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SUMMARY 

Abstract:. An easy technique for introduction of tritium into the I-position of sphingosine was 
developed, employing regiospecific oxidation of the primary hydroxy group followed by reduction with 
NaB3H,. An improved preparation of t4,Bdimethylsphingosine and its quatemization are also 
described. 

Key words: deuterium, tritium, sphingosine, N,Ndimethylsphingosine. N,N,!,N-trimethylsphingosine 

INTRODUCTION 

A breakdown product of cellular sphingolipids, (2S,3~,4EJ2-amino4-octadecene-1,3-diol 

(sphingosine) (I), has been shown to be a modulator of protein kinase C (PK-C) (1) and epidermal 

growth factor (EGF) receptor kinase (2). Recently, it was reported that N,Ndimethylsphingosine (2) 

inhibts PKC act iv i  much more strongly than 1 and promotes EGF receptor kinase (3). Furthermore. it 

was shown that N,N,N-trimethyIsphingosine (3J is a much more potent effector on PK-C and, in contrast 

to 2, inhibts EGF receptor kinase (4). These biological effects raise the possibility that 1, 2, and 3 may 

have a pharmacological use for the prevention of tumor growth and other pathological processes, since 

protein kinases are the pivotal enzymes in cell regulation and signal transduction (5). The 
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enzymatic transformation of 1 to 2 was recently demonstrated in the crude homogenate of mouse brain 

tissue, indicating the natural occurrence of N-methyltransfarase responsible for conversion of 1 to 2 (6). 

To gain further insigM into their physiological functions and to study their pharmacological 

applications, the availability of simple procedures for introducing radioisotopes into these molecules is 

of importance. Four methods are available: a) a biosynthetic method starting from radioactive Serine 

(7); b) labeling in the course of total synthesis (8); c) catalytic reduction in which tritium is added to the 

double bond yielding dihydrosphingosine-l,ghz (9); and d) an oxidation-reduction method in which 1 

is oxidized to the 3-keto derivative, which is then reduced back with NaB3H,, giving a mixture of 1. and 

its (SS-isomer with tritium at the %position (10). Each of these methods, however, suffers 

disadvantages: a) a product with relatively low specific radioactivity (method a); b) multistage chemical 

syntheses (method b); and c) complete saturation (method c) and loss of stereochemistry at the 

3-position (method d). both of which may result in physiological functions differing from those of the 

original molecule (3). We describe herein a convenient tritiation of 1 at the 1-position, featuring 

regiospecific oxidation of the primary hydroxy group, followed by reduction with NaB'H,. Thus, the 

method provides tritium labeled 1 ( ia, 11) with complete retention of the original sterochemistry. 

RESULTS AND DISCUSSION 

Only a few successful methods exist to oxidize the primary hydroxy group into the corresponding 

aldehyde while the secondary hydroxy group remains intact (11). In 1986 Schick et al. (12) reported a 

novel two-step method comprised of trimethylsilylation followed by oxidation with Collins reagent (13). 

This method was found to be successful for our purpose. 

The readily available N-tert-butoxycarbonylsphingosine @lJ (3b) was treated with a mixture of 

Me,SiCI, Me.$iNHSiM%. and dry pyridine under dry nitrogen (14) at room temperature for 1 h to give a 

9:l mixture of di-Q- and mono-Q-trimethylsilyl derivatives p and p, which were separable by a flash 

column chromatography (15) on silica gel with 8:l hexane-EtOAc as an eluent. In the 'H NMR 

spectrum of 5, a triplet of doublets u = 11.0 and 3.5 Hz) at 6 3.57 ppm and a broad doublet Q = 

11.0 Hz) at 6 4.00 ppm due to the two H-1 protons changed to a doublet of doublets (I! = 11 .O and 

3.5 Hz) and a sharp doublet @ = 11.0 Hz), respectively, upon deuteration, being consistent with the 

assigned structure. Since compound 5 seemed to be slowly converted into 6 in contact with silica gel, 

the mixture of 3 and p was oxidized, without separation, with a Collins reagent, prepared from CrO, 

and dry pyridine (12a, 13), at room temperature for 1 h, yielding the desired aldehyde I as the major 

product. Purification of 1 was not performed due to its instability. 
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Reg'bspecificily of this oxidation was confirmed by reduction of 1 with NaB'H,. Treatment of 

crude 1 with NaB'H, in MeOH at room temperature for 30 min yielded deuterio derivative 4 as a 

colorless solid in 73% yield from 9. Aciddysis of with CF,COOH at 0" for 5 min produced 

sphingasine-1-b (lOJ quantitatively. It was clear from the 'H-NMR spectra of 1 and lo (Fig. 1) that lo 

A 

Fig.1. 'H NMR spectra (1:l CDC13-CD300) of A: sphingosine - l - -g t ls )and B:sphingosine(1). 
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was regiospecifically deuterated at C-1. The conversion of C,HH to CIHZH collapsed the two pairs of 

doublets at 6 3.57 and 3.68 ppm (Fig. 1-8) to two doublets at 6 3.55 and 3.66 ppm, partially 

overlapping the pair of doublets due to the residual C,HH (Fig. I-A). The triplet of doublets at 6 2.77 

ppm assignable to H-2 in I also collapsed to a broad triplet in lo. Both CIHZH and C12HH in lo are 

0.02 ppm more shielded than C l m  in 1 due to the deuterium effect (16). 

Sphingosine-1-3 (11) was then synthesized by the same sequence of reactions as described 

above, except that 1 was treated with NaB3H, (26 Ci/mmol) for 15 min and then with NaBH, for 15 rnin, 

leading to 9: radiochemical purity 97%; specific activity 97 mCi/mmol. 

Compound lo was converted to N,Ndimethyl derivative 12 more efficiently than in the method 

previously reported (3b). Thus a mixture of lo and 37% aq HCHO in a buffer solution (NaOAc-AcOH- 

H20, pH 4.8) was treated with NaBH,CN to give 12 in 80% yield. 

Quatemization of 12 with iodomethane in dry CHC5 at room temperature in the dark overnight 

precipitated N,N,N-trimethyl derivative 13 (Y=l- )  in 86% yield, which was transformed to its chloride salt 

- 13 (Y-=Cl-) by mixing with Dowexo 1x2 (CI-) resin in H,O. Direct quaternization (17) of 1 was 

unsuccessful. 

In conclusion, the present method allows the ready introduction of tritium to 1 (and thus 2 and 3) 

with complete retention of their stereochemistry. 

EXPERIMENTAL 

General methods. - 'H NMR spectra were recorded on a Bruker WM-500 spectrometer in CDCI,. 

1:1 CDC&-CD,OD, or D,O. Chemical shift standards were Me,Si for CDCI, and CDCI,-CD,OD, and 

acetone (6 2.09 ppm relative to NS) for D,O. TLC was performed on precoated Silica gel 60 F,,, 

plates (Merck, Darmstadt; 0.25 mm) and visuallized by spraying with 0.5% orcinol in 10% aq H2S0, or 

0.2% ninhydrin in EtOH followed by heating. Preparative TLC was carried out on precoated Silica gel 

60 plates (Merck, Darmstadt, 0.5 mm) and spots were detected by a H,O spray. Silica gel used for 

flash column chromatography (15) was purchased from EM Science (Gibbstown, NJ; 230-400 mesh). 

High-resolution mass (HRMS) was obtained by M.E. Saylan of this Institute using JEOL JMS-HX 11 0 

mass spectrometer under FAB mode. Radioactivity was measured on a Beckman LS 3801 Liquid 

Scintillation Counter. 

Trlmethykllylrtlon of ~-~butoxy~rbonyC(2S_,3~,4~-2-rmlno-4-octadecene-l,3-dlol (4J. - 

Compound 3 (1 5 rng), prepared from (~,3~,4EJ-2-amino4-octadecene-l ,Mi01 (sphingosine) (1) 
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(Sigma, St. Louis, MO) (3b), was treated with a mixture of M e $ i i l  (9.7 pL, 2.0 equiv), Me3SiNHSiMe, 

(32.4 pL, 4.0 equiv), and dry pyridine (1 mL) under dry nlrogen at room temperature for 1 h. Addition 

of dry Et,O (10 mL), followed by removal of a fine precipitate (NH,CI) using a syringe filter (0.2 prn) and 

concentration, yielded a colorless solid. This was further treated with dry Et,O (10 mL) to remove 

residual NH,CI. The resulting colorless syrup (21 mg) was found to be a 9 1  mixture of 1,3-di-Q- 

t r i m e t h y l s i l y l - ~ - t ~ - b u t o ~ ~ ~ l - ( ~ , ~ , 4 ~ - 2 - ~ i ~ - o c t a d ~ e n e - l , 3 d i o l  5 (Rf 0.8) and 3-Q- 

t r i m e t h y l s i l y l - ~ - ~ - b u t o ~ c ~ ~ ~ l - ( ~ , ~ , 4 ~ - 2 - a m i n ~ - o c t a d e c e n e - l  ,3diol 5 (Rf 0.4) on TLC (3:l 

hexane-EtOAc). Fhsh column chromatography (15) of the mixture on silica gel with 8:l hexane-EtOAc 

as an eluent gave 5 and 5. Compound 5: colorless syrup; 'H NMR (CDCQ 6 0.08 (s, 9) and 0.10 (s, 

9) (2xSiMeJ, 0.88 (t, 3, J = 7.0 Hz, Me), 1.23-1.40 (m, 22, llxCli2), 1.43 (s, 9, CMQ, 2.00 (q, 2, J = 

7.0 Hz. 2%H-6), 3.54 (br s, 1, H-2). 3.58 (br d, 1. J = 10.5 Hz) and 3.76 (dd. 1, J = 11.0 and 4.2 Hz) 

(aH-l), 4.13 (br s, 1. H-3), 4.70 (br s, 1, NU, 5.43 (dd, 1, J = 15.3 and 7.3 Hz, H4), and 5.60 (dt, 1, 

J = 15.3 and 7.0 Hz, H-5); HRMS 544.4214 (C,H,,NO,Si,+H, A-0.0005). Compound 5: colorless 

syrup; 'H NMR (CDCId 6 0.11 (s, 9, SiMed, 0.88 (t3, J = 7.0 Hz, Me), 1.23-1.40 (m, 22, IlxCH,), 1.46 

(s, 9, C M q ,  2.03 (q, 2, J = 7.0 Hz, 2xH-6), 2.94 (br d, 1, J = 8.0 Hz, C,-OHJ, 3.44 (br s, 1, H-2), 3.57 

(td, 1, J = 11.0 and 3.5 Hz, changing to dd with 4 = 11.0 and 3.5 Hz on deutratbn) and 4.00 (br d 1, 

J = 11.0 Hz, changing to sharp d on deuteration) (2xH-l), 4.44 (s, 1, Ha), 5.32 (m, 1, NH, 5.45 (dd, 1, 

J = 15.0 and 5.9 Hz, H4), and 5.70 (dt. 1, J = 15.0 and 7.0 Hz, H-5); HRMS 494.3628 

(C,,H,,NO,Si+Nq A-0.0013). 

Compound 5 seemed to be slowly converted into 6 in contact with silica gel. For the preparation 

of deuterium- and tritium-labeled sphingosine 

subjected to the next oxidation without separation. 

and fi, respectively), the mixture of 5 and 5 was 

-- N - t e r t - B u t o x y ~ r b o n y I - ( ~ , 3 ~ 4 ~ - 2 - . m i n o l , 3 - d l o l - ~ - ~  @. The mixture of 5 and 

- 6 (20.6 mg), obtained above, was dissolved in dry CH,CI, (0.5 mL). The solution was added dropwise 

to a precooled solution of Collins reagent, prepared from CrO, (22.5 mg, 6.0 equiv to 9 and dry 

pyridine (36.5 pL, 12 equiv to 4J in dry CH2Clz (1 mL) (12a), with stirring in an ice-bath. After the 

addition, the ice was allowed to melt and the mixture was stirred vigorously for 1 h. The reaction 

mixture was then passed through a short d u m n  (e 0.5 cm, 4 cm) of silica gel (70-230 mesh) and 

concentrated to a pale yellow syrup (18 mg) containing 1 as the major product at R, 0.4 on TLC (8:l 

hexane-EtOAc). Further purification of 7 was not performed due to its instability. 

The crude 1 was dissolved in dry MeOH (1 mL) and treated with NaB2H, (Aldrich. Milwaukee, WI; 
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98% atom 'H) (2 mg) at room temperature for 30 min. The reaction mixture was acidified with 

Amberlitee IR 120 (H') resin and concentrated to dryness. Purification by preparative TLC (Rf 0.4, 1:l 

hexane-EtOAc) yielded g (I  1 mg, 73% yield from 4J as a colorless solid: HRMS 423.331 8 

(C,,H,~HNO,+Na, AO.0009). 

The 'H NMR spectrum (CDCId was identical with that of the authentic sample 4 (3b). except for 

the two H-1 protons which appeared as two multiplets centered at d 3.70 and 3.92 ppm with the 

integral of ~0 .6  each. 

(2~,3~,4~-2-Amlno-4-odadecene-l,3-diol-~-~ (lOJ. - Compound (1 1 mg) was treated with 

CF,COOH (0.5 mL) under dry nitrogen at 0" for 5 min. Concentration and treatment with Amberliteo 

IRA 400 (OH-) resin in MeOH (I  mL) produced lo (8.3 mg, quantitative) as a colorless solid: HRMS as 

[M+H-H,O]' 283.2860 (C,,H,'HNO+H, A-O.0001). 

The 'H NMR spectrum (1:l CDC$-CD30D) was identical with that of the authentic sample 1, 

except for the two H-1 protons and H-2 proton as shown in Fig. 1. 

(2~,3~,4~-2-(Dlmelhylamlno)4-octrdecen~l ,3-dlol -~~ (l2J. - To a solution of lo (20 rng) in a 

buffer solution (1 mL, pH 4.8), prepared from NaOAc-3Hz0 (13.6 g), AcOH (6 mL), and H,O (60 mL), 

was added 37% aq HCHO (0.2 mL) and the mixture was stirred at room temperature until it became 

homogeneous (for 4 0  min). The mixture was then treated sequentially at Smin intervals with 

NaBH3CN (8 mg. 6 mg, and 4 mg) and MeOH (5 mL). After concentration, the residue was dissolved 

in CHC$ (1 mL) and washed successively with saturated aq NaHCO, (1 mL) and H,O (1 mL). 

Concentration of the organic-layer and purification by preparative TLC (Rf 0.6. 4:l:O.l CHCI,-MeOH- 

conc NH,OH) provided 12 (17.5 mg, 80%) as a colorless syrup: HRMS 329.3281 (C,,H,~HNO,+H, 

AO.0001). 

The 'H NMR spectrum (1:l CDC5-CD,OD) was identical with that of the authentic sample 2 (3b), 

except for the two H-1 protons which appeared as a mukiplet centered at 6 3.83 ppm with the integral 

of .l.l. 

(2~,3~,4~-2-(Trlmethylammonlo)~-octadecenel,3dlol-~-~ (l3J Iodide (X-=l-)/chlorlde (X 

=CI'). - In order to establish the reaction condition, protio compound, (ZS,3l3,4EJ-2-(trimethylarnrnonio)- 

4-octadecene-l,3did (3J (iodide/chloride) was first synthesized. 

To a solution of (2S,3~,4~-2-(dimerhylamino)4-octadecene-l,3-did (2J (3b) (30 mg) in dry CHCI, 

(1.5 mL) was added freshly distilled iodomethane (170 pL, excess) and the mixture was stirred at room 
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temperature in the dark overnight. Dilution with H,O, followed by earaction with CHCI, (3 mk4) and 

concentration, yieMed 2 (iodide) (37 mg, 86%) as a yellow d i d ,  which was converted to its chloride 

salt by mixing with Dowexo 1x2 (Cl-) resin (0.5 g) in H,O. Compound 3 (chloride): mp 224" decomp; 

'H NMR (D,O) 6 0.88 (t, 3, J = 6.8 Hz, Me), 1.31 (br s, 22, IlxCH,), 2.08 (q, 2, J = 6.8 Hz, 2xH-6), 

3.29 (s, 9 N*Me.J. 3.38 (br s, 1, Ha), 4.13 (br s. 2, 2xH-l), 5.57 (dd, 1, J = 3.1 and 3.4 Hz, H-I), and 

5.90 (m, 1, H-5); HRMS 342.3371 (C,,H,NO,, A-O.OOO3). 

Similarly compound (10 mg) was reacted with iodomethane (55 pL) in CHCG (0.5 mL) to give 

- 13 @-=I-). The iodide salt was converted to its chloride salt by treatment with Dowexo 1x2 (CI-) resin 

(0.1 g) in H,O affording 13 @-=CI-) (9.7 mg, 84%) as a colorless solid: HRMS 343.3435 (C2,H,,2HN0,, 

A-0.0002). 

The 'H NMR spectrum (DzO) was identical with that of 2, prepared above, except that the two H- 

I protons appeared as a multiplets centered at 6 4.12 ppm with the integral of 4.1. 

-- N-tert-ButoxyearbonyI-(2~,3~,4~-2-amlnoeoctadecene-l,3-dlol-~-~ (QJ. - Compound 4 (1 5 

mg) was transformed to p by the same sequence of reactions as described for the preparation of g, 

except that crude I was treated with NaB3H, (Amersham, Arlington Heights, IL; 26 Cilmmol) (10 mCi) 

for 15 min and then with NaBH, (2.0 mg) for 15 min. Purification by preparative TLC (1:l hexane- 

EtOAc) gave p (10 mg, 67%; 2.51 mCi) as a colorless solid: radiochemical purity 97% (by TLC. 1:l 

hexane-EtOAc); specific activity 100 mCilmmol. 

(2S,3~,4EJ-2-Arnlno4scladecene-l,34101-1-~ I1 1). - Compound 9 (10 mg, 2.51 mCi). prepared 

above, was treated with CF3COOH (0.5 mL) and the reaction mixture was worked up as described in 

the preparation of lo. Purification by preparative TLC (Rf 0.6, 4:l:O.l CHCG-MeOH-NH,OH) yielded 11 

(7 mg, 93%; 2.28 mCi): radiochemical purity 97% (by TLC. 4:l:O.l CHC$-MeOH-NH,OH); specific activity 

97 mCilmmol. 
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