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a .single spol on lie on Brinkmann silica gel (IF or polyamidc 
N M ..M: eacli gave cum bust ion values for (', II. and \ wit h in 0.1' , 
of theory. 

w-iw-Aminophenoxypropox}ylbenzamidine 112) Dihydrochlo-
ride (Method C).---To a solution of 3.5 g (10.0 mmoles i of 10 in 
100 ml of EtOH containing 200 nig of ,V' I 'd-( ' wa- added 0.XI 
ml (10.0 mmoles) of 12 A" HOI. The resulting mixture was 
shaken with II» at 2--'i arm; reduction was complete in 2 lir. 
The filtered solution was evaporated in rnrno ;uid the residue 
reorvstallized; yield '&. I g iS,V, i of white crystals. See Table II 
for additional data. 

»)-(/;-Carboxyphenoxypropoxy ibenzamidine Toluenesulfate 9 •. 
Solution of 0.511 g (10.0 mmoles) of 8 in 5 ml of (i A' IK'l 

and 5 ml of IK )Ac was stirred ill. reflux for 1 (i lir, t hen evaporated 
/;/ racno. Two recrystallizalioiis from IM> gave 0.210 g i-\'-V , i 
of while crystals, mp 21'!- 215°. Anal. !0,,H2liXO-S) (', II, N. 

m-(p-Benzamidophenoxypropoxy ibenzonitrile (41) (Method 
l)i. A solution of 2.S5 g (11.55 mmoles) of 31 in 200 ml of KlOIT 
containing 0.30 g of 5 ' , P d - 0 was shaken with II. at 2 15 aim: 
reduction was complete in 1 hr. The filtered solution was 
evaporated in rocno to yield 2.(i g 1100' , i of a colorless oil suitable 
for the next reaction. 

To 2.0 g 17.-45 mmoles i of the crude oil was added 20 ml of 
CHC1:, and I.I ml (S.O mmoles) of Kt;iN followed by 0.02 ml 
(S.O mmoles) of benzoyl chloride. The resulting solution wa
st irred at ambient temperature for 24 hr, 1 hen washed succes
sively with three ;>0-ml portions of 1 .V IK'l, three oO-ml portions 

X,;-(•'•>-AI ot by 1-2-buteny I) adenosine or XB-(,A--isopen-

teny])adenosine (IPA) occurs in sRXA' and was 

originally synthesized h.y Leonard, ct al.--:' This 

nucleoside has high cytokinin activity. l ! , ; i It also 

inhibits the growth of human myelogenous leukemic 

cells and certain mouse tumors4-'' and has undergone 

preliminary clinical t r ia ls / Because of these findings. 

;D in) I). It . Hall. M. .1. Roll ins. L. S ias iuk . and 1{. 'I 'hedford. ./. Am. 
Cliem. Sue. 88 , 2(114 ( Klfifi): (li) M. .1. Rol . ins . R. It . Hall, anil R. 'I 'hedford. 
Biorhemirtr,,. 6, 1837 (lHBTi; i<0 t t . G. Zachau , I) . I ) i l t t in K . and I t . Feld-
niann. Aniieir. Client... 78 , HII2 (IHtifi); (it) II. l- 'eldmann, C. I Kit tina', and II. 
(I . Zacl ian. '/.. I'hijriol. Chem.. 347, 2HH [lHOnl. 

i2) N. .1. Leonard. Tr,n,r. Mnmr Cuurlji Her. Cmmeil t.V. . / . ) . 1, 11 
i lllli.li. 

nil N. .1. Leonard, S. Achmatowicz . R. N. I .oeppky. K. I.. Car raway . 
\V. A. ( i r i m m . A. Szweykowska , t t . Q. I t a m / i . and V. Skoou. / ' r o c Sntl. 
Ar„,l. Sri. I'. S., 56, 700 (1U66). 

(I) .(. T. Grace . .Ir.. M. T. H a k a l a . R. H. Hall, and .1. Bla keslee. I'r„r. 
Am. Arror. Cniirer Her.. 8, 2« f 1967). 

(.">) 1). Swk. ( ' . I.. S impson, and K. Mihicli . ilii/l.. 9, (IS) ( 1068.1. 
((!) R. .tones, J r . . J. T. ( I racc . Jr . . A. M i t t e l m a n . and R. K. Gerner . /';/</.. 

9, Ho i I'lliSi. 

ol 1 .V XaOll, and three oO-ml ])ortiotis of H..O. The dried solu
tion was evaporated in vacuo. Two recry-t alli/at ion- from (',,11, 
afforded I.S g d')5', i of white crystal-, mp 150 15:!'. Ann! 
(\J1,„X .(>3i (.'. 11, \ 

m-[in-1p-Nitrobenzamidojphenoxypropoxyibenzamidine Tolu-
enesull'onate .27) (Method E). To a solution of ().:,10 g i0..sc> 
mmole.; of 12 in 2 ml of I11IF was added 1.0 g of 4A Molecular 
Sieves 11,hide > followed by 0.2t5 ml .1.75 mmoles :• of Kt.X. 
To the resulting mixture \\a- added a -olulioii of 0.20'.! g i l . l l 
mmoles) of /;-nit robenzoyl chloride in 2 ml of I ).M !•'. The niixl ore 
was stirred 1 hr ai ambient temperature, then poured into (id nil 
of II,() containing ((.MM) g .2.0 mmoles :• of /i-toluene-ulIonic acid. 
The cry-lalline product was collected and reorvstallized from 
IM>: yield 0.27 1 g •.">:!' , :. nip i:!o | : , 7 \ See Table II for addi
tional data. 

//!-(/;-Phenylureido!phenoxypropoxybenzamidine Toluenesul-
I'onate (26) iMethod F I. To a solution of O.:i0 g it).4s mmole 
of 5 in 2 ml of D.MI-' was added 0.077 ml (0.4N mmole; of Kt-X 
followed by 0.12(1 g '0.50 mmole) of < )-i/j-nitrophenyl i X-
pheuylcarbamate," The resulting solution was stirred at loom 
temperature for Hi hr. then poured into •!() ml of Il.O, and the 
product was collected, lieeryslalli/.al ion from Il.O gave 0,20 g 
(72 ' , ). mp b!4 i:i.V. See Table II for additional data. 

d o l i . R. l i n k e r a n d N . M J . V e m i e i l l e n . ./ Mr,I. C)„m.. 12 , 71 l l t l l i i o 

p a p e r C \ X X I V of 1 hi-- - e r i es 

several other X"-substituted adenosines were synthe
sized and found to have biological activity.781 Addi
tional X"-substituted adenosines have now been pre
pared71' and their biological properties have been 
studied. The new series of compounds reported in 
this paper tire the X,1-d-i>-ribofuranosyl derivatives of 
those X' !-substituted adenine bases which have shown 
potent cytokinin activity as reported by Strong'* and 
by Skoog, el o/.ila They include the X'fi-2-phenoxyef hyl-
(I). X'''-benzyI- (II) . X,!-/<-hexyl- ( I II) , X,;-/<-peiityl-
(IV). X6-phenyl- (V). XMhienyl- (VI), and X";-2-

. 7 ' u i M. 11. l-'le>-her. . \I . T. I laka la , A. Bloeh. a i u l l t . 11. Hall, ./. Me,r 
Chen,.. 11 , 717 il ' .mSi; I.) M 11. Flcysher . A. Bloch. M . T. Haka la . and 
('. A. Nicliol. Al .s t raels , loliili Nat ional Meel ini ; of the American Chemical 
Society. At lant ic Ci ty , V J., UlltS. Medi 25. 

(8) V. M . S t rona , "'I'op.ics in Microbial C h e m i s t r y . " J o h n Wiley and Sons. 
Inc. , New York. N. Y.. ItloS. PP IL'o-lUl. 

to la . I''. Skoot:, II. Q. I l a m / i . A, M. S /we^kowska . X. J. Leonard. 
K 1.. C a r r a w a y , T. I'nj.ii. .1. P lleltieson, and R. N. I .oeppky, I'lujiochrmir-
!,•<,. 6, 11HH (1!)«"): il.) A. Blue!i. R. J. Leonard, and C. A. Nichol. Him-him. 
Hiapli!/•-• A,tu 138, 11) . IHli7. 

Synthesis and Biological Activity of Some New 
IV'-Substituted Purine Nucleosides 

AI. H. 1'I.KYSHER. A. BLOCH, Al. T. HAKALA. AND ('. A. Xicuoi. 

Drpwlmt nl of E.rfii ninrnhil 1'hi ropi nliiv, lioxivrii l'orl; Mrmoniil Insiiluti, Hiijl'olo, Xt-ir )'<>rh I.',rH).i 

llirrinil Morrh il. 1HHH 

The synthesis of \ , ,-2-pheno.\yethyl-, V'-benzyl-. N*"-;i.-he\yl-, V'-H-peniyl-. X(;-phenyl-, \fi-2-t hienyl-, and 
\6-2-et hoxyethyladeiiosines was carried out by (|iiatornizaliun of Ihe X1 of adenosine wilh ihe appropriate 
halide, followed by rearrangement to the product in aqueous Nil;,, or by nucleophilie substitution of 6-chloro-
purine riboside with the appropriate amine. Also synthesized were the X'M J^-isopentenyl) and V-aHyl deriva
tives of t.he antibiotic tubercidin i'7-deazaadenosine i. The compounds weie examined for biological activity 
in a number of (.est. systems. All of the adenosine derival ives examined showed cytokinin activity in the tobacco 
pith bioassay. Similarly, at low concentrations ( 10~s to 10 _li .1/ i, the X6-subslil tiled adenosines tested stimulated 
the growth of a human leukemic cell line ((U10). At, higher concentrations, they decreased the viability of this 
line of leukemic myeloblasts of line III ' IK of Burkitt 's lymphoma, and line LKI1> of leukemic lymphoblasts, 
whereas they were all ineffective against a culture of normal leukocytes. The X,;-sub-tit tiled lubercidins on 
Ihe other hand inhibited the normal leukocytes, but weie variably effective against ihe tumor line-. Most of 
Ihe compounds interfered with the growth of Ktchi riiin'o roll and some with the gtowth of Sarcoma ISO cells /// 
I'ilro. A moderate but significant increase in survival lime of mice healing leukemia 1.1210 was produced by 
four of the adenosine derivatives. 
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TABLE I 

PAPER CHROMATOGRAPHY AND RI VALUES OP1 N'-SunsTrruTED PURINE NUCLEOSIDES 

Compd 

X '-Isopentenyltubercidin 
N6-Isopentenyltubercidin 
N'-Allytubercidin 
NT6-Allyltubereidin 
X 1-2-Phenoxyethyladenosine 
X6-2-Phenoxyethyladenosine 
X '-Benzyladenosine 
N6-Benzyladenosine 
X '-re-Hexyladenosine 
X6-n-Hexyladenosine 
N '-n-Pentyladenosine 
X6-n-Pentyladenosine 
N6-Phenyladenosine 
N6-2-Ethoxyethyladenosine 
X6-2-Thienyladenosine 
Adenosine 
Tubercidin (7-deazaadenosine) 
X'-Isopenlenyladenosine 
X6-Isopentenyladenosine 
X6-Furfuryladenosinel> 

A 

0.08 
0.81 
0.04 
0.70 
0.03 
0. SO 
0.07 
0.73 
0.02 
0.S2 
0.02 
0.79 
0.S0 
0.53 
0.73 
0.14 
0.23 
0.05 
0.7s 
0.72 

B 

0.80 
0.85 
0.67 
0.80 
0,77 
0.S5 
0. 7S 
0.S3 
0. S2 
0.87 
0.81 
0.S7 
0.S1 
0.S5 
0.82 
0.52 
0.60 
0.78 
0.S6 
0.7S 

- CU1\ f i l l 

c 
0.83 
0.85 
0.66 
0.82 
0.S5 
0.83 
0.60 
0.S6 
0.S5 
0.89 
0.82 
0.90 
0.88 
0.87 
0.S5 
0.57 
0.62 
0.72 
0.87 
0.79 

J\\ iMtini 

D 

0.84 
0.84 
0.65 
0.72 
0.75 
0.69 
0.61 
0.71 
0.73 
0.77 
0.69 
0.73 
0.66 
0.72 
0.67 
0.33 
0.4S 
0.63 
o.so 
0.64 

E 

0.50 
0.80 
0.48 
0.55 
0.60 
0.47 
0.42 
0.57 
0.64 
0.75 
0.62 
0.75 
0.50 
0.49 
0.51 
0.25 
0.34 
0.6s 
0.78 
0.46 

F 

0.52 
0.76 
0.47 
0.62 
0.61 
0.73 
0.76 
0.79 
0.63 
0.89 
0.55 
0,89 
0.82 
0.71 
0.7s 
0.52 
0 47 
0.66 
0 .8S 

0.73 
The solvent systems used for descending chromatography (Whatman No. 1 paper) (measured by volume): A, EtOAe-n-PrOH-H2() 

(4:1:2) (upper phase); B, i -PrOH-HsO-NI^OH (7:2:1); C, i -PrOH-1% aqueous (NH4)2SO< (2:1): I), 
H20 (680:170:144): E, n-BuOH-H20-coneentrated NFLOH (86:14:5); F, n-BuOH-AcOH-H,0 (5:3:2). 

-PrOH-concentrated HC1-
h Purchased material. 

TABLE II 

UV-ABSOHPTION SPECTRA OF N6-SUBSTITUTED PURINE NUCLEOSIDES 

Compd 

Tubercidin 
N'-Isopentenyltubercidin" 
N6-Isopentenyltubercidin 
N'-Allyltubei'cidin" 
N6-Allyltubercidin 
N I-2-Phenoxyethyladenosine" 
N6-2-Phenoxyethyladenosine 
N '-Benzyladenosine" 
N6-Benzyladenosine 
N'-n-Hexyladenosine" 
N6-rc-Hexyladenosine 
N'-n-Pentyladenosine" 
N6-n-Pentyladenosine 
N6-Phenyladenosine 
N6-2-Ethoxyethyladenosine 
N6-2-Thienyladenosine 
N'-Furfuryladenosine6 

' — i 

Xmax. m/i 

271 
273 

275, 230 
273 

274,5, 231 
261 
263 
260 
264 
259 
263 
260 
263 
273 
263 
270 
265 

pH 1.0-
X 10- ' 

16.0, 20.5 

13.8, 21.0 

21.0 

20.1 

20.2 

18.8 
18.3 
18.5 
18.7 
18.1 

" Values determined on material eluted from chromatographic spot 
that the uv spectra of N'-adenosine analogs exhibit a characteristic she 
sines this shoulder is to the right of the peak whereas in the tubercidins it i« on the left. 

pH 
Xrrmx. TClfi 

270 
273 
275 
273 

275, 210 
261 
268 
260 
26S 
259 

267.5, 210 
260 

267.5, 210 
288 

267, 211 
272, 211 
268, 211 

:s. b Material 
oulder at pH 1 

7.0 
t X 10- ' 

16.3 

14.2, 26.0 

20.0 

19.4 

16.7, 20.0 

16.4, 18.4 
19.1 

17.6, 19.6 
18.6, 20.0 
IS.6, 24.1 

pH 12.0-

270 
272 (sh 265/ 295) 

275 
272 (sh 265,''295) 

275 
261 (sh 264/ 290) 

26S 
260 (sh 268/ 290) 

268 
262 (sh 268/ 290) 

267.5 
262 (sh 265/ 285) 

267.5 
2S8 
267 
272 
268 

purchased from K & K Laboratories, 
2 in addition to the maximum peak. 

« X 1 0 - ' 

16. 1 

14.3 

20.7 

19.5 

18.1 

17.3 
IS.9 
18.1 
19.1 
18.7 

Inc. ' Note 
In the adeno-

ethoxyethyladenosines (VII). The properties and 
activity of X6-furfuryladenosine (VIII) purchased 
commercially were also examined. Because of the 
potent cytotoxic effect of the antibiotic tubercidin 
(7-deazaadenosine), and because 7-deazaadenosine is 
more stable to metabolic degradation than is adeno
sine,91' the X6-(A2-isopentenyl)- and X6-allyltubercidins 
were also prepared and examined. 

Synthesis of these compounds followed, in the main, 
the procedures of Jones and Robins10 and of Leonard, 
ct al.,% by which the halide is treated with adenosine to 
yield the X^quaternized nucleoside which is then con
verted quantitatively to the Ne-substituted derivative 
by heating in aqueous NH3. Only those halides in 
which the CH2 adjacent to the halogen is activated by 

(10) \V. J. Jones and R. K. Robins, ,/. Am. Chem. Sac, 85, 1S3 (1963). 

unsaturated carbon chains or aromatic rings reacted 
readily (20 hr) at ordinary temperatures, and gave 
better than 50% yields. The halides of saturated carbon 
chains reacted slowly and the temperature had to be 
elevated for over 72 hr to achieve a yield of 25% or less. 
Iodobenzene (aromatic ring not bearing a CH2) did not 
react at all, even at 100° for 7 days. In this case the 
X6 derivative was prepared from aniline and 6-chloro-
purine riboside. The tubercidin derivatives were 
prepared by X*1 condensation and rearrangement in the 
same manner as the adenosine derivatives. 

Some halides like w-iododecane and cyclohexyl-
methyl bromide did not react with adenosine when 
X*,X"-dimethylacetamide was used as the solvent, even 
when heated. However, the addition of anhydrous 
K0CO3 to the reaction mixture at 3o° resulted in about 
a 40-50% yield of the X1 intermediate. When this 
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X^-Fi i r furyladeno- ine s . 7 x 1(1'" (i. 2 

( i . ."i 

• i .e. 
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reaction mixture was heated on a steam bath lor It) T\BIT. IV 
min rearrangement to the X'; derivative took place. (IKOUTH STUH-IATIOX <>I- H I M W LM KI.UH-

In synthesizing the X^-substittited adenosines no Cn.i,s iiMlii: iw IViinr RV N"-SrBsTiiTTi.ii 
a t tempt was made to isolate the X' intermediate--. A'"- -NOSIM-.S W l.ou i 'OM KMH \ iin.\-
Aliquots of the reaction mixtures were, however, 
ehromatographed and the X1 compounds thus obtained 
were characterized as to their N( values and uv spectra. 
The remaining X1 intermediates were converted quan
titatively to the corresponding X' ;-substituted adeno
sine's by treatment with aqueous XH;i on a steam bath, 
and these were then isolated and purified. The physi
cal data of all these derivatives are given in Tallies I 
and II. V-Pht'xvlncleimsi 

Recently repor ted" was a group of X"-alkyIated •_'.'.! x Ki : < 
adenines, having cytokinin activity, where the sub- v 7 x 10 7 t 
sti tueuts were not hydrocarbons but saturated aliphatic -.it X iu~" 0.2 
ether chains containing four to six carbon atoms. A 
ribosyl derivative of one of these adenine derivatives, -•" x 10 '' "*•" 
X' i-2-ethoxyethyladenosine. was also prepared. X(i-
Furfuryladenosine12 (kinetin riboside), because of its 
known cytokinin activity, was also included in this 
study. 

In view of the fact that the new series of compounds :; x in •• t i 
reported in this paper are the nucleosides of those 
adenine derivatives which possess cytokinin activity, 
their evaluation as cytokinins was indicated. As is 
shown in Table I I I , all the compounds tested showed 
cytokinin activity. However, the concentrations a1 
which the individual compounds exert their maximal XX/z-Propvladeno-me' :i.2 X in ' s 7 
stimulatory effects differ. It is of interest that in all :;.-_> x i n " ii.:i 
cases where the maximum stimulation is reached at it," X 1() ,; 7.n 
concentrations below the highest level tested (200 yug/1.). :(.2 x K) •'• (>.n 
a further increase in concentration of the compounds is Xs-iSopropyladeno-ine" 3 2 X 10 ; s.:> 
less effective in promoting growth. Similar optimum •''•'-' x l 0 " '••' 
concentration ranges were observed with the Xfi- "• ' x 

substituted adenines examined by Skoog, el al.ih' The 
reason for this phenomenon of decreasing growth rate 
nfter maximum stimulation bv cvtokinins is obscure. 
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X KI 
X 10 

X 10 
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x 10 
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X 10 
X 10 

X 10 
X 1(1 

X 10 

in -
1 0 - : 

in " 
10 " 

1 0 ••• 

x 10 
X 10 

X 10 
X 10 

X x o - K i h o x y e t h y l a d e i i u s i n e i) X 1 0 " 0 . 0 

0. 1 

I i . 1 

X i ; -A l l \ " l ; l ( t tM!u>i l l ( ' ' 

T \ B I . I : III 

X ' - ' - I s o p e n t y l a d e n o - i n e ' ' 2 . ! ) X 1(1 ' 10 .0 

2.il X 10 ,; s.:i 
s.7 x in--" 0,;. 
2 , 0 X 10 :i .">.!! 

" T h e period of g rowth wa- ."> d a y - and the m e d i u m in each ca-e 
CYTOKI.M.N A C T I V I T Y O F S O M I , R K P I U . S K N T A T I V K W U S replaced on Ihe thi rd day . ' i n all c u l t u r e - con ta in ing the 

N6-Si-BSTiTCThi) A D K N O S I N K S IN T O B U ' C O B I O A S S A Y " drug.-, cell viabi l i ty vva- found to be S 7 - ! ) 4 ' , . ' ' T h e syn thes i -
and descr ipt ion of these c o m p o u n d s can he found in ref 7. •' In
oculum, •") X 104 cells ml, v iabi l i ty = S O ' , : control , 4 X l(l;' 
cells ml, viabilil>• = H 7 r

( . • ' I n o c u l u m , 1 X 101 cell- nil. 
viabi l i ty = il.'-S'V: control . 0.4 X 10s cells nil. viabi l i ty = S O ' , . 

tions in which the XB derivatives inhibit. It remains to 
be established whether the two phenomena in the plant 
and mammalian cell cultures can be equated. The 
effects of the analogs on various other human cell lines 
and on Sarcoma 180 cells were examined with respect 
to loss of viability or inhibition of growth as shown in 

" According 10 the method of Murashige and Skoog." Tables V and VI. It is to be noted that no stimulation 
of the growth of S180 cells by low concentrations of 

A somewhat similar relationship is observed in a line these compounds has been observed, 
of human leukemic myeloblasts (cell line RPMI-b-tlO). In the human cell cultures (Table V) the X'x-ub-
As shown in Table IV some stimulation of growth of stituted adenosines showed distinct selectivity. The 
these cells is exerted at low concentrations (10_ 7-10~" majority of the compounds affected the viability of the 
.1/) of the adenosine analogs, followed by inhibition at human myeloblas ts leukemia (line G410) and the Bur-
increasing concentrations. Adenosine itself shows a kitt 's lymphoma cells (line H R J K j . whereas the leu-
stimulatory effect which persists even at those concentra- kemic lymphoblast- (line LKID) were inhibited by 

only four of the analogs. The X'^benzyl-. X"6-thienyl-, 
iiD K. K,,ii, well ami s. T. c. wHiiin. /x... it,,,,, su,. t Lomioni. 167B, and XVf urfuryladenosines were active in all neoplastic 

"""'.I,1'"!"',, , 1 1 »• 1 i r M 1 t- <> 1. 1 , (>t>h h u e s t e s t e d . X ' ; - F u r f u r v l a d e n o s i n e h a s also been 
1 12] A. H a m p t o n , .1. .1. HieseX, A. I'.. Moore , anil ( , . ]',. l i rown. ./. A,,,. 

chem. s„r.. 78, .->«<ir> iitiotii. found to be a c t i v e aga ins t u t e r i n e f ib rob las t s . 1 - A Iky la-

< - o „ , p , l 

X' ; -Fur fury ladeu ine 
X^-Fur fury ladenos ine 

X"-«-Penty lade i i ine 
X'Wi-Pen ty [adenosine 

X 6 -2 -Th ieny ladenos ine 
XT,;-n-H exy laden o-ine 

X x P h e n y l a d e n o s i n e 

X s -Benzyl i idenos ine 
X x o - K t h o x y e t h y l a d e n o s i n e 

liel E 
• t o 

1 0 /ill 1 

2, So 

1.4:-i 
14. Oo 
7 . fi.> 
4 .42 

2 . 0 0 

i ,:so 
:!.:-!() 
1 . S 2 

row! h roini 
control as 

2," Mir 1 

( i .70 
2 . So 

7. tio 
17. oo 

o . N . ) 

in.no 
2. s:s 
!).4o 

I .oo 

>ared 
1.0 

200 Ma 

10. .So
i l ) . . Ml 

• J. ,»7 
1 o . So 

s. in 
7 .90 
; i .4 . , 
:•;. i)2 

o . o o 
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TABLE V 

EFFECTS OF THE N6-SUBSTITUTED ADENOSINES ON THE VIABILITY OF HUMAN CELLS IN CULTURE 

Compd 

Adenosine 
N6-Isopentenyladenosine 
N6-2-Phenoxyethyladenosine 
N6-Benzyladenosine 
N6-n-Hexyladenosine 
N6-n-Pentyladenosine 
N6-Phenyladenosine 
N6-2-Ethoxyethyladenosine 
N6-2-Thienyladenosine 
N6-Furfuryladenosine 
Tubercidin 
N6-Allyltubercidin 
N6-Isopentenyltubercidin 

Cell line ! 6410 
leukemic 

myeloblasts 

None6 

9 X 1C 
None 
2 . S X 
S . 4 X 
1.8 X 
None 
1.1 X 
2.7 X 
4.3 X 
1.8 X 
2.6 X 
None 

r6 

10 -« 

10 "« 

10"= 

10" 5 

10 -» 

10" 6 

10 -« 

10 " 5 

V/Oiiai, i>i , lor ou , 
Cell line LKID 

leukemic 
lymphoblasts 

None 
2.6 X 10 "s 

8 X 10- s 

None 
None 
None 
None 
S.l X 10"6 

5.4 X 10~6 

1.1 X 10"7 

3.6 X 10"6 

1.2 X 10 ~6 

/c loss or viaoiuiy 
Cell line HRIK 

Burkitt's 
lymphoma 

None 
3.6 X 10-» 
4 X 10"6 

1.1 X 10"5 

None 
1.1 X 10-5 

None 
2.7 X 10"« 
2.9 X 10"« 
None 
3.3 X 10"5 

None 

Norma! human 
leucocytes cell 

line (RPMI 5287) 

C 

None 
SI growth 
None 
None (80 hr) 
None (80 hr) 
SI growth 
None 
None 
3.7 X 10"5 

2.6 X 10~6 

6.0 X 10"6 

" Viability after 48 hr exposure to the compound was measured by the dye exclusion method using trypan blue. h "None" indicates 
loss of viability at a concentration of 10~* M. ' In another normal human cell line (RPMI 7666), IPA is moderately active. 

TABLE VI 

GROWTH INHIBITORY ACTIVITY OF 

N6-SUBSTITUTF.I> ADENOSINES 

Compel 

Adenosine 
N6-Allyladenosine 
N6-2-Phenoxyethyladenosine 
N6-Benzyladenosine 
N6-n-Hexyladenosine 
N6-n-Pentyladenosine 
N6-Phenyladeno.sine 
N6-2-Ethoxyethyladenosine 
N6-2-Thienyladenosine 
N6-Furfuryladenosine 

(kinetin riboside) 
N6-Furfuryladenine (kinetin) 
N6-Isopentenyladenosine 
Tubercidin 
N6-Allyltubercidin 
N6-Isopentenyltubercidin 

Molar concn 
lor 50% growth 
inhib of K. voli 

1 X 10"6 

>10" 3 

.') X 10-" 
8 X 10"5 

1 X 10"5 

9 X 10"6 

>10~3 

>10" 3 

1 X 10~3 

8 X 10~6 

1 X 10"5 

8 X 10~5 

>10" 3 

>10" 3 

2 X 10-4 

Molar concn 
for 50% growth 

inhib of 8180 
cells in vitro 

>10" 4 

2 X 10 "5 

>10" 4 

>10~4 

8 X lO"5 

>10~4 

>10" 4 

7 X U)~4 

>\0~i 

5 X 10"6 

>10" 4 

1.7 X 10-6 

6 X 10 - ' 
3.6 X 10"5 

3 X 10-5 

tion of the adenosine analog tubercidin (7-deazaadeno
sine) decreased its activity in the two leukemic cell 
lines but enhanced it in Burkitt's lymphoma. It is of 
interest that unlike IPA, which inhibits line 6410 but 
not LKID, N6-isopentenyltubercidin is inactive in line 
6410 but is cytotoxic in LKID. 

The cultures of normal leukocytes (RPMI-5287) 
were insensitive to all of the N6-substituted adenosines 
tested. Another normal human leucocyte cell line 
(RPMI 7666, Gerner) was found to be moderately 
sensitive to X"6-isopentenyladenosine.13 The alkylated 
tubercidins were more inhibitory in the normal cell line 
than was tubercidin. 

The growth of Sarcoma 180 cells in culture (Table 
VI) was inhibited by some of these adensoine analogs, 
the most effective one being X6-furfuryladenosine. The 
adenine derivative, X6-furfurladenine, on the other 
hand was noninhibitory. Tubercidin was quite effec
tive in this system, while its alkyl derivatives were less 
inhibitory. The activity of X6-isopentenyltubercidin 
parallels that of IPA and because of the greater meta
bolic stability of 7-deazaadenosine as compared to 
adenosine renders it interesting for further study. 

A moderate, but significant increase in the survival 
time of mice bearing leukemia L1210 resulted from treat
ment with X6-2-ethoxyethyl- and X6-furfuryladenosine 
(140 and 138%, respectively, at 200 mg/'kg X 6), 
X'6-benzyladenosine (141% at 12") mg/kg X 6), and 
X6-phenyladenosine (132% at 100 mg/kg X 6). The 
remaining compounds produced increases in survival 
time ranging from 117 to 132%. Some of these com
pounds also exerted activity against Ehrlich ascites 
carcinoma and interfered with the replication of the 
spleen focus forming virus, a member of the Friend 
leukemia virus complex.14 

Most of the adenosine analogs inhibited the growth 
of Escherichia coli at 10~6 to 10~5 M, whereas the 
tubercidin derivatives showed little or no activity. 
In Streptococcus faecal is, however, the X6-substituted 
adenosines showed marked stimulation of growth. 
Since in this cell system adenosine itself is growth stimu
latory it remains to be determined whether the effect 
of the analogs is exerted following cleavage of the side 
chain. 

Tubercidin is highly inhibitory in S. faecalis (2 X 
10~8 M), while the XT(i-allyl analog is noninihibitory and 
the XT6-isopentenyltubercidin is ony moderately in
hibitory (5 X 10"4 M). 

From the point of view of structure-activity relation
ships it is interesting to note that the XT|i-substituted 
adenine bases which are good cytokinins yield nucleo
sides which are inhibitory to mammalian cells. 

Experimental Section 

Melting points were determined on a Mel-Temp melting point 
apparatus and are not corrected. Uv spectra were obtained on 
a Cary Model 14 recording spectrophotometer. Optical rotation 
was measured on a Jasco Model ORD-UV o optical rotatory 
dispersion recorder. The solvent systems used for descending 
chromatography are given in Table I below. Whatman paper 
No. 1 was used. Adenosine was purchased from Nutritional 
Biochemicals Corp., 6-chloro-9-/3-D-ribofuransyl-9H-purine and 
6-furfurylamino-9-/3-D-ribofuranosylpurine from K & K Labora
tories, Inc. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements are within 
± 0 . 4 % of the theoretical values. 

N6-2-Phenoxyethyladertosine (I).—Adenosine (2.67 g, 10 
mmoles) was stirred and heated at 80° for a few minutes in 50 ml 
of D M F until dissolved to a clear solution. At 50°, /3-bromo-

(13) J. T. Grace, Jr., unpublished data. (14) R. A. Steeves, personal communication. 



] ( ) ( ) ( ) FI.KYSHKK. BLOCH. HAKALA. AND Xicnoi, Vol. 12 

phene lo le (O.tKi g, (SO minoles i was added and s t i r r ing was 
cont inued at 50° for 21) hi'. C h r o m a t o g r a p h i c tes ts on a d rop of 
the react ion mix tu re showed that only about I I I ' , of ihe X ; 

analog was formed. T h e t e m p e r a t u r e was raised to so" and 
s t i r r ing was con t inued for 24 hr when about Ml'', react ion had 
occurred. F u r t h e r h e a t i n g g a v e no i m p r o v e m e n t in yield. 

T h e reaction mix tu re was e v a p o r a t e d to a s y r u p and di lu ted 
wi th II..O (p l l :i.-")i, an excess of concent ra ted N'H4()H was 
a d d e d (p l l 12 I the Mask was s t i r red, and the c o n t e n t s were hea ted 
at SO !)(l° foi'2 hr. Per iodic add i t ions of XH ; , were m a d e to keep 
the p l l above 10. T h e .solution was e v a p o r a t e d in rarnu to 
remove excess N i l . and filtered from the t a r ry residue. T h e 
aqueous fi l trate was e x t r a c t e d three l imes with 200-ml por t ions 
of KtOAc. T h e KtOAc solut ion was dried ( X a , S 0 4 ; and . after 
fi l tration, e v a p o r a t e d to d ryness . T h r e e 25-ml por t ions of 
abso lu te KtOH were a d d e d followed by evapo ra t i on . After 
s t a n d i n g in a refr igerator for IS hr, the c rys ta l s were filtered from 
the K t O I l , washed with cold K t O H , then with a ;!:1 mix tu re of 
M e C X E t O H , and finally with Kt2C, and d i i ed : vield 0.42 g 
i l l ' , ) , m p 1<>(>°, |aj-':'l> -:!.").6° tr 0.1122, H-jO >. 

Anal. ((. ',J[;,().-,X.,-0..)H2()) C, H. X . For c h r o m a t o g r a p h i c 
and uv da t a for this and t h e o the r compounds , see T a b l e s I 
and I I . 

N'-Benzyladenos ine i l>-benzylamiiio-!)-,d-i>-ril>ofuranosyl-()Il-
pnr ine) i l l ) has been s tud ied by Doree, </ »/.,'•'' t oge the r with 
XM'urfuryladei ios ine (t>-furfiiry lamino-O-rj-b-ribofura nosy 1-9 II-
pur ine i for conversion to inosine by adenos ine deaminase in 
p lan t s . T h e s e c o m p o u n d s are men t ioned as hav ing been p re 
pared by the condensa t ion of b e n z y l a m i n e and fur fury lamine , 
respect ively, with 0-ch loropur ine r iboside (ti-chioro-O-fJ-o-ribo-
fiiraiiosyl-OH-piirine i by the m e t h o d of Bullock, </ al.ui X o 
physical p roper t i es were given. 

T h e p repa ra t i on of the c o m p o u n d is convenien t ly carr ied out 
by the adenos ine X 1 q t i a te rn iza t ion reaction"'1" as follows. T o 
140 ml of D M F (freshly dis t i l led) was a d d e d adenos ine (10.7 g, 
40 mmoles i and the m i x t u r e was hea t ed wi th s t i r r ing unde r X-> at 
S0° until a clear solut ion was ob ta ined and then cooled to .">0°. 
Benzyl b r o m i d e (20.0 g. 120 mmoles i was a d d e d and s t i r r ing 
was con t inued at lis 40° under X ; for 24 hr. C h r o m a t o g r a p h i c 
eva lua t ion showed about an SO'', conversion of the adenos ine 
to X"'-beiizyladenosine. T h e react ion mix tu re , at 2.">°. was 
a d d e d to 1400 ml of M e . C O to p rec ip i t a t e a whi le solid (of the 
h y d r o b r o m i d e : which was al lowed to coagula te in Ihe refr igerator 
for I s hr. T h e clear s u p e r n a t a n t solut ion was decan ted and the 
p rec ip i t a t e was washed wi th M e . C O then Kl.O and then dried. 
It was dissolved in 200 ml of cold wa te r (pH IS), an excess of N ' H r 

011 was a d d e d (p l l 12), and the mix tu re was s t i r red on a s t e am 
b a t h (00 i)">°! for )! hr. T h e p l l was ma in t a ined be tween 10 and 
12 by add i t i ons of X I I , O H . T h e m i x t u r e was t r e a t e d as de
scribed for I except that p ropo r t i ona t e ly g rea te r solvent a m o u n t s 
were used: yield 5.79 g. m p IS)!0. 

T h e original M e . C O fi l t rate was e v a p o r a t e d , hea led wi th an 
excess of X H 4 O I I , and after reduct ion in vo lume filtered. T h e 
filtrate was t r e a t e d with I )owex 50 to abso rb the benzy lamine , 
ex t r ac t ed with KtOAc. and processed as above . An add i t iona l 
1.42 g of product was ob ta ined , m p ISO0, to ta l yield 5 0 . 6 r , 
based on adenos ine , | « ] - ' ; 'D - 0 1 . 7 ° ir 0.227, 0 5 ' , ' K tOH ). Anal. 
( C T I I U A N ; , ) C, II, X. 

N B -» -HexyIadenos ine (III) . -To 70 ml of D M F was a d d e d 
adenos ine (5.:>4 g, 20 mmoles ) . T h e mix tu re was s t i r red and 
hea ted to s(l° unti l a clear sol til ion was ob ta ined , and then cooled 
to !>()°. T h e n 0.00 g of l - b r o m o h e x a n e was added and t h e react ion 
mixt ure was s t i r red at S0° for 24 hr, following which it was worked 
up as a b o v e : yield 0.S5 g ( 1 2 . 1 ' ' , ), m p 1M00, \a\,:'\> —71.!)° ic 
(I.IK(4, 0 5 ' , K t O I l ) . Anal. !CIBH,,-„X504• 0.:SMH.,()) C, H, X. 
Bv using an equivalent a m o u n t of n-hexvl iodide, t he vield was 
doubled . 

N'-zi -Pentyladenosine ( IV) . T o 40 ml of D M F was added 
adenos ine (2.07 g, 10 mmoles I and the m i x t u r e was h e a t e d to s()° 
and s t i r red to dissolve to a clear solut ion. After cooling to '.i'4°, 
4.5:> g of l - b r o m p e n t a n e (lit) mmoles ) was added , and the react ion 
mix tu re was s t i r red at S0° for i s hr. T h e reac t ion m i x t u r e was 
worked up as a b o v e : yield 0.70 g ( 2 0 ' , ) , m p 150°, | a p i ) - I00.K° 
r().2()S, 0 5 ' , K t O I l ) . Anal. tCi , I I . . ; t X 6 (>, -0 . :«H.O) C, H, X. 

By using X , X - d i m e t h y l a c e t a m i d e as the react ion solvent , 
identical resul ts were ob ta ined . I ' se of an equivalent a m o u n t of 

l.->! M. Doree and .1. Guern , Cnmpl. limn.. 266, 2!1 (1WH7). 
ilf'u M. U . Uulloi-k. .1. .1. Hunt , iinti I-'.. R. S toks l ad , ./. , lm. Chun. Sti,:. 

7 8 , :',C><).-i i l ! l . - . l i ) . 

l - iodopentan( ' in the reaction carr ied out al )!0° for 72 hr gave 
a :>()', yield, m p 151 °. 

N - P h e n y i a d e n o s i n e (V). -None of ihe phenyl hal ides (even 
loi lobenzene) reac ted with adenos ine in D M F at 10(1° for 0 days 
to p r o d u c e X-1 q u a t e r n i z a t i o n . Hence , the product was syn
thesized from (i-chloropurine r iboside by iiucleophilic displace
ment . 

T o 100 ml of abso lu t e KlOII was a d d e d 2.00 g (7 mmoles I of 
O-chloro-O-jj-D-ribofuraiiosvl-OH-puriiie, 1.4 g (14 mmoles i of 
CaCO:;, and 1.05 g (21 mmoles ) of redisti l led ani l ine. T h e re
act ion mix tu re was refiuxed with s t i r r ing for I S h r , after which 
c h r o m a t o g r a p h i c controls ind ica ted no fur ther presence of (>-
ch loropur ine riboside in the react ion. T h e mix tu re was filtered 
hot to remove Ca sal ts and ihe product was deposi ted from the 
filtrate on cooling. T h e crys ta ls were filtered off, washed with 
cold F.tOII. then with co ld ' : i : l M e C X -KlOII , and finally with 
Kt-2(), and dr ied; vield l . S 5 g ( 7 7 ' , ) , m p 1 0 0 ' . [«|'-;,ii --'ll().(i° 
•.<• 0.1440, 0 5 ' ' , K t O H i . Anal. (C, , ;II l 7O4X.,-0.25H2O i C, II. X. 

N'''-2-Thienyladenosine (VI). T o 100 ml of Ft OH was a d d e d 
2.00 g of ( i -chloropurine riboside (7 mmoles i , 1.4 g of CaCO : , 
(14 mmoles : , and 2.;>7 g of 2 - th i eny l amine (21 mmoles) , the 
la t t e r p repared by ihe m e t h o d of H a r l o u g h and Meisel.17 T h e 
react ion mix tu re was refiuxed for IS hr when c h r o m a t o g r a p h i c 
examina t ion revealed the absence of ( i -chloropurine riboside. 
T h e mix tu re was filtered hot to r emove the Ca sal ts . T h e com
bined filtrate and hit O i l wash wa.« e vapor ted to a gum, which wa-
e v a p o r a t e d th ree t imes after add i t i ons of abso lu te K lOI I . 
T h e clear g u m was dissolved in KtOH and M e C X was a d d e d to 
m a k e a .'!: 1 M e C X KlOII mix! ure On cooling in the refr igerator 
a whi le solid crystal l ized. T h e crys ta l s were filtered and washed 
with cold : i : l M e C X KlOII m i x t u r e then wi th K.U) and dr ied : 
vield I.S2 g ( 7 2 ' , J. mp 157°. V-'"'i> - 5 0 . 0 ° ir 0.152, 0 5 ' , 
'KtOH) . Anal. i(',,II,;()<X.-,S-().l H..O i C. II, X. 

N'-2-Kthoxyethyladenosine (VII). T o 100 ml of abso lu te 
KtOH were added 2.00 g :7 mmoles i of ( i -chloropurine riboside. 
1.4 g ( 14 mmoles i of CaCO:,, and 1.S7 g (21 mmoles ) of 2 -e thoxv-
e t h v l a m i n e . T h e r e a d ion m i x t u r e was t r ea t ed exact ly as 
descr ibed unde r V: vield 2.)>05 g (97 ' , ), m p Hi.'!0, |«l2 : ' i) —S4.2° 
W-0.17S, 0 5 ' , K t O l i i . Anal. (C14H.,,O,XY0.:r.!H.>O) C. II, X. 

N6-IsopentenyItubercidin (N'- (3-MethyI-2-butenyl ) tubercidin) 
i IX). a) l -Bromo-3-methy l -2 -butene (2,3-DimethylallyI Bro
mide).- l ! ,d-Dimolhylacrvl ic acid was reduced to the alcohol 1>\ 
the m e t h o d of Ki lights and W a i g h t ' " wi th t he impor t an t except ion 
I ha t less than I mole of KAII was employed mole of acid (about 
0.05 mole) , because the use of 1.24 moles invar iab ly gave rise 
lo considerable a m o u n t s of s a t u r a t e d de r iva t ives (as de t e rmined 
by nn i r i . which are diflicull lo r emove by fraclional dis t i l la t ion. 
T h e disti l led alcohol ob t a ined free of s a t u r a t e d isopentyl analog 
was conver ted to the b r o m i d e according to K u h n and S c h i n z . " 
T h e b r o m i d e was fractionally distilled and preserved dry in ihe 
cold lo prevent, decompos i t ion . 

;b) N'-Isopentenyltuberciclin ( N'-( 3-MethyI-2-butenyl )-
tubercidin). Tube rc id in (7 -deazaadenos inc !2" (0.500 g, l . s s 
mmoles i . l -bnimo-i i -mel h\ 1-2-buleiie (0 . s42 g. ">A')"i mmoles) , 
and 7 ml of freshly disti l led D M F were s t i r red unde r a n h y d r o u s 
condi t ions at l!.'i° for 21 hr. Chromal .ograph ic controls showed 
about 0 0 ' , of the tuberc id in reac ted to form the X ' - i sopen tenv l -
i uberc id in . T h e control samples hea l ed with a few drops of 
X H 3 i p l l 10-12 1 at SI) (1(1° showed a q u a n t i t a t i v e conversion of 
the X 1 i n t e r m e d i a t e lo X 'Msopen teny l luberc id in . 

ic) NB- lsopentenyltubercidin (N'-i 3-Methyl-2-butenyl i-
tubercidin). - - T h e react ion m i x t u r e b con ta in ing X ' - i s o p e u t e n y l -
luberc id in h y d r o b r o m i d e was e v a p o r a t e d to a thick sy rup using 
a h i g h - v a c u u m p u m p , r emoving excess isopentenyl b romide and 
solvent . T h e sy rup was t aken up in 25 ml of cold IKO and X I I j -
()H was added to p l l 12. T h e mater ia l was s t i r red and hea ted 
at 00 -100° lo convert the X 1 de r iva t ive to the X*; p r o d u c t . 
Dur ing the hea l ing period, an addi t iona l 10 ml of X I K O H was 
added . After 2 hr. c h r o m a t o g r a p h i c ev idence (five sys tems ' ' 

: 17) II. I). llaru.iiKli ami S. I.. Meisel. ihi.i.. 70, t()18 i ltl-18'. 
(18) J. Kn iuh t s and K. S. \YaiKht . ./. Chem. So,-.. 2830 (HI5,-)). 
(Ill) (al W. Kuhn and H. Srhinz. Hek. Chirn. Acta. 35, 2008 (]!i.">2): 

ihl H. It. Halt and M . H. Fleysher in " S y n t h e t i c Procedures in Nucleic Acid 
C h e m i s l r y . " Vol. 1. \\". W. Xorbach and Ft. S. Tipsnn . Kd.. [ tuersc ience 
Publ ishers . New York, N. V.. HltiS. ]'i 517. 

(20) K. Anzai, G. N a k a m u r a . and S. Su /uk i , ./. Ant itnotir- ( T o k y o : 
10A, 201 (1HS7I; S. Suzuki and S. M a m m a , i'nd.. H A , :iH0 i l ( l«0): <'. (I . 
Smiili . G. I). G r a y . I(. G. Carlson, and \ . H. Hanze. . I r l r a i . F.nznmr Itniuln 
linn. 5, 121 i l'.)H7: 
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showed about NO-90% ])i'oduct.. Keating 2 hr longer, showed no 
increase in yield. The aqueous sohition was filtered and the 
filtrate was evaporated to dryness. 

A 2.54-cm column was prepared with 150 g of Celite 54521 and 
70 ml of lower phase solvent A (EtOAc-n-PrOH-H20, 4:1:2) 
and packed according to the method of Hall.22 The evaporated 
product was dissolved in the upper phase of solvent A and 
absorbed on the column. The column was developed with the 
upper phase solvent A at a flow rate of 125 ml hr. The optical 
density of the effluent was monitored on a Beckman DU-UY 
spectrophotometer and recorded on a Honeywell recorder. The 
first fractions totalling loo ml contained only the product. Un
changed tubercidin was eluted after 550 ml of solvent. The solu
tion containing the product was evaporated to a syrup with a 
flash evaporator, and reevaporated three times with 25-ml 
additions of absolute EltOH to dehydrate the gum. The gum 
was then crystallized using YIeCN as the solvent. The crystals 
were filtered, washed with Et.>0, and dried in vacuo at 78° over 
P2Os: vield 0.395 g (63%), mp 160-162°, [ a p n -71 .8 ° (r 
0.1044, 30% EtOH-HjO). Anal. (C16H.220,X4) C, H, X. 

X6-Allyltubercidin (X). (a) Allyl Bromide.—Commercial 
reagent grade material was fractionated and the fraction boiling 
at 69-70° was collected, (b) N'-Allyltubercidin.—Tubercidin 
(0.500 g, l.SS mmoles), allyl bromide (0.6X4 g, 5.64 mmoles), and 
7 ml of D.MF (freshly distilled) were treated as outlined for IX. 
(c) N0-Allyltubercidin.—The syrup containing X'-allyltuber-
cidin was treated as outlined for IX: yield 0.310 g (54%) (based 
on total tubercidin), mp 130° dec, [ a p u - 6 5 ° (<? 0.07675 g, 30% 
Et()H-H 2 0) . Anal. (C,4H18O4X4-0.1H,O) C, H, X. 

Assay of Cytokinin Activity.—The cytokinin effect of the com
pounds was assayed with callus derived from the pith of Wiscon
sin 38 tobacco plants using the method and media of Murashige 
and Skoog.23 Results are given in Table III . 

Microbial Assay Procedures.—The microbial assays were 
carried out according to techniques published previously.24 

Escherichia coli K-12 was grown in the synthetic medium of 
(Jray and Tatum.25 S. faecalis 8043 was grown in the medium of 
Flynn, el at.,'26 in the absence of purines and pyrimidines, but 
with 1 m^ig of folic acid ml. The compounds were added to the 
medium at 10_ 3-10_ 8 ,1/ for the tubercidins and 10~5-10~7 ^1/ 
for the X6-adenosine analogs. Results are given in Table \T. 

Effects on the Growth of Sarcoma 180 Cells in Vitro.—The 
comp mnds were added in aqueous solution to the cultures of 
SI80 cells grown as monolayers in T-15 flasks in Eagle's27 medium 
containing 5% horse serum. The cells were exposed to the com
pounds for 6 days involving three changes of the medium. Dur
ing this time the control cultures increased by ten- to fifteenfold. 
The quantity of cells was estimated by the crystal violet method 

(21) T r a d e n a m e of J o l m s - M a n v i l l e Co. 
(22) R. H. Hall , Biochemistry. 4, 661 (1965). 
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of Grady, el a/.,28 and by protein determinations.29 The results 
are given in Table YI. 

Effect on Viability of Human Cells in Vitro.—The compounds 
were tested in several human cell lines grown in suspension cul
ture.30 These included cultures of myeloblastic leukemia (cell 
line RPMI-6410), lymphoblastic leukemia (cell line RPMI-
LKID), Burkitt 's tumor lymphoma (cell line RPMI-HRIK) , and 
of normal human leucocytes (free of virus particles) (RPMI 
cell line 5287). The compounds were dissolved in Dulbecco 
phosphate-buffered saline1" and added to RPMI-1634 tissue 
culture medium (a modification of McCoy 5A medium), contain
ing 10% fetal calf serum, and incubated in 50-ml spinner flasks 
with 2.5 X 10~5 cells/ml, usually for 48 hi'. Cell counts were 
made using a hemoeytometer. Since the growth of these cells 
in 48 hr was never more than twofold, no definitive conclusions 
concerning growth inhibition were reached The effects of the 
compounds were, therefore, evaluated in terms of their effects 
on viability (Table Y) as measured by dye exclusion, using a 
1% solution of trypan blue.31 The viability of the controls 
varied with each system studied, being 85-94% for the 6410 
cell system, 80-94% for the LKI1) system, 65-71 % for the HRIK 
system, and 66-82% for the normal cells. 

In the studies dealing with ihe growth-stimulating effects of 
the compounds (Table IV), the 6410 cell line was grown for 5 
days with refeeding al 3 days, resulting in six- to eightfold cell 
multiplication with rather constant viability. Therefore, actual 
cell counts were determined. 

Effect of N6-Substituted Adenosine on Leukemia L1210 
in Vivo.—Female DBA/2 Ha-1)D mice weighing 16-20 g were 
obtained from the RPMI breeding colony. Each animal was 
inoculated interperitoneally with 106 cells of leukemia L1210 and 
treated once daily for 6 consecutive days starting the day after 
tumor inoculation. 
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