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klucin-tj-ps gijcoproteins. including submaxillary mucins as well 25 numerous 

other glycoprotsins, are characterized by an 0-(3-acztamido-3-deo~}~-~-D-~alacro- 
pyranosyl)-t_-serine linhage knveen their carbohydrate chains and the protein 

backbone’. This linhage has been shown to occur also in various cell-membrane 

plycoproteins’. As a standard compound for the determination of the specificiry of 

lect~os for lvhich the serine residue may be a part of the immunodetsrminant. and as a 

starting compound for the chemical synthesis of r,xcin-type glgcopepndes. O-(2- 

acetamldo-3-deo~y-zx-D-~~actopyranosyl)-~~’-:osyl-L-~erine (8) has been synthesized. 

Earlier studies of Lloyd cf a/.‘-’ estcblished that condensation of 3,5,6-k-O- 

aceryl-2-dso\~-2-(Z.ldinitroanilino)-~r-c-~lucopyranosyl bromide with simple alco- 

hols usuaily furnishes a mixture of the a- and /3-glycosides. the proportions of which 

are dependent on the solLent and catalyst employed. Therefore, the Koenig+Xnorr 

condensation of 3,4,6-tri-O-acetyl-2-deo~y-~-(2.1-d~nitroan~lino)-a-o-galacto- 

pyranosyl bromide (3) with N-tosyl+-srnne methyl ester (4) \vas inbsstigated. 

2-Deoxy-Z-(2.4dinitroanilino)-D-prrlactose’ (1) ~9s acetylated with acetic 

anhydride in pyridine to @ve I .3,5.iJ-tetrs-O-acetyl-2-deo~y-2_(3,~di.~itroanilino)- 

r-D-galactopyranose (2). The Q configuration of 2 uas confirmed by n.m.r. =pectro- 

scopy (doublet at r 3.70, J,,, -3.5 Hz). Compound 2 \ias converted lnio the X-D- 

galactosyl bromide (3) with hydrogen bromide in acetic acid. according lo the method 

of Lloyd and Stacey’. Treatment of 3 wth N-rosyI+-serine methyl ester’ (4). in the 

presence of mercuric cyanide as the acid accept0 r. at 80’ ga”e an anomeric mixture of 

O-[3,4.6-rri-0-x-q 1-2-deouy-2-(2.4-dinitroanilino)-D-galactopyranosyl]-N-tosyl-L- 

serene methyl ester. This condensation rea:tion proceeded, as expected. in favor of the 

formation of the o! anomer. Thus, column chromrrtograph) of the anomeric mixture 

on silica gel sake pure Q and /I anomer (5 and 6) in 53 and I I Sb yield (based on 3), 

respectively. Assigrment of the anomeric confi_gurations of 5 and 6 MS based on the 

optical rotation. as well as on the n.m.r.-spectral data which showed, in addition to 

other characteristic signals, an anomeric proton as a one-proton doublet at r 4.95 

Nilh Jl,a 3.0 HZ for S, and at z 5.21 \\iith J, s2 8.0 Hz for 6. Treatment of 5 i\ith 
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a a=-4 7 5 
9 li=r’e 

Do\ve\-I (OH-) ran-r.\chsngz resin rcmotcd all oi thz acecyl. dinitrophenyl. and 

methl I ester groups of 5. to pii e O-(l-smino-~-deo\y-,~-D-galnctopq ranosyi)-N-tosyl- 

t.-serine. 11 hich ii35 3djorbed to the ion-ewhangz resin 3s soon as it ivas formed and 

could subsequently be cluted, 3~ rhc: h>drochlorlde (71, with 309,; aqueous ethanol 

contnlning 0.1~ hydrochloric xid. No appreciable amounts of carbohydrat; rsiiducs 
HZre released from 5 z/‘u ,!I-eliminstion by the alkaline trsntmenc: this can be explained 

by the sssumption tbst the methyl ester grou;, of 5 is hydrolyzed before any npprz- 

ciablc liberation of the carbohydrate residues takes place, because it h3s been shoi!n9 

that bl$cking. rsf the carbotjl group IS requrred for j?-elimination. Acerylation of 7 

\~ith acetic annydrldc in methanol g3\2 the cryjtalliw tick compound (8). and trest- 

mrnt of 8 with diazomethane gave the cryst;llljne methyl ester (9). 

EYPtRIXIEhTAL 

Gewral. - Sleltmg points were detcrmrned on a hot stage equipped with a 

mlcro>cope. 3nd are not corrected. Specific rotations Huz measured in a ssmimicro 

polarlmzter tuhc (length 1 dm) lvlth 3 Zeiss polanmeter harrnp 3 sc3le reading to 0.01 z. 

N.m.r. specrra \ierc recorded liith a JEOL JNM-PSI00 spectrometer, with tetra- 

mzrh~l4lanz 93 the internal wmdard. The silicic acid used for chromatography was 
N’nkogel C- 100 f 100 mesh: U’ako Pure Chemicsl, Tokyo), used without pretreatment. 

l-he ratio of diameter of the column to its length was 1 :30. T.1.c. iv% performed on 

precoatcd. Silica Gi-I G plates (la)er thlchntss 0.75 mm; E. Merck, Darmstadt. 

Germany); the solLent trsbrl-distance ~3s -6cm. The spots \sere detected bq 

spraing the chromatogram with l:l:lS (v/v) anisaldehyde-conc. suL.un’c acid- 

eth3nol. Evsporatlons \vere conducted in ~wcuo. bvith a bath tzmperaturc beloiv 40’. 

unless stated othersvise. hlicronnalysss were performed by the Central .4nslgscs 

Laburaton’. Fxulty of Pharmaceutical Sciences, Uni&crsity of Tohyc. 
i.3.46 Ttltro-O-acerl,i-_7-dclo ~--r,-~-(‘.l-dinitroaniiino)-r-D-go/arll?s~ (2). - A 

solution of 2.deo\y-2.(2.J-dinitr 03nitino)-D-g3lacto2’ (1: 5.0 g) in psridine (IO ml) 
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was treated with acetic anhydride (50 ml) overnight at room temperature. The mixture 

was poured into ice-water (I .5 liters). The resulting. crystalline substance \\as 

recrystallized from ethanol. to give 5.7 g (76?;0) of yellow plates. m.p. 169-171”. 

td9 - 7.7’ (c I. I. chloroform): n.m r. data ( 100 h4 Hz. chloroform-d): T 0.95, I .48. 

I.75 (3 protons. dinitrophenyl). 3.94 ( l-proton doublet. J 9 Hz. NH). 3.70 (l-proton 

doublet. J, .I 3.5 Hz, H-l of GalN). 7.75. 7.77. 7.96, and 8.1 I (I2 protons, 4 AC). 
Anal. Calc. l-or C,,H,,N,O, 1’ C. 46.79. H. 5 52: N. 8.1s. Found: C. 46.89: 

l-l. AS?; N. 8.08. 
_?.4.6- Tri-0-arcIt I+.?-AJO VJ~-_?- (_‘.-l-(~~trrrroanilitlo)-~-~-~uial~~op~~ra~~o~.~~l bromitk 

(3). - To a soluticn of 2 (I f) in chloroform (S ml) was added JO05 hydrogen bromide 

in acetic acid (I5 ml), and the solution was hepl for 2 h at room temperarurz. and 

poured Into Ice-hater. The mixturs was tl\trncred \vlth chloroform, and the extract 

\\as successively Hashed with cold, saturated sodium hydrogcncarbonatc solurlon. 

and water. dried (magnesium sulfaie). and evaporated. The residue \tas crysrallized 

from acetone-perroleum ether. LO ~I\C 0.9 p (S67 rv) of 3 35 yellow needles. m p I%- 

I59 (dsc.). [z]; + IS” (c I. I. chloroform); n m r daIa (100 hl Hz. chloroform-rl). 

r 0.94. I 31. I.74 (3 protons. dinirrophsnbl) . 3.9.5 ( I-proton doublet, J IO Hz. NH). 

3.36 (I-proton doublet. J , 2 3.5 Hz. H-l ofGaIN). 7.76. 7.93. and 5.17 (12 proIon>. 

4 AC). 

.-lua/. Calc. for C, jH 2,, BrN,O,, . C. 40 1% H 3.77. Iv 7 S7 Found. C. 40.78. 

H. 3.9’: N. 7.66. 

O-[JJ.ri- Trr-O-arr~~~l-~-~l~o~~~-_‘-(_‘.I-drr~iiroar~~litro)-~- arul -/I-D-yahvo- 

PI ranos~B/]-N-rorr l-L-sum c’ nreth~ I tI\ft’r (5 atIf/ 6). - Compound 3 15.6 g) and ,V-rose I- 

L-serine methyl e>terl) 1-1. 3 0 ~1 In nlrra)methane (20 ml) l.iere shaken with mercuric 

cyanide ( I _7 g) and mercuric brom& ( I .8 g) for 20 h at PO-. The mr\ture was dllutcd 
~+lth chlorofornl (_I50 ml). [rested \\ith a hmsll amount of actl\ated charcoal. filtered. 

and the filtrate ekaporaied. The residue U;~S roben up In chloroti,rm (50 ml). Ihe 

suspension hcpt for 3 h at room Lcmperaturz. and the dcposlrcd. cc stalline nwrcuric 

salt filtered OK. The filtrate ~cas eioporated to 3 syrup k+hlch ~8s chromatographcd on 

a column of silica gel (300 g) with 97:3 (v/v) chloroform-ethanol. 

Fractions hawns R, 0.30 In t.1.c. In I:I (V/L) chloroform-ether were combined 

and rlaporated. to ,olve 3.0 _e (5310) of 5: after rechromato_graphy on a column oi 
silica gel with I:3 (vlv) chloroform-ether, ir itas ohtnined as a yellow. amorphoL:s 

material, [a$ + IX’ (c I. I. chloroiorm): n..m.r. data (100 hlHz. chloroform-ci): 

T 1.00. 1.38. 1.80 (3 proIons. dinlrrophenyl), 2.31. 3.74 (4 protons. tosyl). 2.9s 

(l-proton doublet. J 9 Hz. KH-Ph). 3.05 (I-proton doublet. J 7.5 Hz. NH-SO,). 

4.95 (l-proton doublet. J, : ? Hz. H-l of GalN). 6.37 (3 prorons. CO?CH,). 7.60 

(3 protons, Ph-CH,). 7.79. 7.91. and 5.20 (12 protons, 4 AC). 

.-lna/. Calc. for C,5H3AN40,dS: C. 47.93: H. 4.71: N. 7.71 Found: C. 47.3’; 

H. 4.62: N. 7.31. 

Fractions having R, 0.31 In 1.1.~. in I:I (v/v) chloroform-ether \sere combined 

and e\aporacrd, 10 give O.S7 g (I 191) of 6: after rechromatograph> on a column of 

silica pel with I.3 (vlv) chloroform-ether. it was obtained as a yellow, amorphous 
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material, [z];* -26” (c 1.13, chloroform): n.m.r. data (100 MHz, chloroform-d): 

T 0.95. 1.43, 1.82 (3 protons, dirtitrophenyl). 2.48, 2.77 (4 protons, tosyl), 2.88 (l- 
proton ckublet, J IO Hz, NH-Ph), 4.96 (l-proton doublet, J 7 Hz, NH-SO,), 5.21 

( I -proton doublet, J, ,Z 8 Hz, H-l of GalN), 6.61 (3 protons, CO,CH,), 7.62 

(3 proronz. Ph-CH,), 7.82, 7.95, and 8.08 (I.2 protons, 4 AC). 

.-lnr:l. Calc. for C,,H,,N,O,,S: C, 47.93: H. 4.71: N. 7.71. Found: C. 47.90; 

H. 4 73: N. 7.65. 

0-(,3-.-in~mo--7-rieo.r)‘-lx-D-galactop~~ranos~~/)-N-tos~~l-r-serirre methyl ester, hydio- 

chloride (7). - A solution of 5 (2 g) in a mixture of acetone (30 ml) and water (I 5 ml) 

was stlrred ~1t.b Dowe~c-1 (OH-) ion-exchange resin (40 ml) for I5 min. The resin 

was then packed unto a column. lvashed Hith waLer (100 ml), and eluted wiih 0.i~ 

hydrochloric acid in 3O’?L aqueous ethanol. The fractions having R, 0.66 in t.1.c. in 

4:5:3 (v/v) butaqol-acetone-\tater \iere combined, and evaporated to a q~upy 

residue. The residue was dissolved in a small amount of ethanol, and precipitated 

with petroleum ether, to give 930 mg (71S.b) of 7 as an amorphous powder. [,I];” 

+ 132’ (c 1.2. water). This compound exhibited only one spot (RF 0.33) in t.1.c. with 

7:X (v/v) propanokthyl acetate-water. 

Anal. Calc. for C,OH,,N,O,S. HCI. H,O: C. 40.47: H, 5.73; N. 5.90. Found: 

C. 30.41: H. 5 85: N. 5.63. 

0-( 2-rlceianlltlo-~-rft.0.n -I-D-ga~ac~op~~ranosr~f )-N-IOS_I l-L-serine (8). - A solu- 

tion of 7 (930 mg) in SO?,& aqueous methanol (6 ml) was ri;-de neutral with sodium 

(4s mg) in methanol (38 ml). an2 treated with acetic anhydride (I ml). After 2 h at 
room temperature. the solution was evaporated. The residue was c!u-omato_eraphed 

on 3 column of silica gel (-u) 8) with 30: IO: IO: I (b/v) btitanol-acetic acid-ether-water: 

the fractions having RF 0.21 in t.l.c. In the same solvent mixture were combined. and 

treated nlih a small amount of Dobrex-50 (H’) Ion-exchange resin. The resin was 

filrrrcd OX. and the tiltrate ~\a3 claporated. The residue \c’as crystallized from ethanol. 

to give 550 mg (58Ob) of8 as needles. m.p. 193-195 (dec.). [d]A* -t l3O’(c 1.0. water). 

.-1~/. Calc. for C,,H20N20,nS~0.5H20: C. 35.86: H, 5.77: N. 5.94. Found. 

C. 45.83; H, 5.51; N, 5.82. 

0-(~-.1ceratllido-‘-deo.n,-,~-D-gaiacfop.~ rano.s?,l)-N-tos.r,l-L-seriile metlI~d ester (9). 

- To a solution of 8 (120 mg) in merhanol (-I ml) was added a slight excess of d&o- 

methane in erher. The solution was evaporated to a syrup, and this was crystallized 

froln a mixture of acetone and ether to gibe needles, 88 mg (690/b), m.p. l84-lS6”‘, 

[xl;” +86” (c I 3. ethanol): n.m.r. data (100 hfHz, dimethyl sulfouide-d,): T 1.82 

(l-proton double!. J 9 Hz, NH-SOZ). 2.36, 2.65 (4 protons, tosyl), 2.80 (l-proton 
_ __ 

doubkt. J 9 HZ, NH-Ph), 3.13 (I-proton doublet, J,_z 3 HZ, H-l of CAN). 6.60 

(3 protons, CO,CH,), 7.65 (3 protons, Ph-CH,), and S.20 (3 protons, N-AC). 

AIM/. Calc. for C,.H,,N,0,,S.H20: C. 46.15: H. 6.1 I; N. 5.66. Found: 

C. 36.18; H. 5.74; N, 5.56. 
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