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Discussion

As antiepated the 2-methyl- and  2,6-dimethyl-
benzoates of 4-[N,N-bis(2-chloroethyljuminojphenol (21
and 22, Tuble V) and 4-[N,N-bis(2-bromoethyl)amino}-
phenol (2 and 3, Table V) were less toxie than the
unsubstituted compounds (1 and 20, Table V), particu-
larly dramatic deereases being observed with the 2,6-
dimethyl analogs.  That these deereases n toxicity may
be due to nereaged resistance to hvdrolysis s suggested
by the data of Table IV which reveal that the 2.8-
timethylbenzoate of 4-(N,N-diethylaumino)phenol® 1s
hyvdrolyzed only very slowly by the crude liver esterase
preparation.  These results are paralleled by the anti-
tumor activities (Table V) shich show that the 2,06-
dimethylbenzontes (3 and 22) are active only at markedly
higher dose levels.  These findings are thus consistent
with the previously expressed hypothesis® that hydrol-
vsis of esters of 4-[N,N-bis(2-haloethyl)amino]phenol i1s
1 prerequizite for significant antitumor activity,

Fxumination of thie enzyme and animal data for the
series of wmetu- and  para-substituted  benzoates of
4-IN,N-bis(2-halogenocthylyamino]pheniol shows  that,
as anticipated,® hydrolysis is facilitated by eleetron-

(8) Ecters of 4-(N,N<dicthylamino)plhieno) were used ax appropriate nodel
cempounds iy the enzyme stabies ta avoid the complication af nsing the
alkylating agents in this system*

) J. Hine, "Physieal Organic Chemistry,” MeGraw-Hill Book Co., Due,
New York, No Y., 162, Chapter 12,

Vol 12

withdrawing substituents aud decreased by eleetron-
releasing substituents. However, these substituents did
not exert i large effect upon the sensitivity of the con-
pounds to enzyvinatic hyvdrolyvsis iTable 1V, I view
of this finding, targe differences in the biologieal
activities of these compounds would not be expected.
[t fact. the toxicities and antitumor activities ol the
esters of - 4-[N.N-bis(2-bromoethyl)amino|phenol 1.
6-16, Table V) arc not significantly different from those
of the parent phenol (B, Table Vo Similarly, there iz
Little difference in the biologieal aetivities of the mem-
bers of thie ehloro sertes (19, 22-29, Table Vi 23 appears
to be an exception), although beenuse of their lower
reactivity these compounds are significantly less toxice
than their bromo anlogs.

Finally, it will he observed that the more favorable
therapeutic indices (ax measured by LDg/15Dgy) e
found with the esters ot 4-[N,N-bis(2-chloroethyl)-
antinolphenol.  This is. i part, probably due to the
faet that the derived phenol, A (Table V), has a more
favorable netivity than the bromo analog {B).
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2-Cliloraadenosine 5’-pliosphaie und diammonium 2-cliloroadenosine 5'-diplinspliate have been synthesized,
and isolated analytically pure. Their eflects on the (n vitro aggregation of sheep platelets in platelet-rich plasuin
and on rat arterial blood pressure were compared witli thiose of adenosine, 2-chloroadenosine, adenosine 5'-plios-

phate (AMP), and adenosine 5'-diphosphate (ADP).

2-Chloroadenosine 5 /-phiospliate (2-chloro-AMP) inhibited

the ADP-mediated aggregation of sheep platelets and was initially equipotent with ANMP and wuas longer acting:
2-cliloro-AMP was a more patent and longer acting vasodepressor than AMP. 2-Chloroadenosine 3'-diphosphate
(2-chloro-ADP) was of similar poteney to ADP as u vasodepressor and was longer acting; 2-chloro-ADP re-
versibly aggregated sheep platelets und was nine times us potent as ADP.

Adenosine, adenosine 5'-phosphate (AMP), and
adenosine  5’-diphosphate (ADP) are physiologically
acetive in o number of in o and in vitro preparations.
For example, adeunosine on intravenous administration
in the eat! caused a transitory drop in blood pressure,
and i the anesthetized open-chested dog adenosiie,
AMP and ADP have been found to have brief coronary
vasoditator effeets? ADP in concentratious as low as
10-5 3/ eauses maminhalian platelets in plasma to aggre-
gate reversibly,® a phenomenon which is believed to
play a key role in hemostasis.*  Adenosine and AMP
have been shown to inhibit the ADP-mediated aggrega-

{1) D. A Qlarke, J. Davoll, I°. 8, Philips, and G. B. Browu, J. Pharmacol.
Exp. Ther., 106, 291 (1952).

12) M. M. Winbury, D, H. Papierski, M. L. Hemmer, nnd W, E. Hiu-
honrger, ibid., 109, 255 (1433).

(3) . V.R.Bornand M. J. Cross, J. Physiol. (London), 168, 178 (1063;.

(4) 8. A, Johnson in “Blood Clotting Enzymology,” W. H. RSvegers, I3d.,
Academic Press, New York, N. Y., 1067, p 393.

tion of platelets® although their inhibitory effects are of
short duration. The analog 2-chloroadenosiie has more
potent effects than adenosine, both on the vaseularh?
and platelet-aggregation systems,® and its action in hoth
systems is of greater duration than that of adenosine.
The ready deamination of adenosine to inosine by
adenosine deaminase is thought to explain the transient
nature of the adenosine effect, since inosine is without
activity either as a vasodilator' or as an inhibitor of
platelet aggregation.® 2-Chloroadenosine is not de-
aminated by adenosine deaminase,"” and this resistance
to deamination may explain the greater duration of
action of 2-chloroadenosine; it does not, however, ex-

(3) R. H. Thorp and I.. B. CobUin, <lrebh. Int. Pharmacodyn, Ther., 118, 95
(1059).

16) G. V. R. Boru, Natwre, 202, 95 (1964); (i. V. R. Born, A. J. Hovonr, and
J. R. AL Mitchell, ¢bid., 202, 761 (1964).

(7) M. Rockwell and M. H. Maguire, Mol. Pharmacol., 2, 574 (19686).
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plain the greater potency of the analog compared to
adenosine.

In order to investigate the influence of similar
2-chloro substitution on the pharmacological activity
of AMP and ADP we have synthesized 2-chloro-
adenosine 5'-phosphate (2-chloro-AMP) and 2-chloro-
adenosine 5'-diphosphate (2-chloro-ADP) and com-
pared the effects of these analogs with those of AMP
and ADP on the arterial blood pressure of rats and on
the aggregation of sheep platelets. In addition, a pre-
liminary study has been made of the substrate speci-
ficity of these analog nucleotides for the enzyme
adenylate kinase (E.C. 2.7.4.3) which catalyzes the
reaction

2ADP? = AMP?~ + ATP+

Adenylate kinase is present in many tissues® and in
plasma? and could conceivably be respounsible for the
interconversion of 2-chloro-AMP and 2-chloro-ADP
n vivo.

Chemistry.—2 -Chloro-AMP was prepared from
2-chloroadenosine by the two routes outlined in
Chart I. In the first, 2-chloroadenosine (I) was aceton-
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ated by the method of Hampton,® and the resulting
cyclic ketal (I1) was phosphorylated by the procedure
of Tener" to give pure crystalline 2-chloroadenosine-5'-
monophosphoric acid (II1) in 619 yield from I.

2-Chloro-AMP was also obtained by the direct phos-
phorylation of 2-chloroadenosine with POCl; in tri-
methyl phosphate, a procedure based on that reported
recently by Yoshikawa, et al.’? 2-Chloroadenosine was
only partially phosphorylated under the reaction condi-
tions described by Yoshikawa, et al., for the synthesis
of AMP from adenosine, and it was found necessary to
use a large excess of POCl; and a prolonged reaction
time in order to obtain complete phosphorylation of the
analog. In this way 2-chloro-AMP was isolated in
4297 yield.

2-Chloro-ADP (V) was synthesized from 2-chloro-
AMP by the morpholidate procedure of Moffatt and

(8) L. Noda, Enzymes, 6, 139 (1962).

(9 R.J. Haslam and D. C. B. Mills, Biochem. J., 103, 773 (1967).

(10) A, Hampton, J. Amer, Chem. Soc., 83, 3640 (1961).

(11) G. M. Tener, ¢bid., 83, 159 (1961).

(12) M. Yoshikawa, T. Kato, and T. Takenishi, Tefrahedron Lett., 5063
(1967).
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Khorana.'* Purification of the crude reaction product
by ion-exchange chromatography followed by prepara-
tive paper chromatography resulted in a 329; yield of
pure diammonium 2-chloro-ADP.

Pharmacology.—Arterial blood pressure was mea-
sured in rats anesthetized with sodium pentobarbital.
A camnula was inserted into the left common carotid
artery and the blood pressure was recorded via a
Statham pressure transducer on a Grass polygraph.
Compounds dissolved in normal saline were injected
into the jugular vein. 2-Chloro-AMP caused a fall in
arterial blood pressure which was greater than that
caused by AMP, and which lasted considerably longer.
2-Chloro-ADP was found to be slightly more potent
than ADP but its effect on rat arterial blood pressure
was of much greater duration. These results and those
obtained with 2-chloroadenosine are compared
Table I with the effects of adenosiue.

TasrLe I

EFFECTS OF NUCLEOSIDES AND NTUCLEOTIDES ON
RAT BLoOD PRESSURE

Av duration of blood press.

Compd Molar poteney ratio® fall, min
Adenosine 1.0 0.7
2-Chloroadenosine 8.2 =+ 0.7 15
AMP 1.1 = 0.13 0.5
2-Chloro-AMP 6.6 == 0.4 6
ADP 235 + 4.9 1
2-Chloro-ADP 30.7 = 4.8 10

% Mean results (£=SE) obtained by comparing the effectiveness
of the compound with that of adenosine on four or more animals.
Doses used were such as to cause a 309, fall in arterial blood
pressure,

The aggregation of platelets in citrated sheep platelet-
rich plasma was studied by a turbidimetric technique!®1
in which the changes in the optical density of the
platelet suspension caused by added ADP were recorded
on a potentiometric recorder. Inhibitors of the ADP-
mediated aggregation were incubated in the platelet-
rich plasma at 37° for varying periods of time prior to
the addition of ADP. Initial rates of aggregation were
measured and compared to the rate of the control re-
sponse to 1.5 uM ADP.

In Table II the potencies of the inhibitors AMP,

TasLe II

EFFECTS OF NUCLEOSIDES AND NTUCLEOTIDES ON THE
AGGREGATION OF SHEEP PLATELETS

Molar poteney ratio

ADP aggregates 1.0
2-Chloro-ADP aggregates 9.0
Adenosine inhibits aggregation 1.0¢
2-Chloroadenosine inhibits aggregation 4.0¢
AMP inhibits aggregation 0.1¢
2-Chloro-AMP inhibits aggregation 0.1¢

@ Inhibitors preincubated for 2 min prior to the addition of
ADP.

2-chloro-AMP, and 2-chloroadenosine are compared to
that of adenosine. The preincubation period was
2 min. AMP and 2-chloro-AMP were of similar
potency and were only one-tenth as active as adenosine

(13) J. G. Moffatt and H. G. Khorana, J. Amer. Chem. Soc., 83, 649 (1961).
(14) G. V. R. Born, Nature, 194, 927 (1962),
(15) M. H. Maguire and F. Michal, ¢bid., 217, 571 (1968).
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and one-fortieth as uctive as 2-chloroadenosine.  With
lnereasing periods of incubation the mhibitory effect of
adenosine in sheep platelet-rich plasma has been shown
to reach an optimum value after 2 min of incubation
and then to diminish sharply.’®  Iun contrast, the
poteney of 2-chloro-AMP wus found to incerease with
meubation, so that after 30 min the inhibitory aectivity
of 2-chloro-AMP was four times that of adenosine at
itg optimum.  Figure 1 shows the effect of inereasing
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Figure 1. -Iffect of preincubation an tlie poteney of inhibitars
of ADP-mediated platelet aggregation. Initial rates of aggrega-

tion induced by 1.5 wl/ ADP were measured; adenosine
(© -~ ~=--+-0) 2-chloroadenosine (@ -- .-~ ---@) AMP
(O~ = =), and 2-chloro-ANMP (®--- ... B) concentra-

tions ure tliose which caused 50% inhibition.

periods of preincubation on the inhibitory potencies of
adenosine, 2-chloroadenosine, AMP, and 2-chloro-AMP.

2-Chloro-ADP has been found to be a very powerful
aggregator of sheep and human blood platelets with
nine times the aggregating potency of ADP. The
aggregation caused by 2-chloro-ADP is reversible.
These findings have been reported in detail elsewhere.?

Adenylate Kinase.-—2-Chloro-AMP and 2-chloro-
ADP were substrates for adenylate kinase.  When the
enzyvme from rabbit musele was incubated with
2-chloro-AMP and ATP and the resulting mixture ex-
amined by paper chromatography, three adenine nueleo-
tide components, the monophosphate, diphosphate, aid
triphosphate, were found to be present. Similarly
2-chloro-ADP when incubated with adenylate kinase
gave an equilibrium mixture of 2-chloro-AMP, 2-chloro-
ADP, and 2-chloro-ATD.

Discussion

Compared to adenosine at its optimum potency
(2 min preiircubation) the molar poteney ratio of AMP
as an inhibitor of ADP-mediated platelet aggregation
was (.1 after 2 min preincubation; this value decreased
to 0.04 after 30 min preincubation (¢f. Figure 1).
2-Chloro-AMP also had a molar poteney ratio of 0.1

116) 1I', Michal and R. H, Thorp, Nafury, 209, 208 (1964).

after 2 min, but on further incubation thix valie in-
ereased until after 30 min it was 3.8, ahmost equal to
that of 2-chloroadenosine. These findings suggest tha
AMP and 2-chtoro-AMP are gradually hydrolyzed by o
plasmu phosphatase with the release of adenosine nnd
2-chloroadenosine. 2-Chloroadenosine s n potent and
long-tasting inhibitor of ADP-mediated platelet aggre-
gatton, and if it were gradually produced from 2-chloro-
AMP in platelet-rieh plasma a concomitant inereise it
the inhibition caused by 2-chloro-AMP would be
expeeted.  The effect of adenosine produced by similar
hydrolysis of AMDP would be masked by its simultancons
deamination to mosine, with the result that the tnlibi-
tory effeet of AMP would be further decereased.

On artertal blood pressure 2-chloro-AMP was six
times s potent asx AMP which was equipotent with
adenosine.  Ttis possible that the effeet that s weasured
in this way is not the direct etfeet of the nucleotide on
the vaseular systein, but the effect of the free mieleoside
produced by hivdrolysis of the nueleotide by phiosphi-
tases or H'-nucleotidase in the blood or associated with
the wulls of the blood vessels. This possibility 1s =trp-
ported by the work of Buaer and Drummond™ who
foud that AMP was converted to inosine during
single passage through isolated perfused rat hearts,
2-Chloro-AMP has heen shown to be o substmite for
Sl-nueleotidase purified from rat heart.”

To summarize. 2-chloro substitution i adenosine
teads to an inerease in poteney and in duration of aetion
both on arterial blood pressure and on the platelet
system. 2-Cliloro substitution of ANP does not produee
aninerease i poteney rompared to AMP n the platelet
system, unless it 1s preineubated for aconsiderable time
in platelet-rich plisma, but 2-chloro substitution doex
produce an inerease in the vasodepressive poteney of
AMP.  In both physiological systems the duration of
action of 2-chloro ANP is prolonged compared to theat
of AMP. 2-Chloro substitution of ADP pives an
analog of equivalent poteney to ADP in producing an
effect on arterial blood pressure, hut Iinving alimost ten
times the poteney of ADP as an aggregator of platelets.

Taste 111
ki CorostyroGaarty and [ty VaLous
R;
-Bolvent systinns
Compsd A B «

2-Chlaroadenosine (1 0.47 0.75 0.54
2-Chloro-2/,3'-0)-

isopropylideneadenosine (II 0.82 0.94
2-Chloroadenasine 5'-

monophosphate (110 0.22 058

2-Chilormadenasine 5'-

phosphoramorpholidate (IN; 0,10 0.65 0.82
2-Chloroadenosine 5'-

diphospluate (') 0.40

Experimental Section

Paper cliromatograply unless atlierwise stated wis carried anl
Ly the ascending technique an Whatman No. | paper in tle
following solvent systems: (A) n-BuOH-H,O (86:14), (B)
i-PrOH-0.25 M NH HCO; (2:1), and (C) isobutyrie acid-1 1
NHOH (100:60). Purine derivatives were located on paper hy

117y H. I'. Boer and G. 1. Dronvvond, Prec. See. Exp. Biol. Med., 127, 43
(1068) .
{18) M. Edwards :;onl M. M. Magvire, vopublished.
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observation under uv ligne, and phosphates were detected by
spraying with molybdate-HClO,.'* Relevant Ry values are shown
in Table III.

Melting points were determined on a Reichert apparatus and
are uncorrected. Uv spectra were measured on a Perkin-Elmer
350 spectrophotometer. Where analyses are indicated only by
symbols of the elements, analytical results obtained for those
elements were within ££0.4%; of the theoretical values. Evapora-
tions were carried out under reduced pressure at temperatures
less than 35° and solids were dried in vacuo over P»O; at room
temperature, unless otherwise noted.

Reagent purity pyridine was rendered anhydrous by storing
it over CaH.. Commercial grade trimethyl phosphate was dis-
tilled and the fraction of bp 192-193° was stored over Linde
Molecular Sieve (Type 4A). 2-Chloroadenosine was synthesized
in this institute by a modification of the procedure of Mont-
gomery and Hewson,? in which 2 6-dichloropurine was fused with
1-O-acetyl-2,3,5-tri-O-benzoyl-3-p-ribofuranose?! without a cata-
lyst and the product was treated with methanolic NH;.

Adenylate kinase (2 mg/ml of solution, Boehringer Corp.) was
used undiluted.

2.Cliloro-2’,3’-O-isopropylideneadenosine (II) was prepared
in 85%: yield from 2-chloroadenosine (I) by the method of
of Hampton.1® The product (mp 238-241°) was chromato-
graphically homogeneous in solvent systems A and B and was used
for the synthesis of III without further purification. A small
amount was recrystallized once from Me,CO and three times
from H;O to give the analvtical sample, mp 238-241°. .lnal.
(CisH.eCIN;04) C, H, N.

2-Clloroadenosine 5’-Tliosphate (III). (i) A solution of II
(2.74 g, 8 mmoles) in pyridine (50 ml) was treated with pyridinium
B-cyanoethyl phosphate (32 ml of a 1 mmole/ml of pyridine stock
solution)!! and the resulting mixture was evaporated to an oil.
Traces of moisture were removed by three additions and evapora-
tions of anhyvdrous pyridine (each 30 ml). The residue was then
dissolved in anhydrous pyridine (50 ml), treated with dicyclo-
hexylearbodiimide (16 g), and allowed to stand at room tempera-
ture for 18 hr. H.O (10 ml) was then added and after 1 hr the
reaction mixture was concentrated to dryness. Following a
further addition and evaporation of H.O (50 ml), the white solid
residue was suspended in 0.4 ¥ LiOH (320 ml) and refluxed for
1 hr. The mixture was cooled and filtered. The filtrate was
applied to a column (3.2 X 25 em) of Bio-Rad AG0W-X4 (H*)
ion-exchange resin and washed through with H»O until the effluent
was neutral. The eluate was adjusted to pH 2.8 with aqueous
Ba(OH),;, heated under reflux for 1.5 hr, then concentrated to
ca. 400 ml. Aqueous Ba(OH), was added to pH 7.5 and the pre-
cipitated barium phosphate was removed by centrifugation. The
supernatant was treated with twice its volume of KtOH and,
after 1 hr at room temperature, the white precipitated barium
salt of III was collected by centrifugation and washed with
EtOH, MeCO, and Lt:0 to give 4.69 g of the dry salt. Paper
chromatography in solvent system B revealed the presence of a
minor unidentified contaminant (R 0.07).

The Ba salt (400 mg) was dissolved in H:O (ca. 10 ml) with
the aid of a little Bio-Rad AG50W-X4 (H*) and passed through
a columu (1 X 20 em) of the same resin. The combined effluent
and washings were neutralized with NH OH, evaporated to =
glass, and dissolved in 3 ml of solvent B. This solution was
applied to a columu (2.5 X 35 cmn) of Whatman cellulose powder
packed in solvent B and the column was eluted with the same
solvent. Fractions of 20 ml were collected: III emerged in
fractions 12-16. These were pooled and concentrated to dryness.
Repeated evaporations of HyO removed residual NHHCO; and
the glasslike NHy salt was dissolved in H-O (5 ml) and converted
to the free acid by passage through the 1 X 20 em cation-exchange
column (H* form). Ivaporation of the eluate yvielded a white
crystalline residue of IIT (199 mg, 72¢. from II) which was
chromatographically pure and free from inorganic phosphate in
solvent systems B and C. It was recrystallized twice from H,O
to give the analytical sample as white needles, mp 159-160° dec,
Mmax (0.1 N HCI) 265 mu (e 14,200). Anal. (CioHizCIN;O.P-
1.5H.0) C, H, N.

(i1) I (755 mg, 2.5 mmoles) was dissolved with stirring in an
ice-cold solution of POCl; (2.28 ml, 25 mmoles), H;O (0.045 ml,
2.5 mmoles), and 30 ml of dry trimethyl phosphate. After 24 hr

(19) C. 8. Haves and ¥. A, Tsherwood, Nature, 164, 1107 (1949).
(20) J. A. Montgomery and K. Hewson, J, Heterocycl. Chem., 1, 213 (1964).
(21) E. F. Recondo and H. Rinderknecht, Helv. Chim. .lcta, 42, 1171 (1959).
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at 3°, the clear solution was poured over ice (100 g) with stirring
and the pH was brought to 9 with concentrated aqueous LiOH.
The mixture was kept at room temperature for 2 hr and the pH
wag mainiained at 9 by further additions of TiOH. Lithium
phosphate was removed by centrifugation and washed (H.O)
until no further uv-absorbing material could be extracted. The
combined supernatants (ca. 180 ml) were extracted twice with
100 ml of CHCI; to remove (MeO ),PO, diluted to 300 ml, treated
with Ba(OAc), (1.28 g, 5 mmoles), then allowed to stand over-
night at room temperature. The resulting precipitate of Bay(POy)s
was removed by centrifugation and washed (H»0), and the
supernatant and washings were concentrated to ca. 50 ml. Two
volumes of tOH were added and the precipitated nucleotide
Ea salt was collected by centrifugation and washed once with
1XtOH-H.O (2:1, 30 ml), then with KtOH, Me.CO, and 1:t,0
to give 1.57 g of product. Paper chromatography in solvent B
showed two uv-absorbing spots, one corresponding in Ry to III
and the other at R; 0.05. The two spots were eluted with H.O
and shown to have identical Apax values, 264 mp.

The Ba salt (300 mg) was subjected to column chromatography
in a manner identical with that described in (i) above. Fractions
12-17 from the cellulose column were pooled and worked up to
give 82 mg (4274 yield) of a white crystalline solid, which was
chromatographically homogeneous and had the same R value
as IIT in solvent systems B and C.

2-Cliloroadenosine 5”-plhiosphoromorpholidate (IV) was prepared
on a 0.25-mmole scale from IIT by the general method for syn-
thesis of nucleoside 5’-phosphoromorpholidates described by
Moffatt anud Khorana.!* It was obtained in 83¢; yield as the
4-morpholine-N, N’-dicyclohexylearboxamidiniunt salt and ap-
peared as a single blue fluorescent spot on chromatography in
solvent systems A and B. Anal. (CuH:;CINOsP-6.5H0)
C, H, N\.
2-Chloroadenosine 5’-Diphosphate (V),—The phosphoro-
morpholidate (IV) (120 mg, 0.14 mmole) was dried by three
successive additions and evaporations of 10 ml of anhydrous
pyridine. A mixture of 89¢% orthophosphoric acid (0.03 ml,
0.48 mmole) and (n-Bu):N (0.11 ml, 0.48 mmole) in pyridine
(10 ml) was prepared and dried in the same way to give a residue
which was dissolved in pyridine (10 ml) and added to the phos-
phoromorpholidate. Two further evaporations were carried out
to free the reaction mixture from residual traces of H.O. The
residue was dissolved in 5 ml of pyridine and allowed to stand at
room temperature for 3 days with exclusion of moisture. Pyridine
was removed in zacio and H»O (10 ml) was added, The resultant
cloudy vellow solution was applied to a column of DEAL cellulose
(2 X 20 cm, HCO;~ form) and followed by 100 ml of H.O.
Stepwise elution was then begun with 0.025 3/ NH.HCO; (100 ml)
and continued with ten successive 100-ml aliquots, each increas-
ing in concentration by 0.025 1/, 100-ml fractions were collected
and examined by paper chromatography in solvent C. Uv-
absorbing material with an Ry identical with that of III emerged
in fractions 5 and 6.

Fractions 7 and 8 which contained V together with an unidenti-
fied fluorescent contaminant (R 0.62) were pooled and evaporated
to dryness. NHHCO; was removed by three evaporations with
H,0 (each 30 ml). The oily residue was dissolved in H.O (0.25 ml)
and applied to the origin line of two 15-cm wide sheets of washed
Whatman No. 3 chromatography paper. After ascending develop-
ment in solvent C the uv-absorbing band was cut out and eluted
with +-PrOH to remove ammonium isobutyrate. Subsequent
elution with H.O extracted the nucleotide material. The aqueous
extract was filtered, evaporated to ca. 20 ml, and lyophilized to
yield (after drying) 26 mg (329%) of the diammonium salt of V
as a white flufly powder, Amax (0.1 .V HCI) 266 mu (e 14,000).
Anal. Calcd for CmHzoClN70]0P2'2.5HQOZ C, 2221, H, 4.62;
N, 18.12; P, 11.45. Found: C, 22.45; H, 4.98; N, 17.81; P, 11.25.

Adenylate Kinase.---Adenylate kinase (10 ul) was added to a
solution of V (0.5 mg) in 0.15 ml of 0.1 M/ Tris-HCI buffer pH &
containing 0.01 A/ MgClL. The sclution was incubated for 30 min
at 37° and an aliquot was chromatographed by the descending
technique in solvent C together with markers of III and ATP.
The ineubation mixture gave three uv-absorbing spots, cor-
responding in Ry to III, V|, and 2-chloro-ATP.22 A similar experi-
ment was carried out using IIT (1 mg) and sodium ATP (1.5 mg)

(22) Tn solvent C the Ry values of AMD and TIT are ideuntical, as are the
Rt values of ADP and V. 2-Chloro-ATP was not available for use as a marker
but has since heeu synthesized and shown to have the same R¢ as ATP in
solvent C.
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in 0.4 ml of buffer. Chromatography of the incubation mixture
showed the presence of a third uv-absorbing gpot correspendiug
in B¢ to ADP and 2-chloro-ADP.

are grateful 1o

Acknowledgments.—The authors

Yol. 12

Dr. J. Fildes (Australian National University)
Dr. E. Challen (University of New South Wales) who
carrtedd out the microanalyses.  Mr. D Nobbs synthe-
sizell 2-chloroadenosine,

Nucleosides of 2-Fluoroadenine!'

Joux A. MoNTGOMERY AND KaTHLEEN HEWSON

Ketlering-Meyer Laboratory, Southern Research [nstitute, Birningham, Alabama 35205

Recelved December 2.3, 1968

The preparation of the anonierie 9-(2-deoxy-v-erythro-pentofuraiosyl)-2-finaroadenines and 9-p-arabinofur-

anosyl-2-fluoroadenines from 2,6-dichloropurine ix described.

The evtotoxicity of these componunds, and also

af 3'-deoxy-2-fluoroadenosine and 9-8-p-xylofuranosyl-2-flnoroadenine, to a namber of HEp-2 cell lines in cul-
ture has been determined. The data permit certain conelisions concerning the probable metabolism and mech-

anism of action of these nucleosides.

2-Fluoroadenosine? is readily anabolized®*—* but not
aatabolized®=* in cells in culture or in vive. It is highly
eytotoxic,? highly toxic to rodents,'® and has broad-
spectrum antibaeterial activity . '1? It has a synergistice
effect on the antimicrobial action of actinobolin®® and is
an inhibitor of blood-platelet aggregation.’* The broad
and high-level biologie activity of 2-fluoroadenosine has
made the study of other nucleosides of 2-fluoroadenine
desirable.

The preparation of 2-amino-2'-deoxyadenosine (3-6)
i 1.7%; over-all yield and its o anomer in 1.5° ¢ over-all
vield front 2-amino-6-chloropurine by the conventional
¢hloromercuri procedure has been reported.® In an
effort to improve the yields of both anomers of 6 and to
obtain analytical samples of these compounds, their
preparation  from the chloromercuri derivative of
2-henzamido-N-benzoyladenine® and 3,3-di-O-(p-chlo-
robenzoyl)-2-deoxy-p-erythro-pentofuranosyl chloride®
wus investigated and found to give 4 ag an approxi-
mately 1:1 mixture of @ and 8 anomers in a total yield
of 369, (Scheme I). Treatment of 4 with NaOMe in
the usual mamer resulted in decomposition of the
nucleoside, whereas treatment with methanolic NH; at

el

5% removed only the p-chlorobenzoyl groups. The

(1) 'This work was sunpported by funds from the Southern Research Iustitiite,
the €. V. Kettering Foundation, and the Cwicer Chemotherapy National
NService Centrr, Wational Cancer Institute. National Tustitutes of Health,
Cavtract. Na. PH43-64-51.
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0.75% ltow vud that reported for the 8 anomer was 1,069 low, raising some
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anomeric  mixture of  9-(2-deoxy-p-ribofuranosyl)-2-
aminoadenine (6) was finally obtained in 319, yield by
heating 4 with methanolic NHjz at 100° for 6 hr i o
bomb. The « nud 8 anomers of 6% were separated by
fractional cryvstallization; about 8 parts « to 1 part g
were isolated. Treatment of a-6 with NaNO, in 48¢,
fluoroboric acid resulted in replacement of the 2-umino
group by fluorine but also in cleavage of the glyeosyl
linkage giving only 2-fluoroadenine (7). o result not
too unexpected i1 view of the known acitd Iability of
purine 2'-deoxyribonucleosides
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Because of the acid lability of 6 and because of the
difficulties in obtaining pure B-6* from the reaction of
1 and 3, another route? to 2-fluoro-2’-deoxyadenosine
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