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Stereocontrolled Synthesis of
Novel Phytosphingosine-type Glucosaminocerebrosides'
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Abstract: D—ribo-Phytosphingc)sine 1 was conveniently synthesized from N-benzoyl-D-glucosamine 3 by
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addition are involved as key steps. Using a synthetic intermediate of 1, novel D-ribo-phytosphingosine-
type glycolipids 2a and 2b, unnatural homologues of antifungal cerebrosides Halicylindrosides, were
efficiently synthesized in a stereacontrolled manner. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
D-ribo-C1g-Phytosphingosine [(2S, 3S, 4R)-2-aminooctadecane-1,3,4-triol] (1) and its Cj6-Ca2
homologues have been found as backbone components of glycosphingolipids? isolated from fungi,3 plants,4
marine organisms,5 and mammalian tissues.6 Recently, it has been reported that relatively simple mono-
glycosylceramides (cerebrosides) containing phytosphingosine in the hydrophobic moiety exhibit significant
biological activities. For example, Agelasphins, a- galactosylceramldes from the marine sponge Agelas
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ceramides from the sponge Halichondria cylindraia, showed moderate antifungal and cytotoxic activities.?
Due to the scarcity in nature, phytosphingosines have been important synthetic targets and a variety of
synthetic methods of 1 have been developed either by starting from natural chiral pools,® mainly from
carbohydrates,!0-12 or by using asymmetric reactions.!3:14 However, most of these approaches are lengthy,
and there have been only several reports on the synthesis of phytosphingosine-type glycolipids.!3 In addition,
glucosaminylceramides such as Halicylindrosides, in which D-glucosamine residue directly binds to the

ydrophobic moiety,16 have not been synthesized.17 The structural feature as well as the biological activities
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In this paper, we report an improved synthesis of phytosphingosine 1, utilizing diastereoselective
addition of a Grignard reagent to an oxazoline-aldehyde derived from N-benzoyl-D-glucosamine. We also
describe an efficient synthesis of novel glucosamino-cerebrosides 2a and 2b, unnatural homologues of
Halicylindrosides A and B having C3-straight-chain sphingosine moiety!8 and C¢-fatty acids.
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D-ribo-Cg-phytosphingosine (1) Halicylindrosides A (X=H, R =CHa, m=7,89; n=2,3)
Halicylindrosides B (X=0H,R=CH3, m=7,8,n=0,1,2,3)

2a(X=H R=H m=1,n=3)
2b(X=OH,R=H,m=1,n=3)

RESULTS AND DISCUSSION

in Scheme 1. N-Benzoyl-D-glucosamine 3 was converted into 2-benzamido-2-deoxy-4,6-O-ethylidene-D-
glucitol 4 in 2 steps as previously reported.19 Treatment of 4 with r-butyldiphenylsilyl (TBDPS) chloride (1.2
equiv.) in the presence of pyridine gave 1-O-TBDPS ether, which was treated in situ with methanesulfonyl
chloride (1.4 equiv.) to give 1-O-TBDPS-3-O-monomesylate 5§ as a predominant product (74%). The
structure of the monomesylate was deduced from its 'H NMR spectrum, in which the C-3 and C-5 protons
were observed at 8 5.45 ppm (dd, J = 2.6, 8.6 Hz) and at 5 3.80 ppm (m, overlapping with the C-1 proton),
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reaction of the 1-O-TBDPS ether with excess mesyl chloride and triethylamine, was also obtained, but 5-O-

monomesylate (R = H, R> = Ms) was not detected. The crystalline monomesyiate 5 was heated in pyridine
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at 110 °C for 24 h to effect conversion into the 2-phenyi-2-oxazoline derivative 7 ('H NMR: J4 5* = 9.2 Hz).
The ethylidene acetal in 7 was cleaved with TiCly and thiophenol in CH,Cl, at -10 °C to give the triol 8 in
84% yield. The acetal was also removed with BF3 OEt; instead of TiClys, though the reaction proceeded at
higher temperature (at 5 - 10 °C) and the yield slightly decreased (72%).

The triol 8 was treated with NalO4 in aqueous MeOH to give the aldehyde 9. Without purification, the

crude 9 was treated with tetradecylmagnesium chloride in tetrahydrofuran (THF) to afford a separable
mixture of the diastereomeric (R)-alcohol 10r and (S)-alcohol 10s in a ratio of 7:1. The structures of the

Oh .1 alo b1 e Lo a1 Y ™. .
products were easily determined since we had prepared!% the (R)-alcohol 10r from the di-mesylate 6. The

influence of additives in this reaction was then examined. As shown in Table 1, the (R)-alcohol 10r was the
major product in all cases. The diastereoselectivity of the reaction slightly increased in the presence of CeCls,
and decreased in the presence of ZnCly. The high stereoselectivity of the Grignard addition can be explained
by Felkin-Anh transition state model. However, chelation control is not ruled out since the oxazoline-
nitrogen in 9 has much higher coordination ability than the oxazoline-oxygen or the silylated-oxygen to form
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Scheme 1. Reagents and conditions: a) t-BuPhySiCl (1.2 equiv.), pyridine, CHzCly, 1. t,, 24 h; then MeSOCl (1.4
equiv.), 0 to 5 °C, 5 h; b) pyridine, toluene, 110 °C, 24 h; ¢) TiCly, PhSH, CHCly, -10 °C, 1 h; d) NaiO4, aq. MeOH,
5°C, 2 h; €) n-Cq4HogMgCl, THF, -70 10 -20 °C; ) 2 M aq. HCI, THF, r. 1., 5 h, then NaOH, aq. EtOH, 95 °C, 12 h;
@) AcO, pyridine, DMAP, CHoClo.

Table 1. Effect of Additives in the Grignard Reaction
Entry Additive Yield? (%) Ratio
{1 amiy ta Q) 10 10¢ 10r - 10
\l CAJUEY. W I} AVE A VD
1 none 65 9 7.1
2 BF3OEtp 7 10 7:1
3 ZnChy 50 27 21
4 CeCly 68 6 1:1
a. Isolated yield. In all cases, the reduction product (RCH,OH) of 9 was obtained in 5 - 10% yields.
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Deprotection of the (R)-alcohol 10r was achieved by two-step hydrolysis to afford D-ribo-Cig-
phytosphingosine 1 in 75% yield. The structure of 1 was further confirmed by its conversion into the known
tetraacetyl-phytosphingosine 11, the physical data of which were almost identical with those reported.9-14
Thus the present synthetic route could provide the protected phytosphingosine 10r from 3 in 7 reaction steps,
which is fewer by 3 steps than our previous route, 1% with 30% overall yield.

Glycosidation and Synthesis of Halicylidrosides A Homologue

Having phytosphingosine derivatives with natural (28, 3S, 4R)-stereochemistry in hand, we turned our
attention to the glycosidation. A number of procedures for the synthesis of 2-acetamido-2-deoxy-B-D-
glucopyranosides have been developed in recent years.20.2l However, most methods still suffer from
drawbacks. For example, often employed N-phthaloyl (Phth}protected donors have difficulty in converting
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with N-acetyl-protected donors directly provide 2-acetamido-2-deoxy-p-D-glucopyranosides, but these
donors usually show insufficient reactivities due to the formation of oxazoline intermediate. To increase the
reactivity, N-haloacetyl-glucosamine derivatives have been employed.21b.22

We sought a more efficient glucosamine donor with ready accessibility, and eventually employed 2-

chloroacetamido-2-deoxy-3,4,6-tri-O-acetyl-a-D-glucopyranosyl chloride (12). To our knowledge, 12 has not
been used as a glycosyl donor except for the reaction with excess methanol in the presence of Ag,CO3.23

Although the previous synthesis?32 of 12 required 5 steps from glucosamine, we could prepare it in a
ightfamarard :
straightforward manner according to the synthetic procedures of MN-acetyl-2%% and N-pent-4-enoyl-

glucosamine24b derivatives. (Scheme 2) The oxazoline-diol 13, readily obtained by desilylation of 10r, was
chosen as glycosyl acceptor. Coupling of 12 and 13 was performed using silver trifluoromethanesulfonate
(AgOTY) as the promoter at 70 °C to afford the desired B-glucoside 14 in 75% yield. In the course of the
reaction, TLC showed the formation of an intermediate 2-chloromethyl-2-oxazoline derivative and the
disappearance of 12 within 1 h. However, the reaction of the oxazoline with 13 proceeded rather slowly.
This moderate reactivity eliminates the formation of the diglycosylated product of 13. The chloroacetyl
group in 14 was reduced with n-BuzSnH to give the acetamide 15. Glycosidation of 13 with N-acetyl
analogue of 12 was also examined under similar reaction conditions.21d The reaction proceeded more slowly
than the former glycosidation and the product 15 was contaminated with several impurities even after
chromatography. Thus the former two-step procedure was proved effective and wouid be appiicabie to the
synthesis of N-acetylglucosaminides of reactive alcohols.

The synthesis of 2a was completed as follows. Acid catalyzed ring opening of the oxazoline 15 gave
the 2-amino-3-O-benzoate hydrochloride 16, which was treated with palmitoyl chloride to afford the amide
17a. Finally deacylation of 17a with NaOMe in methanol-THF furnished the glycolipids 2a. Its physical data
were very close to those reported for the natural Halicylindrosides A;-A4.8
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Scheme 2. Reagents and conditions: a) NaOMe (1 equiv.), MeOH; then (CICH,C0),0, EtsN, MeOH, 0 °C, 1 h;
b) AcCl, r. t,, 24 h; ¢) (n-Bu)4NF, THF, r. t, 1 h; d) AgOTf, M.S.4A, CICH,CH,CI, 70 °C, 15 h; e) (n-Bu)3SnH,
AIBN, toluena, 80 °C, 1 h; f) 1M-HCL, THF, r. t, 3 h; g) n-CysH3{COCI, EtsN, CHoCla, 0 °C; h) NaOMe, MeOH.
THF,5°C, 2 h.

Svnthesis of Halicvlidrosides B Homolooue
Synthesis of Halicylidrosides B Homologue
Natural glycosphingolipids generally possess two types of amide-linked fatty acids: non-hydroxy fatty

acids (NFA) and (2R)-hydroxyfatty acids (HFA). Hence preparation of optically active (2R)-HFA derivatives
and subsequent coupling with sphingosine amino group are indispensable for glycolipids synthesis. Several
syntheses of the ceramides bearing (2R)-hydroxypalmitoyl (HOpal) residue have been reported.!52.25
However, those syntheses required several steps for the preparation of 2-HOpal derivatives26 suitable for the
coupling with sphingosines. We planned to develop a facile preparation of such a (2R)-HOpal derivative
from commermallv available 2(RS)-hydroxypalmitic acid 18 by using a 51multaneous optical resolution and

carhnx_vl-a(‘h vation method

As shown in Scheme 3, 2(RS)-acetoxypalmitic acid 19 252 was treated with (4R,5S)-4-methyl-5-
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The diastereomeric coupling products 21a and 2ib were readily separated by siiica-gel chromatography. For
structural determination, each diastereomer was treated with a catalytic amount of K2CO3 in methanoi to

give the methyl ester. The optical rotation of the methyl ester 22a derived from the more polar isomer 21a
was identical with that reported?® for methyl (2R)-acetoxypalmitate. Thus the required (2R)-
acetoxypalmitoyl imide 21a, which can readily react with amines to give the amides, was prepared from

2(RS)-hydroxypalm1t1c acid 18 in2 steps
Wit
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Scheme 3. Reagents and conditions: a) AcyO, pyridine, CH.Cly, r.t.; b) dicyclohexylcarbodiimide, DMAP,
CHoCly, 1. t., 1 h; ¢) KoCO3 (cat.), MeOH, 0 °C, 15 min; d) 1M-HCI, THF, r. t., 3 h; e) 21a, EtN(~Pr);, DMF, 80 °C,
20 h; f) NaOMe, MeOH, THF, 5 °C, 2 h.

converted to the amino-benzoate hydrochloride 16, which was treated with 21a in the presence of a tertiary
amine. The reaction proceeded sluggishly in CH>Cl 26 or THF, but moderately in DMF at 90 °C to afford

the amide 17b. Finally 17b was deacylated with NaOMe in methanol-THF to afford the glycolipids 2b. Their
physical data were very similar to those reported for the natural Halicylindrosides B1-Be.8

CONCLUSIONS

D-ribo-Phytosphingosine 1 was conveniently synthesized from N-benzoyl-D-glucosamine 3 by a new,
short route featuring regioselective O-mesylation and diastereoselective Grignard addition. Glycosidation of
the protected phytosphingosine 13 with 12 followed by reductive dechlorination afforded the glucoside 1S,
which was converted to a novel glucosamino-cerebroside 2a, a homologue of Halicylindrosides A. Also
Halicylindrosides B homologue 2b bearing (2R)-hydroxypalmitoyl residue was synthesized from 15 by
utilizing the simultaneous optical resolution and carboxyl activation method. The use of the 2-N,3-O-
oxazoline-protected sphingosine 13 as a glycosyl acceptor has an advantage that various fatty acids can be
installed onto the sphingosine amino group after glycosidation. This glycosidation strategy would be widely
applicable to the synthesis of related cerebrosides.
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Meiting points were determined with a Yanaco meiting point apparatus MP-500D and are uncorrected.
Optical rotations were measured with a JASCO DIP-1000 polarimeter and [a]p vaiues are given in 10- 1 deg

cm? gl 1H and 13C NMR spectra were recorded at 270 and 67.8 MHz on a JEOL JNM-GSX-270
spectrometer for solutions in CDCIl3 unless otherwise noted. Tetramethylsilane (TMS) was used as internal
standard (84 = 0) for 'H NMR and CDCl; served as internal standard (8¢ = 77.0) for 13C NMR. When
pyridine-ds was used, pyridine-ds served as internal standard (6y = 7.19, 8¢ = 123.5). Infrared (IR) spectra

were mesured for samples as KBr pellets with a JASCO FT-IR 620 spectrophotometer. Elemental analyses
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FAB mass spectra (FABMS) were obtained on a Hitachi M-80B and a JEOL DX-303 mass spectrom
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respectively. Thin layer chromatography (TLC) was performed on Merck pre-coated silica gel 60F254 plates.

Column chromatography was performed on silica gel (Wako gel C-200). Organic solutions after extractive
work-up were dried over NazSOy, filtered through a cotton plug, and evaporated under reduced pressure.
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Tetradecylmagnesium chloride (1.0 M solution in THF) and molecular sieves 4A (powder) were purchased
from Aldrich Chemical Co., and the latter was dried in vacuo at 110 °C for 2 h before use.

2-Benzamido-2-deoxy-1-O-t-butyldiphenylsilyl-4,6-0O-ethylidene-3-O-methylsulfonyl-D-glucitol (5)
To an ice-cooled salutmn ef the triol 4! (1 74 g 5.6 'nme!} and pyridine (5 ml, 62 nmﬂ.c.) in CH>Cl; (30 ml)

mixture was stirred at room temperature for 24 h. To this solution was added a solution of methanesultbnyl
chloride (905 mg, 7.9 mmol) in CH,Cl; (8 ml) at 0 °C. After being stirred for 5 h in an ice- bath, the mixture
was diluted with CH,Cl; (30 ml) and treated with cold aq. NaHCO3 (30 ml), and the layers were separated.
The aqueous phase was extracted with CH;Cl; (2 x 40 ml) and the combined organic layers were
successively washed with H,O and brine, and then dried. Removal of the solvent gave an yellow residue,

which wag punﬁed b}’ column ¢ nmnfnm-anhv with hexane-AcQFt (1 ’)\ as eluent to oive the dl-mgsy]_

lumn chromatography with hexane-AcOFEt (3:2) as eluen
(306 mg, 7.8%) as a colorless oil: Ry 0.36 (hexane-AcOEt, 3:2); [« ]

eiution with hexane-AcOEt (1:1) afforded the mono-mesylate 5 (2.60 g
PR

needies from AcOEt-hexane); Ry 0.23 (hexane-AcOEL, 3:2); [“]D * +6.3

CDCl3) 1.09 (9H, s, -Bu), 1.24 (1H, d, J = 5.0 Hz, CH3CH), 1.88 (1H, br s, OH),

(1H, t, J = 10.5 Hz, 6-Hax), 3.46 (1H, dd, J = 2.7, 9.0 Hz, 4-H), 3.76 (1H, dd, J = 3.0, 10.9 Hz, 1-Ha), 3.80

(1H, m, 5-H), 3.97 (1H, dd, / = 3.3, 11.2 Hz, 1-Hb), 4.14 (1H, dd, / = 5.2, 10.7 Hz, 6-H®4), 430 (1H, q, J =

5.0 Hz, CHCH3), 4.76 (1H, tt, J = 3.0, 8.6 Hz, 2-H), 5.45 (1H, dd, /= 2.6, 8.6 Hz, 3-H), 6.92 (1H, d, /= 8.8

Hz, NH), 7.27-7.83 (15H, m, Ph); ¢ (67.8 MHz, CDCl3) 19.2, 20.3, 26.9, 38.3 (CH3803), 51.0 (C-2), 61 4,
9

63.0,70.2,76.5,79.3(C-3),99.3, 127.0, 127.9, 1280, 128.7,130.0, 130.1, 131.8,132.4, 1325, 133 8, 135 5,
135.8, 167.0 (C=0); vmax 3402, 2932, 2858, 1654, 1523, 1349, 1174, 1105, 702 cm!; Anal. Calcd for
C32H41NOgSIS: C, 61.22; H, 6.58; N, 2.23; S, 5.11. Found: C, 61.17, H, 6.62; N, 2.32; §, 5.22.
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h. The resulting solution was diluted with AcOEt (50 ml) and aq. NaHCO3 (30 mil), and the
layers were separated. The aqueous layer was extracted with AcOEt (2 x 30 ml) and the combined organic
layers were successively washed with HyO and brine, and then dried. Removal of the solvent gave an yellow
residue, which was purified by column chromatography with hexane-AcOEt (3:1) as eluent to give the
oxazoline 7 (1.35 g, 85%) as a colorless foam: Rr0.32 (hexane-AcOEt, 2:1); [a]p27 ~124.8° (¢ 1.0, CHCl3);

81 0.91 (9H, ), 1.21 (3H, d, J = 5.0 Hz), 2.99 (1H, br d), 3.38 (1H, t, J = 10.4 Hz), 3.86, (1H, m), 4.04 (2H,
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5.2 nz),4.65(in, t,/ =92 Hzj, 7.35-7.51 (51, m), 7.64-7.71 (4H, m), 7.95 (2H, m); HRMS (El) Caicd for
+

C31H38NOsSi (M + H)": 532.2517. Found: 532.2480

(1R,2R,4’S,5’S)-1-[4’-(t-Butyldiphenylsilyl)oxymethyl-2’-phenyl-4’,5’-dihydrooxazol-5’-yl]propane-
1,2,3-triol (8)

To a solution of 7 (425 mg, 0.80 mmol) and thiophenol (0.7 ml, 6.8 mmol) in CH2Cl; (8 ml) under nitrogen
at ~15 °C was added dropwise a 1.0 M solution of TiCls in CH2Cl; (2.4 ml, 2.4 mmol) over 5 min, and the
stirring was continued for 1 h at —15 to ~10 °C. The resulting brown suspension was diluted with CH>Cl> (10
ml) and quenched by the addition of a cooled solution of saturated aq. NaHCOj3; (10 ml) while being
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The combined organic layers were dried and concentrated to give a pale-yellow oil, which was purified by

column chromatography with hexane-AcOEt (3:1) as eluent affording the triol 8 (340 mg, 84%) as a
colorless foam: Rr0.28 (hexane-AcOEt, 1:3); [a]p?3 —82.7° (¢ 0.70, CHCl3); 8y 1.06 (9H, s, t-Bu), 2.65 (1H,

br, 3-OH), 3.08 (1H, d, /= 6.3 Hz, 2-OH), 3.80 (1H, dd, J = 9.6, 11.2 Hz, 4’-CHaHb), 3.90 (1H, m, 2-H) 3.93
(1H, dd, J = 3.3, 11.2 Hz, 4’-CHa/b), 4.06 (2H, m, 3-Hp), 4.40 (1H, dt, /= 3.0, 9.8 Hz, 1-H), 4.62 (1H, dt, J

=3.0,9.0 Hz, 4-H), 4.76 (14, t, J = 9.3 Hz, 5>-H), 4.88 (1H, d, J = 3.2 Hz, 1-OH), 7.34-7.50 (9H, m, Ph),
7.68 (4H, m, Ph), 7.81 (2H, m, Ph); 8¢ 19.0, 26.7, 62.8, 63.0, 69.1, 71.1, 72.5, 81.1, 126.8, 127.99, 128.04,

73

282 2 1303 1317 1318 1219 1355 13561 2 v 3377 (hroad). 2931 2857 1648
ﬁv-b, 9 by RS TuS 9 AL ATy LT AU, BT Re Sy LA Ty Ll Ny AT Tk Vm i T \IJ Vu\l’, Eald R ERE A 4 4 E] hd Uy
A0 12£1 1117 10EL £Q0 am-l: HRMQ Calad fae 50 1T NINC (M L INY €02 71247 Eavind: $0E 274
420, 1501, 111z, 1UO0, 0% Cili™*, rinuvid LaICa 10T U291136INUSO1 (IVD T I j [ JUG.£L302. FOUNA. SU0.22/0

(45,55)-4-(t-Butyldiphenylsilyl)oxymethyl-2-phenyl-4,5-dihydrooxazole-5-carbaldehyde (9)
Solid NalO4 (190 mg, 0.91 mmol) was added to a stirred, ice-cooled solution of the triol 8 (202 mg, 0.40
mmol) in MeOH (4 ml) and H>0 (1 ml) and the mixture was stirred for 2 h at 5-10 °C. The white precipitate

formed was filtered off and washed thoroughly with AcOEt. To the filtrate were added AcOEt (20 ml) and

half-saturated brine (20 m1) and the layers were separated. The aqueous layer was extracted with AcOEt (2 x
20 ml) and the c.,..,b ned organic 1ayers were washed with HyO and brine (20 ml each), and dried. The

organic layer was concentrated, coevaporated with toluene, and dried in vacuo to give crude aldehyde 9 as a

n~ at.

colorless oil (192 mg), which was used in the next step without further puﬁﬁé‘ti n: Ry 0.37 (hexane-AcOEt,

3:1); 54 0.89 (9H, s, -Bu), 3.90 (2H, d, J = 2.2 Hz, 4-CHy), 4.71 (1H, dt, J = 2.3, 10.8 Hz, 4-H), 4.93 (iH, dd,
J=1.7,10.8 Hz, 5-H), 7.34-7.42 (6H, m, Ph), 7.47 (2H, m, Ph), 7.53 (1H, m, Ph), 7.58 (2H, m, Ph), 7.65 (2H,
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(15,4'5,5°S)- and (1R,4°S,5°S)-1-{4’-(-Butyidiphenyisilyi)oxymethyl-2°-phenyi-4°,5°-dihydrooxazol-5°-
ylipentadecan-1-ol (10s) and (10r)

A 1.0 M solution of tetradecylmagnesium chloride in THF (0.8 ml, 0.8 mmol) was added dropwise over 5
min to a stirred solution of the aldehyde 9 (192 mg, 0.40 mmol) in THF (5 ml) at -70 °C under nitrogen. The
resulting pale yellow solution was stirred at -70 to -50 °C for 30 min and was then allowed to warm. At ca.
-20°C, this solution was treated with saturated aq. NH4Cl (2 ml), followed by AcOEt (15 ml) and H,O (5 ml).
The layers were separated and the aqueous phase was extracted with AcOEt (2 x 15 ml). The organic layer

wae enrcoacaivaly wachad unth i and hrina Arind and sancantratad Tha racidna wae ahramataogranhad A
wad SULALSSIVLULY wadsiivl widl 1NZVU alilu uliinn, Uiitl aiG Convtindaica. 11c IesiGud was vinviiawwpiapiicu on

a coiumn with hexane-AcOEt (5:1) as eluent to afford the (1S)-aicohol 10s (23 mg, 9% yield) as a coloriess

INTT s 0T

oil: Rr0.40 (hexane-AcOEt, 4:1); {ajp?® -37.6° (¢ 1.4, CHCl3); 6y 0.88 (3H, t, J = 6.8 Hz, CH3), 1.00 (5H, s,
t-Bu), 1.26 (24H, s-like, 12 x CHp), 1.67 (2H, m, 2-H,), 3.00 (1H, d, J = 4.3 Hz, OH), 4.01 (1H, dd, J = 3.3,
10.9 Hz, 4’-CHaHb), 4.11 (1H, dd, J = 6.2, 10.9 Hz, 4’-CHaHb), 4.24 (1H, m, 1-H), 4.36 (1H, ddd, J = 3.3,
6.4,9.7 Hz, 4°-H), 4.64 (1H, dd, /= 3.1, 9.7 Hz, 5°-H), 7.35-7.48 (9H, m, Ph), 7.68 (2H, m, Ph), 7.72 (2H, m,
Ph), 7.97 (2H, m, Ph); 8¢ 14.1, 19.1, 22.7, 26.0, 26.8, 29.4, 29.68, 29.72, 31.9, 34.8, 62.8, 68.9, 69.4, 84.2,
127.67, 127.73, 1’)73 12828, 128.30, 1
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6 (24H, s-like, 12 x CHy), 1.66 (2 m, 2H2) 78 (1H, dd, /= 8.9, 10.9 Hz, 4’ -CHaHb) 390(1H dd,J
= 3.0, 11.0 Hz, 4’-CHaHb), 4.17 (1H, m, 1-H), 4.37 (1H, br s, OH), 4.58 (1H, t, J = 8.6 Hz, 5°-H), 4.64 (1H,
dt, J = 2.6, 8.2 Hz, 4>-H), 7.34-7.47 (9H, m, Ph), 7.68 (4H, m, Ph), 7.87 (2H, m, Ph); 5¢ 14.1, 19.0, 22.7,
25.2,26.8,29.4,29.7,29.8, 31.9, 34.4, 62.7, 68.3, 68.7, 84.9, 127.1, 127.9, 128.0, 128.3, 130.1, 130.2, 131.8,
131.9, 132.0, 135.6, 165.0; HRMS Calcd for C41HgoNO3Si (M + H)': 642.4342. Found: 642.4352.

D-ribo-Cyg-Phytosphingosine [(2S, 35, 4R)-2-aminooctadecane-1,3,4-triol] (1)

~L P S "1 l\l 17X

£
p-h

'I.
f1

T . — |.4_‘.L.A\' n . N A 1N =
To a stirred solution of 16r (70 mg, 0.11 mmol) in THF (3.6 mi) was added 2.0 M aq. HCl (0.4 ml), ¢ €
mixture was stirred for 5 h at room temperature. To this soiution was added a solution of NaOH (200 mg, 4.0

mmol) in HO (1.0 mi) and EtOH (1.0 mi), and the mixture was heated at 95 °C for 12 h. The cooied
reaction mixture was diluted with HyO (10 ml) and extracted with Et20 (3 x 10 ml). The organic layer was
dried and concentrated to give a yellow solid, which was subjected to column chromatography, with
CHyCl13-MeOH (9:1), then with CHCl;-MeOH-10% aq. NH40H (40:10:1) as eluent, to afford
phytosphingosine 1 (26 mg, 75%) as a colorless solid: m.p. 98-101 °C; [a]p24 +8.7° (c 0.80, pyridine)
{lit.'1® m.p. 95 °C; [a]57°23 +8.5° (¢ 1, pyridine), lit.11d m.p. 98-100 °C; [a]p?0 +8.9° (¢ 0.6, pyridine),
~20 +7 g° (cl10 mmdmp\ lit 12e m .p. 95.4.98 5 °C: [a1n27 +7.3° (¢ 0.99 n\mdme_:\}

L. 2V U il Mo Py R ENERER e =~ LI SR & e ’
S fomgridina S M MOV NLCT AU ¢+ T=6&7 LIy 12 Aa) 121 M1 o lika) 127 /1H m) 16611 m) 178
OH \PYHIULIC-UG/ L/ ) V.00 (I, L, v U.7 (14, 10=1IVIU J, 1.41 \& LIl DTUMRC ), L.J7 1L, I1j, LUV (110, 1), K. /8
1.95 (2H, m), 2.16-2.30 (1H, m), 3.52 (1H, br, 2-H), 3.97 (1H, t, J = 7.1 Hz, 3-H), (1H,

+

4.19
(1H, dd, J=6.1, 9.3 Hz, 1-H), 4.32 (1H, br, 1-H); HRMS Calcd for C1gHaoNO3; (M + H) :
318.3030.

997
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Tetraacetyl-D-ribo-C

To an ice-cooled solutio

13-phytosphingosine (11)
tion

1 of hvmqnhmgn e 1 (21 mg, 0.07 mmol) in Clz (2 ml) were added nvndme

 § 1131 ‘- SIS S8

(0.1 ml) and acetic anhydride (0.1 ml), and the mixture was stirred at room temperaturc. After 2 h, 4-
(dimethyiamino)pyridine (2 mg) was added to the mixture io compiete the acetyiation. After extractive
work-up, the organic layer was dried and concentrated to give a white solid, which was purified by
chromatography to afford tetraacetyl-phytosphingosine 11 (29 mg, 90%) as a colorless solid: m.p. 34-37 °C;
[a]p24 +28.0° (¢ 1.30, CHCI3) {1it.%° [a]p?3 +26.2° (¢ 0.1, CHCI3), 1it.%¢ [a]p +24.7° (¢ 0.5, CHCI3), lit f
[a)p!® +24.7° (c 1.14, CHCI3), lit.12a m p. 48 °C; [a]p?? +26.3° (¢ 2, CHCl3), 1it.128 [a]p2! +28.9° (¢ 0.95,
CHC13)}' Rr0.34 (hexane-AcOEt, 1:1); 3y 0.88 (3H, t, J = 6.8 Hz, 18-Me), 1.25 (24H, s-like, 6 to 17-CHy),
65 (2H, m, 5-Hp), 2.03 (3H, s, CH3CO), 2.05 (6H, s, CH3CO), 2.08 (3H, s, CH3CO), 4.00 (1H, dd, J = 3.0

N
o
[
N
O
N
}III
[ ]
O
(V%)
N
N
\Cl
'S
‘Jl
N
hel
Lla
Nl
L)sn
OC)
N
O

. 51, 29.63, 31.9, 47.6, 62.8, 71.9, 73.0, 169.7, 170.1, 170.8, 171.2;
Vmax 3300, 2920, 2851, 1731, 1659, 1550, 1376, 1264, 1227, 1042 cm'!; Ana l Calcd for Co6Hg7NO7: C,

64.30; H, 9.75; N, 2.88. Found: C, 64.40; H, 9.93; N, 2.82.

+4,6-Tri-O-acetyl-2-chloroacetamido-2-deoxy-a-D-glucopyranosyl chloride (12)
o i tirred solution of 1.0 M NaOMe in MeOH (5 ml, 5 mmol) was added

placed in an ice bath, and chloroacetic anhydride (1.0 g, 5.8 mmol) and triethylamine (0.80 ml, 5.7 mmol)
were added alternatively in several portions. After being stirred for 1 h, the solution was concentrated and
dried in vacuo. Since N-chloroacetylglucosamine formed [R;0.24 (CH2Cl,-MeOH, 4:1)] was not crystallized,
this residue was used in the next step without purification. To the crude N-chloroacetyl-D-glucosamine was
added acetyl chloride (10 ml), and the mixture was stirred in a sealed flask for 24 h. The reaction mixture
was diluted with AcOEt (50 ml), cooled by an ice-water bath, and treated with cold saturated aq. NaHCO3
(30 m!) The phages were separated. and the oreanic nhacr-‘ was washed successively with ice-cooled

YAV OwpGRiGive, (331w L= 2ale SN VY SRELLLOIIVERY WAL ARmLARONL

saturated aq. NaHCO3 and H2O. The combined aqueous layers were extracted with AcOEt (2 x 20 ml), and

Cl
3
g
=
)
=l

the organic extracts were dried and concenirated. The dark brown residue was purified by chroma hy
with hexane-AcOEt (3:2—1:1) containing 0.5% Ei3N as eluent to give the giucosyl chioride 12 (1.2 )
as a colorless solid: m.p. 133-135 °C (decomp.); [a]p?4 +121.6° (¢ 1.40, CHCI3) {lit. 23a m.p. 143 °C
(decomp.); [a]p?? +115.4° (¢ 1.43, CHCl3)}; Ry 0.50 (hexane-AcOEt, 1:1); 3y 2.05 (3H, s, CH;3CO), 2.06
(3H, s, CH3CO), 2.11 (3H, s, CH3CO), 4.02 (2H, AB-type, CH,Cl), 4.14 (1H, m, 5-H), 4.30 (2H, m, 6-H2),
4.49 (1H, ddd, J = 4.0, 8.6, 10.6 Hz, 2-H), 5.23 (1H, t,/ = 9.6 Hz, 4-H), 5.40 (1H, dd, J = 9.6, 10.6 Hz, 3-H),
6.21 (1H, d, J = 4.0 Hz, 1-H), 6.86 (1H, d, J = 8.2 Hz, NH); 8¢ 20.49, 20.55, 20.62, 42.1, 53.9, 61.0, 66.8,
697.70.9 7. 166.4 222, 2998, 1741, 1663, 1553, 1372, 1226, 1125,
‘ 467;N,333.
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(1R,4’S,5’S)-1-[4’-Hydroxymethyl-2’-phenyl-4’,5’-dihydrooxazol-5’-yl]pentadecan-1-o0l (13)

To a stirred solution of 10r (180 mg, 0.28 mmol) in THF (4.0 ml) was added a 1.0 M solution

tetrabutylammonium fluoride in THF (0.5 ml, 0.5 mmol) at room temperature. After 1 h, a drop of aq.
1,

NH4Cl was added to the mixture, and the solvent was removed to Anmaec Purificatinn hu chram
a2 lwv S ol A ZREAAASWEL Wy a ' s L3 L ¥

2-Ha), 1.83 (1H, m, 2-Hb), 3.75 (1H, dd, /= 8.6, 11.2 I-Iz ¥ -CHaHb) 3.86 (IH dd,J 33,119 Hz, 4°-
CHalb), 4.04 (1H, dt, /= 2.7, 8.6 Hz, 1-H), 4.47 (1H, dt,J =26, 8.6 Hz, 4’-H), 4.54 (1H,t,/ =89 Hz, 5’-
H), 7.42 (2H, m, Ph), 7.50 (1H, m, Ph), 7.89 (2H, m, Ph); vimax 3418, 3246 (broad), 2916, 2849, 1643, 1469,
1367, 1092, 959, 692 cm-!; Anal. Calcd for Ca5H41NO3: C, 74.40; H, 10.24; N, 3.47. Found: C, 74.40; H,
10.08; N, 3.45.

(1R,4’5,5°5)-1-{4’-(37,47,6" -1n—u—auclyl-'i"-chh‘)fﬁiiél&lmluu—& *-deoxy-p-D-glucopyranosyijoxy-
methyl-2’-phenyl-4’,5’-dihydrooxazol-5’-yl]pentadecan-1-ol (14)

A solution of diol 13 (95 mg, 0.23 mmol), glucosyl chloride 12 (178 mg, 0.44 mmol), molecular sieves 4A
(150 mg) in dichloroethane (8 ml) was stirred under argon at room temperature for 30 min. To this
suspension was added AgOTf (132 mg, 0.51 mmol), and the mixture was stirred at 70 °C for 15 h. The
resulting suspension was diluted with AcOEt, and the insoluble material was filtered off and washed
thoroughly with AcOEt. The filtrate was washed with aq. NaHCOj3, H20, and brine. Combined aqueous

layers were extracted with AcOEt (2 x ')ﬂ ml\ and the oroanic extracts were dnied and concentrated. The

T A v ai [+2 S L0 R 8 3 L o] 15

residue was purified by chromatography eluting with hexane-AcOEt (1:2—1:350:1) to afford the glycoside
mg, 7

14 /7178 . EO0/N ne 2 Anlaslaco anlid — - 170 101 or\ NNV Mecermma AMTDe 1.9 T1.28 N0/, 1N
19 [IJJ lg, J/O} as a COiI0riEss sSoiia: m. p 177-101 AfU ke \IICMII a2 LW} ) I 1.4}, lu.jD" —L7. ! \L 1.V,
CHCis), 6y 0.88 (3H, t, / = 6.6 Hz, i5-CHj3), i.26 (24H, s-like, iZ x CHjy), 1.58 (2ZH, m, 2-Hj), 2.02 (3H, s,
CH;CO0), 2.04 (3H, s, CH;3CO), 2.11 (3H, s, CH3CO), 3.14 (1H, d, / = 4.0 Hz, OH), 3.71 (IH, dd, /= 7.9,

10.6 Hz, 4’-CHaHb), 3.73 (1H, m, 5”-H), 3.86 (2H, AB-type, CH2Cl), 3.91 (1H, dt, J = 8.6, 10.6 Hz, 2"-H),
3.95 (1H, m, 1-H), 4.16 (1H, dd, J = 2.3, 12.2 Hz, 6”-Ha), 4.23 (1H, dd, J = 2.6, 10.4 Hz, 4’-CHaHb), 4.29

999

(1H, dd, J = 4.9, 12.2 Hz, 6>-Hb), 4.44 (1H, t, /= 9.1 Hz, 5°-H), 4.55 (1H, dt, J = 2.6, 8.2 Hz, 4'-H), 4.83 (1H,

d,J=8.6 Hz, 1”-H), 5.08 (1H, t, J = 9.6 Hz, 4”-H), 5.30 (1H, dd, /= 9.2, 10.6 Hz, 3”-H), 6.57 (1H, d, /= 8.9
1, m, Ph), 7.50 (1H, m, Ph), 7.90 (2H, m, Ph); 8¢ 14.2, 20.6, 20.7, 20.9, 22.8 252,294,

RAby LRLE)S ] s & 24y \ 24 %y 228y 2 257 Attt ] Ty VO Ny Ty & y &N, =Sy

AN M AN O AGD AN N A0 AN A EAD £1 0 L£L L LA L0 LOT M1 A TN 04T INANDY 171 170 1 YN
LI.1,2LY.8, LY., 0L, 04.0,44.4,04.7,01.6,00.0,0/.4,00.5,00./, /1.9, /1£.£,04.1, 1UU.L, 14/.1, 1£40.1 (L),
1A A £ 111 M 1AL AL ™M 101 1N £ 17" £. .. AENAN AT AA AN NOLE1T 17TATT 1L£LNY 1£17L 1‘)‘1’\
1283 (ZU), 151.7, 104.0, 100./, 10Y.1, 1 /U.0, 1 7U.0; Vimpax IIUU, 3044, L¥2s, £001, 1747, 1004, 1030, 1374,
1257, 1231, 1088, 692 cm-!; Anal. Calcd for C39HsgN20;;Cl: C, 61.04; H, 7.75; N, 3.65. Found: C, 60.91;

H, 7.90; N, 3.60.

(1R,4’S,5’S)-1-[4’-(2”-Acetamido-3",4”,6”-tri-O-acetyl-2”-deoxy-B-D-glucopyranosyl)oxymethyl-2’-
phenyl-4’ 5’-dihydroo: awnl—%’-vllnrntadmsn-l -0l (185)
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Removal of the solvent gave a colorless oil, which was purified by column chromatography eluting with
AcOEt to give the acetamide 15 (73 mg, 90%) as a colorless solid: m.p. 165-168 °C; {a]jp? -37.0° (¢ 1.1,
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CHCl3); 8y 0.88 (3H, t, J = 6.8 Hz, 15-CHj3), 1.26 (24H, s-like, 12 x CH3), 1.58 (2H, m, 2-Hy), 1.78 (3H, s,
CH;CONH), 2.00 (3H, s, CH;CO), 2.02 (3H, s, CH3CO), 2.10 (3H, s, CH;CO), 3.34 (1H, br s, OH), 3.72
(1H, m, 5”-H), 3.76 (1H, dd, J = 7.6, 10.6 Hz, 4’-CHaHb), 3.86 (1H, dt, J = 8.6, 10.6 Hz, 2"-H), 3.97 (1H, m,

I I, A 1£ 7117 1.1 T e.™ 1ANTI_ £ TT. £1YTY 1N 7 YY_ 4% rNYY_TrEN -lli'l‘l 21 T

i-Hj, 4.15(iH,dd, /=23, 12.2 Hz, 6”-Ha), 4.23 (iH, dd, /= 2.6, 10.6 Hz, 4’ -CHaHb), 4.27 (1H, dd, /= 4.8,
12.4 Hz, 6”-Hb), 4.45 (1H, t, J = 8.9 Hz, 5’-H), 4.55 (1H, dt, /= 2.3, 8.1 Hz, 4’ -H),480(1H d,J=82Hz,
17-H), 5.06 (1H, t, J = 9.6 Hz, 4”-H), 5.22 (1H, dd, J = 9.2, 10.6 Hz, 3"-H), 5.68 (1H, d, J = 8.9 Hz, NH),
7.42 (2H, m, Ph), 7.51 (1H, m, Ph), 7.91 (2H, m, Ph); 8¢ 14.2, 20.7, 20.8, 22.7, 23.1, 25.2, 29.4, 29.7, 29.9,
31.9, 35.0, 54.6, 61.9, 66.8, 67.1, 68.4, 68.6, 72.0, 72.2, 84.1, 100.5, 127.1, 128.1 (2C), 128.3 (2C), 131.7,
164.4, 169.1, 170.4, 170.6, 170.7, Anal. Calcd for C39HgoN2011'H20: C, 62.38; H, 8.32; N, 3.73. Found: C,

62.58; H, 8.20; N, 3.67.

(50 2C ADN 1 29 A LY sl ) onnd T WY T | PN P gy A Ve = I )
\LQ,JD,"A‘)'I‘U‘\& 'ﬂLCl&llllluU'J » LU -U I‘U‘Hbelyl'l: -uwxy-p-u—glucupyrunusyl)-a-u-oenwyl-ﬁ-

hexadecanoyiaminooctadecane-i,3,4-trioi (17a)

To a stirred solution of 15 (40 mg, 0.054 mmol) in THF (2.5 ml) was added 2.0 M aq. HCI (0.2 ml), and the
mixture was stirred for 3 h at room temperature. To this solution were added CH2Cl> (10 ml) and H2O (10
ml). The layers were separated and the aqueous phase was extracted with CH,Cl3 (2 x 10 ml). The combined

organic extracts were dried and concentrated under reduced pressure to give 2-amino-3-O-benzoate 16 (43
mg) as a colorless foam. To an ice-cooled solution of the crude 16 (43 mg) in CH2Cl, (2 ml) was added

) in CH2Cl; (1 ml), and then Et3N (10 mg,

7 A a4

nd H O (10 m
G 20 VI
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dropwise a solution of hexadecanoyl chloride (20 mg, 0.072 mmol

0.10 mmo l\ Afier beir ng stirred for 10 min the reaction mixture was diluted with AcOFt

iavva

[+

white solid, which was punned by chromatography with hexane-AcOEt (1:2) to give 17a (43 mg, 80%) as a
colorless solid: m.p. 122-125 °C; Ry0.37 (hexane-AcOEt, 1:2); [aJp?3 -11.1° (¢ 0.80, CHCI3); 6 0.88 (6H, t,
J =6.6 Hz, 18- and 16’-CH3), 1.25 (48H, s-like, 24 x CH3), 1.52-1.66 (4H, m, 5- and 3’-CH3), 1.93 (3H, s,
CH;CO0), 2.01 (3H, s, CH3CO0), 2.02 (3H, s, CH;3CO), 2.03 (3H, s, CH3CO), 2.20 (2H, t, J = 7.8 Hz, 2’-Hj),
324 (1H, d,J = 6.3 Hz, OH), 3.68 (1H, ddd, / = 2.6, 4.6, 9.9 Hz, 5”-H), 3.80-3.95 (4H, m, 1-Ha, 1-Hb, 4-H,
27-H), 399 (1H, dd, J = 2.3, 122 Hz, 6”-Ha), 415 (1H, dd, J= 4.6, 12.5 Hz, 6”-Hb), 4.67 (1H, dt, J = 3.6,

ST T R FREy ARey W R L d ii) a4 L& 2EE, VU TLAU S, R A4ay o3y

8.6 Hz, 2-H)4.71 (1H, d, J= 8.2 Hz, 17-H), 5.05 (1H, t,J = 97Hz4”H)507(1H t,J = 5.0 Hz, 3-H), 5.17

TN oYY ’1”11’\ e NN 71TT 1Y 0oNTY ATIIN 7 7 A

7~
[

OGJ 91 1.0 1z, -H)DHE'(IHQJ

-n/ revYyY ~

29.71, 29.8, 32.0, 33.5, 367 48.4, 54.5, 61.9, 67.8, 68.3, 71.3, 71.9, 72.6, 739 100.4, 128.4 (2C), 129.4,
129.7 (2C), 133.4, 166.3, 169.2, 170.5, 170.6, 170.8, 173.7; vmax 3326, 2919, 2850, 1747, 1646, 1551, 1376,

1242, 1049, 713 cm-1; FAB-MS (positive) m/z (rel intensity, %) 1011 (M + Na)* (26), 642 (12), 330 (62),
105 (100).

(1€ ACADYL1_N_(YVY_Anatamidn I _donvv_R. N alncnnvuranneviL Y _havadacannviaminnnctadocana.1 1 4.
(Tl (S Ll Y ab Sl e ¥ ALWLALIIIUY & ULUAY T U RIULUP YR GHUI Y1) #THMUAGULLA LY Y IGIRIMUVUL HAUL - T Lyr 9y
aA__S_0 s _ "\
riol (4<a)

ANTT o rR i

stirred solution of 17a (28 mg, 28 umoi) in MeOH (1 mi) and THF (1 mi) was added 1.0 M soiution of
NaOMe in MeOH (30 pl, 30 umol), and the mixture was stirred for 30 min at room temperature. Acetic acid
(10 mg) was added and the solvent was removed. Addition of MeOH gave a colorless solid, which was
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side 2a (18 mg) as a coloriess solid. The filtrate was purified by column chromatography eluting with
CH;Cl12-MeOH (7:1) to give additional 2a (3 mg, total 21 mg, 98%): m.p. 176-178 °C; [a]p24 -18.0° (c 0.25,
pyridine); R;0.32 (CH2Cl,-MeOH, 6:1); 8y (270 MHz; pyridine-ds/CD,0D) 0.84 (6H, t-like, J = 6.6 Hz, 18-
and 16’-CH3), 1.22 (46H, s-like, 23 x CH,), 1.62 (1H, m), 1.70-1.95 (4H, m), 2.10-2.20 (1H, m), 2.16 (3H, s,
CH;CO), 2.45 (2H, t,J = 7.6 Hz, 2°-CH,), 3.83 (1H, ddd, /= 2.5, 5.8, 9.6 Hz, 5"-H), 4.10 (1H, t, 9.1 Hz, 4”-

H), 4.15 (1H, m, 4-H), 4.19 (1H, t, J = 9.6 Hz, 3”-H), 4.23 (1H, m, 6”-Ha), 4.28 (1H, t, /= 6.3 Hz, 3-H), 4.44

(1H, dd, /= 2.4, 11.8 Hz, 6”-Hb), 4.50 (1H, m, 2"-H) 452( 1,dd, J= 5.0, 10.6 Hz, 1-Ha), 4.59 (1H, dd, J
=ATT 108§ Hr 1_Hh) ﬁlﬂ[ll’-lrl FT=2A Hz 1IN Q8§ (111 A 7T=Q2 11> NNIIN ON) /1T A J =92 Ll
V.ody LWV.d Rikuy AT Jy 4. LV (121, &, J O.J 1L, 1 TL1), U.JJ 111, U, v Tk LALy 1NR1)y, T VL (113, U4, J 0.4 114,
NH) (2-H was not observed due to the overlapping with HOD peak at 5.05 ppm); 3¢ (67.8 MHz, pyridine-
A MMM NN 1477 9370 2721 D2 & VYL E VELELE NQOAINA hinlhacel 272 AL 0 €1 4 £7 € £HY7T £O0O0 "N 1
USINLIINILI ] 10 Ly LL.Ty LI.1y £9,7, £V.J, &LVU.U, £7.0°0U. % (MUELIUOLY), 242, JV.7, J1.9%, Jf.J, VL. 7/, V0.0, /4.1,
724,755, 78.1, 78.5, 101.8, 172.0, 173.8; vmax 3307 (broad), 2919, 2849, 1651, 1552, 1468, 1380, 1082
cm-1; FAB-MS (positive) m/z 759 (M"), 299; Anal. Calcd for C4oHg2N209Hz0: C, 64.91; H, 10.89; N, 3.60.

Found: C, 64.83; H, 11.10; N, 3.41.

(4R,SS,2’R)-3-(2’-Acetoxyhexadecanoyl)-4-methyl-5-phenyl-1,3-oxazolldme-2-thlone (21a) and

- " vl 8&.n -
TaARguied iFjTerTy 7 J | o4 i o~
T ne 1na nnnlad cnblitime AL ) amatavrvhavadannnnaia anid 10 /OAA wnes D cnemenlY FAD SO\ A wnnthe.l & oboness:l
1U all IVE-LUUICU DUTULIVLL Ul £-abClUAYLICAQUCLAlIVILV aViu A7 (7499 LHHE, 2 HHIUL ), (0,00 LUy i-J=plrcllyi-
12 mnvnenalidioa ) shilnn MY 7L£27 ciny 2 2 snarnnl) nemd A Al ctle s lncanionneme et Al (V€ e N daend) Ja MIT_ MM
1,9-"0UAALUNULIC-L-ULVIIC 4V \Vo /7 11, 2.2 111H1IUL ), 4llU “-Ulliculylaliiin YIIULILC (L2 1Y, V.L 11IOU1) 11T I 12

(15 ml) was added N,V -dicyclohexylcarbodiimide (650 mg, 3.5 mmol), and the resulting suspension was
stirred for 3 h at room temperature. The solvent was removed and AcOEt (10 ml) was added. The insoluble
white solid (dicyclohexylurea) was filtered off and washed thoroughly with AcOEt. The filtrate was
concentrated in vacuo to give a yellowish oil, which was chromatographed on silica gel. Elution with
hexane-AcQEt (10:1— 9:1) afforded the (2’S)-isomer 21b (690 mg, 47%) as a colorless solid: [a]p?4 -97.7°
(c 1.0, CHCl3); R,0.33 (hexane-AcOEt, 10:1); 61 0.88 (3H, t, /= 6.8 Hz, 16’-CH3), 0.95 (3H, d, /= 6.6 Hz,
4-CHj), 1.26 (24H, s-like, 12 x CHy), 1.53 (2H, m, 3’-CHa), 2.15 (3H, s, CH;CO), 4.98 (1H, quint, J = 7.4

Hz, 4-H), 5.80 (1H, d, / = 7.3 Hz, 5-H), 6.77 (1H, dd, J = 2.6, 9.6 Hz, 2’-H), 7.32-7.44 (5H, m, Ph); 8¢ 13.8,
14.1, 20.5, 22.7, 25.5, 29.2, 29.37, 29.40, ,29.7,30.8,31.9,59.2,73.1, &
170.8, 171.6, 184.3 (C=5); Vmax 2925, 2853 1737, 1710, 145 1373,
Ca8H43NO4S (M)": 489.2913. Found: 489.2924.

Further elution with hexane-AcOEt (8:1) afforded the (2°R)-isomer 21a (635 mg, 43%) as a colorless oil;
[a]p24 +19.4° (¢ 1.0, CHCl3); R;0.23 (hexane-AcOEt, 10:1); 8y 0.88 (3H, t, J/ = 6.4 Hz, 16’-CHj), 0.92 (3H,

d,J=6.9 Hz, 4- CH3) 1.26 (24H, s-like, 12 x CHy), 1.55 (2H, m, 3’-CHy), 2.15 (3H, s, CH3CO), 5.03 (1H,

Ul
\Cl
[ \ol)
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6,1259, 128.8 129.0, 132.1
1197 cm-i; HRMS Calcd for

™
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ound: 489.

)

3
for C2gH43NO4S (M) 489.2913. 988.
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thyl toxyhexadecanoate (22a) and the (25)-enantiomer (22b)
To an ice-cooled solution of 21a (98 g, 0.20 mmol) in MeOH (1 ml) and THF (1 ml) was added K2CO3 (4

mg, 0.03 mmol), and the mixture was s 1rred for 40 min. The resulting solution was diluted with AcOEt (10

A | P raea onmasatad 'I" PRy . raw emrean ssrackhad cadele Loalf adiinnss
1U UIC 1 ycxh WEIC Slpaiaitd. 11C Lugu.luu laycl WAS WESNHCQ Willl naii-sauuraica

L

brine, and the combined aqueous layers were extracted with AcOEt (2 x 10 mi). The organic extracts were
dried and concentrated. The residue was purified by column chromatography with hexane-AcOFt (10:1) as
eluent to give the methyl ester 22a (60 mg, 91%) as a colorless oil: [a]p24 +14.1° (¢ 1.75, CHCl;) {lit.28
[a]p?*4 +14.5° (CHCI;, estimated value)}; R,0.33 (hexane-AcOEt, 10:1); 8y 0.88 (3H, t, J = 6.6 Hz, 16-CH;),
1.26 (24H, s-like, 12 x CHy), 1.82 (2H, q, 3-CH3), 2.14 (3H, s, CH3CO), 3.74 (3H, 5, CH;30), 498 (1H, t, /=
6.4 Hz, 2-H); HRMS Calcd for C19H3704 (M + H)™: 329.2691. Found: 329.2684.

Similarly, methyl (2S)-acetoxyhexadecanoate 22b { [alp?4 ~13.8° (¢ 2.5, CHCl;)} was obtained fr

acetoxvhexadecanoate {laln HCl; ned from the

iess-polar isomer 21b.

(28,38,4R,2’R)-1-0-(2"-Acetamido-3",4”,6”-tri-O-acetyl-2"-deoxy-f-D-glucopyranosyl)-3-O-benzoyl-2-
(2’-acetoxyhexadecanoyl)aminooctadecane-1,3,4-triol (17b)

Compound 15 (38 mg, 0.051 mmol) was converted to the amino-benzoate 16 in the same manner as
described above. To a solution of the crude 16 (40 mg) and (R)-acetoxypalmitoyl imide 21a (50 mg, 0.10
mmol) in N,N-dimethylformamide (2 ml) was added N-ethyldiisopropylamine (13 mg, 0.10 mmol), and the

QAL Y 1AL A1l lliaL & 2202 aygLlee Vi yialillt L1~

mixture was stirred at 90 °C for 15 h. The reaction mixture was diluted with AcOEt and H>O (10 ml), and

28 ARAAALEE Vg Ll WALl ML &I 12V Y At
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0 give a white solid,
which was punﬁed by chromatography with hexane-AcOEt (1:2) to give 17b (33 mg, 61%) as a colorless
solid: [ajp?* +12.3° (c 0.60, CHCl3); 8y 0.88 (6H, i, J = 6.6 Hz, 18- and 16’-CHj), 1.25 (48H, s-like, 24 x

CHjy), 1.40-1.60 (2H, m, 5-CH3), 1.75-1.90 (2H, m, 3’-CH3), 1.94 (3H, s, CH3CO), 2.02 (6H, s, CH3CO),
2.06 (3H, s, CH3CO), 2.16 (3H, s, CH3CO), 2.76 (1H, br, OH), 3.76 (2H, m, 2”- and 5”-H), 3.82 (1H, dd, J =
4.6, 11.5 Hz, 1-Ha), 3.94 (1H, m, 4-H), 3.95 (1H, dd, /= 5.6, 10.9 Hz, 1-Hb), 4.08 (1H, dd, /=2.3, 12.2 Hz,
6”-Ha), 4.22 (1H, dd, /= 4.5, 12.3 Hz, 6”-Hb), 4.67 (1H, m, 2-H) 4.85 (1H, d, /= 8.6 Hz, 17-H), 5.02 (1H, t,

1lg )

J=96Hz 47-H). S02(1H m ‘)’_I—I\ 509 (1H. dd J=46,669 Hz Q-H\ 577("—1 t. /=100 Hz 1”-”\
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6.10 (1H, d, J = 8.2 Hz, NH), 7.37 (1H, d, J = 7.9 Hz, NH), 7.48 (2H, m, Ph), 7.62 (1H, m, Ph), 8.03 (2H, m,
o ~y - 21 Q
7

Ph); 8¢ 14.2, 20.67,20.73, 21.0,22.7, 23.3,25.0, 25.6,29.3, 29.4, 29.5, 29.66, 25.71, 29.75, 31.8, 32.0, 33,
49.0,54.9, 618, 68.0, 68.4, 706, 71.9, 72.4, 73.9, 78.1, 100.6, 128.5 (2C), 129.0, 129.7 (2C), 1336, 1
169.2, 170.1, 170.3, 170.5, 170.6, 170.7, FAB-MS (positive) m/z 1069 (M + Na)".
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(25,35,4R,2’R)-1-0-(2"-Acetamido-2”-deoxy-B-D-glucopyranosyl)-2-(2’-hydroxyhexadecanoyl)amino-
octadecane-1.3.4-triol (2b)

To a stirred solution of 17b (30 mg, 28 umol) in MeOH (1 ml) an
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(10 mg) was added and the solvent was removed. The residue was purified by silica gel column
chromatography eluting with CH,Cl,-MeOH (6:1) to afford the cerebroside 2b (20 mg, 50%) as a colorless

solid: m.p. 194-198 °C; [a]p22 -9.0° (¢ 0.30, pyridine); Ry 0.25 (CH2Cl>-MeOH, 6: l) 8y (270 MHz;
pyridine-ds/CD;0D) 0.84 (6H, t-like, J = 6.6 Hz), 1.23 (46H, s-like), 1.55-1.75 (3H, m), 1.80-2 )
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2.10-2.25 (2H, m), 2.16 (3H, s, CH3CO), 3.81 (1H, m, 5”-H), 4.14 (1H, t, J = 8.9 Hz, 4”-H), 4.15 (1H, m, 4-
H), 422 (1H, m, 3”-H), 4.24 (1H, dd, /= 5.6, 6.6 Hz, 3-H), 426 (1H, dd, /= 5.4, 12.0 Hz, 6”-Ha), 4.42 (1H,
dd, /= 2.1, 12.0 Hz, 6”-Hb), 4.49 (1H, m, 2”-H), 4.54 (2H, m, 1-Ha, 2°-H), 4.60 (1H, dd, J=7.3, 10.6 Hz, 1-
Hb), 5.11 (1H, d, /= 8.3 Hz, 17-H), 5.20 (1H, m, 2-H), 8.51 (1H, d, /= 8.9 Hz, NH), 890 (1H, d, /= 7.8 Hz,
NH); 8¢ (pyridine-ds) 14.5, 23.1, 23.6, 26.0, 26.6, 29.8, 30.08, 30.14, 30.3, 30.5 (highest), 32.3, 34.4, 35.7,
50.7, 57.8, 62.4, 69.1, 72.3, 72.57, 72.65, 75.9, 77.2, 78.6, 102.0, 172.0, 175.5; vmax 3330 (broad), 2918,
2850, 1658, 1527, 1468, 1312, 1076 cm"!; FAB-MS (positive) m’z 776 (M + H)", 573, 299; Anal. Calcd for

C42Hg2N2040'1.5 H20: C, 62.89; H, 10.68, N, 3.49. Found: C, 62.60; H, 10.90; N, 3.37.
REFERENCES AND NOTES
1. Synthetic studies on sphingolipids. Part 5. For Part 4, Murakami, T.; Shimizu, T. Syath. Commun. 1997,
27,4255,

2. Hakomori, S. In Handbook of Lipid Research, Vol. 3: Sphingolipid Biochemistry, Kaufer, J. M_;
Hakomori, S. Eds.; Plenum Pless: New York, 1983; pp. 1-150.

3. Oda, T. J. Pharm. Soc. Jpn. 1952, 72, 142.

Carter, H. E.; Clemer, W. D.; Lands, W. D. M.; Mueller, K. L.; Tomizawa, H. H. J. Biol. Chem. 1954,

206, 613.

Hayashi, A ; Matsuura, F. Chem. Phys. Lipids 1973, 10, 51.

Karlsson, K. A. Acta Chem. Scand. 1964, 18, 2397.

Tad 2 la_ Samm md Py P ¢ 2 o) ~1 .

Natori, T.; Morita, M.; Akimoto, K.; Koezuka, Y. Tetrahedron 1994, 50, 2

>

Li, H.; Matsunaga, S.; Fusetani, N. Tetrahedron 1995, 51, 2273.

From L-serine: (a) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Pedrini, P. J. Org. Chem. 1990, 55, 1439, (b)
Shimizu, M.; Wakioka, 1.; Fujisawa, T. Tetrahedron Lett. 1997, 38, 6027, (c) Imashiro, R.; Sakurai, O.;
Yamashita, T.; Horikawa, H, Tetrahedron 1998, 54, 10657; (d) From (S)-malic acid: Guanti, G.; Banfi,
L.; Narisano, E. Terrahedron Lerr. 1989, 30, 5507; (e) From (R)-glycidol (from D-mannitol): Murakami,

M., Ito, H; Ito, Y. Chem. Lett. 1996, 185; (f) From D-glutamic acid: Yoda, H.; Oguchi, T, Takabe, K.
m. 1006

© o N o

....
=

Y g PP [ § ¥ ™ ¥ Mbho. Qo )
4 \JI 55’ I\ ywalicil, \.4. . J. nem. o, (LU

-
<
, =
Oﬂi
§
[%2
E
¢"'i
—
)
-
0:?
ac

amna Am mam

T.; Minamikawa, H.; Hato, M. T etrahedron Lett. 1994, 35, 745.

11. From D-galactose: (a) Gigg, J.; Gigg, R. J. Chem. Soc. (C) 1966, 1876, (b) Schmidt, R. R.; Maier, T.
Carbohydr. Res. 1988, 174, 169; (c) Koike, K.; Nakahara, Y; Ogawa, T. Agric. Biol. Chem. 1990, 54,
663; (d) Li, Y.-L.; Mao, X.-H.; Wu, Y.-L. J. Chem. Soc., Perkin Trans. 1 1995, 1559.

12. From other carbohydrates, (a) D-mannitol: Mulzer, J.; Brand, C.; Tetrahedron 1986, 42, 5961; (b) L-

ascorbic acid: Nakashima, H.; Hirata, N.; Iwamura, T.; Yamagiwa, Y.; Kamikawa, T. J. Chem. Soc.,
Perkin Trans. 1 1994, 2849 (c) D-galactal or D-arabitol: Wild, R.; Schmidt, R. R. Liebigs Ann. Chem.

\V) rTgll uvmn Qi . 28, AN, DRRNIRSL, AN AN AU

1995, 755, (d) D-xylose: Hiraki, T.; Yamagiwa, Y.; Kamikawa, T. ]etrahedron Lett. 1995, 36, 4841; (e)
levoglucosenone: Matsumoto, K.; Ebata, T.; Matsushita, H. Carbohydr. Res. 1995, 279, 93; (f) u-:y*xos&‘
Morita, M.; Sawa, E.; Yamaji, K.; Sakai, T.; Natori, T.; Koezuka, Y.; Fukushima, H.; Akimoto, K. Biosct.
Biotech. Biochem. 1996, 60, 288; (g) D-ribose: Wee, A. G. H.; Tang, F. Tetrahedron Lett. 1996, 37, 6677.



1004

o Tt
&

17.

—
o0

21.

22.

(]

T. Murakami, K. Taguchi / Tetrahedron 55 (1999) 989-1004

Asvmmetric aldol reaction; Kobavashi, S.; Havashi, T.; Kawasuii, T. Tetrahedron Lett. 1994, 35, 9573
Sharpless asymmetric epoxidations: (a) Sugiyama, S.; Honda, M.; Komori, T. Liebigs Ann. Chem. 1988,

619; (b) Lin, G.-q.; Shi, Z.-c. Tetrahedron 1996, 52, 2187.

on
. (a) Sugiyama, S., Honda, M.; Komori, T. Liebigs Ann. Chem. 1990, 1063; (b) Honda, M.; Ueda, Y

Sugiyama, S.; Komori, T. Chem. Pharm. Bull. 1991, 39, 1385; (c) Yamamoto, T.; Teshima, T.; Saltoh,
U.; Hoshi, M.; Shiba, T. Tetrahedron Lett. 1994, 35, 2701 (d) Sugata, T.; Kan, Y.; Nagaregawa, Y.;
Miyamoto, T.; Higuchi, R. J. Carbohydr. Chem. 1997, 16, 917, (e) Takikawa, H.; Muto, S.; Mori, K.
Tetrahedron 1998, 54, 3141.

. Hirsch, Y.; Kashman, Y. Tetrahedron 1989, 45, 3897.
While this manuscript was in preparation, we noticed a report on the synthesis of glucosaminylceramide
bearing a mimic of sphingosine: Ikeda, K.; Asahara, T.; Achiwa, K.; Hoshino, H. Chem. Pharm. Bull.
1997, 45, 402

. C1g-Straight-chain sphingosines are most common in nature.

. Murakami, T.; Hato, M. J. Chem. Soc., Perkin Trans. 1 1996, 823.
20.

For reviews, see: (a) Banoub, J.; Boullanger, P.; Lafont, D. Chem. Rev. 1992, 92, 1167, (b) Debenham, J.;
Rodebaugh, R.; Fraser-Reid, B. Liebigs Ann./Recueil 1997, 791.

For recent methods, see: (a) Kumar, E. R.; Byun, H.-S.; Wang, S.; Bittman, R. Tetrahedron Lett. 1994, 35,
; (b) Blatter, G.; Beau, J.-M.; Jacquinet, J.-C. Carbohvdr. Rec 1994 260. 189;

3 hatt Bt

ot “‘2:
» W
S~

3

ol

®

3

Cb

o

\O

’
Daraser

6, 159 u:) chlbcn L da, nuu:acu, r.N., vcuugupm, L., pDaiany, G. J. Am. Chem. Soc. 199
118, 3148; (f) Dullenkopf, W.; Castro-Palomino, J. C.; Manzoni, L.; Schmidt, R. R Carbohydr. Res.
1996, 296, 135; (g) Qian, X.; Hindsgaul, O. J. Chem. Soc., Chem. Commun 1997, 1059, (h) Lergenmiiller,
M.; Ito, Y.; Ogawa, T. Tetrahedron 1998, 54, 1381.

For 1,3,4,6-tetra-O-acetyl-2-chloroacetamido-2-deoxy-B-D-glucopyranose: Kiso, M.; Anderson, L.
Carbohydr. Res. 1985, 136, 309; Dasgupta, F.; Anderson, L. Carbohydr. Res. 1990, 202, 239. Although
this donor has shown promising reactivity, its preparation requires 4 steps from D-glucosamine.

23. (a) Osawa, T. Chem. Pharm. Bull. 1960, 8, 597; (b) Lessard, J.; Mondon, M.; Touchard, D. Can. J. Chem.
1981, 59, 431.
24. (a) Horton, D. Org. Synth.; Coll. Vol. 5, 1973, pp. 1-5; (b) Madson, R.; Roberts, C.; Fraser-Reid, B. J.

25.

Org. Chem. 1995, 60, 7920.

(a) Mori, K.; Funaki, Y. Tetrahedron 1985, 41, 2379; (b) Singh, N. P.; Schmidt, R. R. J. Carbohydr.
Chem. 1989, 8, 199; (c) Kodato, S.; Nakagawa, M.; Nakayama, K.; Hino, T. Tetrahedron 1989, 45, 7247,
(d) Shibuya, H.; Kurosu, M.; Minagawa, K.; Katayama, S.; Kitagawa, L Chem. Pharm. Bull. 1993, 41,
1534,

. Hitchcock, C.; Rose, A. Biochem. J. 1971, 125, 1155.
Nagao, Y.; Kumagai, T.; Yamada, S.; Fujita, E; Inoue, Y.; Nagase, Y.; Aoyagi, S.; Abe, T. J. Chem. Soc.,
Perkin Trans. 1 1985, 236



