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Abstract

Synthesis of Analogs of Sphingophospholipids, Glycolipids, and Plasmalogen

by

Ravi Shankar Lankalapalli

Research Adviser: Professor Robert Bittman

This dissertation presents the asymmetric syntheses of naturally ngcurri
sphingoid bases and novel sphingolipid analogs, including (a) an unnaturabspyrhg with a
A’-cis double bond in the long-chain base (cis-SM), (kthree-B-glucosyl and galactosyl-
ceramides, (c) a photoactivatable analo@-galactosyl sphingosine (psychosine), and (d) caged
sphingosine 1-phosphate and ceramide 1-phosphate analogs. Also incltidedlissertation is
a novel synthesis of an unnatural analog of the glycerophospholipidgitagen with a tran®-

vinyl ether linkage at then1 position of the glycerol backbone.

Chapter 1 presents the first synthesis @& 3R 42)-N-palmitoylsphingomyelin (cis-SM). The
Cu**-mediated oxidation of 1-palmitoyl-2-linoleoylphosphatidylcholine ipo$omes was

inhibited more effectively by cis-SM than by the natural trans-SM.



Chapter 2 presents a short synthesis of BeOfvinyl analog of plasmalogen @-(1'-(E)-
octadecenyl)-23-oleoyl-snglycero-3-phosphocholine). To elucidate the role of the double bond
in natural plasmalogen in protecting lipids from oxidative danvegeynthesized this unnatural
analog, which possesses a trans-vinyl ether linkage. The kegfdtep synthesis is the iridium-

catalyzed isomerization of an allylic ether to a trans-vinyl ether.

Chapter 3 presents the synthesis dhteo-p-glucosyl- and galactosyl-ceramides with various
N-acyl chains and also a sulfatide analogpegalactosylceramide. These analogs may be
promising as new anti-inflammatory glycolipids to treat lidiseases and also may serve as
agents for blocking raft formation in living cells. A Koenigs-Knoeaction and the Schmidt

trichloroacetimidate method were used for the glycosylation reactions.

Chapter 4 presents the synthesis of the first photoactivataldtegasfapsychosine. This probe,
which contains a benzophenone linked to the long-chain base, may beuhtoskin the
identification of receptors of psychosine. A cross-metathesis amdciewave-assisted \@

reaction are the key steps of this synthesis.

Chapter 5 presents the first synthesis of coumarin- and a novel ®-drtiydroxynitrophenyl
benzyl-caged sphingosine and ceramide phosphoesters. These caged commaguhdsge the
facility to enter the cytosol of cultured cells and, upon irtamhawith long wavelength
ultraviolet light, could evoke an intracellular response which willhleépful in finding the
intracellular receptors for sphingosine 1-phosphate and ceramide dhptmsPhosphoramidite
chemistry was applied for coupling the cages to a protegiRohgosine analog. A one-pot

removal of the protective groups afforded the final product in this synthesis.
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Chapter 1

Synthesis of (3,3R,4Z)-sphingomyelin (cis-SM) with aA* cis-double bond and the effect of

double bond geometry on the antioxidant function of sphingomyelin

Abstract
The first synthesis of @3R 47)-sphingomyelin (cis-SM) with a* cis double bond is
described. The key step involves the regioselective phosphorylation daurairgphingosine.
Substitution of the natural trans double bond in SM with a cis double b&8Nbi surprisingly
enhanced its ability to inhibit Gltmediated 16:0/18:2-phosphatidylcholine (PC) oxidation by
about 8 fold. However, when the free radical initiator AAPH (2,24a@g@-amidinopropane)
dihydrochloride) was used as the oxidant, cis-SM increased thgh&sg but had no effect on

the rate of PC oxidation relative to trans-SM.

Introduction

SM (see Chart 1 for structure) is an abundant phospholipid in theneetbranes and
lipoproteins of all vertebrate animals, and is an essential compohenembrane rafts, the
microdomains of cell membranes that play a critical role ih signaling and other cellular
processe$? SM is concentrated in the plasma membrane of cells, spdyifinathe exofacial
leaflet that faces the environment. Recent epidemiologic ststiew that increased plasma
levels of SM are associated with an increase in risk of attlerosis®* but the underlying
mechanisms are largely unknown. Part of the reason for this ishhatormal physiological
functions of SM in cells and lipoproteins are not well understood. Thegbbgeal function of

SM in lipoproteins, where it is the second most abundant phospholipid, istablished. It was



also demonstrated that SM inhibits the oxidation of unsaturated rRiC cholesterol in
lipoproteins and cell membrang%.However, the possible mechanism for this antioxidant
function is not clear.

A unique structural feature of SM (and other sphingolipids) is thespcesof a trans
double bond in its sphingosine backbone, in contrast to the other natwallyiong membrane
phospholipids which have cis unsaturation in their fatty acyl groups. pmngolipid
biosynthesis, the trans double bond is introduced into the long chain besswiide by the
stereospecific dihydroceramide desaturase. The lack of thisneniaads to cell cycle arrest in
cultured cells, and to growth retardation and death in experimental anfiterefore, it is
likely that the trans double bond in SM has unique functions that arelflbéd by the more
common cis unsaturation found in glycerolipids. As a trans double bond tebdddss reactive
chemically than a cis double bond, it may also be less susceftiilftee-radical reactions.
Unlike the cis double bond found in natural fatty acids which are in the interior of élyerbithe
trans double bond of SM is located at the C4 of its sphingosine backbonesala$ near the
interfacial region, in the vicinity of the hydrogen bond forming C3-#&d C2-NHCO groups. It
is, therefore, of interest to determine whether the trans dbobi@ of the sphingosine backbone
plays a role in the antioxidant effects of SM. Previous stuzhesxidative modification of low-
density lipoproteins used &uor the extensively studied water-soluble peroxyl radical geoer
AAPH.? This chapter describes the synthesis of an unnatural analog afoBfdining a cis
double bond at the C4 position of the sphingosine backbone (Chart 1 and corvipS8ehdme

2A), and the elucidation of its effect on the oxidation of PC induced BYyabd AAPH.



Chart 1. Structures of trans-SM and cis-SM

0. 0 OH 0.0 oH
MesN* SPZ - MesN* SPC - CyaH
3 \/\O \OW\C13H27 3 V\O \O/\‘/E/ 13H27
CisH31 HN\n/C15H3l
trans-SM (@) cis-SM 0]

Results and Discussion

Synthesis of 1,3-diol 3 from §)-Garner aldehyde 1 (Scheme 1)S)-Garner aldehyde
(1) was prepared from DIBAL reduction db)serine methyl ester. Reaction of aldehydsith
the lithium salt of 1-pentadecyne in HMPA/THF (nonchelating caomi)'® at -78 °C provided
a mixture of erythro and threo propargylic diastereomers that vgeparated by flash
chromatography (elution with EtOAc/hexane 1:3); the ratio ofybheo to L-threo product was
~20:11° The erythro diastereom@rwas treated with Amberlyst-15 resin in methanol, affording
N-Boc-protected dio8.

Scheme 1. Synthesis of 1,3-diol 3 frons)-Garner aldehyde

OH OH

R - -
O/Y /Y\ . HO/Y\
AV )iN CiaHz7 HN, Ci3Hz7
Boc Boc Boc
(S)-Serine ester 2 (67%) 3 (74%)
a R = CO,;Me + threo byproduct
1, R = CHO (71%)
Reagents and conditions: (a) DIBAL in toluene, -78 °C, 2 h; (b) 1-pentaelecBuli, HMPA,

THF, -78 °C; (c) Amberlyst-15, MeOH, 2.5 d.



Preparation of D-erythro-(2S,3R,4Z)-N-palmitoyl-SM (cis-SM) 7 and L-threo-
(2S,3S,4E)-N-palmitoyl-SM (L- threo-SM) 9 (Scheme 2)An attempt to partially reduce the
triple bond by reaction with hydrogen in the presence of Lindialyst" in ethyl acetate to
afford a cis-double bond by stirring the reaction mixture for 1 hdembmplete reduction of the
triple bond. However, when the reaction mixture was stirred fomg the product obtained
was cis-N-Boc-D-erythro-sphingosine 4). The phosphocholine group was incorporated by
initially treating ethylene chlorophosphite with bromine at -78 iIACCH,Cl,, followed by
treating the resulting intermediate with alcoolThis method is a slight variation of a previous
method in which the alcohol initially was treated with a phosphibflateagent (ethylene
chlorophosphite) followed by oxidation of the resulting cyclic monophospliiteBr,.*? Azido
analogs of sphingosine can also be monophosphitylated using this procedufeal ls¢ep
involved quaternization using aqueous trimethylamine in@NHi-PrOH/CHCE (1.5:1.5:0.9,
viviv), affording N-Boc-D-erythro-4,5-cis-sphingosylphosphorylcholind) as a white powder.
Deprotection of thé&N-Boc group with 3 M HCI/THF (1:1) at 70 °C provided lyso-4,5-cis-6M
N-Acylation of amine6 with p-nitrophenyl palmitate in dry DMF/CiI, (5:2, v/v) in the
presence of anhydrous,8O; (as described previously)afforded (35,3R,42)-N-palmitoyl-SM
(cis-SM, 7). LC/MS analysis of this compound showed the presence of ~10% of ahBlr
which is apparently formed because of over-reduction of alk§neéilso, (253S4E)-N-
palmitoyl-SM [Lthreo-SM, 9] was prepared b-acylation of Lthreolyso-SM 8 (purchased

from Matreya) withp-nitrophenyl palmitate.



Scheme 2A. Synthesis of cis-SM (7)

OH o o OH
5 2 HO/YE/CBH” b MegN"\/\O: PfO/Y\Z/Clus
HN_ HN_
Boc Boc
4 (96%) 5 (57%)
O._0O oH O @) oH
c Me3N+\/\O: Pi/o ~ - Cl3H27 d MegN-F\/\O: Pi/o - - C13H27
*NH4CI HN_ _CysHay
6 (82%) 7(48%) O

Reagents and conditions: (a),HLindlar catalyst, EtOAc, 25 min; (b) (i) ethylene
chlorophosphite, Br -78 °C, CHCI,, 1 h, (ii) 4, N,N-diisopropylethylamine (5.0 equiv), 2 h at
-78 °C, then rt, overnight, (iii) aqueous Mg CH;CN/i-PrOH/CHC} (1.5:1.5:0.9), 24 h; (c) 3
M HCI/THF (1:1), 70 °C, overnight; (d-nitrophenyl palmitate, gCO;, DMF/CH,Cl, (5:2), 1
d.

Scheme 2B. Synthesis of threo-SM (9)

OH OH
MesN* Osp20 = a Me;N* Op20 =
"0 o Cigtyy —— 2 07 "0 Cishzr
NH, HN___CisHz;
8 9 (85%) o)

Reagents and conditions: @hitrophenyl palmitate, O3, DMF/CH,CI; (5:2), 1 d.

Assay of PC peroxidation.The following experiments were carried out in the laboratory
of Professor P. V. Subbaiah (University of lllinois at Chicago ScbbMedicine)'* Liposomes
(large unilamellar vesicles, LUVs) containing 16:0/18:2-PC (iajtayl-2-linoleoyl-sn-glycero-
3-phosphocholine) and various SM analogs (molar ratio of PC:SM, 5.8 prepared by
extrusion through polycarbonate filters. Briefly, chloroform solution®@f (2 umol), with or
without SM (0.4umol), were added to a glass tube, and the solvent was evaporated unde
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nitrogen. The lipids were dissolved in 0.3 mL of ethanol, and the sohesagain evaporated
under nitrogen. To the dried lipid film was added 1 mL of Trigdsu®20 mM Tris, pH 7.4), and
the suspension was dispersed by vortexing for 1 min. The sampléusfasd with nitrogen,
incubated in the dark at 40 °C for 20 min, and passed throughiemONucleopore membrane
(Whatman) 11 times using a Mini-extruder apparatus (Avanti Rgbeds), while maintaining
the temperature of the syringe at 40 °C with the help of angehtock. The liposomes were
stored under nitrogen at 4 °C in the dark, and were used for @xdstidies within 10 days of
the preparation. The ratios of PC and SM in the recovered LUVe estimated by lipid
phosphorus analysfsafter TLC separation of lipids, and were found to be same as in the starting
material. For the oxidation studies, 12D of the liposome preparation (240 nmol of PC) was
treated with 5uM CuCkL in 10 mM Tris, 150 mM NacCl, pH 7.4, in a final volume of 3.0 mL, in
the cuvette of a spectrophotometer. The reactions were carried out at 37 °C for umto B08Q
temperature-controlled spectrophotometer (Shimadzu UV-1601), and thegeadi 234 nm
(conjugated diene formation, Figure 1) were recorded continuouShkman intervals. The rates
of oxidation were calculated from the slopes in the linear raafier subtraction of the
corresponding blank values (samples incubated in the absenc&pflCaome experiments, the
oxidation was carried out in presence of the thermolabiler&iéieal generator AAPH (0.1 mM)

instead of CuCl



Figure 1. Postulated peroxidation reaction of 16:0/18:2-PC mediated ByoEAAPH.

O O

Oxidation
C_))J\(‘%/;/:CE—,HM mediated C_))J\R
015 OO~ _CisHz O 5 OO _CisHa
MesN* o P o \[( by Cu?* MegN* o RS o \[(
o or AAPH o

Phosphatidylcholine (16:0-18:2 PC) Conjugated diene formation
/V{OOH
R = —(CHy); CsHyy

and
—(CH —
CHI A,
OOH

SM unsaturation and inhibition of PC oxidation. The following experiments were
carried out in the laboratory of Professor P. V. Subbaiah. To dettime effect of unsaturation
in the long chain base, three SM analogs (dihydro-SM, cisaéBi trans-SM) were incorporated
into liposomes containing 16:0/18:2-PC at PC:SM molar ratios of Bd .oXidation of PC was
measured in the presence of 8@ Cu** at 37 °C. As shown in Figure 2, the presence of natural
trans-SM (egg SM) increased the lag phase by 30 min and ethibié rate of PC oxidation by
about 20%, based on the linear oxidation rates. However, the incorpambt®SM increased
the lag phase by 120 min, and inhibited the rate of oxidation by about 9¥4aafe of PC
oxidation was about 8 times higher in the presence of transe&itive to that in liposomes
prepared with cis-SM. Dihydro-SM inhibited the oxidation by about 4B&sed on the total
conjugated diene concentration at 300 min, the inhibition in the extent oxiB&tion was 31%
in the presence of trans-SM, 36% in the presence of dihydro-SM, anch8h&presence of cis-
SM. Increasing the CGii concentration by two fold did not significantly affect the ratePC
oxidation in the presence of cis-SM, but increasing it four fold (topd@Pmarkedly increased
the rate (Figure 3). The effect of increasing thé*@uas less noticeable in the presence of trans-

SM. When the thermolabile free-radical generator AAPH was asdthe oxidizing agent, the



protection by cis-SM was less remarkable (Figure 4). @mesults suggest that the inhibitory
effect of cis-SM was selective for the Cunediated oxidation.

Figure 2. Effect of SM analogs on the oxidation of 16:0/18:2-PC in the presencéof Cu
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Figure 3. Effect of C&* concentration on the inhibition of PC oxidation by SM analogs.
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Figure 4. Effect of SM unsaturation on AAPH-mediated oxidation of PC.

0.35

Slopes (&A,_/ min = 107) .;""’
0.30 I PC control: 0.99 difydrg-SM *

+ egg SM: 0.80 ~

+ cig-5M: 0.51
025 . ....-l’f

+ dihydre-5M: 0.79 L

{005 1 1 1 1 1 1 1 1 1

0 40 80 120 160 200 240 280 320 360 400

Time {min)

Binding studies using NMR.The interaction of the cis and trans isomers of SM with
CU?* was also studied using NMR spectroscopy. The effect 6f @uSQ-5H,0) on the
chemical shifts of the vinylic protons of cis- and trans-S&&wletermined by NMR in GDD
at a SM:Ca" ratio of 1.0. A small downfield shift of the signal was obseiivethe case of cis-
SM (from 5.375 to 5.395 ppm for the proton at C4, and from 5.517 to 5.537 ppm for the proton
at C5) but not in the case of trans-SM (results not shown). Howeese differences were not
large enough to explain the large difference in the antioxiddattefof the two isomers.
Furthermore, there was no significant difference in theelaxation times of the vinylic protons
of the cis- and trans-SM isomers in the presence &f.GAt a SM:Cd" ratio of 1.0, the

percentage difference of relaxation times was found to be 94%28ador the downfield proton



of trans-SM and cis-SM, respectively. There was no differentleeil; values for the upfield
protons of cis-SM/CHl vs. trans-SM/CR. Furthermore, Trelaxation experiments conducted on
model compoundscis-2-pentene andrans-2-pentene) in the presence of’Cgave rise to no
significant differences. These results appear to rule out aelatiCi* as a contributing factor

for the aforementioned results.

Conclusions

A convenient method, based on a previously reported procedure for regivsele
phosphorylation of sphingosine derivatives, has been demonstrated fostlsyrithesis of cis-
SM. Replacing the trans double bond with a cis double bond resulted in upetgh#fold
increase in the antioxidant activity of SM in the presence @f @s the oxidizing agent.
However, the effect of the cis double bond was less evident when A#d&Hused as the
oxidizing agent. NMR studies, did not indicate a significant clorlatf Cif* by either cis- or
trans-SM. These results suggest that the double bond geometry @4 tipesition in the

sphingosine base plays an important role in the inhibition of PC oxidation brought abodt by Cu

Experimental Section
General Information. The solvents were dried as follows. THF angCEtvere heated at
reflux over sodium benzophenone ketyl. Diisopropylethylamine angCGRvere distilled over
calcium hydride, benzene was distilled over sodium metal, andantivas heated at reflux
over magnesium. Lindlar catalyst was purchased from AldricicaSgel 60 F254 aluminum
TLC plates of 0.2-mm thickness were used to monitor the reactiatis,stwort wavelength

ultraviolet light to visualize the spots and by charring the Til&e after spraying with 15%

10



sulfuric acid. Phosphorus-containing compounds were detected with a nocobdidi spray.
Flash chromatography was carried out with silica gel 60 (230-400MASiEsh).'H NMR
spectra were recorded at 400 MHz, and chemical shifts are igiyeats per million!*C NMR
and>'P NMR spectra were recorded at 100 MHz and 162 MHz, respectivRiylSHanalysis
was performed using the electrospray ionization technique.
(S)-tert-Butyl-4-formyl-2,2-dimethyloxazolidine-3-carboxylate (1). A solution of N-
Boc (§-serine methyl ester (12.0 g, 46.3 mmol) in toluene (100 mL)oewaked to -78 °C under
nitrogen. To the cooled solution was slowly added DIBAL (83 mL, a 1.5Iktien in toluene).
The reaction mixture was stirred for 2 h at -78 °C, and theioeastas quenched by slowly
adding 100 mL of cold MeOH. The resulting white emulsion was slpailyed into 200 mL of
ice-cold 1 M HCI with swirling over 20 min, and the aqueous mixture exdracted with EtOAc
(3 x 120 mL). The combined organic layers were washed with brine (L30dned (NaSQy),
and concentrated to give the crude product as a colorless oil whglvagaum distilled to
provide aldehyd& (7.5 g, 71%) as a colorless liquid, bp 115-125 °C (9.0 mm Hg).
(S)-tert-Butyl-4-((R)-1’-hydroxyhexadec-2’-ynyl)-2,2-dimethyloxazolidine-3-
carboxylate (2).To a solution of 1-pentadecyne (3.25 g, 15.6 mmol) in dry THF (100 m&) wa
addedn-BuLi (2.5 M in hexane, 3.6 mL, 17.4 mmol) at -40 °C undgrThe mixture was stirred
for 2 h before HMPA (6.05 mL, 34.8 mmol) was added at -78 °C. After thieira was stirred
for 45 min, a solution ofS)-Garner aldehydé'® (2.74 g, 12.0 mmol) in dry THF (20 mL) was
added slowly. The solution was stirred at -78 °C for 2.5 h, and theoreaes quenched with
aqueous saturated NEI solution (100 mL). The mixture was extracted with@E(3 x 70 mL),
and the combined organic phases were washed with brine (100 mL) edd(MgSQ). The

crude oil was purified by flash chromatography (EtOAc/hexane a:8jford2 (3.5 g, 67%) as a
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colorless oil:R 0.39 (EtOAc/hexane 1:33H NMR (CDCk) & 0.89 (t, 3HJ = 6.6 Hz), 1.25-1.61
(m, 37H), 2.21 (m, 2H), 3.91 (s, 1H), 4.13 (m, 2H), 4.52 (m, 1H), 4.70 (m, ¥8)NMR
(CDCl) 6 14.1, 18.8, 22.7, 25.4, 25.7, 28.4, 28.6, 28.9, 29.1, 29.3, 29.5, 29.6, 29.7, 31.9, 62.8,
64.2, 65.1, 77.9, 81.2, 86.6, 94.9, 154.1. Threo-by pro&u0t33 (EtOAc/hexane 1:3).
tert-Butyl (2S,3R)-1,3-Dihydroxyoctadec-4-yn-2-yl-carbamate (3)To a solution of2
(2.5 g, 5.71 mmol) in 30 mL of MeOH was added Amberlyst 15 resin (2.\ftgr the
heterogeneous mixture was stirred at rt for 2.5 days, thauraixvas filtered through a Celite
pad, and the filtrate was concentrated. Purification by chronagbygr (EtOAc/hexane 1:1)
provided3 (1.7 g, 74%) as a white solig 0.17 (hexane/EtOAc 3:1JH NMR (CDCk) 5 0.89
(t, 3H,J = 6.8 Hz), 1.25 (m, 22H), 1.45 (s, 9H), 2.19 (m, 2H), 3.52 (br s, 1H), 3.73 (M329),
(m, 1H), 4.59 (m, 1H), 5.46 (d, 2H= 8.4 Hz);**C NMR (CDC}) § 14.1, 18.7, 22.6, 28.3, 28.5,
28.9, 29.1, 29.3, 29.5, 29.6, 29.7, 31.9, 55.5, 60.4, 62.3, 64.1, 77.9, 79.9, 87.7, 156.3.
tert-Butyl (2S,3R,42)-1,3-Dihydroxyoctadec-4-en-2-yl-carbamate (4)A solution of3
(678 mg, 1.76 mmol) in dry EtOAc (40 mL) was degassed witfioH15 min. To this solution
was added Lindlar catalyst (335 mg, ~ 5% palladium on calcium caghguasoned with lead),
and the mixture was stirred undes &tmosphere for 25 min. The reaction mixture was filtered
on a Celite layer (washed with EtOAc) and concentrated. &hielue was purified by flash
chromatography (EtOAc/hexane 1:3) to affa¥d680 mg, 96%) as a white powdd®; 0.16
(EtOAc/hexane 1:3)*H NMR (CDCh) & 0.89 (t, 3H,J = 6.8 Hz), 1.27 (m, 22H), 1.45 (s, 9H),
2.04 (m, 2H), 2.6 (br s, 1H) 2.65 (br s, 1H), 3.52 (m, 1H), 3.98 (m, 2H), 4.60 (m, 1H), 5.37-5.72
(m, 2H);¥3C NMR (CDC}) § 14.1, 22.6, 25.9, 27.8, 28.3, 29.1, 29.2, 29.3, 29.4, 29.5, 29.6, 29.7,

31.8, 32.3, 34.4, 55.7, 62.6, 69.5, 74.6, 79.7, 128.6, 134.3, 156.2.
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(2S,3R,42)-1-O-[2'-Trimethylaminoethyl(hydroxy)phosphoryl]-2- N-(tert-butoxy-
carbonylamido)-3-hydroxyoctadec-4-ene (5)To a solution of ethylene chlorophosphite (0.45
mL, 5.1 mmol) in CHCIl, (70 mL) was added Br(0.26 mL, 5.1 mmol) at -78 °C. After the
reaction mixture had stirred for 1 h, diisopropylethylamine (1.5 &%&,mmol) was added. A
solution of4 (680 mg, 1.70 mmol) in Ci€l, (30 mL) was added to the reaction mixture. The
reaction mixture was stirred for 2 h at -78 °C, and then warmed Adter the starting material
disappeared, the yellow mixture was concentrated and drie@(ao provide a brown residue
that was dissolved in 39 mL of GEN/i-PrOH/CHC} (1.5:1.5:0.9). After 40% aqueous jie
(39 mL) was added, the reaction mixture was stirred for 24 hHbetsolvents were evaporated
and the residue was purified by chromatography (GM&OH/H,O 65:35:8) to afford (550
mg, 57%) as a white solik0.18 (CHCYMeOH/H,O 65:35:8);'H NMR (CDCk) & 0.89 (t, 3H,

J = 6.8 Hz), 1.25 (m, 31H), 2.13 (m, 2H), 2.59 (br s, 1H), 3.22 (s, 9H), 3.64-3.90 (m, 4H), 4.28
(m, 4H), 5.18 (m, 1H), 5.55 (t, 1H, = 10.8 Hz), 5.70 (dt, 1HJ = 7.5, 10.8 Hz)*C NMR
(CDCl) 6 14.1, 22.6, 22.7, 27.7, 28.5, 29.2, 29.3, 29.5, 29.6, 29.7, 29.8, 31.9, 54.3, 59.4, 60.5,
65.7, 66.2, 73.9, 78.8, 126.1, 136.8, 159%® NMR (CDC}) & -0.37; HRMS (M+H}
CogHssN20O7P caled for m/z 565.3982, found 565.3968. We also observed ~20% of the dihydro
product because of over-reduction in the third step; HRMS (M-@#HsoNO-P calcd for m/z
567.4138, found 567.4102.

(2S,3R,42)-1-0O-[2’-Trimethylaminoethyl(hydroxy)phosphoryl]-2-amino-3-hydroxy-
octadec-4-ene (6)A solution of5 (250 mg, 0.44 mmol) in THF (15 mL) and 3 M HCI (15 mL)
was heated overnight at 70 °C. The solvent was evaporated and the reagldeied under
vacuum and lyophilized from benzene to aff@d180 mg, 82%) as the hydrochloride salt,

which was used without purification in the next step.
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(2S,3R,42)-N-Palmitoylsphingomyelin (7). A solution of6 (180 mg, 0.36 mmol)p-
nitrophenyl palmitate (272 mg, 0.72 mmol), and anhydropGQX (75 mg, 0.54 mmol) was
suspended in a solution of anhydrous DMF (20 mL) andGZH8 mL). After the reaction
mixture had stirred for 1 day, the mixture was concentrated undevaogitum. The compound
was dissolved in 20 mL of CHgMeOH/H,O (65:35:8) and concentrated under vacuum.
Purification by chromatography (CHfMeOH/H,O 65:35:8), followed by removal of
suspended silica gel by filtration through a Cameo filter,rdéfd7 (120 mg, 48%) as a white
solid: R; 0.34 (CHCYMeOH/H,O 65:35:8);"H NMR (CDCk/CDsOD 20:1) 0.85 (t, 6H,J = 6.8
Hz), 1.25 (m, 46H), 1.64 (m, 2H), 2.03-2.18 (m, 4H), 3.23 (s, 9H), 3.67 (m, 4H), 3.84 (m, 1H),
4.04 (m, 1H), 4.29 (m, 2H), 5.55 (t, 18l= 10.8 Hz), 5.72 (dt, 1H] = 7.3, 10.8 Hz), 7.21 (d,
1H, J = 9.2 Hz);**C NMR (CDCK/CD;OD 20:1)5 17.9, 26.5, 29.7, 29.8, 30.9, 31.6, 32.4, 33.0,
33.2, 33.3, 33.4, 33.5, 33.6, 35.7, 37.5, 38.7, 40.5, 58.0, 58.2, 62.9, 63.0, 68.5, 68.8, 70.2, 73.9,
133.1, 137.6, 177.8*P NMR (CDCKCD;OD 20:1)5 -0.28; LRMS (M+HJ CsgHgoN-OgP calcd
for m/z 703.6, found 703.5. In addition, the peak at m/z 705.5 (~10%) indicated thacprese
the dihydro product.

(2S,3S,4E)-N-Palmitoylsphingomyelin (9). L-threo-Sphingosylphosphocholines,( 10
mg, 0.020 mmol, purchased from Matreya) was converted into SM by fofave procedure
used to prepare compouidd Purification by chromatography (elution with CHGleOH/H,O
65:35:8), followed by removal of suspended silica gel by filtratiooufin a Cameo filter,
afforded compoun® (12 mg, 85%) as a white soli& 0.34 (CHCYMeOH/H,0O 65:35:8);*H
NMR (CDCkL/CDsOD 20:1)s 0.86 (t, 6H,J = 6.8 Hz), 1.14 (m, 46H), 1.59 (m, 2H), 2.02 (m,
2H), 2.15 (t, 2H,J = 7.6 Hz), 3.24 (s, 9H), 3.66 (m, 2H), 3.78-3.98 (m, 3H), 4.28 (m, 2H), 4.42

(m, 1H), 5.41 (dd, 1H) = 5.3, 15.4 Hz), 5.74 (dt, 1H,= 6.8, 15.4 Hz), 6.72 (d, 1H,= 8.4 Hz);
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13C NMR (CDCE/CDsOD 20:1)8 14.0, 22.6, 25.8, 25.9, 27.0, 28.5, 29.2, 29.3, 29.4, 29.5, 29.6,
29.7, 31.9, 32.4, 34.8, 36.6, 53.5, 54.4, 63.5, 65.0, 68.5, 76.7, 128.8, 132.5,"FTANMR
(CDCIl/CD;OD 20:1)5 0.02; LRMS (M+HJ CagHgoN,OgP calcd for m/z 703.6, found 703.5. A
small amount (~10%) of dihydro SM was found in the final prepardiecause of the presence

of dihydro-sphingosylphosphorylcholine in the starting material.
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Chapter 2

Enantioselective synthesis of the H)-O-vinyl analog of plasmalogen (10-(1-(E)-

octadecenyl)-20-oleoyl-sn-glycero-3-phosphocholine)

Abstract
In order to probe the protective role of the stereochemistry of the double bond imethe et
linkage of plasmalogen in lipid peroxidation we synthesized an umha@malog of
plasmenylphosphocholine bearing a tr@ansinyl linkage at thesn1 position. The key step in
the synthesis involves enol ether formation with the desired Eos&teetivity via double bond

migration of arO-allyl ether.

Introduction

In order to elucidate the role of the cis- (or@)yinyl linkage of plasmalogen (Chart 1)
in protecting polyunsaturated lipids from oxidative degradation, we ssimdte an unnatural
analog of plasmalogen in which the enol ether double bond asrtfie position of the
phospholipid has the E configuration. A previous attempt to prepararthatural analog of
plasmalogen experienced a poor yield.the present study, we prepared the unnatural analog in
good vyield, and used it to compare some of its properties with tifosatural plasmalogen.
Previous reports of the formation of tran®4alkenyl glycerol were based on elimination
reactions with poor stereoselectivityOur approach involves a transition metal catalyzed
isomerization of an allylic ether formed by Lewis acid mesiaopening of a silylated glycidyl

derivative.
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Chart 1. Structures of natural and unnatural plasmalogen

O (0]

PN PR

0 o 0 oo
—p- H O—-P-0O ' 0]
Me3+N/\/O (',D) O~ O~ Ci6Ha3 Me3+N/\/ (,) ~ N \/\C16H33

Plasmalogen Unnatural plasmalogen
R = aliphatic chain

Results and Discussion

Synthesis of allyl ether 4 from glycidol (Scheme 1)S)-Glycidol and 1-hexadecanol

were chosen as the starting materials for the synthesis ohttagural analog of plasmalogéeh (

Scheme 1). The hydroxy group d&)<{glycidol was protected as a TBDPS ether. Dess-Martin

periodinane (DMP) oxidation of 1-hexadecanol provided aldelydsnd Horner-Wadsworth-

Emmons reaction followed by reduction of the resultfrunsaturated ester with DIBAL

provided E)-octadec-2-en-1-0l2].> A regioselective ring-opening reaction of epoxBivith

alcohol2 using BR-OE} as the mediator provided a 8:1 ratio of ethéirom C3 attack}o the

undesired regioisomdia (from C2 attack).
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Scheme 1. Synthesis of allyl ether 4

o
a )J\ b
N-Ca6H330H CisHa™ H CisHai” X" "OH
1 (90%) 2 (77%)
O c O d
HO._ | —— TBDPSO._ | —>
3 (73%)

oH 0 >y
TBDPSO._A_ O _~_CisHas ¥ TBDPSO._A_OH

4 (67%) 4a (8%)

Reagents and conditions: (a) DMP, NaHCOH.Cl,, 1 h, 0 °C; (b) (i) itPrOxP(O)CHCO,ET,
t-BUOK, THF, -78 °C, (i) 1.2 M DIBAL, EO, 0 °C; (c) TBDPSCI, imidazole, GBI; (d) 2,
BF3-OE% (0.1 M), CHCI,, 0 °C to rt, overnight.

Synthesis of unnatural plasmalogen 7 (Scheme 2)nitially compound 4 was
condensed with oleic acid and the resulting ester was used in eanptetl double bond
isomerization withs-BuLi andt-BuOK. Since the reaction resulted in a complex mixture, in the
next attempt of isomerization compoufdvas used without esterification. Isomerization of the
double bond was investigated by using transition metal complexasaigsts. After an initial
attempt of isomerization of compouddising Fe(CQ)in NaOH resulted in a complex mixture
again, we realized that the molecule is unstable to basic condi#onsattempt using
RhCkL-3H,O as a catalyst resulted in no reaction, but the use of (1,5ecyatbene)-
bis(methyldiphenylphosphine)iridium (1) hexafluorophosphate (Ir(CODB}sPh)],)PFs) acti-
vated by hydrogen resulted in stereoselective isomerizatiatyb€ ether4 to enol etheb with

the desired E double bond as the only product. The coupling constanédiZApr the peaks at
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d 4.77 and 6.24 ppm in the proton NMR spectrunb o$ indicative of the desired E isomer,
which was obtained in 96% yield. Secondary alc@whs esterified with oleic acid using DCC
in the presence of DMAP, affording estér The final steps in the synthesis @fwere
deprotection of the silyl ether in compou@@nd installation of the phosphocholine head group
at thesn3 position. The latter reactiomas accomplished without accompanying acyl migration
by opening of a cyclic phosphorylated intermediate with trimethylamiaeessure tube.

Scheme 2. Synthesis of unnatural plasmalogen 7

OH
4 2> TBOPSO_A_ O~ b,
16H33
5 (96%)
(@] (@]
Q)KO?:Can c Q)k(ﬁ:Can
TBDPSO\/\/O\/\ HO\/:\/O\/\
T T
6 (97%) B i
(@]

d o O)K(/g:CSHN
—

Mes N~ > O_(IFII;__O\/:\/O\/\CM;H33
7 (54%)
Reagents and conditions: (a) Ir{(COD)[P¢R].}PFs, THF, rt, 2 h; (b) DCC, DMAP (cat.),
CH.Cl,, oleic acid (2 equiv.), rt; (c) imidazole, TBAF, THF, -23 °C; @2¢chloro-2-oxo-1,3,2-
dioxaphospholane, pyridine,gs, 5 °C, 12 h, (ii) NMe, MeCN/GHs (3:1), 70 °C, pressure

tube, 30 h.
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Experimental Section

General Information. Acetonitrile and pyridine were distilled over calcium hydridike
solvents were dried and the analyses were performed accordithge tgeneral information
described on page 10.

(E)-Octadec-2-en-1-ol (2).To a solution of DMP reagent (4.5 g, 10.7 mmol) and
NaHCQ; (2.08 g, 24.7 mmol) in C¥l, (20 mL) at 0 °C was added 1-hexadecanol (2.0 g, 8.3
mmol) in CHCI, (10 mL). The reaction mixture was concentrated after stifiongl h. The
residue was purified by flash chromatography {Ch) to afford hexadecanal (1.8 g, 90%). A
solution of diisopropyl (ethoxycarbonylmethyl)phosphonate (2.75 mL, 11.6 nandl}BuOK
(2.26 g, 11.2 mmol) in THF (25 mL) was stirred at 0 °C for 2 h, andwaesncooled to -78 °C.

A solution of hexadecanal (1.78 g, 7.4 mmol) in THF (10 mL) was added,hanckaction
mixture was stirred for 2 h at the same temperature. Thdaeaeas quenched with saturated
aqueous NELCI solution (30 mL) and the product was extracted with@H(2 x 40 mL). The
combined organic layers were washed with brine (25 mL), di&gS0O;), and concentrated.
The residue was purified by flash chromatography (EtOAckeexa20) to afford ethylE)-
octadec-2-enoate (1.8 g, 78%). To a solution of the unsaturated estgrg88nmol) at 0 °C in
Et,O (30 mL) was added dropwise DIBAL (14.5 mL, 17.4 mmol, a 1.2 M solutidaluene).
After the reaction mixture had stirred for 0.5 h, 1 M HCI (60 miasvadded at 0 °C, and the
product was extracted with GaI, (2 x 65 mL). The combined organic layers were dried
(Na&SQy) and concentrated. The residue was purified by flash chroragtog(EtOAc/hexane
1:9) to afford allylic alcoho? (1.2 g, 77%); R0.28 (EtOAc/hexane 1:9). The NMR spectra were

in agreement with the reported spedtra.

21



(R)-(tert-Butyldiphenylsiloxy)methyl Oxirane (3). To a solution of imidazole (4.63 g,
68.0 mmol) in CHCI, (40 mL) was added TBDPSCI (9.7 mL, 37.0 mmol). After the reaction
had stirred for 30 min at rtS(-glycidol (2.3 g, 30.9 mmol) was added, and the mixture was
stirred overnight. The reaction was quenched with saturated aquea@ $&tHution (40 mL),
and the organic layer was separated. The product was extracted with, 2k 25 mL), and the
combined organic layers were dried ¢S@)y) and concentrated. The crude product was purified
by flash chromatography (CHgIto afford3 (7.0 g, 73%) as a colorless liquia]f, +2.40° €
1.9, CHC)); R: 0.49 (CHCY); (lit. [a]®p +2.40° € 9.07, CHCY).*? [a]*p +2.3° € 2.0,
CHC'g)Gb). The NMR spectra were in agreement with the reported sgectra.

(R)-1-(tert-Butyldiphenylsilyloxy)-3-(octadec-2’-E)-enyloxy)propan-2-ol (4). To a
solution of2 (836 mg, 3.7 mmol) an8 (973 mg, 3.1 mmol) in C§Cl, (25 mL) was added
BF;-OEb (3.7 mL, a 0.1 M solution in Ci€l,) dropwise at 0 °C under NAfter the reaction
mixture was warmed to rt overnight, the solvent was removed undereeg@uessure to give a
residue that was purified by chromatography (EtOAc/hexa@etd afford the allyl ethe (1.2
g, 67%); %o +0.50° € 2.8, CHC}); R;0.32 (EtOAc/hexane 1:95H NMR (CDCh) § 0.88 (t,
3H,J = 6.8 Hz), 1.04 (s, 9H), 1.26 (m, 26H), 2.02 (q, 2K, 6.82 Hz), 2.57 (OH, d, 1H,= 4.0
Hz), 3.50 (m, 2H), 3.71 (d, 2H,= 5.3 Hz), 3.81 (m, 1H), 3.93 (d, 2Bi= 6.8 Hz), 5.53 (dt, 1H,
J=6.8, 14.6 Hz), 5.65 (dt, 1H,= 6.8, 14.9 Hz), 7.40 (m, 6H), 7.67 (m, 4£%C NMR (CDCE)
012.2,17.3, 20.7, 24.8, 27.1, 27.3, 27.4, 27.5, 27.6, 27.7, 27.7, 29.9, 30.4, 62.8, 68.6, 68.8, 70.2,
123.9, 125.8, 127.8, 131.2, 133.2, 133.6; HRMS [M+N&}Hs0sSiNacalcd form/z603.4209,
found 603.4213.

(R)-3-(tert-Butyldiphenylsilyloxy)-2-(octadec-2’-E)-enyloxy)propan-1-ol (4a).

Purification by chromatography (elution with a gradient of EtAgane, 1:9, 1:6, 1:3) afforded
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150 mg (8%) of regioisometa; R;0.30 (EtOAc/hexane 1:9H NMR (CDCk) & 0.88 (t, 3H,J

= 6.6 Hz), 1.04 (s, 9H), 1.26 (m, 26H), 2.02 (g, AH; 6.82 Hz), 2.08 (OH, two doublets, 1H,
= 5.6 Hz), 3.50 (m, 1H), 3.65 (dd, 28l= 6.3, 10.8 Hz), 3.78 (m, 2H), 3.93 (dd, 1H= 6.3,

11.6 Hz), 4.02 (dd, 1H] = 5.8, 11.8 Hz), 5.53 (dt, 1H,= 6.8, 14.6 Hz), 5.65 (dt, 1H,= 6.8,

14.9 Hz), 7.40 (m, 6H), 7.67 (m, 4H); HRMS [M+Nals/HsOsSiNa calcd form/z 603.4209,
found 603.4217.

(R)-1-(tert-Butyldiphenylsilyloxy)-3-(octadec-1'-E)-enyloxy)propan-2-ol ~ (5). A
solution of allylic ethed (700 mg, 1.2 mmol) in THF (10 mL) was degassed undeChtalyst
Ir{(COD)[PCH3Ph]2}PFs (2 mg, 0.0024 mmol, 0.2 mol %) was added, and the solution was
degassed again undeep Mt rt. A stream of Hwas passed through the solution for 5 min to
activate the catalyst, and the reaction mixture was stinnelér N for 2 h. The reaction mixture
was concentrated and the residue was purified by chromatogfagb¥xq/hexane 1:9) to afford
enol ethe’5 (665 mg, 96%);d]*°s +3.85° € 1.8, CHC}); R;0.55 (EtOAc/hexane 1:93H NMR
(CDCl3) 8 0.88 (t, 3HJ = 6.6 Hz), 1.06 (s, 9H), 1.25 (m, 28H), 1.90 (q, 2K,6.6 Hz), 2.49 (d,
1H,J = 5.6 Hz), 3.71 (m, 4H), 3.93 (sextet, 1Hs 5.6 Hz), 4.77 (dt, 1H] = 7.3, 12.6 Hz), 6.24
(d, 1H,J = 12.6 Hz), 7.41 (m, 6H), 7.64 (m, 4HYC NMR (CDCH) 5 14.2, 19.3, 22.7, 26.9,
27.7, 29.0, 29.4, 29.5, 29.7, 29.8, 30.7, 31.9, 64.6, 69.5, 70.3, 104.8, 127.8, 129.8, 133.0, 135.6,
145.8; HRMS [M+Na] Cz7Hg0OsSiNa calcd fom/z603.4209, found 603.4206.

(R)-1-(tert-Butyldiphenylsilyloxy)-3-(octadec-1’-E)-enyloxy)propan-2-oleate (6): A
mixture of5 (632 mg, 1.0 mmol), DCC (674 mg, 3.0 mmol), oleic acid (615 mg, 2.0 mmol), and
DMAP (66 mg, 0.5 mmol) in CyCl, (25 mL) was stirred overnight at rt. The mixture was
filtered through a pad of Celite and concentrated. The residugwded by chromatography

(EtOAc/hexane 1:9) to afford (820 mg, 97%); d]*p +2.79° € 1.6, CHC}):; R; 0.8
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(EtOAc/hexane 1:9)H NMR (CDCk) & 0.86 (t, 6H,J = 6.6 Hz), 1.04 (s, 9H), 1.25 (m, 48H),
1.58 (m, 2H), 1.87 (q, 2Hl = 6.8 Hz), 2.01 (g, 4H] = 6.0 Hz), 2.29 (m, 2H), 3.79 (d, 2BI=
5.3 Hz), 3.85 (t, 2HJ = 4.5 Hz), 4.76 (dt, 1H] = 7.3, 12.9 Hz), 5.14 (p, 1H,= 5.0 Hz), 5.34
(m, 2H), 6.18 (d, 1HJ = 12.9Hz), 7.39 (m, 6H), 7.66 (m, 4HFC NMR (CDC}) § 14.1, 19.2,
22.7,24.9, 26.7, 27.2, 27.7, 29.1, 29.2, 29.3, 29.4, 29.5, 29.6, 29.7, 29.8, 30.7, 31.9, 32.0, 34.4,
62.2, 67.0, 72.2, 104.8, 127.7, 129.7, 130.0, 133.1, 135.5, 145.7, 173.2; HRMS [M+Na]
CssH9204SiNa calcd fom/z867.6663, found 867.6659.
1-O-(1'-(E)-Octadecenyl)-20-oleoylsnglycero-3-phosphocholine (7):A solution of
compound6 (300 mg, 0.35 mmol) and imidazole (169 mg, 2.5 mmol) in THF (10 mL) was
treated with TBAF (2.1 mL, 2.1 mmol, 1.0 M solution in THF) at -23 °C. fdation mixture
was stirred for 13 h, and then was passed through a silica gel padashddwwith cold
hexane/BELO (1:1). The solvent was evaporated and the residue was lyophilaadoBnzene.
To a solution of the resulting white solid in benzene (10 mL) weredaggridine (8QuL, 0.9
mmol) and 2-chloro-2-oxo-1,3,2-dioxaphospholanei(B50.9 mmol) at 5 °C. After the reaction
mixture was stirred at the same temperature for 12 h, thaosoluas frozen at 0 °C and the
solvent was evaporated under vacuum. The resulting white solid wadvelissn benzene (2
mL) and MeCN (6 mL), and the solution was transferred to a peesghbe. After the solution
was cooled to -10 °C, NMg6 mL, 70 mmol) was collected in the tube. The reaction mixture
was stirred in the sealed pressure tube at 70 °C for 30 h, and thed w@0I°C and loaded onto
a silica gel column. Purification by chromatography (elution hwia gradient of
CHCIs/MeOH/H0, 100:0:0, 80:20:0, 65:25:4) providéd145 mg, 54%) as a white wax after

filtration of a chloroform solution of through a Cameo/Osmonics Teflon syringe filter, uab

(Fisher Scientific), to remove suspended silica and lyophilizatmn fsenzene;d]**5 -3.10° €
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2.1, CHCYMeOH 4:1); R0.35 (CHCYMeOH/H,0 65:25:4)*H NMR (CDCk) & 0.86 (t, 6H,J

= 6.8 Hz), 1.28 (m, 48H), 1.58 (m, 2H), 1.87 (g, 2H; 7.0 Hz), 2.00 (q, 4H] = 6.8 Hz), 2.30

(g, 2H,d = 7.6 Hz), 3.34 (s, 9H), 3.77 (m, 4H), 3.94 (m, 2H), 4.26 (m, 2H), 4.70 (df] £H,3,

14.4 Hz), 5.14 (p, 1H] = 5.8 Hz), 5.32 (m, 2H), 6.18 (t, 1= 12.6 Hz);"*C NMR (CDCE) &

14.1, 22.7, 24.9, 27.1, 27.2, 27.7, 29.0, 29.1, 29.2, 29.3, 29.5, 29.5, 29.6, 29.7, 30.7, 31.9, 34.1,
34.3, 44.9, 54.4, 59.8, 62.8, 66.0, 67.1, 68.3, 72.1, 105.1, 129.6, 129.7, 145.5, 145.6'A.73.4;

NMR (CDCh) § -1.1; HRMS [M+H] CaHgNO;P calcd form/z772.6220, found 772.6217.
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Chapter 3
Synthesis of Lthreo-B-glucosyl- and galactosyl-ceramide analogs
Abstract
The synthesis of tthreo-B-glucosyl- and galactosyl-ceramide analogs is reported.
A Koenigs-Knorr reaction and the Schmidt trichloroacetimidate methee used for the

glycosylation reactions.

Introduction

In certain liver cell injuries induced by concanavalin A;galactosylceramide,
salmonella infection, and lipopolysaccharides are associatedaatittation of natural killer T
(NKT) cells!? B-Glucosylceramide from soy inhibits the activation of NKT dgthphocytes in
the presence of dendritic cells in viVd.-threo-p-Lactosylceramide (L-t-LacCer ) with ax
octanoyl chain interferes with raft formation in the plasmembrane of living cell. The
inability to form rafts leads to the blockade of many cell diggaevents. For example, L-t-
LacCer inhibits simian virus (SV) 40 binding to live CV1 monkey kidneliscas detected using
an anti-SV40 monoclonal antibodyTherefore, a series of L-threo-glycosphingolipids was
synthesized, since such compounds may be promising as new antinvaflary glycolipids to
treat liver diseases and also may serve as agents for bleakifigrmation in living cells. Short-
chain N-acyl analogs are preferred in many clinical apiphica over the corresponding long-
chain analogs for reasons involving ease of administration of compdavilsy appreciable
water solubility. Chart 1 shows the structures of thiareo-3-galactosylceramided 3, 14, 15),
their sulfatide analogdl 6, 17), and Lthreo-B-glucosylceramides?@, 23) that were synthesized

with a short N-acyl chain.
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Chart 1. Structures of L-threo-glycolipids

(0]
OH
HO HNJ\R Where,
HO Q OM/CBHZ? 13R=C;H;5 14R= I5R=
z 7
HO OH
(0]
OH
HO HNJ\R Where,
9] : = 17R =
*Na'03SO0 O Custzr 16R =CrMis
HO 6H
X
OH
o HN R Where,
HI?O OM/013H27 22R=C;H;s 23R= \/\CSHH
HO OH

Results and Discussion
Synthesis of Lthreo-sphingosine (Scheme 1)S)-Garner aldehydé& was treated with
1-pentadecyne and-butyllithium in the presence of zinc bromide in diethyl ether ffora
threo-propargyl alcohoP (Scheme 1. The erythro byproduct was not observed during this
reaction. A chelation-controlled mechanism has been proposed for theséheetivity? which is
in contrast to the conditions used for producing erythro selectpatyg 3). Reduction of alkyne
2 using Red-Alafforded trans-alken®& and pivaloylation afforded compoudd

Scheme 1. Synthesis of the threo-sphingosine backbone

0 WC H
\ /ﬁ)\ 187279 | 4 R=Piv(86%)
Boc Boc Boc

(S)-Serine ester 2 (68%) 3, R=H (81%)
a R = CO,Me

CisHor

1, R = CHO (75%)
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Reagents and conditions: (a) DIBAL in toluene, -78 °C, 2 h; (b) 1-pentaeleeBuLi, ZnBr,,
Et,0, -78 °C to rt; (c) Red-Al, THF, -78 °C to rt; (dBuCOCI, DMAP (cat.), BN, CH.Cl..
Synthesis of Lthreo-p-galactosyl-ceramide analogs (Scheme Z)he azido analog of
sphingosine®, Scheme 2) was prepared by removal of the oxazolidine and Boc greings2
M HClI in ethanol followed by diazo transfer on the resulting arir&® During this step, -
pivaloylated and trimethylacetamide byproducts were alsoddrrfter the hydroxy groups of
D-galactose () were protected as benzoate esters, the perbenzoylated ssgawrnwarted into
galactosyl dono8 by a reported procedufélhe reaction of trichloroacetimidaBeand aglycone
6 in the presence of BEELO’ provided the desirefl-anomer9 together with an ortho ester
byproduct (~ 18%); na-anomer was observed. Reduction of aZAdeith PPh in benzene and
water provided the amine, which widsacylated with the requisite acyl chloride in the presence
of Hunig's base to provide amiddé®) and 11. For the preparation of compouri®, a p-
nitrophenyl ester was used for theacylation reaction. When an acyl chloride was used, the
reaction was completed in few minutes whereas the reactidn thw p-nitrophenyl ester
required two days. Global deprotection of the hydroxy groups using Naéideled the L-
threo-galactosyl analogd3, 14, and 15. The sulfatide analogs6 and 17 were prepared by a

dibutyltin oxide promoted selective sulfation usingsMesQ,® as the sulfating agent.
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Scheme 2. Synthesis of threo-g-galactosyl analogs

OPiv OPiv OPiv
0 A CrHyy 2. | HO A CiaHyr | 2w HO > CrgHyy
N\ +NH3C|_ N3
Boc , 5 6 (44% two steps)
HO OH BzO OBz BzO OBz
R
0 _c, 0 _d, Q o
HO BzO BzO oS- C13H27 4 ortho-ester
OH OH BzOO ccl BzO OPiv
7 NH 9, R = Nj, (54%)
8 (78%)
HO OH R
e f =
— 10,R=NHC(O)C7Hs5, (57%) —— Ho\é&o\/\/\/%%
HO OH

(0]
0,
1L,R= HNJ\@ (83%) 13, R = NHC(O)C/His  (56%)
O
(64%) Q
_ (81%)
12,R=HN 7 14, R = HN
(@]
(63%)
15,R= HN™ %,
HO -OH

R
9 = B
- +Na'ogsog&/OM/013H27 16, R = NHC(O)C7Hys,  (69%)

HO OH o
(52%)
17, R= HN

Reagents and conditions: (a) 2 M HCI, EtOH, 70 °C, 4 h; (b) 005, 1 mol% CuS@ (ii)
TfN3 in CH,Cl,, MeOH; (c) (i) BzCl, pyridine, (ii) 33% HBr in AcOH, A®, CH.ClI,, (iii)
Ag,CO;, acetone/water (4:1), (iv) §&2CN, DBU, CHCl,, 0 °C; (d)6, BFs-ELO, CHCl,, 4 A

MS, 0 °C; (e) (i) PP benzene, kO, (ii) for 10 and11l: i-Pr,NEt, RCOCI, CHCl,, for 12: p-
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nitrophenyl 8-phenyloctanoate, DMAP, THF; (f) NaOMe, MeOH/THEEL), 2 d, rt; (9) (i)
Bu,SnO, MeOH, reflux, 2 h, (i) M@N-SQ, THF, 6 h, rt, Dowex 50X8, Na

Synthesis of Lthreo-p-glucosyl-ceramide analogs (Scheme 3)o avoid the formation
of the ortho ester byproduct in the glycosidation reaction, the Ko&mgs method was
adopted to prepare tlfieglucosyl analogs. To overcome the ester migration aforementfoned
the azide, a Schiff's base was used as the aglycone equiv@lemtamine salb, produced from
deprotection o#, was treated with benzophenone imine to provide aglyt8r{&cheme 3). To
avoid hydrolysis during chromatography glycosyl accep®was used in the next step without
purification. B-Selective glycosylation oN-diphenylmethylene-protected intermedidi® was
achieved using-bromoglucosyl tetrabenzoate as the donor and silver triflatfeegsromoter?
providing B-glycosylated producl9 without detection of ortho ester aranomer byproducts.
The Schiff base 019 was hydrolyzed using trifluoroacetic acid, and neutralization fokbioe
N-acylation using acyl chlorides afforded amidsand 21, respectively. Deprotection of the
benzoate ester groups using sodium methoxide provided the final produbteo-glucosyl

analog22 and23.
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Scheme 3. Synthesis of threo-g-glucosyl analogs

OPiv OPiv OBz

OW\CBHN e, HOW\CBHN + BZB?(&& _b
—N N BzO
Boc
4

)]\ Br

Ph™ “Ph
18
OBz
~La , *
BzO R c
BzO O C1aM27 1 ortho-ester —S» 20, R= NHC(O)CHys  (66%)
BzO .
OPIv
o)
19 (44%, three steps)
51%
21,R= HNMCF,HH( )
X
OH
o HN” R
= —_ 0,
d HSO OMC13H27 22 R - C7H15 (93 AJ)
HO OH

23R = \/\C5H11 (62%)

Reagents and conditions: (a) (i) 2 M HCI, EtOH, 70 °C, 3.5 h, (ilxCBNH, CHCI,, rt,
overnight; (b) AgOTf, CKCl,, 4 A MS, 0 °C to rt; (c) (i) TFA, THF/CECI, (1:1), HO, (ii) i-

PrLNEt, RCOCI, CHCl,; (d) NaOMe, MeOH/THF (5:1), 2 d, rt.

Experimental Section
General Information. Molecular sieves were dried in an ovenrD-Glucopyranosyl
bromide tetrabenzoate and l-adamantanecarbonyl chloride was puréfuasedidrich. The
solvents were dried and the analyses were performed accorditge tgeneral information
described on page 10.
(S)-tert-Butyl-4-formyl-2,2-dimethyloxazolidine-3-carboxylate (1). A solution of N-
Boc S-serine methyl ester (2.68 g, 10 mmol) in toluene (25 mL) was @dole78 °C under
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nitrogen. To the cooled solution was slowly added a solution of 1.5 BADIn toluene (12
mL, 18 mmol). The reaction mixture was stirred for 2 h at -78&i@ was then quenched by
slowly adding 5 mL of cold MeOH. The resulting white emulsion iaslg poured into 50 mL
of ice-cold 1 M HCI with swirling over 15 min, and the aqueous mixtas extracted with
EtOAc (3 x 50 mL). The combined organic layers were washed witte §60 mL), dried
(N&S(Oy), and concentrated to give the crude product as a colorless oil. TheaVvacuum
distilled to provide 1.72 g (75%) of compoufichs a colorless liquid, bp 115-125 °C (9.0 mm
HQ).

(S)-tert-Butyl-4-((S)-1'-hydroxyhexadec-2’-ynyl)-2,2-dimethyloxazolidine-3-
carboxylate (2). To a solution of 1-pentadecyne (1.1 g, 5.3 mmol) in dpOHRO mL) was
addedn-butyllithium (2.5 M in hexane, 2.6 mL, 6.6 mmol) dropwise at -40 °C undeARer
the white suspension was stirred at -40 °C for 1 h, anhydrous ZhBrg, 6.6 mmol) was added
at 0 °C, and the reaction mixture was stirred for 1 h at 0 °C and 1 h at rt. A soluiwtairner
aldehyde 1, 913 mg, 4.0 mmol) in dry ED (10 mL) was added dropwise at -78 °C. The
reaction mixture was allowed to warm to rt overnight. The reaction was quingliee addition
of saturated aqueous NEI solution (20 mL). After the reaction mixture was diluted wiidter
(20 mL), the aqueous layer was separated and extracted w@h(E& 20 mL). The combined
organic layers were washed with brine (10 mL), driecb,84), and concentrated. The residue
was purified by flash chromatography (hexane/EtOAc 3:1) to atfordpound2 (1.2 g, 68%)):
[a]?%5 -32.4° € 1.3, CHCY); (lit. [0]®p -32.4° € 1.3, CHCY));* R 0.55 (hexane/EtOAc 3:1jH
NMR (CDCh) 6 0.89 (t, 3H,J = 6.4 Hz), 1.33 (m, 22H), 1.49 (s, 9H), 1.57 (s, 6H), 2.19 (m, 2H),

4.03 (dd, 2H,) = 6.3, 9.6 Hz), 4.11 (m, 1H), 4.49 (m, 14 NMR (CDCE) & 14.1, 18.7, 21.0,
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225, 22.8, 24.3, 26.3, 27.2, 28.3, 28.5, 28.8, 29.1, 29.3, 29.6, 29.7, 31.9, 62.6, 65.4, 66.5, 78.4,

81.6, 86.5, 94.6, 155.1.
(S)-tert-Butyl-4-((S)-1'-hydroxyhexadec-2'E)-enyl)-2,2-dimethyloxazolidine-3-

carboxylate (3).Alcohol 2 (1.2 g, 2.7 mmol) in dry THF (25 mL) was cooled to -78 °C. RedAl

(1.5 mL of a 3.3 M solution in toluene, 4.9 mmol) was added dropwisa si@inge. The

reaction mixture was stirred at -78 °C for 1 h and then was allowed to warwvermight. After

the reaction was quenched by slow addition of water (25 mL), theigtreehs extracted with

Et,O (3 x 25 mL). The organic phase was dried,@@) and concentrated. Purification by flash

chromatography (EtOAc/hexane 1:4) afforded allylic alcd@870 mg, 81%) as a colorless oil:

[a]?5 -35.3° € 1.1, CHCY); (lit. [a]* -37.8° € 0.84, CHCY);* R 0.34 (EtOAc/hexane 1:3);

'H NMR (CDCk) 6 0.89 (t, 3H,J = 6.4 Hz), 1.33 (m, 22H), 1.49 (s, 9H), 1.57 (s, 6H), 2.05 (m,

2H), 3.89 (m, 2H), 3.95 (m, 1H), 4.16 (m, 1H), 5.41 (dd, 1H,7.3, 14.4 Hz), 5.73 (dt, 1H,=

6.5, 14.4 Hz)*3C NMR (CDCE) 6 14.1, 18.7, 22.6, 24.3, 25.7, 27.1, 28.3, 28.8, 29.0, 29.1, 29.2,

29.3,29.4, 29.6, 31.9, 32.3,62.1, 64.3, 76.3, 81.4, 94.3, 129.5, 135.3, 155.2.
(S)-tert-Butyl-4-((S)-1'-O-pivaloyl-hexadec-2’'E)-enyl)-2,2-dimethyloxazolidine-3-

carboxylate (4).A solution of compoun@® (966 mg, 2.2 mmol), pivaloyl chloride (0.4 mL, 2.9

mmol), DMAP (54 mg, 0.4 mmol), and4&t (1.1 mL, 7.7 mmol) in CkCI, (40 mL) was stirred

at 0 °C for 1 h and then was allowed to warm to rt overnight. Tletisaavas quenched with

saturated aqueous NaHg6&blution (10 mL) and the product was extracted with@H(2 x 30

mL). The combined organic layers were washed with saturated aghNabi@30; solution (2 x

20 mL) and brine (10 mL), dried (A®&QO,), and concentrated. The residue was purified by flash

chromatography (EtOAc/hexane 1:4) to afford compoditlO g, 86%) as a colorless oitt]f’o

-21.4° € 1.2, CHC}): R0.89 (EtOAc/hexane 1:3JH NMR (CDCk) 5 0.89 (t, 3H,J = 6.4 Hz),
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1.20 (s, 9H), 1.33 (m, 22H), 1.49 (s, 9H), 1.59 (s, 6H), 2.09 (m, 2H), 3.92 (m, 2H), 3.9Bm
5.42 (dd, 1H,) = 6.0, 15.2 Hz), 5.48 (m, 1H), 5.62 (dt, 1Hs 6.4, 14.4 Hz)**C NMR (CDCk)
0 14.1, 22.6, 24.5, 25.2, 25.7, 26.5, 26.9, 27.0, 27.1, 28.3, 28.4, 28.7, 29.4, 29.6, 31.9, 32.3, 34.6,
38.7, 58.2, 63.9, 73.4, 80.2, 94.5, 123.5, 137.3, 151.8, 177.0; HRMS [M-@y#]s;NOsNa
calcd form/z546.4134, found 546.4131.

(2S,3S,4E)-3-0O-Pivaloyl-2-azido-sphingosine (6)To a solution of compound (2.8 g,
5.5 mmol) in EtOH (16 mL) was added 2 M HCI (4 mL), and the reactiixture was stirred at
70 °C. The starting material was completely consumed after 4 h. Th@neaes quenched with
H,0O (30 mL) and the product was extracted with CGH@¢OH 7:1 (3 x 30 mL). The combined
organic layers were dried (p80O,) and concentrated to afford the crude amine Salt
Trifluoromethanesulfonyl (triflyl) azide (T} was prepared immediately prior to the reacfion.
To a solution of the amine s&lt(2.3 g, 5.5 mmol) in ED (25 mL) were added A&O; (760 mg,
5.5 mmol) and CuS£5H,0 (14 mg, 0.055 mmol). After TiNin CH,Cl, (25 mL) was added in
one portion to the reaction mixture, MeOH (83 mL) was added slowlygathe walls of the
reaction flask. After 5 h (when TLC indicated completion of teaction), the solution was
concentrated and purified by chromatography (elution with EtOAeafteX.:2) to afford (980
mg, 44%, two steps)o]*p-9.1° € 1.0, CHCY); Ri0.75 (EtOAc/hexane 1:2JH NMR (CDCk)
§0.88 (t, 3HJ = 6.6 Hz), 1.30 (m, 31H), 2.04 (q, 2B= 7.3 Hz), 2.22 (t, 1H] = 6.6 Hz), 3.57
(m, 1H), 3.65 (m, 2H), 5.36 (dd, 1H,= 5.8, 6.8 Hz), 5.45 (m, 1H), 5.84 (dt, 1H= 6.8, 14.9
Hz); ¥C NMR (CDCk) 6 12.1, 20.7, 25.0, 26.7, 27.0, 27.3, 27.4, 27.5, 27.6, 27.7, 29.9, 30.2,
37.0, 59.6, 64.0, 71.7,122.1, 135.5, 175.9.

2,3,4,6-TetraO-benzoylwu-D-galactopyranosyl Trichloroacetimidate (8). To D-

galactoser (1.8 g, 10.0 mmol) in pyridine (10 mL) was added benzoyl chloride (6.258L
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mmol). The mixture was stirred overnight, quenched wi® KBO mL), extracted with C}l,

(2 x 30 mL), dried (Nzg&Qy), and concentrated. The residue was purified by flash
chromatography (EtOAc/hexane 1:2) to afford perbenzoylated @tgak*H NMR (CDCE) &
4.67-4.85 (m, 3H), 5.82-5.92 (m, 2H), 6.31 (m, 1H), 6.86 (d, 1H,4.8 Hz), 7.10-8.18 (m,
25H). To a solution of the protected galact¢®2 g, 8.8 mmol) in CkCl, (3 mL) were added
HBr (57.2 mmol, 10 mL of a 33% solution in AcOH) and>@¢(0.2 mL, 2.2 mmol). After the
reaction mixture was stirred for 2 h at rt, the mixture wagetl with CHCI, (30 mL) and cold
water (20 mL). Saturated aqueous NaHGOlution (30 mL) was added slowly, and the product
was extracted with Ci€l, (2 x 30 mL), dried (Ng5O;), and concentrated. To a solution of the
crude D-galactosyl bromide in acetone/water (4:1, 20 mL) wasdaddpCO; (7.4 g, 27.0
mmol). After the mixture was stirred for 3 h at rt, the mixture w#srétl on a Celite pad and the
filtrate was concentrated. To a solution of the resulting hemai¢8.0 g, 5.0 mmol) and
CI3CCN (3.5 mL, 35 mmol) in CyCl, (15 mL) at 0° C was added DBU (0.9 mL, 6.0 mmol)
under N with continued stirring at this temperature for 3 h. The mixtuaie voncentrated and
purified by flash chromatography (elution with CHLClto provide a-D-galactosyl
trichloroacetimidate8 (2.8 g, 76%) as a crystalline solig0.28 (EtOAc/hexane 1:2); the NMR
spectra are in agreement with the reported sp&ctra.

(2S,3S,4E)-1-0-(2',3",4’,6'-Tetra- O-benzoyl$-galactopyranosyl)-2-azido-32-
pivaloyl-4-octadecene (9)A mixture of galactosyl dond8 (1.6 g, 2.1 mmol) and aglycorte
(580 mg, 1.4 mmol) was lyophilized from benzene. The mixture waslded in dry CHCI, (8
mL), and 4 A molecular sieves (500 mg) were added undeAfter the reaction mixture had
stirred at O °C for 1 h, a solution of BELO (5 mL of a 0.1 M solution in Ci€l,, 0.5 mmol)

was added dropwise, and stirring was continued at 0° C. After 1.5 hedbion mixture was
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diluted with CHCI, (8 mL), and a few drops of triethylamine were added. The solutam
filtered through a Celite pad and concentrated. The residue widieguny chromatography
(elution with EtOAc/hexane 1:4) to provide compouh@742 mg, 54%): ¢]* +51.3° € 3.7,
CHCL); R 0.70 (EtOAc/hexane 1:3JH NMR (CDCk) & 0.88 (t, 3H,J = 6.6 Hz), 1.16 (s, 9H),
1.25 (m, 22H), 1.97 (q, 2H,= 6.8 Hz), 3.55 (q, 1H] = 5.0 Hz), 3.81 (dd, 1H] = 4.8, 10.8 Hz),
4.02 (dd, 1HJ = 6.6, 10.6 Hz), 4.35 (t, 1H, = 6.8 Hz), 4.44 (dd, 1H] = 6.8, 11.4 Hz), 4.70
(dd, 1H,J = 6.6, 11.4 Hz), 4.89 (d, 1H,= 7.8 Hz), 5.26 (dd, 1H] = 5.6, 7.1 Hz), 5.38 (m, 1H),
5.60 (dd, 1H,J = 3.5, 10.6 Hz), 5.70 (dd, 1H,= 6.8, 14.9 Hz), 5.82 (dd, 1H,= 8.1, 10.6 Hz),
6.01 (d, 1HJ = 3.5 Hz), 7.22-8.11 (m, 22H})*C NMR (CDCE) & 14.2, 18.6, 22.7, 26.9, 27.0,
28.2, 28.7, 28.8, 29.1, 29.3, 294, 29.5, 29.6, 29.7, 31.9, 32.2, 38.8, 61.9, 63.4, 64.6, 68.0, 68.1,
69.6, 71.5, 71.7, 73.2, 74.2, 88.7, 101.5, 124.0, 128.3-120.0, 133.2-133.6, 137.2, 165.1, 165.5,
165.6, 166.0, 176.5, 176.8.

Ortho-ester byproduct (250 mg, 18%)R;0.71 (EtOAc/hexane 1:3JH NMR (CDCk) &
0.88 (t, 3H,J = 6.6 Hz), 1.16 (s, 9H), 1.25 (m, 22H), 1.99 (g, 2K, 7.0 Hz), 3.69 (M, 2H), 3.85
(m, 1H), 4.74 (m, 3H), 5.37 (m, 3H), 5.49 (m, 1H), 5.67 (d, 1H,5.0 Hz), 5.81 (dt, 1H] =
6.8, 14.6 Hz), 6.08 (m, 1H), 7.22-8.11 (m, 22HE DEPT-45 NMR (CDG) § 14.1, 22.7, 27.0,
28.7, 29.0, 29.3, 29.4, 29.6, 29.7, 31.9, 32.2, 63.4, 63.8, 66.7, 70.3, 73.4, 77.4, 81.9, 82.1, 105.7,
124.0, 128.4-128.5, 129.7-130.0, 133.1-133.5, 137.7.

(2S,3S,4E)-1-0-(2',3",4',6'-Tetra- O-benzoyl$-galactopyranosyl)-2-N-
octanoylamido]-3-O-pivaloyl-4-octadecene (10)To a solution of azid® (80 mg, 0.080 mmol)
in benzene (5 mL) was added triphenylphosphine (48 mg, 0.18 mmol). After the reactiare mixt
was stirred for 2 h at rt, water (ol) was added and stirring was continued until TLC indicated

complete consumption of the starting material (24 h). The solvenéveg®rated under reduced
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pressure and the residue was dried as an azeotrope with tdlGemé.); To the resulting amine
in CH,CI, (8 mL) were added octanoyl chloride (16 mg, 0.090 mmol)idheNEt (28uL, 0.16
mmol), with stirring for 4 h. The reaction was quenched with wa@mngL) and the product was
extracted with CHCI, (2 x 20 mL), dried (N#&0O,), concentrated, and purified by
chromatography (elution with EtOAc/hexane 1:4) to provide compdin(b0 mg, 57%):R
0.20 (EtOAc/hexane 1:2JH NMR (CDCL) & 0.88 (t, 6H,J = 6.8 Hz), 1.14 (s, 9H), 1.19-1.37
(m, 32H), 1.67 (m, 2H), 1.96 (g, 28= 6.8 Hz), 2.35 (t, 1H) = 7.6 Hz), 3.58 (dd, 1H] = 4.5,
9.6 Hz), 4.06 (dd, 1H] = 3.0, 9.8 Hz), 4.28 (m, 2H), 4.42 (dd, 1H= 6.8, 11.1 Hz), 4.63 (dd,
1H,J=6.3, 11.1 Hz), 4.77 (d, 1H,= 8.0 Hz), 5.40 (m, 2H), 5.61 (m, 2H), 5.75 (m, 2H), 6.0 (d,
1H, J = 3.5 Hz), 7.23-7.57 (m, 12H), 7.78 (m, 2H), 7.92 (m, 63 NMR (CDC}) & 14.1,
22.6, 24.7, 25.4, 27.1, 28.8, 28.9, 29.0, 29.1, 29.3, 294, 29.6, 29.7, 31.6, 31.7, 31.9, 32.2, 36.4,
38.8, 51.1, 61.9, 68.0, 68.6, 69.9, 71.3, 71.4, 73.3, 101.5, 124.5, 128.3-129.3, 129.7, 130.0,
133.3, 133.4, 133.6, 136.8, 165.3, 165.4, 166.0, 172.7, 177 .4.
(2S,3S,4E)-1-0-(2',3",4',6'-Tetra- O-benzoyl$-galactopyranosyl)-2-N-
adamantanoylamido]-3:O-pivaloyl-4-octadecene (11)This compound was prepared by using
the procedure described for compoub@ 1-Adamantanecarbonyl chloride (117.5 mg, 0.6
mmol) was used as the acylation agent. Purification by chronagiogr (elution with
EtOAc/hexane 1:3) afforded compouhdl (280 mg, 83%): ¢]* +43.8° € 1.9, CHCA); R 0.4
(EtOAc/hexane 1:3*H NMR (CDCk) & 0.86 (t, 3H,J = 6.6 Hz), 1.17 (s, 9H), 1.21-1.29 (m,
22H), 1.47-1.98 (m, 15H), 2.01 (q, 28= 6.8 Hz), 3.62 (dd, 1H] = 4.8, 10.1 Hz), 4.05 (dd, 1H,
J=3.0, 9.8 Hz), 4.27 (m, 2H), 4.40 (dd, 1Hs 6.8, 11.4 Hz), 4.62 (dd, 1H,= 6.6, 11.4 Hz),
4.82 (d, 1H,J = 8.0 Hz), 5.41 (m, 2H), 5.61 (dd, 1Bi= 3.5, 10.6 Hz), 5.70 (dd, 1H,= 7.1,

14.4 Hz), 5.79 (dd, 1H] = 8.1, 10.4 Hz), 5.91 (d, 1H,= 8.8 Hz), 6.0 (d, 1H] = 3.3 Hz), 7.23-
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7.57 (m, 12H), 7.78 (m, 2H), 7.92 (m, 6HJC NMR (CDCE) & 14.1, 22.6, 27.1, 27.8, 27.9,

28.9, 29.1, 29.3, 29.4, 29.6, 29.7, 31.9, 32.3, 36.3, 36.4, 38.6, 38.8, 39.0, 40.5, 51.1, 62.0, 68.0,
68.3, 69.8, 71.3, 71.7, 73.2, 101.2, 124.6, 128.3-129.9, 133.3, 133.6, 136.5, 165.1, 165.5, 165.9,
177.4,177.5.

(2S,3S,4E)-1-0-(2',3",4’,6'-Tetra- O-benzoyl$-galactopyranosyl)-2-N-8"-
phenyloctanoylamido]-3O-pivaloyl-4-octadecene (12)The intermediate amine was prepared
from the azide by using the procedure described for compbQndo the resulting amine in
THF (8 mL) were addeg-nitrophenyl 8-phenyloctanoate (62 mg, 0.18 mmol) and DMAP (22.4
mg, 0.18 mmol), with stirring for 2 days. After the reaction wasenched with water (30 mL),
the product was extracted with,8t(3 x 20 mL), dried (Ng&50Oy,), concentrated, and purified by
chromatography (elution with EtOAc/hexane 1:2) to provide compa@rffl0 mg, 64%): ¢]*°o
+47.5° € 0.40, CHCY); R 0.30 (EtOAc/hexane 1:3fH NMR (CDCk) & 0.88 (t, 3H,J = 6.8
Hz), 1.15 (s, 9H), 1.18-1.33 (m, 36H), 1.59 (m, 2H), 1.97 (q,J2#6.8 Hz), 2.60 (t, 2H] = 7.8
Hz), 3.60 (dd, 1H) = 4.5, 9.6 Hz), 4.08 (dd, 1H,= 2.8, 9.6 Hz), 4.30 (m, 2H), 4.41 (dd, 1H,
= 6.8, 11.4 Hz), 4.63 (dd, 1H,= 6.6, 11.4 Hz), 4.75 (d, 1H,= 8.0 Hz), 5.36 (m, 2H), 5.62 (m,
2H), 5.73 (m, 2H), 6.0 (d, 1H,= 3.6 Hz), 7.15-7.62 (m, 17H), 7.78 (m, 2H), 7.96 (m, 6£Q;

NMR (CDCk) 6 14.1, 22.7, 25.3, 27.0, 27.1, 27.2, 28.9, 29.1, 29.3, 29.4, 29.6, 29.7, 31.9, 35.9,
38.8, 51.1, 61.9, 68.0, 68.6, 69.9, 71.3, 71.4, 73.4, 101.5, 124.6, 128.3-129.8, 133.3, 133.4,
133.6, 136.8, 142.8, 165.3, 165.5, 165.9, 172.5, 177.2.

(2S,3S,4E)-1-O-(p-D-Galactopyranosy1)-2-N-octanoylamido]-4-octadecen-3-ol (13).
Sodium metal (30 mg) was dissolved in dry MeOH (5 mL) and thetiggolution was added
to a solution of compoundl0 (50 mg, 0.050 mmol) in dry MeOH/THF (5:1, 6 mL). After the

reaction mixture was stirred for two days at rt, Dowex 50W-8mnr (prewashed thoroughly
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with MeOH) was added to neutralize the reaction mixture, whigh filtered, concentrated, and
purified by chromatography (CHZMeOH 10:1) to afford compouni3 (15 mg, 56%) as a
white powder: §]*p -11.4° € 0.37, CHCYMeOH 4:1);R; 0.25 (CHCY¥MeOH 4:1);'H NMR
(CDCl) § 0.88 (t, 6H,J = 6.8 Hz), 1.26 (m, 32H), 1.60 (m, 2H), 2.02 (g, 2K 7.3 Hz), 3.40
(m, 1H), 3.52 (m, 2H), 3.66 (m, 1H), 3.78 (m, 1H), 3.86 (m, 2H), 3.93 (m, 1H), 4.0 (m, 1H), 4.24
(m, 1H), 4.34 (m, 1H), 5.42 (dd, 1H= 7.8, 14.9 Hz ), 5.75 (dt, 1H,= 6.8, 14.9 Hz), 6.63 (m,
1H); HRMS [M+H]" C3,Hs2NOg calcd form/z588.4475, found 588.4470.
(2S,3S,4E)-1-O-(p-D-Galactopyranosyl)-2-N-adamantanoylamido]-4-octadecen-3-
ol (14). This compound was prepared by using the procedure described for comi@und
Purification by chromatography (CHZMeOH 10:1) afforded compourid (35 mg, 81%) as a
white powder: §]*p -16.2° € 0.63, CHCYMeOH 4:1);R; 0.30 (CHCY¥MeOH 4:1);'H NMR
(CDCl) & 0.89 (t, 3H,J = 6.8 Hz), 1.25 (m, 22H), 1.67 (q, 2B= 12.4 Hz), 1.82 (s, 10H), 2.0
(m, 5H), 3.37 (m, 1H), 3.49 (m, 2H), 3.66 (m, 2H), 3.75 (dd, 1+ 4.8, 12.4 Hz), 3.81 (dd, 1H,
J=6.3, 11.6 Hz), 3.89 (m, 1H), 4.06 (m, 1H), 4.22 (d, 1H,8.0 Hz), 4.38 (m, 1H), 5.40 (dd,
1H,J=5.3, 14.9 Hz ), 5.75 (dt, 1H,= 6.8, 14.9 Hz), 6.43 (d, 1H,= 7.8 Hz); HRMS [M+H]
CssHe2NOg calcd form/z624.4475, found 624.4468.
(2S,3S,4E)-1-O-(p-D-Galactopyranosy1)-2-N-8-phenyloctanoylamido]-4-octadecen-
3-ol (15). This compound was prepared by using the procedure described for conmi®und
Purification by chromatography (CHZMeOH 10:1) afforded compourith (30 mg, 63%) as a
white powder: §]*% -7.9° € 1.0, CHCYMeOH 4:1); R; 0.25 (CHCYMeOH 4:1);'H NMR
(CDCl) § 0.88 (t, 3H,J = 6.3 Hz), 1.31 (m, 32H), 1.62 (m, 2H), 2.0 (q, 2K 7.1 Hz), 2.19 (t,
2H,J = 7.6 Hz) 2.60 (t, 2HJ) = 7.6 Hz), 2.96 (br s, 5H), 3.52 (m, 2H), 3.60 (m, 1H) 3.68 (dd,

1H,J = 6.8, 10.1 Hz), 3.75 (dd, 1H,= 4.8, 11.9 Hz), 3.81 (dd, 1Hd,= 6.3, 11.9 Hz), 3.91 (m,
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2H), 4.09 (m, 1H), 4.22 (d, 1H,= 8.0 Hz), 4.38 (m, 1H), 5.41 (dd, 1B= 5.8, 15.4 Hz), 5.71
(dt, 1H,J = 6.6, 14.4 Hz), 6.77 (d, 1H,= 8.8 Hz), 7.18-7.30 (m, 5HY*C NMR (CDCE) § 14.1,
22.6, 25.8, 29.1, 29.2, 29.3, 29.5, 29.6, 29.7, 31.4, 31.8, 35.9, 36.6, 53.1, 61.6, 69.0, 69.3, 70.2,
71.1, 73.4, 74.7, 103.7, 125.5, 128.2-132.9, 142.7, 174.8; HRMS [M+D¥&lssNOgNa calcd
for m/z686.4608, found 686.4624.
(2S,3S,4E)-1-0-[3'-O-(Sodiumoxysulfonyl)-p-D-galactopyranosyl1-]-2-N-
octanoylamido]-4-octadecen-3-ol (16)Compoundl3 (3.2 mg, 5.Qumol) and BuSnO (2.0 mg,
8.0 umol) were stirred in MeOH (2.5 mL) at reflux undes fidr 2 h. The solvent was evaporated
under reduced pressure, and the dibutylstannylene complex wad iughtée;N-SQ (1.5 mg,
10.0umol) in THF (5 mL) for 6 h at rt. The solvents were removed urelduced pressure and
the residue was dissolved in CHMMeOH 1:1 (3 mL) and loaded onto a cation-exchange resin
column (Dowex 50X8, Naform). The mixture was eluted with CH@eOH 1:1, concentrated
in vacuo, and purified by chromatography (CeleOH 5:1) to afford compountl6é (2.5 mg,
69%) as a white powdeR: 0.55 (CHCYMeOH 2:1);*H NMR (CDCk) & 0.88 (t, 6H,J = 6.8
Hz), 1.21 (m, 32H), 1.55 (m, 2H), 2.15 (m, 2H), 3.68 (m, 3H), 3.72 (m, 2H) 3.85 (MA109)
(m, 1H), 4.28 (m, 1H), 4.32 (m, 1H), 4.41 (m, 1H), 4.46 (d, 1H,8.0 Hz), 5.12 (m, 1H), 5.38
(dd, 1H,J = 5.6, 14.9 Hz), 5.73 (dt, 1H,= 6.6, 14.9 Hz); HRMS [M-H]CsHeoNO1:S calcd for
m/z666.3887, found 666.3889.
(2S,3S,4E)-1-0-[3-O-(Sodiumoxysulfonyl)-p-D-galactopyranosyl1]-2-N-
adamantanoylamido]-4-octadecen-3-ol (17).This compound was prepared by using the
procedure described for compoudd. Purification by chromatography (CHMeOH 5:1)

afforded compound7 (12 mg, 52%) as a white powdes]{°s -8.8° € 0.31, CHCY/MeOH 1:1);

R:0.23 (CHCYMeOH 4:1);'H NMR (CDCk) & 0.89 (t, 3H,J = 6.3 Hz), 1.24 (m, 22H), 1.68 (q,
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2H,J = 12.8 Hz), 1.79 (s, 10H), 2.0 (m, 5H), 3.72 (m, 8H), 4.07 (m, 1H), 4.46 (m, 5H), 5,37 (M
1H), 5.73 (dt, 1HJ = 6.6, 14.9 Hz), 6.35 (m, 1H); HRMS [M-HTssHeoNO1:S calcd form/z
702.3887, found 702.3893.

(2S,3S,4E)-1-0-(2',3',4',6'-Tetra- O-benzoyl$-glucopyranosyl)-2-N-
(diphenylmethylene)amino]-3O-pivaloyl-4-octadecene (19)To a solution of compoundl (59
mg, 0.11 mmol) in EtOH (8 mL) was added 2 M HCI (2 mL), and thetig@a mixture was
stirred at 70 °C. The starting material was completely conswafied 3.5 h. The reaction was
guenched with ED (20 mL) and the product was extracted with CG#H@¢OH 7:1 (2 x 20 mL).
The combined organic layers were dried {8(&,) and concentrated to afford the crude amine
salt5. A solution of the crude amine salt andb®hNH (19 pL, 0.11 mmol) in CKCl, (5 mL)
was stirred at rt overnight undep.Mfter TLC showed full conversion, the reaction mixture was
diluted with CHCI, (20 mL) and washed with saturated aqueous NagEdition (10 mL) and
H,O (5 mL). The organic layer was separated, dried,$8g, and concentrated to afford
compoundl8. a-D-Glucopyranosyl bromide tetrabenzoate (72 mg, 0.10 mmol) and alt8hol
(46 mg, 0.080 mmol) were placed in a flame-dried flask in@H10 mL) along with powdered
4 A molecular sieves under,Mind cooled to 0 °C. AgOTf (30 mg, 0.12 mmol) was added in
portions over 45 min. The reaction mixture was protected from thedigd slowly warmed to rt
and stirred for 5 h. The reaction mixture was quenched by the additi-Pr,NEt (1 mL, 6
mmol). After the mixture had stirred for 10 min, the solution wiésréd through a Celite pad to
remove silver salts, washed with saturated aqueogpGS®4asolution (5 mL), and the product was
extracted with CKHCI, (2 x 10 mL). The organic layers were dried £§8/@;), concentrated, and
purified by chromatography (EtOAc/hexane 1:3) to afford compdith{41l mg, 44% overall

yield for three steps)o**s -3.6° € 0.6, CHC}): R; 0.40 (EtOAc/hexane 1:3JH NMR (CDCk)
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§ 0.89 (t, 3H,J = 6.8 Hz), 1.24 (s, 9H), 1.27 (m, 22H), 1.89 (m, 2H), 3.74 (dd J24.0, 10.8

Hz), 4.03 (m, 2H), 4.39 (dd, 1H,= 4.8, 11.8 Hz), 4.43 (dd, 1d= 3.8, 12.3 Hz), 4.94 (d, 1H,

= 7.8 Hz), 5.21 (m, 1H), 5.38 (t, 1d,= 7.1 Hz), 5.51 (dd, 1H] = 7.8, 9.7 Hz), 5.56 (m, 1H),

5.61 (t, 1H,J = 9.8 Hz), 5.85 (t, 1HJ = 9.4 Hz), 7.10-7.57 (m, 22H), 7.81 (m, 2H), 7.87 (m,

2H), 7.98 (m, 4H),13C NMR (CDCE) 6 14.2, 21.0, 22.9, 27.1, 28.8, 28.9, 291, 29.3, 29.4, 29.6,
29.7, 31.9, 32.4, 60.4, 63.4, 64.7, 69.4, 69.7, 70.6, 72.1, 73.2, 74.5, 101.1, 125.3-129.9, 133.0-
133.3, 136.0, 165.1, 165.6, 166.0, 169.4, 171.2, 177.3; HRMS [M&dHgoNO;, calcd form/z
1126.5681, found 1126.5678.

(2S,3S,4E)-1-0-(2',3',4',6'-Tetra- O-benzoyl$-glucopyranosyl)-2-N-
octanoylamido]-3-O-pivaloyl-4-octadecene (20)To a solution of compountl9 (20 mg, 0.017
mmol) in THF/CHCI; 1:I (4 mL) were added trifluoroacetic acid (100 uL) and one dafop
water. The reaction mixture was stirred aturttii TLC indicated that the hydrolysis was
complete (~ 4 h). The reaction mixture was quenched by additisatwfated aqueous NaHgO
solution (10 mL). The product was extracted with,CH (3 x 10 mL), dried (Ng&O;), and
concentrated. The residue was purified by flash chromatographyA¢Ht€xane 1:3), which
afforded the amind® 0.30 (EtOAc). After the amine was dried by lyophilization fromzene,

a solution ofi-PrLNEt (6 pL, 0.034 mmol) in C§Cl, (5 mL) was added, followed by octanoyl
chloride (3 mg, 0.019 mmol). After the reaction mixture was stiroedLf5 h, TLC indicated
complete consumption of the starting material. The reactionqwaisched by addition of water
(10 mL) and the product was extracted with,CH (2 x 10 mL). The organic layer was dried
(Na&SQy), concentrated, and purified by chromatography (EtOAc/hexane b:2afford
compound20 (12 mg, 66% over two steps}; 0.50 (EtOAc):*H NMR (CDCk) & 0.89 (t, 6H,J

= 6.8 Hz), 1.12 (s, 9H), 1.15-1.37 (m, 32H), 1.73 (m, 2H), 1.93 (m, 2H), 3.57 (dd, 44,3,
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9.8 Hz), 4.04 (dd, 1H) = 2.5, 9.6 Hz), 4.13 (m, 1H), 4.23 (m, 1H), 4.49 (dd, 1&,5.0, 12.4

Hz), 4.62 (dd, 1H,) = 3.3, 12.4 Hz), 4.79 (d, 1H,= 8.0 Hz), 5.33 (m, 2H), 5.51 (dd, 1Bi=

7.8, 9.8 Hz), 5.60 (d, 1H, = 9.4 Hz), 5.68 (t, 1HJ = 9.6 Hz), 5.73 (m, 1H), 5.91 (t, 18= 9.6

Hz), 7.26-7.57 (m, 12H), 7.83 (m, 2H), 7.89 (m, 2H), 8.00 (m, 4¥):NMR (CDC}) § 12.0,

20.4, 20.5, 23.2, 24.9, 26.2, 26.6, 26.8, 26.9, 27.0, 27.2, 27.3, 27.5, 27.6, 29.5, 29.8, 30.0, 34.2,
34.5, 36.6, 48.9, 61.0, 66.4, 67.3, 69.9, 70.1, 70.4, 71.1, 74.5, 99.1, 122.2, 126.2-127.7, 131.0-
131.3, 135.0, 162.9, 163.0, 163.6, 163.9, 170.5, 175.3.

(2S,3S,4E)-1-0-(2',3",4',6'-Tetra- O-benzoyl$-glucopyranosyl)-2-N-2"- E-
octenoylamido]-3O-pivaloyl-4-octadecene (21)This compound was prepared by using the
procedure described for compou2@ (E)-Oct-2-enoyl chloride was used as the acylation agent.
Purification by chromatography (EtOAc/hexane 1:2) afforded comp@an@® mg, 51%, over
two steps)R;0.48 (EtOAc);*H NMR (CDCh) § 0.89 (t, 6H,J = 6.8 Hz), 1.10 (s, 9H), 1.12-1.38
(m, 28 H), 1.90 (m, 2H), 1.98 (m, 2H), 3.59 (dd, DH; 4.3, 9.8 Hz), 4.09 (dd, 1H,= 2.5, 9.8
Hz), 4.13 (m, 1H), 4.31 (m, 1H), 4.49 (dd, 1Hs 5.0, 12.4 Hz), 4.61 (dd, 18,= 3.0, 12.1 Hz),

4.79 (d, 1H,J = 8.0 Hz), 5.28 (m, 1H), 5.37 (m, 2H), 5.53 (dd, I+ 8.3, 10.1 Hz), 5.62 (d,

1H,J = 9.1 Hz), 5.70 (t, 1H]) = 9.8 Hz), 5.78 (m, 1H), 5.94 (t, 1B = 9.8 Hz), 6.67 (dt, 1H] =

6.8, 14.4 Hz), 7.26-7.56 (m, 12H), 7.84 (m, 2H), 7.90 (m, 2H), 8.00 (m,"2EI)NMR (CDCk)

6 14.0, 22.4, 27.6, 27.9, 28.4, 28.7, 29.1, 29.4, 29.6, 29.7, 31.4, 32.3, 36.6, 38.8, 51.5, 62.1, 63.0,

68.0, 69.5, 72.2, 72.6, 76.7, 101.4, 123.0, 124.4, 128.3-129.9, 133.2-131.4, 137.5, 152.4, 165.1,

165.5, 165.7, 166.0, 171.0, 177.6.
(2S,3S,4E)-1-O-(p-D-Glucopyranosy1)-2-N-octanoylamido]-octadec-4-en-3-ol  (22).

This compound was prepared by using the procedure described for comBotuudification by

chromatography (CH@MeOH 10:1) afforded compour2l (6 mg, 93%) as a white powder:
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[0] %5 -18.0° € 0.2, CHCYMeOH 1:1);R; 0.48 (CHCYMeOH 4:1);'H NMR (CDCk) & 0.89 (t,
6H, J = 6.8 Hz), 1.25 (m, 30H), 1.60 (m, 2H), 2.02 (q, 2k 6.6 Hz), 2.19 (t, 2H] = 8.8 Hz),
3.30 (m, 2H), 3.44 (m, 2H), 3.66 (dd, 18z 6.0, 9.6 Hz), 3.76 (dd, 1H,= 4.8, 11.9 Hz), 3.85
(m, 1H), 3.95 (dd, 1H) = 5.8, 9.6 Hz), 4.30 (d, 1H,= 8.0 Hz), 4.32 (m, 1H), 5.42 (dd, 18i=
5.6, 15.1 Hz ), 5.75 (dt, 1H] = 6.6, 14.4 Hz), 6.64 (d, 1H = 9.1 Hz); HRMS [M+H]
Cs2Hs2NOg calcd form/z588.4475, found 588.4493.
(2S,3S,4E)-1-O-(p-D-Glucopyranosyl)-2-N-2’(E)-octenoylamido]-octadec-4-en-3-ol
(23). This compound was prepared by using the procedure described for compadund
Purification by chromatography (CHfMeOH 10:1) afforded compourZ8 (1.0 mg, 62%) as a
white powderR; 0.44 (CHCYMeOH 4:1);*H NMR (CDCk) § 0.89 (t, 6H,J = 6.8 Hz), 1.48 (m,
28H), 1.60 (m, 2H), 2.00 (m, 2H), 2.18 (m, 2H), 2.38 (m, 2H), 3.30 (m, 2H), 3.44 (m, 2H), 3.68
(m, 2H), 3.77 (dd, 1H) = 4.8, 12.1 Hz), 3.87 (dd, 1Hd,= 3.0, 12.3 Hz), 3.98 (dd, 1H,= 6.0,
10.1 Hz), 4.12 (m, 1H), 4.29 (d, 18= 8.0 Hz), 4.31 (m, 1H), 5.45 (m, 1H), 5.76 (dt, THs
6.8, 14.4 Hz), 5.83 (d, 1H] = 15.2 Hz), 6.87 (dt, 1H) = 6.8, 14.4 Hz); HRMS [M+H]

C3oHegoNOg calcd form/z586.4319, found 586.4313.
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Chapter 4

Synthesis of a Photoactivatable Analog of Psychosine

Abstract
The synthesis of a benzophenone-linked psychosine analog is reported. The
benzophenone moiety was attached to the aliphatic chain of psychosineether linkage using
a Mitsunobu reaction and also by ag2Seaction under microwave conditions. Also, cross-

metathesis was employed to couple the aliphatic chain to the galactosyl.moiety

Introduction

Psychosine (Chart 1) is tifflegalactosyl derivative of @rythro-sphingosine. Psychosine
inhibits cytokinesis (cell division),and accumulates in the brains of patients afflicted by the
neurological disorder known as Krabbe's diséaBBAGS, a G protein-coupled receptor, was
postulated to be a receptor for psychosimeit reports indicated that TDAGS8 is a proton
receptor* Thus, knowledge about the psychosine receptor is at a very prejinsiage. Since
photoactivatable probes can be used to identify lipid-binding proteims, synthesized a
benzophenone-linked analog of psychosibeChart 1) to be used to identify its receptor in

intact cells.
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Chart 1. Structure of photoactivatable analog of psychosine

@]
HO OH HO OH
HO @) - Ci3Hy;  HO @) -
on YT Y on > Y U0
OH OH
Psychosine Benzophenone analog of psychosine, 1

Results and Discussion

Synthesis of anm-hydroxy analog of sphingosine (Scheme 1Yhe synthesis of a
benzophenone analog of psychosine with an ether linkage to the longbelsairstarted from
TBDPS-protected 10-undecyn-1-d, (Scheme 1). Compoun® was initially treated withn-
butyllithium at -78 °C and then was allowed to react whGarner aldehyde3j at -78 °C in
the presence of a stoichiometric amount of HMPA to afford thetiaddoroduct4 along with
threo-adduct, which was separated by chromatographg triple bond was reduced using Red-
Al to afford (E)-allylic alcohol 5. The pivaloyl group was selected for the protection of the
secondary alcohol because it is less likely to undergo esteatraigthan other estersf(acetyl,
benzoyl) from C-3 to C-1 under basic conditidr&ilyl deprotection of the hydroxy group using

TBAF afforded primary alcohd.
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Scheme 1. Synthesis @-hydroxy analog of sphingosine

\%OH e, \%OTBDPS

2 (75%)
OH
@) R b c @) . A d
JVN — 3,R=CHO (75%) — /E/\(%OTBDPS —
\BOC \BOC
(S)-Garner ester 4 (59%)
R= COzMe
OR

OR'
AVN — 6, R=Piv, R"=H (97%)
"Boc

5, R=H, R"= TBDPS (65%)

Reagents and conditions: (a) TBDPSCI, imidazole (2 equiv.)CGHb) DIBAL in toluene, -78
°C, 2 h; (¢)2, n-BuLi, HMPA, THF, -78 °C, 5.5 h; (d) Red-Al, THF, -78°C to rt, oveinige)
(i) t-BuC(O)CIl, DMAP/ESN, CH,Cl,, (i) TBAF, THF.

Attempted synthesis of a photoactivatable psychosine (Schen2g. A Mitsunobu
reaction was used to install 4-hydroxybenzophenone at the termiribs twfing-chain base to
provide produc? (Scheme 2§.After the oxazolidine and Boc groups were removed under acidic
conditions, by a diazotransfer reacfioafforded azide8. We planned to perform the
glycosylation reaction using Schmidt's prototbThe galactosyl dond was prepared from D-
galactosé! and was then coupled to aglycohén the presence of BFOEb as the promoter to
afford glycosylated produd0. When TMSOTf was used as the promoter the major product was
an acetylated product of alcohol compouhdGlobal deprotection of esters of compout@
using NaOMe in MeOH afforded the azido analog of photoactivatalehpsine1l. We
attempted to reduce azidd under Staudinger’s conditions to afford the final product. After

observation of a polar spot in TLC (indicating completion of azide temud¢o amine), the
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mixture was concentrated and purified by chromatography. Unfortyndithe product after
isolation decomposed within one hour as observed by TLC. Also, the NMRapé the azide
reduction were inconclusive.

Scheme 2. Attempted synthesis of a photoactivatable psychosine

OPiv OPiv OPiv

OH OBP OBP
N, N, N3
Boc Boc

6 7, BP = 4'-C4H,(CO)Ph, (82%) 8 (71%)
HO OH RO OR AcO ~OAcC
g g o ofln e otk
HO OH RO AcO o~
o ROl o \/\‘/\/Og\OBP
OR OPiv

9, R=Ac, R'= C(NH)CCl; (63%) 10, R = Ac, R' = Piv (65%)

HO _OH
Q Na f
—— HO O\/YWOBP —— complex mixture
OH
11 (90%)

Reagents and conditions: (a) sPh DIAD, CHCl,, 4-hydroxybenzophenone, 0 °C to rt,
overnight; (b) (i) 2 M HCI, EtOH, 70 °C, 3 h, (ii) TiNn CHCl,, K,CO;, 1 mol% CuSQ
MeOH, H0, 5 h; (c) Ref. 11; (dB, BFs-ELO, CHCly, 4 A, MS, 4 h; (€) NaOMe in MeOH,
THF, 2 d; (f) PBP, THF/HO (9:1), overnight.

Synthesis of photoactivatable psychosine analog 1 (Schemel@Xhe next attempt, we
used the Boc group in the final stage in order to make an aaihdrecently, cross metathesis
has been used for preparing the sphingosine bacKbahis; approach was adopted in our next

attempt. Also, instead of a Mitsunobu reaction, @@ &action to link the benzophenone to
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compound18 was attempted. Allyl alcohol2 (Scheme 3) was prepared frorB)-Garner
aldehyde 8) by the addition of vinylmagnesium bromide following a known procetiLifde
secondary alcohdl2 was protected with a pivaloyl group, and the resulting compaGneas
subjected to a diazotransfer reaction to prepare dZid€he glycosylation reaction was carried
out by using a similar procedure to that in the previous attengsheRzoylated galactosyl
trichloroacetimidate I5) was prepared as described previot$lyhe glycosylated produdt6
was prepared from aglycorigt using Schmidt’s protocol. Cross metathesis of 10-bromo-1-
decene (4 equiv.) and azids using Grubb’s second generation catalyst resulted in the
formation of undesired products. However, the N-Boc derivativgrepared from azidé6
reacted with 10-bromo-1-decene, affording metathesis prdduatter refluxing in CHCI, for

16 h. {2 reaction of bromidd.8 with 4-hydroxybenzophenone in DMF using@QOs; as base
was sluggish even at temperatures above 100 °C. However, when micrcovaligons were
used? for this substitution reaction in DMF, compouh@ was obtained in 85% yield in 1.5 h.
Deprotection of the benzoyl and pivaloyl ester groups using NaOMe @HViprovided
compound20. The final step was the deprotection of the carbamate gro2@ wfing 1 M HCI

in 90% AcOH to afford benzophenone-linked psychodingithout any byproducts resulting

from cleavage of the sugar in acidic conditions.
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Scheme 3. Synthesis of photoactivatable psychosine analog 1

OR

a : b c

LI gl L I ©03%) —— HO
%N\ N3

Boc

12, R = H (62%) 14 (70%)
HO OH RO OR BzO OBz
0 d 0 e 0 R

HO OH —™ RO — BzO o} N
OH RO\ 0Bz YT Y

OR OPiv
15, R = Bz, R' = C(NH)CCl; (76%) |:16, R = N3 (71%)

17, R = NHBoc (79%)

rRo OR
9 o NHBoc h
— RO o~ ., — 19, R =Bz, R'=Piv, R" = OBP (85%)
X 8 R
oOR W
OR'
18, R = Bz, R' = Piv, R" = Br (63%)
O
HO OH
i i o *NH3CI
——= 20,R,R'=H,R"=0BP (90%) — 5 o =
oH WO
OH
1 (94%)

Reagents and conditions: (a) G €HMgBr, THF, -78 °C, 2 h; (b}-BuC(O)CIl, DMAP/E%N,
CH,Cl; (c) (i) 2 M HCI/EtOH (1:4), 70-80 °C, 3 h, (i) TENn CH,Cl,, K,COs, 1 mol% CuSQ
MeOH, HO; (d) Ref. 14; (e)l4, BFs-ELO, CHCl,, 4 A MS; (f) (i) PhP, GHs, H.O (1 drop),
(i) (Boc),O, EgN, CHCly; (g) 10-bromo-1-decene (4 equiv.), Grubb's second generation
catalyst (30 mol%), CKCl,, reflux, 16 h; (h) 4-hydroxybenzophenone,(K; DMF,
microwave, 120 °C, 1.5 h; (i) NaOMe in MeOH, THF; (j) 1 M HCI90% AcOH, CHCI,, rt,

35 min.
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Experimental Section

General Information. Triethylamine and DMF were distilled over calcium hydridibe
solvents were dried and the analyses were performed accordithge tgeneral information
described on page 10.

tert-Butyldiphenyl(undec-10-ynyloxy)silane (2).To a solution of imidazole (2.0 g, 28.8
mmol) in CHCl, (30 mL) was added TBDPSCI (3.8 mL, 14.4 mmol) with stirring for 3@. m
To the resulting mixture was added undec-10-ynol (2.0 g, 12 mmol), andxtueenwas stirred
overnight. The reaction mixture was quenched with saturated aqueouslabiGtion (30 mL)
and the organic layer was separated. The product was extvatte@H,Cl, (2 x 25 mL), dried
(NaSQy), and concentrated. The crude product was purified by chromatoditzgtane/EtOAc
20:1) to afford2 (3.6 g, 75%) as a colorless liquil 0.49 (hexane/EtOAc 20:1fH NMR
(CDCl) & 1.05 (s, 9H), 1.26 (s, 6H), 1.37 (m, 4H), 1.52 (m, 4H), 1.91 (tJ1H2.8 Hz), 2.18
(m, 2H), 3.67 (t, 2H,) = 6.8 Hz), 7.39 (m, 6H), 7.69 (m, 4HYC NMR (CDCE) § 18.5, 19.3,
25.8, 26.9, 28.6, 28.8, 29.1, 29.4, 29.5, 32.6, 64.0, 68.2, 84.8, 127.6, 129.6, 134.2, 135.6.

(S)-tert-Butyl-4-formyl-2,2-dimethyloxazolidine-3-carboxylate (3).Refer to page 31.

(S)-tert-Butyl-4-((R)-1’-hydroxydodec-2’-yn-12’-tert-butyldiphenylsilanyloxy)-2,2-
dimethyloxazolidine-3-carboxylate (4).To a solution of alkyn@ (2.3 g, 5.6 mmol) in dry THF
(30 mL) was added-BuLi (2.5 M in hexane, 2.52 mL, 6.3 mmol) at -78 °C under The
mixture was stirred for 2 h before HMPA (2.2 mL, 12.6 mmol) was a@tled8 °C. After the
mixture had stirred for 45 min, a solution &-Garner aldehyd8 (995 mg, 4.34 mmol) in 10
mL of dry THF was added slowly. The solution was stirred78t°C for 2.5 h and then was
guenched with aqueous saturated;SHsolution (30 mL). The mixture was extracted withCEt

(3 x 30 mL), and the combined organic phases were washed wi¢h(B0 mL), dried (MgS6),
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and concentrated. The crude oil was purified by flash chromatogi@&i®Ac/hexane 1:3) to
afford 4 (1.6 g, 59%) as a colorless oi]{5-22.9° € 3.0, CHC}); R 0.39 (EtOAc/hexane 1:3);
'H NMR (CDCh) § 1.04 (s, 9H), 1.25-1.61 (m, 29H), 2.19 (m, 2H), 3.65 (t, 2 6.4 Hz), 3.91
(br s, 1H), 4.07 (m, 1H), 4.13 (m, 1H), 4.52 (m, 1H), 4.71 (m, 1H), 7.39 (m, 6H), 7.67 jm, 4H
¥C NMR (CDCB) 6 18.8, 19.2, 25.4, 25.7, 26.0, 26.9, 28.0, 28.3, 28.4, 28.6, 28.9, 29.1, 29.4,
29.5, 32.6, 62.8, 64.0, 64.1, 65.0, 77.9, 81.2, 86.6, 94.9, 127.5, 129.4, 134.2, 135.5, 154.1.

(9)-tert-Butyl-4-((R)-1’-hydroxydodec-2’E-en-12'+tert-butyldiphenylsilanyloxy)-2,2-
dimethyloxazolidine-3-carboxylate (5).Alcohol 4 (930 mg, 1.5 mmol) in dry THF (25 mL)
was cooled to -78 °C and RedAl (590 mL, 2.9 mmol) was added dropvassynimge. The
reaction mixture was stirred at -78 °C for 1 h and then allowesdlaton to rt overnight. The
reaction was quenched by slow addition of water (25 mL) and the pradscextracted with
Et;,O (3 x 25 mL). The organic phase was dried ;@) and evaporated. Purification by
chromatography (EtOAc/hexane 1:4) afford&gtdllylic alcohol5 (620 mg, 65%) as a colorless
oil: [0]**5-13.9° € 2.2, CHCH); R 0.28 (EtOAc/hexane 1:45H NMR (CDCL) & 1.04 (s, 9H),
1.20-1.58 (m, 29H), 2.05 (g, 2H,= 6.8 Hz), 3.65 (t, 2H] = 6.4 Hz), 3.84 (br s, 1H), 4.00 (m,
1H), 4.12 (m, 1H), 4.21 (m, 2H), 5.47 (dd, 1Hs 5.6, 15.2 Hz), 5.73 (dt, 1H,= 6.8, 14.8 Hz),
7.40 (m, 6H), 7.66 (m, 4H}°C NMR (CDCE) 5 19.3, 24.7, 25.8, 26.3, 26.9, 28.4, 29.2, 29.3,
29.4, 29.5, 29.6, 32.4, 32.6, 62.3, 64.0, 64.9, 74.0, 81.0, 94.4, 127.6, 128.2, 129.5, 133.3, 134.2,
135.6, 154.2.

(S)-tert-Butyl-4-((R)-1’-O-pivaloyl-2’ E-en-12’-hydroxy)-2,2-dimethyloxazolidine-3-
carboxylate (6).A solution of compound (1.4 g, 2.2 mmol), pivaloyl chloride (0.68 mL, 5.5
mmol), DMAP (53 mg, 0.4 mmol), and 4Bt (1.5 mL) in CHCI, (15 mL) was stirred at 0 °C for

1 h, and then allowed to warm to rt overnight. The reaction mixtasequenched with saturated
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aqueous NaHC®solution (5 mL) and the product was extracted with,@IEH(2 x 30 mL). The
combined organic layers were washed with brine (10 mL), dried (Mg&6d concentrated. The
residue was purified by flash chromatography (EtOAc/hexandd afjord pivaloylated product
(1.58 g, 88%) as a colorless oil; 55 (EtOAc/hexane 1:4)[o a solution of pivaloylated
product(1.5 g, 2.0 mmol) in THF (30 mL) was added TBAF (1.0 M in THF, 4L1 411 mmol).
The reaction mixture was stirred at rt until the startingena was completely consumed. The
reaction was quenched with water and extracted wi® E2 x 30 mL). The combined organic
layers were dried (N&O,) and concentrated. The residue was purified by flash chromatography
(EtOAc/hexane 1:3) to afford compould(940 mg, 97%) as a colorless oit]{p -27.0° €
0.83, CHC}); R 0.18 (EtOAc/hexane 1:3JH NMR (CDCk) 8 1.20-1.35 (m, 23H), 1.48 (s, 9H),
1.50-1.56 (m, 6H), 2.04 (m, 2H), 3.63 (t, 2Hs 6.8 Hz), 3.91 (m, 2H), 4.13 (m, 1H), 5.27 (dd,
1H, J = 6.9, 15.3 Hz), 5.50 (m, 1H), 5.73 (m, 1H), 7.38 (m, 6H), 7.75 (m, #8);NMR
(CDClg) 6 14.2, 19.0, 23.2, 24.5, 25.7, 26.5, 27.0, 27.2, 28.4, 28.7, 29.0, 29.3, 29.4, 29.5, 29.7,
32.8, 38.9, 59.6, 63.0, 73.4, 74.1, 80.3, 94.5, 127.7, 134.8, 152.6, 177.2.
(S)-tert-Butyl-4-((R)-1’-O-pivaloyl-2’' E-en-12’-O-(4’-benzoylphenyl)-2,2-
dimethyloxazolidine-3-carboxylate (7).To a solution of DIAD (158 pL, 0.80 mmol) in dry
CH.CI, (10 mL) at 0 °C was added a solution otfPl§223 mg, 0.85 mmol) in dry GBI, (5
mL). After the mixture was stirred for 10 min, a solution ofyhioxybenzophenone (159 mg,
0.80 mmol) in dry CECI, (5 mL) was added over a period of 20 min. The reaction mixtage w
stirred for another 10 min, and a solution of alcoh@¢242 mg, 0.5 mmol) in dry Ci€l, (10
mL) was added over a period of 20 min. After the mixture wagdtior 10 min at 0 °C, the ice
bath was removed, and the mixture was stirred at rt overnight. Wheénindicated the

disappearance d, the solution was concentrated and the resulting residue was punfied b
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chromatography (elution with EtOAc/hexane, 1:6) to affér®72 mg, 82%) : 4]*>-16.9° €

3.9, CHC}); R; 0.55 (EtOAc/hexane, 1:3)H NMR (CDCk) & 1.20-1.34 (m, 21H), 1.48 (s, 9H),

1.52-1.56 (m, 6H), 1.81 (m, 2H), 1.97 (m, 2H), 3.91 (m, 2H), 4.03 (tJ2H6.5 Hz), 4.09 (m,

1H), 5.28 (dd, 1H, = 6.9, 15.3 Hz), 5.48 (m, 1H), 5.72 (m, 1H), 6.93 (m, 2H), 7.45-7.83 (m,

7H); 3¢ NMR (CDCB) 6 20.7, 22.0, 23.6, 23.9, 24.7, 25.9, 26.3, 26.5, 26.6, 26.7, 26.9, 27.0,

27.1, 29.8, 29.9, 36.5, 57.2, 61.6, 65.8, 71.7, 77.8, 92.0, 111.6, 123.1, 125.7, 127.3, 127.4, 129.4,

130.1, 133.0, 135.9, 149.4, 150.2, 160.4, 174.8, 193.2.
(2S,3R)-3-O-Pivaloyl-2-Azido-14-O-(4’-benzoylphenyl)-(&)-tetradecene  (8). A

solution of7 (79 mg, 0.12 mmol) in 2 M HCI/EtOH (1:4, 10 mL) was stirred at 7@i@er 3 h,

the solution was concentrated and water (10 mL) was added. The athinas extracted with

CHCIs/MeOH (7:1), dried (Ng50Oy), concentrated, and the crude product was used in the next

step without purification. Trifluoromethanesulfonyl (triflyl) azidas prepared fresh prior to the

reaction’ To the amine salt in 4D (1.5 mL), KCO; (16.5 mg, 0.12 mmol) and Cu$®,0 (0.3

mg, 1.2umol) were added. After TfNin CH,Cl, (1.5 mL) was added at once to the reaction

mixture, MeOH (5 mL) was added slowly along the walls ofréetion flask. After 5 h, when

TLC indicated completion of the reaction, the solution was concentatddpurified by

chromatography (elution with EtOAc/hexane, 1:3) to af®(d7 mg, 71%): ¢]*>-32.7° € 0.8,

CHCL); R: 0.65 (EtOAc/hexane, 1:1JH NMR (CDCk) & 1.22 (s, 9H), 1.25-1.48 (m, 12H),

1.81 (m, 2H), 2.07 (m, 2H), 2.12 (br s, 1H), 3.53 (m, 1H), 3.65 (m, 2H), 4.04 (2,5 Hz),

5.34 (dd, 1HJ = 4.9, 7.7 Hz), 5.48 (dd, 1H,= 7.8, 15.3 Hz), 5.84 (dt, 1H,= 6.8, 15.0 Hz),

6.96 (m, 2H), 7.45-7.83 (m, 7HY*C NMR (CDCE) § 20.7, 22.7, 24.0, 25.1, 26.4, 27.0, 27.4,

27.7, 29.9, 36.9, 59.9, 64.2, 66.3, 71.8, 112.0, 121.6, 126.2, 127.7, 127.9, 129.9, 130.6, 136.1,

136.4, 160.9, 175.4, 193.7.
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2,3,4,6-TetraO-acetyl-u-D-galactopyranosyl Trichloroacetimidate (9)°** D-(+)-
Galactose (3.0 g, 16.7 mmol) was dissolved in acetic anhydride (25 mL), and a i@,
(2 mL) in AgO (5 mL) was added dropwise . After the reaction mixture ha@dtovernight at
rt an additional 0.1 mL of HClwas added, and the solution was stored in the refrigerator. The
separated crystalline material was filtered and dried undemuwacThe pent®-acetylpyranose
product was dissolved in DMF (10 mL), and hydrazine acetate (1.6 g, 160l mas added
under Ar at 60° C. When TLC (hexanes/EtOAc 1:1) showed the disappeafatiee starting
material, the mixture was diluted with EtOAc, washed with 5% aggidNaCl solution (2 x 20
mL) and HO (25 mL), dried (Ng50Oy), and concentrated. A solution of the crude product was
reacted with trichloroacetonitrile (17 mL, 166.5 mmol) and DBU (5 mL, 8&®l) in CHCl,
(30 mL) for 60 min at 0° C. When TLC (hexanes/EtOAc 2:1) showed the oneto be
complete, the solution was concentrated and purified by flash chrgraphy (EtOAc/hexane,
1:3) to afford9 (5.2 g, 63%), R0.18 (EtOAc/hexane, 1:2.5% NMR (CDCk): § 1.99 (s, 3H),
2.02 (s, 3H), 2.06 (s, 3H), 2.18 (s, 3H), 4.08 (dd, 1H,6.7, 11.3 Hz), 4.17 (dd, 1H,= 6.6,
11.3 Hz), 4.45 (m, 1H), 5.36 (dd, 18i= 10.8, 3.4 Hz), 5.43 (dd, 1d= 10.8, 3.0 Hz), 5.56 (dd,
1H,J = 3.0, 1.4 Hz), 6.61 (d, 1H,= 3.4 Hz), 8.72 (s, 1H}*C NMR (CDC}) § 20.5, 20.6, 20.7,
20.8, 61.1, 66.4, 67.3, 67.4, 68.8, 93.4, 160.8, 169.7, 169.9, 170.0, 170.3. The NMR spectrum is
in agreement with that reported in the literatiré.

(2S,3R,4E)-2-Azido-3-O-pivaloyl-14-0O-(4"-benzoylphenyl)-1-0-(2’,3",4’,6 -tetra- O-
acetyl$-galactopyranosyl)-4-tetradecene (10)A mixture of galactosyl dono® (57.8 mg,
0.117 mmol), and aglycon® (43 mg, 0.078 mmol) in dry Ci€l, (56 mL) was stirred in the
presence of & molecular sieves at rt for 1 h. A solution of #0 (0.1 M, 0.23 mL, 0.023

mmol) in dry CHCl, was added slowly to the reaction mixture. After 4 h, TLC indatahe
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completion of reaction. The reaction was quenched with saturated aquedGONsolution (15
mL) and the product was extracted with Ll (2 x 15 mL). The combined organic layers were
washed with brine (10 mL), dried (b#0,), and concentrated. The residue was purified by flash
chromatography (EtOAc/hexane 1:4) to afford compol®¢6 g, 65%): §]° -11.66° € 0.54,
CHCL); R; 0.40 (EtOAc/hexane 1:2JH NMR (CDCk) & 1.21 (s, 9H), 1.26-1.45 (m, 12H), 1.81
(m, 2H), 1.99 (s, 3H), 2.05 (s, 3H), 2.07 (m, 2H), 2.10 (s, 3H), 2.16 (s, 3H), 3.49 (dd=1H
5.8, 10.3 Hz), 3.75 (m, 1H), 3.85 (dd, 1Hs 6.8, 10.3 Hz), 3.91 (t, 1H,= 6.8 Hz ), 4.04 (t, 2H,
J=6.5Hz), 4.15 (m, 2H), 4.47 (d, 1Bi= 8.0 Hz), 5.00 (dd, 1H] = 3.5, 10.3 Hz), 5.22 (dd, 1H,
J=8.1,10.3 Hz), 5.30 (dd, 1d= 4.3, 8.1 Hz), 5.40 (d, 1H,= 3.5 Hz), 5.46 (m, 1H), 5.84 (dt,
1H, J = 6.8, 14.4 Hz), 6.96 (m, 2H), 7.46-7.83 (m, 7HE NMR (CDC}) & 20.6, 20.7, 20.8,
22.7, 26.0, 27.0, 28.8, 29.0, 29.1, 29.3, 29.5, 32.3, 38.9, 61.1, 63.4, 66.9, 68.2, 68.5, 70.8, 70.9,
73.8, 100.9, 114.0, 122.9, 128.1, 129.7, 129.8, 131.8, 132.5, 138.3, 138.4, 162.8, 169.3, 170.2,
170.3, 170.4, 176.9, 195.6; HRMS [M+NaT4Hs:N3014Na calcd form/z 902.4051, found
902.4028.

(2S,3R,4E)-2-Azido-3-hydroxy-14-O-(4"-benzoylphenyl)-1-O-g-galactopyranosy1-4-
tetradecene (11).Sodium metal (5 mg) was dissolved in dry MeOH (3 mL) and added to
solution of10 (18 mg, 0.020 mmol) in dry MeOH/THF (5:1, 6 mL). The reaction on&twas
stirred for two days at rt. Dowex 50W-X8 resin (prewashed thgiiguwith MeOH) was added
to neutralize the reaction mixture. The reaction mixture wasefd, concentrated, and purified
by chromatography (CHgMeOH 10:1) to afford compourtil (11.4 mg, 90%):d]*5-7.36° €
0.31, CHCYMeOH 1:1); R 0.42 (CHCYMeOH 4:1);'H NMR (CDCk) 1.31-1.48 (m, 12H),
1.84 (m, 2H), 2.08 (q, 2H,= 6.8 Hz), 2.36 (br s, 1H), 3.44 (m, 1H), 3.55 (m, 2H), 3.64 (m, 1H),

3.79 (dd, 1HJ = 4.5, 8.2 Hz), 3.82 (m, 1H), 3.91 (dd, 1Hs 6.3, 12.0 Hz), 3.98 (m, 1H), 4.04
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(t, 2H,J = 6.5 Hz), 4.14 (dd, 1H = 4.5, 10.6 Hz), 4.28 (m, 2H), 5.50 (dd, 1H 7.6, 15.4 Hz),
5.84 (dt, 1H,J = 6.8, 14.4 Hz), 6.96 (m, 2H), 7.46-7.82 (m, 7HE NMR (CDCE) § 23.9, 26.9,
27.0,27.1,27.3,27.4,27.5,27.7,30.3, 59.9, 63.2, 66.3, 67.1, 69.1, 71.2, 72.6, 74.7, 101.2, 112.0,
126.2, 127.7, 129.9, 130.6, 133.6, 136.2, 160.9, 194.0; HRMS [M-+Ial1sNsOgNa calcd for
m/z650.3053, found 650.3030.
(S)-tert-Butyl-4-((R)-1-hydroxyallyl)-2,2-dimethyloxazolidine-3-carboxylate (12).To
a -78 °C solution of)-Garner aldehyde3( 7.0 g, 30.5 mmol) in dry THF (50 mL) undes WNas
slowly added vinylmagnesium bromide (92 mL, 92 mmol, a 1 M solutiorHiR) via cannula.
After the cloudy yellow solution was stirred for 2 h-@8 °C, it was warmed to 0 °C, and the
reaction mixture was quenched with saturated aqueouwN$dlution (60 mL). The product
was extracted with ED (2 x 60 mL). The combined organic layers were washed with brine (60
mL), dried (NaSQy), and concentrated. The mixture of erytlamad threodiastereomers were
separated by column chromatography by gravity (hexane/EtOAddbdfjord 12 (4.8 g, 62%)
and its C3-epimer (0.8 g, 10.2%). Compoub® [o]*p -37.7° € 1.8, CHC}):; R 0.26
(EtOAc/hexane 1:3)*H NMR (CDCk) & 1.48 (s, 3H), 1.50 (s, 9H), 1.58 (s, 3H), 3.91 (m, 2H),
3.98 (m, 1H), 4.25 (m, 1H), 4.39 (m, 1H), 5.24 (m, 1H), 5.38 (m, 1H), 5.85 (M AENMR
(CDCls) 6 24.2, 26.3, 28.3, 61.8, 64.4, 73.3, 81.4, 94.4, 116.1, 117.8, 137.6, 155.0; HRMS
[M+Na]™ C13H23NO4Na calcd form/z280.1525, found 280.1519.
tert-Butyl-(2S,3R)-1-hydroxy-3-(pivaloyl)pent-4-en-2-yl-carbamate  (13). To a
solution of allylic alcoholl2 (2.7 g, 10.5 mmol) in C§Cl, (25 mL) were added g (4.4 mL,
31.5 mmol), PivCl (2 mL, 15.8 mmol), and DMAP (250 mg, 2.1 mmol) at 0 °@rAf0 min,
the cooling bath was removed, and the reaction mixture was stirraughteat rt. The reaction

mixture was diluted with saturated aqueous s8Hsolution (60 mL) and the product was
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extracted with CKHCIl, (2 x 50 mL). The combined organic extracts were dried,$83,
concentrated, purified by vacuum distillation, and the fraction boding20-125 °C (4 mm of
Hg) was collected to afford pivaloyl-protected alcohdl(3.35 g, 93%)R; 0.45 (EtOAc/hexane
1:2); 'H NMR (CDCB) & 1.23 (s, 9H), 1.46-1.58 (m, 15H), 3.96 (m, 2H), 4.14 (m, 1H), 5.20 (m,
1H), 5.28 (m, 1H), 5.57 (m, 1H), 5.75 (m, 14} NMR (CDCE) & 26.4, 27.2, 28.3, 38.8, 59.3,
63.6, 73.2, 80.3, 93.9, 117.4, 134.0, 151.8, 177.2, 185.0.

(2S,3R,4E)-2-Azido-3-O-pivaloyl-pent-4-ene (14).Azido compoundl4 was prepared
from pivalatel3 (760 mg, 2.22 mmol) according to the procedure used to prepare conthound
affording azidel4 (352 mg, 70%):d]%p-29.36° € 3.7, CHC}); R 0.31 (EtOAc/hexane 1:33H
NMR (CDCL) & 1.23 (s, 9H), 3.05 (br s, 1H), 3.57 (m, 1H), 3.71 (m, 2H), 5.31-5.42 (m, 3H),
5.86 (m, 1H),’13C NMR (CDCB) 6 27.0, 39.0, 61.4, 65.6, 73.4, 119.2, 131.8, 177.4.

2,3,4,6-TetraO-benzoylw-D-galactopyranosyl Trichloroacetimidate (15). Refer to
page 34.

(2S,3R,4E)-2-Azido-3-O-pivaloyl-1-0-(2’,3',4’,6 -tetra- O-benzoy!$-
galactopyranosyl)-4-pentene (16)he glycosylation reaction of azidd (285 mg, 1.25 mmol)
and galactosyl dondt5 (1.4 g, 1.87 mmol) was performed according to the procedure used for
preparing compoundlO, affording productL6 (720 mg, 71%):{]*°p +77.22° € 0.86, CHCY): R;

0.19 (EtOAc/hexane 1:3JH NMR (CDCh) & 1.19 (s, 9H), 3.70 (dd, 1H,= 5.5, 10.4 Hz), 3.82

(m, 1H), 4.00 (dd, 1HJ = 7.3, 10.4 Hz), 4.34 (m, 1H), 4.43 (m, 1H), 4.68 (dd, 1H,6.6, 11.2

Hz), 4.88 (d, 1H,) = 7.8 Hz), 5.19 (m, 2H), 5.35 (m, 1H), 5.60 (dd, IH; 3.7, 10.6 Hz), 5.73

(m, 1H), 5.81 (dd, 1H] = 8.0, 10.4 Hz), 6.00 (d, 1H,= 3.5 Hz), 7.21-8.03 (m, 20H)°C NMR
(CDCly) 6 27.1, 38.9, 61.9, 63.1, 67.9, 69.5, 71.6, 73.1, 73.7, 101.2, 119.1, 119.9, 128.3-130.0,

131.5, 132.5-133.6, 165.1-166.0, 176.8.
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(2S,3R,4E)-2-tert-Butoxycarbonylamino-3-O-pivaloyl-1-O-(2',3’,4’,6'-tetra- O-
benzoyl$-galactopyranosyl)-4-pentene (17).o a solution of azid&6 (290 mg, 0.36 mmol) in
10 mL of benzene with 1 drop of,8 was added PRH236 mg, 0.9 mmol). The reaction
mixture was stirred overnight. After TLC indicated complete caiwarof the azide to the
amine, the reaction mixture was concentrated under vacuum. To amsaftithe residue of the
amine in CHCI, (5 mL) were added Bg® (196 mg, 0.9 mmol) and &£t (150pL, 1.0 mmol).
After the reaction mixture was stirred overnight, saturaspteous NECI solution (10 mL) was
added and the product was extracted with,@E (2 x 10 mL). The organic layer was dried
(NaSQy), concentrated, and purified by chromatography (hexane/EtOAc 6:4ffcial Boc-
protected compound7 (250 mg, 79%): ]*> +62.4° € 1.14, CHC)); R; 0.18 (EtOAc/hexane
1:3); 'H NMR (CDCk) & 1.20 (s, 9H), 1.32 (s, 9H), 3.67 (dd, 1Hs 4.3, 9.8 Hz), 4.00 (m, 1H),
4.13 (dd, 1H,J = 3.3, 9.8 Hz), 4.34 (m, 1H), 4.41 (dd, 1Hz 6.7, 11.4 Hz), 4.63 (dd, 1H,=
6.6, 11.2 Hz), 4.80 (m, 1H), 4.83 (d, 1H= 7.8 Hz), 5.20 (m, 2H), 5.35 (t, 18= 6.2 Hz), 5.63
(dd, 1H,J = 3.4, 10.4 Hz), 5.76 (m, 2H), 6.00 (d, 1Hs 3.4 Hz), 7.21-8.12 (m, 20H)y*C NMR
(CDCls) 6 27.1, 28.3, 38.8, 52.2, 62.0, 67.9, 69.9, 71.5, 73.4, 79.4, 101.4, 118.3, 128.3-130.0,
133.3, 133.6, 155.3, 165.2-166.0, 176.9.

10-Bromo-1-decene. A solution of 9-decen-l-ol (5.0 g, 32.4 mmol) and
triphenylphosphine (11.0 g, 42.1 mmol) in &H, (50 mL) was cooled to 0 °C.
N-Bromosuccinimide (7.5 g, 42.1 mmol) was added in small portions operiad of 1 h at O
°C. The mixture was filtered through a silica gel pad, wash&ti CH,Cl, (50 mL),
concentrated, and purified by vacuum distillation. The product boiling-863® (2 mm Hg)
was collected, providing 10-bromo-1-decgBe3 g, 83%): R0.71 (EtOAc/hexane 1:5)H NMR

(CDCl) & 1.30 (m, 10H), 1.85 (p, 2H,= 7.2 Hz), 2.03 (g, 2H] = 7.0 Hz), 3.40 (t, 2H) = 7.0
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Hz), 4.96 (m, 2H), 5.81 (m, 1H}*C NMR (CDCE) § 28.2, 28.8, 28.9, 29.0, 29.2, 29.3, 32.8,
33.6, 33.8, 34.0, 114.2, 138.9.
(2S,3R,4E)-2-tert-Butoxycarbonylamino-3-O-pivaloyl-13-bromo-1-0-(2’,3',4°,6'-
tetra-O-benzoyl$-galactopyranosyl)-4-tridecene (18)To a solution of alkend7 (185 mg,
0.21 mmol) in CHCl, (8 mL) was added 10-bromo-1-decene (183 mg, 0.84 mmol) and
benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dicb(tricyclohexyl-
phosphine)rutheniuratalyst (53.6 mg, 0.063 mmol) at rt under Wfter the reaction mixture
was stirred for 16 h under reflux, the solvent was removed and the predsgpurified by
chromatography (hexane/EtOAc 4:1) to afford compol@d142 mg, 63%): ¢]*°s +41.5 (c
0.67, CHCH); R;0.68 (EtOAc/hexane 1:2JH NMR (CDCk) § 1.17-1.39 (m, 28H), 1.83 (p, 2H,
J=7.0 Hz), 1.94 (q, 2H] = 6.9 Hz), 3.39 (t, 2H] = 6.9 Hz), 3.67 (dd, 1H} = 3.9, 9.8 Hz), 3.97
(m, 1H), 4.13 (dd, 1H) = 3.3, 10.0 Hz), 4.34 (m, 1H), 4.39 (dd, 1H: 6.8, 11.0 Hz), 4.63 (dd,
1H,J = 6.2, 11.0 Hz), 4.76 (m, 1H), 4.80 (d, 1Hs 8.0 Hz), 5.25 (m, 1H), 5.34 (dd, 18i= 7.5,
15.7 Hz), 5.62 (dd, 1H] = 3.6, 10.4 Hz), 5.68 (m, 1H), 5.74 (dd, 1Hs 8.0, 10.5 Hz), 5.98 (d,
1H,J = 2.8 Hz), 7.21-8.12 (m, 20HYC NMR (CDCE) § 27.1, 28.2, 28.3, 28.7, 28.8, 29.0, 29.2,
32.8, 34.0, 38.8, 52.2, 61.9, 67.9, 69.9, 71.5, 73.3, 79.3, 101.4, 124.9, 128.3-130.0, 133.3, 133.6,
136.5, 155.3, 165.3-166.0, 176.9; HRMS [M+N&}/HssBrNO4Na calcd form/z 1092.3720,
found 1092.3723.
(2S,3R,4E)-2-tert-Butoxycarbonylamino-3-O-pivaloyl-13-O-(4"-benzoylphenyl)-1-O-
(2',3',4',6'-tetra- O-benzoylf-galactopyranosyl)-4-tridecene (19)A solution of bromidel8
(35 mg, 0.033 mmol), 4-hydroxybenzophenone (10 mg, 0.049 mmol), £810:K7.0 mg, 0.049
mmol) in DMF (3.5 mL) was heated in a Smith Creator micronav&20 °C for 1.5 h. The

reaction mixture was quenched with saturated aqueou€INddlution (10 mL) and the product
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was extracted with EtOAc (2 x 10 mL). The organic layer dréed (NaSQ,), concentrated, and

purified by chromatography (hexane/EtOAc 4:1) to afford benzopheindges|productl9 (33

mg, 85%): §i]*> +46.71° ¢ 1.55, CHCJ); R 0.48 (EtOAc/hexane 1:2}H NMR (CDCk) &

1.16-1.48 (m, 28H), 1.81 (m, 2H), 1.97 (q, 2H 7.2 Hz), 3.68 (dd, 1HI = 4.0, 9.5 Hz), 4.00

(m, 1H), 4.04 (t, 2HJ = 7.2 Hz), 4.14 (m, 1H), 4.35 (t, 1= 6.8 Hz), 4.42 (dd, 1H] = 6.8,

11.2 Hz), 4.66 (dd, 1H] = 7.5, 12.3 Hz), 4.80 (m, 1H), 4.83 (d, 1H= 8.0 Hz), 5.28 (m, 1H),

5.38 (dd, 1H,) = 7.5, 15.0 Hz), 5.65 (dd, 1H,= 3.4, 10.2 Hz), 5.72 (m, 1H), 5.78 (dd, 1Hs

7.8, 10.2 Hz), 6.01 (d, 1H,= 3.0 Hz), 6.97 (d, 2H] = 9.2 Hz), 7.25-8.13 (m, 27H)°*C NMR

(CDCl3) 6 26.0, 27.1, 28.3, 28.3, 28.8, 29.0, 29.1, 29.3, 29.4, 29.6, 32.2, 38.8, 52.3, 61.9, 64.8,

68.0, 68.3, 69.9, 71.3, 71.6, 73.4, 79.3, 101.4, 114.0, 126.2, 127.9-133.6, 136.6, 138.4, 155.3,

162.9, 165.3-166.0, 176.9, 195.6; HRMS [M+Nd&};H;7/NOegNa calcd form/z 1210.5140,

found 1210.5141.
(2S,3R,4E)-2-tert-Butoxycarbonylamino-3-hydroxy-13-O-(4’-benzoylphenyl)-1-0--

galactopyranosyl-4-tridecene (20)Compound20 (30 mg, 0.025 mmol) was deesterified

according to the procedure used for compolihdaffording 15.6 mg 020 (90%): [¢]*°5 -1.05°

(c 0.76, CHCY/MeOH 3:1);R; 0.4 (CHCEMeOH 3:1);*H NMR (CDCL/CDsOD 20:1)8 1.27-

1.47 (m, 19H), 1.80 (p, 2H), = 6.6 Hz), 2.01 (q, 2H] = 6.4 Hz), 3.55 (M, 1H), 3.62 (m, 2H),

3.70 (m, 2H), 3.82 (m, 2H), 3.91 (m, 1H), 4.02 (t, 2k 6.4 Hz), 4.05 (m, 1H), 4.16 (m, 1H),

4.28 (d, 1HJ = 7.8 Hz), 5.48 (dd, 1H] = 6.9, 15.2 Hz), 5.73 (dt, 1H,= 6.7, 14.0 Hz), 6.94 (d,

2H, J = 8.8 Hz), 7.37-8.07 (m, 7H}*C NMR (CDCK/CD;OD 20:1)$ 26.0, 28.4, 29.1, 29.2,

29.3,29.4,32.4,54.6, 61.3, 64.8, 67.9, 68.2, 68.9, 69.4, 71.0, 72.5, 73.3, 74.6, 79.6, 103.8, 114.0,

126.2, 127.5-132.6, 138.2, 156.3, 162.9, 195.8; HRMS [M*Ig3]HssNO1;Na calcd form/z

710.3516, found 710.3515.
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(2S,3R,4E)-2-Amino-3-hydroxy-13-O-(4’-benzoylphenyl)-1.0-p-galactopyranosyl1-4-
tridecene (1).A mixture of compound0 (12 mg, 0.017 mmol) and 1 M HC1 in 90% aqueous
AcOH (50uL) was stirred at rt in C§Cl, (10 mL) for 35 min. After concentration, the residue
was diluted with MeOH (5 mL) and concentrated to afford the hydivade salt of
benzophenone-linked psychosih¢10.2 mg, 94%): d]* -6.22° € 0.45, CHCYMeOH 4:1);R;

0.08 (CHCHMeOH 3:1);*H NMR (CDCL/CDsOD 20:1)8 1.24-1.39 (m, 10H), 1.72 (p, 28 =

6.6 Hz), 2.01 (g, 2HJ = 6.9 Hz), 3.27 (m, 1H), 3.35 (m, 1H), 3.48 (m, 2H), 3.66 (m, 2H), 3.74
(m, 1H), 3.81 (m, 1H), 3.87 (m, 1H), 3.95 (t, 2Hs 6.6 Hz), 4.21 (m, 1H), 4.37 (m, 1H), 5.34

(dd, 1H,J = 5.6, 15.3 Hz), 5.73 (dt, 1H,= 6.6, 14.3 Hz), 6.86 (d, 2H,= 8.8 Hz), 7.35-7.96 (m,

7H); 3¢ NMR (CDCK/CD3OD 20:1)6 21.8, 29.8, 32.8, 32.9, 33.1, 33.2, 33.5, 36.2, 61.6, 65.5,
69.5, 72.2, 73.0, 73.4, 74.9, 76.9, 78.9, 106.9, 117.9, 130.2, 132.1, 133.5, 133.6, 135.9, 136.6,
139.4, 142.0, 166.9, 200.3; HRMS [M+NafsHsNOgNa calcd form/z 610.2992, found

610.2997.
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Chapter 5
Part A: Synthesis of coumarin-caged sphingosine 1-phosphate caiweramide 1-phosphate

analogs

Abstract
The synthesis of coumarin-caged sphingosine 1-phosphate (S1P) anddeeta
phosphate is reported via phosphoramidite chemistry. The sphingosine baekisopespared
using cross-metathesis. Coumarin-caged S1P in EtOH exhibitedgstbsorption at a
wavelength of 376 nm in UV-visible spectra. Qualitative measurenfecoumarin-caged S1P
uncaging efficiency in 50% aqueous EtOH, pH 7.4, showed 100% uncagin@@ftein upon

irradiation using a wavelength of 365 nm.

Introduction

For the analysis of biological phenomena induced by cell-impermeable nesietadged
compounds” have been synthesized that are cell pernfelabtaged compounds, a photolabile
group is employed to temporarily mask the ionic groups in tlacktive molecule. Caged
compounds are biologically inert, but upon photolysis they release compwithdsioactivity.
Typical photolabile groups used in caged compounds are 2-nitrobenzyksadérivatives,
coumarin methyl esters, bromohydroxyquinoline, nitrodibenzofurarf, Be parent bioactive
molecule is generated in the cytosol on photoexcitation, usuallyaa¢l@ngths >360 nm to
avoid photodecomposition of endogenous biomolecules such as proteins and acidgic
Previously, nitrobenzyl-caged sphingosine analogs were synthesizestudy the role of
sphingosine in signal transduction pathw#&fsThe nitrobenzyl cages photolyze relatively

slowly and display rather low photoefficiencies. In many recenticgijans, the coumarin
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chromophore has been used because of its high molar absorptivitga0 nm? Part A of this
chapter reports the first syntheses of coumarin-caged IS1TFhért 1) and ceramide 1-phosphate
(C1P) analogs bearingNroleoyl or aN-palmitoyl chain 2, 3). The syntheses started frof)-(
Garner aldehyde and 4-methyl-7-(diethylamino)coumarin. The phospktee was introduced
by phosphoramidite chemistry.

Chart 1. Structures of coumarin-caged S1P (1) and C1P (2, 3)

o o
0—P-0" " Ciahy 0-p-0" Y CisHy
Et,N N " "NHj EtzN N o NHR
O O
o) 1 (o) 2,R= C(O)(CH2)7CH:CHC8H17

3, R=C(0)Cy5H31

Results and Discussion

Synthesis of sphingosine backbone (Scheme Ihe coumarin-caged sphingosine 1-
phosphate and ceramide 1-phosphate analogs were prepared r@arrier aldehydet
(Scheme 1), whiclwvas treated with vinylmagnesium bromide at -78 °C to providexsurei of
erythro allyl alcohol5 and its C3-epimer (6:1); the compounds in the mixture was separated
using chromatography (hexane/EtOAc 5" Bfter the allylic hydroxyl group 06 was protected
as a MOM ether, the oxazolidine group6oivas selectively deprotected using 1 M HCI at rt to
afford N-Boc alcohol7. An E-selective cross metathesis of alcofakith 1-pentadecene using
Grubb’'s second generation catalyst (benzylidene[l,3-bis(2,4,6-trilpké&myl)-2-
imidazolidinylidene]dichloro(tricyclohexyl-phosphine)rutheniunafforded the protected D-

erythro-sphingosine; this approach was used recently to prepare the sphingosine batkbone.

66



Scheme 1. Synthesis of sphingosine backbone

OMOM

OH
O/YCHO a OW b OW
—;k—N\ —Jk—N -—JY—N
Boc Boc Boc
4 5 (62%) 6 (91%)
+ 5a (C3-epimer, 10%)

OMOM OMOM
c HOW d HO/\‘/\/\C13H27
HN. HN.
Boc Boc
7 (85%) 8 (72%)

Reagents and conditions: (a) Gl €HMgBr, THF, -78 °C, 2 h; (b) MOMCI (2 equiv.), DIPEA
(2.5 equiv.), CHCI,, 0 °C to rt; (c) 1 M HCI/THF (1:5), rt; (d) 1-pentadecene (4 equidti,Cl,,
Grubb's second generation catalyst (3 mol%), reflux, 4 h.

Synthesis of coumarin-caged sphingosine 1-phosphate (SchemeDigthylamino-4-
hydroxymethylcoumarin9) was prepared from 4-methyl-7-diethylaminocoumarin by a known
proceduré® Initially, a bis-coumarin diisopropylamino phosphitylation reageas yanned but
when coumarir® was treated with diisopropylphosphoramidous dichloride the mono-substituted
product 10 was formed predominantly. Compoud@ tautomerizes to the stable pentavalent
state, as evidenced by tf® NMR signal aB 14.8 ppm, which is not suitable for performing
phosphoramidite chemistry. Since a bis-coumarin adduct was not forresdpably because of
severe steric constraints, we proceeded to prepare a mono-couraged sphingosine
derivative.

The protected sphingosirg was treated withN,N-diisopropylmethylphosphonamidic
chloride in the presence of Hunig’'s base to provide phosphoraniitliterhich reacted with

coumarin9 in the presence ofH:tetrazole to provide a phosphite intermediate. The phosphite
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was oxidized withtert-butyl hydroperoxide in the same pot to afford phosphateAn initial
attempt to deprotect both the Boc and MOM groups with trifluoroacstid resulted in
deprotection of the Boc group in 1 h; however, only 50% deprotection of the Ol was
achieved even after stirring for 3 days at rt. An initig¢rapt to deprotect the methyl ester of the
phosphate using TMSBr in GBI, resulted in the loss of the coumarin moiety from the lipid as
observed by TLC. Reaction of compoubd with 1 M HCI at 60 °C for 1 h resulted in no
deprotection. Fortunately, we found that wi&was heated in 6 M HCI/THF (2:1) at 60 °C the
Boc and MOM groups were removed and the methyl phosphate esteisgahydrolyzed in a
single step after 6 h to provide the target mono-coumarin caged sphingosine 1-gh@$phat

Scheme 2. Synthesis of coumarin-caged sphingosine 1-phosphate analog 1

OH o
OH O-R O-P-H
Et,N a  EGN N(i-Pr)2 EtLN N(i-Pr)
o} o} o}
O O (0]
9 10
OMOM OMOM
- b (i-Pr)oN - c
HO™ Y N CuHy T P07 O CuHy,
HN. MeO HN.
Boc Boc
8 (72%) 11
OMOM OH
0 : @ :
0-P-0" Y > Cuatyr g 0-P-0" Y > F " Cuhy
Et,N — EN -
2 N\ OMe HN\BOC 2 \ @) NH;
o) o)
o o
12 (55%) 1 (78%)
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Reagents and conditions: (&Rr):NPCkL (0.6 equiv.), BN (1.2 equiv.), THF, 0 °C, 1 h; (b)-(
PrrNP(OMe)CI (2 equiv.), DIPEA (4 equiv.), THF, 0 °C, 30 min; (c)4iJ2.9 equiv.), H-
tetrazole (5 equiv.), C¥N, rt, 3 h, (ii) 1 Mt-BuOOH, toluene, 0 °C to rt, 4 h; (d) 6 M HCI/THF
(2:1), 60 °C, 6 h.

Synthesis of coumarin-caged ceramide 1-phosphate (Scheme 3p prepare the
ceramide 1l-phosphate caged derivati® t{he protected sphingosin® was treated with
cyanoethyl diisopropylchlorophosphoroamidite in the presence of Hunigs toagprovide
phosphoramiditel3, which upon coupling with coumari@ using H-tetrazole, followed by
oxidation, afforded phosphated. The Boc and MOM groups were deprotected using 6 M
HCI/THF (2:1) to provide sphingosine 1-phosphate ana®dreaction ofL5 with 4-nitrophenyl
oleat& was carried out by initially neutralizing the amine with psi@as carbonate, which also
deprotected the cyanoethoxy group. When THE/H9:1) was used as the solvent, at least 4
days were required for completion of the amide formation, but witiFf@A,Cl, (5:2) as the
solvent mixture the coupling occurred overnight to afford the tamg@bo-coumarin caged
ceramide 1l-phosphat@)( To prepare the palmitoyl amide, sphingosine 1-phospHatevds
used as the starting material instead; compdumaés treated witlp-nitrophenyl palmitate in

DMF/CH.CI; (5:2) for 2 days, affording ceramide ana®{cheme 3B).
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Scheme 3a. Synthesis of coumarin-caged ceramide 1-phosphate analog 2 from 8

OMOM
a (i-Pr)oN. : b
8 /P_OWC13H27
~0 HN.
NC Boc
13
OR OH

Et,N d EtN /Y\/\
2 i\ 2 HN. . 2 N\ OH HN\H/(\)}:/CgHN

(e} CN @]
14 (43%) R = MOM, R = Boc 2 (57%)
15 (57%) R,R' = H
Reagents and conditions: (&)RrpNP(OCHCH,CN)CI, DIPEA, THF, 0 °C, 30 min; (b) (19,
1H-tetrazole, CHCN, rt, 3 h, (ii) 1 Mt-BuOOH, toluene, 0 °C to rt, 4 h; (c) 6 M HCI/THF (2:1),
60 °C, 6 h; (dp-nitrophenyl oleate, gCOs;, DMF/CH,CI, (5:2), overnight.

Scheme 3b. Synthesis of coumarin-caged ceramide 1-phosphate analog 3 fiom

OH OH
? ; ? :
o—FI>—o/\‘/\/\c:13H27 a o—|:|>—o/\‘/\/\c:13H27
Et;N N OH NH, — EBLN N OH HN\”/C15H31
0 o) o)
o) o)
1 3 (82%)

Reagents and conditions: @hitrophenyl palmitate, gCO;, DMF/CH,CI; (5:2), 2 d.
Absorption spectra of coumarin-caged S1P and C1P analogsgure 1 shows the UV-
visible spectra of compoundsand 3. Coumarin-caged S1P shows aimax at 376 nm € =

15,792 M'cm™) in EtOH. Coumarin-caged C13shows amax at 376 nm¢ = 15,466 M'cm™)

in CH2C|2
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Figure 1. Absorption spectra of couma-caged S1P1j) in EtOH and C1P3) in CH,Cl,.
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Qualitative measurement of uncaging efficienc’/A 100 pM solution of S1I1 in 50%
agueous EtOH anB0% 10 mM Tris, pH 7.5, was placed in a quartauvette and placed at
distance of 1 cm from a conventional UV lamp (EatgVGL-25 UV lamp). The compourwas
irradiated using longer wavelength (365 nm) aneérea certain time, asdicated in the TL!
(Figure 2), a aliquot was applied to a TLC plate, which wasealepecusing CHC3/MeOH 3:1.
Photodecomposition of 100&@oumarir-caged S1P took place around 60 min.

Figure 2. Qualitative measurement of uncaging efficie of coumarincaged S1P1j in
50% aqueous EtOH, pH 7.4.

Uncaged
byproduct >

Coum-S1P >

Mobile phase: CHCI,/MeOH (3:1)
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Experimental Section

General Information. Acetonitrile was distiled over calcium hydride.
Diisopropylphosphoramidous dichloridd,N-diisopropylmethylphosphonamidic chloride and 2-
cyanoethyl diisopropylchlorophosphoroamidite were purchased from Aldiehsolvents were
dried and the analyses were performed according to the gerferaation described on page
10.

(S)-tert-Butyl-4-formyl-2,2-dimethyloxazolidine-3-carboxylate (4).Refer to page 11.

(9)-tert-Butyl-4-((R)-1-hydroxyallyl)-2,2-dimethyloxazolidine-3-carboxylate (5).To a
-78 °C solution of §-Garner aldehyded( 7.0 g, 30.5 mmol) in dry THF (50 mL) undes Was
slowly added vinylmagnesium bromide (92 mL, 92 mmol, a 1 M solutiorHR) via cannula.
After the cloudy yellow solution was stirred for 2 h-@8 °C, it was warmed to O °C, and the
reaction was quenched with saturated agueougCNiHolution (60 mL). The product was
extracted with BO (2 x 60 mL). The combined organic layers were washed with (Bhell),
dried (NaSQy), and concentrated. The mixture of erytara threadiastereomers was separated
by column chromatography by gravity (hexane/EtOAc 5:1) tor@fo(4.8 g, 62%) and its C3-
epimer (0.8 g, 10.2%). Compoubd[a]*% -37.7° € 1.8, CHC}); R 0.26 (EtOAc/hexane 1:3);
'H NMR (CDCH) 6 1.48 (s, 3H), 1.50 (s, 9H), 1.58 (s, 3H), 3.91 (m, 2H), 3.98 (m, 1H), 4.25 (m,
1H), 4.39 (m, 1H), 5.24 (m, 1H), 5.38 (m, 1H), 5.85 (m, &%, NMR (CDC}) § 24.2, 26.3,
28.3, 61.8, 64.4, 73.3, 81.4, 94.4, 116.1, 117.8, 137.6, 155.0; HRMS [M-\#].sNOsNa
calcd form/z280.1525, found 280.1519.

tert-Butyl-(2S,3R)-1-hydroxy-3-(methoxymethoxy)pent-4-en-2-yl-carbamate (7)To
a solution of allylic alcohob (900 mg, 3.5 mmol) in C¥Cl, (25 mL) were added DIPEA (1.5

mL, 8.7 mmol) and MOMCI (0.56 mL, 7.0 mmol) at 0 °C. After 10 min, tbeling bath was

72



removed, and the reaction mixture was stirred overnight at gr AttC indicated the complete
protection of the alcohol, the reaction mixture was diluted witlurgted aqueous NI
solution (40 mL) and the product was extracted with@KH(2 x 30 mL). The combined organic
extracts were dried (N&80O,) and concentrated to afford the MOM-protected alc@@60 mg,
91%). Without further purification, compour@(960 mg, 3.2 mmol) was dissolved in THF (25
mL), and 1 M HCI (5 mL) was added. The reaction mixture wasedtiat rt until the starting
material disappeared (overnight). The acid was neutralizegalshing with saturated aqueous
NaHCQ; (30 mL) and the product was extracted with,CH (2 x 25 mL). The organic layer was
purified by chromatography (hexane/EtOAc 3:1) to afford alcah¢r05 mg, 85%):R; 0.20
(EtOAc/hexane 1:3)'H NMR (CDCk) & 1.44 (s, 9H), 3.21 (br s, 1H), 3.39 (s, 3H), 3.68 (m,
2H), 3.88 (dd, 1HJ = 4.2, 11.6 Hz), 4.27 (t, 1H,= 5.0 Hz), 4.57 (d, 1H] = 6.6 Hz), 4.65 (d,
1H, J = 6.6 Hz), 5.32 (m, 3H), 5.77 (m, 1HC NMR (CDCE) 5 28.9, 54.6, 55.4, 62.0, 76.0,
78.3, 79.4, 94.0, 119.0, 134.7, 156.3; HRMS [M+N@&],H,3NOsNa calcd form/z 284.1474,
found 284.1468.
tert-Butyl-(2S,3R,4E)-1-hydroxy-3-(methoxymethoxy)octadec-4-en-2-yl-carbamate
(8). To a solution of alcohof (230 mg, 0.88 mmol) in Ci€l, (8 mL) was added 1-pentadecene
(741 mg, 3.52 mmol). The solution was degassed twice usir(@ X 10 min). To the reaction
mixture was added benzylidene[1,3-bis(2,4,6-trimethyl-phenyl)-2-imiahzglidene]dichloro-
(tricyclohexylphosphine)ruthenium catalyst (22.4 mg, 0.026 mmol) at rt uNgleAfter the
reaction mixture was stirred for 4 h under reflux, the solventresa®ved and the product was
purified by chromatography (hexane/EtOAc 4:1) to aff@d(280 mg, 72%). R0.45
(EtOAc/hexane 1:3)H NMR (CDCh) & 0.88 (t, 3H,J = 7.0 Hz), 1.25 (m, 24H), 1.44 (m, 9H),

2.06 (g, 2H,J = 7.7 Hz), 2.89 (d, 1H] = 5.2 Hz), 3.38 (s, 3H), 3.67 (m, 2H), 3.94 (dt, TH
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3.2, 11.1 Hz), 4.22 (dd, 1H,= 5.0, 7.6 Hz), 4.53 (d, 1H,= 6.6 Hz), 4.67 (d, 1H] = 6.6 Hz),
5.26 (d, 1H,J = 7.6 Hz), 5.36 (dd, 1H] = 8.0, 15.4 Hz), 5.75 (dt, 1H,= 6.6, 14.6 Hz)°C
NMR (CDCk) 6 14.1, 22.7, 28.4, 29.0, 29.1, 29.3, 29.4, 29.6, 29.7, 31.9, 32.3, 54.9, 55.6, 62.3,
76.1, 78.3, 79.4, 93.8, 125.9, 136.9, 155.9; HRMS [M+N3JsHsNOsNa calcd form/z
466.3508, found 466.3514.

7-Diethylaminocoumarin-4-yl-methoxy  N,N-Diisopropylphosphonamidate  (10).
Diethylamino-4-hydroxymethylcoumarin 9  was prepared from 4-methyl-7-
diethylaminocoumarin by a known proceddtelo a solution of coumari® (60 mg, 0.243
mmol) in THF (5 mL) was added & (41 uL, 0.29 mmol). Diisopropylphosphoramidous
dichloride (27uL, 0.145 mmol) was then added slowly to the reaction mixture at O °CG dade
After the reaction mixture was stirred at 0 °C for 1 BOH10 mL) was added, and the product
was extracted with EtOAc (2 x 10 mL). The organic layer dréged (NaSQy), concentrated, and
the residue was purified by flash chromatography (GH&OH 9:1) to afforoH-phosphonate
10 (50 mg, 55%): R0.43 (EtOAC)*H NMR (CDCk) & 1.20 (t, 6H,J = 7.1 Hz), 1.29 (dd, 12H),
= 4.1, 6.8 Hz), 3.42 (q, 4H,= 7.1 Hz), 3.56 (m, 1H), 5.14 (m, 2H), 6.20 (s, 1H), 6.26 (s, 1H),
6.51 (d, 1HJ = 2.5 Hz), 6.58 (dd, 1H] = 2.6, 9.0 Hz), 7.29 (d, 1H,= 9.0 Hz), 7.85 (s, 1H);
3C NMR (CDCB) 6 12.4, 23.0, 44.8, 45.4, 60.7, 97.7, 105.7, 105.9, 108.6, 124.2, 150.4, 150.6,
156.2, 162.0%'P NMR (CDC}) & 14.8; HRMS [M+H] CyoHaoN,04P calcd form/z 395.2099,
found 395.2099.

tert-Butyl-(2S,3R,4E)-1-[7-diethylaminocoumarin-4-yl-methoxy(methoxy)phosphor-
yloxy]-3-(methoxymethoxy)octadec-4-en-2-yl-carbamate (12)fo a solution of compouné
(55 mg, 0.124 mmol) in THF (8 mL) was added DIPEA (8614 0.49 mmol). Methyl

diisopropylphosphoramidochloridite (49-, 0.24 mmol) was added dropwise to the reaction
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mixture at 0 °C under N After the reaction mixture was stirred at the same teayer for 30
min, HO (10 mL) was added, and the product was extracted with EtOAc1@ mL). The
organic layer was dried (NaQ,), concentrated, and the residue was purified by flash
chromatography (hexane/EtOAc 3:1) to afford phosphoramidit&®; 0.68 (hexane/EtOAc 3:1);
3p NMR (CDC}) & 140.8. A mixture of coumari@ (71 mg, 0.28 mmol) and phosphoramidite
11 (58 mg, 0.096 mmol) was dried by lyophilization from benzene, andrakiedue was
dissolved in CHCN (8 mL). The resulting solution was transferred by cannulasolwion of
1H-tetrazole (34 mg, 0.48 mmol) in GEN (3 mL) at rt. After 3 h, the consumption of the
phosphoramidite was complete as observed by TLC (hexane/EtQAcT®: the intermediate
phosphitef-BuOOH (0.14 mL, a 1 M solution in toluene, 0.14 mmol) was added at 0 °Chend t
reaction mixture was warmed to rt. After 4 h, TLC indicated dbmplete conversion of the
phosphite to the corresponding phosphate. The reaction mixture was diithe@HyCl, (20
mL) and washed with saturated aqueous Naki€slution (15 mL). The organic layer was dried
(N&S(Oy), concentrated, and the residue was purified by chromatograpkgn@i&tOAc 2:1) to
afford phosphatd?2 (52 mg, 55%): ¢]*5 -26.5° € 0.6, CHC}); R; 0.22 (EtOAc/hexane/BN
48:50:2);'H NMR (CDCk) 5 0.88 (t, 3H,J = 6.6 Hz), 1.20 (t, 6HJ = 7.1 Hz), 1.25 (m, 23 H),
1.41 (s, 9H), 2.03 (q, 2H,= 6.5 Hz), 3.35 (s, 3H), 3.42 (q, 48z 7.1 Hz), 3.84 (d, 3H] = 10.5
Hz), 3.91 (br s, 1H), 4.09 (t, 1H,= 7.2 Hz), 4.25 (m, 1H), 4.31 (m, 1H), 4.50 (d, It 6.6
Hz), 4.69 (d, 1H,) = 6.6 Hz), 4.95 (t, 1H] = 6.4 Hz), 5.20 (m, 2H), 5.29 (dd, 1Bi= 8.4, 15.0
Hz), 5.75 (dt, 1HJ) = 5.9, 14.1 Hz), 6.21 (s, 1H), 6.50 (d, 1Hs 2.4 Hz), 6.58 (dd, 1H] = 2.5,
9.0 Hz), 7.29 (d, 1HJ = 9.0 Hz);**C NMR (CDCh) & 12.4, 14.1, 22.7, 28.3, 29.0, 29.2, 29.3,

29.4,29.6, 29.7, 31.9, 32.3, 44.7, 54.7, 54.8, 55.7, 64.6, 67.0, 76.2, 79.6, 93.5, 97.8, 105.5, 106.3,
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108.7, 124.3, 125.6, 138.1, 149.1, 150.7, 155.4, 156.2, 16R.KMR (CDC}) 6 0.43; HRMS
[M+Na]* CsoHs7N2010PNa calcd fom/z789.4431, found 789.4417.
(2S,3R,4E)-2-Amino-3-hydroxyoctadec-4-enyl (7-Diethylaminocoumarin-4-yl)
methyl Phosphate (1).To a solution of phosphate (25 mg, 0.032 mmol) in THF (1 mL) was
added 6 M HCI (2 mL). The reaction mixture was stirred at 600¥® th. The reaction mixture
was diluted with CHCl, (10 mL) and brine (10 mL). The product was extracted withQIH3
x 15 mL), dried (kCQO3), and purified by chromatography (CH@®eOH 6:1). After removal of
suspended silica gel by filtration of a solutionlah CHCl; through a Cameo filter, compoufd
was obtained (15.5 mg, 78%):a]f> +2.22° € 0.6, CHCHMeOH 1:1); R 0.70
(CHCl/MeOH/H,0 65:35:8):'H NMR (CDCk) & 0.87 (t, 3H,J = 5.5 Hz), 1.23 (m, 26H), 1.48
(m, 2H), 1.98 (g, 2HJ = 5.9 Hz), 3.20-3.79 (m, 9H), 4.15 (m, 2H), 4.41 (m, 1H), 5.07 (m, 2H),
5.40 (dd, 1H,] = 5.4, 15.2 Hz), 5.81 (dt, 1H,= 5.6, 13.4 Hz), 6.26 (s, 1H), 6.41 (s, 1H), 6.51
(d, 1H,J = 8.0 Hz), 7.29 (d, 1H] = 8.0 Hz);*3C NMR (CDCH) & 12.3, 14.0, 22.6, 28.2, 29.0,
29.3, 29.4, 29.6, 31.8, 32.3, 44.6, 55.8, 62.4, 63.1, 69.6, 97.3, 104.7, 108.8, 124.4, 126.2, 135.5,
150.6, 155.8, 163.0*P NMR (CDC}) & -0.38; HRMS [M+H] Cs:Hs4N-O;P calcd form/z
609.3669, found 609.3670; U¥ax 376 Nm € = 15792) in EtOH (9QM).
tert-Butyl-(2S,3R,4E)-1-[7-diethylaminocoumarin-4-yl-methoxy(2’-cyanoethoxy)-
phosphoryloxy]-3-(methoxymethoxy)-octadec-4-en-2-yl-carbamate (14)Phosphoramidite
13, which was prepared by treating alcoh8l (31 mg, 70 umol)with 2-cyanoethyl
diisopropylchloro-phosphoroamidite (47 uL, 0.21 mmol) and DIPEA (37 pL, 0.2blymim
THF (5 mL), was treated with coumagraccording to the procedure used for compaol@drhe
resulting phosphite was oxidized usingBuOOH and purified by chromatography

(hexane/EtOAc 2:1) to afford phosphd# (24 mg, 43%)™H NMR (CDCk) & 0.88 (t, 3H,J =
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6.4 Hz), 1.18-1.43 (m, 39H), 2.09 (g, 2H= 6.6 Hz), 2.78 (M, 2H), 3.36 (s, 3H), 3.44 (g, 4H,
= 7.1 Hz), 3.90 (br s, 1H), 4.05-4.38 (m, 5H), 4.49 (d, 1H,6.4 Hz), 4.69 (d, 1H] = 6.6 Hz),
4.95 (d, 1H,) = 8.9 Hz), 5.23 (m, 2H), 5.30 (dd, 1Bi= 8.5, 15.0 Hz), 5.78 (dt, 1H,= 6.6, 15.2
Hz), 6.18 (s, 1H), 6.51 (d, 1K,= 2.5 Hz), 6.58 (dd, 1H] = 2.5, 9.0 Hz ), 7.29 (d, 1H,= 9.0
Hz); °*C NMR (CDCE) & 14.1, 16.0, 19.6, 22.7, 28.3, 29.0, 29.2, 29.3, 29.4, 29.6, 29.7, 31.9,
32.3, 44.7, 53.8, 55.7, 61.7, 62.3, 64.6, 66.8, 76.2, 79.5, 93.6, 97.8, 105.4, 106.4, 108.7, 116.3,
124.3, 125.7, 138.0, 148.7, 150.8, 155.3, 156.3, 161M;NMR (CDCh) 6 -1.2; HRMS
[M+Na]™ C42HesN3010PNa calcd fom/z828.4540, found 828.4538.

(2S,3R,4E)-2-Amino-3-hydroxyoctadec-4-enyl (7-Diethylamino-coumarin-4-yl)
methyl 2’-Cyanoethyl Phosphate (15)The MOM and Boc groups of phosphdté (20 mg,
0.025 mmol) were removed according to the procedure used to prepare corfigouafiord
cyanoethyl-protected intermedial® (9.4 mg, 57%):R; 0.28 (CHCYMeOH 9:1); *H NMR
(CDCl) § 0.88 (t, 3H,J = 6.6 Hz), 1.21 (t, 6H) = 7.1 Hz), 1.25 (m, 23H), 1.80 (br s, 2H), 2.05
(0, 2H,J = 6.8 Hz), 2.81 (t, 2HJ = 6.1 Hz), 3.04 (br s, 1H), 3.42 (q, 4= 7.1 Hz), 4.02 (t, 1H,
J=6.5 Hz), 4.15-4.38 (m, 5H), 5.25 (d, 2Hs 7.4 Hz), 5.43 (dd, 1H = 7.3, 15.4 Hz), 5.78 (dt,
1H,J = 6.7, 14.7 Hz), 6.21 (s, 1H), 6.51 (d, 1H 2.5 Hz), 6.59 (dd, 1HI = 2.5, 9.0 Hz ), 7.27
(d, 1H,J = 9.0 Hz):*P NMR (CDC}) & -0.92.

(2S,3R,4E)-2-Oleamido-3-hydroxyoctadec-4-enyl (7-Diethylaminocoumarin-
4-yl)methyl Phosphate (2)A solution of compound5 (4.0 mg, 6.Qumol), p-nitrophenyl oleate
16 (10 mg, 0.024 mmol), and anhydrous potassium carbonate (3.0 mg, 0.021 mmol) was
suspended in a solution of anhydrous DMF (5 mL) angGTH(2 mL). After the reaction
mixture had stirred overnight, the mixture was concentrated undervaicuum. The product

was purified by chromatography (CH@®NeOH 9:1), followed by removal of suspended silica
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gel by filtration of a solution o2 in CHCk through a Cameo filter, affording coumarin-caged
ceramide 1-phosphat® (3.0 mg, 57%) as a pale yellow wa: 0.79 (CHCYMeOH 2:1);*H
NMR (CDCk) 8 0.87 (t, 6H,J = 6.5 Hz), 1.19 (t, 6H) = 7.1 Hz), 1.21-1.59 (m, 46H), 1.98 (m,
4H), 2.16 (t, 2HJ = 7.6 Hz), 3.43 (m, 4H), 3.86 (m, 1H), 4.00 (m, 1H), 4.12 (m, 1H), 4.26 (m,
1H), 5.04 (m, 2H), 5.33 (m, 2H), 5.45 (dd, 1Hs 7.4, 15.5 Hz), 5.71 (dt, 1H,= 6.7, 14.5 Hz),
6.27 (s, 1H), 6.48 (d, 1K = 2.2 Hz), 6.56 (dd, 1H] = 2.2, 9.0 Hz), 7.28 (d, 1H, = 9.0 Hz);
HRMS (M+H)" CsoHgsN2OgP calcd form/z873.6122, found 873.6125.
(2S,3R,4E)-2-Palmitamido-3-hydroxyoctadec-4-enyl  (7-Diethylaminocoumarin-
yl)methyl Phosphate (3).Compoundl (7.0 mg, 0.010 mmol) was-acylated according to the
procedure used to prepare compog@ndffording ceramid@& (7.0 mg, 82%) as a yellow soliB
0.60 (CHCYMeOH 2:1); p]*p +4.73° € 0.27, CHCL:MeOH 1:1);R; 0.62 (CHCYMeOH 2:1);
'H NMR (CDCE) 8 0.87 (t, 6H,J = 6.5 Hz), 1.16-1.53 (m, H), 1.96 (g, 2H= 6.9 Hz), 2.13 (t,
1H,J = 7.3 Hz), 3.38 (m, 4H), 3.88 (m, 1H), 4.01 (m, 1H), 4.12 (t,d#7.2 Hz), 4.26 (m, 1H),
5.04 (m, 2H), 5.44 (dd, 1H,= 7.2, 14.8 Hz), 5.70 (dt, 1H,= 6.3, 14.1 Hz), 6.28 (s, 1H), 6.43
(s, 1H), 6.54 (d, 1HJ = 8.0 Hz), 7.27 (d, 1H] = 8.3 Hz);**C NMR (CDCE) & 14.0, 22.6, 22.9,
23.6, 25.8, 28.8, 29.2, 29.3, 294, 29.5, 29.6, 29.7, 30.2, 31.9, 32.4, 36.4, 38.6, 44.6, 68.2, 97.4,
105.8, 108.8, 128.7, 130.9, 132.2, 134.7, 150.6, 155.8, 163.3, 167.9,*7ARIR (CDC}) & -
0.83; HRMS (M+H) CygHgaN-OgP calcd form/z847.5965, found 847.5973; U¥max 376 Nm ¢

= 15466) in EtOH (6@M).
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Chapter 5
Part B: Synthesis of 3-bromo-4-hydroxynitrophenyl benzyl-caged $pngosine 1-phosphate

and ceramide 1-phosphate analogs

Abstract
The synthesis of 3-bromo-4-hydroxynitrophenyl benzyl-caged sphingasoi®sphate
(BHNPB-caged S1P) and ceramide 1-phosphate analogs is repditdBBBcaged S1P in 50%
aqueous EtOH, pH 7.4, exhibited strong absorption at a wavelength ofnd® UV-visible
spectra and was also stable in the dark. Qualitative measureniiNPB-caged S1P uncaging
efficiency in 50% aqueous EtOH, pH 7.4, showed 100% uncaging aftem63pon irradiation

using a wavelength of 365 nm.

Introduction

The most prevalent cage employed to mask the activity of romagtive molecules is
the 2-nitrobenzyl group and its derivatives. Several modifications ofithebenzyl cage have
been made to improve the kinetics of release and absorptivity omtilecule at longer
wavelengths!? A bromohydroxyquinoline cage has been released by one-photon excisition
well as two-photon excitation (2PERecently, 2PE has emerged as a useful method because it
uses infrared wavelengths for photoexcitafidn.an attempt to increase the photolytic efficiency
and sensitivity to 2PE, we sought to incorporate bromo and hydroxy groapthetclassic
nitrobenzyl cage along with a phenyl group at the benzylic position by synthesB4ibgemo-4-
hydroxynitrophenyl benzyl alcohol (BHNPB, Chart 1). Incorporating phenyl group at the

benzylic position creates one more chiral center, which leadsdiastereomeric mixture of
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caged products. Incorporation of a hydroxy group into the cage can alsas@c¢he solubility of
the analog in water at physiological pH and enhance its rabkorptivity. We used this novel
cage to prepare sphingosine 1-phosphate (S1P) and ceramide 1-phdSpRateaged analogs
(1, 2, and3).

Chart 1. Structures of BHNPB-caged S1P (1) and C1P (2)

7 or 7 or
0 : 2

Results and Discussion

Synthesis of (4-bromo-5-methoxy-2-nitrophenyl)(phenyl)metéinol 9 (Scheme 1)The
BHNPB cage was prepared from 4-methoxy-2-methyl-1-nitrobenZriecheme 1). Oxidation
of a benzylic carbon-containing substituent ortho to a nitro group wested using DMF
dimethyl acetal, followed by oxidation of the intermediate enanwith NalQ, to afford an
aldehyde. This procedure was adopted to oxidize compo8ro aldehyde4.® Addition of
PhMgBr to aldehyde! followed by attempted bromination of alcoi®iwith NBS resulted in
undesired oxidation of the secondary alcohol, affording benzophénamevident from a peak
at§ 193.2 ppm characteristic of a benzophenone carbonyl group (see pdgeh@&fore, we
changed the strategy by heating nitrobenzéra reflux in acetonitrile with NBS overnight
(Scheme 1). However, after purification we still observed a suistaamount of the starting
material along with the product. Hence, a pressure tube wagargbds reaction; heating at 140

°C overnight resulted in a mixture of the desired brominated prodwmibng with other
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unseparable byproducts, but the starting material was complstesumed as observed by
NMR. The byproducts were removed by chromatography after oocudati the methyl group
with NalQ, to afford aldehydd. An addition reaction of aldehydewith PhMgBr afforded the
desired 3-bromo-4-methoxy-nitrophenyl benzyl alcol®l A reaction time of 30 min at -78 °C
is critical for this addition reaction, as decomposition of comp@&uves observed after 30 min.

Scheme 1. Synthesis of (4-bromo-5-methoxy-2-nitrophenyl)(phenglethanol 9

Ph
CH, R OH
a c
MeO NO, MeO NO, MeO NO,
3 Br Br

,: 7 (87%) R = CH, 9 (92%)
8 (54%) R = CHO

Reagents and conditions: (a) NBS, {Cl, pressure tube, 140 °C, overnight; (b) (i) DMF-DMA,
DMF, 140 °C, 16 h, (ii)) Nal®(3.6 equiv.), HO/DMF (4:1), 0 °C to rt, 8 h; (c) PhMgBr, THF,
-78 °C, 30 min.

Attempted synthesis of BHNPB-caged sphingosine 1-phosphaté&scheme 2).
Phosphoramidite chemistry was applied to couple comp@0Ondsed in the coumarin project,
with compound9. The phosphoramidite reaction afforded compo@ihdn a good yield, but
unfortunately the acidic conditions used for the attempted deproteesoited in cleavage of
the cage from the lipid moiety. However, the anisole methyl grouptlae methyl phosphate
ester of compound.1l were deprotected in a single step using Lil (20 equiv.) iluxieiy
pyridine overnight, affording demethylated prod@i2t(R; 0.63, CHC4{/MeOH 3:1). Compound
12 was tested for stability under acidic conditions by dissolvimg ¢ompound in 3 M

HCI/MeOH/CH,CI, (1:2:1) and stirring overnight at rt. Fortunately, there was noredisen of
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decomposition ofl2 but a new polar spot was observed by TLE @R8, CHC{MeOH 3:1),
which could arise from Boc group deprotection along with unred@ed

Scheme 2. Attempted synthesis of BHNPB-caged sphingosine 1-phospHste

OMOM
Ph Ph o :

OH OMOM 0-P-0" Y > CigHy
- a

OMe HN,

MeO NO, + HO™ Y > CiaHyy MeO NO, Boc
HN_
Br Boc Br
9 10 11 (64%)
Acidic conditions Acidic conditions
Decomposed product 1) BBr3in CH,Cl,, -78 T
2) 33% HBrin AcOH, 0 C
3) TMSBr, CH2C|2, rt
3) A|C|3, CH2C|2, rt
4) 1 M HCI/THF (1:1), rt
OMOM
Ph Y -
S
b OH HN_
— HO NO, Boc
Br
12 (85%)

Reagents and conditions: (a) BRr:NP(OMe)CI (1.5 equiv.), DIPEA (2 equiv.), THF, rt, 3 h,
(i) 10(2 equiv.), H-tetrazole (3 equiv.), C¥N, rt, 3 h, (iii) 1 Mt-BuOOH, toluene, rt, 1 h; (b)
Lil (20 equiv.), pyridine, reflux, overnight.

Synthesis of BHNPB-caged sphingosine 1-phosphate analog 1 h@&ue 3).
Considering the stability of compoud@ under mild acidic conditions and anticipating the harsh
conditions required to deprotect a MOM group, we decided to use a widesensitive
isopropylidene protecting group. Thus we prepared compaglidScheme 3) from erythro-
sphingosine in four steps. After the amino group of sphingagaseprotected as a carbamate,

the primary alcohol was selectively protected as a TBDPS.eeaction of the resulting
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intermediate with 2,2-dimethoxypropane in the presence of aytatamount of p-TsOH
afforded a N,O-isopropylidene acetal, and deprotection of the sdvbgusing TBAF afforded
protected-sphingosinel3. Alcohol 9 reacted with N,N-diisopropylmethylphosphonamidic
chloride, and the resulting intermediatt4 was purified by flash chromatography.
Phosphoramiditel4 was coupled with alcohol3 in the presence ofH:-tetrazole to afford
phosphitel5. Compoundl15 was purified by flash chromatography to overcome purification
problems after oxidation due to co-elution of the resulting phosphi#itteexcess alcohal3.
Phosphitel5 was oxidized withtert-butyl hydroperoxide to afford phosphaté in 70% over
three steps. The product is a diastereomeric mixture bechtisegeneration of two more chiral
centers as evident from th# NMR spectrum ofl6 (which shows four peaks). By employing
the deprotection strategy used in Scheme 2, phospbat@s converted to compourdd using
Lil in refluxing pyridine. Intermediat&7 was first treated with 3 M HCI/MeOH/CEI, (1:2:1)

at rt overnight and then heated at reflux for an additional 2 h to afford BHNPB cagédd S1P
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Scheme 3. Synthesis of BHNPB-caged sphingosine 1-phosphate analog 1

OH
- Cq3H
HOW013H27 _a» HOW 13H27
NHBoc N_ O
/
D-erythro-sphingosine Boc x

13 (47%, three steps)

i-Pr2!\|

Ph MeO—P. Ph QMe CiH
OH \O NO, O_P_OW 13M27
b c /N (@]
MeO NO, 2 O O MeO NO, Boc
Br Br Br
OMe
9 14 15
Ph OMe OH
O_ﬁ_OWC13H27 O_ﬁ_OWC13H27
d o N._ O e o} N_ O
—— MeO No, Boc” X —— HO NO, Boc” X
Br
16 (70%, three steps) 17 (90%)

W, o
(I? B
f O—P—OWC13H27
[ |
OH NH,
g

Br
1 (60%)

Reagents and conditions: (a) (i) BG¢ 1 N NaOH, EtOH/KD (2:1), (i) TBDPSCI, imidazole (4

equiv.), CHCl,, 3 h, (iii) 2,2-dimethoxypropang-TsOH-HO (cat.), benzene, 30 min, (iv)
TBAF, THF, 6 h, rt; (bJ-PNP(OMe)CI, DIPEA, THF, rt, 3 h; (3, 1H-tetrazole, CHCN, rt,

3 h; (d) 1 Mt-BuOOH in toluene, CECN, rt, 1 h; (e) Lil (20 equiv.), pyridine, reflux, overnight;

(H 3 M HCI/MeOH/CH.CI, (1:2:1), rt, overnight and gentle reflux, (50-60 °C), 2 h.
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Synthesis of BHNPB-caged ceramide 1-phosphate analog 2 from 1 (Schetphe
Compoundl was treated witlp-nitrophenyl palmitate in DMF/C¥Cl, (5:2) using KCOs as
base. Stirring the reaction mixture for 2 days afforded ceramide ahalog

Scheme 4. Synthesis of BHNPB-caged ceramide 1-phosphate analog 2 from 1

Q. . Q. e
0o ¢ 0o S
O—P—O/Y\/\CBHN a | O—P—O/Y\/\CBHN
| |
OH NH, OH  HN__CysHz;
HO Q NO, HO Q NO, hig
O

1 2 (77%)

Reagents and conditions: @hitrophenyl palmitate, gCO;, DMF/CH,CI, (5:2), 2 d.

Absorption spectra of BHNPB-caged S1P and C1P analogsigure 1 shows the UV-
visible spectra of compoundsand2. Caged S1R absorbs at 406 nne € 12000 M‘cm™) and
278 nm € = 6294 M'cm™) in 50% aqueous EtOH, 50% 10 mM Tris, pH 7.35. Caged Z1P
absorbs at 397 nm € 1747 M'cm!) and 320 nme(= 4111 M'cm™) in EtOH.

Figure 1. Absorption spectra of BHNPB-caged S1F ih 50% aqueous EtOH, pH 7.4,
and C1P2) in EtOH.
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Stability of caged S1P in buffer in the dark.The stability of BHNPB-caged S1R)(in
50% aqueous EtOH, 50% 10 mM Tris (1i7M®l), pH 7.35, was tested by withdrawing aliquots
from the solution over a period of seven days. The analysis showed no amdhgeR value
(0.35 CHC¥/MeOH 3:1) of the product, and no new spot was observed.

Qualitative measurement of uncaging efficiencyA 100 uM solution of BHNPB-caged
S1P @) in 50% aqueous EtOH and 50% 10 mM Tris, pH 7.35, was placed in a quartz cuvette and
irradiated at 365 nm at a distance of 1 cm with a conventionalaoW (Entela UVGL-25 UV
lamp). Aliquots were withdrawn at various times and analyzed b§ T{developed using
CHCIls/MeOH 2:1). The mechanism of photolysis of 2-nitrobenzyl caged compouads w
thoroughly studied and is known to generate 2-nitrosobenzaldehyde pisotioebyproduct of
the reactior. Similarly, our BHNPB uncaging experiment is expected to ggeem 2-
nitrosobenzophenone derivative as the byproduct (Figure 2). After bleatgippadiated for 65
min, the sample in the cuvette was concentrated and analyze®RK\s. The result shows a
strong peak at m/z 327.9596 (M+Na), which is the expected méss photo byproduct. Figure
3 shows that 100% photodecomposition of BHNPB-S1P took place after 65 min.

Figure 2. Uncaged photo-byproduct, 4-bromo-5-hydroxy-2-nitroso-benzophenone.

O NO

OH

Br

HRMS [M+Na]" C;3Hs" BrNOsNa calcd form/z327.9585, found 327.9596
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Figure 3. Qualitative measurement uncaging efficiencyof BHNPB-caged S1P1) in

50% aqueous EtOH, pH 7.4.

R -
[ e |

uncaged

Experimental Sectior

General Information. Pyridine was distilled over calcium hydride. Thdveots were
dried and the analyses were performed accordingeti@eneral informationescribed on page
10 and 72.

5-Methoxy-2-nitrobenzaldehyde (4). To a stirred solution of #nethoxy-2-methyl-1-
nitrobenzene (658 mg, 3.94 mmol) in dry DMF (5 mL) was ad N,N-dimethylformamide
dimethyl acetal (DMF-DMA) 1.5 mL, 11.82 mmol). Aftethe reaction mixture waheated at
140°C for 16 h, the dark red solution was cooled °C and added rapidly to a stirred solut
of NalOy (3.0 g, 14.2 mmol) in ,O/DMF (4:1, 10 mL) at O °C. After 8 &f stirring, the brown
solution was filtered, rinsethe reaction flaskwith toluenéEtOAc (1:1, 30 mL and again
filtered. The filtrate was washed witsaturated aqueous NaCl solutiord (L) and extracted
with EtOAc (2 x 25 mL) The organic phase was dried ,SOs) and concentrated, anthe
residue was pified by flash chromatography (hexdEtOAc 3:1) to affordd (660 mg, 92%)Rs
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0.25 (hexane/EtOAc 3:1JH NMR (CDCE) § 3.97 (s, 3H), 7.16 (dd, 1H,= 2.9, 9.0 Hz), 7.34
(d, 1H,J = 2.9 Hz), 8.19 (d, 1H) = 9.0 Hz), 10.49 (s, 1H)-*C NMR (CDCH) & 56.4, 113.3,
118.6, 127.3, 129.2, 134.4, 164.0, 188.6; HRMS [M&E4HsNO, calcd form/z180.0296, found
180.0303

(5-Methoxy-2-nitrophenyl)(phenyl)methanol (5).To a solution ofaldehyde4 (90 mg,
0.497 mmol) in THF (10 mL) at -78 °C was added slowly a solution ofgBiNIL mL, a 1.0 M
solution in THF, 1 mmol). After the reaction mixture was stira¢ this temperature for 30 min,
the reaction was quenched with 1 M HCI (15 mL). The product wasatetr with E{O (2 x 20
mL). The organic layer was dried (M&0;), and concentrated, and the residue was purified by
flash chromatography (hexane/EtOAc 3:1) to afférd20 mg, 93%)*H NMR (CDCh) & 3.15
(br s, 1H), 3.90 (s, 3H), 6.51 (s, 1H), 6.89 (dd, d&,2.9, 9.0 Hz), 7.32 (m, 6H), 8.09 (d, 1H,
=90 HZ);13C NMR (CDCh) & 55.9, 71.9, 113.0, 114.3, 127.1, 127.9, 128.5, 140.9, 141.5,
142.0, 163.7.

(5-Methoxy-2-nitrophenyl)benzophenone (6). N-Bromosuccinimide (45 mg, 0.25
mmol) was added to a solution of benzylic alcoBdP5.9 mg, 0.1 mmol) in C}¥N (5 mL).
After the reaction mixture was heated at reflux overnight, résetion was quenched with
saturated aqueous pRO;s; solution (15 mL), and the product was extracted wit©HER x 15
mL), dried (NaSQy), and purified by chromatography (hexane/EtOAc 3:1). Instead of the
desired brominated product, we observed that the benzylic alcohol waszedxidd
benzophenoné (20 mg, 78%)R: 0.48 (hexane/EtOAc 3:1JH NMR (CDCk) & 3.95 (s, 3H),
6.91 (d, 1HJ = 2.7 Hz), 7.10 (dd, 1H] = 2.7, 9.2 Hz), 7.47 (m, 2H), 7.61 (m, 1H), 7.78 (m,
2H), 8.27 (d, 1HJ = 9.2 Hz);**C NMR (CDCk) & 56.3, 113.3, 115.3, 127.0, 128.8, 129.1,

133.8, 135.8, 138.9, 164.2, 193.2.
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1-Bromo-2-methoxy-4-methyl-5-nitrobenzene (7)To a solution of nitrobenzerg(2.2
g, 13.2 mmol) in CKHCN (8 mL) in a pressure tube was adéedromosuccinimide (8.2 g, 45.8
mmol). The tube was sealed and the contents were heated to 140 °C overnight on an oil bath. The
reaction mixture turned brownish-red overnight. After the reactisyquanched with saturated
aqueous Ng£5,03 solution (150 mL), the product was extracted withCE€2 x 150 mL), dried
(NaSQy), and purified by chromatography (hexane/EtOAc 3:1) to afford mated produc?
along with other byproducts that were not separable by chroragtogrhexane/EtOAc 3:1).
The product mixture (2.8 g, 87%) was used directly in the nextRt@®29 (hexane/EtOAc 3:1);
'H NMR (CDCL) & 2.66 (s, 3H), 3.98 (s, 3H), 6.76 (s, 1H), 8.31 (s, T#0;NMR (CDCk) &
21.7, 56.8, 108.9, 114.3, 125.2, 130.4, 136.3, 141.9, 159.3; HRMS [M-BHTHC;HsNO;
calcd form/z152.0348, found 152.0349.

4-Bromo-5-methoxy-2-nitrobenzaldehyde (8).Oxidation of bromide7 (2.3 g, 9.3
mmol) was performed according to the procedure used to prepare comgpoaffdrding
aldehyde8 (1.3 g, 54%) which was purified by chromatography (hexane/EtORc B 0.22
(hexane/EtOAc 3:1)*H NMR (CDCh) & 4.09 (s, 3H), 7.38 (s, 1H), 8.43 (s, 1H), 10.50 (s, 1H);
3¢ NMR (CDCh) & 57.4, 110.5, 116.8, 130.3, 132.6, 142.3, 160.5, 187.7; HRMS [M-H]
CgHs"*BrNO; calcd form/z257.9402, found 257.9407.

(4-Bromo-5-methoxy-2-nitrophenyl)(phenyl)methanol (9).The addition of PhMgBr to
aldehyde8 (200 mg, 0.77 mmol) was performed according to the procedure used &veprep
compoundb, affording addition produd@ (240 mg, 92%)R; 0.32 (hexane/EtOAc 3:13H NMR
(CDCl) & 2.96 (br s, 1H), 3.96 (s, 3H), 6.52 (s, 1H), 7.27 (m, 5H), 7.37 (s, 1H), 8.28 ($3aH);
NMR (CDCk) 6 57.0, 71.7, 110.5, 110.9, 127.1, 128.3, 128.7, 130.6, 140.6, 141.2, 160.0: HRMS

[M+COOH] CisH13 "BrNOg calcd form/z381.9926, found 381.9931.
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tert-Butyl-(2S,3R,4E)-1-[((4’-bromo-5’-methoxy-2’-nitrophenyl)(phenyl)methoxy)
(methoxy)phosphoryloxy]-3-(methoxymethoxy)octadec-4-en-2-yl-carbamate(11l): To a
solution of compoun® (40 mg, 0.12 mmol) in THF (8 mL) was added diisopropylethylamine
(41 pL, 0.24 mmol). Methyl diisopropyl phosphoramidochloridite (84 0.18 mmol) was then
added slowly to the reaction mixture at rt under After the reaction mixture was stirred at the
same temperature for 3 ho®I (8 mL) was added and the product was extracted with EtOAc (2 x
8 mL). The organic layer was dried (#$2) and concentrated, and the product was purified by
flash chromatography (hexane/EtOAc 3:1) to afford a phosphorammié@emediate: R0.55
(hexane/EtOAc 3:1). A mixture of the phosphoramidite intermediaten{§70.1 mmol) and
protected sphingosinE) (84 mg, 0.20 mmol) was dried by lyophilization from benzene, and the
residue was dissolved in GEIN (5 mL). The resulting solution was transferred by cannula to a
solution of H-tetrazole (20 mg, 0.30 mmol) in GEN (3 mL) at rt. After 3 h, complete
consumption of the phosphoramidite took place as observed by TLC (hexafhe/&1). The
reaction mixture was then quenched with saturated aqueous Nast@@on (10 mL) and the
product was extracted with EtOAc (2 x 15 mL), dried £8{&;), concentrated, and purified by
flash chromatography (hexane/EtOAc 3:1) to afford a phosphatemedete: Rr 0.50
(hexane/EtOAc 3:1). To the intermediate phosphite was adBa®OH (0.2 mL, 1 M solution
in toluene, 0.20 mmol) at rt. After 1 h, TLC indicated the completeersion of the phosphite
to the corresponding phosphaté. The reaction mixture was concentrated and purified by
chromatography (hexane/EtOAc 3:1) to afford phosphate (65 mg, 64%): R 0.18
(EtOAc/hexane 1:3)H NMR (CDCk) & 0.88 (t, 3HJ = 6.6 Hz), 1.25 (m, 22 H), 1.41 (s, 9H),
2.03 (m, 2H), 3.30 (s, 3H), 3.61 (dd, 2H= 2.0, 11.3 Hz), 3.68 (dd, 1H,= 4.9, 11.4 Hz), 3.79

(m, 1H), 3.93 (m, 2H), 4.06 (s, 3H), 4.18 (m, 1H), 4.43 (d,1H,6.6 Hz), 4.62 (d, 1H] = 6.6
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Hz), 4.74 (m, 1H), 5.20 (m, 1H), 5.66 (M, 1H), 7.24 (m, 1H), 7.34 (m, 5H), 7.46 (m, 1H), 8.36
(m, 1H);**C NMR (CDC}) § 14.1, 22.7, 28.3, 29.0, 29.2, 29.3, 29.5, 29.6, 29.7, 31.9, 54.5, 55.7,
57.1, 66.6, 79.5, 93.5, 110.0, 111.3, 125.6, 127.8, 128.5, 128.7, 128.9, 129.0, 130.8, 137.7, 138.0,
139.7, 155.3, 160.25'» NMR (CDC}) & -0.62, -0.74, -0.86, -1.00; HRMS [M+Na]
CaoHez”'BrN,O1;PNa calcd fom/z881.3152, found 881.3152.
tert-Butyl-(2S,3R,4E)-1-[((4’-bromo-5’-hydroxy-2’-nitrophenyl)(phenyl)methoxy)
(hydroxy)phosphoryloxy]-3-(methoxymethoxy)octadec-4-en-2-yl-carbamaté 2): A solution
of phosphatd.1 (15.5 mg, 0.02 mmol) and anhydrous Lil (53.5 mg, 0.40 mmol) in dry pyridine
(2.5 mL) was heated at reflux overnight. The reaction was quéneith saturated aqueous
NH4Cl solution (10 mL) and the product was extracted with,@ (3 x 10 mL), dried
(Na&SQy), concentrated, and purified by chromatography (GH@EOH 3:1) to afford di-
demethylated compound2 (14 mg, 85%):R: 0.63 (CHC{MeOH 3:1); HRMS [M+H]
CasHso "BrN,O11P calcd form/z829.3040, found 829.2864.
(4S,5R,1’E)-tert-Butyl-4-(hydroxymethyl)-2,2-dimethyl-5-(pentadec-1'-enyl)-
oxazolidine-3-carboxylate (13)° To a solution of Derythro-sphingosine (400 mg, 1.3 mmol)
in EtOH/H,O (2:1, 9 mL) was added aqueous 1 N NaOH (3.9 mL, 3.9 mmol) and
(Boc)O (851 mg, 3.9 mmol). The reaction mixture was stirred at it tinet consumption of the
starting material was observed by TLC (hexane/EtOAc &1):12. The reaction was quenched
with saturated aqueous NEI solution (30 mL), and the product was extracted with EtOAC (2
25 mL), dried (NaSQOy), and concentrated. The resulting residue was purified by flash
chromatography (hexane/EtOAc 3:1) to afford MiBoc-sphingosine derivative (495 mg, 95%):
Rf 0.22. The Boc derivative (180 mg, 0.45 mmol) was thoroughly dried in vacuurheamevas

dissolved in CHCI, (10 mL). After imidazole (122 mg, 1.8 mmol) and TBDPSCI (2860.90
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mmol) were added, the reaction mixture was stirred for 3 h ahdtthen was concentrated. The
residue was purified by flash chromatography (hexane/EtOAc . D)65. To a solution of the
silylated primary alcohol in benzene (30 mL) were added 2,2-dimgbhopane (22QuL, 1.8
mmol) andp-TsOH-HO (1 mg, 0.010 mmol). The reaction mixture was heated at reflux in a
Dean-Stark trap for 30 min. The reaction was quenched with saturated aqueous;isaltiGah
(15 mL) and the product was extracted with EtOAc (2 x 15 mL)ddiaSO,), concentrated,
and purified by flash chromatography (hexane/EtOAc 3:1) to diffie isopropylidene
derivative: Rs 0.75. The isopropylidene intermediate was treated with TBAF (11.251ni,
solution in THF, 11.25 mmol) for 6 h at rt. The reaction mixture erkged with HO (10 mL),
and the product was extracted with EtOAc (2 x 15 mL), dried§RNg, concentrated, and
purified by flash chromatography (hexane/EtOAc 3:1) to afford isopiagngl3 (92 mg, 47%):
R 0.51 (hexane/EtOAc 3:1)H NMR (CDCk) § 0.88 (t, 3HJ = 6.8 Hz), 1.26 (m, 22H), 1.49 (s,
9H), 1.54 (s. 3H), 1.60 (s, 3H), 2.07 (q, 2Hs 5.6 Hz), 3.50 (br s, 1H), 3.65 (m, 1H), 3.80 (m,
1H), 4.09 (m, 1H), 4.57 (m, 1H), 5.46 (dd, 1Hs 7.5, 15.2 Hz), 5.88 (dt, 1H,= 6.5, 13.8 Hz);
¥C NMR (CDCE) 6 14.1, 22.7, 24.7, 27.8, 28.4, 28.8, 29.2, 29.3, 29.4, 29.5, 29.7, 31.9, 62.0,
63.8, 81.2, 92.9, 123.2, 137.5, 154.4; HRMS [M+N&}¢HsgNNaQ;, calcd form/z 462.35509,
found 462.3554.
(4S,5R,1"E)-tert-Butyl-4-((((4’-bromo-5’-methoxy-2’-nitrophenyl)(phenyl)meth oxy)
(methoxy)phosphoryloxy)methyl)-2,2-dimethyl-5-(pentadec-1"-enyl)oxazadine-3-
carboxylate (16).To a solution of compound (44 mg, 0.13 mmol) in THF (8 mL) was added
DIPEA (54 uL, 0.31 mmol). Methyl diisopropyl phosphoramidochloridite (81, 0.26 mmol)
was then added slowly to the reaction mixture at rt ungerAMer the reaction mixture was

stirred at the same temperature for 3 BOH8 mL) was added and the product was extracted
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with EtOAc (2 x 8 mL). The organic layer was dried {8@;), concentrated, and the product
was purified by flash chromatography (hexane/EtOAc 3:1) to affbosphoramiditd4: R;0.65
(hexane/EtOAc 3:1). A mixture of phosphoramiditd (52 mg, 0.1 mmol) and protected
sphingosinel3 (88 mg, 0.20 mmol) was dried by lyophilization from benzene, and tiduees
was dissolved in C¥CN (5 mL). The resulting solution was transferred by cannulastdwdion
of 1H-tetrazole (21 mg, 0.30 mmol) in GEN (3 mL) at rt. After 3 h, complete consumption of
the phosphoramidite took place as observed by TLC (hexane/EtOAcTBd )reaction was
guenched with saturated aqueous NaH&@ution (10 mL), and the product was extracted with
EtOAc (2 x 15 mL), dried (N&O,), concentrated, and purified by flash chromatography
(hexane/EtOAc 3:1) to afford phosphité: R; 0.55. To the intermediate phosphite was adeded
BuOOH (0.3 mL, 1 M solution in toluene) at rt. After 1 h, TLC iradex] the complete
conversion of the phosphite to the corresponding phosphate. The readkturenwas
concentrated and purified by chromatography (hexane/EtOAc @:alfdrd phosphat&6 (60
mg, 70%): R0.15 (EtOAc/hexane 1:3fH NMR (CDCk) & 0.88 (t, 3H,J = 6.7 Hz), 1.26 (m,
22H), 1.46 (s, 9H), 1.53 (s. 3H), 1.64 (s, 3H), 2.07 (m, 2H), 3.64 (m, 3H), 3.86 (n8.281)m,
1H), 4.06 (m, 4H), 4.50 (m, 1H), 5.48 (m, 1H), 5.88 (m, 1H), 7.25 (m, 1H), 7.32 (M76H)
(m, 1H), 8.37 (s, 1H)**C NMR (CDC}) & 14.1, 22.7, 28.3, 29.0, 29.4, 29.5, 29.6, 29.7, 31.9,
32.5,54.4,57.1, 59.2, 80.3, 93.1, 110.0, 111.3, 122.8, 127.9, 128.0, 128.6, 129.0, 130.8, 137.9,
139.8, 160.1; * NMR (CDCk) & -1.60, -1.46, -1.31, -1.13; HRMS [M+Na]
Ca1Hs2BrN2O10PNa calcd fom/z 875.3223 found 875.3218.
(4S,5R,1”E)-tert-Butyl-4-((((4’-bromo-5’-hydroxy-2’-nitrophenyl)(phenyl)methoxy)
(hydroxy)phosphoryloxy)methyl)-2,2-dimethyl-5-(pentadec-1"-enyl)oxazotline-3-

carboxylate (17). The anisole methyl group and the methyl phosphate ester of comfaéund
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were deprotected according to the procedure used to prepare con@paffdrding compound
17 (37 mg, 90%)R: 0.60 (CHCYMeOH 3:1);'H NMR (CD;OD) & 0.78 (t, 3H,J = 6.6 Hz),
1.18 (m, 31H), 1.38 (m, 6H), 1.90 (m, 2H), 3.79 (m, 3H), 4.40 (m, 1H), 5.42 (m, 1H), 5.69 (m,
1H), 6.99 (m, 1H), 7.23 (m, 6H), 7.53 (m, 1H), 8.20 (m, TA;NMR (CD:OD) & -2.92, -2.03;
HRMS [M+Na]" CseHss> BrN,O10PNa calcd fom/z849.2889, found 849.2894.
(2S,3R,4E)-2-Amino-3-hydroxyoctadec-4-enyl-(4’-bromo-5’-hydroxy-2’-
nitrophenyl)(phenyl)methyl Hydrogen Phosphate (1).A solution of phosphatd7 (25 mg,
0.030 mmol) in 3 M HCI/MeOH/ CkCl, (1:2:1, 4 mL) was stirred at rt overnight. The reaction
mixture was gently heated at reflux at 50-60 °C for 2 h. Theiosastixture was then diluted
with CH,Cl, (30 mL) and washed with brine (10 mL). The organic layer wasldNaSQO,) and
concentrated. The residue was purified by chromatography WM&DH 6:1, 3:1), followed by
removal of suspended silica gel by filtration of a solutiod of CHCL through a Cameo filter,
to afford BHNPB-caged S1P(12 mg, 60%) as a yellow soli& 0.35 (CHCYMeOH 3:1);:*H
NMR (CDsOD) 6 0.89 (t, 3H,J = 7.0 Hz), 1.28 (m, 22H), 2.03 (m, 2H), 2.95 (m, 1H), 3.59 (m,
1H), 3.75 (m, 1H), 4.07 (m, 1H), 5.28 (dd, 1Hs 6.5, 15.4 Hz), 5.70 (dt, 1H,= 6.7, 14.7 Hz),
7.02 (m, 1H), 7.25 (m, 5H), 7.44 (m, 1H), 8.25 (m, 18§ DEPT-45 NMR (CROD) § 14.5,
23.7, 30.2, 30.4, 30.5, 30.6, 30.7, 30.8, 33.1, 33.3, 57.0, 63.3, 70.6, 76.4, 116.8, 127.8, 128.8,
129.0, 129.2, 129.3, 129.4, 131.8, 136.3, 138B:NMR (CD:OD) § -1.41, -1.20; HRMS [M-
H]™ Cs1H4sBrN2OgP calcd form/z 683.2096, found 683.2095; UWinax 406 nm ¢ = 12000 M
lem™), 278 nm ¢ = 6294 M'cm™) in 50% aqueous EtOH, 50% 10 mM Tris, pH 7.35 (iLID).
(4’-Bromo-5-hydroxy-2’-nitrophenyl)(phenyl)methyl-(2 S,3R,4E)-3-hydroxy-2-
palmitamidooctadec-4-enyl Hydrogen Phosphate (2A solution of compound (1.0 mg, 1.5

umol), p-nitrophenyl palmitate (1.7 mg, 4{nol), and anhydrous potassium carbonate (1 mg,
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4.5 umol) was suspended in a solution of anhydrous DMF (1.25 mL) an@le@.5 mL). After

the reaction mixture had stirred for 2 days, the mixture wasentrated under high vacuum.
The compound was purified by chromatography (GAMBEOH 6:1), followed by removal of
suspended silica gel by filtration of a solution of compofmma CHCL through a Cameo filter,
affording BHNPB caged C1P (1 mg, 77%): R 0.33 (CHC{MeOH 6:1); 'H NMR
(CDCl/CD;OD 30:1)5 0.83 (t, 6HJ = 6.8 Hz), 1.25 (m, 46H), 1.92 (m, 2H), 2.10 (m, 2H), 3.58
(m, 1H), 3.83 (m, 1H), 3.92 (m, 2H), 4.0 (m, 1H), 5.34 (m, 1H), 5.62 (m, 1H), 7.02 (m, 1H), 7.23
(m, 5H), 7.50 (m, 1H), 8.29 (m, 1H)°C DEPT-45 NMR (CDGJCD,OD 30:1)5 14.1, 19.8,
22.7,29.3, 29.4, 29.5, 29.6, 29.7, 29.8, 30.2, 31.9, 32.4, 36.5, 53.5, 57.0, 71.4, 74.4, 77.4, 110.8,
127.5, 127.7, 128.2, 128.4, 130.3, 135'8; NMR (CDCh/CD;0OD 30:1)8 -1.23, -1.11; HRMS
[M+Na]* Cs47H76BrN.OgPNa calcd form/z 945.4369, found 945.4363; UVnax 397 nm € =

1747 M*emY), 320 nm ¢ = 4111 M'cm™) in EtOH (170uM).
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