5Hz,CHzCOPh),5.45(d, 1 H, J16.5Hz,CH,COPh),5.46[~, 1 
H, PhCH(O),], 6.05 (d, 1 H, J 8.2 Hz, NH), 7.2G7.8 1 (m, 23 H, Ar); 13C, 6 47.1, 54.5, 
62.1,66.5,67.1, 67.5,69.0,69.2,71.6,72.3,77.8, 101.1 [PhCH(O),], 102.1 (‘J,,” 161 Hz, 
C-l), 153.3 (CONH), 169.4 (COOCH,), 191.6 (CH,COPh). 

Anal. Found: C, 67.72; H, 5.23; N, 6.83. 
N-(9-Fluorenylmethoxycarbonyl) -O-(2-acetamido-3-0-benzyf-4,6-O-benzylide- 

ne-2-deoxy-z-D-galactopyranosyl-(1~3)-L-serinephenucyl ester (13). - To a solution 
of 12 (490 mg, 0.6 mmol) in CH,CI, (1.5 mL) was added thioacetic acid (3 mL). The 
mixture was stirred at room temperature for 2 days, then concentrated in uucuo. The 
resulting solid was washed with ether-EtOAc (1: 1) and filtered to give crystalline 13 (367 
mg). The filtrate was concentrated and the residue was again treated with thioacetic acid 
(0.5 mL) to give more (37 mg) 13 (total yield, 80.8%), m.p. 203-205” (from CHCl,), [z]; 
+ 86” (c 0.3, 4: 1 chloroform-methanol); R, 0.41 (12:7: 1 EtOAc-toluene-acetone). 
N.m.r. data (CDCl,-CD,OD): ‘H, 6 1.87 (s, 3 H, AC), 3.67 (s, 1 H, H-5), 5.06 (d, 1 H, J 
3.1 Hz, H-l), 5.38 (d, 1 H, J 16.5 Hz, CH,COPh), 5.49 [s, 1 H, PhCH(O),], 5.56 (d, 1 H, J 
16.5 Hz, CH2COPh), 7.23-7.91 (m, 23 H, Ar); 13C, 6 22.6 (CH,CO), 99.3 (C-l), 100.9 
[PhCH(0)2], 172.3 (C-O). 

Anal, Calc. for C,,H,,N,O, ,.2H,O: C, 65.44; H, 5.95; N, 3.18. Found: C, 65.20; H, 
5.22; N, 3.11. 

N- (9 -Fluorenylmethoxycarbonyl) -0- (2-acetamido-3-0-benzyl-2-deoxy -CL-D -ga- 
lactopyranosyl-(l-,3)-L-serine phenacyl ester (14). - A mixture of 13 (245 mg, 0.30 
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59.5 Hz, NH); 13C, 6 23.2 (CH,CO), 23.6 (CH,CO), 47.1 (Ar,CH), 98.7 (C-la), 101.0 
(C-2b), 119.9-143.7 (Ar), 167.1 (C=O), 169.5 (C=O), 170.0 (C=O), 191.6 (C=O). 

A&. Calc. for C,,H,,N,O,,S: C, 70.30; H, 5.90; N, 2.64; S, 2.02. Found: C, 69.87; 
H, 5.88; N, 2.64; S, 2.12. 

N.m.r. data for 23: ‘H, 6 2.02 (s, 3 H, AC), 3.49-3.54 (m, 2 H, H-8,9a), 3.59 (bs, 1 
H,H-3),3.68(m, 1 H,H-9b), 3.83(d. 1 H,J0.9Hz,H-4),4,30(dd, 1 H,Jl.5and9.2Hz, 
H-5),4.66-4.70(m,2H,H-6,7),5.17(d,l H,J12.2Hz,C02CH,Ph),5.25(d,1H,J12.2 
Hz, CO,CH,Ph), 6.38 (d, 1 H, J 9.2 Hz, NH), 6.98-7.36 (m, 20 H, Ar); 13C, 6 23.3 
(CH,CO), 48.3, 51.7, 67.6, 69.0, 71.3, 72.5, 73.4, 76.7, 78.0, 78.7, 79.4, 104.7 (C-2), 
127.5-138.0 (Ar), 165.2 (C=O), 169.0 (C=O). 

(6) By reductive N-acetylution @20. A mixture of 20 (78 mg, 49.6pmol), CH,Cl, 
(150 /IL), and thioacetic acid (800 pL) was stirred at room temperature for 2 days, then 
concentrated in vucuo. Column chromatography of the residue on silica gel (15 g) with 
toluene-EtOAc (1: 1) gave 18 (72 mg, 9 1.4%). 

‘H-N.m.r. data of the acetate (19) of 18: 6 1.67 (s, 3 H, AC), 1.80 (s, 3 H, AC), 1.94 
(s, 3 H, AC), 3.49 (d, 1 H, J7.3 Hz, H-3b), 4.89 (d, 1 H, J2.8 Hz, H-la), 5.05 (b, 2 H, 
CO,CH>Ph), 5.25 (d, 1 H, J 16.5 Hz, CHCOPh), 5.43 (d, 1 H, .I 16.5 Hz, G&COPh), 
5.44 (bs, 1 H, H-4a), 5.69 (d, 1 H, J8.5 Hz, NH), 6.03 (d, 1 H, J9.2 Hz, NH). 

N-(Y-Fluorenylmetho.xycarbonyl)-O-{O-[benzyl (5-acetamido-4,7,8,9-tetra-o-ben- 

zyl-5-deo~~y-3-S-phenyl-3-thio-D-erythro-x-~-gluco-2-nonulopyranosyl)onute~-(2~6)- 

2-azido-3-O-benzyl-2-deo.~y-~-D-galactopyranosyl}- (I +3) -L-serine phenacyl ester (20). 

- A mixture of 15 (80 mg, 111 pmol), Hg(CN)] (97 mg, 384 pmol) , HgBr, (43 mg, 119 
pmol), and dried powdered molecular sieves 4A (1 g) in dry Ccl,-CHCl, (8 mL and 4 mL) 
was stirred at room temperature under Ar for 30 min, then cooled to - 20”, and treated 
with a solution of 17 (220 mg, purity 72%, - 170 pmol) in dry Ccl, (7 mL). The mixture 
was stirred at - 20” + room temperature overnight, diluted with EtOAc, filtered through 
Celite, washed with water and brine, dried (Na$O,), and concentrated in UUCUO. Flash 
chromatography of the residue on silica gel (50 g) with toluene-EtOAc (4:1) gave slightly 
crude 20 (220 mg), which was further purified by gel-permeation chromatography on 
Bio-beadsS x 3 (50 mL) with toluene to afford20(148 mg, 85%) [LX]: f45” (c 1.2); R,0.41 
(7:3 tolueneEtOAc). N.m.r. data: ‘H. 6 1.66 (s, 3 H, AC), 3.43 (d, 1 H, J7.6 Hz, H-3b), 
4.94 (d, 1 H, 53.4 Hz, H-la), 5.08 (d, 1 H, J 11.9 Hz, C02CH2Ph), 5.14 (d, 1 H, .I 11.9 Hz, 
CO,CH,Ph),5.33(d,1H,5l6.5Hz,CH,COPh),5.42(d,lH,Jl6.5Hz,CH,COPh),5.94 
(d, 1 H, J8.2 Hz, NH); 13C, 6 23.7 (CH,CO), 47.2 (ArJH), 98.9 (C-la), 101.1 (C-2b), 
119.9-143.9 (Ar), 167.1 (C=O), 169.5 (C=O), 191.1 (C=O). 

Anal. Calc. for C,,H,,N,O,,S: C, 69.49; H, 5.70; N, 4.45. Found: C, 69.08; H, 5.70; 
N, 4.41. 

‘H-N.m.r. dataoftheacetate(21)of20: 6 1.69(s, 3 H,Ac), 1.94(s,3 H,Ac),3.48 (d, 
lH,J7,6Hz,H-3b),4.99(d, 1 H,J3.1 Hz.H-la),5.08(bs,2H,C0,CH2Ph),5.26(d, 1 H, 
J 16.2 Hz, CHCOPh), 5.41 (d, 1 H, J 16.2 Hz, CHCOPh), 5.48 (bs, 1 H, H-4a), 6.03 (d, 1 
H, J 8.2 Hz, NH). 
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H-4a), 4.99 (d, 1 H, J 12.3 Hz, CO,CH,Ph), 5.08 (d, 1 H, J 12.3 HZ, CO,CH,Ph), 5.15 (d, 1 
H, J 12.0 Hz, C02CH2Ph), 5.17 (d, 1 H, J 12.0 Hz, CO$H,Ph), 5.67 (bd, 1 H, J6.3 Hz, 
NH),612(bd, 1 H,J7.0Hz,NH),6.57(b, 1 H,NH);“C,6 17.7(CH,), 19.0(CH,),23.3 
(CH,CO), 23.7 (CH,CO), 31.4 (Me&H), 37.2 (C-3b), 47.2 (Ar,C), 99.2 (C-la,2b), 155.8 
(NHC02), 168.0 (C=O), 169.6 (C=O), 170.0 (C=O), 170.3 (C=O), 172.0 (C=O). 

Anal. Calc. for C,,H,,N,O,,: C, 70.43; H, 6.37; N. 3.61. Found: C, 70.29; H, 6.47; N, 
3.56. 

0-{0-[Benzyl (5-acetamido-4,7,8,9-tetra-O-ben~yl-3,5-dideo.xy-D-glycero-~-D-ga 
lacto-nonulopyranosyljonate]-(246) -2-acetamido-3-0-benzyl-2-deoxy-cr-D-galactopy- 
ranosyl}-(l+3)-L-seryl-L-ualine benzyl ester (26). --A solution of 25 (29 mg, 18.7 pmol) 
in morpholine (0.7 mL) was stirred at room temperature for 1 h, then diluted with 
toluene, and concentrated in uacuo. Flash chromatography of the residue on silica gel 
(log) with toluene-EtOH (7:l) afforded26(23,8mg, 95.8%) [cx]: +33” (~0.8); Rr0.52 
(5:1toluene~EtOH).N.m.r.data:‘H,60.80(d,3H,J7.0Hz,ValMe),0.83(d,3H,J7.0 
Hz,Val Me), 1.77(s, 3 H,Ac). 1.94(s, 3 H,Ac), 2.15(m 1 H,Val/I-H),2,74(dd, 1 H, J4.3 
and 12.8Hz, H-3bP), 3.47(ddd, 1 H,J4.3, 10.1, and 11.4Hz,H-4b), 3.97(d, 1 H,J2.5 
Hz, H-4a), 4.73 (d, 1 H, J4.0 Hz, H-la), 5.10 (d, 1 H, J 12.2 Hz, C0$H2Ph), 5.12 (d, I 
H, J 12.2 Hz, CO&&Ph), 5.16 (d, 1 H, J 12.2 Hz, CO&IX,Ph), 5.18 (d, 1 H, J 12.2 Hz, 
CO,CH,Ph), 5.97 (d, 1 H, J 9.2 Hz, NH). 

Anal. Calc. for C,,H,,N,O,,: C, 68.66; H, 6.67; N, 4.21. Found: C, 68.58; H, 6.68; 
N, 4.22. 

N-(9- Fluorenylmethoxycarbonyl)-0-{O-[benzyl (5-acetamido-4,7,8,9- tetra-o-ben- 
zyl-5-deoxy- 3- S-phenyl-3- thio-D-erythro- r- r,-gluco-2-nonulopyranosyl)onate]- (2-+6) -2- 
acetam~do-~3-O-~benzyl-2-deo~y-~-~D-galactopyranos_~l}-~(~+3)~-~-sery~-O~-{-[benzyl (Sate- 
tamido-4,7,8,9-terra-O- benz,~l-3,5-dideox~~-r~-glycero-a-D-galacto-2-nonulopyranosyl)- 
onate]- (2~6)-2-acetamido-3-O-benzyl-2-deox~-x-D-galactopgranosyl)- (I +3)-~-se- 
ryl+valine benzyl ester (27). - A mixture of 22 (20 mg, 13.6 pmol), 26 (16.2 mg, 12.2 
pmol), and EEDQ (10 mg, 40.4 pmol) in dry CHCl, (0.8 mL) was stirred at room 
temperature for 3 days, then concentrated in vacua. Gel-permeation chromatography of 
the residue on Bio-beads S x 3 (120 mL) with toluene-EtOAc (4:l) gave a fraction that 
contained 27, which was subjected to preparative t.1.c. with toluene-EtOAc-EtOH (8: 1: 1) 
to afford 27 (25.1 mg, 74.0%) [cc]~ + 54” (c 1 .O); R, 0.48 (5:l toluene-EtOH). ‘H-N.m.r. 
data:60,78(d,3 H,J7.0Hz,ValMe),0.79(d, 3 H,J6.4Hz,ValMe), 1.63(s,3H,Ac), 
1.71 (s, 3 H, AC), 1.90(s, 3 H, AC), 1.93 (s, 3 H, AC), 2.07 (m, 1 H, Val,f?H), 2.74 (dd, 1 H, J 
4.0 and 12.8 Hz, H-3d/T), 4.86 (d, 1 H, J3.7 Hz, H-la or H-lc), 4.95 (d, 1 H, J 12.2 Hz, 
CO&H2Ph),5.04-5.19(m,5H,CO,CH,Ph),5.86(bd, 1 H, 56.4Hz,NH),6.14(bd, 1 H,J 
7.6 Hz, NH), 6.48 (bd, 1 H, J 8.6 Hz, NH), 6.89 (b, 1 H, NH). 

Anal. Calc. for C,b,H,,,Nz0,,S.5HIO: C, 67.32; H, 6.42; N, 3.41. Found: C, 67.39; 
H, 6.07; N, 3.43. 

N-(9-Fluorenylmethoxycarbonyl)-O-{0-[benzyl (5-acetamido-4,7,8,9-tetra-O- 
benzyl-3,5-dideoxy-o-glycero-cc- D- galacto- 2-nonulopyranosyl)onate]- (246) -2-acetami- 
do-3-O-benzyl-2-deoxy-z-D-galactopyranosyl}-(l~3)-~-seryl-O-{O-[benzyl(5-aceta- 
mido-4,7,8,9-tetra-O-benzyl-3,5-dideoxy-D-glycero-~-D-galacto-2-nonulopyranosy~)- 
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pmol) in dry CH,CL, (0.6 mL) at room temperature for 4 days. As described for 27, the 
product was purified by gel-permeation chromatography and preparative t.l.c., to 
afford 30 (21.6 mg, 85.5%), [cc]: +51” (c 1.1); R, 0.56 (5:1 toluene-EtOH). ‘H-N.m.r. 
data [(CD&SO, SOO]: 6 0.73 (d, 3 H, J 6.7 Hz, Val Me), 0.76 (d, 3 H, J 6.7 Hz, Val Me), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1 H, Val 8-H) 2.67 (dd, 2 H, J 3.7 and 12.2 Hz, H-3d,Q,3fj3), 3.24 (d, 1 H, J9.8 HZ, 
H-3ba),4.87(d, 1 H,J12.2Hz,CO,CH,Ph),5.04-5.10(m,4H,CO,C~~Ph),5.15(d, 1 
H, J 12.5 Hz, CO,CH$‘h), 5.24 (d, 2 H, J 12.2 Hz, CO,CH,Ph), 6.77 (d, 1 H, 39.8 Hz, 
NH),684(d,l H,J~.~HZ,NH),~.~~(~,~H,J~.~HZ,NH),~.~~(~,~H,J~.~HZ,NH), 
7.96 (b, 1 H, NH), 8.03 (d, 1 H, J8.2 Hz, NH). 

Anuf. Calc. for C22sH?,N,004,S.3Hz0: C, 68.27; H, 6.37; N, 3.54. Found: C, 68.18; 
H, 6.21; N, 3.50. 

N-(Y-Fluorenylmetho.~ycarhonyl)-O-{0-[benzyl (S-acetamido-4,7,8,9-tetra-O- 
benzpl-3,5-dideox~-D-glycero-cr-D-galacto-2-nonulopyrunosyI)onate]-(2-,6)-2-aceta- 
mido-3 -0-benzyt-2-deoxy -a-D-galactopyranosyl) - (I 43) -L-seryl-0-{ 0-(benzyl (5- 
acetamido-4,7,8,9-tetra-O-benzyl-3,5-dideo.~y-D-glycero-cc-D-galacto-2-nonulopyrano- 
syl)onute]-(2-+6) -2-acetamido-3-O-benz~l-2-deoxy-~-D-~a~a~topyranosyl}-(l +3/-L- 

seryl-0-{ 0-(benzyl (5-acetamido-4,7,8,9-tetra-O-ben~yl-3,5-dideo.~y-D-glycero-a-u- 
galacto-2-t~onulopyranos~l~onate]-(2~6)-2-acetamido-3-O-hen~yl-2-deoxy-x-D-galac- 
topyranosyl}-(l-+3)-L-seryl-L-valine benzyl ester (31). -- Compound 30 (20 mg, 5.1 
pmol) was treated with Ph,SnH and %,a’-azobis(isobutyronitrile) as described for the 
preparation of 28. The procedure was repeated three times and the product (a 93:7 
mixture of 31 and 30) was subjected to h.p.1.c. to give 31(13.2 mg, 67.9%) [a]: 1-47” (c 
0.6); R, 0.54 (5:l tolueneeEtOH). ‘H-N.m.r. data [(CD,),SO]: 6 0.68 (d, 3 H, J 6.4 Hz, 
Val Me), 0.73 (d, 3 H, 56.7 Hz, Val Me), 1.50 (m, 3 H, H-3bq3dx,3fu), 1.77 (s, 3 H, AC), 
1.81 (s, 3 H, AC), 1.82 (s, 3 H, AC), 1.86 (bs, 9 H, 3 AC), 2.69 (bd, 3 H, H-3b/I, H-3d/I, and 
H-3f/I), 5.04-5.28 (m, 8 H, CO,CH,Ph), 7.03 (bd, 1 H. NH). 

Anal. Calc. for C,,,H,,,N,,0,,.4Hz0: C, 68.00; H, 6.46; 3.62. Found: C, 67.80; H, 
6.35; N, 3.56. 

0-{ 0-(Benzyl (5- acetamido-4,7,8,9-tetra-O- benzyl- 3 ,.5- dideo.ry-D-glycero-X-D- 
galacto-2-nonul~~pyrunosy/)onatej-(2~6)-2-acetamido-3-O-benzyl-2-deo.~y-cr-D-galuc- 
topyranosyl}-(1+3)-L-seryl-0-(0-[benzyl (5- acetamido-4,7,8,9-terra-0-benzyl-3,5- 
dic~eoxp-D-g1ycero-~-D-ga~acto-2-nonulopyranosy~)onate]-(2~6)-2-acetamido-3-0- 
ben~~~~-2-~feoxy-cc-D-~ala~topyranosyl}-(~~3)-L-.seryl-O-(O-(benzyl (5-acetamido- 
4,7,8,Y -tetra-O-benzyl-3,S-dideoxy-D-glycero-~-~-galacto-2-nonulopyranosyl)onate]- 
(2-t6)-2-acetamido-3-O-benzyl-2-deo,~y-~-D-gala~topyranos~~l}-(1~3)-L-seryl-L-vali- 
ne benzyl ester (32). Compound 31 (11 mg, 2.9 pmol) was stirred with morpholine (0.5 
mL) at room temperature for 1.5 h, and the product was purified by flash chromatog- 
raphy and gel-permeation chromatography to give 32 (9.8 mg, 94.6%) [r]; +50” (c 
0.5); R, 0.46 (5:l toluene-EtOH). ‘H-N.m.r. data [(CD,),SO, SO’]: 6 0.73 (d, 3 H, J 7.0 
Hz, Val Me), 0.77 (d, 3 H, J7.0 Hz, Val Me), 1.58 (m, 3 H, H-3bc(,3dc(,3fa(), 1.77 (s, 3 H, 
AC), 1.82 (s, 6 H, 2 AC), 1.83 (s, 9 H, 3 AC), 1.95 (m, 1 H, Valp-H), 2.66 (m, 3 H, H- 
3bfi,3dfi,3ffi),4,90(d, 1 H,J12.5Hz,C0,CN2Ph),5.06(d, 1 H,J12.2Hz,C02CH2Ph), 





GLYCOPEPTIDE SYNTHESIS 225 

ACKNOWLEDGMENTS 

We thank Mr. Y. Shitori (MECT Co.) for a generous supply of N- 
acetylneuraminic acid, Dr. J. Uzawa and Mrs. T. Chijimatsu for the n.m.r. data, Mr. Y. 

Esumi for the mass spectra, Ms. M. Yoshida and her staff for the elemental analyses, 
and Ms. A. Takahashi and Ms. K. Moriwaki for technical assistance. 

REFERENCES 

I 
2 
3 

4 

5 

6 
7 

8 
9 

IO 
II 

I2 
I3 
I4 

I5 

16 
17 
18 

I9 
20 

21 

T. Nakano, Y. Ito, and T. Ogawa, submitted for publication. 
D. Colcher, P. H. Hand, M. Nuti, and J. Schlom. Proc. N&1. Acud. Sci. U.S.A., 78 (1981) 3199-3203. 
A. Kurosawa, S. Fukui, H. Kitagawa. H. Nakada, Y. Numata. I. Funakoshi. T. Kawasaki, and I. 
Yamashina. FEBS Let/.. 215 (1987) 137-139. 

A. Kurosawa, H. Kitagawa, S. Fukui. Y. Numata. H. Nakada, I. Funakoshi. T. Kawasaki, T. Ogawa, 
H. Iijima, and I. Yamashina. J. Bid. Chem.. 263 (1988) 8724 X726. 
T. Kjeldsen, H. Clausen. S. Hirohashi, T. Ogawa. H. Iijima. and S. Hakomori, Cancer Res., 48 (1988) 
2214-2220. 
H. lijima and T. Ogawa. C‘u&ol~~clr-. Res.. I72 (1988) I83 193; I86 (1989) 95--106. 
B. Ferrari and A. A. Pavia, Int. J. Peptide Prorpin Rrs.. 22 (1983) 549-559; Terrclhrdron, 41 (1985) 
1939-1944; V. V. Bencomo and P. Sinai, Ccwho/l?dr. Rrs. II6 (1983) ~9~~12; Gl~mcorzj. J.. 1 (1984) 5-8; 
H. Paulsen, M. Paal, and M. Schultz, Te/ruhcdrorr Lett., 24 (1983) 1759~- 1762: H. Paulsen, M. Schultz. J. 
Klamann. B. Wailer, and M. Paal, Justus Lirhiys ,4r?n. Chc~m., (1985) 202X-2048; H, Paulsen and M. 
Schultz. ibid., (I 986) 1435- 1447: Cnrhoh~-t/r. Rcs., IS9 (19X7) 37 52: H. Kunz and S. Birnbach. Anyew. 

Chcm. Int. Ed. En;]/., 25 (1986) 360 362; H. Kunr. S. Birnbach. and P. Wernig. Curhoh~&. Re.s.. 202 
[ 1990) 207 ~223; T. Toyokuni. B. Dean, and S. Hakomori. Tctrcrhrclron Left., 31 (1990) 2673-2676. 
Y. Nakahara, H. Iijima. S. Shibayama, and T. Oeawa, Trrr~lh~,&on Lett.. 31 (1990) 6897-6900. 
M. Tomita. H. Furthmayr, and V. T. Marchesi, Hiochenzisir~~. 17 (1978) 475&4770. 
B. Liinig. T. Norberg. and J. Tcjbrant, Gl~c,ocon/. J.. 6 (1989) 21 34. 
M. Yoshimura. Y. Matsuzaki. M. Sugimoto. M. Ito, andT. Ogawa. Japan Kokui TokkJ.0 Kuho, Heisei l- 
228997 (Sept. 12, 1989); Chrm. Ahstr., 112 (1990) 179702m. 
G. Grundler and R. R. Schmidt, Ju.\/us Lic+ig.s ,4pm. Chem., (1984) I826 1847. 
W. Kinzy and R. R. Schmidt, Jusrus Liehiq.s Amt. Chcm.. (1985) l537--1545. 
W. Rosenbrook. Jr., D. A. Riley, and P. A. Lartb. T~>truhc~tlron fxt/.. 26 (1985) 34; G. H. Posner and S. 
R. Hames. i&c/.. 26 (1985) 5-8. 
K. Suzuki, H. Maeta. T. Matsumoto, and G. Tsuchihashi. Tctruhcdron Lett., 29 (198X) 3567 3570; 
3571-3574; K. Suzuki. H. Maeta, and T. Matsumoto. ihid., 30 (1989) 4853-4856. 
T. Rosen. 1. M. Lice, and D. T. W. Chu. J. Orcq. Chem., 53 (I 98X) 1580- 1582. 
M. Numata, M. Sugimoto. Y. Ito and T. Ogawa. C’arhohylv. Ra., 203 (1990) 205-217. 
Y. Ito and T. Ogawa, Tcrr-uhedron Lctt., 28 (1987) 6221 ~6224; 29 (1988) 3987-3990; Tetrahedron. 46 

(1990) 89-102. 

H. Gibian and E. Schriider. JUSCUS Lieh;q,s Ann. C‘hrm., 642 (I 96 I ) 145-l 62. 
J. I. G. Vliegenthart. L. Dorland, H. van Halbeak, and J. Haverkamp. in R. Schaur (Ed.) Sicrlic Acids, 

Springer Verlag. Wien, 19X9. pp. 127 172. 
T. A. Gcrken. Arch. Biochcm. Bioph.v.v., 247 (I 986) 239-253. 


