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ABSTRACT 

iV-L-Seryl-D-glucosaminc has been prepared by the condensation of h7-carbobe11zoxy-~-serine 
with D-glucosamine in the presence of dicyclohexyl carbodiilnide followed by hydrogenolysis 
of the resulting iV-(iV-carbobenzoxy-L-seryl)-D-glucosa~iine to remove the iV-carbobenzoxy 
protecting group. 

N-L-Threonyl-D-glucosa~nine has been prepared by ( a )  the condensation of 1,3,4,6-tetra-0- 
acetyl-a- (and @-) D-glucosamine and N-carbobenzoxy-O-tetrahydrop~~r;1n~~l-~-threo1ine in 
the Dresence of diisonro~vl carbodiilnide followed bv the re~noval of the urotectine crrouus 
froln the resultincr &- ~'Aicarbobenzosv-0- tetrahvdroovranvl-L- threonvlj -1 .3 .4 .6T t~ t ra -~ -  , ,  , , ,  
ncetyl-a- (and 8-) g-gludosamine, and (6) by the co;lden&tio/of h7-carbobenzoxy-L-threonine 
with D-glucosamine in the presence of dicyclohexyl carbodiimide followed by rernoval of the 
iV-carbobenzoxy group from the resulting N-(1V-~arbobenzoxy-~-threonyl)-~-gl~1cosa1ie by 
hydrogenolysis. 

INTRODUCTION 

As part of a program in this laboratory aimed a t  the deterilliilatioil of the nature of 
the carbohydrate-peptide bonds occurriilg in natural glycoproteins (I) the synthesis of 
inodel ainiilo acid - glycose compounds linlied by N-glycoside, 0-glycoside, ester, and 
a~nide  bonds is being undertalcen. A study of the stability of these model con~poui~ds and 
of the corlditions required for their successful paper chromatographic and electrophoretic 
separation will aid in the selection of experimental collditioils required for the isolation 
of such derivatives froin glycoproteins. The derivatives may subsequently be of use as 
reference compounds for the identificatioil of the hydrolytic degradation products of 
glycoproteins and mucoproteins. 

This paper records the synthesis ol two N-amino acyl derivatives of D-glucosamine. 
The original methods used in the synthesis of this type of compound involved the reaction 
of N-carbobenzoxy amino acyl chloricles with fully 0-acetylated 2-amino-2-deoxyaIdo- 
hexoses (2) or the condensation of suitably protected 2-amino-2-deoxgrl~exoses with a 
N-carbobenzoxy amino acid derivative by the carbodiimide lllethod ( I ,  3, 4). In either 
case the protecting groups must be subsequelltly removed in order to obtain the un- 
substituted N-amino acyl aminohexose compounds. 

A simple and convenient method for the preparation of amino acyl derivatives of 
glycoses has recently been reported by I<ochetkov and his co-worliers (5, G) which iilvolves 
the condensation of an unprotected glycose with a N-carbobenzoxy amino acid in the 
presence of carbodiimide. I t  was found that N-carbobenzoxy amino acids condensed 
readily with 2-amino-2-deoxyhexoses in the presence of dicyc1ohex)~l carbodiimide in 
aqueous pyridine solution a t  rooill temperature to form N-(N-carbobenzoxy amino 
acy1)-hexosamines, the exclusive formati011 of the N-substituted derivatives under these 
conditions being attributed to the specific action of carbodiinlide and the instability of 
0-acyl derivatives in aqueous pyridine solution. This procedure has now been applied 
to the syilthesis of N-seryl-D-glucosai~~ine and N-threonyl-D-glucosamine. 
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.All melting points Itrere deternlined using the Fisher-Johns block and are ~~ncorrected. Solutions were 
concentrated by rotary evaporation under recl~rced pressure below 40" C. 

Paper chromatography was performed by the descending method on \\:hatman No. 1 paper, using butan- 
1-ol/ethanol/water (3:l:l \l/v). The following spray reagents \Irere ~rsed to detect the compouncls on  the 
developed chromatograms: (A) 270 solution of p-anisidine hydrochloride in butan-1-01 (7), (B)  170 solution 
of silver nitrate in acetone, followed by 2% ethanolic soclium hydroside solution (S), and (C) 2% lninhydrin 
in butan-1-01 (9). 'The rate of movement of the compounds on the chromatograms is given relative to  that  
of ~ - g l i l ~ ~ S a m i n e  hydrochloride (IZax.~~cr) or N-acetyl-D-~~UCOS~III~II~ ( R G N A ~ ) .  

The infrared spectra of the compounds were measured as 0.8y0 clispersions in potassium bromide disks, 
or as 6y0 solutions in chlorofor~n or methylene chloride,  sing the Perkin-Elmer i\/Iodel 21 spectrophotom- 
eter. 

(a) i V - ( i V - C a r b o b e n z o x y - ~ - s e , . y l ) - ~ - $ ~ l r n e  
The procedure of liochetkov and his co-\\,orl<ers was followed (5, 6). ~-Glucosa~lline hydrochloride 

(2.15 g, 0.01 mole) was dissolved i n  \\later (5 ml) and to the cooled, mechanically stirred solution \\,as added 
2 N socliirm hydroxide solution (5 ml) follo\\~ecl by iV-carboberlzosp-L-serinc (2.39 g, 0.01 mole) dissolved 
in dry redistilled pyridine, and dicyclohesyl carbodiimide (3.09 g, 0.015 mole) dissolvecl in pyridine (20 ml). 
The solution was allo\ved to \\.arm to room temperature and stirring was continued for 24 hours. The pre- 
cipitated dicyclohesyl urea (ca. 0.01 mole) \\,as removed by filtration ancl the unreacted dicyclohesyl 
carbodiimide \\-as removed by extraction with ether ( 2 x 5 0  ml). 

The aqueous solution \\-as concentrated to a small volu~ne and the product \\:hich crystallized out \\'as 
collected by filtration and was then recrystallized from methanol solution. 'The iV-(Ar-carbobenzoxy-L- 
s e r y l ) - ~ - g l u c o s a ~ ~ ~ i ~ ~ e  (38y0 yieltl) had m.p. 217" C (decamp.) ancl +73.S0 (c ,  4.0 chloroform). 

The compound had Rax,ic 2.09 on paper chromatograms and \vas free from D-glucosarnine and L-serine. 
The infrared spectrum exhibited absorption bands a t  3460 cm-I (s, hydrosyl) and 1682 and 1495 cm-I 
(amicle). :\\rial. Found: C,  5O.'i; M, 6.5; Y ,  6.870. Cl;H?.lOsN? requires: C,  50.99; I-I, 6.04; N ,  7.0y0. 

(b) iV-(L-Seiyl /zydroc/rlo~ide)-D-glzicosanti?~e 
The iV-carbobenzoxy group \\.as removed from the N-(iV-carbobenzoxy-L-sery1)-D-glucosa~iie by 

hydrogenolysis in dilute hydrochloric acid solution using palladized charcoal as a catalyst according to the 
procedure of Jones et al. (1). The iV-(L-seryl hydrochloride)-D-glucosamine, obtained as fine crystals from 
methanol/ether mixture (85y0 yield), had RGX.HCI 0.55 011 paper chromatograms and its infrared spectrum 
exhibited absorption bands a t  3460 cm-I (\vide, hydrosyl), 16S2 cnl-I (amide), and 1495 cn-I (ionic nitrogen). 
Attempts to prepare the free arnine failed since the initial prodirct blaclcened before it could be isolated. 

2. N - ~ - T k r e o n y ~ - ~ - g ~ z ~ c o s a n t i ? ~ e  
illetkod A 
(a) N-Carbobeneosy-L-tkreonine 
N-Carbobenzosy-L-threonine was prepared in goy0 yield by the method of Moore et al. (3). The product 

after recrystallization from ethyl acetate had 1n.p. 102" C and [ a ] ~ ? ~  -4.3" (c, 4.25 acetic acid). Anal. 
Found: C, 57.0; H,  5.9; S, 5.6y0. CI?HljOjN requires: C,  56.91; M, ,597; N, 5.53y0. 

(b) illethyl N-Carbobe?zzosy-L-tl~reonate 
1%'-Carbobenzosy-L-threonine (8.0 g) was dissolved in 2.5% nmethanolic hydrogen chloride solution 

(100 ml), and after 12 hours a t  room temperature the solution was neutralized by passage through a colunln 
of Duolite A4 ( O W )  ion-exchange resin. 'l'he solution was concentrated to  a syrup which gave crystalline 
methyl iV-carbobenzoxy-L-threonate (89% yield) having 1n.p. 90" C and [ a ] ~ ' ~  -16.1" (c, 4.25 ~nethanol). 
Anal. Found: C,  57.9; H ,  6.5; N, 5.370. CI3H1;0jN requires: C,  58.42; I-I, 6.41; K, 5.24%. 

(c) illetlzyl iV-Carbobenzo.vy-O-tetrahydropyranyl-~-threo~zate 
The procedure of Iselin and Schwyzer (10) was followed. I-Iydrogen chloride (2 N) in anhydrous ethyl 

acetate (0.5 1nl) was added to a solution of methyl N-carbobenzoxy-L-threonate (7.5 g) in purified 2,s- 
dihydro-4-pyran (4 g). The reaction mixture was kept a t  roo111 temperature for 24 hours after which it was 
diluted \vith ether and then \\lashed with dilute sodium bicarbonate solution follo\\led by water. The ether 
solution \\'as dried (anhyd. s o d i ~ ~ n ~  sulphate), liltered, and then concentrated to a yellow oil (80% yield). 

(d) Hydrolysis of Afet/zyl N-Carbobenzoxy-0-tetral~ydropyranyl-L-threonate 
Methyl iV-carbobenzosy-0-tetrahydropyranyl-L-throat (8.0 g) was dissolved in ~nethanol (25 ml) and 

was then saponified by the addition of N methanolic sodi~rm hydroxide solution (50 ml) according to the 
nlethod of Iselin and Schwyzer (10) to yield iV-carbobenzoxy-O-tetrahydropyran);l-~-threo~~i~e (4.21 g, 
55% yield) as a yellow syrup which failed to crystallize. The syrup had equivalent weight 345 (theory 337) 
and its infrared spectrirm showed absorption bands a t  987 and 1125 cm-I (tetrahydropyranl.l group). 
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A second compound crystallized from the reaction product which had m.p. 183" C and eq~~iva len t  weight 
338. .\rial. Found: C,  60.8; H,  5.7; 3, 6.0%. C12M130,1X requires: C, 61.27; H ,  5.57; X, 5.96%. 

(e) i,S,C,6-Tetra-0-acetyl-a- (a?td 8-) D-gl?rcosa?iri?te 
'These deri\.atives were prepared by the nlethocl described by Jones et al. (1). ol-Anomcr: 65yo yield, 

m.p. 118" C, [ol]~'O $145" (c, 2 chloroforr~~);  8-anomer: 65% ~ i e l d ,  111.p. 143" C,  +27' (c, 2 chloroform). 

(f) N - ( N - C a r b o b e i 1 z o . v ~ - O - t e t r a I t ~ d r o ~ r ' y r a ~ r e o n ~ l ) - i , S , ~ , 6 - t e t r a - 0 - a c e t y I - o l -  ( a d  0-) D-glz~cosa?i~i?te 
N-Carbobenzoxy-0- tetrahyclropyranyl-L-threonine (0.460 g),  1,3,4,6- tetra-0-acetyl-a-D -glucosa~nine 

(0.510 g), and diisopropyl carbocliirnicle (0.178 g) \irere dissolved in methylene chloride (6 ml) and the 
mixture was shalcen mechanically a t  room temperature for 24 hours. The precipitated diisopropyl urea 
by-product n7as re~noved by liltration and the filtrate \\,as washed with dilute hydrochloric acid, dilute 
sodium bicarbonate solution, ancl linally with water. The dried (anhyd. magnesium sulphate) methylene 
chloritle solution on concentration gave a white solid (5% yield) which had 111.p. 185" C and [ o l ] ~ ? ~  +74-4' 
(c, 0.5 ~nethanol). 

The above procedure was repeated using 1,3,4,6-tetra-0-acetyl-8-D-glucosamiI to give the 8-anomer as 
a syrup (joyo yield) which failed to crystallize. I t  had [ol]~'O +12.3" (c, 4.0 methanol). 

The infrared absorption spectra of both the above products exhibitecl absorption bands a t  1745 cm-' 
(carbonyl, 0-acetyl), 1670 cm-I (ainide I ) ,  1555 cm-I (amide I I ) ,  1130 and 987 cm-I (tetrahydropyranyl 
group), and 695 cnl-I (phenyl group). 

(g) N-(N-Carbobenzoxy-~-tI1reo1~yl)-i,~9,Q~6-tetra-O-acety1-~-~-glz~cosan~i?~~ 
lV-(N-Carbobenzosy-O-tetrahydropyra~~yl-~-threo~y)-l,3,4,6-tetra-0-acetyI-~-~-glucosamine (0.50 g) was 

heated i n  boiling 50% acetic acid solution (10 ml) for 10 minutes and the cooled solution was diluted with 
water and extracted with chloroform ( 4 x 2 0  ml). The dried (anhyd. magnesium sulphate) chloroform 
extract mas concentrated to dryness to yield a syrup (0.25 g ,  58yo yield) which had [ o l ] ~ ' ~  +30° (c, 3.0 
cl~lorofor~n) and whose infrared spectrum did not sho\\r absorption bands due to the tetrahydropyranyl 
group a t  either 1130 or 987 cm-I. 

(It) lV-(N-Carbobei~eo.vy-~-thi.eonyl)-~-glz~cosa~i~i?~e 
N- (N- Carbobenzox)--L- th reon~ l )  -1,3,4,6- te t ra-0-acetyl -8-D -glucosanline (100 mg) dissolved in dry 

methanol (4 ml) was treated with 0.4 Nbariuul methoxide in methanol (2 ml) and the mixture was kept 
a t  5' C for 24 hours. Slightly less than the equivalent amount of 0.01 N sulphuric acid \ifas added to the 
reaction mixture, the precipitated barium sulphate was removed by rlltration, and the liltrate \vas further 
deio~lized by passage thro~lgll a column of mixed I R  120 (H+) and Duolite A4 (01-I-) ion-exchange resins. 
On concentration of the methanol solutio11, l~-(lV-carbobenzoxy-~-threony~)-~-g~~~cosan~ine was obtained 
as a \\.bite solid (30 mg). It had n1.p. 209" (decomp.) and [ol]~" $20.4" (c, 2.8 methanol). On paper chromatog- 
raphy ancl detection with spray reagents A and B the compound \vas revealecl as a sir~gle spot having R G N A ~  
2.90 and \\,as not contaminatecl \\;it11 either D-glucosamine or L-threonine. 

The infrared spectrum of the conipound exhibited absorption bands a t  3360 cm-I (broad, hydroxyl 
g r o ~ ~ p )  awl 1670 and 1550 cm-I (an~ide) but  no absorption band a t  1745 cm-I (carbonyl, 0-acetyl). 

iVfetl~od B 
(a) N-(N-Carbobe~azoxy-~-tItreo?tyl)-~-glz~cosa~i~ine 
'The procedure of I<ochetkov and his co-workers (5, 6) was used. D-Glucosamine hydrochloride (3.15 g, 

0.01 mole) dissolved in water (5 ml) \\,as cooled to 0" C and neutralized by the addition of 2 1%' sodiuln 
hydroxide solution (5 ml). The mechanically stirred solution was immediately treated with a solution of 
N-carbobcnzoxy-L-threonine (2.53 g, 0.01 ~nole) in dry pyricline (7 ml) follo\ved by a solution of dicyclohexyl 
carbodiimide (3.09 g, 0.015 mole) in dry pyridine ('20 ml) and the stirring \\,as continued for a further 24 
hours. The precipitated dicyclohesyl urea was removed by liltration and the unreacted dicyclohexyl 
carbodiimide was removed by extraction with ether (2x50 ml). The N-(N-carbobe~~zosy-L-threony1)-D- 
glucosamine isolated from the concentrated aqueous solution nras obtained as crystals which, after several 
recrystallizations from methanol (final yielcl 0.415 g),  had m.p. 209' C (decomp.) and [ol]1,~0 +21.0° (6, 3.0 
methanol). The compound nras indistinguishable on paper chromatograms from the product obtained by 
method A and the infrared spectra of the tnlo products were identical. i\ual. Found: C, 51.7; H,  6.2; S, 6.7%. 
ClsI-I?~OgN:! requires: C, 52.17; I-I, 6.32; N, 6.76%. 

(b) 1V-~-TItreo?ayl-~-g~?~cosa?iai?re 
N-(iV-Carbobenzosy-~-threo~~yl)-~-~l~~cosa~~~i~~e (25 mg) \\,as dissolved in chloroform/etha~~ol mixture, 

and palladized charcoal (25 mg) \\,as added. The rnixture \vas shaken for 24 hours a t  roo111 temperature in 
an atnlosphere of hyclrogen (1.3 atm).  The catalyst nras renloved by filtration and the liltrate mas con- 
centrated to a dark yellow syrup (7 mg). On paper chromatography a single spot, which had I I G ~ . ~ I ~ ~  0.44, 
was revealed by the ninhyclrin spray whereas the silver nitrate spray revealed a series of spots indicating 
the presence of decomposition products. 

(c) 1V-(L-Threoizyl hydrochloride)-D-gl?~cosa?ni?ae 
N-(1V-Carbobenzoxy-L-threony1)-D-~ILICOS~IIII (28 mg) nras slibjectetl to llydrogenolysis as described 

above with the inclusion of 1%' hydrochloric acid (0.7 ml) in the reaction m i x t ~ ~ r e .  The 1%'-(L-threonyl 
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hydrochloride)-n-gl~~cosarnine (9.5 mg) was obtained as a clear syrup which failed to crystallize. The syrup 
had [ o l ] ~ ? '  -13" (c, 1.0 methanol) and on paper chromatograms it gave a single ninhydrin and silver nitrate 
positive spot having Rc~.ncl 0.46. The infrared absorption spectrum of the compound showed a broad 
band a t  3360 cm-I clue to hydroxyl and amino group absorption, bu t  no bands due to  the phenyl group 
corresponding to the original carbobenzoxy group. 

Attempts to prepare the free amine from N-(L-threonyl hyc1rochloride)-D-glucosamine using Duolite A4 
(COs') ion-exchange resin or Duolite A4 (01-I-) resin failed owing to  the rapid decomposition of the initial 
product. 

DISCUSSION 

N-(L-Seryl hydrochloride)-D-glucosamine was prepared according to the general 
procedure of Kochetkov and his co-workers (5, 6). D-Glucosamine was condensed with 
N-carbobenzoxy-L-serine in aqueous pyridiile solution in the presence of dicyclol~exyl 
carbodiimide to give N-(N-carbobenzoxy-L-seryl)-D-glucosamine, from which the pro- 
tecting N-carbobenzoxy group was re~noved by hydroge~lolysis in the presence of dilute 
hydrochloric acid to yield N-(L-seryl hydrochloride)-D-glucosalnine in 32% overall yield. 
The cornpoulld was stable in aqueous solution, but attempts to prepare the free N-L-seryl- 
D-glucosamine by careful neutralization with dilute alkali or by the use of mild basic 
ion-exchange resins failed owing to the rapid deconlposition of the free arnine under the 
conditions used. 

The N-(L-seryl hydrochloride)-D-glucosamine was cl~romatographically identical with, 
and had an infrared spectrum indistinguishable from that  of, the same derivative prepared 
earlier by Jones et al. (1) in greatly reduced overall yield by the co~ldensatio~l of N-carbo- 
benzoxy-0-tetrahydropyranyl-L-serine with 1,3,4,6-tetra-0-acetyl-D-glucosamine in the 
presence of diisopropyl carbodiimide to give N-(N-carbobenzoxy-0-tetrahydropyranyl-L- 
seryl)-l,3,4,6-tetra-0-acetyl-~-glucosamine, from which the protecting groups were 
subsequelltly re~noved to  yield the required product. 

N-(L-Threonyl hydrochloride)-D-glucosami~le was prepared in low overall yield by the 
condensation of N-carbobenzoxy-0-tetrahydropyranyl-L-tlreonie with 1,3,4,6-tetra-0- 
a c e t y l - ~ - g l u c o s a ~ ~ ~ i ~ ~ e  in the presence of diisopropyl carbodiirnide to give N-(N-carbo- 
bellzoxy - 0 -  tetrahydropyranyl-L- threonyl) -1,3,4,6- tetra-0-acet~~1-~-glucosa~lli~le, fro111 
which the protecting groups were removed to yield the amino acyl-glycosamine derivative. 

An unexpected crystalline product was obtained from the saponification product 
of 1~~eth~~l-N-carbobenzoxy-0-tetrahydropyra1yl-1-threonate which had an equivalent 
weight of 238 and whose analysis agrees with the forrnula C121-I130&J. The  compound is 
tentatively identified as N-carbobenzoxy-2-a1~~i1~o-buten-3-oic acid, possibly formed by 
the elimination of a ~llolecule of water from N-carbobenzoxy-L-threo~line. 

A greatly i~nproved yield of N-(L-threonyl hydrochloride)-D-glucosamine was achieved 
when the general procedure of I<ochetkov et al. (5, 6) was used. D-Glucosamine was 
condensed with N-carbobenzoxy-L-threonine in aqueous pyridine solution in the presence 
of dicyclohexyl carbodiinlide to give N-(N-carbobenzoxy-L-threony1)-D-glucosamine, 
which on hydrogenolysis in the presence of dilute hydrochloric acid afforded N-(L- 
threollyl hydrochloride)-D-glucosamine in 5y0 overall yield. The final products obtained 
by the two different routes were chromatographically identical and their infrared spectra 
were illdisti~lguishable from each other. 

Attenlpts to prepare N-L-threonyl-D-glucosamine by hydrogenolysis of the N-(N-carbo- 
benzoxy-L-threony1)-D-glucosamine in neutral media, or by neutralization of the 
N-(L-threonyl hydrochloride)-~-glucosa~nine by dilute altali or by using nlild basic ion- 
exchange resins failed to give a pure product owing to  the rapid decomposition of the initial 
free amine. The  hydrochloride salt, however, was stable in aqueous solution. 
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