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7-Alethylthio-3-/3-D-ribofui'anosyl-3ff-imidazo[4,5-6]pyridine (XI), the 1-deaza analog of the highly cytotoxic 
(j-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-3-0-D-ribofuranosyl-3i7-imidazo[4,5-&]pyridine (XII) , which was allowed to react with sodium 
methyl mercaptide to give XI . In the second method, 2,4-dichloro-3-nitropyridine was allowed to react with 
sodium methyl mercaptide to give 2-chloro-4-methylthio-3-nitropyridine, which was then converted in three 
steps to 7-methylthio-3ff-imidazo[4,5-fc]pyridine (XIV). 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 
methanolic ammonia. Although much less cytotoxic than 6-methylthiopurine ribonucleoside, XI was cytotoxic 
to IIEp-2 cells resistant to 6-mercaptopurine. 

In a previous paper the rationale behind and the 
results from the synthesis and biologic evaluation of 3-
deaza-6-methyIthiopurinc ribonucleoside were discus
sed.2 Briefly, the purpose of this work is to determine 
the importance of the ring nitrogens to the biologic func
tioning of purines and their ribonucleosides. This infor
mation may prove helpful in the design of new agents 
more selective in their toxicity. The deaza analogs 
of 6-methylthiopurine ribonucleoside were chosen for 
study because of the great cytotoxicity shown by this 
purine ribonucleoside.3 We now wish to report the 
synthesis of l-deaza-6-methylthiopurine ribonucleoside 
(7-methylthio-3-/3-D -ribof uranosyl- 'ill-imidazo [4,5 - b} -
pyridine, XI). 

Although the major product of the monoamination 
under mild conditions of 2,4-dichloro-3-nitropyridine 
(I) is 4-amino-2-chloro-3-nitropyridine (II),2 a small 
amount of the isomeric 2-amino-4-chloro-3-nitropyri-
dine (III) is also formed and can be separated from 
II by means of column chromatography on silica gel 
(see Scheme I). Catalytic reduction of III gave 2,3-
<liamino-4-chloropyridine (IX), which was cyclized 
to 7-chloro-3#-imidazo[4,5-6]pyridine (VII)4 by means 
of diethoxymethyl acetate. Fusion of VIII with 
tetra-O-acetylribofuranose followed by treatment with 
methanolic ammonia gave 7-chloro-3-/3-D-ribofuranosyl-
3//-imidazo[4,5-&]pyridine (XII). The proof of struc
ture of XII was accomplished by catalytic hydro-
genolysis of the ehloro group which gave 3-d-n-ribo-
furanosyl-3J7-imidazo [4,5-b [pyridine (XV), a known 
compound.5 

Displacement of the ehloro group of XII with sodium 
methyl mercaptide proved difficult but was accom
plished by heating the reaction mixture in a bomb at 
100° for 18 hr. 1-Ueaza-G-methylthiopurine ribo
nucleoside (XI) was obtained in 30% yield. 

In a search for a. more practical method to prepare 
larger amounts of XI, the conversion of II via diazo-
tization to 2-chloro-3-nitro-4-pyridone (VI) was at-

(1) Th is work was s u p p o r t e d by funds from the C. I'\ K e t t e r i n g F o u n d a 
tion a n d the Cancer C h e m o t h e r a p y N a t i o n a l Service Center , N a t i o n a l 
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tempted. In mineral acid with sodium nitrite the 
diazotization failed. With isoamyl nitrite in glacial 
acetic 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),6 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-riitropyridine (Va),7 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)8 and another compound, probably 
4(2)-arnino-2(4)-methoxy-3-nitropyridine, that was dif
ficult to resolve, was obtained. Since the methylthio 
group is known to be a poorer leaving group than the 
methoxy group in nucleophilic displacement reactions,9 

2-chloro-4-m.ethylthio-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 cyclized with diethoxymethyl acetate to 7-methyl-
thio-3#-imidazo [4,5-6 ]pyridine (XIV). Fusion of XIV 
with tetra-O-acetylribofuranose followed by treatment 
of the intermediate acetylated nucleoside with alcoholic 
ammonia gave XI in reasonable yield and a small 
amount of its a anomer. 

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

TABLE I 

-—ED50, /jmoles/l.a—• 
Compd HEp-S/S HEp-2/MP 

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

" ED5o is that concentration of compound inhibiting cell 
growth to 50% of controls. Cells were grown on glass and 
growth was measured by the determination of protein content 
[V. I. 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 
ribonueleoside with that of purine ribonueleoside. 
Although XI and XV are only about 0.25% as cytotoxic 
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 ED50 of the isomeric 3-
deaza-6-methylthiopurine ribonueleoside for HEp-2/ 
MP cells is greater than 340 jumoles/1. (highest level 
tested).2 These preliminary results indicate that, al
though X-3 of the purine ring appears essential to the 
biologic activity of the purine nucleosides, N-1 may 

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

(7) By analogy one would assume preferential attack at C-4 of I, but 
confirmation of the structure of Va was not attempted; however, only one 
product was detected. 

(8) Y. Mizuno, T. Itoh, and K. Saito, Chem. Pharm. Bull (Tokyo), 12, 
866 (1964). 

(8) J. F. Bunnett and R. E. Zahler, Chem. Rev., 49, 273 (1951). 

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-nitropyridine8 (I, 10 g, 52 mmoles) in ethanolic NH 3 

(250 ml of absolute ethanol saturated at 5° with dry NHs) was 
allowed to stand a t room temperature for 6 hr before it was re
frigerated overnight. The reaction solution was evaporated to 
dryness in vacuo and the residue was triturated with three 15-ml 
portions of boiling ligroin to extract unchanged starting com
pound (36%). The insoluble solid was triturated with four 40-
ml portions of boiling chloroform and the filtrate was cooled 
to room temperature. The resulting CHCI3 slurry was poured 
onto a silica gel column 3.75 X 25 cm containing 70 g of silica 
gel wet packed with CHC13). 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 I I I (490 mg, 5.4%) 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; Xmax in m/i (e X 10~3): 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); 
i w in cm"1 : 3460, 3270, 3105 (NH, CH); 1630, 1580, 1545, 
1520 (NH, C = C , C = N ) . 

Anal. Calcd for C6H„C1N302: 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-nitropyridine8 (I, 676 mg, 3.5 mmoles) and 
sodium methoxide (3.5 ml of 1 A'' methanolic NaOCH3) 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; Xmax in m î (<• X 10 - 3 ) : 
pH 1,7,13—215 (sh) (11.5), 250 (1.4); > w in cm- 1 : 3080, 2995, 
2960-2900, 2850 (CH); 1595, 1565, 1540 ( C = C , C = N , C— 
N0 2 ) ; 1375(C-N0 2 ) ; 1040 (C-OC). 

Anal. Calcd for C6H5C1N203: C, 38.21; H, 2.68; N, 14.85. 
Found: C, 38.18; H, 2.93; N, 14.86. 

2-ChIoro-4-methylthio-3-nitropyridine (Vb).—Sodium meth
oxide (837 mg) in ethanol (15.5 ml) was added dropwise to a 
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 1.96 g (62%), 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°; Xmax in mM (e X 10" s) : pH 1—220 (sh), 263 (11.5); 
pH 7—220 (sh), 263 (11.5); pH 13—263 (12.0); > w in c m - ' : 
3005, 2915 (CH); 1565, 1525 ( C = C , C = N , C-N0 2 ) ; 1430 
(CH3); 1360 (C-N0 2 ) . 
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Anal. CalcdforCetI5ClN202S: C, 35.22: 11,2.47; X, 13.011. 
Found: C, 35.60; H, 2.78; N, 13.03. 

7-Chloro-3H-imidazo[4,5-6]pyridine (VIII).4---A solution of 
2-amino-4-chloro-3-nitropyridine (III , 300 mg, 1.7 tnrnoles) in 
ethanol (50 ml) containing glacial acetic acid (0.1 ml, I.Tiiimnlis 
was hydrogenated at atmospheric pressure in the presence of 
platinum oxide catalyst (30 mg). After the theoretical amount 
of hydrogen had been consumed, the catalyst was removed by 
filtration in a nitrogen atmosphere, and the filtrate was evapo
rated to dryness in vacuo. The resulting diaminopyridine 
was dissolved in diethoxymethyl acetate (10 ml), and the solution 
was allowed to stand at room temperature overnight before it 
was evaporated to dryness. Ethanol solutions of the residue 
were evaporated to dryness several times before it was dissolved 
in boiling water (40 ml) and the solution was filtered through 
Celile. The filtrate was evaporated to dryness lo give 150 mg 
(56 r , ) of crude product. ]-iecrystallization of the crude product 
from boifng water with Xorit treatment gave essentially pure 
material; yield J2S mg ( 4 8 ^ ) . m P 108°. Thin layer chroma
tography using chloroform-ethyl acetate (1:1.) as the eluenl 
showed a trace of fluorescent contaminant : \mKs. in m/j, i« X 
10"=): p i t 1—243 (inn), 250 (infl), 251) (infl), 273 i.sh) (8.4). 
279.5 (9.3j: pH 7—251 (5.9), 277 (8.7), 282 (infl); pH 13--2.S7 
(10.7): ym:lK in cm-1 : 3070, 3010. 2980, 2900, 2800-2550 (CH. 
acidic; H) ; 1620, 1605, 1575 ( C = 6 , C = X ) . 

2-Amino-4-methylthio-3-nitropyridine (IX). A solution of 
2-chloro-4-methylthio-3-iiitropyridiiie (Vb, 1.60 g, 7.8 mmoles) in 
ethanolic ammonia (450 ml of absolute ethanol saturated at 5° 
with dry XH3) was heated at 60° for 18 hr in a glass-lined bomb. 
The renetion solution was evaporated to dryness in vacuo, and 
the residue was triturated with three 15-nil portions of water. 
The insoluble solid was collected by filtration and triturated with 
three 5-nil portions of ethanol before it was dried in vacuo; 
yield 1.27 g (88')-,..), mp 218° (sublim,). Thin layer chromatog
raphy using chloroform-ethyl acetate i 1:1) as the eluenl showed 
a single spot. The analytical sample was obtained by recrystal-
lization from ethanol; mp 220°: A„,:|X in m^ U X 10 ' - ) : pH 
1—209 (14.0), 262.5 (19.0), 352 (10.Oi; pll 7- -221 (19.4), 242.5 
(14.8), 265 (sh), 354 broad (5.8); pH 13—224(16.7), 242 (15.2;. 
265 (sh), 354 broad (5.9): ?„„>* in cm"1: 3460. 3250 (N i l : : 
3100, 2915 (CH); 1620, 1570, 1530, 1510 (XIF, O----0. C---=\i: 
1431) (CH,). 

Anal. Calcd for CeH-XaC)^: X, 22.69. Found: X, 22.56. 
7-Methylthio-3-/3-D-ribofuranosyl-3/?-imidazo[4,5-i] pyridine 

(XI). A.---A solution of 7-chloro-3-/3-D-ribofuranosyl-3.ff-imida-
zopyridine (XII , 90 mg, 0.3 mmole) and sodium methoxide (0.6 
ml of 1 A" XaOCHs in methanol) in absolute methanol (15 nil: 
was saturated with methyl mereaptan at 5°. The resulting 
solution was heated in a glass-lined Parr bomb for 18 hr at 100°. 
The reaction solution was evaporated to dryness and the residue 
was extracted three times w'th 10 ml of a boiling mixture of 
acetone and ethyl acetate (1:4). After the insoluble solid \va.-
removed by filtration, the combined extracts were evaporated to 
dryness in vacuo. Trituration of the residue with ethyl acetate 
initiated crystallization. The crystals that precipitated were 
collected in several crops to give a total crude yield of 44 mg 
(47'',' ). lleerystallization of the crude product from ethanol 
(..'! ml) gave the pure material, yield 28 mg (30'/,J, mp 203°, 
[a]*D - 7 3 . 3 ± 0.3 (0.98 g/10(j' ml of methanol). Thin layer 
chromatography using chloroform -methanol (9:1) as the eluenl 
showed one spot which gave a positive Schiff-melaperiodate test: 
An,„ in m/i (« X 10-*):" pH 1- 225 (10.8), 280 (sh) (12.1), 2SS 
(13.0); pH 7—-218 (14.7), 282 (18.7), 287 (sh; (18.0); pH 13—282 
(19.2), 287 (sh) (18.4): pni„x in cm"1 : 3340, 3300-3120 (OHi: 
2990, 2950, 2920, 2905 (CH); 1590, 1570 (C=-C, CI—N); 1160, 
1115, 1080 (COO); T in ppm: 7.43 (IF), 1.81 d and 2.SS d 
(H5 and H6), 3.98 d (Hi') , 4.78 m (OH), 5.47 m and 5.95m ( I F ) 
H / , and I V ) , 6.30 m ( H / ) , 7.40 (SCTF). 

Anal. Calcd for CiallisNaOjS: C, 4S.48: 11,5.09; X, 14.13. 
Found: 0 ,48 .61 ; 11,5.21; X, 14.06. 

B. -A mixture of 7-niethylthio-3H-imidazo[4,5-i/]pyridine 
(XIV, 85 mg, 0.47 mmole), l,2,3,5-tetra-0-acetyl-i3-D-ribofura-
nose (636 mg, 2 mmoles), and p-toluenesulfonic acid catalyst 
(8 mg) was fused at ISO0 (15 mm.) for 15 inin. The reaction melt 
was dissolved in CHOF (10 ml), and the solution was washed 
(XaHCO-j, IFO) before it was dried (..\Igri04; and evaporated lo 
dryness in vacuo. The resulting residue was purified by means of 
preparative thin layer chromatography using chloroform-el liyl 
acetate (1:1) as the eluenl. The acetylated ribonucleoside 
was extracted from I he silica, gel with ethyl acelafe and the ethyl 
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acetate was evaporated to dryness hi vacuo to give 1 IS mg (59' , ) 
purified product as an oil. 

The chromatographically purified acetylated ribonucleoside 
MIS mg, 0.2s mmole) was dissolved in anhydrous eihanolic. X*H, 
i 50 ml) and the solution was refrigerated for 72 hr. The solu
tion was evaporated to dryness, the residue was dissolved in 
water, and the solution was extracted (CHOI/). Evaporation 
of 11 ii- water solution to dryness gave an oil, which solidified 
with trituration and seeding of an ethanoFct her suspension of the 
oil. The -olid was collected by filtration, washed with ether, 
and dried in. vacuo: yield 56 mg (07 r , >, mp 200°. Thin layer 
chromatography using chloroform-methanol i 9 : l ) as the eluenl 
indicated the presence of a small amount of contaminant. Eth
anol recrystallization of t his material gave the pure product. 

The contaminant was isolated by means of preparative thin 
layer chrnmalDgraphy. It gave a positive Schit't'-metaperiodale 
test; [e-pn +30.7 ± -^° '.0.88 g/100 ml of methanol!: ,\„„, 
in mM te X 10 "::,i: pl'l 1-222, 279 (sh !, 2S9 (9.4): pH 7- 217, 
28.1 (13.3), 2S7 (sin: pH 13--282 ( 13.1 i, 2s7 (sh;. Since the 
ultraviolet spectrum indicates that. I he sugar is attached at N-3, 
the optical rotation establishes that the compound is the .-, 
anoiner of XI. The pmr spectrum supports this assignment. 

7-Chloro-3-d-i>-ribofuranosyl-3//-imidazo[ 4,5-h ] pyridine 
(XII). A mixture of 7-chloro-3//-imidazo[4,5-/;]pyridine1 (YT11, 
115 mg, 0.8 nunole). 1,2,3,5-telra-0-acetyl-c(-i>-ribofuraunse 
(480 mg, 1.5 mmoles), and /;-toluenesulfonic acid catalyst ( 12 mg! 
was fused at. 160° (20 mm) lor 20 min. The reaction melt was 
dissolved in chloroform (5 ml), and the solution was washed 
(XaHCOj, IFO) before it was dried (MgSO.,) and evaporated to 
dryness in vacuo. The resulting residue was dissolved in ether 
and filtered through dry ('.'elite, and the filtrate was streaked mi a 
thin layer plate (20 X 20 cm plate coated with 1 mm of silica ge!: 
for purification. The preparative thin layer plate was developed 
wil'i chloroform ethyl acetate (1:1 ) three times before the broad 
center band was scraped fromthe plaleand eluted with methanol. 
Evaporation of the methanol solution gave the purified acetylalcd 
ribonucleoside as a glass 1135 mg, 44',' 1. 

The aeetylated ribonucleoside (150 mg, 0.4 mmole) was 
dissolved in anhydrous ethanolic X1F (30 ml') and the solution 
was refrigerated for 72 hr. The solution was evaporated )o 
dryness, the rc-idue was dissolved in water (5 ml), and the solu
tion was extracted with CHCF (5 ml;. The water solution was 
evaporated to dryness and the resulting residue was triturated 
with ether. The insoluble solid that formed was collected by 
filtration, washed with fresh ether, and dried in vacuo; yield 76 
mg (73')'i, mp indefinite above 100°. Thin layer chromatog
raphy using chloroform methanol (9: 1 ) as the eluenl showed one 
spol which gave a positive Schiff-melaperiodate test; X;il.;,, in 
IIIMU X 10 ' : : ; : pl l 1 253 (5.7), 274 (5.9 1,280 (sh); pl l 7 -255 
(5.9), 277 (5.Si, 2s5 (sh); pH 13 257(5.8), 278 (0.0), 286 (sh); 
i w in cm "': 3400 -3300 (OH): 3110,2920,(011); 1060,162(1, 
1590 ((>---(.'. 0 •• X ; : 1130, 1105, 1075, 1050 (COO). 

7-Methylthio-3//-inudazoj4,5-Mpyridine (XIV;. A solution of 
stannous chloride (2 g) in concentrated HOI (2,25 ml; was added 
dropwiso with stirring lo a mixture of 2-aniiuo-4-methylthio-3-
nitropyridiue :T.\, 5on nig, 2.7 inmules) in ethanol (30 ml i. 
After the addition was complete, the reaction mixture was 
warmed to 60° and stirred for an additional 2 hr. The resulting 
colorless reaction solution was cooled in an ice bath and neutral
ized with 0 A' XaOH. The insoluble solid that precipitated was 
removed by filtration, and the filtrate was evaporated to dryness. 
The residue was triturated with three 10-ml portions of ethanol 
and filtered through dry Celite. The filtrate was evaporated io 
dryness in vacuo. The resulting purified 2,3-dianiino-l-melhyl-
thiopyridine was dissolved in diethoxymethyl acetate (10 ml), 
the solution was allowed to stand at room temperature over
night before it was filtered through dry Oolite, and the hit rati' 
was evaporated lo dryness in coato. Ethanol and water solu
tions of the residue were evaporated to dryness several times 
before the solid was triturated with ether-ethanol and the in
soluble solid was collected by fill ration to give the crude product 
(3s7 mg, 79' , ). liecrysfallization of the crude product from 
water (20 ml i with Xoril Imminent gave the pure material, 
yield 337 mg (69'.', i, mp 100°; resolidifies and remelts at IS2a. 
Thin layer chromatography using chloroform methanol (9:1) 
as the eliioin showed, a single spot : X„,.IS in ni/j ft X 10 j): 
pll 1 226 iS.li, 289 (I4.S), 308 (19.2); pH 7 215.5 (15.1), 
28L (19.0), 286 (sh); pH 13--289 i 17.2), 296 Csh i; £„,„* in c m ' ' : 
340(1 3200 broad (IFO): 3095, 3050, 29S5, 2950, 2915, 2800, 
2720, 2630, 2570 (OH and acidic- XII); 1598, 1575, 1550 ((•-- X, 
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C = C ) ; 1475, 1430, 1420, 1365, 835, 810, 640, 600 (unassigned); 
r in ppm: 7.43 (SCH3), 2.94 d and 1.8 d (H. and H6), 1.7 (H2). 

Anal. Calcd for OEMSTjS• 7 / 8 H 2 0: C, 46.48; H, 4.88; N, 
23.23. Found: C, 46.43; H, 4.76; N, 23.26. 

3-/3-D-Ribofuranosyl-3.H-imidazo[4,5-6]pyridine (XV).6—A 
solution of 7-chloro-3-/3-D-ribofuranosyl-3ff-imidazo[4,5-&]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 in vacuo; yield 28 mg (45%), mp 
226° (lit.6 220-222°), [a]28D - 7 8 . 0 ± 0.5° (0.99 g/100 ml of 
methanol). Thin layer chromatography using chloroform-

methanol (9:1) as the eluent showed one spot which gave a 
positive Schiff-metaperiodate test: Ama* in m// (e X 10~3): 
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.5 Xmax in mM (e X lO"8): pH 0.5—236 (5.6), 275 (10.1), 
281 (8.6); pH 5.66—243 (4.9), 281 (8.5), 287 (6.6)]; iw* in 
cm"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-l,3,2-oxazaphosphorinane 2-oxide 
and 2-[(2-chloro-2'-fluorodiethyl)amino]-2H-l,3,2-oxazaphosphorinane 2-oxide, were synthesized. These com
pounds and their precursors displayed little, if any, antitumor activity against rodent tumors. 

Cyclophosphamide (Ilia) is one of the most effective 
biological alkylating agents for treating certain ex
perimental rodent malignancies.3 However, rather 
disappointing results were reported in treating neo
plastic diseases in man with this agent.4 Many 
structural modifications5 of this compound have not 
produced any superior antitumor agents against animal 
tumors. 

Recently a number of Russian investigators6 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 Smith8 found that bis(2-
fiuoroethyi) amine hydrobromide inhibited the growth 
of Walker 256 carcinosarcoma (40% by 0.6 mg/kg, 
but the therapeutic index was less than 1). Our in-

(1) P rev ious p a p e r : Z. B . P a p a n a s t a s s i o u a n d R . J . Brun i , J. Org. Chem.. 
29 , 2870 (1964). T h i s work was sponsored b y the Cancer C h e m o t h e r a p y 
N a t i o n a l Service Cen te r , N a t i o n a l Cancer I n s t i t u t e , N a t i o n a l I n s t i t u t e s of 
H e a l t h , C o n t r a c t N o . SA-43-ph-4360. 

(2) C y c l o p h o s p h a m i d e : 2 - [b i s (2 -ch lo roe thy l ) amino] -2H- l ,3 ,2 -oxazaphos -
pho r inane 2-oxide. 

(3) H . E . Sk ipper a n d L . H . Schmid t , Cancer Chemotherapy Rept., 17, 1 
(1962). 

(4) G. H. Fa i r l ey a n d J . M . Simister , E d . , " C y c l o p h o s p h a m i d e , " T h e 
Wi l l i ams a n d Wi lk ins Co., Ba l t imore , l i d , , 1965. 

(5) H . Arnold a n d F . Bourseaux , Angew. Chem., 70, 539 (1958); H . Arnold, 
F . Bour seaux , a n d M . Brook , Arzneimittd-Forsch., 1 1 , 143 (1961); T . 
N o g r a d y and K. M . Vagi, / . Org. Chem., 27 , 2270 (1962); O. M . F r i e d m a n , 
E . Boger, V. Grub l i auskas , a n d H . S o m m e r , J. Med. Chem., 6, 50 (1963) ; 
O. M . F r i e d m a n , Z. B . P a p a n a s t a s s i o u , R . S. Levi , H . R . Till , a n d W . M . 
Whaley , ibid., 6, 82 (1963). 

(6) See a m o n g o t h e r s : S. A. P a p o i a n , Vopr. Radiobiol. Akad. Nauk Arm. 
SSR, Sektor Radiobiol. Sb. Tr., 1, 149 (1960); Cancer Chemotherapy Abstr., 
4, 544 (1963); L. F . Lar ionov , M . D . C h a d a k o v a , a n d E . I . A rkhange l ' ska i a , 
Vopr. Onkol., 7, 112 (1961); Cancer Chemotherapy Abstr., 2 , 872 (1961); 
L. S. E r u k h i n o v , V. P . Zolotsev, a n d S. V. K a g r a m a n o v , Urologiya, 27, 54 
(1962); Cancer Chemotherapy Abstr., 3, 487 (1962). 

(7) H . Dub ick i , F . Zielinski, a n d F . W. S t a rk s , / . Pharm. Sci., 55 , 1422 
(1964). 

(8) G. R . P e t t i t and R. h. Smi th , Can. J. Chem., 42, 572 (1964). 

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.9 I t was therefore of interest to examine 
if the oxazaphosphorinane moiety of cyclophosphamide 
(Ilia) could act as a carrier of the cytotoxic fluoro 
nor-nitrogen mustards lb and c in transporting 111b, 
IIIc, or an activated product derived from them10 to 
the tumor site. Hydrolysis, catalyzed by phosphami-
dase, could then produce the active biological alkylating 
agents lb and c. 
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a,X = Y=Cl 
b,X = Y = F 
c,X = Cl;Y = F 

Straight-chain ai-fluoroalkylamines with an even 
number of carbon atoms are very toxic because they 
are oxidized by monoamine oxidases to precursors of 

(9) P . L. Levins a n d Z. B. P a p a n a s t a s s i o u , J. Am. Chem. Soc, 87, 826 
(1965). 

(10) N . Brock, Acta Unio Intern. Contra Cancrum, 20, 45 (1964). 


