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tion af adenostiie at equimalar concentrations,  The
rate of deamination of 3’-deoxyadenosine was the same
as that for adenosiue.

Experimental Section

3'-Deoxy-2-fluoroadenosine.—A =olution of 00 mg (2.26
mnmnolex) aof 3'-deoxy-2-aminoadenosite (V) in 6.8 ml of 48¢/
nqueous HBFy at 0° was cooled tn —10°, vigarausly stirved, and
0.6 ml of a solution coutaining 300 mg of KN, was added in
0.05-ml portions. The temperature was lowered to —30 to —40°
and stirring was continned for 15 min. The pll of the reaction
utixture was adjusted to 4 by adding 3.1 .V KOH dropwisze at
-5 to —10°  The ventralization wis cantinted to pll 6 at 0°,
During the ventralization a total of 17 ml of BuOll-xatinrated
water was added (o facilitate stirring.  After being stivved at 25°
for 1 hr, the reaction =olution was extracted with four 35-ml
partions of BuOH-<atnmated water. The conibined extracts were
washied with four 15-ml portions of water-satnrated BuQOI.
Concentration of the BuOIT layer gave a residue (250 mg) whielt
was purified by chromatography ou 25 g of siliea gel in Me.CO-
LGOI (99:1).  Fractions containing only the dexired proditet
1776 0.5, tle on siltea 1u MeyCO-ItOET (99: 13! were combined and
concentrated.  The residue (130 tg) was dissoved in 100 ml
of BtOH, concentrated 1o 7 ml, aud cooled. The ervstallive 3
deoxy-2-fluoroadenosine, mp 259-260°, =0 obtained amounnted
to 100 mg (179 ). For analysis, a =ample wax washed (cold
1,0, EtOH, Et,0)) and dried at 50° for 4 I at reduced pressure.

Anal. Caled for C M ,FN:O;: C) 44,610 11, 4.49; N, 26.01:
Ir, 7.06. Found: C, 44.93: H, 4.51: N, 26.05: F, 7.11.

3’-Deoxy-2-fluoroadenosine shows [alv —05°, [al;m —067°
(¢ 0.165, ethanol): AE2 [mip (e X 10-%)] pll 1 2625 (13.5),
267.5 112.5); pHl 7 262 (14.9), 265 (12.01: pl 13 261 (14.3),
267.5 (11.9).

In a larger preparation, starting with 5.1 g 119.2 mmoles} of
V, the vield of TV wax 900 mg (189 ).

Action of Adenosine Deaminase on IV.---Individual zolutions of
1V and adenosine (8 X 107 37) in 3 ml of 0.05 3 phosphate
butfer (pH 7.5) were treated with equal amanuts of calf intestine
adenosine deaminase. The rate of deamination of the mcleosides
was determinted by the rate of the decrease it optical absorption
at 265 n in a Cary spectrophotometer. At an enzyvme cancentra-
tion which brought about a change i optical density of 1.38
(equivalent (o coniplete conversiont to tnositne) tn | min with the
adentosine sample; there was no measirable change fu optical
density with (he solution containing 3‘-deoxy-2-fluoroadenosine
IV after 5 oo, A€ this time the solution of IV was treated with
an eqannalar anmonnt of adenosine.  The latter was deatuinated
at the same rate (o ] i) as was the adenostue i the absence
af IV which indicated that IV s neither a substrate nor au iu-
hibitor of the deaminase. In a =eparate experiment it was de-
terntined that 3'deoxyadenosine wax deaminated in abont the
sattie period of tinte as that required for adenosine.
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We reported earlier that 2-(n-decylamino)ethyl 2-
{(n-deeylamino)ethanethiolsulfonate dihydrochloride (1)
was rated “‘good” as an antiradiation drug at a dose
level of 50 mg/kg or less.?  This result has prampted us

(1) (a) This investigalion was supporied by 1he UL S Army Medieal Re-
seareh and Developmenc Command, Neparanem of 1he Army, nndee Re-
searchh Conract No. DA=40-103-21D-2050, (1) Paper NX111: L. Field and
J. Dy Buekman, J. Org. Chen., in press,

(2) L. Field, M. Ferrerd, R. R, Creushaw, and T, (C. Owen, J. MVed. Chene,,
7. 59 (1961).
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to examine the n-decylaminoethyl svstem turther by
prepariing  two  nmodel  unsynmetriend  disulfides  far
evaluation (2 and 3).  Disulfides 2 aud 3 were prepared
as shown by eq 1.

C'len-( (1-(“;-1.\3111')(( T e=Oa=i( '“v-.-,l;-(:\.‘“:-ll-('u-”g] I
1
l VeNTHC 11

CLO=Cralln N Hla CLL =8 ClL L, N HAC -+
2, n )
3.0 =3

CHa=Crb L N CH:R001 11

3-Acetamidaprapanethiol,  nat  previously  readily

available, was prepared by the reaction of 3-amina-
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 mixture basic, quickly
extracting with organic =olvent. and then acidifving
the extract.  This procedure unfortunately was inipos-
sible with the n-deeviaminoethyl derivatives because of
the formation of enulsionz, However, gnod results
were obtained by simply chromatographing the crnde
reaction mixture an aecid-washed alumiia.

The results fram testing of 2 and 3 as antiradiation
drugs are shown in Table 1.4 The marked difference
between the radioprotective activities of the ethyl
compound 2 and its propyl homolog 3 appears to be
real, since both were cheeked.  This strongly suggests
that differences which might be thought trivial may be
quite significant. Fxtensive differences of this kind
have aften been abserved in other series of medieinal
agents,

Tasue 1

PROTECTIVE AcTIVITIES OF Disvuribes 2 azp 3 1x Micrk
VGAINST ToN1ZING RADIATION
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ANDDrox Dirnge nll preirradi- 30

115, dose, uf aron, daysy, Vet

Compd gk m ku® prepn min i raling
2 o0 <00 5.4 ) Insig None to

<l
3 100 28 ( 1 3 \
-0 . - - Ciood
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). fsnsperntded 1o
phiy=iological =altue =olution containing 0.3 carboxyniethyl-
cellidose aud 0.17; Tween 80. + Ou the basis of per cent <urvival:
>45C, good: 2544C7, fatr; 12407, slight: 07, none.

“ 825 v (X-rays) or 1000 v feobalt-60, 5 rays).

It was also of nterest to determine the resistance of
2 and 3 toward thermally induced disproportionation,
as formulated in eq 2. since such values huve been

RSB — RS8R 4 RSSRY (23

reported in earlier papers of this series for other elasses
of disulfides; possibly as such results coutinue to be
obtained, correlations with antiradiation activity will
emerge. Disulfide 2 dizproportionated to the extent of
607, 1 22 hr and of 229/, in 72 hr (959, ethanol, 100°).

I RO Muarnin, 2 Lewey . L)L Elsecg el 010 Eadsatls Jo dbm, Chea,
Sue., 81, HDRY (1074,

1 Resalis were kindly povided by Dress DL I lacolas, T R Sweeney,
i, Aexander, aned Foov, Sieck of 1he Walter Reed Army Insiilete of Ree
searcll,  General procedncees are deseribed in ref 2. Borh compounds, with
1he pll nnadjusied, were adminisiered intraperitoneally.  The radialion was
a1 a lechal level
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Despite the presence of the ammonium salt moiety,
which usually decreases stability,? 2 seems considerably
more stable than the salt 1,4-bis(2-aminoethyldithio)-
butane dihydrochloride (19-35%, 3 hr) and indeed
seenms comparable to the amide of this butane compound
(>209%,, 72 hr) in being one of the most resistant to
disproportionation we have encountered.’ Similarly,
disulfide 3 disproportionated to the extents of 69, in
22 hr and 13% in 72 hr.

Experimental Section®

2-Acetamidoethyl 2-(n-Decylamino)ethyl Disulfide Hydro-
chloride (2).—2-(n-Decylamino)ethyl 2-(n-decylamino)ethane-
thiolsulfonate dihydrochloride (1, 13.44 g, 25.0 mmoles)” was dis-
solved in a boiling mixture of CH,Cl: and EtOH (500 ml, 1:1),
and the soludon was cooled to room temperature. 2-Acetamido-
cthanethiol (2.98 g, 25.0 mmoles)® then was added in one portion
with stirring. The mixture was stirred for 3 hr more and then
was chilled at ca. 10° overnight; filtration then removed traces
of unreacted thiolsulfonate 1. Evaporation of solvent below 30°
gave solid, which was dissolved in a minimum of CHCls (25 ml).
The CHCl; solution was placed oun a chromatographic column
(24 % 300 mm of Merck acid-washed alumina)? and was eluted
with CHCl;. Evaporation of the first 500 ml of eluate gave
crude 2 (6.51 g). Recrystallization from dioxane gave 5.00 g
(549,) of pure 2, mp 155-156°, unchanged by further recrystal-
lization. The infrared spectrum showed the expected absorp-
tions (em™~1): 3420 (b), 3310 (s), 2440 (m) (characteristic of the
n-decylamino hydrochloride moiety),2 1650 (s) and 1550 (s), in
addition to a new absorption band at 1450 (s) not shown by either
symmetrical disulfide, and nearly complete absences of 775 (m)
and 760 (m) (doublet), which appeared in n-decylaminoethyl
disulfide dihydrochloride. Similarly prepared material with a
somewhat lower melting point (identical infrared spectrum) was
analyzed. Thin layer chromatography (95% ethamnol on Eastman
Chromagram Type K301R; silica gel) showed ounly a single spot
after development by exposure to iodine vapor (R¢ 0.52).
Anal. Caled for Ci¢Hs:CIN=O0Sy: C, 51.79; H, 9.51; N, 7.55;
S, 17.28. Found: C, 51.64; H, 9.65: N, 7.36; S, 17.17.
3-Acetamidopropanethiol.—In a modified procedure based on
one for 3-amino-1-propanethiol of Turk and co-workers!® and
on an acetylation procedure essentially like one for 2-acetamido-
ethanethiol,® a solution of NaOH (40 g, 1.0 mole) iu MeOH (200
ml) was thoroughly saturated with H,S. A continuous stream
of HyS was maintained throughout the reaction. 3-Chloro-
propylamine hydrochloride (65 g, 0.50 mole)!! dissolved in MeOH
(70 ml) then was added during 0.5 hr with vigorous stirring at
50-60° (exothermic reaction). Solvent was then removed aud
CHCL; (350 ml) added, together with anhydrous MgSO, (30 g)
to remove water. The mixture was heated under reflux for 15
min under N, and cooled, and solid then was removed by filtra-
tion. Acetyl chloride (25 ml, 0.35 mole) then was added dropwise
to the rapidly stirred filtrate over ca. 20 min. After having been
stirred for 3 hr more, the solution was shaken with saturated
NasSO; solution (20 ml) aud the CHCI; layer was separated and
evaporated (760 mm) to 12.0 g (369) of oil, which on titration
with 0.1 N I,-KI indicated 769 purity.

(5) L. Field, A, Ferretti, and T. C. Owen, J. Org. Chem., 29, 2378 (1964).

(6) Melting points are corrected. Elemental analyses were by Galbraith
Microanalytical Laboratories, Knoxville, Tenn. Infrared spectra were ob-
tained using a Perkin-Elmer Model 13713 or Beckman IR10 spectrophotome-
ter with KBr pellets; s, signifies strong: m, medium; w, weak: b, broad.
Evaporation of solvents usually was done under reduced pressure using a
rotating evaporator,

(7) Kindly provided by Dr. Thomas R, Sweeney of the Walter Reed
Army Institute of Research; prepared by the procedure of ref 2.

(8) R. Kuhn and G. Quadbeck, Chem. Ber., 84, 844 (1951).

(9) No difficulty was experienced with columns packed with CHCls.
However, with a related series of decylaminoethyl disulfides, we oceasionally
got very poor separations. which we attribute to 100 basic an alnmina., We
got excellent resnlts when such aluminas were stirred 30 sec in CHCI; sati-
rated with LICl and then were packed in ¢he eolumn using this medinm.
Shonld separations with 2 or 8 give diffieulty, therefore, this procedure may
eliminate the difficulty.

(10) 8. D. Turk, R. P. Louthan, R. L. Cobb, and C. R. Bresson, J. Org.
Chem., 27, 2846 (1962).

(11) D8 Twbell and D, P, Caineroun, J. Aom. Chem. Soe., T8, 2731 (1956).
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3-Acetamidopropyl 2-(n-Decylamino)ethyl Disulfide Hydro-
chloride (3).—3-Acetamidopropanethiol (5.50 g of 769, thiol,
equivalent to 31.4 mmoles of pure thiol) was added to an EtOH-
CH.Cl; solution (500 ml, 1:1) of thiolsulfonate 1 (14.00 g, 26.0
mmoles), and the reaction mixture was worked up exactly as
described for the 2-acetamidoethyl derivative (2). The crude
product after being washed with acetone crystallized from
EtOH-EtOAc as prisms (6.48 g, 65%), mp 122-123°, unchanged
by further crystallization. Similarly prepared 8 (identical infrared
spectrum) was analyzed.

Anal. Caled for C:HxCIN:0S:: C, 53.02; H, 9.69; N, 7.28;
S, 16.65. Found: C, 52.93; H, 9.40; N, 7.41; §, 16.85.

The infrared spectrum showed absorptions as expected and
closely resembled the spectrum of 2.

Disproportionation of 2-Acetamidoethy! and 3-Acetamidopropyl
2-(n~Decylamino ethyl Disulfide Hydrochloride (2 and 3).—
The disulfide 2 (about 1 mmole, precisely weighed) in EtOH (10
ml of 95%) was heated at 100° in a sealed vial wrapped with A.
foil for either 22 or 72 hr, and the vial then was chilled in icel
Solvent was removed from the contents of the vial, and the
residue was rubbed well with purified dioxane (15 ml), in which
only acetyleystamine, of components present, is significantly
soluble. The resulting slurry was filtered, the residue was washed
with a little more dioxane (9 ml), and the filtrate was evaporated.
The acetyleystamine left then was dried to constant weight under
reduced pressure; its ideutity and purity were established by
its superimposable infrared spectrum. Caleulations of the extent
of disproportionation were done as usual.!2.18

The propyl derivative 3 was doue in the same way. Identity
of the 3-acetamidopropyl disulfide was shown by melting point
and mixture melting poillt and by comparison of the infrared
spectrum with that of a sample prepared by reaction of HO,
on 3-acetamidopropanethiol. With both 2 and 3 the reaction
mixtures were homogeneous throughout at 100° and a precipitate

only appeared on cooling.

(12) Validity of this means of estimating disproportionation was estab-
lished by making three sample mixtures of 2, 2-(n-decylamino)ethy! disulfide
dihydrochloride, and acetyleystamine, as though disproportionation of 2 had
occurred to the extents of 10, 60, and 909,. Calculation of ''disproportiona-
tion, 9" for these mixtures from acetylcystamine, isolated as described, gave
reasonable clieck results of 10, 61, and 85%. We are indebted to Dr. J. D.
Buckman for suggesting the use of dioxane after a number of other separa-
tions had given poor results.

(13) L. Field, T. C. Owen, R. R. Crenshaw, and A, W. Bryan, J. 4m.
Chem. Soc., 88, 4414 (1961).
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Thiolsulfonates of the structure RSO,S-aryl and
RSO,8CCl; (R = alkyl or aryl) have been prepared
by the reaction of metal sulfinate and sulfenyl! chlo-
ride. This paper, following our earlier brief reports,
describes the synthesis by a similar procedure of the
compounds RSO,SCF; and unique reactions of these
compounds with mercaptans and with amines.23

Trichloromethyl thiolsulfonates have been investi-
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(I) This investigation was supported by U. 8 Pablie llealil] Ssrvice
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