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Compounds of the type HO,SSCH,CH,NH(CH.), NHCH,CH,S80;H (V, n = 2-6) and MHO;PSCH-CH,NH-
(CH,),NHCH,CH.SPO,HM (VI, n = 2, M = Li; n = 3-6, M = Na) were prepared from the bromo mustards
BrCH,CH,.NH(CH,),NHCH,CH,Br-2HBr (IV, n = 2-6) for evaluation as radioprotective agents. Four of the
key intermediates IV (n = 3-6) were prepared via a facile ronte involving treatment of N-(2-hydroxyethyl)-p-
tolnenesulfonamide with «,w-dibromoalkanes followed by detosylation of the resulting N,N’-polymethylenebis-

[N-(2-hydroxyethyl)-p-tolnenesulfonamides] (111, n =

ing 489, HBr.
preclude competitive cyclization reactions.

3-6) with concomitant bromodehydroxylation in reflux-
Blocking of the amino groups was essential it the steps leading to IV (n = 4 and 3) in order to
Treatment of IV with appropriate thicanions afforded V and VI.

Two of the phosphorothioates VI (n = 3 and 4) showed good radioprotective activity.

S-2-Aminoethylthiosulfuric acid? and the corre-
sponding phosphorothioic acid® have been reported to
protect mice against lethal doses of radiation. N,N’-
Polymethylene bridging of two like units of these com-
pounds was undertaken for evaluation of the effect
of such combination on their radioprotective proper-
ties.

We considered N,N’-bis(2-bromoethyl)-a,w-alkane-
diamine hydrobromides IV (n = 2-6), which may be
derived from the corresponding 2,2’-(polymethyl-
enediimino)diethanols I (n = 2-6), to be the interme-
diates most practicable for general preparations of both
Vand VI. Group I compounds (n = 2, 3, 6) have been
prepared from 2-aminoethanol and «,w-dihaloalkanes,*?
but I (n = 4, 5) cannot be satisfactorily obtained in
this manner because of preferential eyclization to
pyrrolidine and piperidine derivatives as previously
encountered in the synthesis of putrescine and cada-
verine mustards,® the chloro analogs of IV (n = 4, 5),
These mustards were eventually constructed from the
diamines by a five-step process in which protecting N-
benzyl groups, introduced by benzaldehyde Schiff
base formation and hydride reduction before hydroxy-
ethylation, were removed by hydrogenolysis in the
final step after chlorodehydroxylation; alternative
reversal of the last two steps, not preferred as a route
to the mustards, satisfactorily provided I (n = 4, 5)
as intermediates.®

Our approach to the preparation of the bromo
mustards IV (n = 4, 5) involved protection of the
amino groups by tosylation, which permitted in situ
combination of steps and made the isolation of I
(n = 4, 5) unnecessary. The reaction sequence that
evolved from this investigation consisted of two steps:
(1) alkylation of N-(2-hydroxyethyl)-p-toluenesulfon-
amide (II), which was prepared in situ, with o,w-
dibromoalkanes in dimethylformamide and potassium
carbonate as base; and (2) detosylation of the resulting
N,N’-polymethylenebis [N-(2-hydroxyethyl)-p-toluene-
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zyner, P, Czerniak, and E. D. Bergmann, Radiation Res., 14, 23 (1961),
. (3 (a) B. Hansen and B. Sérbo, Acta Radiol., 86, 191 (1961); (b) S.
Akerfeldt, Acta Radiol., Therapy, Phys. Biol., 1, 465 (1963); Chem. Abstr.,
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sulfonamides] (III, » = 4, 3) with concomitant bromo-
dehydroxylation in refluxing 489, hydrobromic acid
(see Scheme I). The facility and convenience of this
method prompted its application to the preparation
of IV (n = 3, 6), even though preclusion of competing
cyelization reactions was not required in these in-
stances. The intermediates III (n = 3, 5) were iso-
lated as oils and used without further purification,
since their infrared absorption spectra compared favor-
ably with those of pure, erystalline homologs IIT (n =
4, 6). The attempted preparation of IV (n = 2) by
this method failed in the first step. Alkylation of II
with 1,2-dibromoethane under the conditions de-
scribed gave the eyclized product 4-(p-tolylsulfonyl)-
morpholine (VII), which was at first mistaken for the
expected III (n = 2) because of melting point coin-
cidence (see Experimental Section). The identity of
VII became apparent when morpholine hydrobromide
(VIII) was isolated following an attempted conversion
of the alkylated product to IV (rn = 2) by the action of
refluxing hydrobromic acid, Pmr spectroscopy aided in
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the identification of VIIL; both VII and VIII werc iden-
tical with authentic samples. The required IV (n = 2)
was, however, obtained in two steps from 2-nmino-
ethanol »za the intermediate I (n = 2) according to
recently reported procedures.*

Reaction of IV (n = 2-6) with sodium thiosulfate in
hot aqueous solution afforded N,N’-polymethylenebis-
(8-2-aminoethylthiosulfuric acids) (V, » = 2-6):
V (n = 4-6) crystallized readily from the cooled rve-
action solutions, and V (n = 2, 3) precipitated with
addition of ethanol. Treatment of IV (n = 3-6) with
trisodium  phosphorothioate in water-dimethylform-
amide in essentially the mamner described by Akerfeldt
for preparation of sodium hydrogen S-2-amminoethyl
phosphorothioatef® afforded crystalline digsodium salts
VI (n = 3-6, M = Na) of N,N’-polymethylenebis(8-2-
antinoethylphosphorothioic  neids)  as  polyhydrates
thut required cquilibration in o 38¢;, relative humidity
hygrostat in order to establish vonstant hydrate con-
position.  Shmilar handling ol the disodium  salt
VI (n = 2, M = XNa) was not possible because of del-
iquescence.  The dilithium salt VI (v = 2, N[ = Li),
prepared from IV (n = 2) and trilithiwm phosphoro-
thioate,*® was obtained as a crystalline tetrahydrate
following equilibration at 589% relative hwmnidity.,
Analysis of unequilibrated VI hydrates was unreliable
ont account of the variation of hydration with changing
humidity, and attempts to obtain auhydrons smmples
of VI (n = 4,5, M = Na) gave products that showed
evidence of decomposition under the drying conditions
required, Attempted conversious of the disodium salts
V(n =45 M = Na) to frec acids by suspension in
acetic acid followed by precipitation from water with
ethanol® resulted in isolation of products whosce analy-
ses were unsatisfactory and, in the caxe of VI (0 = 4,
M = H), worseucd after attempted further puvification.

Autiradiation screening of V (n = 2-6) and VI
(n = 2-6) in mice was carried out at the Walter Reed
Army Institute of Researclh, Washington, D. C.
according to a previously described procedure; screen-
mg results are recorded i Table 1.5 These results

Tasee |
Raviorrorecmve Acttvimes or N, N-PDOLyMETHY LN E-
BrInGED AMINOETIIANETHIOL DERAVATIVES

Approx
acue 1hse Vebiele Anu-
LDso, raunge, nf radiation
n M T mg/kg mg/ ky administraton rating”
NOSSCHCHNH (CH) p N HCTLCHSS0sH (1V)
2 150-350 150-350 MO-Twb 0
3 150-350 150-350 Saline 0
4 50~-150 50-150 MC-Tw [}
3 30-150 50-150 MC-Tw +
6 H0-150 =150 MC-Tw 4]
MNOPSCHECHN H(Ca) ) NHCHaCHLS VO M - 2110 (V)
2 Li 4 >73 150-~350 'Oy buffer, pll 7 ()
3 Na 8 350-750 150-350 1'0O4 buffer, plI 7 -+
4 Na 8 350-751 140-350 PO buffer, pH 7 -+ +
A Na 7 50-150 <50 1'O4 buffer, pH 7 -
6 Na 8 <a0 <30 POy buffer, pd 7 -+

@ Scale: none (0), slight (+), lair (++), good {+++);
H.NCH.CH.SH is rated +++: IHNCH,CHSS0H, + 4+ +:
H,NCH.CHSPO,Il, +++. " Compound suspended in physio-
logical saline solution coutaining 0.2¢% methyleellnlose and 0.4¢7
Tween 80.

(G) (a) S, :U&kerfel(lt, Acta Chgm. Scand., 183, 1479 (195Y); (b) =, Akerfeblt,
ibid., 14, 1980 (1960); (¢) 8. Akerfeldt, thid., 16, 1807 (1962},

(¥) L. Field, A. Ferretti, R. Crenshaw, and "I Owen, J, Mol Chem, 7,
30 (1964).
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show that the radioprotective activity of S-Z-amino-
cthylthiosutfuric acid is all but uegated by simple
N . N'-polymethylene linkage; the slight activity shown
by V (= ) suggests that a long methylenc bridge
nnght bhe vequisite for appreciable aetivity.  Ontheother
hand, the =nue modifications of  S-Z-aminocthylphos-
phorothioir aeid allow good retention ol activity if
the ronnerting chain s hnted to three and Towr
methylene gronps.

Experimental Section®

N,N’-Polymethylenebis[N-(2-hydroxyethyl)-p-toluenesunifon-
amides] (III, n = 3-6).-—-A mechanically stirred mixture of 2-
aminoethancol (1.00 nole), aunhydrous K.CO;3 (1.00 mole), and
dimethylformamide (375 ml) was treated dropwise with a soln-
tion of p-toluenesulfonyl chloride (1.00 mole) in dimethylfarm-
aniide (375 ml), the reaction temperature being maintained at
less than 60° by maderate external cooling. The mixture wix
then heated to 115-125°, and more KaCO; (2.00 moles) was added
followed by dropwise addition of the appropriate e,w-dibromo-
alkane (0.530) mole). Heating at abont 120° with vigorous
stirring was  cautiuned for 2-3 hr. The mixtiure was then
caoled tu room temperature and poured into water (7.5 1.); III
{r = 4, 6) separated readily as crystalline solids, but 111 (n =
3, 0) precipitated as oils. The oils were extracted with benzenc,
and removal of the seolvent from the water-washed and dried
{(MgS0,) benzene salations left the crude products as pale vellow
oile in yields af 41 and 6495, respectively, which were nsed as
siich i the next step.  The solids were recrystallized once from
ethanol prior to use in the next step. The yield of 11T (n = 47,
mp 97-98°%, wns 409, The abalytical sample, mp 110-101°,
was obtained by further reerystallization from ethanol.

Anel. Caled for CpHaNO6:: C, 54.52; H, 6.65; N, 5.738.
Found: €, 54.50; H,6.70; N, 5.61.

Similarly, the yvield of 1IT (n = ), mp 98-102°, was 33G4;
the analytical sample had mp 107-108°.

Anal. Caled for CaHgNOgSs: €, 56.22; I, 7.08; N, 5.46.
Taund: ¢, 56.45; 11,696 N, 5.17.

N,N '-Bis(2-bromoethyl)-«,w-alkanediamine Dihydrobromides
(IV, 7 = 3-6).-The following description of the preparation of
IV (e = 4) is vvpieal of the procedure used for converting ITI to
IV, The resnlts and actual senle used are listed in Table II.
A stirred mixtare of TIT (n = 4) (150 g, 0.308 mole) and 48%,
HBr (1500 mly was heated to boiling under a distillation ap-
paratus  (Cluigen head). Complete solution occurred before
boiling commienced. The solution was distilled until 750 nil
of distillate had been removed, and the extent of heating was
then diminished to eanse simple refluxing.  After the solution
had refluxed continuously for 40 hr, it was again heated nntil
diztillation acenrred and 90 ml of distillate was removed. The
Lienting was again lessened {a canse reflux withont distillation,
and the solition wis refluxed for 2 hr. This process of alternately
distilling 9tanl partions and then refluxing for 2 hr was repeated
four mare thnes uneil the total volunte of distillate collected
antanmted to 1200 ml. The dark residual liquid wus then cooled
and dilnted with water (500 ml)., The resultant solution wis
trented with Norit and filtered through a Celite mat. The clear
red filtrnte was evaporated to dryness under rediced pressnre
with the aid of several ndded portions of ethanol. The remaining
red solid was trijurated thoronghly with a large volume of ace-
tone; and the neetone-insaluhle, virtually white ernde product
was collected and washed on the funnel with acetone. Re-
crystallization from methanol followed by drying in vacvo at
roamt temperatire afforded pure IV (n = 4),

N,N’-Polymethylenebis(S-2-aminoethylthiosulfuric Acids)
(V, 5 = 2-6)—Sununurized results of the following preparations
are listed in Table TTT.

A Vin =21 Asalutionof IV (n = 2)4(15.0 g, 34.4 mmoles)
and sodinm {hiosulfate pentahydrate (17.1 g, 68.8 numnolex) in
water (48 ml) wis heated at 80° far 30 min.  The solution was
chilled in sn ice hath and, with vigorous magnetie stirring,
ethanol (150 1l was grnlnally ndded. The colorless syrup

i&) The aurhiors we indebred to Dr=. [, P. Jaobus and T, R, Sweeney
for the antiradintion tese dan.

i1y Tnless othervise wored, melting pmints were determined wich @ Mel-
Tereyr wprpurare,
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TasLe 11
N,N’-Bi1s(2-BROMOETHYL )-or,w-ALKANEDIAMINE DIHYDROBROMIDES (IV)
BrCH.CH.NH(CH,),NHCH,CH,Br-2HBr
Alolar Yield, ——% carbon — 7% hydrogen— —Y%, bromine—
n scale L7 Mp, °C dec Formula Caled Found Caled Found Caled Found
3 0.445 29 255-238 C:HsBr:N:-2HBr 18.68 18.89 4.03 4.18 71.05 71.0
4 0.308 75 262-264 CsH\sBryN,-2HBr 20.71 21.02 4.35 3.92 68.89 68.1
5 0.268 45 241-243 CyHyBroN.-2HBr 22.61 22.78 4.64 4.77 66.75 66.8
6 0.332 26 249-251 CioH»Br:N. - 2HBr 24 .41 24.55 4.92 4.76 64.98 64.5
Taswe 111
N,N’-POLYMETHYLENEBIS(S-2-AMINOETHYLTHIOSULFURIC AcIDs) (V)
HO;SSCH,CH.NH(CH,),NHCH.CH,SSO;H
Scale
(mmoles Yield, ——% carbon—— —% hydrogen— —=3 nitrogen— ——% sulfur——
n of 11) %  Mp, °C dec Formula Caled Found Caled Found Caled Found Caled Found
2 34.4 65 a CeH,6N 2068 -2H,0 19.13 19.44 5.35 5.18 7.44 7.43 34.06 34.5
3 1.6 91 185-187 C7HsN 20684 23.71 23.84 5.12 5.20 7.90 7.73 36.18 35.9
4 44 .2 T4 214-217 CsHa2oN 20684 26.07 25.96 5.47 5.26 7.60 7.45 34.80 34.8
b 20.9 74 214-216 CsHaoNoO4S4 28.26 28.27 5.80 5.89 7.32 7.03 33.53 33.0
6 10.2 70 194-197 CioH25N:206S4 30.28 30.51 6.10 6.05 7.06 6.96 32.34 32.2
@ Indefinite from 110°,
TasLe IV

N,N’-POLYMETHYLENEBIS(S-2-AMINOETHYL SoDIUM HYDROGEN PHOSPHOROTHIOATES)
NaHO,;PSCH.CH.NH(CH,),NHCH.CH.,SPO;HNa (VI)

Yield, ——% carbon——
n ) Formula Caled Found
3 88 C;ngNzNaQOGPQSQ . SHQO 15.50 15.15
4 86 CEH20N2N32OGPQS2 . SHQO 17 .27 17. 37
3 89 CgszNzN aQOGPQSQ . 7H20 19.57 19.65
6 86 ClUH24N2NaQOGPQSQ 4 SHQO 20.55 20.56

@ o7, Sulfur,

that separated crystallized within a few minutes. Two recrystal-
lizations from water followed by drving in vacuo at room tempera-
ture afforded pure V(n = 2) as a dihydrate.

B. V(n = 3)—A solution of IV (n = 3) (0.71 g, 1.6 mmoles)
and sodium thiosulfate pentahydrate (0.79 g, 3.2 mmoles) in
water (1.6 ml) was heated at 90-95° for 1 hr. Ethanol (16 ml)
was added to the cooled solution, and the colorless syrup that
separated soon crystallized. Reprecipitation from water (2 ml)
solution by addition of ethanol (20 ml) afforded pure V (n = 3)
(dried in vacuo at room temperature).

C. V(n = 4-6)—A solution of IV (n = 5) (10.0 g, 20.9
mmoles) and sodium thiosulfate pentahydrate (104 g, 41.8
mmoles) in water (20 ml) was refluxed for 1 hr. The crystalline
precipitate that separated when the mixture was chilled was
collected and recrystallized from water to yield pure V (n = 5)
(dried in vacuo at room temperature).

Trilithium phosphorothicate hexahydrate was prepared by the
procedure of Akerfeldt,®c who obtained a 5.5 hydrate but did not
clearly describe the conditions used to attain constant weight.
The prepared sample was found to undergo slight weight changes
with respect to changes in ambient relative humidity, but analy-
sis immediately after equilibration at constant 589, relative
humidity® indicated a hexahydrate.

Anal. Caled for Li;PSO;-6H.0: P, 12.91; 8, 13.36. Found:
P,12.8; S, 13.6.

N,N’-Ethylenebis(S-2-aminoethy! Lithium Hydrogen Phos-
phorothioate) Tetrahydrate (VI, n = 2, M = Li).—Trilithium
phosphorothioate hexahydrate (9.60 g, 40.0 mmoles) was dis-
solved in water (80 ml), and N,N-dimethylacetamide (20 ml)
was added, Solid IV (n = 2) (9.15 g, 21.0 mmoles) was added to
the magnetically stirred solution followed by more N,N-dimethyl-
acetamide (20 ml). After the solution had been stirred at room
temperature for 1.5 hr, ethanol (250 ml) was added causing sepa-
ration of a white gum. The supernatant was removed by de-
cantation, and the gnm was stirred with two 100-ml portions of
ethanol. The now virtually solid crunde prodinct remaining
after decantation of the ethanol was dissolved in water (60 ml),
and the solution was treated with Norit and filtered through
Celite. The colorless filtrate was added dropwise to magneti-
cally stirred ethanol (600 ml). The white solid that separated

—%, hydrogen— —Y% nitrogen— —% phosphorus—-

Caled Found Caled Found Caled Found
6.32 6.33 5.17 5.03 11.42 11.0
6.52 6.59 5.04 5.03 11.33¢° 11.4¢
6.57 6.38 5.08 5.06 11.21 11.2
6.89 6.64 4.79 4.70 10.60 10.7

was collected, washed successively with ethanol, methanol, and
ether, and suction dried under nitrogen pressure. Equilibra-
tion in a 589, relative humidity hygrostatl® afforded VI (n =
2, M = Li)in 809, yield (6.75 g).

Anal. Calcd fOl‘ CsHmLizNzOngSz"leol C, 1699, H, 571,
N, 6.61; P, 14.61; S, 15.12. Found: C, 17.26; H, 5.72; N,
6.42; P, 14.99; 8, 15.27.

N,N’-Polymethylenebis(S-2-aminoethyl Sodium Hydrogen
Phosphorothioates) (VI,n = 3-6, M = Na)—To a stirred partial
solution of trisodium phosphorothioate (9.00 g, 50.0 mmoles)
in water (50 ml) was added the appropriate IV (25.0 mmoles).
After complete solution had occurred (20-30 min), dimethyl-
formamide (25 ml) was added, Stirring at room temperature
was continued for 1 hr while the product partially separated.
The mixtnre was then chilled in an ice-water bath while more
dimethylformamide (50 ml) was added dropwise to cause com-
plete precipitation of the product. After the resultant mixture
had stood overnight in a freezer, the crude product was collected
with the aid of ethanol and was washed thoroughly with ethanol.
The suction-dried material was dissolved in water (about 60 ml)
at room temperature, and the solution was treated with Norit
and filtered through Celite. Ethanol (about 350 ml) was added
dropwise to the chilled (ice—water bath) colorless filtrate with
vigorous magnetic stirring. The hydrated white crystalline
precipitate that formed was collected, washed with ethanol and
ether, and suction dried on the funnel. Equilibration at 587
relative humidity! afforded the products listed in Table IV.

4-(p-Tolylsulfonyl)morpholine (VII), A. From II.—Proce-
dures A and B were designed for the preparation of 111 (n = 2),
but the products so obtained were later identified as VII; the
reported melting point (144°) of III (n = 2), prepared by the
sodium ethoxide promoted reaction of N,N’-ethylenebis-p-tolu-
enesulfonamide with ethylene oxide,!! coincides with that of
VII. A stirred mixture of 1112 (6.88 g, 32.0 mmoles), anhydrous

(10) "Handbook of Chemistry,”” N. A. Lange, E4d., 9th ed., Handbook
Publishers, lnc., Sandusky, Ohio, 1956, p 1420; 1. M. Kolthoff and E. B.
Sandell, " Textbook of Quantitative lnorganic Analysis,” 3rd ed, The Mac-
millan Co., New York, N. Y., 1952, pp 138-143.

(11) D. H. Peacock and Y. 8. Gwan, J. Chem. Soc., 1468 (1937).

(12) K. H. Slotta and R. Belinisch, J. Prakt. Chem., 188, 225 (1932).
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K.COy (.85 g, 64.0 mumnoles), and dimethylformamide (20 ml)
wis lleated to 115°, and 1,2-dibromoeethane (3.00 g, 16.0 nimoles)
wins added dropwise. The resnltant mixture wuas heated ut
115-120° for 5 hr, allowed to cool somewhat, and panred into
witer (100 ml). The precipitate that formed was collected,
wished with water, and dried @n zacvo.  Reerystallization of this
material (0.91 g, mp 132--134°) fram cthanol gave 0.G7 w (177, 10l
VII as white needles, mp 144-146°,

B. From 2-Aminoethanol.- -A zolution al p-taluencsnifanyl
chlaride (860 g, 4.52 moles) in dimethylfarmamide (800 ml) wax
added from a dropping finmel to o mechanically stirred mixture
of Z-umineethunol (276 g, 4.52 moles), anhydrons K.CO; (624 1,
1. moles), and dimethylformamide (1.4 1). Throughont
the addition period the Tempemtm(\ of the reaction mixture
wits miaintained at 30-35°% moderate external cooling being
necessary.  IFifteen minntes after the addition had been com-
pleted, the continously stirred mixture was gradually heated to
115-120°  More KoCO; (1.26 kg, 9.03 moles) was pdded fallowed
by the dropwise addition during about 45 min of 1,2-dibromo-
ethane (424 g, 2.26 woles).  The resultant mixtare was stirred
and heated at 115-120° far 3 hr, allowed to cool, wnd panred
into water (25 1.).  The aqueans mixture wis allowed ta <tand
avernight at room temperature, and the white eryvstadline pre-
cipitate that separuted was collected and washed thavonghly
with water, ‘The product, dried in vacica (P20;), wns ahtained
in 159% crude vield (81.0 g) and melted at 139-141°.  Reerystal-
lization from ethanol raised the melting paint {o 1441467,
Further recrystallization Irom  benzene~ligroin (L 50-10°)3
gave a sample of VIT with mp 146-147°,

XXXIII.

Nucleosides.

Tresworern, Grusbera, Burenesar,
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¢, IProm Morpholine.--A freshly prepared =olnticie of g
toluenesnifonyl ehloride (2.86 g, 15.0 mamole<) i dimethylforn-
amide (5 ml) was added dropwise @) o magnetically stirred =olin-
dan of marphaline (2,61 g, 30.0 ninales) in the siine =olvenn (5
il at =ieh weorate that the renction teaiperatinre did not exceel
407 T'he mixtine was stirred © hr langer wt raom temperiture
and wias then diluted winh water (s0 il Phe white precipitiae
thiat Tormed wus collected;, washod with water, el dried o
cacuo al ronm temperature {vield 2.5 ¢ (7670, mp LEE-1407
Reervetallization from ll(‘,ll/,(‘.ll() ligroin hnaud the melting poin
to 7= e mp 147°5 0 Melting points of mixtiures of this
authentic VT with the prodinets deseribed above (A and B) were
nat depressed, and their infrared specur were identicnl.

Detosylation of VIL---When VII (14.1 g) {erroneonsly identi-

fied nt the Yime as ITL (e = 2) e the basis of melting paint} wies
=ubijected to trentment with boiling 4%¢, HBr /150l mitially)
i the mancer deseribed above for conversion of 111 (n = 5-63

to IV e 3 6), the anly product isolited was imarpholine hy-
drobromide 821 g0 1270 vieldl, mp 210-212° (reeryvsts Wlized
fromn erlmols. Nooeffort wies made to dsolate any prodoets
that might have resnlted fron ether eleavage.

Anad. Caled Tor CHHLNQO - HBr' (', IN60; 1, son, By
47,57 Ny NSk o : ) 25000 11, 5.88; 131,-1, 07 N, 8N

Arc athentic ~ample of morphohm throbromlde‘ pnpar(\(l
Do the free bose wavd ethinalic HBr solition, is identieal with
the above-deseribed sample  with rvespect to nielting poinn,
mixture melting poit, pone, arad infraved speetr.,

S Spaeds fSec 24, 2000 5 Lty
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A series of Nilaeylated S-fluoraeytosines was prepared as siarting material Tor nueleoside syuthesis and for

chentotherapentic screening.

A direct synthesis of 3-flnara-2’-deaxyvevtidine (FCDR, V) and its a-anonier (VII)

rom the monomercury salt of Ni-tolnoyl-3-fluoroeytosine (I1) was nchieved whereby Ni-tolnoyl-5-flunro-2’-

deoxyeytidine (VIII) was isolated as an intermediate.

(FU) and 3-fluoro-2’-deoxynridine (FUDIR, 1X), respectively, by treatimment with 0.5 §¥ HCl at 37°

Compoinds I and VIIT are converted into s-flnorouracil

The la-

bilization of the exveyclic am'no group by aroylution snggested ntility of IT and VIII as releasers of FU and

FUDR (IX) in biological systems.

some activity against systemic Candida albicans infections in mice.
The chemotherapentic data indicate that in vive the acylated

agent against experimental tumtors in mice.

The acylated 3-fluoroeytosines are relatively noutoxic componnds exhibiting

The mneleoside (VIIT) is a potent and toxie

5-fliorocy tosines act as relensers of FC (I) and not of FUT, while the nueleaside (VIII) acts as releaser of FCDR

(V) and/or FUDR (IX).

S-Iluoro-2’-deoxycytidine ('CDR)* was first ob-
tained from H-fluoro-2/-deoxyuridine (FUDR) by a
thiation procedure? and its biological and chemo-
therapeutic properties have been reviewed.® It may be

11) A preliminary account of this work was presented before the Medicinal
Cliemistry Section at the 145th National Meeting of the American Chemical
Society, New York, N. Y., Sept 1963, p 18-O. This investigation was sup-
ported in part (to Sloan-Kettering lnstitute) by funds from the National
Cancer lnstitute, National Institutes of Health, U, S. Public Health 8ervice
(Grant No. CA-0B748).

(2) The designations for compounds used in tlis paper (i.e., I'U, FC,
¥CD'R, and FUDR) conform to widely prevalent usage in the chemical and
biological literature.

(3) (a) J.J. Fox, I. Wempen, and R. Duschinsky, Abstracts {supplement?
of the 4th Irternational Congress of Biochemistry, Vienna, 1938, p 6; (b
1. Wempen, R. Duschinsky, L. Kaplan and J. T, Fox, J. Am. Chem. Sov., 83,
4755 (1961).

added  that, as an inhibitor of the incorporation of
formate into DNA thymine in o suspension of Thrlich
ascites carcinom: cells, TCDR was found to be the ouly
fluorinated pyvimidine among 35 screened whiclt was
more potent than FUDR.4 TI'"CDR showed a relatively
high chemotherapeutic index against mouse leukemia
B&2.4  In comparative studies with FUDR, I'CDR
exhibited a differcnt spectrumn of activity against a wide

(1) (a) K. L. Mukberjee aud C. Heidelberger, Cancer Res., 22, 815 (1962);
tb) J. H. Burchenal, . A. D. IHlolmberg, J. J. Fox, S. C. Hemphill, and J. A,
Reppert, ibid., 19, 494 (1949): (¢) K. Sugiura, ""Progress in Experimental
Tumer Researeb,”” Vol, 2, Verlag 8, Karger, Basel, 1961, p 357; (d) J. W.
Crainer, W. H. Prusoff, and A. D). Welch, Bioclem. Pharmacol., 8, 331 (1961);
AL Y. Chu and G, AL Fiseber, ibid., 11, 423 (1962); (e) B. Clarkson, (
Young, W, Dierick, ', Kaelm, M. Kim, A, Derret, P. Clapp, and W. Lawr-
ence, Jr., Carcere, 18, 472 (1962},



