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ABSTRACT 

The optically active lipid A-subunit homologs named GLA-46, GLA-47, 
GLA-59, and GLA-60 have been synthesized stepwise by successive acylation at 
N-2 and O-3 of benxyl2-amino-2-deoxy-4,6-O-isopropylidene-&r@tcopyranoside 
with the 3-0-(benzyloxy)methyl or 3-O-tetradecanoyl derivative of optically active 
3-hydroxytetradecanoic acid, and phosphorylation at O-4 of the D-glucosamine 
residue. 

INTRODUCTION 

In a series of investigations* on the relationship between the molecular 
structure and the biological activity of the nonreducing-sugar subunit analogs of 
lipid A, which has been proved to be the active center of the biological activities of 
bacterial endotoxins2, it was demonstratedrc-r that several kinds of biological 
activity of endotoxin can be expressed by some 4-0-phosphono-D-glucosamine 
derivatives, such as GLA-27 (refs. la and 3) and GLA-40 (ref. 4). Among the 
synthetic analogs, however, 2-deoxy-2-(3-hydroxytetradecanamido)-3-O-(3- 
hydroxytetradecanoyl)-4-0-phosphono-D-glucose (GLA-46) did not show 
detectable biological activity levs, although the acyl groups bound at N-2 and O-3 are 
the same5 as those in lipid X. 2-Deoxy-4-0-phosphono-2-(3-tetradecanoyloxy- 
tetradecanamido)-3-0-(3-tetradecanoyloxytetradecanoyl)-D-glucose (GLA-47) ex- 
hibited strong Limuh amebocyte-lysate gelation activity% In addition, a recent 
investigation6 on the biological effect of the chiral center (C-3) of the 3-hydroxy- 
tetradecanoyl group in GLA-27 showed that the (S) isomer (GLA-27-S) had 
stronger mediator-inducing activities than the (R) isomer (GLA-27-R). On the 
other hand, the B cell activation was strong with GLA-27-R and weak with GLA- 
27-S. These results suggest that the biological activities can be selectively elicited 
by modifying the molecular structures of lipid A and its subunit analogs. 

We describe here the synthesis of some optically active, 4-O-phosphono-D- 
glucosamine derivatives, which have two asymmetric carbon atoms in the lipophilic 
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part, related to the nonreducing-sugar subunit of the bacterial lipid A (refs. 7 and 

8). 

RESULTS AND DISCUSSION 

Previously3, we described a synthesis of the diastereoisomeric pair of GLA-27 
by separating the corresponding, protected intermediates on a column of silica gel. 
This procedure is, however, not suitable for the synthesis of derivatives carrying 
the 3-hydroxytetradecanoyl group at both N-2 and O-3 of the D-glucosamine 
residue, because of the complexity of separating the four diastereomers. (R)-3- 
Hydroxytetradecanoic acid (>95% optically pure) is readily obtainable by optical 
resolution with dehydroabietylamineg, and the (S) isomer (-80% optically pure) 
can be prepared from the mother liquor left after separation of dehydroabietyl- 
ammonium (R)-3-hydroxytetradecanoate as described previously3. Therefore, in 
the present study, we first prepared two types of 3-O-protected 3-hydroxytetra- 
decanoic acid, one being 3-(benzyloxymethoxy)tetradecanoic acid (2R and 2S), and 
the other, 3-tetradecanoyloxytetradecanoic acid (3R and 3S), and then condensed 
them with benzyl 2-amino-2-deoxy-4,6-O-isopropylidene-P-D-glucopyranoside3 (1). 

The 3-O-protected 3-hydroxytetradecanoic acids 2R, 2S, 3R, and 35 were 
prepared by the following successive reactions: (I) esterification of (3R)- or (3s)-3- 
hydroxytetradecanoic acid with phenacyl bromide, (2) benzyloxymethylation or 
tetradecanoylation of the OH-3 group, and (3) removal of the phenacyl group from 
the protected esters. All steps proceeded in >90% yield. 

Compounds 2R, 2S, 3R, and 35 thus obtained were each treated with 1 in the 
presence of dicyclohexylcarbodiimide (DCC), to give the corresponding benzyl2- 
(acylamido)-2-deoxy-4,6-O-isopropylidene-P-D-glucopyranosides (4R, 4S, JR, and 
5s) in high yields, and these were esterified at O-3 of the sugar by treatment with 
2R, 2S, 3R, or 3s in the presence of DCC and 4-(dimethylamino)pyridine 
(DMAP). The resulting 6R, 7R, 8R, 8S, 9R, and 9s were treated with aqueous 
acetic acid, to give lOR, WR, 16R, 16!3,19R, and 19S, and the primary hydroxyl 
group at C-6 was tritylated. Introduction of the diphenylphosphono group at O-4 
of llR, 14R, 17R, 17S, 2OR, and 2OS, and successive hydrolytic removal of the 
trityl group with tetrafluoroboric acidlo respectively afforded the useful synthetic 
intermediates l2R, 15R, 18R, US, 21R, and 21s in high yields. 

Both the benzyl and the benzyloxymethyl groups were removed by 
hydrogcnolysis with palladium-black catalyst, and the product was carefully 
purified by chromatography, to give 22R, WR, 24R, 24S, 25R, and 25S, whose 
optical purity was judged to be ~99% pure, based on n.m.r. analysis. Finally, 
the phenyl groups were cleaved by hydrogenolysis in the presence of pre-reduced 
Adams’s platinum catalyst, to afford the desired compounds GLA-46 (R,R), GLA- 
47 (RJ?), GLA-59 (R,R), GLA-59 (SJ), GLA-60 (R,R), and GLA-60 (SJ), 
respectively, as colorless powders. 
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I71 R2 r73 R4 
IOR Born Born H H 

11R Born BOm H Tr 

12R Born Born (PhOj2P0 H 

13R Myr MY= H H 

14R Myr MYr H Tr 

15R MYr Myr (PhO12P0 H 

16R,165 Myr Born H H 

17R,17s Myr Born H Tr 

18R,l8S MYr Born (PhO12P0 H 

19R,19S Born MF H H 

20R,20S Born MY~ Ii Tr 

21R,215 mm MY~ (PhO)$'O H 

Tr = Ph3C 

EXPERIMENTAL 

(R30)2”_o/&_ 
{=V NH 

I? R2 R3 

22R Fi H Ph 

23R MY~ Myr Ph 

24R, 245 ?ilylr H Ph 

25R, 255 H Myr Ph 

GLA- 46fR,RI H H H 
GLA- 47 (l?,R) Myr Myr H 

GLA-59/R,RI MYY H II 
GLA- 59(.S,S1 MY~ n: H 

GLA-60 fR,RI 11 Myr H 

GLA-60fS,SI 11 Myr II 

General methods. - See ref. 3. 
Preparation of (3R)- and (3S)-3-(benzyloxymethoxy)tetradecanoic acid (2R 

and 2S), and (3R)- and (_?S)-3-tetradecanoyloxytetradecanoic acid (3R and 3s). - 
To a solution of (3R)- or (3S)-3-hydroxytetradecanoic acid’ [2 g; optical purity 

>95% for (R) and -80% for (S)] in ethyl acetate (100 mL) were added tri- 

ethylamine (1.36 mL) and phenacyl bromide (1.95 g), and the mixture was stirred 
for 6 h at room temperature, The resulting precipitate was filtered off. and washed 
with ethyl acetate. The filtrate and washings were combined, and evaporated to a 
syrup that was chromatographed on a column of silica gel (Wakogel C-200) with 
500: 1 dichloromethane-methanol, to give the corresponding phenacyl esters in 90- 
95% yield. The (R) isomer had m.p. 72-73”, [cr]n -5.2” (c 1.0. chloroform). 

To a cooled solution of each phenacyl ester (2.3 g) in 1: 1 (v/v) dichloro- 
methane-diisopropylethylamine (18.4 mL) was added dropwise benzyloxymethyl 
chloride (3.71 mL), and the mixture was stirred at room temperature. After 
completion of the reaction (I.1.c.) 150: 1 dichloromethane-methanol), methanol 

was added, and the mixture was evaporated in vacua. The residue, after extractive 
processing, was chromatographed on a column of silica gel (Wakogel C-300) with 
15: 1 hexane-ethyl acetate, to afford (3R)- or (3S)-3-(benzyloxymethoxy)tetra- 



4-t?-PHOSPHONO-D-GLUCOSAMINE DERIVATIVES 131 

decanoic acid phenacyl ester in nearly quantitative yield. The (R) isomer had m.p. 

35”, [orlu -7” (c 0.628, chloroform). 
When the phenacyl ester of (3R)- or (3S)-3-hydroxytetradecanoic acid (2.5 g) 

in dry pyridine (27 mL) was treated with tetradecanoyl (myristoyl) chloride (2.05 
g) in the presence of a catalytic amount of 4-(dimethylamino)pyridine (DMAP), 
the corresponding 3tetradecanoyloxytetradecanoic acid phenacyl ester was 
obtained in -90% yield. The (I?) isomer had m.p. 37.5-3&O, [a],, +0.8” (c 0.863, 
chloroform). 

Finally, the phenacyl esters of each 3-O-protected 3-hydroxytetradecanoic 
acid (3 g) in acetic acid (15 mL) was treated at 50” with zinc dust (4.3 g) added 
portionwise. The product was purified by chromatography on a column of silica gel 
(WakogeI C-300) with 10: 1 hexane-thy1 acetate or dichloromethane as the eluant , 
to give 2R and 2S, or 3R and 3S, in almost quantitative yield; these compounds 
were lyophilized from l&dioxane solutions, and stored in a refrigerator. 

Compound 2R was a syrup, [& -6.7” (c 0.924, chloroform); $& 3600-2400 

(CC&H), 1720 (C=O), 1050 (ether), and 77M90 cm-l (Ph). 
Anal. Calc. for C&H&I, (364.51): C, 72.49; H, 9.96. Found: C, 72.30; H, 

10.12. 
Compound 2s was a syrup, [a],, +4.0” (c 1.34, chIoroforrn); z$/g 360&2400 

(CO,H), 1720 (C=O), 1050 (ether), and 77OA90 cm-l (Ph). 
Anal. Calc. for C22H3604 (364.51): C, 72.49; H, 9.96. Found: C, 72.36; H, 

9.89. 
Compound 3R had m.p. 38.5-4@‘, [CT],, -0.93” (c 1.40, chloroform); 

EJ~~I 3600-2400 (CO,H), and 1740 and 1715 cm-l (C=O). 
AnaZ. Calc. for C,H,O, (454.71): C, 73.95; H, 11.97. Found: C, 73.84; H, 

12.00. 
Compound3S hadI&, +0.56”(cO.924, chloroform); $$‘I 3600-2400 (CO,H), 

and 1740 and 1710 cm-l (C=O), 
Anal. Chic. for C,H,,O, (454.71): C, 73.95; H, 11,97. Found: C, 74.15; H, 

11.88. 
Benzyl 2-I (3R) - and (33s)3- (benzyloxymethoxy) tetradecanamido]-2-deoxy- 

4,6-0-isop~opylidene-ED-glucopyranoside (4R and 4s). - To a solution of benzyl 
4,6-O-isopropylidene+D-glucopyranoside (1) (1.6 g) in dry dichloromethane (12 
mL) were added 2R or 2s (1.86 g) and DCC (1.62 g), and the mixture was stirred 
at room temperature. After completion of the reaction (t.l.c., 2: 1 ethyl acetate- 
hexane), the dicyclohexylurea was filtered off, and washed with dichloromethane. 
The filtrate and washings were combined, and evaporated to a residue that was 
chromatographed on a column of silica gel (Wakogel C-200) with dichloromethane, 
to give 4R (2.72 g; 80.2%) and 4s (2.71 g; 84%), respectively, which were 
lyophilized from 1,4-dioxane solution. 

Compound 4R had m.p. 109-llO”, [& -56.5” (c 0.66, chloroform); 
I$,$‘~ 3450 (OH), 3280 (NH), 1650, 1560 (amide), 860 (CMeJ, and 760-690 cm-l 
(Ph); lH-n.m.r. data (CDCIJ: 6 0.88 (t, 3 N, CH,), 1.0-1.7 (m, 20 H, -CH,-), 
1.44, 1.52 (2 S, 6 H, CCH,), 2.35, 2.44 (2 dd, 2 H, JgE,.,., 15, .JZ,,3, 4 and 6-7 Hz, 
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-CXXXz-), 3.21 (,m, 1 H, H-5), 3.55 (m, 1 H, H-2), 3.59 (t, 1 H. ./z-.3 = J,., 9-10 

Hz, H-3), 3.75-4.0 [m, 4 I-I, H-4, H-6icz,e, and H-3 of the 3-(benzyloxymethoxy)- 

tetradecanoyl group], 4.4-4.9 (m, 6 H, -OCH,O- and CH,Ph). 6.43 (d. 1 H. NH). 
and 7.2-7.4 (m, 10 H, Ph). 

Anal. Calc. for C,,H,,NO, (655.84): C, 69.59; H. 8.76; N, 2.14. Found: C, 
69.72; H, 8.87; N, 2.09. 

Compound 45 had m.p. 67-70”, [ar]n -49.7” (c 0.561, chloroform); V~F; 3450 

(OH), 3300 (NH), 1650, 1560 ( amide), 860 (CMe,), and 760-690 cm-’ (Ph); ‘H- 
n,m.r. data were similar to those of 4R, with minor differences in the chemical 

shifts. 

Anal. Calc. for C,,H,7N0, (655.84): C, 49.59; H, 8.76; N, 2.14. Found: C, 
69.80; H, 8.92; N, 2.05. 

Benzyl 2-deoxy-4,6-O-isopr~pySdenc-2-[(3R)- and (3S)-3-tetradecanoyiny 

tetradecanamid~l-p-D-glucopyra~o~ide (5R and SS)_ - To a solution of 1 (2 g) in 

dry dichloromethane (20 mL> were added 3R or 3S (3 g) and DCC (2.7 g). The 
mixture was stirred for 4.5 h at room temperature, and processed as described for 

4R or 4S, to give SR (2.2 g; 91%) and 5s (2.15 g; 89%). respectively. 
Compound SR had m.p. 6&7Q”, [rr],, -49.3” (c 1.127, chloroform); 

v,!$pl 3600-3100 (OH. NH), 1720 (ester), 1660, 2530 (amide), 860 (CMe,), and 

760-690 cm-t (Ph); IH-n.m.r. data (CDCl,): S 0.88 (t, 6 H, CH,), 1.0-1.45, 1.45- 

1.65 (m, 42 H, -CH,-), 1.43, 1.52 (2 s, 4 H, CCH,), 2.2-2.3. 2.35-2.5 (m, 4 H, 

-COCHZ-), 3.30 (m, 1 H, Jd,s = Js.ha = 9.5 Hz, H-5), 3.55 (m. I H, H-2), 3.60 (t, 

1 H, J2,3 = J.1,4 9.5 Hz, H-3), 3.82 (--t, 1 H, Jhu,& 10.6 Hz. H-6a). 3.88 (t, 1 H, H-4). 

3.94 (dd, 1 H, H-6e), 4.57, 4.86 (2 d, 2 H, CH,Ph), 4.70 (d, 1 H, I,,, 8.4 Hz. H-l), 
5.07 (m, 1 H, H-3 of the 3-tetradecanoyloxytetradecanoyl group). 6.18 (6, 1 H, 

NH), and 7.32 (s, 5 H, Ph). 
Anal. Calc. for C,,H,,NO, (746.05): C, 70.83; H, 10.13; N. 1.88. Found: C, 

70.68; H, 9.99; N, 1.82. 

Compound 5s had m.p. 79-S2”, [a],, -44.9” (c 1.20, chloroform); vi$I 3480 
(OH), 3340 (NH), 1710 (ester), 1650, 1540 (amide), and 740-690 cm-l (Ph); IH- 
n.m.r. data were similar to those of 5R, with minor differences in the chemical 
shifts, such as, e.g., S 3.47 (m, 1 H, .7,,2 8.4, J2,3 9.2, J2,NH 6.6 Hz, H-2), 3.93 (t, 1 

H, J3.4 = Jd,s 9-9.6 Hz, H-4), 4.76 (d, 1 H, H-l), and 6.05 (d, 1 H, NH). 

Anal. Calc. for C,4H,,N0, (746.05): C, 70.83: H, 10.13: N. 1.88. Found: C, 
70.60; H, 10.23; N, 1.79. 

Benzyl 2-[(3R)-3-(benzyioxymec~oxy)tetradecanamido]-3-0-[(.?R)-3-(benryl- 

oxymethcny) tetradecanoyij - 2 - deuxy - 4,d -0 - isopropylidene - j3 - I) -g!ucopyranoside 

WV - - To a solution of 4R (0.75 g) in dichloromethane (6 mL) were added 2R 
(0.417 g), DCC (0.471 g), and DMAP (71 mg). and the mixture was stirred for 5 h 
at room temperature. The dicyclohexylurea was filtered off, and washed with 
dichloromethane. The fiitrate and washings were combined, and evaporated to a 

syrup that was chromatographed on a column of silica gel (Wakogel C-300) with 
IO: 1 hexane-ethyl acetate, to afford 6R (1.13 g; 98.6%), which was lyophilized 
from a solution in 1,4-dioxane: m.p. 56-62O. [alp -22.4” (c 1.193. chloroform); 

Y,N$‘~ 3350 (NH), 1740 (ester), 2660, 1530 (amide), 860 (CMe,). and 76tX@O cm-r 
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(Ph); ‘H-n.m.r. data (CDCI,): S 0.88 (-t, 6 H, CH,), 1.0-1.8 (m, 40 H, -CH,-), 
1.32, 1.42(2~,6H,CCH,),2.2-2.7(m,4H,-COCZ-I-),3.88,4.03 [2m,2H,H-3 
of the 3-(benzyloxymethoxy)tetradecanoyl group], 4.454.85 (10 d, 10 H, 
-OCH,O-and CH,Ph), 4.99 (-t, 1 H, & lOHz, H-3), and 7.2-7.4 (m, 15 H, Ph). 

Anal. Calc. for CsoH,,NO,, (1002.33): C, 71.89; H, 9.15; N, 1.40. Found: C, 
71.68; H, 9.13; N, 1.43. 

Benzyl 2-deoxy-4,6-O-isopropylidene-2-[(3R)-3-tetradecanoyloxytetradecana- 
mido]-3-0-[(3R)-3-tetradecanoyloxyte~adecanoy~-~D-glucopyranoside (7R). - 
To a solution of 5R (1.35 g) in dichloromethane (9 mL) were added 3R (0.82 g), 
DCC (0.75 g), and DMAP (0.105 g), and the mixture was stirred at room tempera- 
ture. After completion of the reaction (t.l.c., 1:l hexane-ethyl acetate), the 
mixture was processed as described for 6R, to give 7R (1.73 g; 81%); m.p. 64&Y, 
[(~]o -23.1” (c 0.955, chloroform); v$!!’ 3360 (NH), 1745, 1730 (ester), 1660, 1640 
(amide), 860 (CMe,), and 780690 cm-l (Ph); ‘H-n.m.r. data (CDCI,): 60.88 (-t, 
12 H, CH,), 1.0-1.4, 1.4-l .85 (m, 84 H, -CH,-), 1.36, 1.47 (2 s, 6 H, CCH,), 
2.1-2.7 (m, 8 H, -COCH,-), 5.04,5.15 (2 m, 2 H, H-3 of the 3-tetradecanoyloxy- 
tetradecanoyl group), and 5.06 (t, 1 H, H-3). 

Anal. Calc. for C72H12,NOll (1182.74): C, 73.11; H, 10.82; N, 1.18. Found: 
C, 73.38; H, 11.00; N, 1.24. 

Benzyl 3-0-[(3R)-3-(benzyloxymethoxy)tetradecanoy~-2-deoxy-4,6-O-iso- 
propylidene-2-[ (3R)-3-tetradecanoyloxytetrudecanamido]-PD-glucopyranoside (SR) 
and benzyl 3-0-[(3S)-3-(benzyloxymethoxy)tetradecanoy~-2-deoxy-4,6-O-iso- 
propylidene-2-[(3S)-3-tetradecanoyloxytetradecanamido]-~-D-glucopyranoside (8s). 
- Compound 5R (0.75 g) in dichloromethane (6 mL) was esterified with 2R (0.37 
g) in the presence of DCC (0.44 g) and DMAP (71 mg) as described for 6R and 7R, 
to give 8R in nearly quantitative yield; m.p. 71-72”, [a],, -22” (c 0.91, chloroform); 
epl 3350 (NH), 1730 (ester), 1655, 1520 (amide), 855 (CMe,), and 760-680 cm-* 
(Ph); ‘H-n.m.r. data: 6 0.88 (t, 9 H, CH,), 1.0-l .8 (m, 62 H, -CHr-), 2.15-2.7 (m, 
6 H, -COW,-), 3.9-4.07 [ m, 3 H, H-2, H-6e, and H-3 of the 3-(benzyloxy- 
methoxy)tetradecanoyl group], 5.03 (m, 1 H, H-3 of the 3-tetradecanoyloxytetra- 
decanoyl group), 5.07 (t, 1 H, H-3), and 7.2-7.4 (m, 10 H, Ph). 

Anal. Calc. for C,H,,NO,, (1092.54): C, 72.55; H, 10.06; N, 1.28. Found: 
C, 72.76; H, 10.20; N, 1.31. 

Treatment of 5s with 2S, as just described for 8R, gave 8s in nearly quantita- 
tive yield; m.p. 38-40”, [a], -32.1” (c 1.126, chloroform); 4:; 3300 (NH), 1740 
(ester), 1660, 1560 (amide), 860 (CMe,), and 760-690 cm-l (Ph); ‘H-n.m.r. data 
were similar to those of SR, except for minor differences in the splitting patterns at 
6 2.1-2.7 (-COCH,-) and 4.5-4.9 (-OCH,O- and CH,Ph). 

Benzyl 2-[(3R)-3-(benzyloxymethoxy)tetradecanamido]-2-deoxy-4,6-O-iso- 
propyZidene-3-0-[(3R)-3-tetradecanoyloxytetradecanoy~-~D-gZucopyranoside (9R) 
and benzyl 2-[(3S)-3-(benzyloxymethoxy)tetradecanamido]-2-deoxy-4,6-O-iso- 
propyZidene-3-0-[(3S)-3-tetradecanoyZoxytetrudecanoy[J-P-D-g~uco~yrunoside (9s). 
- To a solution of compound 4R (0.7 g) in dichloromethane (6 mL) were added 
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3R (0.49 g), DCC (0.44 g), and DMAP (66 mg). The mixture was stirred for 5 h at 
room temperature, and processed as described for 7R, to give in 92% yield 9R, 
which crystallized from ethanol; m.p. 70-72”, [c& -24.6” (c 1.21, chloroform); 
v,!$$’ 1745, 1730 (ester), 1670, 1530 (amide), and 760-690 cm-’ (Ph); ‘H-n.m.r. 
data (CDCI,): S 0.88 (-t, 9 H, CH,), 1.0-1.75 (m, 62 H, -C/I?-), 1.36, 1.46 (2 s. 

6 H, CCHJ, 2.2-2.7 (m, 6 H, -COCH,-), 3.84-3.96 [m, 2 H, H-6e and H-3 of the 
3-(benzyloxymethoxy)tetradecanoyl group], 4.97 (-t, 1. H, & = J3.J -10 Hz. H-3), 
and 5.16 (m, 1 H, H-3 of the 3-tetradecanoyloxytetradecanoyl group). 

Anal. Calc. for C,H,,NO,, (1092.54): C, 72.55; H. 10.06; N, 1.28. Found: 
C, 72.31; H, 10.17; N, 1.26. 

Compound 9S was obtained in almost quantitative yield; m.p. 39-40”, [a]o 
-30.1” (c 1.18, chloroform); vmax fi1m 3300 (NH), 1750 (ester), 1660, 1540 (amide), 860 

(CMe,), and 760-690 cm-’ (Ph); ‘H-n.m.r. data were similar to those of 9R, with 
minor differences in the splitting patterns at 6 2.2-2.7 (-COCH,-) and 43-4.9 
(-OCH,O- and CH,Ph), and H-3 was observed at 6 5.0 as a triplet (& = J3, 9-10 
Hz). 

Anal. Calc. for C,H,,NO,, (1092.54): C, 72.55; H, 10.06; NY 1.28. Found: 
C, 72.29; H, 9.90; N, 1.22. 

Benzyl 2-[(3R)-3-(benzyZoxymezhaxy)fefradecanamido]-3-0-[(3R)-3-(benzyf- 
oxymethoxy)tetradecanoyl]-2-deoxy-4-0-(diphenylphosphono)-~-D-glucopyrano- 

side (I2R). - A mixture of 6R (0.8 g), acetic acid (8 mL), and water (0.6 mL) was 
stirred for 3 h at 45”, and then evaporated. The residue was chromatographed on a 
column of silica gel (Wakogel C-200) with 100: 1 dichloromethane-methanol, to 
give 10R in 91% yield; m.p. 95-96”, [a$, -42.1” (c 0.847, chloroform); v,$$ 3450 
(OH), 3300 (NH), 1740 (ester), 1660, 1560 (amide), 760-690 (Ph). and complete 
loss of the peak at 860 cm-l (CMe,). 

A solution of 10R (0.6 g) in dry pyridine (6 mL) was stirred at 90” with trityl 
chloride (0.35 g), and stirring was continued for 5 h at 90”. The mixture was then 
cooled, methanol was added and evaporated, and the product was purified by 

chromatography on a column of silica gel (Wakogel C-200) with 500: 1 

dichloromethane-methanol, to give 11R (0.66 g; 88%); m.p. 72-75”, [cY],, -33.7” 
(c 1.062, chloroform), v,!$” 3450 (OH). 3300 (NH), 1740 (ester). 1660, 1550 
(amide), and 790-690 cm-’ (Ph). 

Phosphorylation of 11R (0.6 g) in dry 2: 1 dichloromethane-pyridine (1.5 mL) 
with diphenyl phosphorochloridate (0.4 g) and DMAP (0.12 g) was accomplished 

by the method described in ref. 3, to give benzyl 2-[(3R)-3-(benzyloxymethoxy)- 
tetradecanamido-3-0-[(3R)-3-(benzyloxymethoxy)tetradecanoyl]-2-dcoxy-4-0- 
(diphenylphosphono)d-O-trityl-P-D-glucopyranoside in 75% yield [a mixture of 
10R and 11R (-20%) was recovered], which was then treated, after chromato- 
graphic purification, with tetrafluoroboric acid in acetonitrilel”, to give l2R in 
nearly quantitative yield; m.p. 87-88”, [(Y],, -16.9” (c 0.629, chloroform), ~$,g 3500 
(OH), 3270 (NH), 3350-3000 (Ph), 1750 (ester), 1650, 1560 (amide), 960 (P-O- 
Ph), and 790-680 cm--l (Ph); ‘H-n.m.r. data (CDCI,): S 3.24 (-d. 1 H. JA.s 9.5 Hz. 



4-th’&lOSPHONO-D-GLUCOSAhUNE DERIVATIVES 135 

H-S), 3.59, 3.70 (2 dd, 2 H, Jgem -13 Hz, H-6,6’), 4.4-4.9 (m, 12 H, H-l, H-4, 
-0CH,& and CH,Ph), 5.42 (dd, 1 H, Jr,a 10.3, & 9.2 Hz, H-3), and 7.05-7.4 (m, 
25 H, Ph). 

Anal. Calc. for C,wO,,P (1194.45): C, 49.38; H, 8.10; N, 1.17. Found: 
C, 69.61; H, 7.98; N, 1.12. 

Benzyl 2-deoxy-4-~-(diphelhosphono)-2-[(3R)-3-tetradecanoyioxyte~a- 
decanamido] -3-O-C(3R)-3-~tradeca~yloxyte~ud~~oy~-~-D-gi~pyranaside 

@JR). -A mixture of 7R (1.36 g), acetic acid (18 mL), and water IO.45 mL) was 
treated in the same manner, to give l3R in 80% yield; m.p. 101-101.5”, [a]o - 16.8” 
(~0.92, chloroform); $$‘I 3600-3200 (OH, NH), 1730 (ester), 1660,155O (amide), 
760-690 (Pb), and complete loss of the peak at 860 cm-t (CMe,). 

Compound l3R (0.87 g) was treated with trityl chIoride (0.425 g) in pyridine 
(10 mL) for 3.5 h, as described for llR, to give 14R (1.01 g; 95.7%) {m.p+ 93-974, 

[a], - 19.4” (c 1.322, chloroform)}, which was then phosphotylated with diphenyl 
phosphorocbloridate as just described. The product was treated with tetra- 
fluoroboric acid, to afford l5R in 71% yield (2 steps); m.p. 92-93”, [a],, -17.5” (c 
1.10, chloroform); lH-n.m.r. data (CDClJ: s3.08 (very broad t, 1 H, OH), 3.48 

c-d, 1 H, & -10 Hz, H-5), 3.5-3.8 (m, 3 H, H-2,6,6’), 4.72 (q, 1 H, Js,, = J4,5 = 
I = SlO Hz, H-4), 5.50 (d, 1 H, JtJ 8.4 Hz, H-l), 5.56 (dd, 1 H, J2,s 10.3, Js,d 
9? Hz, H-3), and 7.1-7.4 (m, 15 H, Ph). 

Anal. Calc. for C,,H,,,NO,,P (1374.86): C, 70.76; H, 9.68; N, 1.02. Found: 
C, 70.55; H, 9.76; N, 1.00. 

BeWyl 3-0-[(3R)-3-(b~zyloxynaethoxy~btm~ecanoyyll-2-deoxy4-0-(di- 
phenylphospholso)-2-[(3R)-3-tetr~ec~oyloxyietr~ecunamido]-~-o-glucopyrano- 
side (18R) and bemyl3-0-~(3S)-3-(bmqloxynrethoxy~te~deca~oylj-2-deoxy4-~- 
(dip~nyl~hospho~)-2-[(35)-3-te~udecanoyioxyttradecanamido]-~-~-glucopyru- 
noside (UN). - Compound 8R (0.87 g) was treated with 90% aqueous acetic acid 
(11 mL) at 45” as described for 10R and l3R, and the product crystallized from 
ether, to give 16R (0.73 g; 87%); m-p. lCKl-101.5”, [& -35.9” cc 0.754, 
chloroform); I$$$~ 34X1 (OH), 3280 (NH), 1730 (ester), 1660, 1570 (amide), 77s 
690 (Ph), and complete loss of the peak at 855 cm-t (CMe&. Tritylation of 16R 
(0.68 g), and chromatograpbic purification of the product as described for 1lR and 
14R, gave 17R {[alo -31.2” (c 0.902, chloroform)} in 93% yield. 

4-O-Phosphorylation and detritylation of 17R afforded, in 2 steps, UR (68%) 
{m-p. 69.5-70.5”, [rx]b - 14.5” (c 0.724, chloroform)); #: 3500 (OH), 3275 (NH), 
315&3000 {Ph), 1740 (ester), 1650,156J.I [amide), 960 (l-CI-Ph), and 780-680 cm-’ 
(Ph); ‘H-n.m.r. data (CDCI,): 6 3.11 (broad s, 1 H, OH), 3.47 C-d, 1 H, .i.,> 9.5 

Hz, H-S), 4.72 (q, 1 H, .I 3d = .J4> = J4,r = 9.5 Hz, H-4), 4.97 (d, 1 H, J13 8.1 Hz, 
H-l), and 7.W7.4 (m, 20 H, Ph). 

Anal. Calc. for C&H,,,NO,,P (1284.65): C, 70.12; H, 8.94; N, 1.09. Found: 
C, 69.83; H, 9.06; N, 1.14. 

Hydrolytic removal of the isopropylidene group from 8S was achieved as for 
6R, to give 165 {m.p. 94-96”, [1y]n -14” (c 1.213, chloroform)}; es 3460 (OH), 
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3300 (NH), 1740 (ester), 1660, 1560 (amide), and 770-700 cm-’ (Ph); tritylation of 
the primary hydroxyl group afforded 17s {m.p. 70-72”, [a$, -17” (c 0.87. 
chloroform)}. Introduction of the diphenylphosphono group at O-4, and detrityla- 
tion, gave 18s (66%, in 2 steps); m.p. 67-70”, ((~1~ -16.3” (c 1.02, chloroform); 
$,‘&‘3480 (OH), 3300 (NH), 3150-3000 (Ph), 1740 (ester), 1650, IS50 (amide), 960 
(P-0-Ph), and 780-680 cm-l (Ph). 

Benzyl 2-~(3R)-3-(benzyloxymethoxy)tetradecanamido]-2-deoxy-4-0-(di- 
phenylphosphono)-3-O-[ (3R)-3-tetradecanoyloxytetradecanoy~-P-o-glucopyrano- 
side (21R) and benzyl2-[(3S)-3-(benzyloxymethoxy)tetradecanamido]-2-deoxy-4-0- 
(diphenylphosphono)-3-0-[(3S)-3-tetradecanoyloxytetradecanoyI]-~-~-gl~tcopyra- 
noside (21s). - Hydrolysis of the isopropylidene group from 9R (0.7 g) was 
achieved in almost quantitative yield, to give 19R {rn.p. 115-l 16”. [c& -17.6” (c 
0.981. chloroform)}, which was then tritylated. The resulting 20R -(m.p. 8S-86”, 
[ayIn - 19.1” (c 1.03, chloroform)} was treated with 5 mol. equiv. of diphenyl 
phosphorochloridate in pyridine, and the mixture was processed as described previ- 
ously, to afford 21R (70% in 3 steps); m.p. 82.5-83’, [a],, -20.7” (c 0.637, 
chloroform); ~$7 3460 (OH), 3280 (NH), 3150-3000 (Ph), 1740 (ester), 1650, 1560 
(amide), 960 (P-0-Ph), and 780-680 cm-’ (Ph); ‘H-n.m.r. data (CDCI,): S 3.23 
(-d, 1 H, .I4,5 9.5 Hz, H-5), 3.58, 3.69 (2 dd, 2 H, .&,, 13 Hz, H-6,6’). 4.68 (-4, I 

H. JJ,j = 54,5 = J4,p 9-10 Hz, H-4), and 7.1-7.4 (m, 20 H, Ph). 
Anal. Calc. for C&H,,,NO,,P (1284.65): C, 70.12; H, 8.94; N. 1.09. Found: 

C. 70.39; H, 9.10; N, 1.08. 
Compound 19s was obtained from 9s; m.p. 83-84”, [c~]u -21.4” (c 1.14, 

chloroform), and was converted into 21s as previously decribed; m.p. 57-SY, [a& 
-23.6” (c 1.05, chloroform); I+‘$; 3470 (OH), 3300 (NH), 315O--3000 (Ph). 1750 

(ester), 1650, 1560 (amide), 960 (P-0-Ph), and 780-680 cm-’ (Ph). 
2 - Deoxy - 2 - [ (3R) - 3 -hydroxytetradecanamido] - 3 - 0 - [ (3R j - .? - hydroxytetra - 

decanoyfl-4-0-phosphono-n-glucose [GZA46(R,R)]. - To a solution of 12R 
(0.154 g) in methanol (10 mL) was added palladium-black catalyst (80 mg), and the 
mixture was stirred overnight in a hydrogen atmosphere. The catalyst was filtered 
off, and washed with methanol. The filtrate and washings were combined. and 
evaporated to a residue that was chromatographed on a column of silica gel 
(Wakogel C-200) with 50: 1 dichloromethane-methanol, to give 22R (0.103 g; 
92.5%); m.p. 88-89”, [(~]u -9.6” (c 1.04, chloroform); ~2: 3600-3100 (OH, NH). 
1740 (ester), 1640, 1540 (amide), 960 (P-0-Ph). and 800-690 cm‘-’ (Ph); ‘H-n.m.r. 
data (CDCI,) for the cy anomer: 60.8-0.95 (m. 6 H. CH,), 1.0-I .5 (m, 40 H, -CH,-). 
2.05-2.35 (m, 4 H, -COCH,-), 3.54.2 (m, 9 H, H-5.6,6’, OH. and H-3 of the 
3-hydroxytetradecanoyl group), 4.27 (m, 1 H, J2,3 = J,.,,, = 9-10, .I,,: 3.3 Hz. H-2)? 
4.85 (q, 1 H. J,, = & = J4.p = 9.2 Hz, H-4), 5.43 (-s. 1 H. H-l). 5.Sl (t, 1 H,& 
= J3.j = %I0 Hz, H-3), 6.60 (d, 1 H, J8.8 Hz, NH), and 7.05-7.4 (m, 10 H. Ph). 

Anal. Calc. for C,,H7,N0,2P (864.04): C, 63.94: H. 8.63: N. 1.62. Found: C. 
63.72; H, 8.69; N, 1.58. 

Finally, the phenyl groups of 22R (0. I g) were removed by hydrogenolysis in 
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the presence of pre-reduced Adams platinum catalyst (40 mg) in ethanol (12 mL) 
as reported previously3, to give quantitatively the title compound GLA-46(R,R), 
which was lyophilized from 1,Cdioxane solution; m.p. 153-155”, [a]o +8.5” (c 
0.694,3: 1 chloroform-methanol); it was positive to the specific spray-reagentll for 
the phosphono group; IJ~ 36W2500 (OH, NH, and CH), 1730 (ester), 1650,156O 
(amide), and complete loss of the peaks at 960 (P-G-Ph) and 800-690 cm-l (Ph). 

Anal. Calc. for C,H,NO,,P (711.86): C, 57.36; H, 9.35; N, 1.97. Found: C, 
57.67; H, 9.55; N, 2.02. 

2-Deoxy-4-O-phosphono-2-[(3R)-3-tetradecanoyZoxytetradecanamido]-3-0- 

[(3R)&etradecanoyZoxytetradecanoyfl-D-gZucose [GLA-47(R,R)]. - Hydro- 
genolytic removal of the benzyl group from l5R (0.11 g) was conducted as de- 
scribed for 22R, to afford 23R in nearly quantitative yield; m-p. 68-70”, [o]n +4.2” 
(~0.622, chloroform); ti& 3600-3150 (OH, NH), 1740 (ester), 1660,154O (amide), 
960 (P-G-Ph), and 800-670 cm-l (Ph); rH-n.m.r. data (CDCl,) for a mixture of 
cy:p = -2:l: S 0.75-0.95 (m, 12 H, CH,), 1.0-1.7 (m, 84 H, -CH,-), 2.1-2.5 (m, 

8 H, -COW,--), 4.65-4.83 [2 q, 1 H, H-4(a,j3)], 5.26 (fl), 5.46 (a) [2 dd, 1 H, 
H-3(Q)], 5.33 (d, -U3 H, H-lo), 6.29,6.83 (2 d, 1 H, J 8.1 and 6.2 Hz, respec- 
tively, NJ&$), and 7.05-7.4 (m, 10 H, Ph). 

Anal. Calc. for C,,H,,NO,,P (1284.99): C, 69.16; H, 9.90; N, 1.90. Found: 
C, 69.35; H, 9.84; N, 1.12. 

The phenyl groups of 23R (0.6 g) were hydrogenolyzed in methanol by a way 
similar to that described for GLA-46(R,R), to give GLA-47(R,R); m.p. 152- 
153”, [0;1o +14” (c 0.52,3:1 chloroform-methanol); v::; 3680-2500 (OH, NH, and 
CH), 1740 (ester), 1660,156O (amide), and complete loss of the peaks at 960 (P-O- 
Ph) and 800-670 cm-l (Ph). 

Anal. Calc. for C,,H,,sNO,,P (1132.55): C, 65.75; H, 10.50; N, 1.24. Found: 
C, 65.39; H, 10.67; N, 1.18. 

2-Deoxy-3-0-[(3R)-3-hydroxytetradecanoy~-4-O-phosphono-2-[(3R)J-tetra- 
decanoyloxytetradecanamidol-D-glucose [GLAJ9(R,R)] and 2-deoxy-3-0-[(3S)-3- 
hydroxytetradecanoyfl - 4 - 0 - phosphono -2 - [ (3s) - 3 - tetradecanoyloxytetradecana - 
mido]-D-glucose [GLAJ9(S,S)]. - Compound 18R (0.158 g) was hydrogenolyzed 
in methanol as described for 22R, and the product was purified by chromatography, 
to give 24R (0.128 g; 97%); m.p. 87-W, [a]n -2.1” (c 1.17, chloroform); 
v:z 3600-3150 (OH, NH), 1730 (ester), 1640, 1560 (amide), 960 (P-G-Ph), and 
800-670 cm-t (Ph); ‘H-n.m.r. data (CDCl,) for the a anomer: 80.75-0.95 (m, 9 H, 
CH,), l&1.7 (m, 62 H, -CHZ-), 2.1-2.5 (m, 6 H, -COC+), 3.G3.75 (m, 5 H, 
OH and H-6,6’), 3.90 (m, 1 H, H-3 of the 3-hydroxytetradecanoyl group), 4.05 
(-d, 1 H, J4,5 9.5 Hz, H-5), 4.28 (m, 1 H, J2,3 = JZ,NH = 9-10, J,,, 3.3 Hz, H-2), 

4.76 (q, 1 H, 53.4 = J,,, = J4,P = -9.5 Hz, H-4), 5.09 (m, 1 H, H-3 of the 3-tetra- 
decanoyloxytetradecanoyl group), 5.20 (d, 1 H, H-l), 5.5 (t, 1 H, J -10 Hz, H-3), 
6.40 (d, 1 H, J 9.2 Hz, NH), and 7.05-7.4 (m, 10 H, Ph). 

Anal. Calc. for C&$,,,NO,,P (1074.39): C, 67.07; H, 9.38; N, 1.30. Found: 
C, 67.32; H, 9.25; N, 1.37. 

The (S) isomer 24s was obtained from 18s in nearly quantitative yield; m.p. 
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64.5-65”, [aID +9.5” (c 0.786, chloroform); v:: 3600-3200 (OH, NH). 1740 
(ester), 1660, 1540 (amide), 960 (F-0-Ph), and 800-680 cm-’ (Ph); ‘H-n.m.r. data 
(CDCl,) for the ar anomer: S 0.88 (-t, 9 I-I, CH,), l-O-l.7 (m, 62 H, -CH,-), 
2.1-2.5 (m, 6 H, -COCH,-), 3.0-3.85 (m, 4 H, H-6,6’. OH and H-3 of the 3- 
hydroxytetradecanoyl group), 4.05 (-d, 1 H, J4,5 -10 Hz, H-5), 4.25 (m, 1 H, 

H-2), 4.7’7 (q, 1 H, J3,4 = Jdq5 = Jq,P 9-10 Hz, H-4), 4.93 (broad s, 1 H, OH), 5.05 
(m, 1 H, H-3 of the 3-tetradecanoyloxytetradecanoyl group), 5.20 (broad d, 1 H, 
Jlez 3 Hz, H-l), 5.52 (-t, 1 H, H-3), 6.28 (d, 1 F-I, J 9.2 Hz, NH). and 7.05-7.4 (m, 
10 H, Ph). 

Anal. Calc. for C60H100N013P (1074.39): C, 67.07; H. 9.38; N, 1.30. Found: 
C, 66.80; H, 9.27; N, 1.20. 

Compounds 24R and 24s (0.11 g) were each hydxogenolyzed in the presence 
of platinum catalyst, to afford the title diastereoisomeric pair. 

GLA-59(R,R) had m.p. 172-174”, [LY]~ +12.8” (c 0.97, 3:l chloroform- 
methanol); V_ KBr 3680-2500 (OH, NH, and CH), 1740, 1720 (ester), 1645, 1560 
(amide), and complete loss of the peaks at 960 (P-0-Ph) and 8OM70 cm-’ (Ph). 

Anal. Calc. for C,,H,,NO,,P (922.21): C, 62.51; H, 10.06; N, 2.52. Found: 
C, 62.85; H, 9.93; N, 1.60, 

GLA-59(&S) had m.p. 15&158”, [cY]~ +17.2” (c 0.571, 3:l chloroform- 
methanol) ; v_ KBr 3680-2500 (OH, NH, and CH). 1740, 1720 (ester), 1655, 15SO 

(amide), and complete loss of the peaks at 960 (P-0-Ph) and 8CW!%O cm”’ (Ph). 
Anal. Calc. for C,,H~NQnP (922.21): C, 62.53; H. 10.06; N. 1 .X2. Found: 

C, 62.30; H, 10.26; N, 1.35. 

2-Deoxy-2-[ (3R)-3-hydroxy~etradecanamido]-4-O-phosphono-3-0-[ (3R)-3- 
te?radecanoyZoxytetradecunoy&@.wose [GLA40(R,R)] and 2-deoxy-2-[(3S)-3- 
hydroxytetradecanamidoj-4-0-phosphono-3-O-I (3S)-3-tetradecanoyloxytetradecu- 
noy&D-ghcose [GLA-60(S,S)]. - Hydrogenolysis of 21R (0.16 g) in methanol, as 
described for 22R, afforded 25R in nearly quantitative yield; m.p. 1 17-120°, [ajD 
-2.4” (c 1.20, chloroform); vmax fi1m 3600-3200 (OH, NH), 1740 (ester), 1640. 1540 

(amide), 960 (P-CI-Ph), and 800-670 cm-l (Ph); ‘H-n.m.r. data (CDCI,) for a 
mixture of ay:p = -3:l: SO.88 (-t, 9 H, CH3), 1.0-1.6 (m, 62 H, -CT!,-), 2.0-2.5 
(m, 6 H, -COCH,-), 3.45-4.1 (m, 6 H, H-5,6,6’, 2 OH and H-3 of the 3-hydroxy- 
tetradecanoyl group), 4.22 (m, 1 H, J,_, 3.3 Hz, H-2), 4.71(a), 4.75(p) (2 q, 1 H, 
H-4), 5.11 (m, I H, H-3 of the 3-tetradecanoyloxytetradecanoyl group), 5.27 (d, 
-314 H, H-la), 5.31(p), 5.48(a) (2 t, I H, H-3), 5.76 (broad s, 1 H, OH), 6.58(a), 
7.08(/3) (2 d, 1 H, NH), and 7-l-7.4 (m, 10 H, Ph). 

Anal. Calc. for C,,H,,NO,,P (1074.39): CT 67.07; H. 9.38; N, 1.30. Found: 
C, 67.29; H, 9.28; N, 1.24. 

The (S) isomer 2% was obtained from 21s in nearly quantitative yield; m.p. 
60-62”, [cY]~ +3.8” (c 1.212, chloroform); v,.,_ fi’m 3600-3200 (OH, NH), 1750, 1720 
(ester), 1650,155O (amide), 960 (P-0-Ph), and 800-670 cm--l (Ph); *H-n.m.r. data 
(CDCI,) for the cy anomer: 6 0.88 (-t, 9 H, CH,), 1.0-1.7 (m, 62 H1 -CH,--), 
2.1-2.63 (m, 6 H, -COCH,-), 3.41 (-t, 1 H. OH-6), 3.5-3.7 (m, 2 H. H-6,6’). 3.77 
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(d, 1 H, OH), 3.94 (m, I H, K-3 of the 3-hydroxytetradecanoyl group), 4.07 (-d, 
1 H, H-5), 4.31 (m, 1 H, H-2), 4.70 j-d, 1 H, OH), 4.75 (q, 1 H, J 9.5 Hz, H-4), 
4.94 (m, 1 H, H-3 of the 3-tetradecanoyloxytetradecanoyl group), 5.28 (t, 1 H, J,,r 
= J l,Mi = 3.7 Hz, H-l), 5.57 (-t, 1 H, H-3), 6.49 (d, 1 H, NH), and 7.1-7.4 (m, 
10 H, Ph). 

Anal. Calc. for C&110$JOr3P (1074.39): C, 67.07; H, 9.38; N, 1.30. Found: 
C, 67.19; H, 9.21; N, 1.31. 

The title compounds were obtained from 25R and 25S, respectively, as just 
described, and lyophilized from l&dioxane solution, 

GLAXiO(R,R) had m-p. 157-159”, [&, -1-13.7” (c 0.512, 3:l chloroform- 
methanol); $,f$d 3680-2500 (OH, NH, and CH), 1735, 1720 (ester), 1640, 1560 
(amide), and complete loss of the peaks at 960 (P-O-Ph) and 8OM70 cm-l (Ph). 

Ad. Calc. for C,sH,NO,,P (922.21): C, 62.51; H, 10.06; N, 1.52. Found: 
C, 62.18; H, 9.85; N, 1.43. 

GLAJXI(S,S) had m-p. 154-155”, [aID +18,4” (c 0.896, 3:l chloroform- 
methanol); vF~ 368&2500 (OH, NH, and CH), 1740, 1720 [ester), 1645, 1550 
(amide), and complete loss of the peaks at 960 (P-O-Ph) and #KM70 cm-l (Ph). 

Anal. Calc. for C,,J&NO,,P (922.21): C, 62.51; H, 10.06; N, 1.52. Found: 
C, 62.77; H, 10.18; N, 1.33. 
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