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NUCLEOCYCLITOLS, SYNTHESIS OF ETHANOLAMINO-PURINYL INOSITOL
DERIVATIVES AND THEIR REACTICON WITH THIONYL CHLORIDE

Silvia R. Leicach, Maria E. Gelpi., and Radl A. CadenasX

Departamento de GQuimica. Facultad de Agronomi a.
Universidad de Buenos Aires. (1417) Av. San
Martin 4453. Buenos Airesa. Avrgentina.

Abstract: The reaction of mono- and diethanolamine with a 6-
chloropurinyl incsiteol gave B-ethanolaminopurinyl-inositol
derivatives which by reaction with thionyl chloride
generated, through aquaternization of N' of the purine,
condenged imidazo-purinyl carbocyclic nucleceide anasloge.

INTRODUCTION

In recent years the seamrch for carbocyclic analogs of

fet

Mmeclieosgides has elicited ample interest, motivated by their
diverse physiclogical activities in such different aspects
as those of antitumor, antibiotic or antiviral agents.1 In
the inositeol field, previous Studiesz'3 showed compound 2,
{see Scheme 1) to be a useful sustrate for coupling reac~
tions with purines to give carbocyclic nuclecside analoge
funtionalized both in the purine and in the inositol
moieties. Whereas the eynthesis of derivatives by
substitution in the purine ring was relatively straightfor-
ward, the modification of the inositol portion through
displacements of the mesyloxy groups proved to be very
difficult.®

The previously described” 6—chloropurinyl inositol 3 wase
a good starting material for substitution at the 6-position
of the purine ring. The unusual resistance of the mesyl
groups to the alkaline conditions required for that reaction

favared & clean procedure, without gide reactions.

2051
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Published  &and current experimente in our laboratory
showed interesting effects of some of the nucleocyclitois
thus far synthesgized as growth promotere oOr senegcenge re-
tarders upon vegetal cells. Effecte upon animal cells were
obegervable in aseays on tumorsg and on the inmunclogical
system, and this led us to synthesize nitrogen mustard deri-
vativeg of nucleocyclitols as potentially stronger, physiol-

ogically active molecules.

RESULTSAAND DISCUSSION

When compound 3 wag heated with diethanclamine in
methanol for 88 h,Athe 6-diethanolamino derivative 4 was
obtained in 86.2% vield. Refluxing compound 4 with pure
thionyl thoride for 9 h led to a dichloro derivative in
71.7 % vield. This substance showed excellent solubility in
water and presented on TLC an unexpected slow-moving
behavior, compared with the presumably more polar starting
material 4. This behavior was in contrast with that expected
for a N,N-bis(2-chloroethyl)amine derivative. Microanalysis
showed the presence of two differently bonded chlorine
atoms. One of them was directly titratable at room tempera-
ture in aqueous solution and the other was quantified only
after mineralization of the sample. This reflects the
different character, ionic and covalent respectively, of
the two chlorine bonds in the molecule. The structure
depicted in B for thie derivative, accounts for this
behavior and is supported by NMR data. The stability of the
chloroethyl group in protic sclvente was ohserved in other
intramolecular cyclization products of bis chloroethylamino
derivatives.®

Analogous reactions conducted with moncethanclamine gave
the 6-ethanolamino derivative 6, which by reflux with pure
thionyl chloride led to compound 7. This substance was
readily soluble in water and insoluble in most -organic
solvente. Ite chlorine content was directly gquantified in

aqueous solution, and on TLC showed an RF value smaller than
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SCHEME 1

that of 6. The chromatographic patterns of 5 and 7 did not
change even with long standing in solution.

The usual chlorination procedure with thionyl chloride
in pyridine of compounds 4 and 6 afforded dark, intractable
SYIUpE.

With regard to the methylene protons the 'H NMR spectra

in DQO of 8 and 7 are consistent with these structuree . In
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compound 5 the methylene group 1linked to the guaternary
nitrogen atom appears ae the more deshielded, at 4.82 ppm,
then at higher field (4.40 ppm) appears the signal of the
chloromethylene group. The two methylenes bonded to the
nitrogen atom on C-6 rescnate at 4.26 and 3.98 ppm. The
former value ie ascribable to the group in the pentaatomic
cyole; which would be the more deshielded owing to the
neighboring positive c¢harge. The chloroethylamino group
typically showed7 the N—CH2 and Cl—CH2 resonances at about
3.50 and 4.30 ppm, respectively.

In the case of the two methylene groups in compound 7,
that llinked to the quaternary nitrogen atom resonates at
4.75 ppm and the other at 4.12 ppm. Comparison with the
corresponding values for 8 (4.82 and 4.26 ppm respectively)
indicate, for this compound, an additional deshielding
influence by the N-chlorcethyl group, specially on the
vicinael methylene group.

The formetion of aziridinium ions was considered as
another structural alternative, but the stability of com-
pound 7, which after ten days in aqueous eolution was
recovered quantitatively unaltered, exclude such a
possibility. Aziridines hydrolyze easily affording an
ethanolamine structure. On the other hand their formation
from tertiary nitrogen atoms seem poorly favored7.

The 1H NMR epectral data described asbove also excludes
that structure, since the methylene protons in aziridines
and aziridinium ione typically resonate at & 1.90-2.80.

The NMR data corresponding to the inositol protons
showed for these substances conformations with the bulky
heterocycle in an equatorial orientation and, concomitantly,
the mesyloxy groupe axially disposed. as depicted for com-

pound 3.

Studies conducted” on the proliferation of primary
cultures of murine breast adenocarcinoma of diverse
metastasic capacityp, showed that compound S has a dose
dependent DISD inhibitory power at a concentration as low as

2 x 10—5 M. Upon normal celles (mouse embryo) this compound
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showed lesser activity (at 2 X 10_4 M concentration).

Compound 7 did not show activity at all.

EAPERIMENTAL

Meliting points (Koffler hot-stage} are uncorrected. TLC
wag conducted on silica gel G {Merck) plates (0.25 mm layer
thickness) with the following solvents: A): 6:4 (v/v)
acetonitrile-methanol, B) 13:1:2:4 (v/v) acetonitrile-acetic
acid-ethanol-water. The =pots were detected with iodine
Vapor. 1H NMR spectra were recorded at 20-25°C with a
Brucker AC spectrorhotometer at 200.1 MHz with Me4Si as
the internal reference-standard.

3* =(6~Chloropurin-9-yl> =3’ -deoxy~-1’,5", 6" =tri-0-Cmethyl
sul fonyl)-muco-inositol (3).- This compound was synthesized
from 6-chloropurine (1) and 2,3-anhydro-1,5,6-tri-0-(methyl
sulfonyl)-epi-inositol (2) in DMF, as previously described.3

3* ~-Deoxy-3’ ~[6-(diethanoclaminod purin~-9-y1>-1’,5",6* -tri-
O-Cmethylsulfonyl)-muco-inositol (4).- To a suspensgion of
compound 3 (1.25 g, 2.3 mmol) in methanol (57 mL) waes added
diethanolamine (2.4 mL, 2.5 mmol) and the mixture was heated
at reflux for 88 h. Upon cooling, compound 4 was obtained
(1.21 g, B86.2% yield) which was recrystallized from meth-
anol to give prisms. mp 146-148°C, KE;:H 264 nm (EmM 6.32).
TLC RF 0.B0 (solvent A). 'H NMR data (MeSOz—d6): S5  B.20
and 8.17 (purine ring protons), 5.71 (broad 4, H-2°, H-4"),
5.14 (t, H-6", L&n€= J5z5= 2.9 Hz), 5.04 (t, H-1",
H-5', spacings 2.9 Hz) 4.80 (m, 4H, -CH,0-), 4.48 (t, H-37,
I, a70g = 10.7 Hz), 3.69 (broad d, 4H, -CH,N), 3.43
(s, 3H, mesyl group), 3.27(s, 6H, mesyl groups).Anal. Calc.
for CigH, 50 ,N-So: €, 34.89; H, 4.713 N, 11.30; S, 15.52.
Found: C, 34.38; H, 5.03; N, 11.48; S, 15.75.

3’ -1 -Chloroethyl -2, 3-dihydro-1 H~imidazol 2, 1~-ilpurin-4-
ium=-7y13 -3’ -deoxy=-1’,5",6" -tri-O-Cmethylsul fonyl) -muco-ino
sitol Chloride (5).~ A suspension of compound 4 (100 mg,
O.16 mmol) in thiomnyl chloride (5 mL) was heated at reflux

with exclusion of moisture for 9 bh. Then the solution
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was evaporated to dryness and dried for 24 h  1n a vacuum
dessicator over sodium hydroxide. The residual solid wWas

recrystallized from l:1 methanocl-ethancl affording S (76 mg,

71.7% yield), mp 235-237-C, Ao'%" 272 nm(e  10.8). TLC R
’ e . mM -
0,10 (solvent ﬁ),HF 0.%6 i(solvent Bj). "H NMR data (D.,0): &
£.952 and 8.44 (purine ring protons), 5.42 (t, H-6 , Jx' s- =
J_ .= 3.0 Hz), 9.2% (bread s, H-1 , H-5 ), 4.82 (m, 5H,

5,

H-Z', H-=3 , H-4 ,-CHN"), 4.40 (t, CH,Cl, spacings 5.3 Hz),
4.26 (4, CH2~N af thé pentaatomic c;cle). .98 (t,CHZ—N
of chloroethylamino group, spacings 5.3 Hz), 3.37 (s, EH,
mesyl groupl, 3.32 (s, &M, mesyl groups). Anal. Calc. for
C gHy,0, NgSCl: ©, 32.93: H, 4.18;3 N, 10.66; S, 14.65;
€1, 10.80. Found: C, 32.653; H, 3.81; N, 10.67; 5, 15.08;
Ci, 10.852.

3 =Deoxy=3'~[6~C(ethanoclami nodpurin-9=-yli=-1’,%*,6" -tri-0O-
(methylsulfonyl)-muco-inositol (6).- To a suspension of
compound 3 (300 mg, 0.54 mmol; in methanol {190 mbl) mono
ethanolamine (0,15 mb, 2.5 mmol) was added and the mixture
was heated at reflux Ffor 72 h. Then the solution was
evaporated to dryness, dried overnight in a vacuum dessicator
and the residual solid was recrystallized from methanol at-
fording 6 (245 mg, 75.8% vyield) as prisms mp 1695-167-C,
areoH 252 nm o (s 7.29). TLC R, 0.61  (solvent A). Y ONMR
data (MeSOZ~dS): & RB.20 and 8.17 (purine ring protons),
5.7% (broad d, H-2°, H-47), 5.14 (t, H-67, -%36;35“6
2.7 Hz), 5.04 (t, H-1", H-5', spacings 2.8 Hz), 4.80
(broad m. -CHZO—), 4.47 (t, H-37, JzaﬁJg,'4,= 10.8 Hz).
3.568 (broad s, ~CH2—N), 3.44 g, 3H, mesyl group). 3.28
(s, 6H, mesyl groups). Anal. Calc. for Clsizp 12N HOU
C, 32.37; H, 4.58; N, 11.79: 3, 16.20. Found: C(C, 32.66,
H, 4.33; N, 11.61; 5, 1

1.
5.93
To a boiling suspengsio

n of compound 6 (12 mg) in Z-
propyl alcohol (2 mL) was added concentrated hydrogen
chloride until dissolution was achieved. The solution was
enriched in Z-propancl (1 mL) and kept overnight at 0=C.
The hydrochloride sait of 6 was obtained as an amorphous

solid (11.2 wmg, B89%), mp 200-202°C.
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3' -Deoxy=3* -(2, 3-dihydro~-1 f~imidazol&, 1 ~-i I purin=-4-ium-7-
¥y~ 17,5°,6°-tri-O-Cmethylsulfonyl)-pnuco-inositol Chloride
C7>. A suspension of compound 6 (61.89 mg, 0.1 mmol) in
thionyl chloride (3 mL) was heated at reflux with the exclu-
sion of moisture for 2 h. The sclution was evaporsted to
dryness and the residual solid was dried overnight in a vac-—
uum dessicator over sodium hydroxide. The residue was taken
up with little acetone and filtered to give a pure substance
on TLC (48.7 mg, 78.6% vield), RF -0.15 (=olvent A),
RF 0.45 (solvent B). Recrystallization from 2:1 methanol-
ethanol gave mp 222-224°C, A..-'264 nm (s__ 13.7). 'H NMR
data (D 0): ¢ 8.46 and 8.35 (purine ring protons), 5.35
(t, H-6", J, =J_ = 3.0 Hz), 5.18 (broad &,  H-1,
H-£"), 4.7% {(m, bH, H-2°, H-3", H-4", —CH2N+), 4.12
(t, CHZN), 3.29 (s, 3H, wmesyl group), 3.23 (s, 6H, mesyl
groups). Anal. Calce. for 015H24011N58301. HZO: C, 31.39; H,
4.28; N, 11.44; g, 1b6.71; €1, 5b.79. Found: C, 31.70; H,
4.19; N, 11.79; 5, 15.91; C1, 5.70.
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