
@l40402w s3m+.lm 

0 1990 Pug- Rsrl plc 

APPLICATION OF THE PHOSPHORAMIDITE-PHOSPHITE 
TRIESTER APPROACH FOR THE SYNTHESIS OF COMBINATIONS BETWEEN 

OXYGENATED STEROLS AND NUCLEOSIDE ANALOGUES LINKED BY 
PHOSPHODIESTER BONDS 

Yu-hua Jl.1, Willi BANNWARTHs and Bang LUUt 

‘Laboratoire de Chirnte Organique des Substances NaturelIes, Associated to CNRS, 5 rue Blaise Pascal, 67084 
Strasbourg - FRANCE. 

2Central Research Units I Bio 15/l, F. Hoffmann-La-Roche & Co. Ltd. Grenzacherstrasse. CH-4000 Base1 - 
SWITZERLAND 

(Received in Belgiwn 26 September 1989) 
Abstract 

The recently developed phosphorarntbte-phosphtte trtester approach applied in sotfd phase DNA synthesis seems to 
be the technique of chdce for the preparatlon of labile muflifunctbnal compounds linked by phosphodiester bonds in 
solution. Thus, to make the lipophilic oxysterols water-soluble lor biologlcal studies, we have prepared several 
combinations between polyoxygenated sterols and nucleosids anabgues using (f%cyanoethoxy)bis(diisopropylamtne) 
phosphine 2 as phosphorylating agent. This approach afforded the desired compounds of type 1 under very mild 
conditions and in reasonably high yields (> 6wo). 

Among the numerous studies devoted to drug carriers for the target cells, the use of 

macromolecules as drug vectors (1,2) and the preparation of suitable prodrugs from leading 

compounds are two principal approaches (3,4). 

In our research program on oxygenated sterols, we are interested, in particular, in the latter 

approach for modifying the physicochemical properties of these lipophilic compounds and thereby 

making them bioavailable. Previously, we have demonstrated that several cholesterol derivatives 

bearing hydroxyl groups on the nucleus or on the side chain, among them 7phydroxycholesteroL 

7j3,25- dihydroxycholesterol and 7a,22Sdihydroxycholesterol, are selectively cytotoxic towards 

tumor cells in y&g (5,6). However their high lipophilicity makes them difficult to be studied in viva. 

The use of their bishemisuccinate derivatives, which are moderately water-soluble, has given 

interesting results only in some cases (7). Therefore, recent work has been carried out with 

derivatives of oxysterols conjugated with nucleoside analogues by a phosphodiester linkage. Such 

a coupling of two compounds, which are physicochemically quite different, constitutes a very 

important strategy to synthesize amphiphilic molecules which could improve hydrophilicity of 

oxysterols and, in the meanwhile, enhance the lipophilicity of nucleosides. By hydrolysis in 

biological condition, the compound of type 1 (Figure 1) should give a monophosphate which could 

be a S-phosphate nucleoside (8,s). This is of particular interest with some antitumoral nucleosides, 

as they should be transformed to the S-nucleotide as active entity by intracellular kinase (10). So, 

from a point of view of chemotherapy, such conjugated compounds may overcome the problem of 

drug resistance due to the lack of kinase for some tumor cells (11 ,12). 

In principle, the phosphorus containing compounds could be synthesized based on P(V) and 

P(III) chemistry. Since the introduction of phosphotrtester methodology by Letsinger (13,14), the 

synthesis of various phosphodiester compounds in particular oligonucleotides has been quickly 
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developed in conjunction with the development Of new condensation agents (15,16), protecting 

groups(15) and purification procedures. 

Ftgure 1 
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We have initially explored the feasibility of synthesizing the compounds of type 1 by using 

phosphodi- or triester methodology. The sterols 18 were firstly phosphorylated with 2- 

chlorophenylphosphorodi (1.2,4-triazolide) (17) and then coupled with S-OH of nucleosides 

directly or using MSNT (1 -(mesitylenesulfonyl)-3-nitro-1,2,4-triazole) or DMAP (dimethylamino- 

pyridine) as a condensing agent. By this approach, another side product corresponding a 
symmetrical phosphotriester : 2chlorophenyl bis-3-(7S-triethylsiloxycholesteryl) phosphotriester 

(-8%) was obtained in the first step together with the desired compound : P-chlorophenyl 3-(76- 

triethylsiloxycholesteryl phosphodiester (26%). Although the latter compound could be obtained in 

a relatively high yield (-70%) by using P-chlorophenyl phosphorobishydroxybenzotriazolide (18) 

as a phosphorylating reagent, the second step to couple with nucleoside gave a low yield (~30%). 

Moreover, after removing the phosphorus-protecting group : 2-chlorophenyl by a treatment with 

oximate (19) a delicate purification, by chromatography on silica1 gel, of final phosphodiester la or 

1 b as ionic salt made this approach difficult to be carried out (20). 

Due to the recent development of the phosphite trfester approach by Letsinger et al (21) the 

strategy for synthesizing biological phosphorus-containing compounds can be modified in such 

way that P(III)-chemistry can be applied. Furthermore, the introduction of phosphoramidites by 

Cat-uthers (22,23) made this technique the method of choice for such compounds. 

The principle of phosphoramidite method is outlined in scheme I. The procedure is initiated by 

the reaction of alkoxy bis(dialkylamino)phosphines 2, which are easily prepared from PCIs (24) 

with an alcohol (R,OH) in the presence of diisopropylammonium tetrazolide to give the 

phosphoramidite 3. Following activation by a weak acid such as tetrazole, the intermediate 3 is 

scheme I 
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allowed to couple with another alcohol (&OH) and affords the phosphite trfester 4, which could be 

transformed to the corresponding phosphotriester 5 by an additional oxidation. The whole 

procedure is carried out under very mild conditions and in general, gives an overall yield higher 

than that obtained via phosphodiester and triester methods. 

In this type of chemistry, another challenging problem is the use of appropriate protecting groups, 

which allow the selective phosphorylation of a desired hydroxyl group in a polyfunctional 

molecule. In our case, it concerns the selective protection of allylic 7P-hydroxy group of sterol, thus 

making the 3-hydroxy group accessible to a phosphorylating reagent, and the partial protection of 

different hydroxy or amino groups of nucleoside. 

Owing to the progress made in the oligonucleotide chemistry, a great deal of protecting groups 

were developed. Most of them can be removed in basic or acidic conditions. However, only a few of 
them are suitable for our purpose, because of the labile allylic 7&hydroxy group to be eliminated in 

acidic condition and of the easy hydrotysis of phosphotrfester 5 under basic condition. All this 

emphasizes that the appreciated protecting groups should be cleaved off under very mild 

conditions. 

The 7p-hydroxy group of sterol 18 was selectively protected as triethylsilyl ether as described 

(2520). The deprotection was performed with 0.36%..0.18% HCI in THF without any elimination of 

the allylic 7j3-hydroxyl group. 

The 3’-hydroxy function of deoxynucleoside (7 and 8) was protected by an indirect procedure. 

Firstly, the 5’-hydroxy group was selectively transformed to pivaloyl ester (26) 10 under the 

controled conditions : at -30°C and for 3 hours, to avoide the formation of 3’,5’-diacylated 

compound. The intermediate 10 reacted subsequently with an excess of 4-methoxy-5,6dihydro- 

PH-pyran (27) in the presence of p-TsOH to give the compound 11. The specific hydrolysis of 

pivaloyl ester with 1N NaOH afforded 12 with free S-OH and 3’-OH protected as a ketal. We used 

4-methoxytetrahydropyranyl but not tetrahydropyranyl as protecting group, because the first one 
could be removed under the same conditions as the 7S-trfethylsilyl ether and no diasteromers are 

formed. However, the latter one must be cleaved off under more acidic conditions in which the 

elimination of 7b-OH group of sterol might occur. 

The 5’-hydroxy function was protected as 4,4’dimethoxytrityl (DMTr) ether (26) (Scheme II). This 

protecting group can be introduced regioselectively into the 5’-position of nucleosides and can be 

removed under weakly acidic conditions. 

The protection of vicinal 2’- and 3’-hydroxy groups of nucleoside 8 was accomplished by the 

formation of the 2’,3’-methoxymethylidene (29) derivative 14 . 6-Aza-uridine underwent acid- 

catalysed orthoester exchange with trimethyl orthoformate to give a mixture of 2’ or 3’-mono and 5’- 

and 2’,3-bisorthoester. By an excess of acid-catalysed treatment with silica1 gel, the reaction 

mixture was converted to an unique derivative, 2’,3’-methoxymethylidene-6-aza-uridine 14. The 

compound 14 could be transformed to 2’- or 3’-O-formyl nucleoside by acid, under very mild 

conditions. Such formate esters are then easily hydrolysed and give the parent nucleoside. 

For cytosine arabinoside (aracytidine), the introduction of protecting group into the WOCYCliC afnin0 

function is performed via a transient protection in an one-pot procedure (36). The 2’,3’,6’-hydroxy 
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Scheme IIIB 

OH 

functions were converted intermediately to trimethyls~lyi ethers. After acylation with 4- 

methoxybenzoyl chloride and cleavage of the silyl ethers, the N-protected nucleoside 15 was 

obtained. A regioselective formation of S-dimethoxytrityl derivative allowed a further acylation of 2’- 

and 3’-hydroxy functions as acetyl esters. A subsequent treatment with p-T&Xi regenerated the 

free 5’-hydroxyl group and afforded the partially protected aracytidine 17 to be phosphorylated. 

All the introduced protecting groups linked as ester or amide are easy to be cleaved off by a 

treatment with ammonia. 

For the reagent of type 2, a diversity of phosphorus pithing group R was reported (24). They 

should be stable during all steps involved in the phosphorylation and shoufd b8 removed at the 

end of the synthesis to give an ionic salt of phosphodiester. For our purpose, the reason for th8 

choke of P-cyanoethyl as R is its easy cleavage by a quantitative &elimination in concentrated 

ammonia SOlUtiOn. Followed by a simple evaporation, th8 desired phosphodiester was obtained as 

its ammonium Salt, without further puriftcation. Furthermore, for the linkage of some nucieoside 

such as aracytidine, all acyl protecting groups can 08 removed together with P-cyanoethyl group. 

The general procedure for the preparation of phosphodiester of type 1 is iltustrated in the 

scheme Ill (A and 6). 

At first, (P-cyanoethoxy)bis(diisopropylamino) phosphine 2 was reacted with the 3-hydroxy 

fUndiOn of oxysterols 18 in the presence of diisopropylaminonium tetrazolide as activating agent. 

The phosphoramidite 19 was relatively stable and could b8 purified by a short COlUmn 
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chromatography on silica-gel. The .activation of 19 by a weak acid such as tetrazol allowed a 

further coupling with a partially protected nucleoside. After an oxidation with m-chloroperbenzoic 

acid (m-CPBA), the corresponding phosphotriester 20 was obtained as a mixture of 

diastereoisomers at P level. In this step, we isolated another slightly more polar compound, which 

corresponded to the partially triethylsilyl-deprotected phosphotriester 20’. Then, a treatment with 

0.36% HCI in THF at 0°C led to the cleavage of all acid labile protecting groups. The removal of 

base labile protecting groups was achieved by a treatment with concentrated aqueous ammonia in 

CH3OH and gave the ammonium salts of phosphodiester of type 1. A subsequent ion-exchange 

chromatography converted them to sodium salts. In some cases, a further purification by a gel 

filtration on sephadex LH-20 was needed. These procedures afforded the desired compounds with 

an overall yield, in general, higher than 60% 

Expwlmonr8l 

Genera/ Pyrtdtne and CH3CN were drted by reflex over Cali br several hours and dtstfffed lust before use. Et20 
was drted over Na. CH2Cl2 was d&d over At2O3. DMF was dlstilfed undsr reduced pressure and stored over mofecular 
sieves (4A) in Cghtfy closed bottles. Tetraxote (Fluka) was purtffed by subtimatbn. Atl the commercfal reagents were 
fn~rchased from Afddch or Ftuka. The shorlcotumn chromatography separation was canted cut by using silica gel (4Oe 
pm, Meti G&I). TLC’s were run on precoated ptates of s&a gel (5OF254, Merck) and HPTLC-slltca ptates (Merck). The 
plates were dipped in a sofution of vaniltfn igrt) in EtOH-H2S04 (95-5) and heated on a hot ptate to detect the 
oomparnds. Phosphoruscontdning compounds were also vfsuaflzed on TLC by Zinzadze soUlon (31,32). Dc+vex-50 X 
8 resin (20-50 mesh. soUum satt) was used for Ion-exchange chromatography. Sephadex LH-20 (Phannada) was used 
for gel permeatfon chromatography. Evaporatton was performed under recked pressure et 30%. ‘H-NW spectra were 
recorded with a Brudcer SY (200 or 400 MHz) appamtus with TMS as lntemat standard. %-NMR spectra were recorded 
with the same appamtus taktng CDCf3 (76.9 ppm) or CD300 (50.2 ppm) as intemal starulatd. Mass spectra were run on a 
LKB 9000.9 apparatus by direct introductkn uslnc an ionlzatbn wterWfal of 70 eV. FAB-MS were obtained on a VG 
arWytiA ZAB&lF do&-focuslng mass spe&oiiter using trkhanotamine (TEA), 1-thbgtycerol, or m-nttrobenzyl 
alcohol (mNBA) as mahtx. [an were measured on a Perfcfn-Etmer 141 potarfmeter. Melting point (mp) were measured on a 
Refchert microscope and are uncorrected. Mtcroanatyses were performed by the Servke Central de Microanalyse du 
CNRS (Vernatson) and the Strasbcurg Local Sectton. 

Pforecrlon of oxy8rmu/ 

- Conrpound 18a was prepared as described in Ref. (20). 

‘IS_Mothvblkloxv * 75,25-Dihydroxychotesteryl 35-acetate (460 mg, 1 mmol) 
was dissotved in dry DMF (5 ml). Wsopropyf- ethylamine (218 pf, 1.25 mmot) and trfethyfsityl chbrlde (185 pl, 1.1 mmct) 
were added, and the njxture wa8 kept overnight Y mom twre under anhydrous conclltions. me reactbn was 
quenchedby~dl0XNaHCq(3ml)andextrae(edwitheUler(3x25ml).The~layerwaswashedwithbrlne 
and concentrated under vacarm. The crude product was then dissolved In lIiF (10 ml). 1N NaOH (5 ml) and 
MtratUWtWnium bromide (100 mg) were &fed for hydrolysis. This nIxWe was viooroustv stlned for three days at r.t.. 
ARer befng dtuted wtth ether (100 ml) and washed wtth Mne untfl pH was stabifixed at 7-5, the organic phase was dried 
over Na2S04 and concentrated to dryness. The city residue wae chromatographed on silka gel ustng AcCEt I hexane 
(10/90--->15/85) as etuent. Compound 18b was obtained in 99% yield (532 mg). mp = W-WC. [o]D = +28O ( c I 

0.63% in CHCl3 ). ‘tf-NMR (CDQ): 0.68 (s. 3H, CH3-18); 0.56-0.68 (m, 6H, Sl(&CH3)3); 0.93-1.01 (m, 12H; 3H: 
CH3-2l,9H: Si (CH2!&)$; 1.05 (6,3&f. Ct+j-19); 1.22 (8, 6J-f. CH3-26,27): 3.54 (m, 1H. H-3); 3.94 (d. 1H. J I 7.9 Hz, H- 

7); 5.26 (s, lH, H-6). 13GNMR (WC+): see Tab& 1. MS (El, 7OeV), m/e: 533 (MH+, 25); 532 (M+, 54); 514 (la); 
400 (100); 383 (18); 365 (18). Anat. Found. C, 74.0; H, 11.3; St, 4.8. Cakfor r&HsoD3Sl (532.9): C, 74.37: H. 
11.35; St, 5.25. 

Prorecrlon or (deoxy) nucleo8ldo 

m Pivabvl chbrfde Il.24 ml. 11 mmoh was edded to a sofution of 2’- ‘_ - *. 

deoxyurldne (2.26 g, 10 mrnol) in anhy&ous pyrtdtne (50 ml).‘The rea&ton was kept at -20% for 3 h under Ar and 
quenched by lntrorkfng 1 mi of water. After a further sttnfng for 15 mtn, the readjon mixture was evaporated to dryness 
under reduced pressure. The residue was appued to a shcrtcdurm chromatoqaphy over dllca gel (CH2Cl2 ICH30H: 
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N 
sokml 

base 
2 

: 
6 

sugar 
1' 
2' 
3' 

:: 

others 

rites____ 

152.02 
166.09 
102.60 
152.02 

66.96 
40.99 
72.10 
65.93 
6521 

Pi- d 

W3: 
27.56 

Co: 
179.64 

c. 39.66 

Table 1 13C-NUR of nuclrosidr derlvatlvrr 

12r 
SF 
CDCI) 

152.24 
16621 
102.75 
142.44 I 

4-MTHP-d 

150.66 
15925a 
141.73 b 
125.9lC 

66.72 
40.59 
70.97 
67.64 
62.64 

66.64 
40.65 
70.52 
67.62 
62.21 

a 1: 
46.60 46.56 
2). 66.01 2). 65.63 
3). 35.70 3). 35.47 
4). loo.19 4). 99.96 
j). 36.07 5). 35.62 
6). 66.01 6). 65.63 

; 

149.42 
157.65s 
140.72 b 
123.65c 

dWmokmws 
150.07 
159.99 
138.42 

85.41 93.63 94.79 
41.09 63.52 63.60 
71.93 64.66 65.65 
86.26 69.63 90.10 
6329 64.53 64.75 

DMTr- d 

xiH3: 
55.25 

C: 67.17 
1).135.23 
2).130.01 
3).113.36 
4).156.72 
1').144.2: 
2').127.98 
3').126.03 
4J.127.11 

CH3CCH. 

;y: 52.33; 53.40 
:: 119.72; 121.06 

a. b. c : doublet; JC_F coupling constants: 

4-MTHP- 
II 

a b C 

d: 

Pi- 
II 

12b 26.1 Hz 233.5 Hz 34.5 Hz 
13 25.9 Hz 236.5M 34.0 Hz 

DMfr- An- 
II II 

4 
c?&cw 

CDcl3 

156.11 
162.67 ’ 
96.21 
146.09 

67.69 
74.67 
76.61 
65.49 
61.16 

G 
55.05 

;0:166.40 
1). 124.77 
2). 129.72 
3). 113.67 
1).163.26' 

155.07 
162.69' 
96.06 
145.50 

65.06 
74.36 
75.66 
63.19 
61.69 

d 

13: 
55.56 

~:m.eo 
1). 125.00 
2). 129.77 
3). 114.27 
4).163.67 ’ 

$%I 
20.74 

~0:166.69 
17021 

32 0 
0 4 

x3 0 
4' OCH, II 23 

(CH&S - CH,O 
-C ‘COCH, 

56 

a, b, c : boublet, J = coupling constants. 19a 19b 2lc lc 2Id Id 
Jc-P Jc-P Jc-F Jc-F Jc-F Jc-F 

: 
16.7M 16.3M 262H 26.0M 

YiiE c . 
16.7M 236.6liz 234.9l.k 235.5tlz 233;“. 
7.oHz 35.9 Hz 34.5 Hz 34.3 M . 

d : see table 1. 
e : For compound 211, different conformations or diastereoisomers at P level may exist in the 

13C-NMR experimental conditions and these could explain the doublet for some carbon atoms. 
* : interchangeable assignments. 
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dlasteredsomen In 91% flekt. mp I 55-56X. ‘H-NMR (CD3W): 3.33,X41 (28,3H. CH30); 3.64,3.67 (2m. 2H. H- 
5’); 4.14-4.22, 4.32-4.40 (2m, lH, H-4’); 4.81, 4.65 (2m, lH, H-3’); 5.15, 5.21 (2m, 1H. H-29; 5.96, 6.05 (29, IH of 

methoxyorthoester); 0.25, 6.34 (2d, lH, H-1’); 7.47 (8, lH, H-5). 13GNyR (CD3OD): see Table 1. MS (El. 70eV): 

256 ((MCH30)+, 321; 175 (6); 143 (21); 112 (100). Anal. Found. C, 41.6; H, 4.4; N. 14.4. Cak. for C,oH13N307 
(267.22): C, 41.61; H,4.53; N, 14.63. 

eN I Aracyt@fW (1.5 0, 6.2 mmol) was dried by repeated coevaporatbn with anhydrous 
pyffdine and was suspended In 40 ml d pyrkiine. Under stirrfng, trlmethykhbrosllarte (12 ml. 96 mmol) was added 
drowse to this suspension. After several minutes, a homnscus solution appeared. The stirring was continued for an 
additional pertode of 50 min and the reaction flask was placed into an Ice-bath, and then anlsoyl chbrtde (1.4 mf, 10.4 
mmol) was introduced dmWse. After this adatlon, the reaction was removed from ice-bath and kep at r.t. for 4 h. Cokf 
Water (12 ml) was added to the chilled reaction +x-t&h) and 20 mln later, the concentrated (25%) aqueous ammonia (30 
ml) was added to gfve a sofuton appmxhnatety 4N In ammonia. Following a further stirring for 30 rnin, the mixture was 
concentrated by evaporation under reduced pressure to an c&l, whkh could be dissolved in water and be washed with 
ethylacetate, and the layers separated Immedlatety. Crystalfizatbn oaxred tihln minutes. Further reuystallisation of the 
aqueous phase from a mixture of water and methanol gave compound 15 (2.22 g) in 95% yleM. mp I 123~12!?C. 
[aID = +125’ ( c = 0.03% In CH30H). ll+-NMR (DMSO-Ds): 3.61-3.64 (brd., 2H, H-S); 3.64 (8, 3H, OCH3); 3.65 
(brd., lH, H-4’); 3.94 (kd., lH, H-3’); 4.06 (txd., lH, H-2’); 6.06 (d, lH, J I 3.9Hz, H-l’); 7.16 (d, 2H, J= 6.9Hz, H-3” of 
tisoy9; 7.31. (d. lH, J- 7.5H2, H-5); 6.03 (d, 2H, J - 6.9Hz, H-2’ of tisoyt); 6.11 (d, 1H. J I 7.5H2, H-6). 13CNMR 
(DMSO-06.): see Table 1. MS (El, 70eV): 376 (MH+, 25); 377 (M+, 100); 135 (An+, 16). Anal. Found. C, 49.7; H, 

5.7; N, 10.1. Cak. forC17Hf9N&~ 2H20 (413.37): C, 49.39; H, 5.57; N, 10.17. 

m I I . 1. After coevaporation with anhydrous pyrfdine 
for 3 times, N-anlsoylaracytidlne 15 (2.3 g, 6 mmol) was dissofved in pyridlns (60 ml) and DMTrCl(3.4 g. 10 mnol) and 
Methylamine (7 rnf, 21.5 mrnol) were added. The reaction mixture was kept overnight and folbwed by add&ion of acetii 
anhydrtde (3 ml. 31.6 mrnot) for acetylatlon. After 3 h, the work-up was canfed out by introducing saturated NaHC03 
solution (15 mfj and extracting with CH2CI;! (3x60 rnf). The organic layers were dried over MgSO4 and evaporated under 
vacuum. The cmde pmducf was purlRed by a shoftcokrmn of slfka gel ebted with CH2C@H30WEt3N (96/l/l), (3.99 

g, 67%). mp = 109-111OC. [a]D = +1620 (c - 0.0% In CHC&. lH-NHR (CDCls): 1.63, 2.12 (2s, 6H, PCH3CO); 
3.42-3.54 (m, 2H. H-5’); 3.62 (s, W. 2CH3O of DMTr); 3.90 (s, 3H. CH30 of arisoyl); 4.23 (m. lH, HA’); 5.26 (m, lH, H- 
33; 5.54 (m. 1H. H-2’); 6.40 (d, IH, J - 4.2Ht. H-l’); 6.67, 7.29-7.50 (d, m, 10H: 9H of DMTr and 1H: H-5); 7.00 (d, 2H, J 
- 6.9Hz. H-3” of anisoyl); 7.66 (d, 2H, J - B.SHz, H-r of anisoyl); 7.90 (d, lH, J I 7.5H2, H-6). MS (El, 70eV): 476 [(M- 
base-An)+, 161; 444 [(M-DMTr)+, 121; 304[60]; 303 [DMTf+, 1001; 135 [An+, 531. Anal. Found. C. 65.9: H, 5.5: N, 
5.6. Cak. for C42H4tN301f (763.77): C, 66.04; H. 5.41: N, 5.50. 

@ I The detrltylation of compound 16 was performed as follows: the 
compound 16 (3.6 g, 5 mmoi) was taken up In 5% pTsOH solutkn (60 ml) In CH2C+-CH3OH (9:l). Following a Wring 
for 10 min, the reaction was quenched by saturated NaHCO3 soWon (10 ml) and extracted with CH2Cl2 (3x50 ml). After 
being dried over MgSO4, the orgatic phase was evaporated and the residue was chmmatographed on silica gel and 
eltied with CH2C@CH3OH (loo/O--->94/6). The appropriate fractions were concentrated and recrystalized in CHpCl2 I 
Et20 to give pure 17 (2.25 g, 97.6 %). mp I 176-1nOC. [a]D I +61° (c I 0.17% in CHCl3). ~H-NMR (CDCl3): 1.95. 
2.12 (2s 6H, XH3CO); 3.67 (8,3H, CH30); 3.92-4.00 (m, 2H, H-5’); 4.11 (m, lH, H-4’); 5.23 (ckf, lH, J2,3 = 2.7Hz, 
J3, 4 - 4.5H2, H-3’); 5.63 (ckf. lH, J1, 2 - 4.4Hz. J2, 3 - 2.7H2, H-2’): 6.36 (d, lH, J,, 2 - 4.4H2, H-1’); 6.97 (d, 2H, J - 

6.9Hz. H-3’of anisoyi); 7.26 (brd., IH. H-5); 7.67 (d, 2H. J = 6.6H2, H-2’of anlsoyi); 6.10 (d, 1H. J - 7.6Hz. H-6). 13C- 
NMR (CDCl3): see Table 1. MS (El, 70eV): 462 [MH+. 261; 461 [M+.loO]; 342 [(MH+ - 2AcOH), 661; 312 [(MH+ - 
NHAn). 301. Anat; Found. C, 53.4; H, 5.0; N, 6.6. Cak. forC2fH2&0s1/2H20 (470.42): C, 53.61; H, 5.14; N, 6.93. 

General pmceduro for the preparation 01 Conjugated phoaphodlerters 

[P-Cvrnorthoxv) The phosphotylating reagent 2 was prepared 
xcording to the procedure descrtbed in Ref. (24). At -76°C. 3-hydroxypropanenitrflle (66 ml, 1 mol) was awed dropwise 
within 90 tin to a stirred sok~tion of PC13 (65.5 ml. 1 mol) and dry pytins (61 ml. 1 mol) in Et20 (200 ml) under argon. 
After continuous stirrtng for 1 h, the tenperature was allowed to raise to r.t. and the reaclbn mixture was kept overnight 
under stirring. The removal of formed precipitate of salts was performed by Rkratlon under Ar., folbwed by washlrg twice 
with arthydmus Et20 (100 mf). After evaporatton of Et20, the concentrated oily was further dried under vaccum for 1 h 
and was used imrnediatefy for the next mactfon. 

Diisopmpylarnine (700 ml, 5 mol) was Introduced dropwise, during 2 h, into a stirred solution of the above-cited 
compound in Et20 (1 I) at -40°C. After being at -lO°C for 1 h, the reaction mixture was kept overnight at r.t. with Stirring. 
The precipnated salt was removed by a rapid filtration under anhydmus atmosphere and washed with Et20 (150 ml) for 
three times. The combined Et20 soluUon was evaporated and thus obtdned oily residue was distllled rapidly over CaH2 
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lo]; 579.6 I (M - CH2CH2CN - C6HllC2 - base)-, 47j; 634.5 [(M - Nut.)‘, 191; 481.5 ((M - CH$H~CN - MJC. + H+)-, 741. 

Artat. Found. C, 60.6; H, 8.1; N, 4.9; Ps3.4. Cak. for C45H7$501 ,P.2H2D (896.63): C, 69.32; H, 6.32; N, 4.69; P, 3.46. 

h, the reactlon mixture was poured into saturated NaHCD3 soktfon (5 mf) and extracted wfth CH&~Q (3x36 mf). All o&nk 
layers were dried over Na2SO4 and concentrated under vacuum. The residue was pudtiad by a short column 
~h~~hy on dica 061 W3WCH2CI2: 5!9S-->lWOj. The pure compound 2lr (708 mg) was obtainad in 95% 

ykid (&StereoiSomerS). lKNMR (CDCI3): 0.68 (S, 3H, CHg18); 0.87 (d, 6H, J - 66Hz. XH328,27): 0.92 (d, 3H. J 
= 8.3f-k. CH3-21); 1.05 (S, 3H, CH319); 2.80 (2t, 2H, J = 6.OH2, CCH2@@N): 3.64 {d, lH, H-7); 4.17 (m, lH, H-4.); 
4.23-4.45 (m, 5H: H-3; 2H-5”: OGl@H2CN); 4.49 (m. IH, H-33; 5.33 (s, 1H I H-6); 5.80,5.81 (2d, 1~. J - 8.OHz, ~-5’); 

8.32 (1, lH, J = 6.5Hz. H-13; 7.62,7.66 (2d, lH, J - 8.OHz. H-S’); 9.92 @rd., 1H. NH). %-N&RI (CD@&: saa TabIs 2. 
FAB-hlS IWWthfe ( matrix: TEA): 744.4 I(M - HI-. 121; 691.4 [(M - CH2CH2CN)-, lQO]; 534.3 [(M - Nut.)‘, 26); 481.3 [(M 

- CH2CH2CN - Nut. + H+)-, 851: 366.0 [(M - St.)-, 373; 307.0{fM - CH2CH2CN - St. + H+)-, 641. Anal. Found. C, 61.5; H, 

8.3; N, 5.4; P, 4.1. Caic. torC3+iWN309P - H20 (763.66): C, 61.32; H, 8.18; N, 5.06; P, 4.05. 

25% aqueous ammonia 
(la Concentrated 

(4 rnf) was added to a solution of 218 (3?3 mg, 0.5mmol) in CH3OH (16 mf). After 2 h, TLC 
indkated the cornpfete conversion of 21r and the rntxture was evaporated under reduced pressure to dryness. The 
residue was then taken up in water (1 ml) and was appW to a ion-exchange chromatography over Dowex-60 resin ekted 
with bkktifkd Water. The combined fraction was tyophiltzed to give tffe pure compound la (357 mu) as a white Powder in 
100% yield. ‘N-NMR (CD3,oD): 0.75 (s, 3H, CH3-18); 0.91 (d, 6H, J = 66Hz, 2CH3-26, 27); 0.98 (d. 3H, J = 6.5Hz, 
CH3-21): 1.09 (s, 3H. CH3-19); 3.77 (d, lH, J - 84Hz. H-7); 398~4.08 (m, 4H: lH-3; lH-4’; 2&i-5’3; 4.55 (m, lH, H-3’); 

5.31 (s, lH, H-6); 5.78 (d, ?H, J - 8.lHz. H-5‘); 6.34 (t. 1H. J - 6.8Hz, H-l”); 8.01 (d. tH, J I 8.1H2, H-6’). *3C-NMR 
(CD3OD): see Table 2. FAD-MS positive (matrfx: l-thioqtycerof): 737 [MNa+. 51; 715 [MH+, q: 363 [lg]; 367 [XI]. 

FAB-MS negative O’natrfx: l-thio@ycerol): 6Ql [(M - Na+)-, 36J; 481 [(M - Na+ - Nut. + H+)-, 91; 307 [(M - Na+ - St. + H+)-, 
351. hat. Found. C. 57.7; H, 6.1; N, 3.f; P, 3.8; Na, 3.1. Cak. forC36H56N209PNa. 2H20 (760.63): C, 57.58; H, 
8.06; N,3.73; P, 4.13; Na, 3.06. 

‘H-NhNf GDC@: 0.68 (s, 3H, CHg-18): 0.56-0.66 [m, 6H, SI(CLI?CH3)31; 0.94 (d. 3H. J - 65Hz, CH321); 0.97 It, 
gH, J - 8.2HzV 3f(CH2GB$3]; 1.07 IS, 3H, CH3-19); 1.23 (s, 6H, 2CH3-26.27); 2.79 (m, 2H, CCH2wCN ); 3.23 (s, 
3H CH3C1; 3.61-3.62 (m. 4H, 2CH2-2”’ of 4methoxytetrahydropyranyl); 3.93 (d (br.), fH, H-TJ; 4.19 (m, lH, H-43; 
4.22-4.2Q On 5f-f: H-3; 2H-5’: CKHzCH2CN); 4.56 (m, lH, H-3’); 5.31 [s (a.), in, ~-61; 5.76 (2d, tH, J ,, 6.0Hz, H-5); 

6.31 [t fbr.1, lH, J - 8.7Hz H-l? 7.59 (Zd, lH, J - B.lHz, H-6’). FA&MS negative (matrix: Thea): 966.6 ((M -H)-, lo]; 
935.7 I(M - CHpCH~CN)‘, 94; 664.5 f(M - Nut.)-, 401; 611.5 [fM - CH2CH2CN - NW. + H+)*, 941; 474.2 [(M - St.)-, 581; 
421.2 [(M - CH2CH2CN - St. + H+)-. $001. 

fn this step, another partially triethYfsifYldeprOtech?d compound: 3-(76. 25dihydroxycholesteryl) 5’-[3-(4-methoxy 
tetrahydropyranyh-2’deoxyurfdytyt] 2-cyanoethyl phosphotnester 2O’b was also obtained and k&ntifi&j. 1~.NMR 
(CW$ 0.79 (s. 3H. CH3-18); 0.95 (d, 3H, J-6.4Hz, CH3-21); 1.06 (s, 3H, CH3-19); t 23 (s, 6H, XH3-26, 27); 2.79 
(21~ 2He Jm6-4Hzt CCH2CH$NL 3.23 IS, 3H, CH30); 3.61-3.87 (m, 4H. 2CH2-2”’ of 4-~t~~~rah~~~an~); 3.65 
Id &r.), lH, J-6.4f-k. H-71; 4.19 (m, lH, H-4”); 4.22-4.32 (m. 5H: H-3: 2H-5-1 C&f$H2CN); 4.55 (m, IH, H-3*); 5.34 1s 
(br.), lH. f-4; 5.75t5.77 (2d, lH, JzS.OHz, H-5’); 6.30 [t (br.), lH, H-11; 7.58 (d, lH, J..B.lHz, H-6’); 6.10 (br., fH, NH). 

*_ l _ . 

2fb was obtained from 2ob by an acids: deprotectkn under the same conditions as for 218 (yfek: 70%). lti-NMR 
(CDCf3): 0.70 (s, 3H. CH3-l8f; 0.95 (d, 3H, J-8.3Hr. CH321): 1 .Of (s, 3H, CH3-19): 1.22 (s. 6H, XH3-26, 27): 2.80 
(a, 2H. CCH2cti;LCN); 3.65 (d, lH, J=68Hz, H-7); 4.09 (m, lti, H-4”); 4.24-4.36 (m, 5H: H-3; 2H-5’; 

acts 
CH2CN): 

456 (m. f H, H-3”): 5.34 [S (br.). lH. H-6); 5.76 (d, lH, J-8.2Hz, H-5’); 6.26, 6.28 p?t, tH, J-6.4Hz, H-l’); 7. 
J-8.fHz. H-6). 13C-NMR fCDCI3): see Tabfe 2. 

6 (d, lH, 

FAD-MS neQatfve (matrix: TEA): 760.5 [(M - HI-, 261; 707.5 [(M . 

CWWN~‘~ 1001; 550.4 EM - NW.)‘, 311; 360.1 [(M - St.)-, 481; 307.1 [(M - CHpCH2CN - Nut. + H+)‘, 43). Anal. 

found. C, 69.9: H, 7.7; N. 5.1; P. 3.9. Cak. for C3gH~N6010P. H20 (779.87): C, 60.06; H, 6.01; N, 5.39; p, 3.97. 

Of ~~~1) . 5 i2~ rtlr) l . ’ 
lb Was *mw sUaW;iliVerY by a treatment ot 21b with concentrated aqueous ammonia and then pas&Q thmuQh 

an ion-exchange Chromatography. ‘N-NMN GDC&$CD30Df: 0.61 (8,3H, CH3-18); 0.65 (d, 3H, J-6.3Hz. CH3-21); 
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OfS~S~ I ‘. The concenfrated 
aqueous ammonla (20 ml) ~88 added to a soluUon of 211(392 mg, 0.4 mmol) In CH3Gt-f (20 ml). After obtaining a 
homogeneous solution, the mixture was kept for 24 h and then was evaporated to dryness under vaaum. The reddue 
was taken up In 1 ml of CH30HICH2Ct2 (U8) and passed through Sephadex LH-20 chromatography eluted with 
CH30WCH2Cl2 (4/8). The appropriate fractions were coflacted and evaporated. The obtained residue was converted to 

If as its soBum sak after a bn-exchange chromatography over Dowex-58 (Na+ form) (119 mg, 41%). 
IH-NMR (CD300 tNH3.D20 ): 0.89 (s,3H, CH3-18); 0.87 (d, 8H, J-8.8Hz, 2CH3-28, 27); 0.95 (d. 3H, C8.4Hz, 

CH3-21); 1.04 (s, 3H CH3-19); 3.73 (d, lH, JIB.lHz, H-7); 3.94-3.99 (m, 2H: H-3; H-4’); 4.08-4.10 (m, 2H: 2H-5’); 
4.18 (1, IH, J=4.7Hz, H-3”); 4.21 @rd., lH, H-Y); 5.28 (6, IH, H8); 5.98 (d, IH, C7.5Hz. KS); 8.21 (d, lH, J&OHx, H- 
1’); 7.85 (d, iH, J-7.5H2, H-8’). 13C-NMR (CD30D+NH3*D20): see Table 2. FAB-MS negattve (maMx: TEA): 708.1 

[(M - Na+)-, 1001; 481.0 [(M - Na+ - Nut. + H+)‘, 321; 322.1 [(M - Na+ - St. + H+); 341. Anal. Found. C. 51.3; H, 8.1; N, 
5.0; P, 3.5. Cakz for C3&+130gPNa~ 6Hp (837.90): C, 51.81; H, 8.30; N, 5.01; P, 3.89. 

B: m-NBA: mnftrobsnzyl alcohol; Nut.: nudeo&M part; St.: stemI part; TEA: Methanolarnlne. 
w: This work is supported by a grara from ‘Assodation pour h Rscherche wr te Cancer” (contrat de 

falsabiflt8 No 8248) and a fetbwshlp to Y.H. Jl. The authors thank Mrs. EUsabeth Krempp for NMR spectra, Dr. Raymond 
Hueber for mass spsctra and Mr.Pahick tatxa (Hoffmann-L&&he) for hfs advice on the synthsstztng work. 
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The preparation of saft of Ms(diisopmpyiamrnonlum) tetrazotkts: A sofutbn of tetrazole (5 g) in CH3CN (30 ml) was 
treated with an excess of diisoprcpylamins (11 ml) and the precipitated satt formsd inxnediatty. After fittrahon, the 
salt dried under vacuum. 


