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of 40% peracetic acid/acetic acid (25 mL) was added over 30 min. 
Upon completion of the addition, the solution was warmed to 0 
OC over 30 min and then cooled to -10 'C, whereupon 25 mL of 
saturated aqueous NaHS08 was added dropwise over 30 min. 
Upon warming to room temperature, equal volumeg of water and 
diethyl ether were added. The organic layer was separated, dried 
over MgSO,, and evaporated to provide a yellow liquid, which 
was dissolved in boiling CCl, and allowed to cool to room tem- 
perature to produce 3 as a white solid (6.0 g, 91%): mp 124-126 
OC; 'H NMR (300 MHz, CDCla, ppm) 6.68 (8, 2 H), 5.38 (br 8, 
2 H), 3.86 (8, 3 H); '8c NMR (75.5 MHz, CDC18, ppm) 149.47, 
138.52,116.89,111.76,61.26. Anal. Calcd for C,H,O,Br (219.04): 
C, 38.39; H, 3.22; Br, 36.48. Found: C, 38.34; H, 3.27; Br, 36.66. 
2-Methoxybenzene-lf-diol (4). To a solution of 3 (5 g, 23 

mmol) in ethyl acetate (30 mL) was added 5% Pd/C (500 mg), 
and this suspension was hydrogenated 011 a Pear shaker to produce 
4 quantitatively (3.2 g) as a white solid after filtration of the 
suspension and evaporation of the filtrate: mp 85-87 "C (lit.' mp 
84.5-85 OC); lH NMFt (300 MHz, CDCla, ppm) 6.88 (t, 1 H, J = 
8.3 Hz), 6.51 (d, 2 H, J = 8.2 Hz), 5.31 (br s,2 H), 3.88 (s,3 H); 
l9C NMR (75.5 MHz, CDC18, ppm) 148.97,134.63,124.80,108.19, 
61.17. Anal. Calcd for C1Hs08 (140.14): C, 60.00; H, 5.75. Found 
C, 59.76; H, 5.72. 
3,5-Dibromo-2-methoxyphenol(6). The procedure described 

above was followed with the exception that 20 mL (32 mmol) of 
1.6 M n-butyllithium and 3.2 g (32 "01) of trimethyl borate were 
ueed. The product was obtained as a yellow oil, which was distilled 
(bp 120 "C (0.24 Torr)) to give 7.4 g (87%) of 6 as a colorless oil 
which solidified upon standing: mp 6748 O C ;  'H NMFt (300 MHz, 
CDCl,, ppm) 7.22 (d, 1 H, J = 2.3 Hz), 7.08 (d, 1 H, J = 2.3 Hz), 
5.75 (br 8, 1 H), 3.90 (s,3 H); '8c NMR (75.5 MHz, CDCla, ppm) 
150.49,143.91,126.94,118.43,117.61,116.33,61.20. Anal. Calcd 
for C7H&r202 (281.93): C, 29.82; H, 2.14; Br, 56.68. Found: C, 
29.89; H, 2.18; Br, 56.93. 
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The availability of bifunctional water-soluble compounds 
with flexible dimensions is important for the conjugation 
of small molecules to proteins or molecular  probe^.^^' 
These bifunctional molecules can be used in antibody 
production, drug delivery, protein immobilization, and for 
the study of enzymea and  receptor^.^ Polyethylene glycol 
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Scheme I 
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(PEG) derivatives are ideal for these purposes because they 
are inexpensive, water soluble, and available in a variety 
of lengths. However, currently available symmetrical PEG 
derivatives such as diol 1 and diamine 2 are difficult to 
functionalize selectively? 

H O * O ( L 0 4 0 ~ O H  H 2 N 4 o ' L O * o + N H 2  

In this paper we describe the synthesis of a heterobi- 
functional PEG derivative 3, which contains a free amine 

1 2 

m 0 / \ / 0 ~ 0 - N 3  

3 

that can be conjugated to biological molecules directly by 
an amide linkage (or via the corresponding isothiocyanate) 
and an azide that can be reduced to an amine for conju- 
gation to other molecules. The azide reduction can be 
accomplished by mild, biocompatible reagents such as 
1,3-pr0panedithiol,~~J~ The byproducts of the reduction 
can be easily removed from the reaction by dialysis or 
lyophilization and in many cases their presence does not 
interfere with biological assays. Compound 3 can also be 
reacted with small organic soluble molecules for the syn- 
thesis of heterobifunctional compounds. We have used 
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with linker 3 gave mannoselinker conjugate 14. Reduction 
of the azide using 1,8propanedithiol followed by deben- 
zylation using sodium in liquid ammonia (Na, liquid NHd 
and reaction with fluorescein isothiocyanate (FITC) gave 
conjugate 4 (Scheme IV). We have used compound 4 to 
study mannose-specific lectins on bacterial cell surfaces.& 

In summary, we have synthesized a convenient azido 
amine linker 3 and demonstrated ita use in the synthesis 
of a carbohydrate-fluorescein conjugate for studying car- 
bohydrate-binding proteins. The linker is easily prepared 
from tetraethylene glycol, and the synthesis can be applied 
to other PEG derivatives of various lengths. We feel that 
compound 3 and ita derivatives will find use in the con- 
jugation of biomolecdes to proteins, drugs, or other probes. 

Experimental Section 
General Procedures. Unleas otherwise noted, materials were 

obtained from commercial suppliers and were used without further 
purification. Dichloromethane (CH&12) and triethylamine 
were distilled from calcium hydride, tetrahydrofuran (THF) and 
dimethoxyethane (DME) were distilled from potassium/benu>- 
phenone ketyl, methanol was distilled from magnesium/iodine, 
and methanesulfonyl chloride was distilled from P20p The in- 
ternal standard for 'H and lac spectra determined in D20 was 
3-(trimethyhily1)propionic-2,2,3,3-d4 acid, sodium salt. Mass 
spectral data are tabulated as m/e (intensity e x p d  as percent 
of the base peak). Elemental analyses for all compounds char- 
acterized by high-resolution mass spectrometry were not available 
due to the viscosity of the compounds. 

1-[ (brt -Butyldimethyleilyl)oxy]- 1 l-hydroxy-3,6,9-triox- 
aundecane (6). A solution of 200 g (1.04 mol) of tetraethylene 
glycol in 400 mL of dry THF was cooled to 0 OC under a nitrogen 
atmosphere, after which sodium hydride (80% dispersion in 
mineral oil, 9.4 g, 0.39 mol) was added. A solution of tert-bu- 
tyldimethyhilyl chloride (60.8 g, 0.39 mol) in 250 mL of dry THF 
was then added via syringe over a 2-h period, and the mixture 
was stirred at room temperature for 30 min before removal of the 
THF in vacuo. The remaining residue was dissolved in cycle 
hexane and washed twice with water (50 mL). The cyclohexane 
layer was dried and concentrated in vacuo to afford 195 g of a 
slightly yellow oil, which was shown by lH NMR to be a 4 1  
mixture of mono- and disilylated tetraethylene glycols, respec- 
tively. A portion of the crude mixture was loaded onto a l -L bed 
of silica gel and eluted with a gradient of 1:0 to 1:1 cyclo- 
hexane/ethyl acetate. Removal of solvents in vacuo gave 25.0 
g of monosilylated glycol 6. An analytical sample was purified 
by distillation using a Kugelrohr apparatus: bp 198-200 OC (0.10 
Torr); JR (thin film) 3463,2931,2857,1644,1473,1362,1255,1107, 
940,834, 778 cm-'; 'H NMR (400 MHz, CDC1,) 6 0.04 (s ,6  H), 
0.87 (s ,9  H), 2.64 (t, 1 H, J = 6.06), 3.53 (t, 2 H, J = 5.51), 3.58 
(m, 2 H), 3.64 (m, 8 H), 3.70 (m, 2 H), 3.74 (t, 2 H, J = 5.26); 'Q 

72.48,72.64; mass spectrum (GC-MS) 251.10 (M-57 (C,HB), 10) 
89.05 (100). Anal. Calcd for Cl4Ha2O5Si: C, 54.51; H, 10.46. 
Found C, 53.49; H, 10.66. 

1-[ (brt-Butyldimethylsilyl)oxy]-l1-[ (methanesulfony1)- 
o.y]-3,6,9-trioxaunde~cane (8). A solution of 20.5 g (66.7 "01) 
of 6 in 400 mL of dry EhN was cooled to 0 "C under a nitrogen 

NMR (CDCls) 6-5.32,18.33,25.89,61.72,62.68,70.34,70.61,70.67, 
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compound 3 in the synthesis of a mannose-fluorescein 
conjugate, compound 4, for the study of cell-surface 
mannose-specific 1ectins.k 

Compound 3 was prepared from commercially available 
tetraethylene glycol 1 by two methods (Scheme I). The 
first method involves mesylation (MsC1, Et3N) of 1 fol- 
lowed by reaction with sodium azide in ethanol to directly 
give azido alcohol 5 and the corresponding diazide, which 
are easily separated by silica gel chromatography. Alter- 
natively, compound 1 can be monosilylated by using so- 
dium hydride and tert-butyldimethylsilyl chloride 
(TBDMSC1) in THF to give a 4:l mixture of mono- to 
disilylated products 6 and 7, which are also separable by 
chromatography.'* Mesylation of compound 6 followed 
by treatment with sodium azide in ethanol and depro- 
tection with tetra-n-butylammonium fluoride (n-Bu4NF') 
gives compound 5. The monosilylated alcohol 6 can serve 
as a precursor to linkers with functional groups other than 
amines and azides.13 

Compound 5 was mesylated and subjected to a Gabriel 
amine synthesis to give azido amine 3 (Scheme 11). We 
have synthesized approximately 7 g of compound 3 from 
1 using these procedures. 

The synthesis of the mannose-fluorescein conjugate 4 
begins with the construction of the C-glycoside of mannose 
12 aa previously described." Compound 12 was ozonized 
and reduced with zinclacetic acid to give aldehyde 13 
(Scheme III).*6J6 Reductive amination of compound 13 

(12) The uw of d u m  hydride producm the monoeodium salt which 
seems to precipitate from the reaction mixture. Upon addition of 
TBDMSCl, mononilylation occurs by reaction of the sodium salt prefer- 
entially over the free alcohol. 

(13) Barto&, C. R.; Bednanki, M. D. Unpublished results. 
(14) Compound 12 wea synthesized from methyl (2,3,4,Btetra-O- 

b n z y l ) - a - ~ m e n n o ~ d e  according to the procedure of Hoeomi, A.; 
Seketa, Y.; Sakwai, H. Carbohydr. Rea. 1987,171,223. 

(15) The stereochemistry of compound 12 was confiied by 2D NOE 
studies performed on aldehyde 13. A NOE was observed between the 
axial proton on C-4 of the pyranose ring and a methylene proton adjacent 
to the aldehyde on the carbon-linked side chain: 

Ro%H zH: 
1 3  

(16) Compound 13 hae been synthesized previously using a similar 
method: Panek, J. S.; Sparks, M. A. J.  Org. Chem. 1989,54,2034. 
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atmosphere. Methaneaulfonyl chloride (15.3 g, 0.133 mol) was 
added via syringe over a 30-min period, and the solution was 
warmed to room temperature. After stirring for 3 h, the solution 
was concentrated in vacuo. The multing mixture waa dissolved 
in CH2C12 and washed twice with water (50 mL). The organic 
layer was dried and concentrated in vacuo to afford a brown 
residue, which was diluted with cyclohexane and filtered. The 
fiitrate was concentrated in vacuo to afford a brown oil, which 
was used without further purificetion: 'H NMR (400MHz, CDCV 
6 0.04 (s,6 H), 0.86 (a, 9 H), 3.05 (s, 3 H), 3.52 (t, 2 H, J 5.5), 
3.W3.65 (m, 8 H), 3.72-3.75 (m, 4 H), 4.34-4.36 (m, 2 H); '4.3 
NMR (CDCld 6-5.32,18.30,26.87,37.67,6266,68.97,69.23,70.49, 
70.61, 70.68, 72.64. 

decrrne (9). A solution of 25.8 g (66.7 "01) of crude mesylate 
8 and 8.67 g (0.133 mol) of sodium azide in 400 mL of 95% ethanol 
was heated at reflux for 8 h. After cooling to room temperature, 
the ethanol was removed in vacuo, and the remaining mixture 
was diluted with 300 mL of cyclohexane. The solution was washed 
twice with water (50 mL), dried, and concentrated in vacuo to 
give the crude product, which was purified by silica gel chro- 
matography eluting with a gradient of 2031 to 161 cyclohexane/ 
ethyl acetate to afford 17.0 g (73% based on 6) of a colorless oil: 
mp 210 OC dec; IR (thin film) 2861,2104,1472,1464,1361,1360, 
1291, 1252,1111,938,834,777,661 cm-'; 'H NMR (400 MHz, 
CDCld 6 0.04 (s, 6 H), 0.87 (s ,9  H), 3.37 (t, 2 H, J = 5.2), 3.54 
(t, 2 H, J = 5.51, 3.64-3.67 (m, 10 H), 3.74 (t, 2 H, J = 5.3); '8c 

248.2 (88). Anal. Calcd for Cl4HS1O4NsSi: C, 51.04, H, 8.26; N, 
12.75. Found C, 51.56, H, 9 . M  N, 12.16. 

A solution of 50.0 g (0.260 mol) of tetraethylene glycol, 50 mL 
of dry E$N, and 200 mL of dry ether was cooled to 0 OC under 
a nitrogen atmosphere. Methaneaulfonyl chloride (15.0 g, 0.130 
mol) was added over a 3-h period, after which the solution was 
allowed to warm slowly to room temperature. The reaction 
contmta were Ooncentratd in vacuo, and 300 mL of 95% ethanol 
and 18.0 (0.280 mol) of eodium azide were added. The mixture 
was heated at reflux for 24 h, cooled to room temperature, and 
concentrated in vacuo. The remaining mixture was diluted with 
400 mL of ether, washed twice with brine (100 mL), and dried. 
Concentration in vacuo afforded the crude product, which was 
purified by silica gel chromatography eluting with a gradient of 
1:l to 3 1  ethyl acetate/hexanes to afford approximately 25 g 
(44%) of a viscous oil. 

Method B. To a solution of 16.0 g (43.0 "01) of 9 in 250 mL 
of THF waa added 51.0 mL of a 1.0 M solution of tetra-n-bu- 
tylammonium fluoride in THF (51.0 "01). After 2 h the reaction 
WBB concentsated in vacuo to afford a brown viscous oil. The crude 
product was purified by silica gel chromatography, eluting with 
a gradient of 1:l to 3:l ethyl cscetate/hexanes to afford 76.5 g (80%) 
of a v i ~ ~ ~ u s  oiL An analytical sample cau be obtained from the 
crude material from either method A or B by distillation using 
a Kugelrobr apparatw bp 120-124 OC (0.10 Torr); IR (thin film) 
3444,2872,2106,1647,1453,1348,1301,1124,936,887,851 an-'; 
'H NMR (500 MHz, CDClJ 6 2.54 (br t, 1 H, J = 5.91, 3.37 (t, 
2 H, J = 5.2),3.58-3.60 (m, 2 H), 3.64-3.67 (m, 10 H), 3.69-3.72 
(m, 2 H); W NMR (CDCV 6 50.60,61.66,69.98,70.27,70.52,70.59, 
70.63, 72.43; maee spectrum (GC-MS) 191.2 (M - 28 (Nz), 3.71, 
89.1 (100). Anal. Cald for C&&N$ C, 43.83, H, 7.82; N, 19.17. 
Found C, 43.66; H, 8.17; N, 19.11. 

1-Azido-1 1-[ (methanerulfonyl)oxy]-3,6,9-t~o~undeca 
(10). A solution of 11.7 g (53.5 "01) of compound 5 and 12 mL 
of dry E$N in 350 mL of dry CH2C12 was cooled to 0 OC under 
a nitrogen atmosphere. Methanesulfonyl chloride (7.35 g, 64.5 
"01) was added dropwise via syringe over a 20" period, and 
the solution was warmed to room temperature and stirred for 1.5 
h. The mixture was then washed twice with saturated aqueous 
NaHCOS (100 mL) and three times with water (50 mL). The 
organic layer was dried and concentrated in vacuo to afford a 
brown oil, which was used in the next step without further pu- 
rification: 'H NMR (400 MHz, CDClJ 6 3.04 (8, 3 H), 3.36 (t, 
2 H, J = 5.2),3.62-3.65 (m, 10 H), 3.73-3.75 (m, 2 H), 4.33-4.36 
(m, 2 €0; 'Bc NMR (CDCld 6 37.57,50.57,68.90,69.23,69.94,70.50, 
70.55, 70.58. 

1 - A d d e l  l - [ ( t e r t - b ~ t y l d i m e t h y l s i l y l ) ~ ~ ] - S , ~ ~ t ~ ~ ~ ~ -  

NMR (CDC~S) 6 -5.3i,ia33, ~.m,50.a, 6267, m.w,70.63, 70.70, 
72.62; IUW spectrum (GC-MS) 305.2 (M - 28 (NZ), M), 73.1 (loo), 

1 - A d d e l  l-bydro.y-S,6,9-t140~amd~me (5). Method A. 

Notes 

l-Azido-ll-phthalimido-8,6,9-trio.aundecane (1 1). A so- 
lution of 13.2 (44.0 "01) of meaylate 10 and 10.5 g (57.0 mmol) 
of potassium phthalimide in 400 mL of dry DME was heated at 
reflux for 30 min under a nitrogen atmosphere. After cooling to 
room temperature and concentration in vacuo, the resulting 
residue was diluted with benzene and the solids were fdtered. 
Concentration of the filtrate in vacuo followed by purification 
of the crude product by silica gel chromatography (41  cyclo- 
hexane/ethyl acetate) afforded 11.4 g (75%) of phthalimide 11: 
mp 200 OC dec; IR (thin film) 2871,2105,1774,1710,1616,1467, 
1429,1394,1352,1305,1189,1119,1026,920,874,794,720 an-'; 
'H NMR (400 MHz, CDCls) 6 3.33 (t, 2 H, J = 5.2), 3.55-3.63 (m, 
10 H), 3.71 (t, 2 H, J = 5.8), 3.86 (t, 2 H, J = 5.9),7.67-7.69 (m, 
2 H), 7.80-7.82 (m, 2 H); 'SC NMR (CDCld 6 37.18,50.57,67.82, 
69.90, 70.02, 70.53, 70.58, 123.12, 132.04, 133.84, 168.15; mass 

for CldHZO05N4: C, 55.17; H, 5.79; N, 16.08. Found C, 55.55; 
H, 5.73; N, 15.99. 

1-Amino-1 l-azido-3,6,9-trioxaundecane (3). A solution of 
11.3 g (32.5 "01) of phthalimide 11 and 3.7 mL of 55% hydrazine 
hydrate in 150 mL of absolute methanol was heated at reflux for 
2 h, during which time a white precipitate formed. The mixture 
was cooled to room temperature and concentrated in vacuo, after 
which the crude residue was diluted with 150 mL of water and 
25 mL of concentrated HCl and heated at  reflux for 1 h. The 
resulting suspension was cooled to 0 OC and the solids were filtered. 
The aqueous filtrate was neutralized with 1 M NaOH and then 
concentrated in vacuo. The residue was diluted with CHtC12, 
washed with 4 M NaOH, and dried over N@O1. Concentration 
in vacuo afforded 6.8 g (96%) of a colorless oil. Attempta to obtain 
an analytical sample by distillation using a Kugelrohr apparatus 
were accompanied by partial decomposition: bp 198-202 'C (0.10 
Torr); IR (thin film) 3377,2865,2106,1594,1456,1346,1301,1121, 
1034,992,938,854 cm-'; 'H NMR (400 MHz, CDCld 6 1.31 (br 
8, 2 H), 2.78 (t, 2 H, J = 5.2), 3.31 (t, 2 H, J = 5.3), 3.43 (t, 2 H, 
J = 5.2), 3.54-3.61 (m, 10 H); NMR (CDCl,) 6 41.63, 50.48, 
69.86, 70.10, 70.45, 70.47, 70.52, 73.33; high-resolution mass 
spectrum (FAB+) calcd for C8Hl&140s (MH)+ 219.1457, found 
219.1453. 

2-( 2,3,4,6-Tetra- 0 -benzyl-a-D-mannopyranoey1)acet- 
aldehyde (13). A solution of 19.0 g (34.4 mmol) of compound 
12" in 500 mL of dry CHZCl2 was cooled to -78 OC under a 
nitrogen atmosphere. Ozone was bubbled through the solution 
until saturated, after which the solution was purged with nitrogen 
to remove the excess ozone. Zinc dust (22.5 g, 340 "01) and 
8.25 mL of glacial acetic acid were then added, and the reaction 
was warmed to room temperature and stirred for 1 h. The SUB- 
pension was filtered, and the fdtrate was concentrated in vacuo. 
The crude product was purified by silica gel chromatography 
eluting with a gradient of 151  to 5 1  cyclohezane/ethyl acetate 
to afford 11.6 g (61%) of a thick colorless syrup: IR (thin Film) 
3435,3087,3063,3029,2923,2867,2730,1954,1877,1810,1726, 
1605,1585,1496,1454,1365,1207,1102,1028,738,697 cm-I; 'H 
NMR (400 MHz, CDClJ 6 2.59 (ddd, 1 H, J = 2.5,8.0,16.3), 2.68 
(ddd, 1 H, J = 2.1,5.1,16.3), 3.60 (ad, 1 H, J = 2.2,7.8), 3.71 (dd, 
1 H, J = 5.6, 10.2), 3.78 (m, 2 H), 3.83 (dd, 1 H, J = 6.7, 10.2), 
3.98 (m, 1 H), 4.42-4.55 (m, 9 H), 7.19-7.35 (m, 20 H), 9.71 (t, 
1 H, J = 2.3); 'SC NMR (CDCls) 6 45.55,66.17,68.18,71.33,72.45, 
7251,73.23,74.01,74.22,74.46,75.71,127.60,127.69,127.81,127.85, 
127.87,12$.08,1~34,128.39,128.42,137.66,137.86,137.94,138.21, 
200.55; high-resolution mass spectrum (FAB+) calcd for CBb- 
H s O a a  (M + Na)+ 589.2566, found 589.2573. 

1-Azido- 11-[ [ 2-( 2,3,4,6-tetra- 0 -benzyl-a-D-manno- 
pranoayl)ethyl]amino]-3,6,9-triourundeca (14). A solution 
of amine linker 3 (3.00 g, 13.7 mmol) in 50 mL of absolute 
methanol was adjusted to pH 7 with methanolic HCl. This 
solution was then added to a solution of 5.00 g (8.80 mmol) of 
aldehyde 13 in 200 mL of absolute methanol and stirred for 10 
min. Sodium cyanoborohydride (0.38 g, 6.00 mmol) was added, 
and the solution was stirred at  room temperature for 24 h. The 
solution was adjusted to pH 10 with 4 M NaOH and then con- 
centrated in vacuo. The resulting residue was diluted with 200 
mL of water and extracted with one 150-mL portion and then 
two 50-mL portions of CHzClp The organic extracta were dried 
and concentrated in vacuo to give the crude product which was 
purified by silica gel chromatography, eluting with ethyl acetate 

spectrum (EI) 320 (M - 28 (Nd, 2.95),174 (100). Anal. Calcd 
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(1% EbN) to afford 2.74 g (41%) of a colorlees syrup: IR (thin 
film) 3330,3088,3062,3029,2867,2102,1955,1884,1810,1454, 
1362,1302,1103,737,699 cm-'; 'H NMR (400 MHz, CDCla) 6 
1.58-1.85 (m, 3 H), 2.60-2.75 (m, 4 H), 3.35 (t, 2 H, J = 5.2h3.54 
(t, 2 H, J = 5.3h3.58-3.61 (m, 3 H), 3.63-3.66 (m, 8 H), 3.70 (dd, 
1 H, J = 2.9,9.8), 3.75-3.81 (m, 3 H), 3.84 (dd, 1 H, J = 6.6, 13.41, 
4.07 (d app t, 1 H, J = 4.2,8.9), 4.50-4.64 (m, 7 H), 4.71 (d, 1 H, 
J = 11.41, 7.18-7.20 (m, 2 HI, 7.25-7.37 (m, 18 H); '9c NMR 
(CDCld 6 30.00,46.61,49.20,50.56,69.16,69.93,70.25,70.53,70.60, 
71.41,71.60,72.01,73.18,73.35,73.72,74.87,75.99,127.37,127.50, 
127.53,127.59,127.74,127.79,127.87,128.19,128.22,128.25,128.26, 
138.12, 138.20, 138.24, 138.33; high-resolution mass spectrum 
(FAB+) calcd for CllH5708NI (MH)+ 769.4176, found 769.4169. 
1-Amino- 11-[ [ 2-( 2,3,4,6-tetra-O -benzyl-a-D-manno- 

pyranoryl)ethyl]amino]-3,6,9-trioxaundecane (15). To a 
solution of 5.99 g (7.79 "01) of compound 14 in 50 mL of abeolute 
methanol were added 5.41 mL (38.9 "01) of dry EbN and 4.22 
g (38.9 "01) of 1,3-propanedithiol under a nitmgen atmosphere. 
The solution was stirred at rmm temperature for 48 h and then 
concentrated in vacuo. The crude residue was purified by silica 
gel chromatography eluting with &1 chloroform/methanol(O.5% 
EbN) to give 5.15 g (89%) of a colorlees oil: IR (thin film) 3316, 
3062,3029,2916,2867,1954,1880,1812,1465,1363,1101,738, 
699 cm-'; 'H NMR (400 MHz, CDClJ 6 1.58-1.68 (m, 1 H), 
1.73-1.84 (m, 1 H), 2.05 (br s, 3 H), 2.60-2.73 (m, 4 H), 2.82 (t, 
2 H, J = 5.3), 3.48 (t, 2 H, J = 5.3), 3.52 (t, 2 H, J = 5.2), 3.55-3.57 
(m, 3 H), 3.59-3.63 (m, 6 HI, 3.67 (dd, 1 H, J = 2.6,9.7), 3.74-3.84 
(m, 4 H), 4.05 (d app t, 1 H, J = 4.2,8.9), 4.48-4.62 (m, 7 H), 4.69 
(d, 1 H, J = 11.31, 7.16-7.19 (m, 2 H), 7.24-7.35 (m, 18 H); 'Bc 
NMR (CDClJ 6 29.94,41.61,46.65,49.24,69.19,70.25,70.44,70.49, 
71.53,71.60,72.13, 73.03,73.25,73.43,73.71,74.95,76.12,77.23, 
127.45,127.57,127.60,127.64,127.67,127.80,127.84,12794,128.26, 
128.29,128.31,128.33,138.19,138.25,138.29,138.37; high-reso- 
lution mass spectrum (FAB+) calcd for C4HIOBN2 (MH)+ 
743.4271, found 743.4270. 

1 -Amino- 1 1- [ [ 24 a-mna"anpyranosy1 )ethyl]amino]-3,6,9- 
trioxaundecane (16). To a solution of 3.20 g (4.31 mmol) of 
compound 16 in 30 mL of dry DME at -42 OC were added 75 mL 
of liquid ammonia under an atmosphere of ammonia. Sodium 
metal was added to the solution until a dark blue color persisted. 
The solution was stirred for 30 min, and the excess sodium was 
decompmed with a saturated solution of NH,Cl in methanoL The 
ammonia was allowed to evaporate at  room temperature, and the 
solution was concentrated in vacuo. The crude residue was 
dissolved in waterlmethanol and applied to a 100-mL column 
of Bio-Rad AG50W-X4 H+ resin. The column was eluted first 
with water/methanol and then with 1 M W O H  (10% methanol). 
The fractions containing the product (detected with ninhydrin) 
were combined and concentrated in vacuo to afford 1.55 g (94%) 
of a slightly brown oil, which was used in the next step without 
further purification: IR (Nujol) 3698-2537 (br), 1586,1154,1026, 
722 cm-'; 'H NMR (400 MHz, D&) 6 1.66-1.77 (m, 1 H), 1.97-2.10 
(m, 1 H), 2.68-2.89 (m, 6 H), 3.52-3.78 (m, 16 H), 3.80-3.89 (m, 
2 H), 3.95-4.01 (m, 1 H); '% NMR (D20) 6 26.55, 39.33, 45.07, 
47.23,60.91,67.09,68.71,69.09,69.13,69.36,70.45,71.14,73.54, 
76.30, high-resolution maas spectrum (FAB') calcd for CleH,0& 
(MH)+ 383.2393, found 383.2398. 
Mannose-Fluoretecein Conjugate (4). Fluorescein isothio- 

cyanate (FITC) (13 mg, 0.03 mmol) was added to a solution of 
compound 16 (13 mg, 0.03 mmol) in 20 mL of 100 mM NaHCOa 
buffer (pH 9). The solution was stirred for 6 h and neutralized 
with 1 M HCl. The crude reaction mixture was applied to a 10 
mL column of BieRad AG50W-X4 H+ reain, and the column was 
washed with water and methanol to remove the unreacted FITC. 
The column was then rinsed with 1.5 M W O H ,  and the fractions 
containing the product (detected by an orange color) were con- 
centrated in vacuo to afford a fluffy orange solid. The product 
was characterized by 'H NMR and mass spectrometry. Compound 
4 also inhibited the mannoee-specific adhesion of E. coli to yeast 
cells? iHNMR(400MHz,~O)b1.55-1.80(brm,1H),1.86-2.15 
(brm,lH),280-3.10(brm,2H),3.20-3.85(brm,23H),6.20-6.53 
(br m, 5 H), 6.70-7.60 (br m, 6 H); mass spectrum (FAB+) 770 
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Catalytic hydrogenation of steroids has been widely in- 
vestigated.'+ Among many catalytic systems, those based 
on Pd are of general applications for the specific reduction 
of olefinic double bonds owing to satisfactory performance 
in activity and chemoselectivity. 

In many cases, however, poor stereoselectivity is ob- 
served as, for example, in the hydrogenation of 4-en-3-one 
steroids, where mixture of 5a and 58 ketones are obtained. 
Useful modifications of the catalytic system have been 
proposed, as the use of acids or bases,l to increase the yield 
of 58 derivatives. Best results were obtained by means of 
substituted pyridines as solvents? 

On the contrary, homogeneous catalysta, based on no- 
ble-metal complexes, are of great importance for high 
chemoselectivity and, particularly, because they allow the 
preparation of pure 5a derivatives?-'2 Limitations in their 
use are low activity and separation problems. 

Although copper catalysts are widely used in industrial 
chemical processes for the hydrogenation of different 
compounds (e.g., CO to methanol;13 fat esters and oxo 
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