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GLA-60 (2-deoxy-2-[(3R)-3-hydroxytetradecanamido]-4-O-phosphono-3-0- 
[(3R)-3-tetradecanoyloxytetradecanoyl]-o-glucose)‘, which is an analog of the 
nonreducing sugar subunit of bacterial lipid A (ref 2), exhibits strong immunostim- 
ulatory activities without pyrogenicity”. In the course of an investigation1,4 into 
structure-activity relationships in the GLA-60 series, we showed that the chain 
length of the 3-acyloxyacyl group at C-3 is very important for the expression of 
immunopharmacological activity. For example, among the compounds differing 
from GLA-60 in this regard, GLA-63 (ref 4b), which carries a (3R)-3-dodecanoyl- 
o~tetradecanoyl group, was found to be the most beneficial, possessing strong 
immunomodulating activitiessd. However the derivatives& which respectively carry 
a (3R~)-3-acylo~decanoyl, (3RS)-3-acylo~dodecanoyl, or (3RS)-3-acyloxyhexa- 
decanoyl group at O-3 in the sugar moiety were not significantly active. 

We have recently found 4d that 4-O-phosphono- -g D lucosamine derivatives carry- 
ing an all&branched 2-tetradecylhexadecanoyl group instead of a 3-acyloxyacyl 
group stimulate the phagocytic activity of peritoneal macrophages and their 
antiviral activity as strongly as GLA-60. 

The aim of the present study was to investigate the biological influence of 2- or 
3-al~l-branched acyf groups of type I, II, or III (see formula chart), in which the 
length of the principal afkyi chain is varied. We synthesized a number of 3-O-(2- or 
3-alkyIacyl)-2-deoxy-2-[(3R)-3-hydroxytetradecanamido]-4-O-phosphono-o-gfucose 
derivatives, as shown in formulas 7a-m. 

The syntheses of compounds 7a-m all follow essentially the same pathway. 
2-(Trimethyfsilyl)ethyl 2-deoxy-4,6-0-isopropylidene-2-{(3R)-3-[2-(trimethylsilyl)- 
ethoxymethoxy]tetradecanamido)-P-D-glucopyranosides (1) was treated with alkyl- 
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CH? 

branched fatty acids (purchased from Wako Pure Chemical Industries) in the 

presence of l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSC) 

and 4-dimethylaminopyridine (DMAP) to give 2a-m. The isopropylidene group 

was then removed with aqueous acetic acid, giving 3a-m. Introduction of a 

tert-butyldimethylsilyl group at O-6 and a diphenoxyphosphinyl group at O-4 wcrc 

performed by the usual methods” to yield Sa-m. Hydrolytic removal of the 

2-(trimethylsilyl)ethyl, 2-(trimethylsilyl~ethoxymethyl, and rc,r?-butyldimethylsiiyi 

groups with boron trifluoridc ctherate gave 6a-m. Finally, the phenoxy groups of 

6a-m were hydrogenolyzed to afford the desired compounds 7a-m BS described 

previouslyL’. 

With regard to biological activities such as mitogenicity, macrophagc activation, 

and cytokine-induction, compound 7f carrying a 3-undecylheptadecanoyl group at 

C-3 was the most active in the series of compounds having ?alkyl-branched acyi 

groups (types I and II). The activities of 7f were comparable to those of GLA-(~0 

(ref 6). Among the compounds with 2-alkyl-branched acyl groups (type III). 7i--k 

cxhibited7 more potent mitogcnic activity than CJbk-ho. together with tumor 

necrosis factor (TNF)-inducing activity. However, no significant immunostimula- 

tory activity was expressed by compounds in which the principal chain of the 

alkyl-branched acyl group was longer than 16 carbon atoms (7~. 7d, 7g. 7h, 71. and 

7m). Overall the results indicate that compounds carrying ;t ?- or i-alkyl-bl.anchetil~~~ 
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acyl group show biological activities similar to those of derivatives having an 
ester-branched 3-acyloxyacyl group. 

EXPERIMENTAL 

GeneraI methods. - Melting points were determined with a Yanagimoto micro 
melting-point apparatus and are uncorrected. All evaporations were conducted in 
vacua. Preparative chromatography was performed on silica gel (Wako Pure 
Chemical Industries, 200 mesh) with the solvent systems specified. Specific rota- 
tions were determined with a Union PM-201 polarimeter, and IR spectra were 
recorded with a Jasco A-100 spectrophotometer. ‘H NMR spectra were recorded 
with a Jeol JNM-GX 270 spectrometer. 

The details of the preparation of compounds 2a-7a are given here as examples 
of the general procedures used. 

2-(TrimethylsilyE)ethyl 2-deoxy-4,6-O-isopropylidene-3-0-[(3RS)-J-nonylgentade- 
canoyl]-2-{~3R)-3-[2-(trimethylsilyl)ethoxymethoxy]tetradecanamido}-~-~-glucopy- 
ranoside (2a). - To a solution of 2-(trimethylsilyljethyl 2-deoxy-4,6-O-isopropyl- 
idene-2-{(3R)-3-[2-(trimethylsilyl)ethoxymetho~]tetradecanamido}-~-o-glucopy- 
ranoside (1, 400 mg) in CH,Cl, (20 mL) were added (3RS)-3-nonylpentadecanoic 
acid (469 mg), l-(3-dimethylaminopropyll-3-ethylcarbodiimide hydrochloride (WSC; 
339 mg), and a catalytic amount of 4-dimethylaminopyridine (DMAP). The mixture 
was stirred overnight at room temperature and concentrated. The residue was 
chromatographed on a column of silica gel with 300: 1 CH,Cl,-MeOH to give 2a 

(620 mg, quantitative) as a syrup; [al, - 12.8” (c 1.0, CH,Cl,); IR: Y,,, 3300 
(NH), 2930 and 2860 (CH), 1740 (ester), 1650 and 1550 (amide), 860 and 830 cm-i 
(Me& Me%); ‘H NMR (CDCl,): 6 0.0 (m, 18 H, 2 Me,Si), 0.8-1.0 (m, 13 H, 



Me,SiCH, and terminal CN, of fatty acyl), 1 .j - I.65 (m, 59 H, Cl-l, and CN ). 

1.32, 1.42 (2 s, 6 H. Me,C). 2.1-2.4 (m. 4 H, 2 CH,CO), 3.34 (m. 1 H, H-5). 3.4-4.0 

(m, 9 H, H-2,4,6, Me,SiCHICHI. and H-3 of C,,-OEM), 3.51 id, 1 l-i, ,I,,, 8.1 

Hz; H-l), 4.62, 4.69 (2 d, 2 H, .fgrm 7.0 Hz, OCH,O), 5.1 1 (t, I H, J, ‘I :=.f.;,, = 9.5 

Hz, H-31, and 6.20 (d, 1 H. .I,,,,, 9.5 Hz, NH 1. .&za/. Calcd for C,,H,liNOUSi, 

(1026.72): C. 67.85; H, 11.79: N, 1.36. Found: C, 67.58: M. 11.59: N. i.20. ^ 

2-l Trimetlzy1silyI~eth.y~ ,‘-rieox~-.~-0-/~3RS)-S-~~o~~\~I~~~~~r~de(’i~-~-{~.~11~-3-/-3- 

(Irimethylsilyljett~o~~meth~~~]te~radccancrmido~-~-u-~~~tcc~~~r~~~~osid~~ (3al. - A so- 

lution of 2a (570 mg) in aq 80 7~; acetic acid (100 mLJ was stirred for I! h at 50°C‘. 

and then concentrated to a syrup. This was chromatoyraphed on a column of silica 

gel with 200: 1 CH,CI,-MeOH to give 3a (430 mg, 78%) as a syrup; {N]~) - 1.6” (,(. 

0.8. CH,CI, 1: IR: u,,,, 3.300 (OH, NH-l). 2930 and 2860 (CH1, 1700 (ester), 1650 and 

1550 (amide), 860 and X40 cm- ’ (MeSiI: ‘H NMR (CDCl,): 8 0.0 (m, IS I-I, 7 

Me,%). c).8-1.0 (m, I.7 H, Me,SiCI-f1 and terminal CH, of fatty acyl). 1.1-1.7 (m. 

59 I-I, CH, and CH), 2.39 (m. 4 H. 2 (JH?CO), 3.10 (br s, 2 Ii. 1 OH i, .?.JO-4.0 

(m. 10 H, H-2,4,5,6. Me,SiCH,CI-I,, and H-3 of C,,-OSEMI. 4.0-4.75 (m, 3 ‘H, 

OCH,O and H-l), 5.13 (t, I H, ,I,,? = i,.,$ = 9.2 Hz> H-3). and 6.37 id, 1 I-i. .I,,,, 

8.1 Hz, NH). Anul. Calcd for C+,H,,,NO,,SjI (986.65): C, h6.95; H. 11.34: N. 1.42. 

Found: C, 66.82; H. 11.42; N, 1.29. 

2-(Trimethylsilyl)rth~~ 6-0-tert-hz~t~ldinzPthyi.si~~~i-2-de~~~-~~-.~-O-f iSRSi-.?+wr- 
yll,entadecanoyl/-2-(i;lK i-_1-/,3-(trin~ctlrylsi~~~l)et~~o~xyn~et~~~xy/ietrrrtiecat~trrr~ici(c~~-~-1~- 

glucopyrunoside (4al. - ‘1‘0 ;I solution of 3a 1.190 mg) in pyridinc (IO ml,) was 

added [err-butylchlorodimethyIsiiane (1 I h mg). The mixture was stirred overnight 

at room temperature. Methanol (5 ml..) was added, and the solution was then 

concentrated. The residual syrup was chromatographed on a column of silica gel 

with 300: 1 CH,Cl,-MeOH to afford syrupy 4a (420 mg, ‘96%); [(Y],) - 7.3” ic’ i.2. 

CHLC12); IR: v”,;,~ _ _ 3500 (OH), 3300 (NH). 3930 and 2850 (CHI. 1730 (ester), 1640 

and 1550 (amide), 860 and 830 cm ~-’ (MeSik ‘H NMR (C’DCI~,!: i:, 0.0 (m. 24 H. 

M&i). 0.8-1.0 (m. 22 H. Mc,SiC’H,. tcrt-BuSi, and terminal C‘H, of l’atty acyl). 

!.1-1.65 (m. 59 H, C/f: and CW, 2.2-3.45 cm, 4 H. 7 Cff,CO). 3.20 (d. 1 Il. .i2,,i 

Hz. Off). 3.35-4.0 (m, 10 H. H-2,4.S,f>. MejSiCf-I,Cff:,. alld H-3 of C,,-OSEM). 

4.53 (d, 1 H, .f,,z 8.4 Hz, H-l): 4.66 (2 d, 2 H. .I,,,, 6.8 Hz. O(‘ff,O1. 5.10 (I, 1 H. 

J,,, =J,,, = 9.2 Hz. H-31? and 6.13 (d, I H, J,,,,, X.8 Hz. NH E. .Intrl. C‘alcd for 

C,,H,,,NO,,Si, (1100.92): c‘. 66.55: H, 11.44: N. 1.27. Found: C-. 66.30; H, 1 i.70: 

K. 1.10. 

2-C Trinzethylsilylietll~~ 6-O-tert-hut~~ldimethyl,s~i~~!--)-cl’-~~- 

phos~/~ir~yI-3-O-l!SRSj-3-n~~~ylpe~~tadec~~~~~~~l~-~-~~~ R I-S-I2-(trinlrfilylsi~~~~~~~t~l~~x~.- 

~71ethoa~ltetrutit,cananzido~-~-~)-~~:luco~yr~~rlosidr (Sal. - To a coded solution of 4a 

G60 mg) and DMAP (7% mg! in pyridinc: (5 mL.i was added diphcnyl phospho- 
rochloridate (171 mg) in C’I-1 ,CI, 12 mLi. The mixture was stirred overnight al 
room temperature. Methanol was added to the solution, which was then concen- 
trated. The residue was cxtrac‘ted with (IHCl?, and the extract u;s washed v,jth 2 
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M HCl and water, dried (Na,SO,), and concentrated. The residual syrup was 
chromatographed on a column of silica gel with 200 : 1 CH,Cl,-MeOH to obtain 
Sa (260 mg, 60%) as a syrup; [a]n + 1.63” (c 0.8, CH,Cl,); IR: vrnax 3300 (NH), 
2930 and 2850 (CH), 1740 (ester), 1660 and 1540 (amide), 950 (P-0-Ph), 860 and 
830 (MeSi), and 770-680 cm- ’ (Ph); ‘H NMR (CDCI s): 6 0.0 (m, 24 H, MeSi), 
0.8-1.0 (m, 22 H, Me,SiCH,, tert-BuSi, and terminal CH, of fatty acyl), 1.0-1.6 
(m, 59 H, CH, and CH), 2.1-2.4 (m, 4 H, 2 CH,CO), 3.45-3.95 (m, 9 H, 
H-2 4 5 6 Me,SiCH,CH,, and H-3 of C,,-OSEM), 4.55-4.8 (m, 4 H, H-1,4, and 3 > , > 
OCH,O), 5.46 (t, 1 H, J2,3 =& = 9.2 Hz, H-3), 6.10 (d, 1 H, &NH 8.8 Hz, NN), 
and 7.1-7.4 (m, 10 H, Ph-H). Anal. Calcd for C,3H,3,N0,,PSi3 (1333.09): C, 
65.77; H, 10.13; N, 1.05. Found: C, 65.80; H, 10.00; N, 1.20. 

2-Deoxy-4-O-diphenoxyphosphinyl-2-((3R)-3-hydroxytetradecanamido]-3-0- 
[(3RS)-3-nonylpentadecanoyl]-D-glucopyranose (6a). - To a solution of Sa (190 
mg) in CH,CI, (10 mL) was added boron trifluoride etherate (0.5 mL) at 0°C. The 
mixture was stirred for 2 h at the same temperature, then washed with satd 
NaHCO, and water, dried (Na,SO,), and concentrated. The residue was chro- 
matographed on a column of silica gel with 45 : 1 CH,Cl,-MeOH to give 6a (106 
mg, 75%), which was lyophilized from 1,4-dioxane solution; mp 95-97°C; [a], 
+ 1.0” (c 1.0, CH,Cl,); IR: vmax 3350 (OH, NH), 2930 and 2860 (CH), 1740 (ester), 
1650 and 1540 (amide), 960 (P-0-Ph). and 780-680 cm-’ (Ph); ‘H NMR 
(CDCl,): 6 0.88 (t, 9 H, terminal CH, of fatty acyl), 1.0-1.8 (m, 59 H, CH, and 
CH), 2.05-2.35 (m, 4 H, 2 CH,CO), 3.5-4.1 (m, 7 H, H-5,6, H-3 of C,,-OH, and 
OH), 4.22 (m, 1 H, H-2), 4.74 (q, 1 H, J,,, = .14,5 =.14,r = 9.5 Hz, H-4), 5.25 (d, 1 H, 

J,,z 3.3 Hz, H-l), 5.50 (t, 1 H, .& = J,,, = 10.3 Hz, H-3), 6.42 (d, 1 H, Jz,, 9.3 Hz, 
NH), and 7.1-7.4 (m, 10 H, Ph-H). Anal. Calcd for CS,H,,NO,,P (988.33): C, 
68.06; H, 9.59; N, 1.42. Found: C, 67.86; H, 9.83; N, 1.31. 

2-Deoxy-2-[(3R)-3-hydroxytetradecanamido]-3-0-[(3RS)-3-nonylpentadecan- 

oytj-4O-phosphono-D-gtucopyranose (7~). - To a solution of 6a (90 mg) in EtOH 
(50 mL) was added Adams platinum catalyst (100 mg), and the mixture was stirred 
overnight under H,. The catalyst was filtered off and washed with EtOH. The 
filtrate and washings were combined and concentrated to afford 7a (58 mg, 74%), 
which was lyophilized from a suspension in 1,4-dioxane. It gave a positive test for 

the phosphono group with the molybdenum spray reagent of Dittmer and Lester’; 
IR: urnax 3400 (OH, NH), 2930 and 2850 (CH), 1740 (ester), and 1640 and 1550 
cm-’ (amide). Other physical and analytical data are given in Table I. 

Other alkyl-branched acyl derivatives. - The additional compounds of the series 
were as follows: The physical and analytical data are recorded in Table I. 

7b. 2-Deoxy-2-((3R)-3-hydroxytetradecanamido/-3-0-~~3RS)-3-nonylhepta- 
decanoyll-4-0-phosphono-D-glucopyranose. 

7c. 2-Deoxy-2-[(3R)-3-hydroxytetradecanamido]-3-0-~(3RS~-3-nonylnonadec- 

anoyl]-4-O-phosphono-D-glucopyranose. 
7d. 2-Deoxy-2-[(3R)-3-hydroxytetradecanamido]-3-0-[~3RS~-3-nonylhenei- 

cosanoyl]-4-O-phosphono-D-glucopyranose. 



Compound MP [Nl,) (“) Molecular Composition found (c&d) CCC) 

PC) (C in 50:25:4:2 formula 
_- 

(‘ II N 
C‘HC’I ,-MeOII- 

IILO~Nll,OII) 

7a IfAIhS 

h 161-163 

C 164-166 

e I s7- 160 

f I ho- I63 

If&l65 

h If& 168 

i lh7- I68 

i IfIG167 

k 167-168 

I 

In 

168-170 

169-372 

- 

- 
*- 11.3 ((I.1 1 

i 4. I (0.6) 

+ 5.1 (0.X) 

+ 5.0 ((1.4) 

i 7.4 (0.4) 

+ 0.7 (0.4) 

+ Il.5 io.11 
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+ I2.0 (0.3) 
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i- 0.J (0. I) 

+ 13.1 (0.2) 
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lO.fl3 
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IO.90 
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( 1.57) 
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( I .6’) 
1.J’) 

(I.F7) 
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(1.51) 

I .A1 

(1.36) 
I .hO 

(I.hS) 
I .37 

c I .A71 

I.3 
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I .5x 
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1.70 

( I AX) 

7e. 2-Deoxy-2-/(3R)-3-hydroxytetradecananzido]-4-O-phospf~un~~-~-O-l~.3RS)-.3- 
undecylpen tadecanqvll-D-glucopyranose. 

7f. 2-Deoxy-2-(~.3R)-.?-hydro.~/etradecanamido/-4-0-phospho~zo-.3-0-~(3RS)-3- 

unl~ecylheptadecunoyl/-n-~lllcopyranos~~. 

7g. 2-Deoxy-2-I(.3R)-.?-hydroxytetmdecanamido]-4-O-ph~~.~ph~~no-.~-O-/~.3RS)-.3- 
und~Jcylnonadecanoyl/-u-glucopyranose. 

7h. 2-Deo~y-2-[(.3R)-.3-hydr~xytetradeiecanumido/-4-O-ph~~,sp~~on~~-.3-~~-[ (.3RS)-.3- 
lrndecylhe~leicosanoyll-o-~luco~~~lrarlose. 

7i. .3-0-/(2RSj-2-l~ecyltetradecano)~l/--,-deox~~-2-~(.3K)-.3-hydrox~~tctrtdec- 
anr2midool-4-0-phosplzono-o-glucopyrLEnose.. 

7j. 2-Deoxy-.3-0-~2-dodec~~ltetradecanc?vl)-2-~(3R)-.3-hydroxytetradecanan~id~~~-4- 
0-phosphono- o-glucopyranose. 

7k. 2-Deoxy-3-O-/(2 RS)-2-dodecylhexadec~~lo~l]-2-/(3 R )-.3-hydro.~~,tetru~itlc- 

unamiclol-4-0-phosphono-n-Rlucopyranose. 
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71. 2-Deoxy-3-0-[f2RS)-2-dodecyloctadecanoyl]-2-[(3R)-3-hydroxytetradecan- 
amidol-4-0-phosphono-D-giucopyranose. 

7m. 2-Deoxy-3-0-[(2RS~-2-dodecyleicosanoyI/-2-/(3R)-3-hydro~tetradecanami- 
do]-4-O-phosphono-D-glucopyranose. 
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