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4.58 (br s, 1 H), 3.85 (m, 1 H), 3.78 (dt, 1 H, J = 6.8 and 10.2 Hz), 
3.45 (m, 1 H), 3.38 (dt, 1 H, J = 7.0 and 10.0 Hz), 2.60 (t, J = 
7.2 Hz, H-7), 2.38 (q, J = 7.2 and 13.6 Hz, H-8), 1.90 (br t, H-ll), 
1.52 (m, H-19), 1.17-1.37 (m, H-12-H-18,14 H), MS (mfe): 373 
(M+). Anal. Calcd for CUH&J02: C, 77.16; H, 10.52; N, 3.75. 
Found C, 77.06, H, 10.58; N, 3.67. 
(Z)-N-Methyl-l4-(3-pyridinyl)-ll-tetradecen- 1-amine (2). 

To a solution of compound 9 (0.5 g, 1.74 mmol) in methanol (5 
mL) was added 40% aqueous MeNHz (0.15 mL, 1.93 mmol) at 
0 OC and stirred for 40 min. The reaction mixture was treated 
with sodium borohydride (0.1 g, 2.63 mmol) and stirred for ad- 
ditional 40 min. It was quenched with 2 N HCl (2 mL), the 
volatilea were removed under reduced pressure, and the residue 
was basified (pH -101, with 1 N NaOH (-6 mL) and extracted 
with EtOAc (3 X 15 mL); the oganic layer was washed with brine, 
dried (Na#04), and concentrated in vacuo. The residue was 
purified by flash column chromatography (silica gel, 1:9 MeOH- 
CHC1,) to give 2 (0.4 g) in 76% yield as a pale yellow oil. IR 
(CHCls): 3350,2910,1620,1580,1438,1268,1110,1075,1020,785, 
and 650 cm-'. 'H NMR (CDCl,): 6 8.36 (br s, H-2), 8.34 (d, J = 

Hz, H-5), 5.38 (m, 2 H, J = 10.6 Hz, H-9 and H-101, 3.30 (br s, 

2.40 (8, H-22),2.38 (q, J = 7.4 and 13.6 Hz, H-8),1.90 (br t, H-ll), 
1.60 (m, H-19), 1.17-1.37 (m, 14 H, H-12-H-18). I3C (CDCI,): 6 
149.8, 147.4, 139.0, 137.8, 132.0, 127.8, 122.8, 50.2, 34.8, 33.1, 
29.4-30.8 (6 C), 29.7,29.5,28.0, and 27.8. MS (mle): 302 (M+). 
Anal. Calcd for CmHMN2: C, 79.41; H, 11.33; N, 9.26. Found: 
C, 79.38; H, 11.25; N, 9.33. 
3-[14-Azido-3(Z)-tetradecenyl]pyridine (18a). To a stirred 

suspension of compound 17a (1.5 g, 2.78 mmol) in THF (8 mL) 
was added potassium hexamethyl disilizide (27.8 mmol, 0.1 M) 
in THF at -78 OC under argon atmosphere. After 1 h, a solution 
of aldehyde 5 (0.37 g, 2.78 mmol) was added in THF (4 mL) and 
stirred for an additional 1 h. It was allowed to attain room 
temperature, quenched with methanol (3 mL), and extracted with 
EtOAc (3 X 20 mL). The organic layer was washed with brine, 
dried (Na#OJ and evaporated in vacuo. The residue was purified 
by flash column chromatography @ioz, 7:3 hexane-EtOAc) to 
give 18a (0.67 g) in 78% yield as a colorless oil. IR (CHCI,): 2910, 
2100,1840,1570,1450,1415,1255,1010,790, and 700 cm-'. 'H 
NMR (CDCI,): 6 8.36 (br s, H-2), 8.34 (d, J = 5.0 Hz, H-6), 7.46 
(d, J = 7.9 Hz, H-4), 7.12 (q, J = 5.0 and 7.9 Hz, H-51, 5.30 (m, 

(t, J = 7.48 Hz, H-7),2.30 (q, J = 7.4 and 13.6 Hz, H-8),1.90 (br 
8, H-11), 1.52 (m, H-19), 1.17-1.37 (m, 14 H, H-13-H-18). MS 
(mle): 314 (M+). Anal. Calcd for ClBH&J4: C, 72.56; H, 9.62; 
N, 17.82. Found C, 72.52; H, 9.60; N, 17.80. 
(2)-14-(3-Pyridinyl)-ll-tetradecen-l-amine (1). A mixture 

of LiAlH4 (0.09 g, 2.36 (mmol) and azide 18a (0.5 g, 1.59 mmol) 
in THF (8 mL) was stirred at room temperature for 2 h. The 
reaction mixture was quenched with 1 N NaOH (0.2 mL), and 
the solids obtained were filtered and washed with EtOAc, the 
filtrate was concentrated in vacuo, and the residue was purified 
by flash column chromatography @ioz, 1:9 MeOH-CHCl,) to give 
compound 1 (0.41 g) in 90% yield as a pale yellow oil. IR (CHC13): 
3350,2905,1716,1580,1420,1270,1110,1075,1020,785, and 690 
cm-'. 'H NMR (CDCI,): 6 8.36 (br 8, H-2),8.34 (d, J = 5.0 Hz, 

5.8 (br 8, 2 H, NH,), 5.38 (m, 2 H, J = 10.6 Hz, H-9 and H-lo), 

7.4 and 13.6 Hz, H-8), 1.90 (br t, H-ll), 1.52 (m, H-19), 1.17-1.37 
(m, H-12-H-18). 'BC (CDCI,): 6 149.8,147.1,138.6,137.8, 131.6, 
127.8,122.8,42.1,33.1,29.8-30.6 (5 C), 29.7,29.5,28.0, and 27.9. 
MS (mfe): 288 (M+). Anal. Calcd for ClBH32N2: C, 79.11; H, 
11.8; N, 9.71. Found: C, 78.81; H, 10.95; N, 9.69. 

3-Pyridinetridecanamine (3). To a solution of 18b (0.5 g, 
1.66 mmol) in absolute ethanol (5 mL) was added 10% Pd-C (50 
mg, 10% w/w), and the mixture was stirred under a hydrogen 
atmosphere (1 atm) for 4 h at room temperature. The reaction 
mixture was filtered over Celite, the filtrate was concentrated, 
and residue was purified by column chromatography (SiOz, 1:9 
MeOH-CHCla) to give 3 (0.41 g) in 90% yield as a pale yellow 
oil. IR (CHCI,): 3349, 2910, 1552, 1452,738, and 710 cm-'. 'H 
NMR (CDCld: 6 8.36 (br s, H-2),8.34 (d, J = 5.0 Hz, H-6),7.46 
(d, J = 7.9 Hz, H-4), 7.17 (q, J = 5.0 and 7.9 Hz, H-5), 5.9 (br 

5.0 Hz, H-6), 7.46 (d, J = 7.9 Hz, H-4), 7.17 (q, J 

1 H, NH), 2.60 (t, J 

5.0 and 7.9 

7.40 Hz, H-7), 2.52 (t, J = 7.4 Hz, H-20), 

2 H, J 10.6 Hz, H-9 and H-10),3.20 (t, J = 6.5 Hz, H-20), 2.60 

H-6), 7.46 (d, J = 7.9 Hz, H-4), 7.17 (9, J = 5.0 and 7.9 Hz, H-5), 

2.79 (t, J = 5.2 Hz, H-20), 2.60 (t, J = 7.4 Hz, H-7), 2.38 (4, J = 
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8, 2 H, NHJ, 2.81 (t, J = 5.2 HZ, H-19), 2.60 (t, J = 7.4 HZ, H-7), 

(CDC13): 6 150.3,147.5,139.6,138.5,125.1,42.1,33.3,29.4-30.6 

Cl&aNz: C, 78.20; H, 11.67; N, 10.13. Found: C, 78.18; H, 11.62; 

1.52 (t, J = 6.95 Hz, H-8), 1.12-1.38 (m, 20 H, H-4-H-18). "C 

(8C), 29.8, 29.6, 28.2. MS (mle): 276 (M'). Anal. Calcd for 

N, 10.08. 
N-Methyl-3-pyridinetridecanamine (4). To a solution of 

acetic formic anhydride (0.04 g, 0.462 mmol) in THF (1 mL) was 
added a solution of compound 3 (0.1 g, 0.362 mmol) in THF (1 
mL), and the mixture was stirred for 4 h at room temperature. 
It was diluted with EtOAc and washed with saturated NaHCOa 
solution, water, and brine, dried (NGO,), and concentrated in 
vacuo. This crude product and (0.02 g, 0.52 m o l )  in THF 
(2 mL) were heated at reflux for 1 h. The reaction mixture was 
cooled and quenched with 1 N NaOH, and the solids obtained 
were filtered. It was washed with EtOAc, and the filtrate was 
concentrated in vacuo. The residue was purified by flash column 
chromatography (SiOz, 1:9 MeOH-CHCIS) to give compound 4 
(0.082 g) in 78% yield as a pale yellow oil. IR (CHCl,): 3350, 
2905,1565,1450, and 700 cm-'. 'H NMR (CDCls): 6 8.36 (br 8, 

J = 5.0 and 7.9 Hz, H-5), 3.8 (br 8, 1 H, NH), 2.60 (t, J = 6.40 

7.0 Hz, H-8), 1.38 (m, H-18), 1.12-1.34 (m, 18 H, H-9-Hl7). '42 

(8 C), 29.8, 29.6, 28.2. MS (mfe): 290 (M'). Anal. Calcd for 

N, 9.61. 

H-2), 8.34 (t, J = 5.0 Hz, H-6), 7.46 (d, J 

Hz, H-7), 2.52 (t, J = 7.5 Hz, H-19), 2.40 (8,  H-20), 1.52 (t, J 

(CDClJ: 6 150.0, 147.6, 139.4, 137.4,125.0,50.4,33.3,29.7-30.6 

C&sNG C, 78.56; H, 11.80; N, 9.64. Found: C, 78.52; H, 11.78; 

7.9 Hz, H-4), 7.17 (4, 

Rsgistry NO. 1,125289-09-0; 2,125289-10-3; 3,125289-11-4; 
4, 125289-12-5; 5, 1802-16-0; 5 alchol, 2859-67-8; 6, 73010-80-7; 
7,133850-33-6; 8,133835-21-9; 9,133835-22-0; 10,79837-788; 11, 
133850-34-7; 12, 133850-35-8; 13, 133835-23-1; 14, 133835-24-2; 
15a, 16696-654,15b, 4101-682; 16a, 13383525-3; 16b, 120677-73-8; 

133835-29-7. 
17a, 133835-26-4; 17b, 133835-27-5; Ma, 133835-28-6; 18b, 
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Glycosyl phosphates are biologically important, both as 
intermediates in metabolism' and as constituents of cell 
walls.26 Polymers of glycosyl phosphates are an immu- 
nologically active part of the capsule or cell wall of several 
 microorganism^.^-^ A convenient synthetic route to this 
important class of compounds would be useful. Although 
enzymatic synthesess appear attractive in principle, they 
are now practical only in the galactose series. The enzymes 
involved in formation of most sugar phosphates catalyze 
equilibria unfavorable to the sugar 1-phmphatss,' although 
galactokinase (EC 2.7.1.6) catalyzes the direct phospho- 
rylation at  the anomeric center by ATP and is thermo- 
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Table I. Stereochemistry of Formation of 
Tetrabenzylglucosyl Dibeneyl Phosphate 2 

haloniuma DBP time ala yield conversion 
solvent (equiv) (equiv) (h) + b (%le (%)d 

MeCN NBS 1.0 8 0.20 72 90 
MeCN NBS 1.1 4 0.35 38 51 
EhO NBS 1.1 24 0.55 54 83 
CHzClz NBS 1.3 16 0.80 27 31 
CH&lz NBS 1.1 24 0.61 40 64 
MeCN ILzC104 1.3 4 0.15 50 79 
CHzClz ILzC104 1.3 4 0.29 55 73 

a ILzC104 = I(collidine)2+C104-. *The anomeric ratios were esti- 
mated by NMR spectroscopy on the crude reaction mixture. eThe 
yields were determined after purification by flmh chromatography. 
dThe conversion is calculated on the basis of unreacted 1. 

dynamically favorable.' For preparation of sugar 1- 
phosphates other than galactose l-phosphate, especially 
of unnatural or modified sugars, chemical synthesis is 
therefore presently preferred over enzymatic synthesis.s 
The main problem is to control the stereochemistry of the 
anomeric center. The a anomer is generally the most 
important biologically, although B anomers are interesting 
as analogues or inhibitorsag 

In this paper, we outline a synthesis of sugar l-phos- 
phates based on the recent developments by Fraser-Reid 
and co-workers in the chemistry of 4-pentenyl glyco- 
side~.'*"~ Under appropriate conditions, the pentenyloxy 
chain of these compounds can be converted to an alkoxy 
or hydroxyl group by oxidation. In the mechanism pro- 
posed for these reactions, the pentenyloxy chain is attacked 
electrophilically by halonium ion. This attack generates 
an oxonium ion leaving group at the anomeric center. This 
group can be displaced by the oxygen of a nucleophile (eq 
1, PG = protecting group, Nu = H20, MeOH, HO-sugar). 
We have applied this reaction to the synthesis of protected 
sugar l-phosphates (eq 1, Nu = OP(OBn)&. 

A I OAc, NHAc, O W .  N H W  
X' i. HPbniwn 

Fraser-Reid et al. have observed that the a-8 ratio de- 
pends upon reaction conditions. We undertook several 
experiments with a readily available representative of the 
4-pentenyl  glycoside^,'^-^' 4'-pentenyl 2,3,4,6-tetra- 
benzylglucoside (Scheme I). Table I summarizes our 
results. 

(8) Inage, M.; Chaki, H.; Kueumoto, S.; Shiba, T. Chem. Lett. 1982, 
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Boom, J. H. Tetrahedron Lett. 1986, 27, 6271. Liu, L. D.; Liu, H. D. 
Tetrahedron Lett. 1989,30,35. Kwaja, T. A,; Reese, C. B.; Stewart, J. 
C. M. J.  Chem. Soc. C 1970,2092. MacDonald, D. K. J. Org. Chem. 1962, 
27,1107. Maley, F.; Maley, G. F.; Lardy, H. A. J.  Am. Chem. Soe. 1966, 
78, 5303. Ehwein, A.; Schmidt, R. R. Liebigs Ann. Chem. 1988, 675. 
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24. 2281. 
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When a mixture of the 4-pentenyl 2,3,4,6-tetra-O- 
benzylglucoside (1) and dibenzyl phosphate, DBP, was 
allowed to react with NBS or iodonium dicollidine per- 
chlorate,ls TLC showed the formation of a new product 
that gave a positive spot with a phosphorus-sensitive 
stain.16 After purification by flash chromatography, the 
anomeric protons of the product were clearly distinct from 
the other protons, the a anomer as a doublet of doublets 
at 6 5.97 (J  = 6.7 and 3.2 Hz) and the anomer as a triplet 
at 6 5.24 (J = 6.7 Hz). Both protons had the characteristic 
coupling constant = 6.7 Hz. In the proton-decoupled 
13C NMR spectra, both C1 and C2 exhibited characteristic 
carbon-phosphorus coupling constants between carbon 
and phosphorus, J C ' , ~  = 4.2 Hz and JClp = 6.7 Hz. Ex- 
periments using 13C DEPT NMR spectroscopy show the 
presence of two benzylic carbons coupled with phosphorus 
(J  = 3.5 Hz). 

It was thus straightforward to use 'H NMR spectroscopy 
to determine the anomeric ratio of the product (Table I). 
This ratio appeared to be independent of the anomeric 
composition of the starting material, since the anomeric 
mixture was constant (a/(a + 8) = 0.6) in the starting 
material and varied widely in the product. Moreover, the 
anomeric composition of the recovered starting material 
was almost unchanged (a / (a  + 8) = 0.55). 

As expected, the solvent influenced the anomeric ratio. 
The selectivity could be reversed by changing from ace- 
tonitrile to methylene chloride. The halonium reagent also 
influenced the anomeric ratio. Iodonium dicollidine per- 

(15) Morgan, A. R.; Lemieux, R. U. Can. J. Chem. 1966, 43, 2199. 
(16) Dittmer, J. C.; Lester, R. L. J. Lipids Res. 1964,5, 126. 
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chlorate gave a d e r  fraction of the a anomer than M S .  
The results with the iodonium salt and the fact that a 
prolonged reaction time increased the proportion of the 
a anomer suggest that the 6 anomer is a kinetic product 
that slowly equilibrates to the a anomer. When 2 was kept 
in a CDC13 solution, no equilibration could be detected by 
'H NMR even after one week. The phosphate group in 
2 can be selectively deprotected by Pd/C-catalyzed hy- 
drogenation in the presence of cyclohexylamine (2 equiv; 
MeOH, 1 h, room temperature). Further hydrogenation 
gave the cyclohexylammonium salt of glucose 1-phosphate. 

Because we wished to develop practical synthetic routes 
to sugar nucleotides in general17J8 and to UDP-GlcNAc 
in particular, we investigated the phosphorylation of 4- 
pentenyl glycosides derived from glucosamine. The N- 
phthalimidoglucosamine derivative 3 was obtained as de- 
scribed,13 except that introduction of the 4-pentenyloxy 
chain was achieved more efficiently using the Hamada 
procedurelQ (Scheme 11). Under the conditions of this 
scheme, 3 yielded exclusively the 8-2-N-phthalimido- 
3,4,6-tri-O-acetylglucosamine 1-phosphate 4. The 6 ster- 
eochemistry was established by 'H NMR spectroscopy, on 
the basis of the coupling constants (J = 8.1 Hz and JHcop 
= 7.6 Hz). 

On the basis of the examples provided by 2 and 4, we 
believe that the Fraser-Reid methodology provides con- 
venient access to protected glycosyl 1-phosphates. The 
generality of the method remains to be established through 
further examples. 

Experimental Section 
General. Reagents and solvents were reagent grade and used 

ae received, CH2C12 and MeCN were distilled from CaH2 and EhO 
from sodium benzoquinone ketyl. TLC analyses were performed 
on glass plates with UV fluorescent indicator (Merck, Silica gel 
60 F254) and were stained with a mixture of p-anisaldehyde, acetic 
acid, sulfuric acid, and ethanol (5.5:32:7.5:2.00) or with the 
Dittmer-Lester reagent for phospho compounds.16 Flash chro- 
matography employed 40-63 rm of silica (Merck). 'H NMR 
spectra were obtained at 300 and 500 MHz, lSC at 75.45 MHz, 
and SIP at 121.49 MHz. Molecular sieves (4 A, Aldrich) were dried 
in an oven at 180 "C. 1 and 3 were prepared as described with 
slight modifications for 3 (see text). 
2,3,4,6-Tetra-O-benzylglucosyl Dibenzyl Phosphate (2). 

To a suspension of activated molecular sieves (0.2 g) in a solution 
of 4'-pentenyl tetrabenzylglucoeide (120 mg, 0.19 mmol, 1 equiv) 
and dry acetonitrile (2 mL), were added successively dibenzyl 
phosphate (55 mg, 0.2 mmol, 1 equiv), and NBS (70 mg, 0.4 mmol, 
2 equiv). The mixture was stirred under argon at room tem- 
perature for 8 h. The suspension was filtered to remove the 
molecular sieves, concentrated in vacuo, and chromatographed 
(silica; eluent, petroleum etherethyl acetate (82 to 7:3)). Com- 
pound 2 was obtained ae a gum (110 mg, 72%, a / ( a  + 8) = 0.2). 
The same procedure was applied using iodonium dicollidine 
perchlorate with these quantities: 4'-pentenyl tetrabenzylglucoside 
(210 mg, 0.34 mmol, 1 equiv), acetonitrile (4 mL), dibenzyl 
phosphate (128 mg, 0.45 mmol, 1.15 equiv), iodonium dicollidine 
perchlorate (188 mg, 0.4 mmol, 1.18 equiv), and a reaction time 
of 10 h. Compound 2 (135 mg, 50%, a / a  + 8 = 0.15) was again 
isolated ae gum: 'H NMR (CDC19) 6 7.45-7.19 (m, 28 H), 7.19-7.08 
(m, 2 H), 5.97 (dd, H1 a anomer, J = 6.7, 3.2 Hz), 5.24 (dd, H1 
&anomer, J = 6.7, 6.7 Hz), 5.10 (br d, 2 H, J = 6.9 Hz), 5.04 (t, 
2 H, J = 6.7 Hz), 4.92-4.67 (m, 5 H), 4.58-4.44 (m, 3 H), 3.91-3.45 
(m, 6 H); 'w NMR (CM=l9) 6 138.5-137.5 (m, Ph), 12860,128.53, 
128.31,128.09,128.04,127.98,127.90,127.82 (Ph); anomer 99.31 
(Cl, d, J = 4.2 Hz), 84.55 (C3), 82.18 (C2, d, J = 6.7 Hz), 77.47 

(17) Simon, E. S.; Bedmki ,  M. D.; Whiteeidee, G. M. J.  Am. Chem. 

(18) Wong, C.-H.; Haynie, S. L.; Whihides, G. M. J. Org. Chem. 1982, 

(19) Honme, K.; Nakazima, K.; Uemetau, T.; Hamada, A. Chem. 

SOC. 19S8,110,7159. 

47, 5416. 

Pharm. Bull. 1976,24,394. 
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(C4), 75.82 (Bn), 75.71 (C5), 75.18 (Bn), 75.05 (Bn), 73.64 (Bn), 
69.52 (BnOP, d, J = 3.5 Hz), 69.46 (BnOP, d, J = 3.5 Hz), 68.68 
(C6); a anomer 95.93 (Cl, d, J = 4.2 Hz), 81.34 (C3), 79.50 (C2, 
d, J = 6.7 Hz), 77.05 (C4), 75.80 (Bn), 75.25 (Bn), 73.69 (Bn), 73.24 
(Bn), 72.73 (C5), 69.52 (BnOP, d, J = 3.5 Hz), 69.46 (BnOP, d, 
J = 3.5 Hz), 68.21 (C6); 31P NMR (CDCIS) 6 -4.15. Anal. Calcd 
for CaH490&': C, 72.02, H, 6.12. Found C, 71.62, H, 6.28. 
2-N-Phthalimido-3,4,6-tri-O-acetylglucosyl Dibenzyl 

Phosphate (4). To a suspension of activated molecular sieves 
in a solution containing 4'-pentenyl2-N-phthalimido-3,4,6-tri- 
0-acetylglucoside (166 mg, 0.33 mmol, 1 equiv) in dry acetonitrile 
(4 mL) were successively added dibenzyl phosphate (101 mg, 0.36 
mmol, 1.1 equiv) and NBS (118 mg, 0.66 mmol, 2 equiv). The 
mixture was stirred under argon at room temperature for 11 h. 
The suspension was then filtered to remove the molecular sieves, 
concentrated in vacuo, and chromatographed (silica; eluent, pe- 
troleum ether-ethyl acetate (7:3)). Compound 4 was obtained 
as a white solid (162 mg, 71%, 8 only): 'H NMR (CDCl3) 6 
7.79-7.75 (m, 2 H), 7.70-7.66 (m, 2 H), 7.367.05 (m, 10 H), 6.13 
(dd, H1 @-anomer, J = 8.1, 7.6 Hz), 5.88 (dd, H3, J = 10.2, 9.6 
Hz), 5.21 (dd, H4, J = 10.1, 9.6 Hz), 5.02 and 4.97 (ABd, Bn, J 
= 12.0,8.0 Hz), 4.82 and 4.72 (ABd, Bn, J = 12.0, 7.6 Hz), 4.45 
(dd, H2, J = 10.2,8.1 Hz), 4.32 (dd, H6 or 7, J = 12.8, 4.4 Hz), 
4.14 (dd, H6 or 7, J = 12.8, 2.9 Hz), 4.00 (ddd, H5, J = 10.1,4.4, 
2.9 Hz), 2.75 (s,3H), 2.03 (s,3H), 1.85 (s,3H); '% NMR (CDCl9) 
6 134.63, 128.83, 128.78, 128.66, 128.16, 127.69, 123.96,94.31 (Cl, 
d, J = 3.5 Hz), 72.83, 70.41 (C3, C4), 70.01 (Bn, d, J = 2.9 Hz), 
69.74 (Bn, d, J = 3.5 Hz), 68.59 (C5),61.82 (C6h55.13 (C2, d, J 

Anal. Calcd for C31H3101SNP C, 58.73; H, 4.89, N, 2.01. Found 
C, 58.60, H, 5.01, N. 1.95. 
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Mechanistic electrochemical studies1i2 have shown that 
the tetraphenylethylene radical anion and radical cation, 
unlike other benzenoid hydrocarbons, tend to dispropor- 
tionate efficiently,"12 with the position of the equilibrium 
depending on the ion-pairing ability of the solvent and 
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