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AHSTKACI 

The N-(l-deoxy-D-mannitol-l-yl) and N-( l-deoxy-D-glucitol-I-yl) derivatives 

of r,-valine, I.-alanine, L-threonine, and I,-leucine were prepared by reductive ami- 

nation of D-mannose and D-ghrcose with the appropriate amino acids, in the pre- 

sence of sodium cyanoborohydride. N“-(l-Deoxy-D-mannitol-l-yl)- and M-( l- 

deoxy-D-ghtcitol- 1-yl)-L-lysine were prepared by similar reactions of hexoses with 

N”-tert-butoxycarbonyl and lY”-benzyloxycarbonyI-lysine, followed by removal 

of the protecting groups. The structures were confirmed by ‘H-n.m.r. spectros- 

copy, which showed that each compound was completely free of its C-2 epimer. 

The synthetic compounds may be used as reference compounds for the identifica- 
tion of N-(1-deoxyhexitol-I-yl)amino acids formed when N-(l-deoxy-D-fructose-l- 

yl) groups of nonenzymically glycosylated proteins, of the hemoglobin Al, type, 

are reduced with sodium borohydride, and the protein is subjected to acid- 

catalyzed hydrolysis. 

INTRODUCTION 

The free amino groups of several proteins, such as crystalhn isolated from 

lens crystalline’, serum albumin2, hemoglobir?, plasma lipoproteins4, erythrocyte- 

membrane proteins”, and collagen”, react with D-glucose in vivo to form Schiff 

bases. The latter then undergo the Amadori rearrangement to give N-( 1-deoxy-D- 

fructose-1-yl) derivatives of proteins ‘. The overall process, which occurs at an N- 

terminus or at the 8 position of lysyl residues, is called “nonenzymic glycosylation”. 

The resulting changes in the physical properties of proteins’,’ may account for 

some of the complications of diabetes’“,“. 
In order to determine the site of its attachment to a protein, the N-(l-deoxy- 

D-fructose-l-yl) residue is reduced with sodium borohydride to stabilize the carbo- 

hydrate-protein linkage. The product is hydrolyzed to free the resulting N-(l- 
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deoxyhexitol-1-yl)amino acid, which is then identified’*. For example, reduction 

and hydrolysis of the P-chain of hemoglobin AI, (1) gave a mixture of N-(l-deoxy- 

D-mannitol-l-yl)- and N-(I-deoxy-D-glucitol-l-yl)-L-valine (2 and 4, respectively), 

thus establishing that the carbohydrate residue was linked to the amino group of 

the N-terminal valine in the original polypeptide13. 

Although further studies of other glycosylated proteins depend upon the 

availability of R;-(1-deoxyhexitol-l-yl)amino acids, N-(l-deoxy-D-mannitol-l-yl)- 

and N-(1-deoxy-D-glucitol-l-yl)-L-valine (2 and 4) are the only such compounds 
that have been synthesized and fully characterized. Their preparation involved a 3- 

day reaction of D-glucose with L-valine, when N-(1-deoxy-D-fructose-1-yl)-L-valine 

(5) was formed from the Schiff base 6. Borohydride reduction of 5 gave an epimeric 

mixture of 2 and 4 which was partially resolved by ion-exchange chromatog- 

raphy13. The paucity of available reference compounds’3 is undoubtedly due to the 
length of time for the synthesis and the formation of pairs of epimers that are diffi- 

cult to separate. 
A more efficient method of synthesis of N-(1-deoxyhexitol-1-yl)amino acids 

using an approach which is similar to that used for the attachment of disaccharides 

to proteinsI is described herein. A hexose is subjected to reductive amination by 
an amino acid in the presence of sodium cyanoborohydride. The Amadori rear- 

rangement is avoided by reduction of the intermediate Schiff base in sim, thus giv- 
ing a single epimer in each case, as exemplified by separate syntheses of 2 and 4 by 
way of 3 and 6, respectively. 
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RESULTS AND DISCUSSION 

Reactions of hexoses and disaccharides with proteins at 37”, in vivo and in 
vitro, occur very slowly because only a small proportion of the reacting hexose (or 

of the reducing residue of an oligosaccharide) is in the acyclic form15. In the pre- 

sent work, faster reactions of hexoses with neutral amino acids, in the presence of 

sodium cyanoborohydride, were achieved at 100”. Pure samples of the N-(l-deoxy- 

D-glucitol-l-yl) and N-(1-deoxy-D-mannitol-1-yl) derivatives of L-valine, L-alanine, 

I,-threonine, and I.-leucine were obtained in yields of Sl-55%. Their properties are 

listed in Table I. 
Although an excess of hexose was used in each preparation, -7% of the orig- 

inal amino acid was always recovered after chromatography of the reaction mixture 

on Dowex 1 resin, even when the reaction time was extended beyond the usual 16 

h. The incompleteness of the reaction may be due to a side reaction in which hydro- 

gen cyanide adds to the intermediate Schiff base to give an N-(l-C-cyano-l- 

deoxyhexitol-1-yl)amino acid which, in the presence of acetic acid, is hydrolyzed 

back to hydrogen cyanide, the original hexose, and the amino acid by mechanisms 

suggested by Gidley and Sanders16. 

N”-(1-Deoxyhexitol-1-yl) derivatives of L-lysine were obtained by similar 

methods using the benzoxycarbonyl (Cbz) or tert-butoxycarbonyl (Boc) group to 

protect the a-amino group of lysine. For example, reductive amination of N”-Cbz- 

L-lysine (10) with D-glucose or D-mannose, at lot)“, was achieved within 4 h. In 

order to obtain acceptable yields of the N”-( 1-deoxyhexitol-1-yl) derivatives 7 and 

12, it was necessary to avoid the use of an excess of hexose. This approach 

minimized further reactions of hexoses with 7 and 12, in a manner similar to reduc- 

tive aminations of aliphatic ketones” and disaccharides14, where the proportion of 

each carbonyl compound was limited to avoid tertiary amine formation. The ben- 

zoxycarbonyl group of 7 and 12 was removed by hydrogen transfer from formic 

acid in the presence of palladium-coated, poly(ethylenimine) beads’s, to afford 

RNHCHCO; 

I + 

RNHCHCO; 

KH,),NH,CH, RNHCHCO; 
I + 

(CHZ)I~H$~H2 
*- I + - I 

HCOH (CH2)4NHJ HO& 

I 
HOCH 

I 
HOCH 

HCOH ,cJ R = Cb7. HCOH 

11 R = BOC 
HCOH 4COH 

HzCOH H&OH 

7R = Cbz 12 R = Cbz 

OR = BOC 13 R = Boc 

OR = H 14r+= H 
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Fig. 1. ‘H-n.m.r. spectra, at 200 MHz, of compounds 2 and 4 in deuterium oxide. 

Fig. 2. Partial ‘H-n.m.r. spectra, at 200 MHz, of: (A) N-(1-deoxy-o-mannitoI-l-yI)- and (B) N-(l- 
deoxy-o-glucitol-I-yI)-L-alanine in deuterium oxide. 
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TABLE III 

IH-N.M.R COUPLINGCONSTANTS FOR N-(1-DEOXYHEX~~OL-I-YL)AMNO ACIDS 

Compound JIA.1, J 18.2 JIA,Z J2.3 J 4 JB.~ J7.s JS+ 

N-(l-Deoxy-D-mannitol-l-yl)- 
L-valine (2) 
I.-alanine 
I,-threonine 
L-leucine 
L-lysineb (14) 

Hydrochloride of 14 

12.6 8.6 3.1 8.6 4.3 1.2 
13.0 8.9 3.7 8.9 1.3 
13.0 8.3 3.6 8.3 1.3 6.1 
12.8 8.9 3.8 8.9 B ll 4.4 
12.9 9.3 3.3 9.3 a 0 0 -8 
12.9 9.3 3.4 9.3 6.2 -8 -8 -8 

N-(l-Deoxy-~-glucitoI-l-yl)- 
L-valine (4) 
L-alanine 
I.-threonine 
L-leucine 
L-lysineb (9) 

Hydrochloride of 9 

12.9 9.8 3.3 5.0 4.3 1.2 
12.6 9.2 3.3 4.7 7.3 
13.0 9.1 3.6 4.8 7.3 6.6 
13.0 9.4 3.2 5.0 a a 4.4 
13.0 9.3 3.9 4.6 a ’ a -8 
13.1 9.4 3.7 4.8 6.1 -8 -8 -8 

“Values not obtained owing to complexity of signals or overlap of signals from H-a and H-3-11-6. 
bl-Deoxyalditolyl group attached to E nitrogen atom. 

compounds 9 and 14, respectively*. The formation of 7 and 12 was accompanied by 

the production of hexitols that were not removed until after the deblocking step. 
The conversion of @-Boc-L-lysine (11) into the N”-(1-deoxyhexitol-l-y]) de- 

rivatives 8 and 13 required a lower reaction-temperature, and therefore a longer 

time, than that used for the synthesis of 7 and 12, in order to minimize the forma- 

tion of unidentified by-products. Removal of the protecting group of 8 and 13 with 

hydrochloric acid gave samples of 9 and 14 having the same properties as those of 

samples originating from N”-Cbz-L-lysine (10). 

The structures of the N-(1-deoxyhexitol-1-yl)amino acids were confirmed by 

‘H-n.m.r. spectroscopy ( Fl s 1 and 2), and spectral parameters are listed in Tables ‘g . 
II and III. Resonances attributable to protons of amino acid moieties were assigned 

by comparison with spectra of the corresponding free L-amino acids”. Coupling 

between H-2 of the carbohydrate residue and H-1A and H-1B was demonstrated 

by irradiation at the H-2 frequency (6 4.M.2 region), when the eight lines attribut- 

able to H-IA and H-1B (6 3.0-3.5 region) collapsed to form an AB quartet. The 

H-2 signal, which is part of an ABX system, is split further by coupling with H-3. 

The chemical-shift differences between H-IA and H-1B (-0.3 and 0.1 p.p.m, for 

mannu and gluco compounds, respectively), and the values of & (-8.5 and 5 Hz 

for munno and gluco compounds, respectively), are relatively independent of the 
structure of the amino acid portion of the molecule. In the 6 3.0-3.5 region of the 

*Compound 9 has been synthesized by Schwartz and Gray14, 
terized in either case. 

and Bunn el al.‘, but was not fully charac- 
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Ye+ OCH 
I 

Me+iOCe 

I 
HCOSoMe, HCOS,Ye, 

I 

15 16 

spectrum of each I-deoxy-D-mannitol-l-y1 compound, lines attributable to H-1A or 

H-1B of the corresponding 1-deoxy-D-glucitol-l-y1 compound were absent, and 

vice versa, showing that every compound was completely free of its epimer. 

The possibility of identifying the N-(1-deoxyhexitol-l-yl)amino acids by com- 

bined gas-liquid chromatography-mass spectrometry (g.l.c.-m.s.) of their tri- 

methylsilyl (Me$i) derivatives is of interest, as the technique should be suitable for 

characterization of small quantities of compounds in hydrolyzates of sodium boro- 

hydride-treated, glycosylated proteins. Studies with N-(l-deoxy-D-mannitol-l-yl)- 

L-alanine showed that Me&imidazole is a suitable per(trimethyl)silylation rea- 

gent, since it reacts with only the carboxyl and hydroxyl groups, to produce a single 
derivative 15. A single derivative was also formed from each of the other com- 

pounds listed in Table I. Per(trimethyl)silylation with N, O-bis(trimethylsilyl)-tri- 

fluoroacetamide was less satisfactory, as it resulted in partial derivatization of the 

nitrogen atom, so that two compounds, 15 and 16, were obtained, as shown by 

g.l.c.-m.s. 

For confirmation of the structure of 15 and 16 by electron impact m.s. 

(e.i.m.s.), the most useful information was obtained from cleavages between the 

carboxyl and (Y carbon atoms, and between C-l and C-2 of the carbohydrate re- 
sidue. The masses of the resulting ions, coupled with the value for MH’ obtained 

by chemical ionization m.s. (c.i.m.s.), gave clear proof that 15 and 16 are tri- 

methylsilyl derivatives of an N-(1-deoxyhexitol-1-yl)alanine. Hence g.l.c.-m.s. ap- 
pears to be a promising technique for identification of N-(l-deoxyhexitol-l- 

yl)amino acids. 
We have therefore demonstrated that N-(1-deoxyhexitol-1-yl)amino acids 

can be synthesized directly from hexoses and amino acids. The procedure is 

straightforward, and protecting groups are required only when it is necessary to 
prevent the reaction of the hexose with a second nucleophilic group. 
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EXPERIMENTAL 

General. - Radioactive compounds, obtained from New England Nuclear 

(Boston, MA 02118), had the following specific activities: L-[3,4-3H]valine, 1.89 

TBq/mmol; L-[3-3H]alanine, 2.77 TBq/mmol; r.-[G-3H]threonine, 0.15 TBqimmol; 

r_-[4,5-3H]leucine, 0.18 TBq/mmol; D-[U-‘4]gluCOSe, 0.15 TBq/mol; and D-[I- 

14C mannose 1.85 TBq/mol. The ‘H-n.m.r. spectra of deuterium oxide solutions 1 
were obtaineh at 200 MHz with a Bruker CPX-200 spectrometer operating in the 

Fourier-transform mode. Chemical shifts are given in S values downfield from the 

internal standard, sodium 4,4-dimethyl-Csilapentane-l-sulfonate (DSS). AB and 

ABX systems were subjected to second-order analysis2’. Trimethylsilyl derivatives 

for g.1.c. were prepared by treating each sample (1 mg) with trimethyl- 
silylimidazole in pyridine (Tri-Sil Z; Pierce Chemical Co., Rockford, IL 61105; 1 

mL) for 2 h at 50”, or with N, O-bis(trimethylsilyl)trifluoroacetamide (0.4 mL) and 

acetonitrile (0.4 mL) for 0.5 h at 130” (ref. 21). G.1.c. was performed with a Hew- 

lett-Packard 5720 chromatograph equipped with a flame-ionization detector. The 

glass column (180 x 0.4 cm) contained 3% OV-17 on Chromosorb W (100-120 

mesh), at 160-240”, increasing at 2”/min. The carrier gas, nitrogen, flowed at 45 

mL/min. T is the retention time relative to that of 1,2,3,4,5,6-hexa-@(trimethyl- 

silyl)-D-glucitol. G.l.c.-m.s. was performed at the National Research Council of 

Canada, Ottawa, with a Hewlett-Packard 5985 combined gas ehromatograph-mass 

spectrometer. The conditions for g.1.c. were similar to those described for the 
model 5720 chromatograph, except that the column temperature was raised from 

160 to 230” at Ymin. For e.i.m.s., the source temperature was 200” and the ioniza- 

tion potential 70 eV. The corresponding values for c.i.m.s., with isobutane, were 

150” and 230 eV. Chromatographic solvent systems were as follows (v/v): (A) l- 

propanol-5.9M ammonia, 22:3; (B) 21:4; (C) 17:3; (D) 4:l; (E)41:9; and(F) 3:l. 

Column chromatography was performed with silica gel (60-200 mesh; Davison 

Chemical Co., Baltimore, MD). The radioactivity of column fractions was deter- 

mined in the presence of Aquasol (New England Nuclear) with a Beckman LS 7500 

counter. For t.l.c., silica gel G layers, 0.25-mm thick, were developed twice with 

solvent E, or once with solvent F, and sprayed with alkaline potassium permanga- 
nate22 or ninhydrin. Concentrations of hexoses in reaction mixtures were deter- 

mined by calorimetry, with the phenol-sulfuric acid reagent=. 

N-(l-Deoxy-D-maranitol-l-yap-L-valine (2). - A solution of L-valine (117 mg, 
1.0 mmol) and sodium cyanoborohydride (94 mg, 1.5 mmol) in water (4 mL) was 

adjusted to pH 7.0 with 0.2.M hydrochloric acid. An aqueous solution (5 mL) of D- 

mannose (540 mg, 3.0 mmol) and D-[l-‘4C]mannose (5 &i) was then added. The 
resulting solution was kept for 16 h at loo” in a sealed reaction vial, adjusted to pH 
9.8 with 2M sodium hydroxide, and applied to a column (2 x 15 cm) of Dowex 1-X8 

(OAc-) anion-exchange resin, previously rinsed with 88mM ammonia until the ef- 

fluent was at pH 9. The column was washed with 88mM ammonia (90 mL) to re- 
move sodium ions and unreacted D-mannose, followed by water (112 mL) to re- 
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100 1 I 

73 217 I 

147 174 

129 

200 332 

568 

360 400 440 480 520 569 600 640 

m/z 

Fig. 3. Electron-impact mass spectrum of 15. 

move ammonia. Aqueous acetic acid (2%) was passed through the column, 

Radioactive effluent fractions were pooled and evaporated to dryness. The residue 

(300 mg) was composed of the title compound (RGlc 1.41; solvent E; KMn04 

spray) contaminated with valine (RGlc 4.82; ninhydrin spray). G.1.c. of a sample 

treated with trimethylsilylimidazole showed a major component having T 3.05 

(product) and a minor, unidentified component having T 1.17. A portion (200 mg) 

of the crude product was supplemented with I,-[3,4=3H]valine (37 kRq), and chro- 

matographed on a column of silica gel. Valine (monitored by 3H radioactivity) and 

compound 2 (monitored by “C radioactivity) were eluted with solvents A and B, 

respectively. Pure 2 (102 mg, 54%) was obtained by recrystallization from 4: 1 

ethanol-water. Physical constants, analytical data, and n.m.r. parameters are given 

in Tables I-III. 

Ofher N-(1 -deoxy-D-hexitul-1-yf) derivatives of L-vaEine, L-alanine, kleucine, 
and L-threonine, - The compounds (see Table I) were prepared from L-valine, L- 

alanine, I,-leucine, and L-threonine with n-[IJ-‘4C,]glucose or II-[l-‘4C]mannose, 

under the conditions described for the preparation of 2. The appropriate 3H-amino 
acid was added before silica gel column chromatography, in which the following 

solvents were used: for (1-deoxyhexitol-1-yl)valines and (l-deoxyhexitol-l- 

yl)leucines, A and B; and for (1-deoxyhexitol-1-yl)alanines and (l-deoxyhexitol-l- 

yljthreonines, C and D. All compounds were crystallized from 4: 1 ethanol-water, 

and were obtained in yields of 52-58% + Their properties are listed in Tables I-III. 

G.l.c.-m.s. of per(trimethylsilyl)derivatives of N-(l-deoxy-D-mannitod-l-yl)- 
L-alanine. - Treatment of N-(I-deoxy-D-mannitol-l-yl)-L-alanine with trimethyl- 

silylimidazole gave 15, T2.63; c.i.m.s.: m/z 686.5 (MH+; talc. for CT7H68N07Si6, 

686.4); e.i.m.s. (Fig. 3): m/z 568 (M - COzSiMej), 478 (568 - Me&OH), 217 
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[(Me$iO=CH-CH=CHOSiMe3)+], 147 [(Me$iO=SiMe2)+], 174 [(CH;?=NH- 

CHMe-C02SiMe3)+], 103 [(CH2=SiMe3)+], and 73 [(Me&)+]. 

Treatment of IV-( 1-deoxy-D-mannitol-I-yl)-L-alanine with N, O-bis(trimethyl- 

silyl)trifluoroacetamide gave 15, together with 16 (T 3.62) in a ratio of 1.5:1. 

C.i.m.s. of 16: m/z 758.8 (MH+; talc. for C30H7$J07Si7, 758.4); e.i.m.s. of 16: m/z 

(relative intensities) 640-247, no ions, 246(100) [(CH2=N(SiMe3)-CHMe- 

C02SiMe3)+], 147(18) [(Me3SiO=SiMe2)+], and 73(38) [(TMS)+]. 

Some of the assignments just given were based upon previous interpretations 

of mass spectra of trimethylsilyl derivatives of alditolsz4 and amino acids25. 

N”-Cbz-NE-(1 -Deoxy-D-mannitol-1 -yi)-L-lysine (12). - An aqueous solution 

(1.5 mL) of N”-Cbz-L-lysine (10; 140 mg, 0.5 mmol) and sodium cyanoborohydride 

(38 mg, 0.8 mmol) was adjusted to pH 7.0 with 0.1~ hydrochloric acid, and mixed 

with an aqueous solution (0.25 mL) of D-mannose (90 mg, 0.5 mmol) and D-[l- 

“C]mannose (90 kBq). The solution was kept at l(H)” for 4 h, when no D-mannose 

was detectable by calorimetry. T.1.c. of the reaction mixture (solvent F): RGlc 0.12- 

0.71 (KMn04 spray; by-products), RGlc 0.98 (KMn04 spray; mannitol), RGlc 2.0 

(KMn04 spray; 12), and RGlc 2.9 (ninhydrin spray; 10). The mixture was applied 
to a column of silica gel; 10 (ninhydrin-positive) and 12 (radioactive) were eluted 

with solvents A and C, respectively. The solution of 12 was evaporated to dryness. 

The residue was dissolved in water and lyophilized to give a powder (92 mg, 41%) 

containing 12 (RGlc 2.0) and a small proportion of mannitol (Ro,= 0.98); ‘H-n.m.r.: 

6 1.12-l .35 (m, 2 H, 2 H-y), 1.38-1.70 (m’s, 4 H, 2 H-B, 2 H-S), -2.91 (t, partial 
overlap with 2.98 signal, 2 H, .Js,+ -8 Hz, 2 H-E), 2.98,3.25 (AB of ABX, 8 lines, 

2 H, JIA,,n 13.0, JIA,* 3.2, J18,2 9.9 Hz, H-lB, H-lA), 3.44-3.83 (m’s, 6.5 H, H-a, 

-3, -4, -5, and 2 H-6, remainder due to H’s of mannitol), 3.83 (X of ABX, ddd, 1 

H,.Iz,3 8.6 Hz, H-2), 4.94, 5.00 (ABq, 2 H, J 12.5 Hz, PhCH,), and 7.27 (s, 5 H, 

Ph). 

N”-Roe-NE-(I-Deoxy-D-mannitof-1-yl)-L-iysine (13). - An aqueous solution 

(1.5 mL) of N”-Boc-L-lysine (11; 123 mg, 0.5 mmol) and sodium cyanoborohydride 

(38 mg, 0.6 mmol) was adjusted to pH 7.0 with 0.1~ hydrochloric acid, and mixed 

with an aqueous solution (0.25 mL) of D-mannose (90 mg, 0.5 mmol) and D-[l- 

“C]mannose (20 kBq). The solution was maintained for 72 h at 37”, after which it 

contained 12 pmol of D-mannose. T.1.c. (solvent F) RGlc 0.13-0.75 (by-products), 

RGlc 0.98 (mannitol), RGlc 2.0 (13), and RGlc 2.8 (11). Compound 13, contaminated 

with mannitol, was obtained as a powder (96 mg, 47%) by silica gel chromatog- 
raphy as described for the purification of 12: ‘H-n.m.r.: S 1.34-1.50 (m, overlaps 

1.42 signal, 2 H, 2 H-y), 1.42 (s, 9 H, Bu’), 1.56-1.85 (m’s, 4 H, 2 H-/I, 2 H-S), 

-3.11 (t, overlaps 3.12 signal, 2 H, Is,_ -8 Hz, 2 H-E), 3.12, 3.43 (AB of ABX, 8 

lines, 2 H, J,,,,, 13.2, J,,,, 3.2, JIB,L 9.3 Hz, H-lB, -lA), 3.663.92 (m’s, 6.6 H, 
H-a, -3, -4, -5, and 2 H-6, remainder due to H’s of mannitol), and 3.99 (X of ABX, 
ddd, 1 H, & 8.2 Hz, H-2). 

N”-Cbz-NE-(I-Deoxy-D-glucitol-I-yl)-L-lysine (7). - This compound was 

prepared by the method described for the preparation of 12, except that D-glucose 



48 D. J. WALTON, E. R. ISON, W. A. SZAREK 

and D-[U-“C]ghKose replaced D-mannose and D-[l-‘4C]mannose. The product (95 

mg, 43%) contained 7 (R,,, 2.0) and a small proportion of D-glucitol (RGlc 0.88, 

solvent F); ‘H-n.m.r.: 6 1.12-l .30 (m, 2 H, 2 H-y), 1.37-1.70 (m’s, 4 H, 2 H-P, 2 

H-6)) -2.88 (t, partial overlap with 2.96 signal, 2 H, ./s,~ -8 Hz, 2 H-E), 2.96, 3.05 

(AB of ABX, 8 lines, 2 H, J,*,,a 13.1, J,/,* 3.7, J,B,2 9.0 Hz, H-lB, -lA), 3.41- 

3.85 (m’s 6.8 H, H-Q, -3, -4, -5, and 2 H-6, remainder due to H’s of D-glucitol), 3.93 

(X of ABX, ddd, 1 II, .& 5.2 Hz, H-2), 4.92,4.98 (ABq, 2 H, J 12.5 Hz, PhCIZ,), 

and 7.26 (s, 5 H, Ph). 

N*-Boc-N”-(I-Deoxy-D-glucitol-l-ylj-I.-Zysine (8). - The conditions of the 

reaction were similar to those used for the synthesis of 13, but D-mannose and D-[ I- 

“C]mannose we e ep r r laced by D-glucose and D-[U-‘“C]ghcose. After treatment 

for 72 h at 37”, 0.1 mmol of D-glucose had not reacted. The treatment was therefore 

continued for another 60 h, when no D-glucose remained. The final product was a 

powder (93 mg, 45%) that contained 8 (KG,, 2.0) and a small proportion of D- 

glucitol (RGlc 0.88, solvent F); ‘H-n.m.r.: 6 1.34-1.50 (m, overlaps 1.42 signal, 2 H, 

2 H-y), 1.42 (s, 9 H, Bu’), 1.5G1.85 (m’s, 4 H, 2 H-P, 2 H-S), -3.11 (t, partial 

overlap with 3.16 signal, 2 H, Js,E -8 Hz, 2 H-E), 3.16, 3.25 (AB of ABX, 8 lines, 

2 H, J,A,,B 13.0, J,A,z 3.5, Jm,2 9.5 Hz, H-lB, -lA), 3.58-3.93 (m’s, 6.5 H, H-a, 

-3, -4, -5, and 2 H-6, remainder due to H’s of D-glucitol, and 4.09 (X of ABX, ddd, 

1 H, & 5.1 Hz, H-2). 

N’-(2-Deoxv-D-mannifol-I-yl)-I,-lysine (14). - (a) From 12. A solution of 12 

(60 mg, 0.135 mmol) in 7:14:29 (v/v) formic acid-methanol-water (4 mL) was agi- 

tated with palladium-coated poly(ethylenimine) beads” (Pierce Chemical Co.) for 

2 h in an atmosphere of nitrogen, the mixture was filtered, and the filtrate concen- 

trated to dryness. T.1.c. and g.1.c. of the residue (41 mg) showed that it contained 

14, contaminated with a small proportion of mannitol. Crude 14 was dissolved in 

5mM hydrochloric acid and applied to a column of Dowex 50W (H+) cation-ex- 

change resin. Mannitol and 14 were eluted from the resin with 5mM hydrochloric 

acid and 0.7M ammonia, respectively. Pure 14 (36 mg, 81%) was obtained by re- 

moval of ammonia, addition of water, and lyophilization. The properties are 
shown in Tables I-III. For conversion into the hydrochloride, a solution of 14 (20 

mg) in 2M hydrochloric acid (1 mL) was lyophilized. The ‘H-n.m.r. spectral 

parameters are shown in Tables II and III. 

(b) From 13. Compound 13 (70 mg, 0.170 mmol) was dissolved in 2M hydro- 

chloric acid (1 mL), and the solution kept for 15 min. Water (5 mL) was added, and 
the solution lyophilized to afford a glass (51 mg) that contained the hydrochloride 
of 14 and mannitol. Pure 14 (44 mg, 83%) was obtained by chromatography on a 

column of Dowex 50W (H’~) cation-exchange resin, as described under (a). The 

properties of the sample were identical to those of the sample prepared from 12. 

N”-(l-Deoxv-D-glucitof-l-y6)-L-~yysine (9). -The protecting groups of 7 and 8 
were removed by the methods described for the preparation of 14, to give pure 9, 
a powder, in yields of 80 and 83%, respectively. The properties of 9 are shown in 
Tables I-III. 
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