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a =inghe <por on le on Brinknunmn sibiva gel GF or polvaminhe
N M ench gnve vombustion vahies for O T and N within 0.1
ol thiory,

m-(-Aminophenoxypropoxy jbenzamidine :12) Dihydrochlo-
ride (Method C).-~To a solntivn of 3.5 ¢ (10.0 mmolex: of 10 in:
100 ml of BtOH comcaining 200 mg of 5¢; Pd-C was adilerld 0.83
ml (10.0 mmoles) of 12 A HCL  The resulting mixture was
shaken with He ac¢ 23 arm; redimaion was complete in 2 hr.
The lilteral ~olution wns evaporated /» cacvo and 1he residoe
recryvetatlizels vield S0 g oS50 of white ervsials. See Fable 1
for additionaldata.

wi-{ p-Carboxyphenoxypropoxy ibenzamidine Toluenesulfate (9.

Solution of 0311 g 10.0 mynolesy of 8 in 5 ml of 6 N 1]
and 3 mb of HOAe was <tirrei] st velfux Tor 16 hr, then evaporated
(o caena. Pwo reervstidlizadtions Tronn Tht) gave 0210 g o430 (8
of white vrystals, mp 215-215°0 ol (CodleNOS O HLONL

w-1p-Benzamidophenoxypropoxy )benzonitrile 1411 (Method
Do A =olndon of 2.83 g 11,55 minoles1of 31 in 200 mi of IS¢ H
containing 0.30 g of 54 Pd-C" was shaken with Hy at 243 atm:
reduetion wax complete in 1 hree The liltered =olution wax
cvaporntal focrao to vield 2.5 g (1000 col a colorless ol <nirtabhe
for The next reaction.

Mo 2.0 g 17045 mmolest of the ernde oib was calthal 200 mib of
CHCL aml F b 1800 mmoles) of 1N {ollowed by 0132 1l
(3.0 nnoles) of henzoyvl ehloride. The resubting <olution was
stirred at ambient remperatine for 24 ey dune washed sives-
sively with three 30-mlb portions of 1N HCL chree 30-ml portions

Val, 12

of N NaOH, and thre So-ml portions of TLO. Thie dvied soln-
Hob wis evaported (o raeno. Pwo veeryvstadlizanions Trom Collh
afforded 8 g 6508 o whine ervsials, mp M 1oa” Aoad
el e NLOs 0 O LN

10-|ni-{ p-Nitrobenzamido )phenoxypropoxyjbenzamidine Tolu-
enesulfonate (27 (Method E).—To a =olution of 0.310 g 10).86
wnoler of 1296 2 ml of DM was added 1.0 g of 4A Molerular
Sieves iLindes tolowed by 0.245 b 175 moless o N
To the vesulting mixtoe was milded o <olution of 0,200 g o 1t
mmoles ot p-nitvohenzoyt chlovide in 2 mbot DMEF. Phe minture
was stiveed e oo sonbient temnperanme, then powred into 30 1l
of O contaiming 0850 ¢ 2.0 mmoles: o p-tohicvesnlonie aeid,
The ervsndhine prodict was colleered canl recrvatatliznd 1van
PO vk 22T E 0530 p 135 1379, See Fable HE (or addi-
tional data,

1=t p-Phenyhireido ;phenoxypropoxybenzamidine 'l'oluenesul-
fonate (261 iMethod Fr. T'o a <olntion of 0.30 g (04N mmole :
of 5 in 2 b of DM was adibed 0.077 ml 048 nmunole: of N
ollowell by 001200 ¢ a0 530 mncles o U= p-yitrophenyts N-
phenvlearbamate.?  The resuhing solation was =drred ai room
tewperatnre for 16 hee then pounred into 30 mb of FLO, and the
prolina was collecterl. Beervatalization from ThO gave 0.20 ¢
20w mp 34 18550 See Table H T mbditional dara.
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Synthesis and Biological Activity of Some New

N¢-Substituted Purine Nucleosides

M. H. Prevsuaer. A Broc, M. T Hawkana, axy OO A Nicnon

Dejaclarcal of Erpernaealad Theeapeaios, feoseel! Pack Hewocsd Tostdade, Biflulo, New Yok
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The syvinhesi= of Ne2-phenoxvethyl-, Néi-henzyvl-, No-o-hexyl-, Né-o-penyvl-, Né-phenyl-, Ne-2-thienyl-) and
Ni-2-ethoxvethvladennsines wns carried o by ynaternization of the N ol adenosine with the appropriate
halide, followed hy remrrangemenc to the produvt in agneons NHy, ov by nvleophilic <ubstiimtion of g-rvhlovo-

purine ribuside with the approprinte mmnime.

tives of che antibiotie cibercidin ( T-denzamlenoxine 1.

i a nmnmber of Lest systens,
pith bhinassay.,
the growth of a himman lenkede cell line (G410

Also svuthesizal were the N A%-izopenrenyll aml Noaallvl deriva-
"The compounds were exsuineil for biological netivity
All af ¢he adenvsine derivatives exauninell showed evtokinin acdvity in che 1obacco
Similarly, atlow concentrations <l ™10 1079 174, the NSsubstitntell adenosines tested stimnlaced
A higher concentrarions, they tdecrensed the viability of this

line of lenkemic myvelohlast= of line HR1IK of Burkitv's hvinphoma, awl Hne LKED of lenkemice lyviphoblascs,

whereas theyv were all inetfecrive against a cultune of pormal lenkovytes,
the other hand inhibital the normal lenkoevtes, but were variably vifective against the tmmor lines.

The Ne-subsituted tubervidins on
Most of

the romponnds interfered with the growdi of Eschesickic coli and =ome with the growth of Sarcoma 180 cells /v
riteo. A mderate but significanc imerense in snevival thne of mive beming leukemin L1210 was produced by

faur of the adenosine derivatives,

Ne-(3-Methyl-2-butenylyudenosine or Nf-(A*ixopen-
tenyDadenosine (IPA) oceurs in sRNA' wnd was
originadly  synthesized hy  Leowod. of al** This
nucleoside huas high eyvtokinin aetivity. % It ulso
inhibits the growth of human myelogenous lenkemic
cells und certuin mouse tumors*® und has undergone
preliminary elinieal trial=® Because of these findings.

d1y o RO 1Al AL )L Roebas, Lo Sk, and R Thedford, 2 dnc
Chem. S, 88, 26514 (1066): (hy M. ). Robins, R. 11, 11all, and R. Thedfocd.
Biorkemiary, 6, 1837 (1067;: (¢) M. (5. Zaclaw, 1L Deadng, and 1, Feld-
ann, rgee. Chem., T8, 3402 (1U66): «d1 11, Fellwann, €. 1)Mitine, and 1],
(e Aaclmo, Z. Phyxtol, Chenc,, 347, 236 110661

i21 N. J. Leonnrd, Prwve. Meavrie Cogag Res. Coeont 1N 0501, 11
(1465,

31 N0 Leanard, =0 Aebmatowierz, RN Loeypky. Ko Lo Carcaway,
W AL Grivae, A Szwevkowska, 11 Q. lamzi, and F. SKkoow, free. Ndl
LGeeds Sedc 100N 86, T0U (10606).

e ], T, Grace, Jr.. M. T. Hakala, R. H. 1lall. and . Makeslee. /'cee
Aot Adseee. Croneer Res, 8, 23 119671,

(31 1. Nok, O L. Sanpson, and 10 Mildeic i, 9, 6051068

)y R, Jones, Je. 0o T Grace. Jeoo AL AGtrelman, and R Geenee, thid,

9, 35 (106K,

severdl other N-substituted adenosines were svnthe-
stzed wnd found to have biologiedl activity.™  Addi-
tiounl No-substituted adenosines have now been pre-
pared™ and  their biological properties huve heen
studied.  The new series of compounds reported in
this paper are the Neg-p-ribofuranosyl derivatives of
those N-:ubstituted adenine buses which have shown
patent evtokinin wetivity a= reported by Strong® and
hy Skoog, el al.** They melude the N®-2-phenoxyethyl-
(I). Ne-henzyl- (I[). Nop-hexyl- (I11), Nén-pentyl-
(IV). Néphenyl- (Vy. NSthienvl- (VI). «nd N¢2-

(7o ML Flevshee, 31T 1ikala, AL Bloeh, and RL1L 1all, S A
Chene., 11, 717 (1068 by N1 (L FPlevslier, A, Bloele, AL T, Makala, aiwd
€A Nielol, Absiraers, 151 Niageim] Meetine of dhe Amertean Chencesd
Sbetery, AMlanite Cay, N1 1468, Nledi 273,

i8¢ 1 AL Strong. CTopies o Maccobial Cleoister.” Jolor Witex and Soies,
e, New York, NOY. 1958, pre 195- 131,

tGodar o Nkgop, 110 QU 1laazi. A0 M. Szweykowska, N. . Lemard.
il Carraway, T, Vagi. L1 1lelgesor, and R, N Loeppky, *hylochemys-

teyg. 8, 1169 710677 (b1 AL Blaeh, R. ). Leorard, and ¢ AL Nielwol, Bioviin.
Biophys. G, 138, 10 11467,
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TaBLE I

ParEr CHROMATOGRAPHY AND [ VaLUEs oF N6-RQupsTimrrid Purine NUCLEOs1DES

Compd A B
N -Isopentenyltubercidin 0.08 0.80
Ne-Isopentenyltubercidin 0.81 0.85
N1 Allvtubercidin 0.04 0.67
Ns-Allyltubercidin 0.70 0.80
N1-2-Phenoxyethyvladenosine 0.03 .77
Neé-2-Phenoxyethyladenosine 1).80 .85
N1-Benzyladenosine 0.07 .78
Nsé.Benzyladeuosine 0.73 0.83
Nl-n-Hexyladenosine 0.02 .82
Né-n-Hexyladenoxine 0.852 .87
N'-n-Pentyladenosine 0.02 .81
Neé-n-Pentyladenosine 0.79 1).87
Ns-Phenyladenosine 0.8 .81
Ns-2-Ethoxyethyladenosine .53 .85
Ne6-2-Thienvladenoxine 0.73 .82
Adenosine 0.14 0.52
Tubercidin (7-deazaadenosine) 0.23 0.60
N-Isopenenyladennsine 0.05 0.78
Ns-Isopentenyladenosine 0.7% 0. 86
Ne-Firfuryladenosine? 0.72 .78

1057
Solven( system? R
[ D E 1
1).83 ). 84 .50 .52
0.85 ). 84 0.80 0.76
.66 0.65 0. 48 0.47
1), 82 .72 .35 0.62
). 85 0.75 1).60 .61
1,83 .69 1. 47 0.73
.69 0.61 1).42 .76
). 86 .71 1).57 0.7h
.83 0.73 1).64 1).63
0.%9 0.77 0.75 0.8
0.82 .64 .62 .35
.90 0.73 0.75 1), 8
1,88 .66 .50 ). 82
.87 .72 1. 49 .71
0.85 .67 0.51 .75
.57 .33 .25 1).52
1).62 0. 48 .34 ). 47
0.72 .63 ). 65 ). 66
1).8N7 ). 80 0,78 1), 88
.79 ). 64 .46 .73

“ The solvent systems nsed for descending chromatography (Whatman No. 1 paper) (measnred by volume): A, EtOAc-n-PrOH-H,0
(4:1:2) (npper phase); B, -PrOH-H,O-NH,OH (7:2:1); C, -PrOH-19%, agueous (NH, )80, (2:1): D, I-PrOH-cancentrated HCI-

H.0Q (680:170:144): E, n-BuOH-H,O-concentrated NH,OH (86:14:5); F, n-BuOH-AcOH-H,0 (5:3:2).

» Purchased material.

TaBLE II
Uv-ABSORPTION SPECTRA OF N-SUBSTIIUTED PURINE N UCLEOSIDES
— pH 1.0 pH 7.0 pH 12.0
Compd Amax, M e X 1073 Amux, Ny e X 10-¢ Amx. My e X 10

Tubercidin 271 270 271
N -Isopentenyltnbereidin® 273 273 272 (sh 265, 205)
Né-Isopentenyltubercidin 275, 230 16.0, 20.5 275 16.3 275 16. 1
N LAllvltubercidin: 273 273 272 (<h 265, 295)
Neé-Allvitubercidin 274 .5, 231 13.8, 21.0 275, 210 14.2, 26.0 275 14.3
N -2-Phenoxyethyladenosine* 261 261 261 (sh 264,c 201))
Né-2-Phenoxyethyladenosine 263 21.0 268 20.0 268 20.7
N-Beusyvladenosine: 260 260 260 (sh 268, 2010)
Né-Beunzyladenosine 264 20.1 268 19.4 268 10.5
Nl-n-Hexyladenosine! 259 250 262 (sh 265, 200)
Né-p-Hexyladenosine 263 20,2 267.5, 210 16.7, 20.0 267.5 18,1
Ntp-Pentyladenosine! 261() 261) 262 (xh 2635,c 285)
Né-p-Pentyladenosine 263 18,8 267.5, 210 16 .4, 18.4 267.5 17.3
Né-Phenyladenosine 273 18.3 288 19.1 28N 180
Ne62-Ethoxyethrladenosine 263 18.5 267, 211 17.6, 19.6 267 181
Ne6-2-T'hienyvladenosine 270 18.7 272, 211 18.6, 20.0 272 .1
Ne-Furfuryladenosine? 2656 18.1 268, 211 18,6, 24 .1 268 I8, 7

« Valnex determined on material eluted from chromatographic spots.
that the nv spectra of N'-adenosine analogs exhibit a characteristic shoulder at pH 12 in addition to the maximitm peak.

b Material purchased from K & K Laboratories, Inc.  * Note
In the adeno-

sines thix shonlder is to the right of the peak whereas in the tubercidins it i« on the left.

ethoxyethyladenosines (VII). The properties and
activity of N&-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.®" the N®-(A%isopentenyl)- and Nf-allyltubercidins
were also prepared and examined.

Synthesis of these compounds followed, in the main.
the procedures of Jones and Robins” and of Leonard,
et al.,® by which the halide is treated with adenosine to
vield the N'-quaternized nucleoside which is then con-
verted quantitatively to the Nf-substituted derivative
by heating in aqueous NH; Only those halides in
which the CH, adjacent to the halogen is activated by

(101 W, J. Jones and R. K. Robins, J. Am. Chem. Soc., 85, 103 (1963).

unsaturated carbon chains or aromatie rings reucted
readily (20 hr) at ordinary temperatures, and gave
better than 509 yields. The halides of saturated carbon
chains reacted slowly and the temperature had to be
elevated for over 72 hr to achieve a vield of 259 or less.
Todobenzene (aromatic ring not bearing a CH,) did not
react at all, even at 100° for 7 days. In this case the
N¢ derivative was prepared from aniline and 6-chloro-
purine riboside. The tubercidin derivatives were
prepared by N' condensation and rearrangement in the
same manner as the adenosine derivatives.

Some halides like #-tododecane and cyelohexyl-
methyl bromide did not react with adenosine when
N,N-dimethylacetamide was used as the solvent, even
when heated. However, the addition of anhydrous
KyCOjs to the reaction mixture at 35° resulted in about
a 40-509% vyield of the N intermediate. When this
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reaetion mixture wax heated on o steam batle for 10
min rexarrangement to the N° derivative took pluee.

I synthesizing the NS-substituted adenosinex no
attempt was made ta ixolate the N' intermediates,
Aliquots of the reaction nixtures were. hawever,
chromatographed wnd the N ecompounds thus abtuined
were churueterized ax to their £y values and uv speetr.
The remaining NV intermediates were converted guim-
titatively ta the corresponding N-xubstituted adeno-
<ines by treatment witl agueous NHy on w steam buth,
and these were then ixoluted and puritfied.  The physi-
cal data of Wl these dertviatives are given in Tubles |
and 11,

Recently reported wis o group of Né-alkvluated
adenines, having eytokinin activity. where the sub-
stituents were not hydroearbons but suturated aliphatic
cther chams containing four to six carbon atoms. A
ribosyl derivative of one of these ademne derivatives,
Ne2-cthoxyvethyladenosine, was also preparved. N
Furturyladenosine'® (kinetin rihostde). because of 1rs
known eyvtokinin setivity, was ulso ineluded in this
study.

In view of the faet that the new series o compounds
reported o this peper are the nucleostdes of those
adenine derivatives whieh possess eytokinin wetivity,
their eviduation ax evtokinins wus indiented.  As s
shown in Tuble I ull the compounds tested <howed
cvtokinin uetivity,  Hawever. the concentrations at
which the individual compounds exert thetr maximeal
stimulatory effeets differ. It ix of interest thuat in ull
siies where the muximum stimuliation 1 reached at
coneentrations helow the highest level tested (200 py /1),
i farther inereuse in eoneentrtion of the compounds ix
less effective in promoting growth,  Similar optimum
concentrution ranges were ohs=erved with the N
stib=tituted adenines examined hy Skoog, ef al.* The
regson for this phenomenon of deercising growth rite
after maximum stimulation hy evtokinins ix obseure.

s L
CYTDRININ AUTIVITY OF SOME REPRESENTATIVE
NESUBSTITUTED ADEND=INES 1N ToByrn Broassay?
Rel srowth compared
to cotdrol as 1Al

Congnl 10 p EHENT 2300 po |
Né-lI'mrfaryvladeaine 2085 65,70 10,85
Ne-Furfiryladennsine 143 2.8 10,50
Ni-n-Pentyladenine f4.65 T DAY
Ne-p-Pencyladenosine .65 1735 15,8
No-2-Thienyladenosine 4.42 B8 N
Né-n-Hexyladennsine 2,60 1,00 7.0
Né-Phenyladenvsine L3 285 545
Ne-Benzyladenosine 380 0.45 3.2
Ne2-lthoxyvethyladenosine PNz I.50 .50

o Avcording to the mechod of Murashige aml Skoog.2?

A somewhat similar relationship is observed in « line
of humem leukemie myveloblasts (eell line RIPAMI-6410).
As shown in Table IV some stimulation of growth of
these cells 1s exerted at low coneentrutions (10-7-10-*
M) of the adenosine wnulogs. followed by inhibition at
ereasing concentrations.  Adenosine itself shows
stimulatory effeet which persists even at those coneentra-

(1) K. Rotlowvell aad 80T C0 Weggla, P2vors Bag. See cloodorg, 167TB,
202 (JU6TH.

127 AL labnagicoit, J. ). Ihesele, AL 10 Mooce, mad G DL Browea, . .
Clew, S T8, TGUH 1056,

Tanie 1V
Giow T S1va L amoN or sy Lrvsiane
U (4 0 Fdror iy NSSe BTt
ADENOSINES VT Low CONCENTIVT(ONS
Ceil conco
Vierern, M el e

Chrongnd

Fxpernnent U

Ni-Furmorviadenosinge N7 X 10 G2
20 HUT 5.5
NOT o s S
20 ke 1ot
SOOI ("
2oa ool I«
Ni-Plhenviadenosiie NCTOX O S
2.0 % [EI)
ST X 6.d
2.0 0% G2
NoU Kot 4t
2.0 )R ENY]
Ne-2-Fchoxvethvladennsine G oI (1]
oo teT G
RISt 24
SRt i
O ). T
GOXO10h o
Experiment 27
Ne-AllvEnlenosie G.aoxo T
S s 0ot
.Sty .2
R G F A aa
Néae-Propyhnlenosine’ B2 X Sy
G2 X e 9.
9.0 X o T.a
5.2 X e (SN
Ni-bsopropyladenosine 3.2 10 N3
B2 e T
.7 X g T4
B2 X g a0
Né-FxoprtyEahnosine® RN I L 1.0
D20 My N
~0T ot G.DH
RO I E R KN

The period of growth was 5 dayvs and the medinmm ineach vase
wax replaced on the third day.  Inoall enlaies vontaining the
dings, vell viabiiy was found tn be 8T-04¢ 0 “The synchesis
and deseription nl chese componunds van be Tonml inorel 70 7 In-
oenluny, 5 X 100 cells mil, viability = S0¢ 0 contml, 4 X 109
cells ml, viabilice = <77 . “lInoenlom, T X HF cells ml
viability = 93¢0 contiol, 6.4 X 10* cells mb viability = 890

ttons in which the N dertvatives inhibit. It remains to
he extiablished whether the two phenomen: in the plant
and mamnetdian eell eultures can be cquated.  The
cffects of the analogs on vurious other human cell lines
and on Sarcoma 180 cellx were exzmined with respeet
t0 loss of viahility or inhibition of growth as shown in
Tables Vand VI. It is to be noted that no stimulation
of the growth of S180 cells by low concentrations of
these compounds has been observed.

In the human cell cultures (Tahle V) the No-suhb-
stituted adenosines <howed distinet =clectivity.  The
majority of the ecompounds affected the viability ol the
human myeloblustic leukemia (line 6410) und the Buar-
kitt’s lymphom cells (line HRII). whereas the lea-
kemie lymphoblasts (line LIKID) were inhibited by
only four of the analogs,  The Ni-bhenzyl-, No-thienyl-,
and N-furfurvladenasines were active in all neoplastic
cell Imes tested.  NeIurfuryvladenosine hus also been
found ta he detive against uterine fibroblasts. ' Alkyla-
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TABLE V
ErFEcTs OF THE Né-SUBSTITUTED ADENOSINES ON THE VIABILITY OF HuMaN CeLLs 1N CULTURE

Cell line 8410
leukemic

Compd myeloblasts
Adenosine None?
Ns-Tsopentenyladenosine 9 X 107°
Né-2-Phenoxyvethyladenoxine None
Né-Benzyladenosine 2.8 X 1078
Nén-Hexvladenoxine 8.4 X 1076
Né-n-Pentyladenosine 1.8 X 107
Né-Phenyladenosine Naune
Né-2-Ethoxyethyladenosine 1.1 X 1In78
Ns-2-Thienyladenosine 2.7 X 10—
Neé-Furfuryladenosine 4.3 X 107
Tubercidin 1.8 X 10—
Neé-Allyltnbercidin 2.6 X 107®
Né-Isopentenyltubereidin None

@ Viability after 48 hr exposire to the compound was measnred by the dye exclusion method nsing trypan blue.
¢ In another narmal humaun cell line (RPMI 7666), IPA is moderately active.

1o lass of viability at a concentration of 10=* M.

TaBLE VI

GRrowTH INHIBITORY ACTIVITY OF
NE-SUBSTITUTED ADENOSINIR
Molar conen

for 509, growth
inldh of 8180

Molar conen
tor 509, gruwth

Compil inhih of K. coly cells in ¢itvo

Adenosine 1 X 1078 >11)74
Neé-Allyladenosine >1073 2 X 1078
N¢&-2-Phenoxyethyladenvsine a X 1078 >107¢
Né-Benzyladenosine 8 X 1073 >10-4
Né-n-Hexyladenosine 1 X 1078 8 X 10
Neé-n-Pentyladenosine 9 X 107¢ >107¢
Né-Phenyladenosine >10-3 >10-¢
Né-2-Ethoxyethyladenosine >10-* 7 X 10~
Nsé-2-Thienyladenosine 1 X 1073 >10~+
Neé-Furfuryladenosine

(kinetin riboside) 8 X 1078 5 X 1078
Ne-Furfuryladenine (kinetin) I X 1078 >10-4
Neé-Isopentenyladenosine 8 X 107 1.7 X 107
Tubercidin >10-° 6 X 10-7
Ne-Allyltubercidin >10-8 3.6 X 1073
Né-Isopentenyltubercidin 2 X 107 3 X 1073

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, Nf-itopentenyltubercidin is inactive in line
6410 but is cytotoxic in LKID.

The cultures of normal leukocytes (RPMI-5287)
were insensitive to all of the N®-substituted adenosines
tested. Another normal human leucocyte cell line
(RPMI 7666, Gerner) was found to be moderately
sensitive to Né-isopentenyladenosine.'* 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 Né-furfuryladenosine. The
adenine derivative, NO-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 N%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.

(13) J. T. Grace, Jr., unpublished data.

Cel) line LKID

Conen, M. for 50% loss of viability?
Cell tine HRIK

Normal human

lenkemic Burkitt's leucocytes cell
lymphoblasts lymphoma line (RPMI 5287)
None None ¢
2.6 X 107 3.6 X 10— None
S X 1076 4 X i0-® SI growth
None 1.1 X 1= Noue
Noue Noue Noue (80 hr)
None 1.1 X 109-# None (S0 hr)
Noue None Sl growth
8.1 X 10-f 2.7 X 1076 Nolue
5.4 X 1076 2.0 X 108 None
1.1 X 107 Noue 3.7 X 1078
3.6 X 10— 3.3 X 107 2.6 X 107
1.2 X 107 None 6.0 X 10°¢

b “None’’ indjcates

A moderate, but significant inerease in the survival
time of mice bearing leukemia 1.1210 resulted from treat-
ment with Né-2-ethoxyethyl- and N'-furfuryladenosine
(140 and 138%, respectively, at 200 mg/kg X 6).
Nf-benzyladenosine (1419, at 125 mg/kg X 6), and
Nf-phenyladenosine (1329, at 100 mg/kg X 6). The
remaining compounds produced increases in survival
time ranging from 117 to 1329,. 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 Iriend
leukemia virus complex.t

Most of the adenosine analogs inhibited the growth
of Escherichia coli at 10—% to 10— 1/, whereas the
tubercidin derivatives showed little or no activity.
In Streptococcus faecalis, however, the Nf-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 1& highly inhibitory in S. faecalis (2 X
1072 37), while the N%-allyl analog is noninthibitory and
the Néisopentenyltubercidin i1s ony moderately in-
hibitory (5 X 10—¢ M),

Irom the point of view of structure-activity relation-
ships it is interesting to note that the N%substituted
adenine bases which are good eytokinins yield nuecleo-
sidex which are inhibitory to mammalian cells.

Experimental Section

Melting points were determined on a Mel-Temp melting point
apparatils and are not corrected. Uv spectra were obtained on
a Cary Model 14 recording spectrophotumeter. Optical rotation
was measiired on a Jasco Model ORD-UV 5 aptical rotatory
dispersion recorder. The solvent systems nsed for descending
chromatography are given in Table I below. Whatman paper
No. 1 was nsed. Adenosine was purchased from Nutritional
Biochemicals Carp., 6-chloro-9-g-p-ribofuransyl-9H-purine and
6-furfurylamino-9-g-n-ribofuranosylpurine from K & K Labora-
torjes, Inc.  Where analyses are indicated anly by symbols of the
elements, analytical results obtained for those elements are within
+0.49, of the theoretical values.

Né-2-Phenoxyethyladenosine (I).—Adenosine (2.67 g, 10
mmoles) was stirred and heated at 80° fur a few minntes in 50 ml
of DMF until dissolved to a clear solution. At 50°, g-bromo-

{14) R. A. Steeves, personal commanication.
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phemetole 6.0 g, 30 nonolest was whledl ol string was
continneld at 30° for 20 hir. - Chromatographic 1ese on analrop of
The reaction mixtune showed that ouly about 10¢ 0 of (he Nt
analog was formert. The cemperatnre was raised ta S0 and
stirrimg was conduned for 24 e when ubout 4090 reactinn had
ovtanrell. Firther heating gave no improvement in vield.

The reaction mixture was evaporatal to asvenp and dihuoed
withe ThO Iptb 355 an excess of comeentraled NTLUO was
mlded (ph 12 the Hask wasostirred, and the contents were heated
a1 SO-90° ford hre o Periodie additions of NTl were made (o keep
the plb above 10 The solition wa~ evaporated (o rucno 10
remove exress N1 and filcered from the taey residie. The
agueons llome was extrneled three times with 200-ml portions
ol FIOAr The FtOAe solntion was drieil 1 Nna=0,: and, alter
filtration, vvaporatel 1o alrvnes<. Three 25-ml portions of
abzohite BtOI were wmlded ollowal by evaporation.  After
<tmling in g refrgerntor for IS hey the ervstals were filtered from
the B0 washed with cold F1OH, vhen with a3 1 mixtire of
AMeCN-BOH, and finally with EoO, anl dried: vield 0,42 ¢
CHECO3 mp EB6°0 T —=35.0° (e 001122, FLO

Joal, (Ciblat);NG0SHL € 1, N For chrmmatographiv
and nv data for this aonl the ochier conmponmnls, see Tablex 1
and H.

Né-Benzyladenosine 1 6-benzyliino-9-g-n-ribofuranosvl-iii-
puriney 1) hax been <tndied by Dorvee, o ol,% together wich
Nefurturviadenosine  c-Inrfurvlamino-0-g-p-ribufranns=yvl-H-
puritel for conversinn o inosine by adenosine demminase in
plint=. These colpounds are mendoned ax having been pre-
pared by 1he vondensation of benzyviamine and furfurylamine,
respectively, with G-hloropivine riboside 16-chlorp-H-g-p-ribo-
frnosyl-DH-purinet by the wethol of Bullovk, « /% No
physical properties were given.

The preparation of the compound i~ vonveniendy earried ou
by thee sulenosine NV gnaternization reavtion® " ax follows, To
140 1l of DM ({reshly dixdlledy was addeld adenosine (10,7 g,
40 mmmolexi and the mixture was heacal wich =<tivring nnder Ny at
SO untib a vlear <ohition was obtained and then conled to 30°,
Benzyl hromide (20,6 g0 120 mnwlest was mlded and stirring
wix continnel a1 3%-40° vler N. {or 24 he. Cluomagraphice
cevalnation =howed about an S0, conversion Hf the adenosine
10 Ni-benzvladenosine, The veaction mixture, at 23°, wax
adiled to 1400 1wl of Me. (') to precipitate a white solid (of the
Liyvdrobromide? which was allowml 10 congnlare in the vefrigeracor
fov I8 hre The el supernatant soliGon was decanted and the
previpitale was washed with MeCO dien 560 and then dried.
Fowas disspbvend in 200 mib of cobd water ¢pl 31 an excess of N H-
O was addal (pte 2 and the mixinre was =tivrerll vbnoa scean
hath 190 D53%1 for 3 hee The pH was maintained beitween 1O and
12 by whlitions of NHLOHL The mixtinr was treatal ax de-
<crihel for b exvept than proportionately griner <olvent wmonnts
were n=el: viehl 559 gomp 1s3°

The vriginal Me.C'O) filtrnte was evaporated, hearel with an
rxress of NTLOTE aml after vednedon in volime filcereal,  The
liltrate wax treated with Dowex 50 10 absorh the henzylamine,
exaeted witlh tOA e, and processed ax above.  An additional
142 ¢ of prodnet was obtained, mp I80°) total vield 30.6¢;
basinl on mlenosine, ja?n —61.7° 1o 0227, D50 O el
CCr 0N C HLNL

Né.p-Hexyladenosine ¢(II11L. ~To 0 ml of DM was alded
wlenoxine (3.34 g, 20 mmoles). The mixture was <tirred and
heated 10 502 undl a clear sohition was obtained, aiml then cooled
to 30° Then 990 g of -hromohexane was sihled and the reavtion
nixture was <tivil at S0° for 24 hr, fTollowing which 1Cwas worked
up ax abover viehl 085 g 12100, mp 130°, o] —THO° 1
oS4, 0500 FrOh e taels (CHHa N0 033 H0 o ¢, H, N
By nsing an eouivalem amonn of behexyl indilde, ihe vield was
doubled.

Néoy-Pentyladenosine 11Vi.  To 40 ml of DAF was added
adenoxine 12,67 g, O mnnole= and the mixtore wis heaced (a S0°
and xtirral (o dissolve 10 1 clenv <olution.  After vooling tn 33°,
1.53 g of -brompentane G0 nles) wax added, and the reaction
mixane was <tirred at S0° for IS hre The reaedon mixcure was
worked up axabove: vield .70 g (2000, mp 150°, [a] 2D — 100.8°
fe 0,208, 950 BSIOH L el oCyu by NGOy 0033H,0) €, HL N

By using N,N-dimethylacetmmide as he rveaction =olven,
entieal results wive obtainal, Usee ol anequivalent amoun¢ of

(150 AL Decee and J. Gaern, Compt, Reod., 266, 20 (10671,
Plae MWL Bedtoek, J 0 Thaed iond B R Soksad 0 Ame Chene S,
78, SO0 S 1aaG

I'LEVsHER. Bnocd, Hakana, axp Nicnon
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t-iodoprentane in the reaction rarviml ont ar 359 for 72 he gave
a0t vield, mp (512,

N“-Phenyladenosine 1V). - Now of 1l phenyt halides ceven
iodohenzene) remeted with adenosine in DNHT ac 1007 for 6 day =
to produee N-t quaternization.  Henceo the produet was svn-
thesized from t-chioropurine riboside by uneleophilic displaee-
nient.

To 10 ml of absolute KGO wies added 200 g 07 mimoles e or
ti-chloro-b-g-v-rihofuranosvi-0H-purine, 14 ¢ o4 mmolise of
CaCty, and LY g 21 mwlesi ol redistilled aniline, Tl ve-
action mixaire was reflixed with <tivring for 18 hre, after which
chromatographic controls indicated no further presence of 6-
chloropnrine riboxide in the reavtion.  The mixture was Liltered
hot to remove Ca salt= and the produnet was deposited from 1he
filtrie on cooling, The erveials were hiltereill off, washell with
cold FaOH, then with cold 501 MeCON O, and Hnally with
15GO and dried: vield EXS g 17705, mp 1992, Ja]¥p - 10.6¢
o 0446, 330 O L Anel «CrlhzON - 0.25H.00 ) 11 N

Né-2-Thienyladenosine 1 V1), I'o 100 ml of FtOH was mldel
2.00 g of t-chloropurine vibasitle 7 mmoles), T4 g of CaC'0,
14 munolest, and 237 ¢ ool 2-thienvlamine 21 mmohles), 1he
latter preparedd by the wethod of Hartough and Meisel? Flae
reartion mixture was refluxed for IS Ine when chromaographiv
examination revealed the absence of 6-chlovopuvine riboside.
The mixture was filterell hot to remove the Ca salts,
bined filtrate and K10 wash wasevaporteld to a gnm, whivh wa-
vvaporatall three times alter addivions ol absolute o011
The clenr gmu was dissolvead in O and MeCN was added (o
make a3 MeCONC IO mixtoe Onceooling in the refrigernton
a white <olid ervstallizal. The vrestals wers filiered il washed
with cold 5: 1 MeCON FtOH mixture then wich FGO aml alvied:
vield FR2 g (2205 p 15T fa®n = 304° o 01520 954
B el cOGHONGS -0 LD O HEN

N¢.2.Ethoxyethyladenosine «VIIi. To 100 1t of absohne
FAO were addel 2.00 g 07 nmumolesi of G-chloropurine ribuside,
L4 g (M mmoles col CaC O, and 15T 2121 mumoles) of 2-erhoxy-
vthvlamine. Pl veaction mixtme was treaceil sxacily as
teseribed under Voo viekd 22300 g 1970 0 mp 163°, Ja]?n —X84.2°
re DUETS 0500 FOb L e (Cuha OLNG - 085 HL0 3 C) HE) N

N¢.Isopentenyltubercidin { Né-( 3-Methyl-2-buteny! )tubercidin i
¢1X). t1a) l-Bromo-3-methyl-2-butene (2,3-Dimethylallyl Bro-
mide).3.3-Dimethylierylie neid was reducal to the aleohol Tiy
the method of Kniglns and Waight™ with the important exception
tha les< than [ mole of BAH was emploverl mole of acd tabont
1,95 molet, becanre the use of 124 moles inviaiably gave rise
1o considerable amoms of saturaral derivatives {asletermined
by s whivh are ditfienht to remove by Tractional distillation.
The disiiled ahrohol ohtained free of =atnrmal isopentyl analog
wis ronviertal to the bromide aeconling to Kuhn mial Svhing.#
The hromide wus Travtionally: distilled sl preserved il in the
rohl 10 prevent deeomposition.

b)) Nl-l1sopentenyltubercidin {N’-t 3-Methyl-2-butenyl -
tubercidin). Tubcereilin { T-deazamlenosima2 (0500 g, 1SN
muinlesi, F-bromo-Samethyvi=2-butene (0.842 ¢ 5,67 mmles ),
and ¢ mlb ol freshhv alistilad DA were stirral under anhyilrons
condidons at 33° for 2t hr. Chromatographic controls showed
abiout 900 of the tubereidin remeted to form the N -izopenenyl-
1iberciding . The canrol smmples hewred with o few drops of
NHaotptl T0-1210 ;0 80-40° <howed apuantituive vonversiore of
the NUintermediate 1o Né-isopencenylinbervidin,

icl Ni-1sopentenyltubercidin (N¢-¢3-Methyl-2-butenyl:-
tubereidin).- - "FPhe reavtion mixiuns b containing N'-isopencenyl-
1ubercidin hydrobromile was vvapored to o thick <yrup using
4 high-vacimnn pump, vemoving vxeess isopeitenyt brotide aml
<olvent, Fhe svrmp was taken up in 23 mb of vold 1ht) aml N1
O wax added 10 pll 120 The maaaial was stiveeal ol hented
ar O0-100° (o convert 1the NU derivative 10 the N* prodner.
During the heming peviod, an additional 1o mb of NHLOH was
adiled.  After 2 hr. chivomatographiv evidenee tfive sys(ems:

The con-

(17 1L DL Marcoaeb aad 8000 Meisell dhed 70, 4018 (4480

(18) J. Knights and . = Waipla, /. Clem. Sove., 2830 11030,

(141 tal W, Kabo and M. Sebinz. Hele. Chim. Acte. 835, 2008 (1052):
(hy R. 11 1lall and M. 11, Flevsber in “Syntletie Provedicres in Nneleie Aceid
Chemistry.” Vol 1. W, W, Zorbaeb and R. 8. Tipson, Bl Ioterseience
I"tblisleecs, New York, N. Y., JUG8, p 417,

201 K. Anzai, G, Nakamora, and 2. Sk, o Adateteties (Tokyvo:
104, 23] (usHT¢ X Rozaki and S Maroma, @og. 144, 360 (1060, €0 G
Saile GO DL Gray, R Gl Cuelson, aad AL RO Hanze, Do, Fozant Regntic
(Vo B, 121 (16T,
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showed aban( 80-90¢ prodnet. Heating 2 hr longer, showed no
increase in vield. The aqneons solution was filtered and the
hiltrate was evaporaced o dryness.

A 2.54-cm column was prepared with 150 g of Celite 5452! and
70 ml of lower phase solvent A (EtOAc—n-PrOH-H,0, 4:1:2)
and packed according to the method of Hall.22 The evaporated
produet was dissolved in the npper phase of solvent A and
ab=orbed on the ecolumn. The colimn was developed with the
upper phase solvent A at a flow rate of 125 ml/hr. The aptical
denxity of the ellnenc was manitored on & Beckman DU-UV
spectrophotomecer and recarded on a Huneywell recorder. '1'he
firs( fractivns totalling 135 ml cantained only ¢he produet. Un-
changed tubercidin was elnted after 5330 ml vf ~olvent. The solu-
tian containing the produet was evaporated to a =ymp with a
flash evapvracor, and reevaporated three times with 25-ml
additions of absclute EtOH to dehydrate the gnm. The gum
was then crystallized nsing MeCN ax the sulvent. The crystals
were filtered, washed with Et,0, and dried 1n vacuo at 78° over
P,0.; vield 0.395 g (63%), mp 160-162°, [«]®p —71.8° (e
”1044, 30% EtOH-‘HQO). Anal. <C|6H2204N4) C, H, N.

Né-Allyltubercidin - (X). (a) Allyl Bromide.—Commercial
reagent grade material was fractionated and the fraction boiling
at 69-70° wax collected. (b) Nl-Allyltubercidin.—Tubercidin
(0.500 g, 1.88 mmoles), allyl bronide (0.684 g, 5.64 mmolex), and
7 wml of DMF (freshly distilled) were (reated as ondined for IX,
(e¢) Nt-Allyltubercidin.—The svimp cantaining Ni-alyltuber-
vidin was treaced ax autlined for TN vield 0.310 g (54% ) (based
vn total tuberciding, mp 130° dec, [@]Bp —65° (¢ 0.07675 g, 30t
ET()H—HJ()) Ana/. (C|4H1304N4'0.1H-}O) C, H, N.

Assay of Cytokinin Activity.—The cytokinin effect of the cnm-
ponnds was assayved with callux dervived from the pith of Wiscan-
in 38 tabacca plants uxing the method and media uf Murashige
and Skoog.?” Resnlts are given in Table III.

Microbial Assay Procedures.—The microbial assaysx were
carried ont according to techuignes published previously.?
Escherichiy coli K-12 was grown in the synthetic medinm of
Giray and Tatum.? S, faecalis 8043 was grown in the medium of
Flyuu, ef al.,?® in the absence of purinex and pyrimidines, but
with I mug of folic acid/ml. The compinnds were added to the
medinm at 10731078 A7 for the tubercidins and 1075-10-7 A
for the Né-adenosine analogs. Resnlts are given in Table V1.

Effects on the Growth of Sarcoma 180 Cells in Viiro—The
cumpounds were added i agneons solntion to the enltures of
8180 cells grown as monolayers in T-15 flasks in Eagle’s? medinm
containing 5% horse erum. The cells were exposed to the com-
ponnds for 6 days involving three changesx of the medinm.  Dur-
ing thix time the aimtrol enltnres increased by ten- to fifteenfold.
The gnantity of cells was estimated by the cryvstal violet method

{21) Trade name of Johns-Nanville Co.

122) R. H. Hall, Biochemistry, 4, 661 {1965).

(23) T. Murashige and F. Skoog, F*hy«tol. Plantarum, 18, 473 11962).

124) A. Bloclc and C. Contsogeorgoponlos, Biochemistry, 5, 3345 (1966);
A. Bloeh, M. H. Fleysher, R. Thedfonil, R. 3. Mane. and R. H. Hall,
J. Med. Chem., 9, 886 {1966).

125) C. H. Gray and E. L. Tatumin, Proc. Ndl. deud. Sed. UL S., 80, 404
11944).

(26) L. M. Flynn, V. B. Williams. I3, I,.. O'Dell, and A. G. Hogan, 4nal.
Chem., 28, 180 (1951).

1271 H. FRagle, Science. 130, 132 (1959).
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af Grady, o «l.,® aud by protein determination=.?®* The resnlts
are given in Table VI

Effect on Viability of Human Cells 1n 1iro.—The componuds
were tested 1t several human cell linex grown in stispension enl-
ture.® These included cultures of myeloblastic lenkemia (cell
line RPMI-6410), lvmphoblastic lenkemija (cell line RPMI-
LKID), Burkitt's thmor lymphoma (cell line RPMI-HRIK ), and
uf normal human lencocvtes (free of virits particles) (RPMI
cell line 5287). The componnds were dissolved in Dulbecen
phusphate-butfered saline® and added m RPMI-1634 dssue
enltnre medinn (a modificadon of MeCoy 5A medinm), contain-
ing 10¢{ fetal calf sernm, and incubaced in 30-ml spiuner asks
with 2.5 X 107 cells/ml, usnally for 48 hr.  Cell cnmnts were
niade using a hemocytometer. Since che growth of these cells
in 48 hr was never more than wafold, o definitive eonelusivns
coneerning growth inhibition were reached The effects of the
compolinds were, cherefore, evalnated in termi= of their effects
o viability (Table V) ux measured by dye exclusion, nusing a
1% solntion of trypan blne.*’ The viability of the controls
varied with each svstem stidied, being 835-94¢; for (he 6410
cell system, 80-94 % for the LKID system, 65-71¢7 for the HRIK
svsteni, and 66-82C¢ for the normal cells.

In the studiesx dealing with che growd-stinmlating effects of
the componnds (Table IV), the 6410 cell line was grown for 3
days wicth refeeding at 3 days, vesnlting in six- tu eightfold cell
multiplication with rather constanc viability. Thervefore, acal
cell connts were determined.

Effect of N&-Substituted Adenosine on Leukemia L1210
in Tiro.—Female DBA/2 Ha-DI) mice weighing 16-20 g were
abtained from the RPMI breeding colony. Each animal wax
Imcnlated interperitoneally with 108 cells uf lenkemia L1210 and
treated vnce daily fin' 6 consecutive days starting the day after
tnmar inoenlatinm,
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