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Abstcaet: Adenosinc S’-phosphorodi&iomorpholidate lc is quantitatively converted into adenosine 5 within 
1 hr in acetic acid - water (!S:s v/v) solution at mom temperature. 

Esters of phosphoromorph&.iic acid, such as adenosine 5’-phosphoromorpholidatel la have proved 

to he valuable phosphorylating agents in the synthesis2 of biologically-important esters of di- and tri- 

ph6sphtic acids such as the nucleotide coenzymes and nucleuside S- di- and tri-phosphates. A charact&& 
reaction of nucleoside S-phosphoramidates (e.g. la) is that they undergo acid-catalysed hydrolysis with 

resulting cleavage of the P-N bond to give the cozrespunding S-phosphates (e.g. 4a). Thus the half-time of 

hydrolysisofclffnpoundlainO.O5~dm-~sulluricacidwaf~ttobcca. 1O~nat~~ 

and we later found3 the half-time for this naction to be co. 20 min in 0.01 mol dm-3 hy~hlo~c acid @IS 

2.0) at room temperature. Much interest has been shown in phosp~~ioa~ analogues of nucleotides 

especially in studies directed towards the elucidation of the mechanisms of phosphoryl-transfer and 

phosphorylytic enzyme@, and also in phosphmothioate analogues of oligonuclcotides~ as potential inhibitcrs 

of gene expression. More recently achiral phosphorodithioate analoguese of oligonucleotides have been 

synthesized and examined in the latter context. Our recent interest’ in activated nucleoside phosphomthioates 

and phosphorodithioates has led us to investigate the chemistry of adenosine S-phosphorothio- and 

phosphorodithio-morpholidates (lb and lc, respectively). 

6-N-(9-Phenylxanthen-9-yljadenosine S-phosphorothiomorpholidate 3b [Sp[(CD3hSO] 60.8,61.0] 

was obtained in quantitative yield (HpLC) by allowing the corresponding I-hydroxybenzoaiazole derivative7 

2b to t+eact ovemight with a large (ea. &-fold) excess of ~~holine in dry te~y~f~n Q’HF); it was 

isolated as a colourless precipitated solid following work-up and short column ch~~~~phy of the 

products on siliat gel. Treatment of the latter intermediate 3b with acetic acid - water (955 v!v) at room 
temperatnre for 2 min gave adenosine ~-phosph~~i~~ho~da~ lb [5p(D20) 60.8,61.03 in high (>85% 

by HPLC) yieti when intexmediate 3b was allowed to stand fmt in acetic acid - water (955 v/v) solution at 
mom temperature for 1 hr and then in acetic acid - water (20:80 v/v) solution for 4 days, adenosine 5’- 
phosphorothioate 4b 1% @20) 44.01 was obtained as expected3 and in very high (> 93% by HPLC) yield; it 

was isolated as its pure uiethylammonium salt following chromatography on DEAE Sephadex A25. The cmde 
p&ucts were contaminated with a small quantity (< 2%) of a component with the same Rt (Jones APFX ODS 
5~ column) as adenosine. in our earlier studies3, we had found that the half-time of hydrolysis of adenosine 

S-phosphorothiomoq)holidate ib in 0.01 mol dm-3 hydrochloric acid (pH 2.0) at room temperature was ~4. 

6 h, that is 17 times greater than that for adenosine S-p~~~~li~te la. 
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p;x myrO; b;x.s,Y.o: c;x.Y-5: ~-9-~-9-~f 

6-N-{9-Phenylxanthcn-9-yi)~eno~~e S’-phosp~or~i~~~~~holi~te 3c [iEjp[(CDghSOf i14.01 

was similarly obtained in q~d~v~ yield (HPLC] by allowing impound 2c7 to react overnight at room 

tesnpemture with a large excess of morpWine in THF, and was also isolated as a cokmr~~ss precipitated solid. 

Very surprisingly, when a ca, 0.025 mo1 dm-3 solution of compound 3c in acetic acid - water (955 v/v) was 

ftllowcd to standat room (Scheme 1). it was qu~d~tively cower&d within 1 h into ~~0~ S 
as the sole nuckoside or nu&w.ide product. After reaction times of 3 min and 30 min under the same 
conditions, the products contained @WLC) adenosine S-phosph~~ithi~mo~~lidate lc [6eO) I 1 I.!51 

and adenosine 5 in the ~~~~ molar proportions of 91 : 9 and 3 : 97, respectively. in another experiment 

ii 
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Table 1. wtion of 3e in CD3CO2D - D$l (95:5 v/v>B at 22’C 

Tii(min) C!hmical shifts of 3lP ntsonance signals of decomposition product& 

6 119.2 646.1 6 39.7c 6 17.8 

5 89 7 4 

10 65 10 12 13 

20 52 6 33 9 

30 35 3 53 9 

60 11 85 4 

80 4 96 _d 

The initial concenlration of substrate was cu 0.03 mol dm- 3. hNMR Spectra were measured at 145.8 MHZ. 
The numbers represent the relative percentages indicated by signal integrals. Vhe chemical shift of 
trlethyIammonium phosphorothioate in CD3C@D - RO (95:5 v/v) is 39.6 ppm. dAfter 80 min. the signal at 

6 17.8 was too small to integrate. 

(Scheme la), a ca 0.025 mol dm-3 solution of compound 3e in acetic acid - water (95:5 v/v) was allowed to 

stand at mom temperature for 17.4 h and the products were then concentrated to dryness under reduced 

pressure. The residue was extracted with hot methanol and the evaporated extracts were allowed to react with 

2,Zdimethoxypropane in acetonitrile solution to give 2’,3’-0-isopropylideneadenosine 6. The latter 

compound, which was identical to authentic material8, was isolated as a crystalline solid in 88% overall yield 

based on compound 3c. 

The acid-catalysed decomposition [i CD3C@D - RO (95:s v/v) at 22’c3 of cornPound 3c was also 

monitored by 31P NMR spectroscopy (Table 1). It is clear from HPLC studies (see above) that 3c is very 

rapidly converted into adenosine 5’-phosphomdithiomorpholidate lc in acetic acid - water (95:5 v/v) at room 

temperature. It may therefore be assumed that the 3lP resonance signal at 6 119.2 (Table 1) relates to 

compouml le. It is also clear from IIPLC! studies that no nucleoside or nucleotide intermediate can be detected 

in the conversion of lc into adenosine 5. It is therefore tempting to suggest that, in acetic acid - water 

(95:5 v/v) solution, Ic undergoes P-O bond cleavage9 to give adenosine 5 and what must be assumed to be 

phosphorodithiomorpholidic acid 7 directly. Furthermore, unless the phosphorus resonance signals of lc 

and 7 have identical chemical shifts, it would appear that the putative phosphorodithiomorpholidic acid 7 

(Scheme lb) is too unstable to be detected in CD3CO2D - &O (955 v/v) solution at 22-C. On the basii of the 

chemical shift (6 39.7) of its resonance signal, it seems probable that the main phosphorus containing decomp- 

osition pmduct (%% after 80 min; Table 1) of adenosine J’-phosphomdithiomorpholidate lc in acetic acid - 

water (955 v/v) is thiophosphoric acid 8. The minor intermediate products (revealed by the resonance signals 

at 6 46.1 and 6 17.8) have not been identified and the mechanisms of the reactions involved have not so far 

been elucidated 

The hydrolysis of adenosine 5’-phosphorodithiomorpholidate lc proceeded much more slowly in 

acetic acid - water (20:80 v/v) but again no aclenosine S-phosphorodithioate was detected in the products. 

When compound 3e was allowed to stand in acetic acid - water (20:80 v/v) at mom temperature for 30 min. it 

was converted into lc and aclenosine 5 in the approximate molar proportions of 89:lO (HPLC); after 15.6 h, 

the approximate molar ratio of lc to 5 was found to be 15:83. The acid-catalysed wnversion of nucleoside 
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HO on 

9 a: R - Px 

b: A I n 

ph~ph~~~~ into the eggnog nucleosides appears to he a generai reaction*~. Thus when 6- 

N-(9-ph~y~~~-9-yl~~eo~e S-(N-me~ylphosphor~~~~~)~ 9a was allowed to stand in acetic 

acid - water (955 v/v) at mm t for I h, it was converted into Pb [8&I&O> 107.1,2.5%] and 

adetmsinc 5 (~~%). This reaction was also anise by 31P NMR spectmcopy [CD3C!Q$ - D&I (955 

v/v)] and the pxincipal pho~~s-~~~g decomposition product was again believed to be ~~~~ 

acid 8. When compound 9a was allowed to stand in acetic acid - water (JO:80 v/v) at room temperatm for 30 

min, it was qu~ti~tively converteX! inw 9b. However, after 21 h, a CLI. 3 : 2 mixture of 9b and adenosine 5 

was obtained. 

It seams clear fmn the pmsent studies that nucleoside phosphotithioamidates (such as lc) as-e most 

unlikely w react in the same way as the ~~s~n~ng phospho~~dates (such as laf with ortho- and di- 

phosphoric acids and their esters, and theseby prove to be valuable intermediates in the synthesis of dithio- 

analogues of condensed ph~ha~s. 
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