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mg (319); Amax [in mu (e X 107%)] 0.1 N HCI 278 (15.4), 0.1
N NaOH 276 (11.5); » (in em™") 3410 (OH), 3070, 2930, 2810
(CH), 1690 (C=0), 1615, 1445 (C=C, C=N), 1055 (P-0-C);
M (pH 4.4) 0.68, (pH 7.2) 0.41.

Anal. CalCd for ClgHler2N4012P: C, 3197, H, 3.13; N,
8.29; P, 4.58. Found: C, 31.89; H, 3.23; N\, 8.13; P, 4.39.

2/-Deoxy-5-iodouridylyl-(5'—5)-2'-deoxy-5-iodouridine (6c).
—To 711 mg (1.80 mmoles) of 4¢ in 10 ml of anthydrous dioxane
was added 231 mg (0.90 mmole) of p-nitrophenylphosphorodi-
chloridate followed by 1.95 ml of dry pyridine. The solution was
worked up as described above for 6b. The thin layer chromatog-
raphy purification of the product was also run in the same way
nsing 3:1 CHCl;-MeOH as the developing solvent to give a white
solid: 188 mg (27%); Mmax [In mu (e X 1073)] 0.1 N HCI 287
(12.9), 0.1 N NaOH 280 (10.1); » (in ¢em™') 3410 (OH), 3070,
2040, 2810 (CH), 1680 (C=0), 1610, 1445 (C=C, C=N),
1055 (P-0-C); M (pH 4.4) 0.62, (pH 7.2) 0.33.

Anal. Caled for CgHaIN4OuP: C, 28.07; H, 2.75; N, 7.2%;
P, 4.02. Found: C, 28.05; H, 2.89; N, 7.08; P, 3.91.

1-(2,3,-O-Isopropylidene-3-p-ribofuranosyl)-6-azauracil (7).5-—
To 13.5 ml of 2,2-dimethoxypropaue in 500 ml of dry acetone
was added 18.4 ml of 709, HClO4.!2  After 5 min, 10.0 g (40.8
mmoles) of 6-azauridine was added. The resulting mixture was
stirred for 50 min at room temperature, neutralized by the addi-
tion of 21 ml of pyridine, and evaporated to dryness in vacuo.
The residue was shaken with a mixture of 100 ml of CHCl; and
30 ml of H;O. The aqueous layer was again extracted with 100
ml of CHCL. The CHCl; solutions were combined, dried
(MgS0,), and evaporated to dryness in vacuo. An acetone
solution of the residue was also evaporated to dryness. This
residue was dissolved in 25 ml of acetone. The addition of 150
ml of cyclohexane produced an oil that crystallized upon seed-
ing; yield 5.45 g. The aqueous layer from above was diluted with
enough concentrated NH,OH to give pH 2 and again extracted
with CHCl; (two 100-ml portions). The CHCl; extracts were
worked up as described above. A second crop of crystalline
material weighing 2.30 g was obtained: total yield 7.75 g (66.5%);
mp 141-142° (1it.5 141-142°); Apex [in mu (e X 1079)] 0.1 N
HC1 260 (6.48), 0.1 N NaOH 254 (7.25): » (in em ™) 3540 (OH),
3140, 3100, 2990, 2820 (CH), 1725 (C=0), 1670 (NH), 158>
(sh) (C=N).

6-Azauridylyl-(5’—5')-6-azauridine (10).—To 268 mg (0.94
mmole) of 7 in 5 ml of anhydrous dioxane was added 132 mg
(0.52 mmole) of p-nitrophenylphosphorodichloridate followed by
1 ml of dry pyridine. The mixture was stirred at room tempera-
ture for 2 days. Examination of an aliquot by thin layer chro-
matography indicated incomplete reaction. Therefore, another
10 mg of p-nitrophenylphosphorodichloridate was added. After
another 24 hr, the solution was diluted with 50 ml of H,O and
extracted with three 150-ml portions of CHCL. The CHCl,
was dried (Mg80O,) and evaporated in vacuo. The p-nitrophenyl-
big(2,3-0O-isopropylidene-6-azauridine) 5’,5’/’-phosphate (8) was
thus obtained as a white, powdery glass; yield 262 mg (749,).

Without further purification, the glass in 10 ml of 0.3 N
NaOH was left 2 hr at room temperature. The solution was
neutralized by stirring it with Rexyn RG 50 (H) ion-exchange
resin. The resin was removed by filtration, and the filtrate was
washed several times with ether to remove p-nitrophenol. Evapo-
ration of the aqueous solution to dryness in vacuo gave a gummy
residue which became a white solid upon trituration in EtOH.
The EtOH was removed by evaporation. The process was
repeated several times giving 167 mg of bis(2,3-O-isopropylidene-
6-azauridine) 5°,5’'-phosphate (9) as a white solid which was
dissolved in 50 ml of H:0. The solution (pH 2) was refluxed for
1.5 hr, then evaporated to dryness in vacuo. The residue was
triturated in EtOH, and the EtOH was removed by evaporation.
The process was repeated several times. The white, powdery
glass was dried for 18 hr at 100° (0.07 mm) over P,O;: yield 144
mg (499); Amux [iIn mp (e X 1073)] 0.1 N HCI 261 (12.6),
0.1 & NaOH 253 (14.2); » (in em™!) 3430 (broad) (OH), 1740
(sh) and 1690 (C=0), 1025 (P-0-C); M1 (pH 4.4) 0.80, (pH
7.2) 1.07.

The analytical sample was obtained by chromatography on a
Mallinckrodt silica gel no. SG7 plate using BuOH-AcOH-H,0
(5:2:3) as the eluent. The band obtained was removed from
the silica gel with hot MeOI1. The solid was dried at 100°
(0.07 mim) over P,Oj for 18 hr,

(12) J. A. Zderie, J. G. Moffatt, D. Kau, K. Gerzon, and W. E, Fitz-
gibbon, J. Med, Chem., 8, 275 (1965).
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Anal. Caled for CllyNgO-0.6H,0: C, 34.12; H, 3.97;
N, 14.92; P, 5.50. Found: C, 34.37; H, 4.31; N, 14.83; P,
5.41.
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3’-Deoxynucleosides. V.
3’-Deoxy-2-fluoroadenosine
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The effectiveness of 3’-deoxyadenosine (I) (cordy-
cepin) as a cytotoxic agent is diminished by its rapid
conversion into inactive 3'-deoxyinosine (II) through
the action of adenosine deaminase.! On the other
hand, 2-fluoroadenosine (I1I),2 a potent cytotoxic
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agent,? is relatively inert to the action of adenosine
deaminase.® It appeared that incorporation of a
fluorine atom at the 2 position of 3’-deoxyadenosine
would give a derivative, 3’-deoxy-2-fluoroadenosine
(IV), which would be stable to adenosine deaminase and
might retain the biological properties of 1.4 For the
synthesis of IV, 2-amino-3’-deoxyadenosine (V)* was
subjected to a modification of the procedure? used for
the preparation of III, which involved the selective
diazotization of the 2-amino group in the presence of
fluoroboric acid. Crystalline 3’-deoxy-2-fluoroadeno-
sine (IV) was obtained in 1897 yield.

In the presence of calf intestine adenosine deaminase,
IV was not measurably deaminated under conditions
which accomplished complete deamination of adenosine.
3’-Deoxy-2-fluoroadenosine did not inhibit the deamina-

(1) H. Klenow, Biochim. Biophys. Acta, T8, 347 (1963).

(2) (a) J. A. Montgomery and K. Hewson, J. Am. Chem. Soc., T9, 4559
(1957); (b) dbid., 82, 463 (1960).

(3) (a) O. P. Chilson and J. R. Fisher, Arch. Biochem. Biophys.. 108, 77
(1963): H. P. Barr and G. I, Drummond, Biockem. Biophys. Res. Commun.,
24, 584 (1966).

(4) S. Fredericksen, Biochim. Biophys. Acta, T6, 366 (1963}, has reported
that cordyveepin l-oxide is resistant to enzymic deamination and that enzymic
reduction provides for in situ release of cordyveepin.

(5) E. Walton, F. W. Holly, G. E. Boxer, R. F, Nutt, and 8, R. Jenkins,
J. Med. Chem., 8, 659 (1965).
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tionn of adenosine at equimolar concentrations,  The
rate of deamination of 3’-deoxyadenosine was the same
as that for adenosine.

Experimental Section

3’-Deoxy-2-fluoroadenosine.—A =vlution of GO0 mg (2.26
nunolex) of 3'-deoxy-2-aminoadenosine (V) in 6.8 ml of 48¢;
aqueous HBFy at 0° was cooled to —10°, vigorously stirred, and
0.6 ml of a =olution containing 300 mg of KNO, was added in
0.05-ml portions. The temperature wus lowered to —30 to —40°
and stirring was continued for 15 min. The pll of the reactim
mixture wax adjusted v 4 by adding 3.1 .V KOIT dropwize at
=5 ta =10°. The nentralization wax comtinned to pll 6 at 0°,
Diring the nentralization a total of 17 ml of BuOll-=atnrated
water was ndded (n facilitate stirring.  After being stirred at 25°
for 1 hr, the reaction =olntion wax extravted with four 35-ml
partions of BnOH-<atmrated water. The cambined extracts were
washied with fonr 13-ml portions of water-satnrated BuOH.
Coneentration of the BnOI layer gave a residne (250 mg) which
was prrified by chromatography on 25 g of «iliea gel i Me.CO-
1SOTT (99: 1), Fractions cantaining only the dexired prodinet
10: 0.5, tle on sthica in Me,CO-EtOI (99: 13 were combined and
concentrated. The residne (130 mg) wax dissoved in 1001 ml
of EtOH, concentrated to 7 ml, and cooled. The ervstalline 3'-
deoxy-2-finoroadenosine, mp 259-260°, <o obtained amammted
to 100 mg (179). For analysiz, a =ample wax washed (cold
1,0, BEtOH, Et,0) and dried at 50° for 4 hr at reduced pressnre.

Anal. Caled for CiI1,FN:Oy: C) 44,61 11, 4.49; N, 26.01:
I, 7.06. Found: C, 44.93: 1, 4.51: N, 26.08: F, 7.11.

3-Deoxy-2-filnoroadenosinte shows lalp —05°, lal;s —067°
(¢ 0.165, ethanol): AE Jrmip (e X 1079 pH 1 2625 (13.0),
2675 (12.5): pH 7 262 (14.9), 268 (12,01 pll 13 261 (14.5),
2675 (11.9).

[ a larger preparation, starting with .1 g (19.2 mmoles}) uf
VY, the vield of IV wax 900 mg (18¢ ).

Action of Adenosine Deaminase on IV.-—-Individual solutions of
IV and adenosine (8 X 107+ 37) in 3 nil of 0.05 M phosphate
butfer (pH 7.5) were freated with equal amomnts of ealf intestine
adenoxine deaminase. The rate of deamination of the miecleosides
was determined by the rate of the decrease in aptical absorption
at 265 mu in a Cary spectrophotameter, At an enzyvimme concentra-
tionr whieh bronght abont a change in optical density of 118
(equivalent to complete conversion to inosine) in 1 min with the
adenasine =sample, there was no measmable change in optieal
density with (he solution containmng 3’-deoxy-2-flnoroadenosine
IV Y after 5 min. At this time the solntion of IV was treated with
aneqaimalar amount of adenosine.  The latter was deaminated
at the =ame rate (in 1 min) as was the adenasine i the absence
of 1V which indieated thar IV ix neither a substrate nar an -
hibitor of the deaminase. In a =eparale experiment it was de-
terntined that 3'-deoxyadenasine winx deaminated in abant the
=ate period uf time ax that required for adenosine.

Organic Disulfides and Related Substances.
XXIV. Unsymmetrical n-Decylaminoethyl

Disulfides as Antiradiation Drugs'
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We reported earlier that 2-(n-decylamino)ethyl 2-
(n-decylamino)ethanethiolsulfonate dihydrochloride (1)
was rated “‘good” as an antiradiation drug at a dose
level of 50 mg/kg or les=.2  Thix result has prompted us

(1) (a) This investigalion nas suppuried by tle V80 Ay Medieal Re-
search and Develupmear Commaml, Deparvcment of The Ary, imnlee Re-
searrll Contract No.o DA-40-1D3-01D-230. (1) Paper XX111: 1. Fiehl ;unl
LD Buekan, J. Org. Chem., in press.

(2) L. 1eld, A, Ferrer, R. R, Crenshaw, awl 1, C. Owen, J. Mrve, Chew.,
T, 59 (196:1).
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to examine the n-decylaminoethyl svstem turther hy
preparing  two  model unsyvnnnetrieal  disulfides  for
evaluation (2 and 3).  Disulfides 2 and 3 were prepared
as shown by eq 1.

ClomCual L NI €C 32808 C et N o -Crul 110
1
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Clo=Cd T N CH 80T 1)

3-Acetamidopropancthiol,  nat  previously  readily
available, wus prepared by the reaetion of 3-amino-
propanethiol with acetyl chloride as deseribed for 2-
acetamidoethanethiol.?  Usually in reactions like that
shown in eq 1 we have isolated the unsymmetrical
disulfide by making the reaction nixture basic, quickly
extracting with organic solvent. and then acidifving
the extract.  Thix procedure unfortunately was impos-
sible with the n-deeviaminocethivl derivatives because of
the formation of emulsions, However, gnod results
were obtained by =iniply chromatographing the crode
reaction nixture on aeid-washed alomina.

The resudts from testing of 2 and 3 ax antiradiation
drugs are shown in Table 1.+ The marked difference
between the radioprotective activities of the ethyl
compound 2 and its propyl honolog 3 appears to be
real, sinee both were checked.  This strongly suggests
that differences which might be thought trivial may be
quite significant. Extensive differences of this kind
have often been observed in other series of medicinal
agents.

TasLe |

Prorecmive Activeries oF Disvnrmes 2 axnp 31y Micr
vearnaT Tantzing RAapiaTron«

Atlimiml - Suorvivaid
Approx Dy nll preirradi- {30
1105, dost, of i, Jdavs), AVIEN
Compd g ke g ko Trepun min C raling
2 Sl <00 a4 Ba Tuxsig Nane (n
~l¢
3 100 28 th 1 13 .
- . . - Cload
100 Hli (1 1h 067

). “Snspended in
pliysiological saline =alution comaining 0.3¢ carboxymethyl-
cellnlose and 0,14, Tween 80. + Ou the basis of per cent =nrvival:
>45C0, good: 254470, fair; 12407, slight: 007, none.

@ K25 v (Nerays) ar 1000 v fenbalt-60, 5 rayvs).

[t was also of interest to determine the resistance of

2 and 3 toward thermally induced disproportionation,
as formulated in eq 2. since such values have been
DRSSP — RSSR A+ RS8R ()

reported in earlier papers of this series for other classes
of disulfides; possibly as such results continue to be
obtained, correlations with antiradiation activity will
emerge. Disulfide 2 disproportionated to the extent of
697, 11 22 hr and of 229, in 72 hr (959, ethanol, 100°).

GO RO B Martiu, S Lowey . 10 Blsen, ned LT Wdsalll Jo e Claon,
Roe., 81, H08Y (19749),

i1 Results were Rty peovided by Drs, D210 Tavoluas, U0 R Sweeury,
15 Alexamler, and ¥ A, Sieck of 1Le Walter Reeal Arny lnstitece of Re-
starrll, General provediers are deseribed in ref 2. Mot vompourls, with
e 111 unailjusted, were adminisiered intraperitpneally, The radiarinn was
w1 lethal level.


Cl.cn

