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Discussion

Sodinm L-{enuazonate was lound to have a high
degree of structural specificity against HAd!I in the egg.
All changes in structure led to a marked reduction in ac-
tivity.

Cytotoxic activities of the -5 substituted congeners
and of the N-methyl derivative of tenuazonic acid
against KB cells correlated with antituimor activities
in the cgg. However, the degree of  structural
specificity i1 KB cells was not as great as in the egg
tumor system, since N-benzyl compounds were  asx
eytotoxie as L-tenuazonic acid itself.

The least structural specificity was shown i 5.

megateriwin.  The -, b-, and p-allo isomers of tenuazo-
nic  acid had equivalent  antimicrobial activities.

Miller, et al..” found a siiilar absence of stereospecificity
in antiviral studies on sodiun tenuazonate and sodium
isotenuazonate. Both inhibited Echo-9, parainfluenza.
vaccima, herpes shmplex, and measles viruses. How-
ever, sodium temuazonate inhibited polio virus, bt
sodinm 1sotennazonate did not.

{7y 1. A, Miller, W. A, Rigbtsel, 12, J, Sloan, J. Ehliel, J, €',
Q. R. Darez, ard G, J. Dixon, Nature, 200, 1338 (1963).
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Some of the (-5 substituted congeners had anti-
microbial activities equal to that of sodiam L-tenua-
zonate.  Substitution of a benzyl group for the N-
hydrogen resulted in a striking enhancement ot anti-
utierobial activity.  This might have resulted from an
mercase in hpid solubility or even from different modes
of action for the compounds.

Shigeura and Gordon® found that sodium L-tenua-
zonate inhibits protein syuthesis in Ehrlich ascites
cells and rat Hver.  Tn Ehrlich ascites cells the mode
ol action was shownu to br an mhibition ol release
of protein fromn tlie vibosome. It s ot known that
thix ix the mode of aetion i microorganisius, 1or cven
m other animal cellsc Purther, sinee the egg—-tumor
and B. megateriwmn svstens studied here are of such
diverse nafure, a correlation of activities 1 the two
svatems would 1ot necessarily be expected.
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The oceurrence af 5- aud S-methyluridine in ribonueleie acid has led s ta prepare tlie following dibribonucleo-
side phosphates in order that their properties may be studied: uridylyvl-{3'—5")-3-metliyluridine, 3-methyi-

nridylyi-(3'—5")-uridiue,
uridine, and 3-methyluridylyl-(5'—5)-5-methyluridine.

S-methyluridylyl-(3'—5")-3-methyliridine,

S-methyluridylyl-(3'—57)-5-moethyl-
These compounds were syuthesized by condensing a 3'-

nucleotide blocked at the 2'- aud H'-positions by trityl groups with the 2’,3’<lospropylidene derivative of the second

Y

nicleoside.
responding nucleosides.

The key intermediates, 2/,5-0O-ditritylnucleosides were prepared by direct tritvlation of the cor-
The location of the trityl groups in tlie case of 3-methyluridine wus deinoustrated by

conversion of the blocked nucleoside to the xyloside as well nx by a1 methylation procedure which gave 3-0-

nethylribose.
uridine.

are approxitately one-thivd higlier thun that for the nonmethylated derivative.
group at the S-position eatlses n more tlian twofold inerense i the hyperchiromic etfect.

The hyperchroniic effect of these compounds wus coanpared with that of uridylyl-(3'—5')-
T comparison with this compound the valies for diribamecleoside phosphate methylated in thie 3-position

The introduction of 2 methyl
The diribonncleoside

phosphates containing a 3-metlyluridylyl-3’ residie are resistant to the action of panereatie ribonuelease n eon-
trast to the corresponding H-ethy! derivatives which are substrates for this enzyine.

The four major ribomucleosides comprise about 95—
999 of the nucleosides of ribonucleic acid (RNA).
The remaining percentage, particularly in the case of
soluble RNA, is made up of over 20 minor nucleoside
constituents? which appear to be distributed through-
out the RNA molecule n a specific pattern.* The
subtleties in physical and bioclogical properties which
these minor nucleosides confer upon RNA molecules
are not well understood. In order to learn niore about
the effects of these minor constituents on RNA it is
our plan to study model polyribonucleotides containing
minor nucleosides. As a step toward preparation of

such polvnucleotides, diribonucleoside phosphates were
i1y VPreviuns paper: 1M R Taylor and R. M. Hall, /. Org. Chem., 29, 1078
(1964).
i2) R. U. Hall, Biochemistry, 4, 661 (19651,
(31 P. R. Srinjvasan and E. Borek, Science, 145, 348 (1964).

svuthesized starting from 3- and S-methyluridine.
Soluble RNA contains 0.1-0.5¢; of d-methyhuidinet
and about 0.005% of 3-methyluridine.?

Preparation of the key intermediates, illustrated by
compounds Ia and Ib, was based on an earlier ap-
proach to the synuthesis of uridylyl-(3’—5")-uridine®
which made use of the easily prepared 2',5'-di-O-
trityluridine.” As in the case of uridine, direct trityla-
tion of 3-methyluridine with an excess of trityl chloride
afforded 2’,5’-di-O-trityl-3-methyluridine. Proof that
the second trityl group is attached at the 2’-position
is provided by the observation that methylation ol
the kuown 2’/57-di-O-trityluridine affords the same

o4} J. WL Livtletield and 1. 13, Duun, Biockem. J.. 70, 642 (1858).

i R.H. Hall, Biochem. Bisphys. Res. Commun., 12, 361 (1963).

6] R. H. Hall and R. Thedford, J. Org. Chen., 28, 1506 (19631,
‘71 N.C. Ynngund J. L Fox, J. dm. Chem. Soc., 88, 3060 (19611,
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compound. Tritylation of 3~-methyluridine under simi-
lar conditions produced a 2’,5’-di-O-trityl derivative
whose structure was established on the basis of two
separate pieces of evidence. The free 3’-hydroxy! of
this compound (IV) was inverted to yield the known 1-
(8-p-xylofuranosyl)-5-methyluridine (VIII) as shown
by the series of reactions in Chart I. In addition,
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Bz = Benzoyl

27 5'-di-O-trityl-5-methyluridine was methylated by
nieans of methyl iodide and silver oxide. The methyl-
ribose obtained from this nucleoside was identified as
3-O-methylribose (XI). Methylation of 2'5'-di-O-
trityluridine (IVa) under the same conditions also
produced the 3-O-methylribose (XI). This series of
reactions is shown in Chart 1.
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The 2/,5’-di-O-trityl derivatives of 3- and 5-methyl-
uridine were phosphorylated to yield the key inter-
mediates I (Chart III) containing a phosphate residue
in the 3’-position. These intermediates were condensed
with the appropriate 2’,3’-isopropylidene ribonucleo-
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Figure 1.—Resolution of H-ruethyluridylyl-(3/(2/)—5")-

5-methyvluridine: column, Dowex-1 X 2 (formate) 200-400
mesh, size 1.5 X 40 cm. The mixture of isomers (100 mg.) was
placed on the column and the colimn was developed with a
linear gradient of sodinm formate buffer (pH 4.5) from 0.01 —
0.1 M. Ratio of the amount of the (2’—3’) isomer to that of
the (3’—5’) isomer is 45:53.

side (II) to yield intermediates which after removal
of blocking groups afforded the (3'—5")-linked diribo-
nucleoside phosphate. In an analogous procedure
2’ 3’-isopropylidene-5-methyluridine 5’-phosphate was
condensed with 2’ 3’-isopropylidene-5-methyluridine to
yield 5-methyluridylyl-(5'—5")-5-methyluridine.

An important question concerning choice of blocking
groups arises in this work. Studies on model phos-
phate esters of glycols show that under acid conditions
the phosphate groups can migrate from one hydroxyl
to the neighboring one.®® Thus, removal of acid labile
blocking groups from (3'—5’) diribonuecleoside phos-
phates could result in formation of the (2/—5%)
isomer. This possibility can be assessed accurately
in the case of those diribonucleoside phosphates con-
taining a uridylyl-3’ or 5-methyluridylyl-3’ residue.
Uridylyl-(3’—5’)-3-methyluridine (IIIb) prepared in
the present study is 989, hydrolyzed by pancreatic
ribonuclease. This follows the pattern established
previously for other uridylyl-3’ esters.® The 5-methyl-
uridylyl-5-methyluridine synthesized in this study,
however, actually was a mixture of approximately
equal parts of the (3'—=5") (IIId) and (2’—5’) isomers.
These isomers were readily separated by ion-exchange
chromatography as shown in Figure 1. The (3'—3")
isonier was completely degraded by pancreatic ribo-
nuclease. In the presence of an equal amount of the
(2'—5") isomer, the (3'—3’) isomer was not degraded
by this enzye.

The isomerization of the 5-methyluridylyl derivative
appears to be due to a labile acid-catalyzed trans-
esterification of the phosphodiester bond during removal
of the trityl groups. This lability contrasts sharply
with the stability of the uridylyl derivatives under
similar conditions The question as to whether the
3-methy! group has a similar labilizing effect as the 5-
methyl group was harder to assess since these deriva-
tives are resistant to the action of pancreatic ribo-
nuclease.’® The preparation of 3-methyluridylyl-(3'—
57)-3-methyluridine (IIlc) was subjected to ion-ex-
change chromatography under conditions in which the
(2'—5") and (3’—5") isomers of compound IIId were
resolved and a single symmetrical peak was obtained.
This suggests that only a single isomer was present.

(8) D. M. Brown and A. R. Todd, J. Chem. Soc., 52 (1952).

(9) D. M. Brown, D. I. Magrath, A. H, Neilson, and A. R. Todd, Nature,

177, 1124 (1956).
(10) W, Szer and D. Shugar, Acta Biockim. Polon.. T, 491 (1960).
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Polynucleotides exhibit a substantial hyperchromic
effect when they are hydrolyzed to their constituent
nucleotides.  Thiz effect affords a measure ol the
interaction of the constituent nucleotides with each
othier.  The forces responsible for this interaction have
been  aseribed 1o coulombie  interactions  between
base residues.'1* Studies of these forees are generally
made on long-chain polynucleotides; however, Michel-
son'®' has also observed hyperchromie offects at the
level of o dirtbouucleoside phosphate.

Cowparison of the hyperchromieity of the methylated
diribenucleoside plhiosphates with that of the nommethyl-
ated diribonucleoside  phosphate, wridylyvl-(3'—57)-
uridine, shown i1 Table I, provides sonie msight innto

TaBLE L

Hyrerenrosterry s pll 6.0
Optieal
densicy
inereaxe
H1 Asanx

Compel. i
Uridylyvl-(3 —+-)’) nridine 4.8
Uridylyl-(3/—=5)-3-methyliridine 6.4
3- \leth\'lllridvl\'l (3’—»3’)-111‘idiue 6.4
s-Methyluridylyl-(3’—5")-3-methyluridine 3.8

H-Metlyvluridylyl-(2’—35")-5-niethyluridine 17.9
N

A-Methyluridylyl-(3’—5")-3-1methylnridine 10.2
10.3

o-Methyhiridylyl-(5'—5")-3-methyluridine 7.6

* These values were obtained by trearing the respective com-
pounds witl 0.5 ¥ NaOH for 24 hr. ar 37°

the effect of a methyl group on the interaction of two
adjacent uracil residues of an oligoribonucleotide.
The methyl group at position 3, regardless of configura~
tion of the internucleotide boud, i.e., (3'=5") or (3'—
37y, causes a slight increase in hyperchromicity. This
effect 1s not augmented when two 3-methyluracil
residues are jomned together in this fashion. The
methyl group at position 5 on the other hand causes
a substantial increase in base—base interaction as indi-
cated by the pronounced hyperchromicity. The strong
bage-base interaction exhibited by this compound
presumably has some bearing on the stable secondary
structure of polyribothyniidylic acid which exhibits
a hyperchromic effect of 3594 aud a T, of 36°.%°
The methyl groups at position 3 of polyuridylic acid,
conversely, eliminate all vestiges of a secondary
structure.”  The marked changes in physieal structure
brought about by the introduction of a methyl group
into the uracil residue of oligonucleotides indicates
one of the ways in which minor nueleosides may in-
fluence the hiological properties of RN AL

Experimental®s

Whatman filter paper No. 1 was

Paper Chromatography.
A, isopropyl

nsed. The solvent systenis used were as follows:

11y H. DeVoe and I. Tinoco, .J. Mol. Biol., 4, H00 {19621,

¢12) D. M. Crothers and B. H. Zitnyp, 7bid., 9, 1 119641.

{133 A. M. Mjchelson, Biockim. Biophys. Acta, 85, 841 (1962).

(14) A. M. Michelson, ' Tle C'hemietry of Nucleosides and Nucleotides,'
Academic Press Ine., New York, N. Y., 1963,

(13) B. F. Criffin, A. Todd, and A\. leu, Peae, Natl, Aecad. Sev. UL S, 44,
1123 (1958).

(16) D. Stogar and W. Szer, J. Mol. Biol., 5, 380 (19621

(17) W. Szer and D. Slcgar, Acta Biochip. Pnlon., 8, 235 (19611,
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aleoliol-1 €0 aquecns ammonimu sulfate 2:1); B, isopropyl
aleohol-concentrated NH OH-water (7:1:23; () ethyl acetate
n-propyl ualecdhol-water (4:1:23 D, w-bityl aleohol water
(8G: 10 I byt sdeoliad we ter concentraced NHLOH os6:
50 by isopropyl aleohol-concentnaed HOT water (6800176
1445 See Table 11

Electrophoresis was conduneted on Whatnear 5 MM paper in o
Calson Electrophorator for I hr, at 50 v./em. in 008 3 amne-
nin formate buffer, pH 3.5, See Table 1T.

3-Methyluridine.- - Uridine (4.1 g., 1¢.4 nonoles) was 1acthyl-
wted according te the procedure of Miles. 2 Puritication »f the
produet wies simplified by employing :« colimun partitien eliropue-
tography eehnicaie.® The colunie contained 130 g, of Colite-
D45 size 254 % NO i and the sobverd systein nsed was ethyl
acetate -propyl aleokol-water (4:1:23. The solvent eluted a
siiall fraction alsart 1 of tated) which consisted of o dimethyl
derivative of midine and this was followed by a fraction contain-
ing the product.  The eflluent containing the product wus con-
centrated o a flash evaporator und to the resulting sirup meth-
ol (1 bl aud anlivdrons etler 5wl were added.  The
sohtion wus maintained a1 0° for several honrs during which
the the procduct slowly erystadlized. The vield was 5.2
{74, L The compound melted at 11811902 alter recrystalliza-
tion trom cthand and eyvelohexane (It.1? mup. 110120

Anal. Caled, Tor CoH o NoOg: O, 46,510 H, 5.45; N, L85
Found: C, 46.06; H, 5.70; N, 10.61.

2’,. -Di-O-trityl-3-methyluridine. A.—--3-Methylhiridine (l a
g.. 3.87 muoles) was treated with triphenyvhnethyl ehloride by
the melhml which Ying and Fox™uzed for uridine.  The erude
prociet was dissalved in o mixtinre of hot benzene and nethanot,
Upon cooling, & sl amomnt of a minor produet was obtained
(75 mg., nup. above 250°%  Ax the solution was concentrated on
astean bath, the major produet precipitaved (1.1 g., 3855, 1t
was ervstallized @rom hot benzene and anhivdions ether: m.p.
258--230°.

Anal. Caled. Tor CgHaN , 77.6; H, 3.69; N 377,
Found: (,. TTNT H. : N, 5.56.

The minor product was not completely clhiaracterized; how-
ever, the nnulysis corresponded to a tritrityl-3-methyliridine,

Anal. Caled. for CaHaeN.Oe: €, S1.68; H, 5.73; N, 284,
Found: €, S0.93; H, 5.79; N, 2.89.

B.---27,5/-Di-O-trity luridine (0 82 mmole)” was added 10 boiling
metlunol (75 1ed. 3, und benzene was added until all the muterial
had dissolved.  After cooling rhe solntion ¢ 4°, it was treated
with an cthereal solution of diazowethane. The reaction
mixture was allowed to stand at room temperature for 3.5 hr
Evaporation of the solvent ylelded a white sadid which was re-
erv=tallized from benzene und anhyvdrous ether.  Tle yield was
450 mg. (737 ), m.p. 258-230°.

Anal. Caled. for CiHaNOy: ) 77.60 I, 5.6 N, 3.77.
Found: ', 77.56. H, 5.7 N, 3.86.

The niixture meliing point of the 1wo preparations obtuined by
uwethods A and B was 230°0 Their infrured spectra were also the
same and each gave S-methylnridine when hydrolyzed Ly so¢,
acetic acld for 30 min. ai 100°,

2/,5'-Di-0-trityl-3-methyluridine
Di-O-trityl-3-methyluridine (4 mnoles) was phospliorylated with
g-evunoethyl phosphate by o method used for the preparation
of 27,5°-di-O-tritvluridine 3-phosphate.®  The prodiet was ob-
tained n= the pyridinimm salt (2.8 g., 70.8C¢).

Apal. Caled. Tor CpHsNOWP-HLO: € 6912 H, 5,47, N,
136, Found: C, 69.00; H, 5.50: N, 4.43.

3-Methyluridine 3’-Phosphate.——A mixture of 2°,5-di-O-trizvl-
J-methyluricdine 3-phosplte 10.2 mmole of pyridinium sali)
daand 100 il of 80C, weetic aeid was heated on a steam bath far
1.5 b, ‘The mixture wus cooled und filtered, and the filtrate was
concentrated to drvness.  The residue was dissolved i1 a mixture
of water und etlinol ¢1: 10 and 1he solution was evaporated to
dryness.  This pracess wis repeated several tinles to remove
excess acetic neid.  Puper chromatograply of the erude reaction

3’-Phosphate (Ib).--2’

-
2,0

(18) Melting poants were Jleternined by jhe eapillary metliod and are
nncorrected. Mlicroanalyses were performed by Ceorge 1. Robertson, Jr..
Fordlkam, N.J. Tlhe nnelestides were dried over phosphorus pentoxide i
covie.  Since no attempt was nade to render them completely anhydrons,
Jue to their lalility ta Year, some of these compounds wero anulyzed as
Livdrates.

114 11 T 3Miles, Biochim. Biophys. Acla, 22, 247 (14561,

120) R. H. Hall, J. Biol. Clem., 287, 2283 (1062).

213 Juhps-Manville Co. Lrand of dintamaceous eards
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TasLe 11
Electrophoresis
Distance
Spectrophotometric data ~—Paper chromatography— moved
Amax: €max R¢ values toward
Compd. pH mp X 103 Solvent A Solvent B anode, ¢m.
4.9 262 9.02 0.77 0.75 2.9
3-Methyluridine 11.6 263 9.00
5-Methyluridine o Co ce 0.73 0.56 0.7
2/,3’-Isopropylidene-3-methylnridine 5.4 261 9.49 0.88 0.85 3.4
11.5 259 9.45
2’ 3’-Isopropylidene-5-methyluridine e . . 0.88 0.79 1.2
3-Methyluridine 3’-phosphate 5.6 261 9.52 0.32 0.46 31.6
11.6 260 9.34
5-Methyluridine 3'-phosphate 0.61 0.12 27.3
5-Methyluridine 5’-phosphate o Ce ce 0.50 0.03 25.4
2’ 5'-Di-O-trityl-3-methyluridine 3’-phosphate 2.4 257 9.91 0.83 0.88
11.4 256 9.69
2/ 5'-Di-O-trityl-5-methyluridine 3’-phosphate . e e 0.35 0.14 e
Uridylyl-(3’—5)-3-methyluridine 2.4 261 18.03 0.37 0.52 20.2
10.2 260 15.6
3-Methyluridylyl-(3’—5)-uridine 2.4 260 18.1 0.38 0.52 20.6
11.6 259 15.14
3-Methyluridylyl-(3’—5’)-3-methyluridine 3.2 261 17 .44 0.63 0.62 21.4
11.5 260 16.74
5-Methyluridylyl-(2’—5’)-5-methyluridine 2.0 267 ce 0.51 0.28 23.7
10.0 267
5-Methyluridylyl-(3/—35’)-5-methyluridine 0.51 0.28 22.8
5-Methyluridylyl-(5’~5’)-5-methyluridine 0.48 0.14 20.0

mixture in solvent systems A and B indicated the presence of a
single ultraviolet-absorbing compound. The crude product was
dissolved in 5 ml. of & 0.01 M triethylammonium carbonate solu-
tion (pH 8.6), and the solution was placed on a column (1.9 X
30 cm). of DEAE cellulose (carbonate form). The column was
eluted with 600 ml. of 0.01 M triethylammonium carbonate
solution (pH 8.6) at the rate of 30 ml /hr., and the fraction con-
taining the product was evaporated to dryness. The brownish
residue wag dissolved in ethanol which was evaporated; this was
repeated several times, and the residue was dissolved in 1 ml. of
alcohol. Upon addition of anhydrous ether a white solid pre-
cipitated. The triethylammonium salt of 3-methyluridine 3’-
phosphate (47 mg., 809 ) was collected by centrifugation, washed
with anhydrous ether, and dried over P;O; for 24 hr.

Anal. Caled. for CieHpN;O.P-3H.0: C, 38.94; H, 7.35;
N, 8.52; P, 6.28. Found: C, 39.00; H, 6.56; N, 8.82; P, 6.07.

2’,5'-Di-O-trityl-5-methyluridine was prepared from 5-methyl-
uridine?? by a procedure identical with that for 2/,5'-di-O-trityl-
3-methyluridine (method A). The product melted at 273-274°,
yield 379%,.

Anal. Caled. for CiuHueN:Og: C, 77.63; H, 5.66; N, 3.77.
Found: C, 77.53; H, 5.93; N, 3.67.

2',5’-Di-O-trityl-5-methyluridine 3’-phosphate (IIla) was pre-
pared by a procedure similar to that for 2/,5’-di-O-tritvluridine
3’-phosphate.® Lithium hydroxide was used in place of NaOH
for removal of the cyanoethy] group; yield 69%,. This product
sublimes.

Anal. Caled. for CisHuL1LN:04-4H0: C, 63.57; H, 5.41; N,
3.10. Found. C, 63.55; H, 5.57; N, 3.33.

5-Methyluridine 3’-Phosphate.—The lithium salt of 2’,5'-di-
O-trityl-3-methyluridine 3’-phosphate (90.6 mg., 0.1 miniole) was
suspended in 6 ml. of 809, acetic acid. The mixture was heated
for 2 hr. at 100° and filtered, and the filtrate was evaporated to
dryness. Traces of acetic acid were removed from the residue by
repeated dissolution in water and ethanol and evaporation. The
produet was dissolved in water and passed through a column of
Dowex-50 (H *) ion-exchange resin to remove Li*. The free acid
was nentralized with NaOH. This product was homogeneous on
the basis of paper chromatography and electrophoresis. The
vield was 809 based on spectrophotometric analysis (e 9.6 X
103).

2’,3’-0-Isopropylidene-5-methyluridine (I1a).—This method is
based on that of Hampton.?® To a suspension of 1.032 g. (4

(22) J. J. Fox. N. C. Yung, J. Davoll, and G. B, Brown, J. Am. Chemn.
Soc., 78, 2117 (1958).
(23) A. Hampton, tbid., 83, 3640 (1961),

mmoles) of 5-methyluridine?? in 40 ml. of acetone was added
0.136 g. (0.4 mmole) of di-p-nitrophenyl phosphate and 4 ml. (33
mmoles) of 2,2-dimethoxypropane. The mixture was stirred 2
hr, at room temperature to give a clear solution. Dowex-1 X 8§
(OH ™) ion-exchange resin (washed with acetone and air dried,
2.4 g.) was added, and the mixture was stirred 3 hr. at room tem-
perature. Paper chromatography of the reaction mixture in
solvents A and B showed a single ultraviolet-absorbing spot.
The resin was filtered and washed with acetone, and the com-
bined filtrates were evaporated to dryness. The product was
subjected to partition chromatography on a column (2.54 X 76
cm.) containing 150 g. of Celite-545 using solvent C. The
fraction containing the product was evaporated to dryness and
the residue was recrystallized from ethyl acetate and petroleum
ether (b.p. 66-75°); yield 0.944 g. (79%), m.p. 124°. Tle
product prepared by another method melted at 112°,15

Anal. Caled. for C3HisN,Og: C, 52.3; H, 6.04; N, 9.38.
Found: C, 51.94; H, 6.45; N, 8.41.

2/,3’-0-1sopropylidene-5-methyluridine 5’-Phosphate.—2’,3'-
O-Isopropylidene-5-methyluridine (0.61 g., 2.05 mmoles) was
phosphorylated by cyanoethyl phosphate.?* The crude pyri-
dinium salt of the product was purified by converting it to the
barium salt. To a solution of 1.46 g. of crude product in 25 nil.
of water was added 1.42 g. of barium acetate (5.2 moles) and,
after standing at room temperature for 2 hr., the barium phos-
phate was filtered off. Three volumes of ethanol was added to the
solution, and the product was collected by centrifugation. It
was redissolved in water and passed through a column of Dowex-
50 X 8 (pyridinium form). The filtrate was lyophilized and the
pyridinium salt thus obtained was dried over P»O; in a desiceator
at room temperature for 2 days (vield 98¢,). It moved as a
single ultraviolet-absorbing spot on electrophoresis.

Anal. Caled. for CHyN3;OP-HO: C, 45.3;
Found: C, 44.58; H, 5.59.

3’-Mesyl-2',5'-di-O-trityl-5-methyluridine (V).—Methane

sulfonyl chloride (0.08 ml., 1 nunole) was added to an ice-cold
solution of 2/,5'-di-O-trityl-5-methyluridine (0.35 g., 0.47
mniole) in 5 nl. of anhydrous pyridine. The mixture was shaken
and kept at 5° for 16 hir., after whicli time it was filtered and
washed with 10 ml. of pyridine. Ethanol (0.1 ml.) was added to
the pyridine solution and after 2 hr. the solveut was evaporated.
The residue was crystallized from aqueous ethanol mixture; vield
0.285 g. (74%), m.p. 222-223°.

Anal. Caled. for CisHuyN.Os8: C, 71.70; H, 5.37; N, 3.41;
S, 3.90. Found: C, 71.58; H, 5.53; N, 3.61; S, 3.98.

H, 548.

(24) G. M. Tener, ibid.. 88, 159 (1961).
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Tasrr II1

ANALYSIN OF DIRIBONUULEOSIDE PHOSPILATES

Dinucleoside pliosphate (trietlylammonstin saliy
Uridylyl-(3'—5")-3-niethyluridine - 3H.O (111D)
Uridylyl-(5'—37)-3-methyluridine - 2H.O (111a)

“Claled, Y e e e - Yl

Tacmaly o 1 N & t1 N
CaHao N0l SHLO
CouHoNOuP-2H,0 4270 6.32 0.08

4105 6,08 bG8 21
4284 6.21 to.24 17

11,72 644 0.7

3-Methyluridylyl-(3'—5)-3-niethyluridine (I11c) CuHuN;OulP 4504 623 154 AT 6.3T 10,02 1
H-Methyluridylvl-(3/(2")—5")-5-1methyluridine” (I1T1d) CaHauNeO P 1708 6000 098 47 00 TS 002G LA

* One molecule of triethylammonium earbonate crystallized wirh the produet,

2,3’-Anhydro-1-(2,5-di-O-trityl-8-v-xylofuranosyl )thymine
(VI).~—3/-Mesyl-2/,5'-di-O-trityl-5-methyluridine (0.155 g., 0.188
mole) and sodium benzoate (0.5 g.) were dissolved in 10 ml. of
dimethylformamide and the solntion wns mainrained ar 130° for
18 hir,,y then cooled and poured into 200 ml. of water.  Thix soln-
tion was srirred 2 hir. and the product waxs obtained by filtration.
The produet was not purified further but was treated directly
with alkali as deseribed below,
1-(2,5-Di-O-trityl-8-n-xylofuranosyl )-5-methyluridine (VI11).---
The auhydro derivative obtained from the above reaction wis
dissolved in 25 ml of ethanol containing 1 ml of 1 N NaOH
solntion,  The solntion was refluxed 45 min. and cooled, und the
solintion was nentralized with 8047 neetic neid.  The precipitated
procduct was obtained by filtration and reerystallized from
ethanol; m.p. 261-262°,

Anal. Caled. for CiuHeNwOQe-H.O: C, 758 H, 5.79; N,
3.68. Found: C, 70.45; H, 6.10; N, 3.85.

1-(8-p-Xylofuranosyl)-5-methyluridine (VIII).--The preceding
produet was suspended in 20 ml. of ethanol and 0.1 wl. of con-
centrated HCI was added; the solution wus refluxed for 1 lir,,
cooled, and filtered, aud the clear filtrate was evaporated to o
sirnp. The sirup was dissolved in 10 ml. of water and extracted
twice with CHCl; to remove triplienylearbinol. The product,
whel exaniined by paper chromatograply in solvents A through
F, exhibited R values which agreed with those of an autheutic
sammple of 1-(8-v-xylofiiranosyl)-5-niethyluridine?? and did not
agree with those of the ribo- and arabinofuranoesyi derivatives.

This nucleoside wus further characrerized by removing and
identifying the sngar. A sanmple of the nucleoside (3 mg.) and
rhodium-on-aluming eatalyst (0.1 g.)% were added to 3 ml. of
water and, after adjusting to pH 4.0 with HC, the mixture was
liydrogenated at atmospheric pressure for 4 hir. The catalyst
wus rentoved, the pH was adjusted to 2 with HCL, and the solution
was heated at 100° for 90 min.  This solution contained ouly one
sugar whose I value corresponded to that of xylose on puper
chromatography in solvent systems A-E.

&0 5-Trimethyl-2/,5'-di-O-trityluridine  (IVb).—This re-
action was carried ont aceording to the niethod of Kuhu and co-
workers.?  275-Di-O-trityl-3-methyluridine  (0.83 g, 1.12
initoles), silver oxide (2.6 g. 11.2 mmuoles ), and fodomethune (26.1
£., 184 mmoles) were mixed together, und 3 ml, of N,N-dimethvi-
formainide was added. The mixture wus siirred and refluxed for
9 . Chloroforni (35 ml. ) was added, and the silver residue wux
filtered off. Tlie precipitate was washed on the filter with six 10-
ml. portions of CHCl;, and the total chloroforn filtrate was ex-
tracted with 250 ml. of water containing 2 g. of sodium evanide.
The chlorofcam was washed twice with water, dried (Na,S0.),
and evaporated to w giun in vacve.  The residne was dissolved in
liot benzene and ether wus ndded to incipient cloudiness after
which the product crystallized; yield 0.73 g. (8473, mLp. 263°.

Anal.  Caled. for CypHyeN.Og: ) 77020 H, 5,907 N, 5.64.
Found: €, 77.71; H, 6.16; N, 3.50.

N0 -Dimethyl-2',5'-di-O-trityluridine (1Xa) was prepared in
N0 ¢ yield from 27,5-di-O-trityluridine as described above for the
S-methyluridine derivative. It melted at 228°.

Anal.  Caled. for CyHuN.Og: C0 77.78; H, 5.82; N, 3.70.
Found: C, 17.90; H, 6.03; N, 5.45.

3-0U-Methylribose Obtained from ¥'3,0¢ -Dimethyl-2’,5'-di-0-
trityluridine (IXa) or N'3,0%,5-Trimethyl-2",5’-di-O-trityluridine
(IXb).-~-The uncleoside derivative (20 mg.) was suspended in 10
ml. of 807 neetic acid, and the mixture was heated at 100° for
00 min.  The clear solution was evaporated n vacuo to dryuess
and 4l of water was added to the residue. Triphenylearbinol
wies Bltered off. The metlorlated nieleoside was reduced and

©23) WL Cubn and D, QL Dolerty, ., I, Chese, Soe,, T8, 28613 (190t
26) R, Kidoy, H. Tyisechbmarm, and 1. Low, dxgew. Chem., 67, 32 (19551

hydrolyzed us described usbove for 1-{g-n-xylofuranosyl)-d
methyluridine. Examination of the produets of hydrolysis showed
i each case the presence of ouly oue sngar which corresponded to
an antheutic sumple of 3-0-methylribose, prepared by the method
of Burker® on paper chiromatography in solvent systems B-Eand
an electroplioresis in tlie presence of bhorate ion.
Diribonucleoside Phosphates (General Procedure.) The
pyridininm salt of the 27,5-di-O-tritviribonucleoside 3/-pliosphiae
(L, 0.5 mmoled and the 273 -isopropylideneribomicleoside (I1. 1
immnole) were dissolved in 10 wl. of anlivdrous pyridine and the
solution wis concenirated to dryness.  Evaporation with pyri-
dine wax repeated several times and finally the residne wax dis-
solved in 25 ml. of auhydrous pyridine and dicyeloliexylenrbodi-
imide (DD, 4.1 g.) was added.  The reaction flask wus flushed
with dry nitrogen, stoppered tightly, and allowed to stand :a
roon temperatire for 6 days.  On duy 3, more DCC (2 g.) wus
added.  Ou day 6, wuter (5 ml.) was added and the mixture wis
lelt at rooni temperature overnight,  After filtering, the mixture
wis evaporited Lo dryness in vacuo and traces of pyridine were
removed by evaporating with water, then ethanol.  The residuc
wits treated with S0CT acetic acid for 30 min. at 100° i order to
remove blocking groups and the prodnet was purified on a colimn
(1.6 X 36 en) of DEAE cellulose (carbonate). The column wis
developed with a linear gradient of triethyl aimmnonium cabonate
(0.01L M — 0.1 M, pH 8.6, total volmne 2 1) according to the
general procedure deseribed previously.®  The fraction contain-
ing the produet was concentrated to dryness in vacuw, and excess
riethylamionimn biearbonate was removed by repeated sus-
peisiotc ol the residue in absolute ethauol aud followed by evup-
ovation of the solvent.  The residue was dissolved in o minimum
ot of absolute ethanol (2 ml) waad, on addition of auhydrons
ether, the produet precipitited ont of scdution.  The prodie
(triethylnmunonium salt) was colleeted by centrifugntion, wished
severil times witli wnhydrons ethier, :ud dried over PwO; for 24
I, The yvield and analytical data of the fonr divibouncleoside
phosphutes synthesized are presented in Table IIT.  The mixed
isonters of  H-metlyluridylyl-(3/(2)—5")-5-methyloridine  were
separated on n codumu of Dowex-1 X 2 residue as shown in Figure
1. Other intermediates ntilized in this work, 2,3 -isopropyli-
dene-s3-metlivluridine® and 27,5/-di-O-trityluridine 3'-phosphate”
were prepared as described previously.
5-Methyluridylyl-(5’—5')~5-methyluridine.- - Pyvridininm  2'-
3’-O-isopropylidene-3-methyluridine 5’-phosphate (2.2 mumoles)
wus condeused with 2¢3/-0O-isopropylidene-3-methyhiridine t4.4
umolex) by the method deseribed above. The crnde produel
whs dissolved in 30 ml. of 8077 acetic acid, and the mixture wis
heated at 100° Tar t e, The acetic acld was evaporated
racuo, and the residne was dissolved in water which was evipe-
ruted. This wis repeated until all truces of acetie neid had been
remceved.  The produet was dissolved in 20 ml of water and the
pH was ndjusted to 8.5 with NH,OH.  The solution was upplied
Lo tceolnmm (42 < 1.2 en s of Dowex-1 X 2 (forimde) 200-400
mesh.  The codimn was developed with 3750wl of w lincac
gradient of mmaonium formate buller, pH 4.5, 0.02 M —0.15 .1/,
The produet wus elnted between the 1950 and the 2925wl marks.
The solntion corresponding to this fractica was passed throngh a
coliumn of Dowex-30 X 8 (H*) in order to reulove ammaldiila
ions. The filtrate was lyophilized to yvield 188 mg. (159 of 5-
methyluridylyvl-(5’—5/-5-methylnridine.  This materi:d moved
s nosingle spot when subjected to electrophoresis and on paper
chiromatography in solvents A and B. The product was com-
pletely degraded by snake venom phosphodiesterase to yield 1
mole eacl of d-methvluridylic acid and 5-methyluridine.

S0, wol oW X

TOMG N, 1207
e, Saey, 1327 (10500,

2R N, KL Koebotkoy, 1L Bndowsky. wid Vo N Shibaes, Biochda Foon-
phas, et B3, 115 (1661
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Hyperchromicity (Table 1T1).—Alkaline digestion could not be
used for those compounds with a 3-methyluracil residue since
this moiety undergoes degradation in alkali.’* Hyperchromicity
was determined by measuring the optical density at the Amax of &
solution of the diribonucleoside phosphate at pH 6.0 before and
after digestion with purified snake venom diesterase (Worthing-
ton Biochemicals). The digestion was carried out as follows.
To 2 nil. of an aqueous solution of the diribonucleoside phosphate
was added 0.2 ml. of 0.1 M Tris buffer (pH 8.2), 0.025 ml. of 0.1
M Mg30, solution, and 0.1 ml. of a freshly prepared enzyme
solution (5 mg./ml.). Incubation was carried out at 37° in a
jacketed compartment of a Cary Model 14 spectrophotometer
and was judged complete when the optical density at Amex re-
mained steady for several hours. In one experiment 5-methyl-
uridylyl-(3—5')-5-methyluridine was hydrolyzed with 0.5
NaOH and the hyperchromicity measured at pH 6.0 was similar
to that obtained by use of the enzyme. In separate experiments
the effectiveness of tlie enzyme treatment was tested on more
concentrated samples of each of the diribonucleoside phosphates
under similar couditions. The products of the digestion were
separated by electrophoresis and in no case could the unchanged
diribonucleoside phosphate be detected.

Ribonuclease Treatment.—To the diribonucleoside phosphate
(0.2 mg.) in 100 X of water was added 25 X of 0.1 W Tris buffer
solution pH 7.0 and 25 X of pancreatic ribonuclease solution (1
mg./ml. of Worthington crystalline, Code R), and the solution
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was incubated at 37° for 15 hr. The reaction mixture was exam-
ined by means of electrophoresis.

The following compounds were 1ot hydrolyzed: 3-methyl-
uridylyl-(3'—5")-3-methyluridine, 3-methyluridylyl-(3'—5')-
uridine, and 5-methyluridylyl-(2’—5")-5-methyluridine. The
following compounds were completely hydroyzed to the 3’
nucleotide and nucleoside: uridylyl-(3'—3’)-3-methyluridine
and 3-methyluridylyl-(3’—5")-5-methyluridine.

When a mixture of equal parts of 5-methyluridylyl-(2’—5")-5-
methyluridine and 3-methyluridylyl-(3’—5")-5-methyluridine
was subjected to these hydrolytic conditions, no breakdown prod-
ucts were detected.
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Further polyhalofluorene derivatives have been fonud effective against certain tumors in mice, and data are
presented for some of the compounds reported earlier.’* On the basis of present data, the most active com-
pounds in this group are: N-2-(1,3-dichloro-7-nitrofluorenyl)acetamide (Adenocarcinoma 755), N-2-(7-bromo-
1,3,4-trichlorofluorenyl)acetamide (Sarcoma 180), N-2-(1,3,7-trichlorofluorenyl)acetamide (Cloudman melan~
oma), 1,3-dibromo-v-nitro-2-fluorenamine (Adencarcinoma and Sarcoma), 1,3,7-tribromo-2-fluorenamine
(Adenocarcinoma), and N-2-(1,3,4,6,7-pentachloroflucrenyl)acetamide (Sarcoma). The position of the chloriue
atom, designated earlier'* as 4(?) on the basis of infrared absorption, is confirmed by synthesis, Some com-
pounds we described as 2,3,7-trisubstituted fluorenes are shown to be 2,4,7-derivatives, in agreement with recent
reports,?3 but still in marked disagreement with an earlier paper.t 2,7-Dibronio-, -dichloro-, and -difluorofluo-
renes and the three corresponding 9-oxofluorenes are all nitrated at the 4-position. Chlorination of N-2-(4-
chlorofluorenyl)acetaniide, N-2-fluorenylformamide, aud ethyl N-2-fluorenylearbamate, as found earlier's with
N-2-fluorenylacetamide, leads to the 1,3,4,7-tetrachloro compounds. 2,3,7-Trichlorofluorene is prepared by three
routes, Acetylation of some relatively weak amines by merely shaking at room temperature with glacial acetic
acid is described. Bromination of N-2-(7-bromofluorenyl)acetamide with N-bromosuccinimide in dimethyl-

formamide gives the 3-bromo derivative.

Our previous report in this series'® included a number
of polyhalogenated fluorene derivatives which show
antitumor activity in animals. In expanding this area,
in a search for further compounds with biological activ-
ity, we have first confirmed the supposed 4-position for
a number of these substances. In all cases in the pre-
vious paper'® the position designation 4(?) is, in fact,
4. In addition to this minor point, we wish, in the
present paper, to clarify a discrepancy in the literature
and, in so doing, correct a position designation in the
names of a number of the reported compounds in the
previous paper. In brief, eight di- and trichlorofluo-

(1) (al For Halogenofiuorenes. T, see H.-L. Pan and T. L. Fletcher, .J.
Med. Chem., 7, 31 (1964). (b) Snpported in part by a grant (Ca-01744)
frora the National Cancer Instjtute, National Institutes of Health, and in
part by Research Career Development Award 3-K3-GM-14,991 (‘. L. F.).

(21 W. Schidlo and A. Sjeglitz, Chem. Ber., 96, 2595 (19631,

(3) A. Sjeglitz, ibid., 97, 3392 (1964).

(4) In particular see paragraph 2 and footnotes 6~8 in ref, la.

TaBLE 1

No.” Correct name
XIX 9-Bromo-2,4,7-trichlorofluorene
XX 2,4, 7-Trichlorofluoren-9-ol
XX1 9-Ox0-2,4,7-trichlorofluorene
LII 4-Amino-2,7-dichlorofluoren-9-ol
LII1 2,7-Dichloro-9-oxo-4-fluorenamine
LXXI11 2,4,7-Trichlorofluorene

In text only 2,7-Dichloro-4-nitrofluorene
In text only 2,7-Dichloro-4-fluorenamine
* See ref. 1a, Table 11, or text.

rene derivatives (shown in Table I), named 2,3,7-
substituted fluorenes, are 2,4,7-substituted fluorenes.
As noted,' there are discrepancies apparent in com-
paring some of our compounds with those of the same
nanme described by Kretov, et al.* The latter claimed
to have obtained the 3-nitro derivative, by nitrating
2,7-dichlorofluorene, and from this 2,3,7-trichloro-



