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Abstract
Two a-Slinked galactosylceramides carrying-phenyl fatty acid chains were efficiently
synthesized and were shown to haveitro stimulatory activity for human natural killer Tl
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Introduction

a-Galactosylceramidesi{GalCers) are a class of immunostimulatory agdrdsdre specifically
presented by the antigen-presenting molecule CDIH dell receptors (TCR) on the surface of
natural killer T (NKT) cells- NKT cells are thus stimulated by the CD1d-glycilipomplex and
release a variety of gL and T2 cytokines; an event associated with profound ogichl
consequencesOf all a-GalCers, KRN700Dis the most thoroughly studied and has been tested
as an immunotherapeutic agent against many diséaslesling cancer, diabetes, malaria and
hepatitis B. Unfortunately, the efficacy of KRN7088s been limited in many cases due to the
reciprocal inhibition exhibited byl and T2 cytokines: As such, a great deal of effort has
been devoted to the synthesis of KRN7000 analoguethe past decade in the hope of
developing novel lead compounds with better cytekimducing selectivity and appropriate
potency>®

Time course cytokine release studies in mice hhwegvs that once the NKT cell is activated
by KRN7000, IFNy cytokine release levels ¢TI response) peak after 12 hours, while IL-4
levels (T;2 response) peak within 2 hodrdherefore, the stability of the-GalCer/CD1d
complex is currently a focus point in the desigrpofent KRN7000 analogues. Increasing the
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binding interactions between the glycolipid and @Dand therefore increasing the stability of
the complex, could result in greater levels of lf-Melease and consequently promoting and
prolonging the F1 response. Conversely, a less stab@alCer/CD1d complex could shorten
NKT stimulation time resulting in a2 biased respongdeAlso, other factors, such as the mode
of loading the glycolipid into CD1d and the rate gifcolipid dissociation from CD1d in
lysosomes, could greatly influence the cytokineasé profile as well.
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Figure 1. Structures of KRN7000 and target molecdlesd2.

Recent crystallographic analysis has indicatedttietipid chains ofi-GalCer are buried in
a groove in CD1d containing two hydrophobic pocKeenoted as A' and C') and the galactose
ring is exposed for the recognition by NKT TERhe phytosphingosine chain sits in the
hydrophobic C' pocket which ideally accommodatescafbons, while the longer acyl chain
binds in the other hydrophobic A' pocket that caoommmodate up to 26 carbons. In addition,
several hydrogen bonds were identified and arenasduto anchori-GalCer in a distinct
orientation and position it in the lipid-bindingogive. As such, the modification of the lipid
chains ofa-GalCer is a very important aspect for designinGalCer analogues seeing that the
chains are strongly involved in the binding with @D For instance, if the lipid chains could be
rationally modified to enhance their hydrophobitemnaction with CD1d, as mentioned above, the
resultant complex may preferably induce the reledsg1 cytokines, which are thought to be
responsible for the antitumor, antiviral and antieaal effects ofu-GalCer. In this regard, a
paper by Wong and co-workers attracted our attentuitnerein several-GalCer analogues with
greater anticancer efficacy were reportethey introduced different aromatic groups into the
fatty acyl chain with a view to designing tighteD@d-binding glycolipids since X-ray crystal
structures showed that the CD1d A' binding grooas \ined with numerous aromatic side-chain
residues. These analogues were expected to intoekica aromatic interactions which could
increase the stability of the CD1d/glycolipid comwl thereby favouring the induction ofyI'
cytokines. Indeed, some of these analogues withppeopriate fatty acid acyl chain length were
four times more potent than-GalCer itself and were biased towards lfFNsecretior?.™
Computational, docking of these analogues in thmdmu CD1d hydrophobic groove was also
conducted, and the results indicated that theidibop mode did not vary much from the crystal
structure ofa-GalCer bound to hCD1d. In each case, the phytagplkine chain was bound to
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the C' pocket and the A' pocket was occupied byntioeified fatty acid acyl chain with the
galactose headgroup presented in nearly the sam®@oromtion asoa-GalCer. Additional
beneficial binding forces between the terminal ghenoup and Tyr73 or Trp40 were proposed.

Recently, several thioglycoside analogues of KRN)7B@ve been readily synthesized in a
highly stereoselective manner in our laboratdry, which ana-galactosyl thiol was used as the
sugar building block. It is well known that thioglysides often exhibit high stability against
chemical and enzymatic hydrolysfsso these analogues were expected to have relativey
lifetimes in a biological setting. Also, thioglyddss usually have more flexibility around the
anomeric linkage compared with the correspondrglycosides owing to the longer C-S bond
and weaker stereoelectronic effects. This increflsaility may thus enable-S-GalCer to sit
differently thana-O-GalCer in the CD1d binding groove, resulting inadtered structure of the
glycolipid/CD1d complex and a change in its affimitith the TCR of NKT cells. In addition,
after binding with CD1d, the sugar headoe®GalCer may orientate in a different angle from
that ofa-GalCer as the C-S-C bond angle is significantlyaken than the C-O-C angle, which
could result in differential recognition by TCR KT cells. The subsequent bioassay
demonstrated that theS-GalCer possessed similar potency to KRN7000 indmumKT cell
activation, and stimulated cytokine release in milar CD1d-dependent manner as well.
Therefore, the thioglycoside analogues may be supter KRN7000 as a parent compound for
developing immunostimulants for humans in viewtefhioactivity, stability, ease of synthesis,
and flexibility in terms of the preparation of oth@nalogues. Based on this work, we wish to
report here the synthesis of two new thioglycosidalogues ofi-GalCer,1 and2 containing a
terminal phenyl group in the fatty acid chain witle long-term aim of developing therapeutic
analogues with greater anticancer efficacy.

Results and Discussion

Our synthesis started with the preparation of péptingosine precurs@: The aldehyd®& was
first prepared by a known procedtfreand subjected to the Grignard reaction with
tetradecylmagnesium bromide generated from 1-bretraxtecane and Mg to give the alcohbls
and 5 in 47% overall yield (Scheme 1). As previously aepd?® the substrate-induced
stereoselectivity favoured the formation of the anted isome#, and the desired isomBrwas
produced as the minor product with a ratiodd§ = 1.6:1. Fortunatelyd and5 could be readily
separated by flash column chromatography. Comp&uwds then treated with 0.9 equivalents
of methanesulfonyl chloride in the presence of gige to provide the B-mesylated
intermediates'® in 87% yield. As documented in the literatditehe higher reactivity of the 2-
OH group could be attributed to its greater nudhglapty caused by intramolecular hydrogen
bonding with the oxygen atoms of the dioxane riMiganwhile, in order to convert the major
product4 into the common intermedia& we employed the Mitsunobu reaction to invert the
configuration of the 4-OH group, as depicted ine&Sok 1. As withb, selective mesylation cf
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gave the 2-mesylated intermediat&® in a quantitative yield, which underwent Mitsunobu
reaction withp-nitrobenzoic acid to produce the 4-OH-inverfeditrobenzoic este8 in high
yield. Subsequentl\8 was treated with NaOMe in MeOH to provide the dEbintermediat®

in a 94% vyield. Thus, by using the Mitsunobu reactiboth stereocisomers produced in the
Grignard reaction could be capitalized upon fordiethesis of the target molecules.
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Scheme 1Synthesis of intermediag

Removal of the benzylidene protecting group fréiwas then conducted by treatment with
p-TsOH in MeOH-CHCI, to afford9® in 80% yield, which was treated subsequently \W&h;
under heating to give the azid€' in 74% yield. In this project, another goal wasofwimize
the previous synthetic route to the thioglycosidalague of KRN7000 with a view to providing
larger amounts of samples in a rapid way for maoogical studies. Hence, the direct synthesis
of the azidel0 from commercially available phytosphingosihk(as its hydrochloride salt) was
investigated (Scheme 2). Following the literaturecedures; the diazo transfer from triflic
azide onto the amine was found to proceed extremelly and10 was produced in an excellent
yield. A convenient and highly efficient route toetkey intermediat&0 was thus established,
which expedited the synthesis @fS-GalCers. CompoundO was then subjected to standard
isopropylidenation conditions (2,2-dimethoxypropaiesOH)™ Perhaps not unexpectedly, the
di-ketal intermediatd2 was formed in a mixture also containih@ but this mixture could be
converted directly into compounti3 without purification. Compound 3 was then mesylated
with methanesulfonyl chloride in pyridine to giverspoundl14 in almost quantitative yield,
which was converted into the iodid&in a good yield by treatment with Lil in DME?
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Subsequently, glycosylation a5 with the pre-prepared-galactosyl thiol16'® was carried
out under phase transfer conditions, giving risethimglycoside 17**® in 57% vyield. It is
noteworthy that the reaction proceeded well regssibf the free hydroxy group present in the
sugar 16. Compound17 was then exposed to Staudinger reduction conditismoothly
toproduce the free amine intermediate, which watated withm-phenylundecanoic acid or-
phenyllauric acid in the presence of 1-ethyl-3-(glihylaminopropyl)carbodiimide hydrochloride
(EDC-HCI) in CHCI;, to afford the amided8 and 19 in good vyields of 63% and 72%,
respectively. To access the target moleculd&sand 19 were then treated with 4 M HCI in
dioxane which gave the corresponding partially get#d S-glycolipids 20 and 21 in 89% and
71% vyields. Subsequentl0 and 21 were subjected to Birch reduction to furnish thegét
compoundsl and2 in quantitative and 31% vyields, respectively. e tase of the lower yield
starting materiaR1 was recovered (62%) due to the inclusion of amffitsent quantity of
sodium. The synthetic samples were purified byhflaslumn chromatography on silica gel
(eluent: CHCY/MeOH 20:1-10:1), and characterizey NMR and HR-ESIMS.
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Figure 2. o-SLinked galactosylceramides carrying-phenyl fatty acid chains display
stimulatory activity for human NKT cells. CD1ld+tsfected Hela cells were pulsed with
medium aloneg-GalCer (0.1 pg/mL), or the thioglycoside analoguesGalCer, respectively,
using ELISA. Figure 2 shows that comparable lewélE=N-y and IL-4 were released by NKT
cells stimulated witlu-GalCer andi-S-GalCer. Compounds and2 also induced IFN-and IL-4
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production but only when used at 100-fold highenaamtrations (10 pg/mL) than those of the
parent compound that were found to activate NKTsceCompound4 and?2 did not appear to
skew NKT cell cytokine production toqI or Ty2. 1L-10 was not detected in the supernatants of
any of the co-cultures (not shown).

Compoundsl and 2 were tested alongside KRN7008-GalCer) and its thioglycoside
analogue -S-GalCer) for their ability to stimulate cytokineqgaluction by human NKT cells
linesin vitro. Mock-transfected or CD1d-transfected HelLa celse pulsed for 18-24 hours
with medium alone or with 0.1, 1 or 10 pg/mL of gijipid antigen:>'°® Equal numbers of
expanded and rested NKT cells were added for adu@4 hours and cell supernatants were then
harvested and assayed for thglT Ty2 and regulatory cytokines IF|-IL-4 and IL-10,
Compoundl or Compound? at 0.1, 1 and 10 pg/mL (increasing concentratidasoted by
triangles). After 24 hours equal numbers of expahtluman NKT cells were added. As
positive controls, NKT cells were stimulated withgobol myristate acetate (50 ng/mL) and
ionomycin (1 pg/mL) (PMA/). After a further 24 brs, supernatants were harvested and
analysed for IFN¢ (top), IL-4 (bottom) and IL-10 (not shown) prodioct. Data are
representative of experiments using 5 NKT celldine

Conclusions

In conclusion, in this report twa-Slinked galactosylceramidesl (@nd 2) were efficiently
synthesized based on our previously reported syotsgategy. The Mitsunobu reaction was
utilized to retrieve the unwanted diastereoisodheslso formed in the original synthesis of the
sphingoid building block, and in doing so the swtith efficiency was greatly improved. The
synthetic route was further optimized by directlpneerting the commercially available
phytosphingosinél0 into the sphingoid building block. The syntheticagegy presented here
could also be extended to the synthesis of othieglytoside analogues af-GalCer. The
bioassays showed that compouddsnd?2 bind to CD1d and stimulate human NKT cell linas
vitro. The addition oto-phenyl fatty acid chains te-S-GalCer rendered these compounds less
potent as NKT cell stimulators with up to 100 tinmsre of compound or 2 required to elicit
similar cytokine levels as seen for the parent caump. Addition ofw-phenyl fatty acid chains

to a-SGalCer did not result in skewing ofyT/Ty2 cytokine profiles as demonstrated by
measurement of IFN-and IL-4 production. This data shows that thiogkide analogues of
GalCer have bioactivity for human NKT cells. Besawf their ease of synthesis and increased
stability in biological systems, these compoundsyrhba superior to their non-thioglycoside
counterparts as adjuvants for immunotherapies.
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Experimental Section

General. All chemicals used were reagent grade and usedupslisd except where noted.
Reactions were performed in oven-dried glasswargemra nitrogen atmosphere using dry
solvents. Solvents were evaporated under reduceskyme while maintaining the water bath
temperature at 40 °C. All reactions were monitdsgadhin-layer chromatography (TLC) using
silica gel 60 Es4 coated on aluminium sheets and the compounds Iaedaby UV, or by
treatment with 8% bSO, in methanol followed by heating. Flash chromatpbsa was
performed with the appropriate solvent system udidi@§0 pm silica gel. Optical rotations were
measured at 20 °C with a Perkin-Elmer 343 polammét dm cell) and are quoted with units of
10'degenig™. *H NMR spectra were obtained on a 300 and 400 MHkraported in parts per
million (8) relative to the response of the solvent, or toST{@.00 ppm). Coupling constants (J)
are reported in Hertz (Hz)*C NMR spectra were recorded at 75 or 100 MHz byq&DC} or
CsDsN as solvent and are reportedairrelative to the response of the solvent and theats
were assigned with the aid of DEPT, HSQC spectiald¥ refer to chromatographically pure
compounds and are calculated based on reagentsnceds

1,3-0O-Benzylidene-20-methanesulfonyl-4O-p-nitrobenzoyl-D-arabino-1,2,3,4-octadecane-
tetrol (8). Triphenylphosphine (7.5 g, 29 mmol) apahitrobenzoic acid (4.7 g, 28 mmol) were
mixed in anhydrous THF (66 mL) followed by the dadi of DIAD (5.7 mL, 29 mmol). A
solution of compound (5.6 g, 12 mmol) in THF (40 mL) was added dropwisehe mixture
and the reaction was left to stir overnight at romperature. The mixture was concentrated
vacuo, and the residue was purified by column chromatolgy €-Hex:EtOAc, 8:1»3:1), the
collected compound was then flushed through a colwh silica with CHCIl, to remove
remaining impurities to affor8 (5.5 g, 76%) as a white solid; R0.5 ¢-Hex:EtOAc, 3:1); ¢]p

= -17.8 € 1.0 CHCY); vmax (neat/cnT) 2923, 2853, 1643, 1343, 12764 NMR (400 MHz,
CDCl) ¢ 8.30 (d, 2H,J 8.9 Hz, Ar), 8.18 (d, 2HJ 8.9 Hz, Ar), 7.53-7.51 (m, 2H, Ar), 7.43-7.39
(m, 3H, Ar), 5.66 (s, 1H, CH), 5.46 (ddd, 183.4, 7.4, 9.1 Hz, H-4), 4.83-4.79 (m, 1H, H-2),
4.65 (dd, 1H) 1.4, 13.3 Hz, H-1a), 4.25 (dd, 1Bi1.4, 9.1 Hz, H-3), 4.16 (dd, 1H,0.9, 13.3
Hz, H-1b), 3.11 (s, 3H, C}j, 2.06-1.98 (m, 1H, H-5a), 1.84-1.75 (m, 1H, H;5bP4 (m, 24H,
CH,), 0.87 (t, 3H,J 6.8 Hz, CH) ppm;*C NMR (100 MHz, CDGJ) ¢ 164.3, 150.8, 137.2,
135.9 (4C, 4C), 130.9, 129.5, 128.6, 126.2, 123.8 (5C, Ar}.5qQCH), 78.3 (C-3), 77.0 (C-4),
69.8 (C-1), 68.9 (C-2), 38.9 (GH 32.1 (CH), 31.2 (C-5), 29.89, 29.86, 29.82, 29.75, 29.73,
29.67, 29.57, 27.1, 24.7, 22.9 (10C, £H 4.3 (CH) ppm [NB: 2 coincident C signals]; ESI-MS
m/z 656.2 [M + NaJ; ESI-HRMS calcd for gHsNOgNaS [M + Na] 656.2869, found
656.2887.

3,4-0-Isopropylidene-2-(@-phenylundecanoylamino)-1S-(2’,3',4'-tri- O-benzyl-u-D-galacto-
pyranosyl)-D-ribo-3,4-octadecanediol(18). A 1M solution of triphenylphosphine in THF (1
mL, 1.0 mmol) was added dropwise to a solutionashpoundl7 (159 mg, 0.19 mmol) in THF
(6 mL) at room temperature. After stirring for 21M aqueous NaOH (3 mL) was added and the
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reaction was left to stir for a further 2 h. Théusion was then diluted with EtOAc (15 mL) and
washed with water (10 mL) and brine (10 mL). Thgamic layers were combined, dried over
MgSO, and concentrateiah vacuo to afford the amine as a colourless oil. A mixtaféhe crude
amine, EDC (73 mg, 0.38 mmol), armdphenylundecanoic acid (60 mg, 0.23 mmol) in dry
CHCI, (15 mL) was stirred at room temperature overnigiite mixture was diluted with
CH.CI, (15 mL) and washed with water (10 mL) and brine (@D), dried over MgS® and
concentratedn vacuo to give a residue which was purified by columnochatography «
Hex/EtOAc, 10:1) to afford compoundi8 (127 mg, 63%) as a white solid R 0.4 ¢-
Hex:EtOAc, 11:1); ¢]o = +28.1 € 1.0 CHC}); vmax (neat/cril) 3429, 3293, 2920, 2852, 1644,
1544, 1461, 1130, 1074, 1031, 739, 639NMR (400 MHz, CDCJ) 6 7.39-7.24 (m, 18H, Ar),
7.17-7.15 (m, 2H, Ar), 5.89 (d, 1H, NH,9.4 Hz), 5.48 (d, 1H) 5.4 Hz, H-1), 4.93 (d, 1HJ
11.3 Hz, CH,), 4.83 (d, 1HJ 11.7 Hz, CH), 4.76-4.76 (m, 3H, C}), 4.63 (d, 1HJ 11.5 Hz,
CHy), 4.29-4.25 (m, 2H, H/2H-2), 4.17 (app t, 1H] 5.0 Hz, H-5), 4.10-4.05 (m, 2H, H-4, H-
3), 3.87 (brs, 1H, HM 3.77 (dd, 1H) 7.1, 11.5 Hz, H-6% 3.57 (dd, 1H,) 2.5, 10.0 Hz, H-3,
3.59 (dd, 1HJ 4.3, 11.6 Hz, H-6®, 2.95 (dd, 1HJ 7.9, 14.9 Hz, H-1a), 2.82 (dd, 1H2.2,
14.5 Hz, H-1b), 2.58 (t, 2H] 7.8 Hz, H-114, H-11b), 2.18-2.07 (m, 2H, H-2a H-2b"), 1.59-
1.39 (m, 6H, H-5a, H-5b, H-3aH-3b’, H-10&, H-100"), 1.43 (s, 3H, Ch), 1.32 (s, 3H, Ch),
1.32-1.21 (m, 36H, Ch), 0.88 (t, 3HJ 6.8 Hz, CH) ppm;**C NMR (100 MHz, CDGJ) § 172.9
(C=0), 142.9, 138.6, 138.15, 138.1 (4C,@), 128.5, 128.4, 128.35, 128.30, 128.2, 128.15,
127.85, 127.80 127.68, 127.55, 127.4, 126.9, 1g2E, Ar), 108.0 (3C), 87.5 (C-1), 79.5 (C-
3), 78.6 (C-3/C-4), 77.7 (C-3/C-4), 76.4 (Q;2Z5.0 (C-4, 74.7, 73.5, 72.5 (3C, GH 72.0 (C-
5), 62.7 (C-6), 49.5 (C-2), 39.9, 38.4 (2C, G} 36.9 (C-2), 36.0 (C-11), 35.2 (C-1), 31.9,
31.5, 29.7, 29.65, 29.6, 29.55, 29.53, 29.50, 22856, 29.35, 29.34, 29.33, 29.28, 28.9 (15C,
CHy), 27.4 (CH), 26.9, 26.8, 25.7 (3C, GH 25.5 (CH), 22.7 (CH), 14.1 (CH) ppm; ESI-
HRMS calcd. For gHg/NOsS [M — H] 1048.6700 found 1048.6688.
3,4-O-Isopropylidene-2-(®-phenyldodecanoylamino)-1$-(2’,3',4'-tri- O-benzyl-a-D-
galactopyranosyl)D-ribo-octadecanediol(19). A 1M solution of triphenylphosphine in THF
(0.21 mL, 0.21 mmol) was added dropwise to a smtutif compound.7 (38 mg, 0.04 mmol) in
THF (1.5 mL) at room temperature. After stirring & h, 1M aqueous NaOH (0.6 mL) was
added and the reaction was left to stir for a erthh. The solution was then diluted with EtOAc
(10 mL) and washed with water (5 mL) and brine (6)nThe organic layers were combined,
dried over MgSQ@and concentrateidh vacuo to afford the amine as a colourless oil. A mixtafe
the crude amine, EDC (15 mg, 0.08 mmol) anghenyldodecanoic acid (14 mg, 0.05 mmol) in
dry CHCI, (3 mL) was stirred at room temperature overnidlite mixture was diluted with
CH.Cl, (10 mL) and washed with water (5 mL) and brine (B),rthe organic layer was dried
over MgSQ and concentratedh vacuo to give a residue which was purified by column
chromatographyctHex/EtOAc, 7:1) to afford compouri® (32 mg, 72%) as a white solid; R
0.3 -Hex:EtOAc, 5:1);'H NMR (400 MHz, CDCJ) § 7.40-7.25 (m, 18H, Ar), 7.18-7.16 (m,
2H, Ar), 5.88 (d, 1H, 9.7 Hz, NH), 5.48 (d, 1H] 5.4 Hz, H-1), 4.93 (d, 1H,J 11.6 Hz, CH),
4.87 (d, 1HJ 11.8 Hz, CH), 4.76-4.66 (m, 3H, Ch), 4.60 (d, 1HJ 11.5 Hz, CH), 4.29-4.25
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(m, 2H, H-2, H-2), 4.17 (app t, 1H] 5.7 Hz, H-5), 4.11-4.05 (m, 2H, H-3, H-4), 3.87 (d, 1H,
1.7 Hz, H-4), 3.81-3.74 (m, 1H, H-6p 3.70 (dd, 1H/J 2.8, 10.0 Hz, H-3, 3.59-3.54 (m, 1H, H-
6b), 2.92 (dd, 1HJ 7.9, 14.8 Hz, H-1a), 2.82-2.77 (m, 1H, H-1b), 2(6®H,J 7.8 Hz, H-24,
H2b"), 2.15 (dd, 1H,J 7.7, 14.7 Hz, H-123, 2.10 (dd, 1H, 7.6, 14.5 Hz, H-121), 1.63-1.25
(m, 44H, CH), 1.32 (s, 3H, Ch), 1.29 (s, 3H, CH), 0.88 (t, 3H,] 6.8 Hz, CH) ppm;**C NMR
(100 MHz, CDC}) 6 173.2 (C=0), 143.1, 138.8, 138.40, 138.35 (4CCH 128.8, 128.61,
128.60, 128.56, 128.4, 128.11, 128.09, 128.05,912127.8, 127.7, 125.8 (12C, Ar), 108.2 (4
C), 87.7 (C-1), 79.8 (C-3, 78.8 (C-3/4), 77.9 (C-3/4), 76.6 (Or275.3 (C-4), 74.9, 73.8, 72.8
(3C, CH), 72.2 (C-5H), 63.0 (C-6), 49.8 (C-2), 37.1 (C-12, 36.2 (C-2), 35.3 (C-1), 32.2, 31.8,
29.6 (3C, CH), 27.7 (CH), 27.1, 26.0 (2C, C}), 25.7 (CH), 22.9 (CH), 14.4 (CH) ppm [NB:

16 co-incident C signals]; ESI-M®z 1064.64 [M + HJ, 1086.75 [M + Na]; ESI-HRMS calcd
for CeeHo7NOgNaS [M + NaJ 1086.6833, found 1086.6825.
2-(o-Phenylundecanoylamino)-1S-(2',3',4'-tri- O-benzyl-u-D-galactopyranosyl)b-ribo-3,4-
octadecanediol (20)4M HCI in dioxane (0.2 mL) was added to a solutddrcompoundL8 (100
mg, 96umol) in CHCl,:MeOH (10 mL:2 mL) at C. The mixture was stirred for 2.5 h at room
temperature, concentratedn vacuo and was purified by column chromatography
(CH.CI;:MeOH, 30:1) to afford compoun@0 (86 mg, 89%) as a white solid:s R 0.7
(CH,Cl::MeOH, 20:1); filp = +29.0 € 0.6 CHC}); vmax (neat/crit) 3430, 2924, 2854, 1644,
1460, 1083'H NMR (400 MHz, CDCY) § 7.38-7.24 (m, 18H, Ar ), 7.17-7.15 (m, 2H, Ar)45.
(d, 1H,J 8.5 Hz, NH), 5.46 (d, 1H] 5.4 Hz, H-1), 4.91 (d, 1HJ 11.4 Hz, CH), 4.83 (d, 1H,
11.8 Hz, CH), 4.75-4.67 (m, 3H, C§), 4.59 (d, 1HJ 11.5 Hz, CH), 4.26 (dd, 1HJ 5.4, 9.7
Hz, H-2), 4.18-4.16 (m, 2H, H-2, H%p 3.86-3.79 (m, 2H, H-8aH-4), 3.69 (dd, 1H)J 2.0, 9.9
Hz, H-3), 3.54-3.47 (m, 3H, H-3, H-4, H-6b3.06 (dd, 1H, 9.3, 14.5 Hz, H-1a), 2.83 (dd, 1H,
J 1.6, 14.2 Hz, H-1b), 2.58 (t, 2H,7.7 Hz, H-114 H-11H), 2.19-2.12 (m, 2H, H-2aH-2b"),
1.67-1.42 (m, 6H, Ch), 1.39-1.05 (m, 36H, Ch, 0.88 (t, 3H,J 6.4 Hz, CH) ppm;**C NMR
(100 MHz, CDC}) ¢ 174.9 (C=0), 143.2, 138.9, 138.40, 138.38 (4CCH 128.8, 128.75,
128.70, 128.6, 128.5, 128.3, 128.2, 128.1, 12&10,81 127.3, 125.9 (12C, Ar), 87.7 (Q;179.8
(C-3), 77.2 (C-2), 76.7 (C-3/4), 75.3 (C% 74.9, 74.0 (2C, C}), 73.2 (C-3/4), 73.1 (Ch), 72.8
(C-5), 63.3 (C-6), 53.1 (C-2), 37.1 (C42, 36.3 (C-11), 33.4, 33.2 (2C, Ch), 32.3 (C-1), 31.9,
30.07, 30.04, 30.02, 29.97, 29.92, 29.90, 29.88&%9.77, 29.72, 29.70, 29.68, 29.61, 26.17,
26.09, 26.08, 26.06, 23.04 (19C, gHL4.4 (CH) ppm; ESI-HRMS calcd for £HgiNOgNaS
[M + Na]® 1032.6363, found 1032.6385.

2-(o-Phenyldodecanoylamino)-1S-(2',3',4'-tri- O-benzyl-a-D-galactopyranosyl)D-ribo-
octadecanediol (21)4M HCI in dioxane (9QiL) was added to a solution of compout@ (48
mg, 45umol) in CHCl;:MeOH (4.5 mL:0.9 mL) at 6C. The mixture was stirred for 2.5 h at
room temperature, concentrated vacuo and was purified by column chromatography
(CH.CI;:MeOH, 30:1) to afford compoungl (33 mg, 71%): R= 0.7 (CHCI,:MeOH, 20:1);
[a]p = +12.1 € 1.0 CHCE); vmax (neat/crt) 3399, 3325, 2923, 2852, 1646, 1539, 1468, 1462,
1122, 1083, 1034, 736, 6554 NMR (400 MHz, CDCJ) § 7.39-7.24 (m, 18H, Ar), 7.18-7.16
(m, 2H, Ar), 6.38 (d, 1HJ 8.8 Hz, NH), 5.47 (d, 1H) 5.5 Hz, H-1), 4.92 (d, 1HJ 11.8 Hz,
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CH,), 4.84 (d, 1HJ 11.8 Hz, CH), 4.72-4.68 (m, 3H, C}), 4.60 (d, 1H,J 11.6 Hz, CH), 4.27
(dd, 1H,J 5.4, 9.9 Hz, H-2, 4.23-4.17 (m, 2H, H!5H-2), 3.86-3.81 (m, 2H, H-6aH-4'), 3.69
(dd, 1H,J3 2.7, 10.0 Hz, H-3, 3.59-3.54 (m, 2H, H-3, H-4), 3.50 (dd, 1H3.1, 12.0 Hz, H-6D,
3.06 (dd, 1H,) 9.4, 14.6 Hz, H-1a), 2.83 (dd, 1813.0, 14.7 Hz, H-1b), 2.59 (t, 2H,7.9 Hz, H-
2a, H-2b), 2.17 (t, 2HJ 7.8 Hz, H-124, H-12b), 1.66-1.25 (m, 44H, C#), 0.88 (t, 3HJ 6.5
Hz, CHs) ppm;**C NMR (400 MHz, CDGJ) § 174.8 (C=0), 143.1, 138.8, 138.31, 138.29 (4C, 4
°C), 128.7, 128.63, 128.60, 128.4, 128.2, 128.1,0,2B27.8, 127.7, 125.8 (10C, Ar), 87.5 (C-
1), 79.7 (C-3), 76.8 (C-3/C-4), 76.6 (C 75.3 (C-4), 74.8 (CH), 73.9 (CH), 73.1 (C-3/C-4),
73.0 (Ch), 72.7 (C-9H, 63.2 (C-6), 53.1 (C-2), 37.0 (C42, 36.2 (C-12), 33.3 (CH), 33.1 (C-
1), 32.2, 31.7, 29.93, 29.89, 29.81, 29.75, 29965,26.03, 25.96, 22.9 (11C, ©@H14.3 (CH)
ppm [NB: 12 co-incident C signals].
1-S-(a-D-Galactopyranosyl)-2-@-phenylundecanoylamino)b-ribo-3,4-octadecanediol  (1).
Sodium (161 mg, 7.0 mmol) was added to liquidsNidder N at -78°C after 1 h. Compoun20
(71 mg, 70umol) in THF (5 mL) was added to the solution anel thixture was allowed stir for
2 h at -78°C. The reaction was quenched by the addition off@®Hand the NH was left to
evaporate overnight. The crude residue was purifiedolumn chromatography (CHVeOH,
10:1) to affordl (52.5 mg, quant.) as a white solid:#R0.7 (CHCl,:MeOH, 11:1); f]p = +20.1
(c 0.2 GHsN); vmax (Neat/cn) 3412, 2923, 2853, 1642, 1267, 748;:NMR (400 MHz, GDsN)
08.54 (d, 1H,J 8.7 Hz, NH), 7.37 (t, 2H] 7.5 Hz, Ar), 7.29-7.22 (m, 3H, Ar), 6.11 (d, 1H5.5
Hz, H-1), 5.26-5.02 (m, 1H, H-2), 4.98 (dd, 1815.5, 9.9 Hz, H-3, 4.91 (app t, 1HJ 5.6 Hz,
H-5", 4.60 (dd, 1HJ 7.2, 11.2 Hz, H-6% 4.52 (app d, 1H) 2.6 Hz, H-4), 4.42-4.38 (m, 3H,
H-6b, H-3, H-3), 4.25 (app dt, 1H] 2.0, 7.6 Hz, H-4), 3.72-3.62 (m, 2H, H-1a, H-1B)%9 (t,
2H, J 7.7 Hz, H-24, H-2b"), 2.55-2.49 (m, 2H, 1Tallly’), 2.31-2.24 (m, 1H, OH), 1.95-1.16
(m, 47H, OH, CH), 0.88 (t, 3H,J 6.7 Hz, CH) ppm;**C NMR (100 MHz, GD:sN) 6 174.2
(C=0), 129.3, 129.2, 129.1, 126.5 (4C, Ar), 90.11(); 78.0 (C-3), 73.9 (C-5, 73.0 (C-4), 72.8
(C-3), 71.4 (C-4, 70.5 (C-2, 63.4 (C-6), 53.6 (C-2), 43.9, 37.3, 37.2, 36.6 (4C,LH2.5 (C-
1), 32.3, 30.7, 30.6, 30.43, 30.41, 30.39, 30.2&00.21, 30.17, 30.15, 30.0, 29.95, 27.0, 26.8,
23.3 (16C, CH), 14.7 (CH) ppm [NB: 3 co-incident C signals]; ESI-HRMS aaldor
C41H72NOgS [M — H] 738.4979, found 738.4943.
1-S-(a-D-Galactopyranosyl)-2-@-phenyldodecanoylamino)b-ribo-3,4-octadecanediol  (2).
Sodium (23 mg, 0.98 mmol) was added to liquidsNidder N at -78°C after 1 h. Compoun2il
(51 mg, 49umol) in THF (2.5 mL) was added to the solution &nel mixture was allowed stir
for 2 h at -78C. The reaction was quenched by the addition of@®IHand the NH was left to
evaporate overnight. The crude residue was purifiedolumn chromatography (CHV1eOH,
20:1) to afford2 (11 mg, 31%) as an off-white solid; R 0.7 (CHCIl,:MeOH, 11:1); fi]p =
+16.5 € 0.2 GHsN); vmax (neat/cnt) 3430, 2925, 2855, 1645, 1263, 749; NMR (400 MHz,
CsDsN) 0 8.79 (d, 1HJ 7.43 Hz, NH), 7.37 (t, 2H] 7.5 Hz, Ar), 7.30-7.24 (m, 3H, Ar), 6.11 (d,
1H,J 5.4 Hz, H-1), 5.27-4.90 (m, 3H, H-2, H:2H-5), 4.59 (dd, 1HJ 7.2, 11.2 Hz, H-6% 4.52
(d, 1H,J 3.0 Hz, H-4), 4.42-4.37 (m, 3H, H-8bH-3, H-3), 4.27-4.22 (m, 1H, H-4), 3.68 (s, 1H,
H-1a,), 3.67 (s, 1H, H-1b), 2.61 (t, 2B17.7 Hz, H-24, H-2b"), 2.53 (dt, 2H,J3.6 Hz, H-124,

Page 373 ®ARKAT-USA, Inc.



H-12b'), 2.31-2.24 (m, 1H, OH), 1.99-1.83 (m, 4H, §HL.75-1.67 (m, 1H, OH), 1.61 (q, 28,
7.2, 14.3 Hz, H-3/4 H-3b"), 1.41-1.21 (m, 42H, CH, 0.89 (t, 3H,J 6.5 Hz, CH) ppm; °C
NMR (100 MHz, GDsN) 6 174.3 (C=0), 129.3, 129.2, 126.5 (3C, Ar), 118XQ), 90.2 (C-J),
78.1 (C-3), 74.0 (C-5H), 72.9 (C-3, C-4), 71.5 (CH% 70.6 (C-2), 63.5 (C-6, 37.3 (C-12), 36.6
(C-21), 34.5, 32.8 (2C, C§), 32.6 (C-1), 32.3, 30.8, 30.6, 30.48, 30.46, 3030.38, 30.31,
30.30, 30.24, 30.20, 30.07, 30.01, 27.1, 26.9, 2B6LC, CH), 14.7 (CH) ppm [NB: C-2 not
seen and 5 co-incident C signals]; ESI-HRMS cakeat. GoH7sNNaGsS [M + NaJ 776.5111
found 776.5108.

NKT cell stimulation assays. NKT cells were enriched from human peripheral oblo
mononuclear cells using antibody-coated magnetiadbe (Miltenyi Biotech, Gladbach
Bergische, germany) followed by sorting on a MJFIoXDP Cell Sorter (Beckman Coulter,
High Wycombe, UK). Cells were then expanded f@ @eeks by mitogen stimulation in the
presence of IL-2, as descriféd This method typically leads to the generatiors@f® NKT
cells starting with <1Dcells, with purities of >98% as determined by floytometry. Mock-
transfected or CD1d-transfected HelLa cells wersqalilwith medium alone or with KRN7000
(o-GalCer), its thioglycoside analogue-$GalCer), or Compounds and2 in 96-well culture
plates (10 cells/well) as described previously® o-GalCer anda-S-GalCer were added at
concentrations of 0.1 pg/ml, whereas CompoundsdlZawere tested at 0.1, 1 and 10 pg/ml.
After 24 hours, equal numbers of expanded NKT cealisich were rested by culturing for at
least 1 week in the absence of IL-2, were adddgtdalycolipid-pulsed HelLa transfectant cells.
After a further 24 hours, cell supernatants wemvédsted and assayed for IRIN{L-4 and IL-10
by ELISA (R&D Systems (Abingdon, UK).
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