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 of absolute acetone. The solution was stirred 2.25 hr after which sufficient Amberlite IR-400 resin (OH- form) was added to neutralize the acid. The resin was filtered off and washed with ethyl acetate. The solvents were evaporated to dryness and the residue was crystallized from ethyl acetate and petroleum ether (bp 60’). The yield was 0.85 g (76%), mp 198.5’. Anal. Calcd for C ~ ~ H I S F N Z O C,I :47.68; H, 4.97; N, 9.27. Found: C,47.73; H, 5.10; N,9.20. 2’,3’-O-Isopropylidene-5-fluorouridine5’-Phosphate Pyridinium Salt.-2’,3’-O-Isopropylidene-5-fluorouridine (0.72 g, 2.4 mmoles) and 2-cyanoethyl phosphate reagent14 ( 5 mmoles) were dissolved in 10 ml of pyridine. The solution was evaporated to dryness and the residue was dissolved in 10 ml of anhydrous pyridine. This step was repeated three more times. To the solution of the residue in 20 ml of pyridine was added 5 g (24.1 mmoles) of dicyclohexylcarbodiimide (DCC). The clear solution was incubated a t 25” for 18 hr after which 4 ml of water was added. The solution was allowed to stand for 24 hr. The cyclohexylurea was filtered off and washed with pyridine. The filtrate and washings were combined and were evaporated to dryness. The residue was dissolved in 45 ml of 9 N xH4OH and 40 ml of pyridine, and the solution was heated for 3 hr a t 100”. It was evaporated to dryness and the residue was dissolved in 20 ml of water. Barium acetate (1.65 g, 6 mmoles) was added and the solution was kept a t 4’ for 20 hr. The precipitate of barium phosphate was filtered off. Two volumes of ethanol were added to the filtrate and the precipitate was collected by filtration. The product was dissolved in water and the solution was passed through a short column of Dowex 50 (50-100 mesh), pyridinium form. The column was washed with water and the total effluent was IvorJhilized. The yield was 0.83 g, 75%. Anal. Calcd for C17H21FN30yP.2H20: C, 41.04; H, 5.03; N. 8.45. Found: C, 40.36: H, 4.88; N, 9.07. ’ 5’-O-Trityl-2’-deoxy-5-fluorouridine 3’-Phosphate Pyridinium Salt.-5’-O-Trityl-2’-deoxy-5-fluorouridine1j (2 mmoles) was phosphorylated by the method described for the preparation of 2’,3’-O-isopropylidene-5-fluorouridine 5’-phosphate. The . . yield was 800 mg (60%). Anal. Calcd for C ~ ~ H ~ I F N ~ O R P .C, H ~59.38: O: H. 4.96: N, 6.31. Found: C, 59.06; H, 5.02; N, 6.13. Dinucleoside Phosphates (General Procedure).-The quantities of solvents and reagents are based on 0.5 mmole of nucleotide. The actual quantity used varied with the amounts of starting materials. The size of the column and the volume of eluting buffer was constant for all five preparations. The pyridinium salt of the blocked nucleotide (0.5 mmole) and the blocked nucleoside ( 1 mmole) were dissolved in 10 ml of anhydrous pyridine and the solution was concentrated to dryness. Evaporation with pyridine was repeated several times and finally the residue was dissolved in 25 ml of anhydrous pyridine and DCC (4.1 g) was added. The reaction flask was flushed with dry nitrogen, tightly stoppered, and allowed t o stand a t room temperature for 6 days. On day 3, more DCC (2 g) was added. Water (5 ml) was added and the mixture was left a t room temperature overnight. After filtering, the mixture was evaporated to dryness in V ~ C U Oand traces of pyridine were removed by evaporating Qith water, then ethanol. The residue was treated p i t h 80% acetic acid for 30 min a t 100’ in order to remove blocking groups and the product was purified on a column (1.9 X 36 cm) of DEAE-cellulose (carbonate). The column was developed with a linear gradient of triethylammonium carbonate solution (0.01 J!f 4 0.1 M, pH 8.6, total vol 2 1.) according to the general procedure described previously.16 The order of elution of the three principal constituents of each of the mixture was nucleoside, dinucleoside phosphate, and mononucleotide. I n the case of the preparation of 5-fluorouridylyl(5‘+5’)-5-fluorouridine the order of elution was changed in that the mononucleotide preceded the dinucleoside phosphate. The fraction containing the product was concentrated to dryness in z)aczm and the excess triethylammonium carbonate was removed by repeated suspension of the residue in absolute ethanol and followed by evaporation of the solvent. The residue was dissolved in a minimum amount of absolute ethanol (2 ml) and, on addition of anhydrous ether, the product precipitated out of solution. The product (triethylammonium salt) was collected I
 
 *
 
 (14) G. ill. Tener, J. Am. Chem. Soc., 83, 169 (1961). (15) 11. J. Thomas and J. A. Montgomery, J . Med. Phnrm. Chem., 6 , 24 (1962). ( l f i ) R . T I . Hall a n d R. Thrrlforrl, .7. Org. C h ~ m .28, , I506 (19R3).
 
 by centrifugation, washed several times with anhydrous ether, and dried over PzO5 for 24 hr. The compoiinds prepared by this procedure are described below. 5-Fluoro-2’-deoxyuridylyl-(5‘+5’)-thymidine (I) W R . ~prepared from 3’-O-acetylthymidine 5’-phosphate (2.4 mmoles)” and 3’-O-acetyl-2’-deoxy-5-fluorouridine (3 m o l e s ) . The compound was isolated as its triethylammonium salt, yield 900mg (60%). Anal. Calcd.for C Z ~ H ~ Y F X ~ O , Z P .C, ~H 42.62; Z O : H, 6.38; N, 9.94. Found: C, 42.92; H, 6.06; N, 9.91. Thymidyl-(3’-t5)’-2’-deoxy-5-fluorouridine (111) was prepared from 5’-O-tritylthymidine 3’-phosphate’s (1 mmole) and 3’-0-acetyl-2 ’-deoxy-5-fluorouridine16 ( 3 mmoles). The product isolated as the triethylammonium salt weighed 900 mg (60%). This product moved as a single ultraviolet absorbing spot when chromatographed on paper in four solvent systems and its electrophoretic mobility is characteristic of that of a dinucleoside phosphate (Table I).
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 Rt value Solvent Solvent Compd
 
 5-Fluoro-2’-deoxyuridylyl(3’+5’)-thymidine Thymidylyl-(3 ’ 4 5’ )-2’deoxy-5-fluorouridine Thymidylyl- (5’-6’)-2’deoxy-5-fluorouridine Thymidine 2-Deoxy-5-fluorouridine Thymidine 3‘-phosphate 2-Deoxy-5-fluorouridine 3‘-phosphate 5-Fluorouridine 2’,3 ’-1sopropylidene-5fluorouridine 5-Fluorouridine 5’-phosphate 5-Fluorouridylyl-(5 ‘+5‘)uridine 5-Fluorouridylyl- ( 5 ’-+5’)-5fluorouridine 2 ‘,3‘-Isopropylidine-5fluorouridine 5’-phosphate Uridine Uridine 2‘(3‘)-phosphate
 
 19.2
 
 20.3
 
 Anal. Calcd for C Z ~ H ~ ~ F N ~ O ~ ~ C,P43.66; . ~ H ~ H, O :6.25; N, 10.19; P, 4.51. Found: C, 43.93; H, 6.59; S, 9.94; P, 4.24. 5-Fluoro-2’-deoxyuridylyl-(3’+5’)-thymidine(111) was prepared from 5’-O-t~rityl-2’-deoxy-5-fluorouridine3’-phosphate (0.5 mmole) and 3’-acetylthvmidine19 (1 m o l e ) . The vield was 150 mg (44%). Anal. Calcd for C25H39FNb012P.H~0:C, 44.84; H, 6.12; N, 10.46. Foiind: C, 44.78; H, 6.55; N, 9.97. 5-Fluorouridylyl-(5’+5’)-5-fluorouridine (IV) was prepared from 2’,3’-O-isopropylidene-5-fluorouridine5’-phosphate (0.76 (1.5 mmoles). mmole) and 2’,3’-0-isopropylidene-5-fluorouridine The product was obtained as the triethylammonium salt (yield 71%). It moved as a single ultraviolet-absorbing spot on paper chromatography, and its electrophoretic mobility corresponded to that of a diribonucleoside phosphate (Table I ) . Upon conversion to the sodium salt via Dowex 50, neutralization, and lyophilization, the product was analyzed as the sodium salt. Anal. Calcd for C18HzOFNa0,4NaP .3.5H20: C, 32.19; H, 4.02; N,8.35. Found: C, 32.15; H,3.76; N, 8.32. 5-Fluorouridylyl-(5’--.5’)-uridine(V)was prepared from 2‘,3 ’-0-isopropylidene-5-fluorouridine 5’-phosphate (1.69 mmoles) and 2’,3’-O-isopropylideneuridine(3.38 mmoles). The product as obtained from the DEAE-cellulose column was contaminated ”
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 (17) P. T . Gilham and H. G. Khorana, J . Am. Chem. Soe., 80, 6212 (1958). (18) G. Keiman and H. G. Khorana, ibid., 84, 419 (1962). (19) A. 37. Micli~lsonand A . R . Todd, .I. Cliem. S o r . , 951 (1953).
 
 bond arrangement upon biological activity. FUMP \vas attached in .j'-G' liiiliage with a fluorouridine (IV) and with a uridine (V) residue. The growth inhibitory activity of these conipounds in the 5'. fuecalis 8043 system is shown in Table 11. While FU, FUR, and FdUR inhibit the growth of this
 
 UR
 
 --+
 
 dUR
 
 + dUMP
 
 TH
 
 INHIBI IION Analog
 
 a
 
 OF
 
 10-11 10-11 10-11
 
 dCR
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 organism by 50% at 1-5 X lo-" X,the activity of the dinucleoside phosphates containing these analogs is less, extending from 2 X lo-* to 5 X lo-' Jf. A comparative decrease in activity is shown by FUJIP. These dinucleoside phosphates are also inhibitors of Sarcoma 180 cells grown in tissue culture.24 The marked difference in the potency of the free nucleoside analogs as compared to that of the dinucleoside phosphates, or the nucleoside monophosphate, may be explained in a number of ways. -4 pernieability barrier could impede the facile entrance of the dinucleoside phosphates, while permitting the simple diffusion of the nucleosides. On the other hand, the dinucleoside phosphates might enter the cells freely, but may act in a manner different from that of the free nucleosides. iilternately, cleavage to the nucleoside or the nucleotide stage may have to occur either outside or inside the cell before the dinucleoside phosphates can exert their inhibitory activity. To establish which of these possibilities is most likely responsible for the action of these compounds, a comparative inhibition analysis was carried ouk2j Central to such an analysis is the observation that in S. faecalis, as in other biological systems, interference with the biosynthesis of thymidylic acid represents the primary mechanism by which the fluoropyrimidines in the form of F d U l I P exert their growth inhibitory effect.23 The reversal capacity of a given pyrimidine depends thus on the extent of its conversion to d U N P (Figure 1). Table I11 shows that the reversal patterns obtained with the dinucleoside phosphates coincide closely with those of FUR and FdUR. There exists, however, an approximately 1000-fold difference in the magnitude of the inhibition indices, which parallels the difference in potency of the compounds. Thymidine and thymine are the best reversing agents, and although they give rise to the product of thymidylate synthetase activity (Figure l ) , their reversal effect is competitive, indicating some interference of the fluoropyrimidines with the anabolism of endogenously supplied thymine and t h y n ~ i d i n e2E. ~ ~ Deoxyuridine,
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 C' Figure 1.-Scheme of pyrimidine interconversions.
 
 the immediate precursor of dUlIP, is a somewhat less effective reversing agent, but is more active in preventing the inhibition than are the remaining pyrimidines. The reversal patterns obtained with the dinucleoside phosphates coincide not only with those of FUR and FdUR, but also with that of FUAIP. This indicates that all of these fluoropyrimidines exert their primary inhibition at the same metabolic site in the form of the identical intlermediate which, most likely, is FdCMP. That the dinucleoside phosphates act in the same manner as do their component analog residues is also suggested by the data in Table IV. Mutant strains of S. fuecalis which require 4 X IO-* AI FU (SF/FC) or F'UR (SF/FCR) for 50% growth inhibition are cross-resistant to 3 X JI FUAIP-FUR. This is a ratio of approximately 1: 1000. Alternately the strain resistant to FUNP-FUR (SF/FU;\IP-FUR) is cross-resistant to FU and FUR at approximately the same ratio. In comparison the wild strain (SF/O) is inhibited by 3 X lo-" JI FUR and by 5 X 11 FClIP-FUR which is also a ratio of about 1:1000. This observation indicates that the mechanism of resistance is directed against a site which is acted upon by a common intermediate of these analogs. If the dinucleosides were to inhibit growth in a manner different from that of FUR, then this constant ratio of inhibition could not be expected. The same observation applies to FUlIP. As determined with SF/O, the ratio between the inhibitory activity of FURIP and FGR is approximately 1OOO:l (Table IV). In turn, the mutant resistant to FUJIP is cross-resistant to FU or FUR to approximately the same extent. This coincidence would not be likely to occur if the mode of action of these compounds were to differ. The weaker inhibitory activity of the dinucleoside phosphates as compared to that of the free fluoropyrimidines must then result from a differencein the rate of their conversion to the active intermediate. Figure 2 demonstrates that FUR enters S. faecalis cells readily, the facile entry paralleling the unhindered uptake of FU.23,27The entrance of the dinucleoside phosphate FUJIP-UR is, however, markedly retarded, (27) T
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 it is questionable whether these dinucleoside phosphates per se possess any biological activit'y. Despit'e this fact, the compounds may be of real value in chemot'herapy. The relat'ively slow release of t'he biologically active component may beneficially affecLt its t80xicit8y, and may retard its rapid inactivat'ioii. Conipounds such as FUJIP-UR and I.'dUlIP-dTII whicli cont'ain built-in reversing agents may possess se1ec.t ivity for t,issues which do not use exogenous uracil or thymidine. As shown by t'he data in Table IY no advaiitage is gained from the application of the dinucleoside phosphates to strains of X. fueculis resistant' t'o the component base or nucleoside analogs. This result parallels the recent observat'ion by Parsons and HeidelbergeP who reported t'hat 5-fluoro-2'-deoxyuridylyl-(5'+5')J-fluoro-2'-deoxyuridine did not inhibit cells resistant to FdUR. This lack of differential activity of t'he fluoropyrimidine-containing dinucleoside phosphates in the bacterial system differs from the marked activity exerted in tissue cult'ure by a dinucleoside phosphate cont,ainirig two &mercaptopurine residues. As shown by Montgomery, et U Z . , ~ ~ t'his compound inhibits t'he growth of 6-niercapt,opurine-resistant H.Ep. No. 2 cells at' about 1/25 the concentration required for equivalent inhibition by the free nucleoside or nucleobide. This observation was held to demonstrate that the molecule penetrates the cells intact. Since t'he dinucleoside phosphates containing 5fluorouracil residues do apparently represent' reservoirs capable of slowly releasing tmhenucleoside coniponents, they niay, particularly in tissue culture, produce the effect of a cont,inuous treatment lasting over many days and resulting in a cell response not seen with a single high dosage of the free nucleoside or nucleotide. Under such circumstances t'he cells in all their phases of growth are subject to the action of the drug, a fact which may result in increased inhibitory activity. Although small, from a cheniical point of view, the iiistabilit,y of this group of compounds is nevertheless (28) D. G. Parsons and C . Heidelberger, J . ,%fed. Chem., 9, 159 (1966). (29) J. A. Montgomery, G. J. Dixon, E. A. Dulmage, H. J. Thomas, R. W. Ilrockman, and H. E. Skipper, Suture, 199, 769 (1963).
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 of theoretical interest. I t is unlikely that the lability is due to the fluoropyrimidine residues. Indeed, conipounds such as U1\IP-UR-(3'+5') and 5-methylUJIP-Z-methyl-UR-(3'-.j') have also been observed in this laboratory to undergo slow cleavage upon prolonged storage in the frozen state. While, in the ribonucleoside series, the presence of a neighboring hydroxy group can be held responsible for the lability of the (3'+5') link, no such explanation can be advanced for the relative instability of the dinucleoside phosphates combined in a (5'+5') link, or containing two deoxyribonucleoside residues. I t niay well be that the limited degradation seen with the dinucleoside phosphates containing fluoro analogs is a property of dinucleoside phosphate esters in general, independent of the nature of their Component residues. Acknowledgments.-This research was partially supported by a grant from the Sational Cancer Institute, U.S. Public Health Service (CA-05697). The authors wish to thank Dr. C. A. Kichol for his interest and ericouragenient of this work and the Cancer Chemotherapy Kational Service Center for a gift of chemicals.
 















Copyright © 2024 DATAPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Facebook
















