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Several 2-substituted adenosines have been shown to
possess vasodepressor properties of greater duration
of action and of greater potency than those of adeno-
sine,12 and to inhibit the adenosine diphosphate medi-
ated agglutination of blood platelets in vivo and n
vitro.* 2-Chloroadenosine is the most potent of these
analogs and would appear to be of potential therapeutic
value in the treatment of hypertension or of thrombosis,
except for the concomitant toxic effects it has on the
mammalian heart. This analog has been shown to
cause heart block in the guinea pig? and in man®

As a first approach to structural alteration which
may give analogs having the beneficial vasodilatatory
effects of 2-substituted adenosines without their con-
comitant toxic heart effects, the N®-monomethylated
derivatives of five 2-substituted adenosines, 2-chloro-,
2-methylthio-, 2-methoxy-, 2-ethylthio-, and 2-tri-
fluoromethyladenosines (la—e), were synthesized, to-
gether with 2-chloro-N¢-dimethyladenosine (1f).
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la, R = H; Ry = Cl
b,R = H;R] = SCH3
C,R = H;R] = OCH3
d, R = H; Ry = SCH: CH;
e, R=H;: R = CF;
f,R = CH;; R, = Cl

The analogs (1a and d-f) were prepared by Davoll’s
modification® of the classic Fischer-Helferich purine
nucleoside synthesis’” (Chart I). The appropriate 2-
substituted 6-methylaminopurines were converted to
their chloromerecuri salts (2) and these were condensed
with 2,3,5-tri-O-benzoyl-p-ribosyl chloride (3). Re-
moval of the benzoyl blocking groups with methauolic
ammonia gave the required nucleosides.

(1) D. A. Clarke, J. Davoll, F. 8. Philips, and G. B, Brown, J. Pharmacol.
Ezptl. Therap., 106, 291 (1952),

(2) R. H. Thorp and L. B. Cobbin, Arch. Intern. Pharmacodyn., 117, 95
(1959).

(3) G. V. R. Born, A. J. Honour, and J. R. A. Mitchell, Nature, 202, 761
(1964).

(4) G. V. R. Born, ibid., 202, 95 (1964).

(53) R. H. Thorp, private communication.

(6) J. Davolland B. A. Lowy, J. 4m. Chem. Soc., 73, 1650 (1951)

(7) L. Tischer and B. Helfericli, Ckem. Ber., 47, 210 (1914),
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2-Chloro-N¢-methyladenosine (1a) was also obtained
via the fusion method® (Chart II). 1-O-Acetyl-2,3,5-
tri-O-benzoyl-g-b-ribofuranose (5) was fused with 2,6-
dichloropurine (4a) in the presence of p-toluenesulfonic
acid to give the blocked 2,6-dichloropurineriboside®
which was simultaneously deblocked and methylami-
nated by treatment with anhydrous methylamine in
methanol at room temperature. By this method la
was obtained in 429 yield.
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4a, R) = Cl 5, R: = COCeH;

b, R, = SCH; laand b

The fusion method was also used for the preparation
of 2-methylthio-NS-methyladenosine (1b),1® starting
with 2-methylthio-8-chloropurine (4b). It has been
reported® that fusion of 4b with tetra-O-acetyl-g-p-
ribofuranose in the presence of p-toluenesulfonic acid,
followed by treatment of the blocked intermediate with
methanolic ammonia gave a 369, yield of 9-3-p-ribo-
furanosyl-2-methylthio-6-chloropurine. In our hands
fusion of 4b with either 5 or tetra-O-acetyl-g-p-ribo-
furanose in the presence of p-toluenesulfonic acid,
followed by prolonged treatment at room temperature
of the intermediate blocked nucleoside with methanol
saturated with methylamine gave only a poor yield of

1b.

(8) For the acid-catalyzed fusion reaction of purines with tetra-0O-acyl-p-
ribofuranose to give B-nucleosides see (a) T. Sato, T. Simadate, and Y.
Ishido, Nippon Kagaku Zasshi, 81, 1440 (1960); (b) T. Simadate, Y. Ishido,
and T. Sato, 1bid., 82, 938 (1961); (c) G. Gough and M. H. Maguire, J, Med.
Chem., 8, 866 (1965).

(9) (a) In subsequent work we found that complete reaction of 2,6-dichlo-
ropurine with 1-O-acetyl-2,3,5-tri-O-benzoyl-g-p-ribofuranose was achieved
without & catalyst simply by fusion for 45 min in vacuo at 130-140°, (b)
Fusion of acetylated 2-methylthio-6-chloropurine with 1-0-acety1-2,3,5-tri-0-
benzoyl-g-p-ribofuranose without a catalyst gave a clear melt at 160°, but
there was no reaction. The attempted fusion of 2-methylthio-6-chloropurine
with the sugar without a eatalyst at 185-195° resulted only in considerable
decomposition. The reactivity of other 2-substituted 6-chloropurines in the
fusion reaction with and without a catalyst is presently being investigated.

(10) M. lkehara, T. Ueda, S. Horikawa, and A. Yamazaki, Chem. Pharm.
Bull. (Tokyo), 10, 665 (1962), reported that reaction of MeNH, with
2,6-dimethylthio-9-(2,3,5-tri-0-benzoyl)-8-p-ribofuranosylpurine gave 1b,
which was isolated as a picrate salt. Spectral data only were reported:
AL Y HO 971 10y, ALY NeOM 979 939 10y,
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A wethylthio substituent m the 2 posttion of purine
I base-weakeniug propertics, thus the piy, of purine
is 248 while that of 2-methyithiopurine is 1.89.Y
The 6-chloro group in the wterediate blocked muelea-
side resulting front fusion of 4b with 5 would therefore
be expected to be almost ax reactive as the G-chilara
group in blocked 2,6-dichloropurineriboside, and shoukd
be replaced by n methylanino group under simitar
conditions, It would appear that the poar vield of
1b was due to ncomplete reaction of 4b with 5 in the
fusion step.  However, the use in this step of neetvlated
2-methylthio-6-chloropurine which has a lower nielting
point than 4b and fused with 5 more readily did uot
give an improved yield: indecd in the reaction 38%
of wircacted 4b was recovered. "

The Davoll modification® of the VFischer-Helferich
mucleoside synthesist (Chart I) waz not used for the
syuthesis of 1b, but i view of the poor vield obtained
by the fusion procedure, the former route should prove
tlie better methiod of synthesis of thix analog.

2-Methoxy-N-methyladenosine (1) was prepared
from Ya by metatheticnl exchange with sadium meth-
oxide 1u refluxing methanol.

Biological Results.—- Prelininary  pharmacological
evaluantion? of these  compounds s vasodepressor
agents 1 the cat has shown that the compounds e
less potent than 2-cliforoadenosine ov adetosine; they
are, however, tonger Iasting in their effeets than is
adenosine. I the adenosine diphosphate mediated
aggregation of shieep platelets the methylited analogs
were found to have ouly 1-49; of the activity of adeno-
sine but again the duration of the effect was alwayvs
greater than that of adeuosine.  The potencies of the
aalogs relative to that of adenosine are hsted

Tuble 1.
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Derivative of adenosine 1he eat”

Adenasine 1 1
2-Chlava- 40 an
J-Chlara- Vf-metihyl- (1.04 2
d-Methylthio-Ve-melhyl- (1,014 u.3
2-1uthylthio-\Vf-nie hyl- 0.003 0.5
d-Methaxy-Nf-methyl 1.ai 1.5
1-Trifluorantethyl- Vo-mediyl- a1 ()
2-Chlaro-Nf-diniethyl- 1n.02 0.

» Listimated hy the 1urhbidimetric method of G Vo 1 Barn
[ Nature, 194, 927 (1962)].  Adenosine was used as n refercnce
campamd.  * ADI = adenasine diphasphate. * Analogs were
dissalved e normal saline and administered in (he jugular vein
of cal= wiesthetized with pentobarbital, Blood pressure wuas
recorded from the feft comman caratid avvery with a S@tham
prossure transducer caupled (o a chart recarder.  Adenosine wis
used as a veference coutpotnd.

Three of the analogs, 1a, 1b, aud 1e have been shown
to be potent ithibitors of cardiac adenosine deaminase,
more potent than their corresponding nonmethylated
atlogs, 2-chloroadenosine, 2-methylthioadenosine, and

111 AL Muerc and DLL Brown, J. Chem. Sees, 2060 (1054

(12) The antbors are indelsed to Mr. I, Mlichal of this Deparcment for

1hese resnlis.

Val. 1

2-trifluoromethylidenasine. These results are reparted
utdetnit elzewhere, '

lixperimental Section’?

2-Ethylthio-6-hydroxypurine — 1o o salutian al 48 g (002N
male) of 2-thio-t-hydraxypurive’ in 240 ml of 2.V NaO)H and
1200l of water, 42 g (L4 niole of diethysulfaie wis added drop-
wize with =tirhg, The temperture was mabitabied 0 28- 537
ind stirving was canthnued for 90 niin. - The reaction misunre
wits allowed 10 stand at roaam temiperature overnight, then
adjusted ta pH 4 with 507, acetie neid, and cooled.  2-Iithyl-
thio-6-hydraxyinrine separated and wag filtered and reerystal-
lized fram water to give 32 g ol a pale vellow cryvstalline salid.
The reaction was repeated and the cambined produees were dried
far 24 hr in racuo at 1:130°, ta give 64 ¢ of material:
A AT 00T e The praduer was reerystallized several Gines
fram methanal ns o white micraerystallive powder, mp 344- 233°,
hut saisfactary analy=es could ot be obtained.

2-Ethylthio-6-chloropurine.--21-Ethylihio-6-hydraxypurine (6o
g, 0.31 male), freshly diztilled POCI; (900 ml), and freshly dis-
tilted anbydrous diethylaniline {90 ml, 0.56 niale) were heated
tagether under reflux for 443 min. Exeess POCL; wis evaparled,
ind the viscons residue was poured inta ice water (400 ml) with
stirring. A dark sticky s farnied, the supernaiuie wis de-
eanted, nd the tar was repeatedly triturated with witter nni!
na turther =olution of Gory material cauld be obtained.  The
cambined aqueous =abitions were filtered and extracted with
diethyl echer for 8 hr i liquid-liquid extractar.  Kvaporation
al ether lelt a vellow solid which was vecerystallized frann ethinol
to give 28 g (4200 of a pale velow erystalline =alid.  Several
rearvstallizations front ethanol guve the analytieally proe mnte-
vind: white evbes, i I8SA-18790 A9 0306, 2085 mu; A8 5o,
2440 miu.

Anal, Caded Tor CiHLCIN S
C30 14 H, 3,45,

2-Ethylthio-6-methylaminopurine,- -2-}thylchio-G-chlora-

purine (101 g1 was heated under reflux for 4 hr with 25%; aqueous
MeNH. 350 ml). A pale yellow =olid separated and was filtered
fram the caaled salution.  The filtrate was evaporated 1o hall
volume nd coaled. Mare salid separated nnd was filtered,
vielding a tatal of 1.9 g Reerysudlization of this from meth:ool
guve 01 g of aff-white crystals, which sublinted from 180°
melted at 202-204°0 An aliquot frann a secand preparation wis
recry=tillized Trom water and fram methanal to give pure white
=pindles whiclh suthlinied froot 1807 and melted a1 2o 2a4e;
NCCONT 250w AL 28

Apal. Caled Tor CO0NLS:
Coaa1 s 1, a0,

2-Trifluoromethyl-6-methylaminopurine. - -2-'rifluoromethyl-
G-chlaropurine® {3 g) was heated under reflux with 304 aqueous
MeNIl, 200 mly far 2 . A white salid separated ond was
filieved: the filime was canceniraced o half voluume and yielded
ssecond erap al salid giving o total of 4.65 g which =ublinied Tram
210° aud decomposed av 280°0 Recerysallizatdon fram Methyl
Cellosolve gave 4,15 g (854 5. Twa reeryscallizations frant meth-
snal af anwdiquat from a secand preparation gave o pure white
imieraerystalline  =alid, which valatilized without meliing ot
2N050 AN U7 e AL 272, 1220 .

Anal. Caled far CillglaNq: 0, 38720 H, 2.7
a2 11 510,

2-Chloro- Vi-methyladenosine (la). (i),--A 10V, queous
saluttan of NaOl (16 ml) wis added 1o o stirred suspension of
2-chlara-g-methylaminopurine™ (7.3 g, 40 nuuoles) qand Celite
(14.48 g) in 330 ml of wier, followed hy slaw addition ol asobuian

CyostG; 1L nda, Paand:

1., 5500 Fomd:

I"annd:

(LA ML Rewkwell il AL 1L Mawnire, J. Mol £'havm., in press.

(141 Melding points were Jdetermined on a Kofler Reieleert sepparaoe al
sremtcorree(el. Ultraviatet spee(ra were whicained on a Perkin-f2limer Malel
330 specrrophaiometer. and oplical roladans were measnred on a Ililwer
polarimecer.  Speceral dare and aptical rotations with scandard errors are
smmmarized in Table 11, Paper ehromwa(ography was ecarried out hy the
ascending (echnique iv 1mOIL-11.0 (86:14), and spots were loeated Ly
obgervation mnler aliraviolee ligla.  Microanalyses were done by the
Australian Mieroanaly (eal Serviee, Division of Organie Chemisory, G811~
R.0., University »f Melbwarne.

LAY AL G Berman, S U Chem, Sees, T6, 5833 (1004

d161 1] Nagare. N, Devine, AL Sagxiomo, and 12 Nodiff, /. Med. Chem., T,
125 VG,

JoA Moncmomery mel Lo B Hoimm, S Ao Chem Socl, 80, 2101

Cluns)
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Tasre II
SeecTRAL DaTa AND OPTICAL ROTATIONS

Derivative of adenosine pH 1
2-Chloro-N¢t-methyl- 270(15.5)
2-Chloro-Nt-dimethyl- 278 (18.7)
2-Methylthio-Né-methyl- 272(15.8)
2-Ethylthio-N*-methyl- 272.5(17.1)
2-Trifluoromethyl-N¢-methyl- 266(13.0)

(4 0.5H,0)
2-Methoxy-Né-methyl- (4 H.0) 276.5(14.1)
of HgCls (10.86 g, 40 mmoles) i1 ethanol (350 ml). A gel-like
suspension of the chloromercuri derivative gradually formed;
the pH was adjusted to 8 with aqueous NaOH, and the suspension
was kept at room temperature for 12 hr. The product was
filtered, washed with water and ethanol, aud dried in wvacuo.
The material (29.9 g, 949) was added to anhydrous xylene
(600 ml) and further dried by azeotroping under a Dean—Stark
head. A xylene (50 ml) solution of 3,'8 which was prepared from
20.16 g (40 mmoles) of 5, was added and the nixture was re-
fluxed and stirred for 3 hr. The hot suspension was filtered and
the filtrate was evaporated leaving an oil which was dissolved in
CHCI; (100 ml). The filter cake was washed with three 100-ml
portions of hot CHCl;. The chloroform solutions were combined
and extracted with two 100-ml portious of 309 aqueous KI and
two 100-ml portions of water and dried (Na,8Q,). Chloroform
was evaporated leaving a viscous orange oil, which was kept for
2 days at 2° with absolute methanol (100 ml) saturated with
NH;. The oil gradually dissolved. Methanol was evaporated
leaving a brown oil (10.0 g). This was partitioned between
water (50 ml) and CHCl; (50 ml). The aqueous extract was
extracted once more (CHCl;) and evaporated to a clear brownish
glass, which crystallized when triturated with ethanol., Filtra-
tion yielded 6.1 g of brown crystals, and two recrystallizations
from methanol gave 4.3 g (349) of la. Two more recrystalliza-
tions from methanol gave pure 1a, mp 203-204°. The spectral
data are recorded in Table II.

Anal. Caled for C))H\sCIN;O4: C, 41.84; H, 4.47; N, 22.10.
Found: C, 41.88; H, 4.82; N, 21.83.

(ii).—A mixture of 2,6-dichloropurine® (18.9 g, 0.1 mole) and 5
(50.4 g, 0.1 mole) was heated in vacuo at 135° in a rotating flask
until a clear melt was obtained. Considerable evolution of acetic
acid occurred at this stage. The reaction flask was cooled to
room temperature, anhydrous p-toluenesulfonic acid (200 mg)
was added, and the flask again was heated in vacuo with rotation
at 140° for 25 min. A vigorous gas evolution occurred and a
clear glass was obtained. The flask was cooled to room tempera-
ture and the product was dissolved in CHCl; (500 ml). The
chloroform solution was washed with three 200-ml portions of
saturated aqueous NaHCO,; and with two 100-ml portions of
water, filtered, and dried (N,80.). Evaporation of CHCl;
left a clear pale yellow glass which was triturated with hexane
to give the blocked 2,6-dichloropurineriboside as a hexane-
insoluble cream powder (60 g). Thin layer chromatography on
silica gel in CHCly—ethyl acetate (9:1) showed that the blocked
nucleoside was essentially homogeneous, and it was not further
purified. Five grams of this product was treated with 300 ml
of anhydrous methanol, and the mixture was saturated with
anhydrous methylamine at 0°. It was kept at 3° for 3 days and
the solid gradually dissolved. The solution was then transferred
to an autoclave and kept for 2 days at room temperature. Neth-
anol was evaporated leaving a clear brown glass which was dis-
solved in water (50 ml). The aqueous solution was extracted
with three 20-ml portions of CHCl; and evaporated to a viscous
brown oil. Trituration of this with methanol gave brownish
crystals (1.34 g) which were recrystallized from ethanol to give
1.1 g of 1a, mp 205-207°. A mixture melting point with the
product obtained by route i and comparison of the spectral
properties of the two products showed them to be identical.

2-Methylthio-N%-methyladenosine (lb). (1).—2-Methylthio-
6-chloropurine?' (2.0 g, 9.9 mmoles) was heated in vacuo with
5.04 g (10 mmoles) of 5 to 140° without appreciable solution of

(18) H. M. Kissinan, C. Pidacks, and B. R. Baker, J. Am. Chem. Soc., 77,
18 (1953).

(19) E. F. Recondo and H. Rinderknecht, Helr. Chim. Acta, 42, 1171
(1959).

(20) A. G. Beaman and R. IX. Robins, J. Appl. Chem., 12, 432 (1962).

{21) C. W. Noell and R. IX. Robins, J. Org. Chem., 24, 320 (1959).

Amax, mp (e X 1078 ——— [a]?:50, deg (c,
pH 13 /100 ml, MeOH)

268(16.8) —53.5 %+ 0.2(0.3353)

276 (19.6) —58.6 £ 0.2(0.2937)

279(15.9),239(19.8)
280(17.2)240.5(21.3)

—40.2 +0.2(0.9877)
—34.6 £0.2(1.032)

265(13.4) —48.8 +20.2(0.9688)
269(16.2) —46.6 £ 0.2(1.013)
the purine. Approximately 30 mg of dry p-toluenesulfouic acid

was added to the cooled melt and the mixture was reheated to
130-140°. A brisk effervescence occurred and after 35 min at
140° a clear melt was obtained. This was cooled to give a glass
which was dissolved in CHCl; (100 ml). The CHCJ solution
was washed with saturated aqueous NaHCO; (50 ml) then with
two 75-ml portions of HyO and dried (Na;804). Chloroform was
evaporated leaving a brown glass (5.7 g). This was dissolved in
250 ml of anhydrous methanol, and the solution was saturated
with dry methylamine at 0° and allowed to stand for 3 days in an
autoclave at room temperature. MeOH was evaporated to give
a dark residue. This was triturated with acetone (100 ml),
and the acetone solution was decanted from some black tarry
material and evaporated to a dark oil which was partitioned be-
tween CHCl; and water (100 ml each). The aqueouslayer was
treated with charcoal, filtered, evaporated to 10 ml, and cooled in
ice. Crystals separated and were filtered to vield 0.55 g (17%)
of brownish prisms, mp 113-115°, which were purified as described
below.

(ii).—2-Methylthio-6-chloropurine (3.5 g 17.4 mmoles)
was heated under reflux for 30 min with acetic anhydride (350
ml) and the mixture was evaporated to dryness. The residue
crystallized from a chloroform solution as needles (3.95 g),
mp 142-145°, The acetvlated purine (3.95 g) was heated in
vacuo with 5 (8.82 g) at 130-140° as described above and dissolved
to give a clear melt. This was cooled, p-toluenesulfonic acid
(30 mg) was added, and the mixture was again heated ¢n vacuo
at 130-140° when a brisk effervescence occurred and the melt
darkened considerably. The product was cooled and dissolved in
CHCI; (100 ml). The CHCl; solution was extracted with satu-
rated aqueous NaHCOj; (50 ml) and with two 50-ml portions of
water and dried (Na,;80,). CHCl; was evaporated leaving a
dark residue. This was triturated with methanol (100 ml) to
give a dark solution and a black insoluble solid. The methauol
solution was decanted from the solid (0.98 g) and treated with
charcoal, filtered, and evaporated to give a pale yellow residue.
This was treated with CHCl; (100 ml) and 1.35 g of a white in-
soluble solid was filtered off; melting point and spectral data
showed this to be recovered 2-methylthio-6-chloropurine. Chlo-
roform was evaporated from the filtrate, and trituration of the
residue with three 50-m! portions of hexane gave 8 g of a solid
which was dried n vacuo over P;O;. The dried solid was dis-
solved in anhydrous methanol (300 ml), and the solution was
saturated at 0° with dry MeNH, and allowed to stand for 7
days in an autoclave at room temperature. Methanol was
evaporated leaving a dark brown glass. This was triturated
with acetone and the acetone solution was decanted from a black
tar and evaporated to a dark residue, which was dissolved in
water (100 ml) and extracted (CHCl;, 100 ml). The aqueous
layer was evaporated to 25 ml and slow evaporation of this solu-
tionl in air at room temperature yielded 0.85 g of 1b (159;) as
brown crystals, mp 115-120°.

The brown crystalline products from the two above prepara-
tions were combined and recrystallized three times from 509;
aqueotts methanol to yield 0.9 g of white needles, mp 172-174°.
A further recrvstallization from water gave 0.80 g of white prisms,
mp 118-119° (presumably a hydrate), which were finally crystal-
lized from methanol as 0.67 g white needles, mp 170-171°.

Anal. Caled for C1Hi2N;O48: C, 44.03; H, 5.23, N, 21.39.
Found: C, 44.00; H, 5.26; N, 21.27.

2-Ethylthio-Nt-methyladenosine (1d).—2-Ethvlthio-6-methyl-
aminopuriie (9.1 g, 43.5 mmoles) and Celite (20 g) were ground
to a fine powder. The mixture was added to a vigorously
stirred solution of HgCly (11.8 g, 43.5 mmoles) in 50%; ethanal
(500 ml). A solution of NaOH (1.75 g, 43.7 mmoles) in water
(40 ml) was added dropwise to the stirred suspension which
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gradually bhecame yellow,  Stitring wis coatinued for 50 oun,
then the Celite-chloramercuri-2-ethylthio-G-mechylaminopnrine
mixture was filtered, washed with ethanol, and dried in vacuo
(yield 39.28 g, 99%). The product was huther dried and
treated with 48.5 mnioles of 3 as described for la. The can-
densation product was deblocked with methanolic N1y ax de-
scribed for 1a, and 1d (6.2 g) crystallized during the chloraform
extraction of the final aqueous sohution.  Two recrystallizations
from ethanol gave white plates (4.4 g, 30¢7 ), mp 206-207.5°,

Anal. Caled for CygH N0 () 45.73; 11, 5.61; N, 20,51,
Found: C, 45.79; H, 4.81; N, 20.00,

2-Trifluoromethyl-N¢-methyladenosine (le).--Chlaromercuri-
2-trifluoromethyl-6-methylaminopurine on Celite was prepared
from 4.12 g (19 mmoles) of the purine, 10 g of Celite, 5.18 g (14
mmoles) of HgCly, and 0.765 g (19 mmoles) of NaOH as described
for 2d; 17.2 g of the chloromercuri-2-trifluoromethyl-6-methyl-
aminopurine-Celite mixture was obtained and treated wilh
19 mmoles of 3 (from 9.65 g, 191 mmales, of 5). The pracedure
and work-up were as described for 1d, and le separated from water
as a light brown erystalline solid (.83 g, 4:477%), up 203-207°,
which crystallized fram water us while needles (3.4 g, 367 ),
mp 203.5-206°. A secand recrysallization gave pure le, mp
2104-2206°.

Anal. Caled for CpHFNO-0511,0: €, 40.19; 11, 4.19;
N, 19.54. Found: C, 40.15; H, 4.10; N, 19.44.

2-Chloro-N¢-dimethyladenosine (1f).—A ehloromercuri-2-

chloro-6-dimethylaminopurine-Celite mixture wus prepared
in 84¢ yield, as described for 2d fram 6.0 g (30.4 mmoles) of
2-chloro-6-dimethylaminopurine,’? Celite (12.0 g), HgClL (8.25 g,
30.4 mmoles), and NaOH (1.22 g 30.4 mmoles). The dried
product (21.6 g) was treated with 30.4 mimoles of 3 (from 15.3 g,
30.4 mmoles, of 5) as described for 1d. Evaporadon of methanalic
NHj after the deblocking step lefl a dark ail  Trituration wilh
CHCls-water gave crystals (4.55 g, 46%;) which were recrystal-
lized twice from aqueous ethanol to give 1f as needles (3.4 g),
mp 214-215°. Two recrystallizations from niethanal gave
analytically pure 1f, mp 218-220°.

Anal.  Caled for CoHyCIN;O4: C, 43.69; 11, 4.50; N, 21.24,
Found: C, 44.02; H, 5.08: N, 21.27.

2-Methoxy-Nt-methyladenosine (1c).--Sodium mechoxide

(2 ¥, 8 ml) was added to a solution of 1a (1.0 g) i dry merhanal
(10D ml), and the soludon was heated under reflux for 50 hr.
T'aper chromatography showed that only « trace of l1a remained.
The solution was cooled, neutralized with dilute HCl, and evapa-
rated to a white residue. This was extracted with dry ethanal
(50 ml), NaCl was filtered off, and the filtrate was evaporated
leaving a colorless gum. This was dissalved in water (30 ml),
and the solution was filtered from sonie insoluble material, con-
centrated to 10 ml, and refrigerated. Crystals of Ie (0.75 g3
separated. The product was chromatographically pure and twa
recrystallizations from 3097 aqueaus ethanol gave pure le,
clusters of needles, mp 106-108°.

Anal. Caled for CoHpN:O: 11O, 43.77; H, AN2; N,
21.27. Found: C, 43.93; H, 6.21; N, 2112

Acknowledgment.—'he authors nre indebted to M.
D. Nobbs for his expert preparation of chemical inter-
mediates.
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Several studies on the use of amino acid residues to
transport biologically active groups across cell mem-
branes have been reported.2=® In the main, however,

t1) Deceased.

(2 1. P, Bllic A T, Pallee, ol O Ro Maringion, . Chem, Soe., 83
(14048).

Val 10

the possibility that un amino aeid derivative of a plue-
ucologleally aetive molety woukl penetrate to sites
nat reached by the parent compound hix not been ex-
plored. T the first paper of this series,® the prepara-
tionn ud =ome of the biological properties were de-
seribed of three new amino aclds related both 1o tyro-
sine and aspirne. One of the compounds, pi-3-cur-
boxy-d4-imethoxyphenylalanine (CMPA: 4, R = i-
COOH: R* = 4-CH;O; R* = I was found to be aun
ornlly cffective mnlgetic ngent i auinmbs nud o but
was poorly  aud  erratically  absorbed. It served,
however, ax n reference contpound i the search for
compouuds which are better absorbed and ot least
as potent.  The congeners of pL-3-carboxy-4-methoxy-
phenylalanine which were prepared and  evaluated
(Tables T and I1) include isomers, homologs, wid suni-
logs. Al were syvnthesized from nceyviunidomalonates
axshown i Seheme T

Seueve I

Rs Rs
CH,X —— CH,C(COOC,H, ),
R Re |

R R NHCOR
1 2
R R
CH,C(COOH), CH,CHCOOH
R { R? | -+
R NHCOR R NH,-Cl™
5 3

R3 R&
CH,CHCOOH CH,CHCOOH
R’ | TR |
R NHCOR R NH,
6 4

The pharnacological data in Table 1 show that
snwall structural changes in pr-3-carboxy-4-methoxy-
phenylalanine (CMPA) arc accompauied by increased
toxicity and attenuation or loss of analgetic aclivity.
Replacement of the methoxy group by ethoxy or chloro
aud of the carboxy group by formyl or carboxamido
results in considerable loss of analgetic activity, Sub-
stitution of the benzeue nucleus of CMPA with o methyl
group does nol seent to have a nuarkedly deleterious
effect on analgetic activity butl causes n great ilerease
i toxicity. Ouce of the isomwers of CNMPA, b1-3-
carboxy-2-methoxyphenylalanine, shows analgetic ue-
tivity i the same range as CMPA but is more toxic.
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