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7-Methylthio-3-8-p-ribof aranosyl-3H-imidazo[4,5-b]pyridine (XI), the l-deaza analog of the highly eytotoxic

G-methylthiopurine ribonucleoside, was prepared in two ways.

In the first method, 2-amino-4-chloro-3-nitro-

pyridine (III), the minor product of the amination of 2,4-dichloro-3-nitropyridine, was converted in three steps
to 7-chloro-3-8-n-ribofuranosyl-3 H-imidazo[4,5-b]pyridine (XII), which was allowed to react with sodium

methyl mercaptide to give XI.

sodinm methyl mercaptide to give 2-chloro-4- methvlthu)
steps to 7-methylthio-3H-imidazo[4,5-b]pyridine (XIV).

In the second method, 2,4-dichloro-3-nitropyridine was allowed to react with

-nitropyridine, which was then converted in three
Fusion of XIV with tetra-O-acetylribofuranose gave

predominantly the tri-O-acetyl derivative of XI from which the acetyl groups were removed by treatment with

niethanolic ainmonia.
1o HEp-2 cells resistant to 6-mercaptopurine.

Tu o previous paper the rationale behind and the
results from the synthesis and biologic evaluation of 3-
deaza-6-methylthiopurine ribonucleoside were discus-
sed.? Briefly, the purpose of this work is to determine
thie importance of the ring nitrogens to the biologic func-
tioning of purines and their ribonucleosides.  Thisinfor-
mation may prove helpful in the design of new agents
more selective iu their toxicity, The deaza analogs
of 6-methylthiopurine ribonucleoside were chiosen for
study because of the great cytotoxicity shown by this
purine ribonucleoside.? We now wish to report the
synthesis of 1-deaza-6-methylthiopurine ribouucleoside
(7-mothylthio-3-8-p-ribofuranosyl - 34 -imidazo [4,5-b]-
pyridine, XI).

Although the major product of the mounoamination
mider mild conditions of 2,4-dichloro-3-nitropyridine
(1) 18 4-amino-2-chloro-3-nitropyridine (II),? a =small
amount of the isomeric 2-amino-4-chloro-3-nitropyri-
dine (III) is also formed and can be separated from
IT by means of column chiromatography on silica <r<*l
(sce Schieme I).  Catalytic reduction of III gave 2,3-
diamino-{-chloropyridine (IV), which was (.‘ycllz(,d
to 7-chloro-3H-imidazo [4,5-b |pyridine (VII)* by mieans
of diethoxymethyl acctate. Iusion of VIII with
tetra~O-acetylribofuranose followed by treatnient with
nicthanolic ammonia gave 7-chloro-3-g-n-ribofuranosyl-
SH-imidazo [4,5-b Jpyridine (XIT). The proof of struc-
ture of XII was accomplished by catalytic hydro-
genolysis of the chloro group which gave 3-8-v-ribo-
furanosyl-3H-imidazo [4,5-D pyridine (XV), 2 known
compourul.”

Displacement of the chloro group of XIT with sodiuin
methyl mercaptide proved difficult but was accom-
plished by heating the reaction mixture in a bomb at
100° for 18 hr. 1-Dcaza-G-methylthiopurine ribo-
nueleoside (XI) was obtained in 309 yield.

In a search for a more practical niethod to preparc
larger amounts of XI, the conversion of 1I via diazo-
tization to 2-chloro-3-nitro-4-pyridone (VI) was at-
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Although mueli less ¢ytotoxie than 6-methylthiopurine ribonucleoside, XI was cytotoxic
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tampled. In wmineral acid with sodium nitrite the
diazotization failed. With isoamyl nitrite in glacial
aeetic acid a new pyridine was formed, but instead of
VI, the only product isolated was found to be 2-chloro-
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3-nitropyridine (VII),® identified by its melting point
and proton magnetic resonance spectrum. Failure
of this route caused us to turn to a study of the reac-
tion of I with other nucleophiles. Reaction of I with
1 equiv of sodium methoxide gave 2(4)-chloro-4(2)-
methoxy-3-nitropyridine (Va),” but replacement of the
chloro group of Va without replacement of the methoxy
group was not possible, and a mixture of 2,4-diamino-3-
nitropyridine (X)® and another compound, probably
4(2)-amino-2(4)-methoxy-3-nitropyridine, that was dif-
ficult to resolve, was obtained. Sinee the methylthio
group is known to be a poorer leaving group than the
methoxy group in nueleophilic displacement reactions,®
2-chloro-4-methylthio-3-nitropyridine (Vb) was pre-
pared by reaction of I with methyl mercaptan dissolved
in ethanol containing 1 equiv of sodium methoxide.
Reaction of Vb with alcoholic ammonia did, in fact,
result in the displacement of the chloro group only
and 2-amino-4-methylthio-3-nitropyridine (IX) was
obtained in good yield. Reduction of IX by means of
stannous chloride in concentrated hydrochloric acid
gave 2,3-diamino-6-methylthiopyridine (XIII), which
was eyelized with diethoxymethyl acetate to 7-methyl-
thio-3H-imidazo [4,5-b Jpyridine (XIV). Fusion of XIV
with tetra-O-acetylribofuranose followed by treatment
of the intermediate acetylated nucleoside with aleoholic
ammonia gave XI in reasonable yield and a small
amount of its & anomer.

Biologic Activity.—Table I shows a comparison of the
cytotoxicity of 1-deaza-6-methylthiopurine ribonu-
cleoside (XI) with that of 6-methylthiopurine ribo-

TaBrLe I
~—EDso, pmoles/1.%—
Compd HEp-8/8 HEp-2/MP

6-Methylthiopurine ribonucleoside 0.34 0.24
XI >340 95
Purine ribonucleoside 1.0
XV 400 .
6-Mercaptopurine 1.4 1760

a ED; is that concentration of compound inhibiting cell
growth to 509, of controls. Cells were grown on glass and
growth was measured by the determination of protein content
[V. 1. Oyama and H. Eagle, Proc. Soc. Exptl. Biol, Med., 91, 305
(1956)] after 4 days growth in the presence of the compound.

nucleoside and the cytotoxicty of 1-deazapurine
ribonucleoside with that of purine ribonucleoside.
Although XTI and XV are only about 0.259, as eytotoxie
as the corresponding purine ribonucleosides, they are
in fact cytotoxic, and the cytotoxicity of XI to the
HEp-2/MP cell line may constitute useful biologic
activity. In contrast, the ED; of the isomeric 3-
deaza-6-niethylthiopurine ribonucleoside for HEp-2/
MP cells is greater than 340 umoles/l, (highest level
tested).? These preliminary results indicate that, al-
though N-3 of the purine ring appears essential to the
biologic activity of the purine nucleosides, N-1 may

(6) A. H. Benie, G. T. Newbold, and F. S. Spring, J. Chem. Soc., 2042
(1952).

(7) By analogy one would assume preferential attack at C-4 of I, but
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not be essential even though it is obviously contribu-
tory. Further investigations of the 1-deazapurine
ribonucleosides is in progress in these laboratories,

Experimental Section

The melting points reported were determined on a Kofler
Heizbank and are corrected. The ultraviolet spectra were de-~
termined in solution with a Cary Model 14 spectrophotometer,
and the infrared spectra were determined in pressed KBr disks
with a Perkin-Elmer Model 521 spectrophotometer. The optical
rotations were determined in the solvents specified with a Rudolph
Model 80 polarimeter. SilicAR TLC-7 (Mallinckrodt) silica
gel was used for most of the chromatographic separations.
Spots were detected with an ultraviolet light after spraying the
plates with Ultraphor WT highly concentrated (BASF Colors &
Chemicals, Inc., Charlotte, N. C.).

2-Amino-4-chloro-3-nitropyridine (III).—A solution of 2,4-
dichloro-3-nitropyridine® (I, 10 g, 52 mmoles) in ethanolic NH;
(250 ml of absolute ethanol saturated at 5° with dry NH;) was
allowed to stand at room temperature for 6 hr before it was re-
frigerated overnight. The reaction solution was evaporated to
dryvness in vacuo and the residue was triturated with three 15-ml
portions of boiling ligroin to extract unchanged starting com-
pound (369;). The insoluble solid was triturated with four 40-
ml portions of boiling chloroform and the filtrate was cooled
to room temperature. The reswlting CHCl; slurry was poured
onto a silica gel column 3.75 X 25 ¢cm containing 70 g of siiica
gel wet packed with CHCI;). The column was eluted with
chloroform until the fastest traveling yellow band had been
eluted. Evaporation of this eluent to dryness in vacuo gave
essentially pure III (490 mg, 5.49%) suitable for use as an inter-
mediate. Crystallization of this material from benzene gave the
analytical sample in several crops: yield 360 mg (4%), mp
176°. Thin layer chromatography on silica gel H (E. Merck,
Darmstadt) using chloroform—ethyl acetate (1:1) as the eluent
showed a single spot; Amax In mu (e X 1073): pH 1—220 (sh),
265 (sh), 327 (broad) (3.2), 352 (broad) (3.3); pH 7—226
(13.6), 250 (sh), 385 (3.3); pH 13—226 (13.8), 250 (sh), 385 (3.3);
Jmex 10 cm ™1 3460, 3270, 3105 (NH, CH); 1630, 1580, 1545,
1520 (NH, C=C, C=N).

Anal. Caled for C;H4CIN;O,:  C, 34.59; H, 2.33; N, 24.21,
Found: C, 34.67; H, 2.55; N, 24.31.

2-Chloro-4-methoxy-3-nitropyridine (Va).—An anhydrous so-
lution of 2,4-dichloro-3-nitropyridine® (I, 676 mg, 3.5 mmoles) and
sodium methoxide (3.5 ml of 1 N methanolic NaOCH;) in meth-
anol (10 ml) was allowed to stand at room temperature for 18 hr
before it was evaporated to dryness in vacuo. The residue was
triturated with water and the insoluble solid was collected by
filtration and dried in vacuo to give 600 mg (91%) of crude
product. Recrystallization of the crude product from methanol
gave the pure material in two crops: yield 515 mg (78%), mp
77°. Thin layer chromatography using benzene—chloroform
(2:1) as the eluent showed a single spot; Amax in mu (e X 1073):
pH 1,7,13—215 (sh) (11.5), 250 (1.4); #max in cm ™1 3080, 2995,
2960-2900, 2850 (CH); 1595, 1565, 1540 (C=C, C=N, C—
NOg); 1375 (C-NOg); 1040 (C-0OC).

Anal. Caled for CHCIN:Os:  C, 38.21; H, 2.68; N, 14.85.
Found: C, 38.18; H, 2.93; N, 14.86.

2-Chloro-4-methyithio-3-nitropyridine (Vb).—Sodium meth-
oxide (837 mg) in ethanol (15.5 ml) was added dropwise to &
cold solution of 2,4-dichloro-3-nitropyridine (I, 3.00 g, 15.5
mmoles) in ethanol (100 ml) saturated with methyl mercaptan.
After the addition was complete the reaction mixture was
stirred for 1 hr at 5° before it was filtered, and the filtrate evapo-
rated to dryness in vacuo. The resulting residue was triturated
with boiling cyclohexane (150 ml) and filtered through dry Celite
to remove additional inorganics. The crude product that
precipitated from the filtrate was collected in three crops.
Essentially pure material, suitable for use as an intermediate,
was obtained by recrystallization of the crude product from
ethanol with Norit treatment; yield (.96 g (629%), mp 98°.
Thin layer chromatography using benzene—chloroform (2:1) as
the eluent showed one spot. An analytical sample Vb was ob-
tained by cyclohexane recrystallization of the purified material:
mp 100°; Amex In mu (e X 10-%): pH 1—220 (sh), 263 (11.5);
pH 7—220 (sh), 263 (11.5); pH 13—263 (12.0); #mex in cm~1;
3005, 2915 (CH); 1565, 1525 (C=C, C=N, C-NO;); 1430
(CHs); 1360 (C-NO,).
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Anal.  Cualed for GHCINaOss: €, 83.2
Found: C, 35.60; H, 2.78; N, 13.63.

7- Chloro-le-imidazoM 5=blpyridine (VIII).r- A solution of
Y-nnino-4-¢hloro-3- nitropyridine (III, 300 g, L.7 nunoles) o
ethanol (50 ml) containing glacial acetic ueid (0.7 wd, L7 mmoles:
was hydrogenated at atmospheric pressure hic the prescuce of
platinum oxide eatalyst (30 mg).  After the theoreticnl o
of hydrogen had been consumed, e caialyst was removed by
filtration m & nitrogen atmosphere, and the Hltrate wax ovapo-
rated to dryness in vacuo. The resulting diaminopyridine
was dissolved in diethoxymethyl acetate (10 ml), and the solation
was allowed ro stund at room temperature overnight before it

s evaporated to dryuess. Ethanol solntons of the residue
were evapcrated to dryuess several times before it was dissolved
in boiling water (40 ml) and the solution was filtered throngh
Celite.  The filtrate was evaporated (o dryness 10 give 150 mg
(569¢) of ernde product.  Recrystallization of 1hie crude produci
from boil’ag water with Norit rreatment gave essentially proe
marerial; vield 128 g (489725, mp 168°. Thin laver ehroma-
(ography nsing chloroform-eihyl aceiate (1:Le as the elnent
showed u trace of fluorescent contaminma: Age e g (e X

2; M, 2.47; N, 13.60.

1072 pl 1—243 (infl), 250 (iufl), 250 (infly, 273 shy (840,
2795 (9.3 pH 7251 (5.9, 277 (8.7), 282 (infl); pH Li-287
CLOUT Y agpax 10 o7 BOTO, B0L0, 2980, 2900, 2800-2535(1 (CI,

acidic H); 1620, 1605, 1575 (C===C, C==N).
2-Amino-4-methylthio-3- mtropyrxdme (IX)o—A  solution  of
2-chloro-4-methylthio-3-nitropyridine (Vh, 1.60 g, 7.8 minolex) i«
ethanolic ammonia (450 ml of absolite eihanol saturated av 5°
withh dry NH;) was heated at 60° for I8 hiv in o glass-lined bomlb.
The reaction solutiore was evaporuted to dryness in tucieo, and
uhe residue was triturated with three 3-al portions of water,
The insoluble solid was collected by filtraiion and iriturated wih
three 5-mil poruons of cthanol before it was dried in zacwoy
vield [.27 g (88v7), mp 218° (sublim).  Thin layer chromnatog-
raphy using chloroform~ethyl ucerate 11: 1) as the elnent showed
wsingle spot. The analytical sample was obtained by recrystal-

lization from ethanol; 1np 220°; A in g (e X 104 pli
[—209 (14.0), 262.5 (19.0), K52 (1005 pl 7221 (19.4), 242.5
(14.8), 265 (sh), 354 broad (H.8); pll (3224 (16.7;, 242 (15.2),
265 (sh), 354 broad (5.9): Fus i can™is 5460, 5250 (NH»:

3100, 2915 (CH); 1620, 15370, 1330, 1510 (N1, (=, C=N';
H50 (CH;).
Anal. Caled for CeH:NsOS: N, 22,60, Fonnd: N, 22.56.

7-Methylthio=3-3-D- r1bofuranosyl—3H imidazo{4,5-bH|pyridine
(XI). A.—A solution of 7-chloro-3-g-n-tibofuranosyl-8H-imida-
zopyridine (XII, 90 mg, 0.3 mmole) and sodium methoxide (116
md of TV NaOCH; in methanol) in absolute methanol (15 ml;
wis sutarated with ethyl mercapum at 5°.0 The resulting
solution was heated in a glass-lined Parr homb for IS I ac fuie,
The reaction solution wias evaporated to dryvness anc the residue
wax extracted three times with 100l of a0 bolling wdxture of
acetotte and eyl acetate {1:4) After 1he insoluble solid was
removed by filtration, the conmbined extrpet= were evaporated 1o
dryness ¢ vacuo.  Tritnvation of the residue with ethyl acetane
initiated crystallization.  The erystals that predpitued  were
collected in several crops (o give a total crude yvield ol 44 mg
(47700, Recrystallization of the ernde produet from ethanol
(3 ml) gave the pure maierial, yield 28 mg (50%), mp 205°,
[al®n =738 £ 0.3 (V.98 g/t0U ml of methanol). Thin layver
chromatography using ¢hloroform-methanol (9:1) as the eluent
showed one gpoi which gave a positive Schiff-metaperiocdate test;
Amax i1 g (e X 1073): pH 1225 (10.8), 280 (sh) (12.1), 288
CE3.0); pH 7218 (14.7), 282 (18.7), 287 (sh) (13.0); pH 13-—2x2

(10.2), 287 (sh) (L84} Ppax In an™h "}Ii—ll) ")-‘)‘l‘_’lb {OH
2000, 2050, 2020, 2005 (CH); 1500, 1570 ( Ce= NJ; 1160,
{115, 1080 (COC); r in ppm: 1.—1) 1H_J, l.‘\_l d and 2.88

(15 and He), 3.98 d (Hy"), 4.78 m (OH), 547 miand 5.05 m {11,
11y, and Hy'), 6.36 m (Hs"), 7.40 {SCH;).

Adnal. Caled for CaHpsNsOUS: C, 4845, H, S0 N, 1405,
Fonud: €, 48.01; I, 5.21; N, 14.06.
B.o-A mixture of 7- lllLlb\'lllli()—Sf[—iIlli(l:LZUH‘:’B—l/][))'l'idill()

(XIV, 85 mg, 0.47 mmole), [,2,3,3-tetra-O-acetyl-3-n-ribofuri-
nose (636 mg, 2 mmolex), and p-toluenesulfonic add  eutalys
(8 mg) was fused at [SO° (L5 mm ) for £ min. The reaction el
wis dissolved in CHCl; (10 ), iond the solintion was waxhed
(NaHCOy, HaO) belore it was dried ¢ MgsUy) and evaporated to
drynes< 1n vracuo.  The resulting residne was purified by meanes of
preparative thin layer chromatography using chloroforin-ethyt
weetate (1:1) as the eluent. The acetyvlated ribonneleoside
was extracted from the <ilica gol with ethyl acetuie and the ethys

Joun AL MosrtcoMeERy AND INarHLEEN HEwsoxN

Vol Y

aceliate was evaporited 1o dryiess o eaewo 1o give TIN g (300«
purified produer as an oil

The chromatographicdly  puritied acetylated riboneleoside
STES g, (028 nuaoled was dissolved in anhydrons erharolic N1,
Ol el the =obition was refrgerated for 72 I The =ola-
Hon was evaporated to dryness, the reseline was dissolved
waior, wad 1the sofniion was extracted (CHCL Fvaporanion
ol o wator =olution to dryvness gave an oll, wldeh soliditied
witlciritnration cnd =ceding of an ethanol-erher suspension of tle
il The =olid wis eollected by tiheaiion, washed with other,
snd dried e rueww; vield 56 mg (677, ) mp 200°0 “Thie Lyver
chiromatography n=ing eldoroform-methansl ¢0: £ = 1he elien
aradicated the presence of a small amonnt of contpminant.  looh-
ol recrystallizotion of this maderial gnve the pore prodeer,

The cordamivant was isolated by means of preparaive thin
Lover claromamgrapliy. 1 gave a positive Sehiff -imeraperiodice
tes1 Jod®n =007 &= 2.4° (.88 g/ 100 ml of methauol i
i e X 14 I 222 274 (sl 280 €t pll ¢
OST B3 28T oshioe plIL 165--082 05y, 287 Gchin Sinee ale
altravioler spocivand iddicates that the sngare s attached of N-2,
the opticad rowation establishes thit 1he compound s e o
anomer of X1 The pmre spectrun supports this assigniment.

7-Chloro-3-3-v-ribofuranosyl-3/-imidazo|4,5-/|pyridine
(X A isanre of T-chloro-3H-imidazo [4,5-6[pyricinet ¢ V1L,
EES g 0N mnaoles,  230-tetra-O-acetyl-g-n-ribofnranose
(450 mg. Lo mnwles omad p-toluenesnltonic acid catalyst CE2 g
wits fused st £69° 220 i) tor 20 min. - The reaction nelt wies
dizsolved 1 eldovotoria (5 wl), aod the solution wix woshod
(NaHCU,, 1107 hofore it was dried (3MgR00) and evuporated 1o
devness inovecwn. The resulting residue was dissolved i eiher
aud Hltered doonglodey Celite, and the Bliraie was streaked oo
thin layer plave (20 X 2 e plate conted with i of silicp gels
for purification. The prepavative thin lver plue wis developed
with chloredore erhivl acetate CE:Etihiree times hefore the broad
crater band was scraped from the plare and elnted witlomerhanol.
[Svaporation of the nethanol =olntion gave the purified aeetylatod
ribouneleosicie as o glass (035 mg, 4440

The acetvhued vibonneleoside (150 myg, U4 mole) was
diz=olved i adivdrons erhanolic NHe €50 mlt and the solution
was refrigernted for 72l The solmiow wis evaporated o
dryness, the residue was dissolved ficwater €5 mld, and the <oln-
tiote was exitacted with CITCL (5 mli The water =olntion was
evaporared to drybess cuid the resnlting residne was eitnriaoed
wiih erher. The insolable solid that formed wias coltocred Loy
fittration, wa<hed with fre<h ether, wod dried dv vacio; vield 76
myg (73700 p indetindte above 100%, Thin layer eluomaiog-
raphy n=ing chlovotforine nerthanol 19: 1) ax the elnera ~howed o
spoi whicle giove a positive Sehift-metaperiodate tesu; A m
iy (e >< to-se pH - hntu) 274 (5.0)0,280 (sl pH 725
(590, 277 (5.8, 255 Gl pld 5257 €0.8), 278 (6.0, 286 (<hi;
Pawas 10 C110 70 S400-55300 (OH)Y: 5Ly, 2920, (CL; 1060, 620,
Eo00 (Ca=C, CoamNyr 1030, 1H0S, 175, 1050 (COC,

7-Methylthio-8//-imidazo{4,5-6|pyridine (XIV}. - A zolntiorcet
<tarcions chiloride (2 2t in concentratod HCL (2,25 ml was addwd
dropwisze with stirrivg to a0 mixture of Z-nnino-d-methylihio-s-

In

idivopyridice (1IN, S0 g, 2.7 ol e ethpnol (50wl v
Afier the addivion was complite, the retetioie nmixtmre wie

warmed to 60° wud stirred for an additional 2 hre The vesulting
colorless reaction solution was cooled in an ice bath and neurral-
ized with 6 & NaOH. The insoluble =olid that precipitated wis
removed by filtration, and the filtrate was evaporated to dryness,
The vesidne was tritnrated with three 10-ml portions of ethinol
andd filtered 1hrongh drey Celite. The hlirate was evaporaced oo
drvuess inioeeeao. The remhing paritied 205-dinmino--merhyl-
thiopyridine wis dissolved in dicthoxyvinethyl acetate (HI ),
the solution wis allowed (o stand rOOT LEIIPCTILITe oVer-
night before it wax filtered throngh drvy Celite, und the filivine
wits evaporated toodryvness o racvo. Ithanol aiad warer sohi-
tions of the residue were eviaporared o dryvness several tines
hefore the solid was teitmrmed with ether-ethanol and the in-
soluble solid was eollected by filtration to give the crude prodic
(987 mg, 70 Decrystallizanione of the crude produer from
water (20 mls witle Noriv tremment gave the pure madorial,
vield 537 mg 6975, p 1007 resolidifies snd remeles o 1827
Thite Laver chromatography n=mg eldoroforim- netlianol Q1)
i the olnerd showed o single spot: Ay nmg (e X0 2

pHE b 220 exdy 280 CRESE 308 cf0.2); pl T 2055 (1S
UST O, 286 his pll 159N 01720, 296 (shiit B e 7'

SA00-5200 broad (Hat B0S, B0,
D720, 2050, 257U (CIH ‘Llul aetdie N1 ;s

205,
(575,

LOE5, 2800,
(550 £ =N,

UKD,
IHU8,
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C=0C); 1475, 1430, 1420, 1365, 835, 810, 640, 600 (unassigned);
rinppm: 7.43 (SCH;), 2.94d and 1.8 d (H; and Hs), 1.7 (Hoz).
Anal. Caled for CG:H:NSS-7/;H,O: C, 46.48; H, 4.88; N,
23.23. Found: C,46.43; H, 4.76; N, 23.26.
3-g=-pD-Ribofuranosyl-3H -imidazo [4,5-b] pyridine (XV)5—A
solution of 7-chloro-3-8-n-ribofuranosyl-3 H-imidazo [4,5-b]pyri~
dine (XII, 70 mg, 0.25 mmoles) in ethanol-water (5:10 ml) was
hydrogenated at atmospheric pressure in the presence of MgO
(9.8 mg, 0.2 mmole) and 5% Pd-C catalyst (10 mg). After
the theoretical amount of hydrogen had been consumed, the
catalyst and MgO were removed by filtration, and the filtrate was
evaporated to dryness in vacuo. The residue was dissolved in
water (1 ml) and filtered through dry Celite and the filtrate was
refrigerated overnight. The crystals that formed were collected
by filtration, washed, and dried ¢n vacuo; yield 28 mg (45%), mp
226° (lit.> 220-222°), [«]®Dp —78.0 = 0.5° (0,99 g/100 ml of
methanol). Thin layer chromatography using -chloroform—
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methanol (9:1) as the eluent showed one spot which gave a
positive Schiff-metaperiodate test: Amex in mu (e X 107%):
pH 1—236 (5.0), 274 (9.9), 281 (8.7); pH 7—244 (5.1), 277 (sh),
281 (8.5), 287 (6.6); pH 13—246 (4.8), 277 (sh), 281 (8.2), 286
(sh); [lit.> Amax in mu (e X 1073): pH 0.5—236 (5.6), 275 (10.1),
281 (8.6); pH 5.66—243 (4.9), 281 (8.5), 287 (6.6)]; Fmax in
em™~1: 3340, 3240, 3125, 2980, 2940, 2920, 2860 (OH, CH);
1595, 1580 (C=C, C=N); 1130, 1115, 1105, 1075, 1050 (CO-).
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Two fluoro analogs of cyclophosphamide, 2-[bis(2-fluoroethyl)amino]-2H-1,3,2~oxazaphosphorinane 2-oxide
and 2-[(2-chloro-2’-fluorodiethyl)amino]-2H-1,3,2-oxazaphosphorinane 2-oxide, were synthesized. These com~
pounds and their precursors displayed little, if any, antitumor activity against rodent tumors.

Cyclophosphamide (I1Ia) is one of the most effective
biological alkylating agents for treating certain ex-
perimental rodent malignancies.® However, rather
disappointing results were reported in treating neo-
plastic diseases in man with this agent.? Many
structural modifications® of this compound have not
produced any superior antitumor agents against animal
tumors.

Recently a number of Russian investigators® have
reported that some fluoroanalogs of nitrogen mustard
derivatives exhibit antitumor properties (e.g.,, 5-(2-
chloro-2’-fluorodiethylamino)-6-methyluracil, see also
ref 7). Also, Pettit and Smith® found that bis(2-
fluoroethyl)amine hydrobromide inhibited the growth
of Walker 256 carcinosarcoma (409, by 0.6 mg/kg,
but the therapeutic index was less than 1). Our in-
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(1962).
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(6) H.Arnold and F. Bourseaux, Angew. Chem., 70, 539 (1958); H. Arnold,
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vestigation on the mechanism of action of fluoroethyl-
amines demonstrated that these compounds act, in
vitro, like the corresponding chloroethylamines through
the formation of an aziridinium intermediate but at a
slower rate.® It was therefore of interest to examine
if the oxazaphosphorinane moiety of cyclophosphamide
(I1TIa) could act as a earrier of the eytotoxic fluoro
nor-nitrogen mustards Ib and ¢ in transporting IIIb,
IIIc, or an activated product derived from them!® to
the tumor site. Hydrolysis, catalyzed by phosphani-
dase, could then produce the active biologiecal alkylating
agents Ib and c.

XCHCH, | g XCHCH_ oo

o — / 2
YCH,CH, YCH.CH,
I Il

\phosphamidﬂse /H‘—‘NlCHZ)GOH

0
XCH,CH,_ t NHCH,

~
P CH,
YCH,CH;” OCH,”
I
a,X=Y=Cl
b,X=Y=F
¢, X=CLY=F

Straight-chain w-fluoroalkylamines with an even
number of carbon atoms are very toxie because they
are oxidized by wmonoamine oxidases to precursors of

(9) P. L. Levins and Z. B. Papanastassiou, J. Am. Chem. Soc., 87, 826
(1965).
(10) N. Brock, Acta Unio Intern. Contra Cancrum, 20, 45 (1964).



