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NUCLEOSIDES & NUCLEOTIDES, 13(10), 2051-2058 (1994) 

NUCLEWYCLI TOLS. SYNTHESIS  OF ETHANOLAMI NO-PURI NYL I NOS1 TOL 
DEKI VAT1 VES AND THE1 R REACT1 ON WITH THI ONY L CHLORIDE 

Sil .via  R.  Leicach,  Maria E. G e l p i ,  and R a u 1  A .  Cadenask 

Departamento de Qrtt mica. Facul tad  de Agronomi a .  
Universidad de Buenos A i r e s .  (1417) Av. San 

Martin 4453. Buenos Airee. Argent ina.  

Abstract: The r e a c t i o n  of  mono- and diethanolamine w i t h  a 6- 
chlorcrpur inyl i n o s i t o l  gave 6-e thano 1 aminopur iny l -  i n o s i t o  1 
d e r i v a t i v e s  which by react . ion w i t h  t h i o n y l  c h l o r i d e  
genera ted ,  through q u a t e r n i z a t i o n  of N" of t h e  pu r ine ,  
condensed imidazo-purinyl ca rbocyc l i c  nuc leos ide  a i ~ ~ l o g s .  

I NTRO DUCT I ON 
I n  r e c e n t  years t h e  sea rch  for carLocycl ic  ana logs  of 

nuc leos ides  has e l i c i t e d  ample i n t e r e s t ,  motivated by t h e i r  
d i v e r s e  phys io log ica l  a c t i v i t i e s  i n  such d i f f e r e n t  aspects 
a s  t.hose of an t i tumor ,  a n t i b i o t i c  o r  a n t i v i r a l  agents. '  I n  

t h e  i n o s i t o l  f i e l d ,  p rev ious  s t u d i e s  showed coinpound 2 ,  

(see Scheme 1) to be a u s e f u l  sus t ra te  for coupl ing  reac- 
t i o n s  wi th  p u r i n e s  t o  g ive  ca rbocyc l i c  nuc leos ide  ana logs  
f u n t i o n a l i z e d  Goth i n  t h e  pu r ine  and i n  t h e  i n o s i t o l  

mo ie t i e s .  Whereas the s y n t h e s i s  of  d e r i v a t i v e s  by 
subs t~ i tu t . i on  i n  t h e  pu r ine  r i n g  w a s  r e l a t i v e l y  s t r a i g h t f o r -  
ward, t h e  modi f ica t ion  of t h e  i n o s i t o l  p o r t i o n  through 

d isp lacements  of t h e  mesyloxy groups proved t o  be very 

d i f f i c u l t , .  
The pre v i ou s 1 y cie sc r i be d 6- ch 1 o r o  pur i n y 1 i no I: i t o  1 3 wa I: 

2,3 

4 

a gooci st .art . ing material f o r  s u b s t i t u t i o n  a t  t h e  6-pos i t ion  
C J f  t h e  pu r ine  r i n g .  The unusual  r e s i s t a n c e  of t h e  mesyl 
groups t o  t h e  a l k a l i n e  c o n d i t i o n s  r equ i r ed  f o r  t h a t  r e a c t i o n  
favored. ~r c1ea.n proc:edure , without. B i d e  react ionn. 

205 1 

Copyright 0 1994 by Marcel Dekker, Inc. 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 2

2:
00

 0
1 

Ja
nu

ar
y 

20
15

 



2052 LEICACH, GELPI, AND CADENAS 

Publisheds and cu r ren t  experiments i n  our  labora tory  
showed i n t e r e s t i n g  e f f e c t s  of .  some of t h e  nuc leocyc l i to l s  

t h u s  f&r synthesized as growth promoters o r  senemenfie re- 
ta rdera  upon vege ta l   cell^. E f f e c t s  upon animal c e l l s  were 
observable i n  ~ s s a y s  OR tumors tlnd on t h e  inmunological 
system. &rid t h i s  ied us t o  synthes ize  n i t rogen  mustard d e r i -  
v a t i v e s  of nuc1eocycl.it.ols as pot .en t ia l ly  s t ronge r ,  physiol-  

c-)g i cnl l y  act. i ve molecules . 

RESULTS AND DISCUSSION 
Wheii compound 3 was heeted wi.th diethanolamine i n  

met.hanoi. for 88 h ,  the 6--diethanolamino der ivat . ive 4 waa 
obtained i n  86.2% y i e  Id.  R e f  luxing compound 4 with pure 
t h iony l  chI.ori.de for cj h led t o  a d i ch lo ro  d e r i v a t i v e  in 
73 .7 !X y i e l d .  Thjs  su'bstance' showed excsJ.:Lent. Ro lub i l i t y  i.n 
w a t e r .  and presented on TLC an unexpected slow-moving 
behavior ,  compared with  t.ha presumably more polar  s t a r t i n g  
mator ia l  4.  T h i s  behavior w m  i n  contr.ast. with t h f i t  expected 
for a N , N - - b i s (  2-chloroethyl  )ami.no d e r i v a t i v e .  Microanalysis 

showed the presence of two d i f f e r e n t l y  bonded chlori.ne 
atoms. One of t.hem was r1irecrtl.y t i t . ra tab ; le  fit. r o o m  tempera- 
t.ure in aqueoiaa so'I.ution and t h e  o the r  w a s  quan t i f i ed  only 

a f t e r  mi .neral izat ion of t h e  sample. Th i s  r e f l e c t 8  the  

d i f f e r e n t  c h a r a c t e r ,  i o n i c  and covalent. respectiveLy, of 
t h e  two Chlorjne bonds i n  t<he mo1.ecul.e. The st,rllct,ure 
depic ted  i n  5 for t h i s  d e r i v a t i v e ,  accounts for. t h i s  
behavior and is supported hy NMR da ta .  The stahi. : l i ty of t h e  

ch loroe thyl  group i n  protic s o l v e n t s  was observed .in o ther  
i n  t r amo I ecu .L ar c y c 1 i z a t ion produc t. s o f b i. 8 ch 1 oroe t. h y 1 amino 

d e r i v a t i v e s .  
6 

Analogous r e a c t i o n s  conducted with monoet,hunolamine gave 

t h e  6-ethanolamino d e r i v a t i v e  6 ,  which by reflux with pure 
th iony l  c h l o r i d e  led  t o  compound '7. This  substance W B S  

readi . ly  so1ubl.e i n  water and inso luble  i n  most organic 
so1vent.s. Its Chlorine c!ont.erit was ctiretctly q u a n t . i f i e d  i n  

aqueous s o l u t i o n ,  and on TLC showed an HF value smaller than 
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NUCLEOCYCLITOLS 2053 

MSO G7hH 
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h s  
5 

SCHEME 1 

that CJf 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 
syrups. 

W i t a h  rvegard to the methyiene protons the ‘H NMR spectra 
in D 0 of 5 and 7 are consistent with these Rtructuree - In ? 
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2054 LEICACH, GELPI, AND CADENAS 

compound 5 the methylene ' group linked to the quaternary 
nitrogen atom appears as the more deshielded, at 4.82 ppm, 

then at higher field ( 4 . 4 0  ppm) appears the signal of the 
chloromethylene group. The two methylenes bonded to the 
nitrogen atom on C-6 resonate at 4.26 And 3.98 ppm. The 
former value is ascrihble to the group in the pentaatomic 
cycle, which would be the more deshielded o w i n g  to the 
neighboring positive charge. The chloroethylamino group 
typically showedr' the N-CH2 and Cl-CH2 resonances at. about 
z3.50 and 4.30 ppm, respectively. 

In the case of the two methylene groups in compound 7, 
tha t  linked t o  the quaternary nitrogen atom resonates at 
4.75 ppm and the other At. 4.12 pprn. Comparison with the 
corresponding values for 5 ( 4 . 8 %  and 4.26 ppm respectively) 
indicate, for this compound, an additionfix deshielding 
influence by the N-chloroethyl group, specially on the 
vjcinai methylene R r C J l I p .  

The formation of aairidinium ions was considered AS 

another structural alternative, but. the stability of com- 
pound 7, which after tan days in aqueous solution was 
recovered quantitat-ively unaltered, exclilde such a 
possibility. Aziridines hydrolyze easily affording an 
ethanolamine st.ruct;ure. On the other hand their format.ion 
from tertiary nitrogen atoms seem poorly favored . 7 

The 'H NMR spectral dat.a described above also excludes 
that structure, since the methylene protona in aziridines 
and aziridinium ions typically resonate at 6 1.90-2.80. 

The NMR data corresponding to the inositol protons 
showed for these su'batances conformat,ions with the bulky 

heterocycle in an equatorial orientation and, concomitantly, 
the mafiyloxy groups axially dieposed, a8 depicted for. com- 

Studies conducted' on the proliferation of Primary 
cultures of murine breast adenocarcinoma of diverse 
metast.asic capacity , showed that compound 5 has a dose 

dependent DISo inhibitory power at a concentration as low as 
2 x M. Upon normal cells (mouee embryo) thi6 compound 

pound 3. 
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NUCLEOCYCLITOLS 2055 

showed lesser a c t i v i t y  (at, 2 x 10-* M c o n c e n t r a t i o n ) .  

Compound 7 d i d  not. &OW 8 c t i v i t . v  at. a l l .  

EXPERIMENTAL 

Meitiiig p ~ ~ i n t ~  (Koff l e r  ho t - s t age  j a re  uncorrec ted .  1’LC 
was conduct.ed on s i l i c a  ge l  I; (Merck) plates  ( 0 . 2 5  mm l a y e r  
t h i c k n e s s )  wi th  t h e  fo l lowing  s o l v e n t s :  A )  : 6:4 (v /v )  
ace toni t r i le -met ,hanol ,  B )  13: I :  2: 4 (v /v)  a c e t o n i t . r i l e - a c e t i c  
acid-ethanol-water .  The s p o t s  w e r e  d e t e c t e d  wi th  iod ine  
vapor .  ‘H NMR spect.rA w e r e  recorded a t  20-25°C wi th  a 
Rrucker AC spectr@phota@meter at. 200.1 MHz wi th  Me4Si a s  
t.he i n t e r n a l  reference-st .andard.  

3’-C6-Chloropurin-S-y1>-3’-deoxy-l*, !3’, 6 ’ - t r i - O - C m e t h y l  

sulfonyl>-lniiccrj.nositol C3>. - T h i s  compound w a s  synthes ized  

from 6-chloropurine (1 ) and 2,3-anhydro-l ,  5 ,6- t r i -@-  (methyl 
su l fony1) -ep i - inos i to l  ( 2 )  i n  DMF, a s  p rev ious ly  desc r ibed .  

3 

3’-De0xy-3’-[6-Cdiethanolamino1purin-9-yl1-1’, S ’ ,  6’-tri- 

O-Cmet.hylsulfonyl1-iJ~r~c~rinositol C41. - To a suspension of 

c:ompound 3 (1 .25  g ,  2 . 3  mmol) i n  methanol (57 mL) WAB added 
diethanoiamine ( 2 . 4  mL, 2 .5  mmcJ1) and t.he mixture  was heated  
at. reflux for 88 h.  Upon coo l ing ,  compound 4 w a s  ob ta ined  
(1.21 g, 86.2% y i e l d )  which w a s  r e c r y s t a l l i z e d  from meth- 
anol t<o g ive  pr i sms ,  m p  146-148”C, hw,ax 264 nm (cmM 6 . 3 2 ) .  

TLC RF 0.90 ( s o l v e n t  A ) .  iH NMR d a t a  (MeS@2-d6): 8.20 
and 8.17 ( p u r i n e  r i n g  p r o t a m ) ,  5 .71 (broad d ,  H-2’ ,  H-4‘1, 
5.  14 (t, H-6. , J5,,6,= 2 .9  Hzj, 5.04 ( t ,  H-1-, 

EtOH 

H - 5 ’ ,  spacings 2.9 Hz)  4.80 (m, 4H, -CH20-), 4 .48  (t, H-3’, 

J2.,3-=J3*,1, = 10.7 H z ) ,  3.69 (broad d, 4H, -CH2N), 3 .43 

( s ,  3H, mesyl g r o u p ) ,  3.27(s, b H ,  mesyl groups).Anal. Calc. 

for C1BH27013NSS3: C, 34.89; H, 4.71; N, 11-30; S, 15.52. 

Found: C, 34.58; H, 5.03; N, 11.48;  S ,  15.75. 

3’41 -Chloroethyl-2,3-dihydro-l H-imidazol2,l-ilpurin-4- 

i urn-7~1) -3’ -deoxy-1 ’ ,5’, 6’ -t ri - 0 - C  methylnulf onyl1 -muco-ino 
s i t o l  C h l o r i d e  C 9 > . -  A suspension of  compound 4 (100 mg, 

0.16 mmol) in thionyl chloride ( 5  mL) w a s  heated at reflux 

w i t h  exclusion o f  moisture for 9 h. Then the solution 
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2056 LEICACH, GELPI, AND CADENAS 

was evaporated t o  d r y n e s s  a n d  d r i e d  f o r  24 h i n  a vacuum 

(ies:; L catc i r  aver s o d i u m  h y d r o x i d e .  The r E s L d u a i  5 0 1  i d  W d 5  

r e c r . ) i s t . a i l i . z P d  f r - o m  i . : 1  m e t h a n o l - e t h a n o l  a f f o r d i n g  5 ( 7 6  mg, 

7 1 . 7 %  y l e i d j  ~ trip 2';5--.:13'i'*C . ELOH 2'72 n m ( s  10.8). T L C  HF . A 

Q . 1 0  ( e n l v e n t  A j . H  
w a x  mM 

0 . S b  ( s o l v e n t  Bj. "H NMH d a t a  I D 2 i 3 ) :  6 
I= 

- 6 - 5 2  a n d  0 . 4 &  ( p u r L n e  r i n g  p r o t o n s ) ,  5 .42 ( t ,  H - 6  , Jl,,d. - 

J5.,g,= 3 . d  H z ) ,  5.25 ( b r o a d  6 ,  H - 1  , H-5 ) ,  4.82 i m ,  5H. 

d-2 '  , H- -Z  , ~ - . 4  ,.-ct-i.,i\i+). 4 . 4 0  it, i:i-i.,Cl, s p a c i . n g 5  5 . 3  H Z ) ,  

4 .26  i t ., i1.H -N ai ttre p e n t a a t o m i c  cyclej, 3.98 (t,CH.,-N 

of c h l o r o e t h y l a m i n o  g r o u p , ,  s p a c i n g s  5.3 H z j ,  3 - 3 7  ( s ,  3H, 

m e s y l  g r o u p ) ,  3.32 ( 5 ,  hH, m e s y l  g r o u p s ) .  Anal. Calc.. f o r  

F 

2 .i 

I-.. 0 I\i S-Cl,: C,  3 2 . 9 3 :  H, 4 . 1 4 ;  N. 10.66; S, 1 4 . 6 5 ;  

C 1 ,  1G.HO. F o u n d :  C ,  32.65; H ,  3.81; N,  10.67; 5 ,  15.08; 

C I ,  10.52. 

5 8  27 1 1  5 3 L 

3 ' -Lk?uxy-3 ' - t  fs-Cet.haiiolanuno~purin-~-y.ll-i I, 9 ' , 8 ' - t i ' i - O -  

(~thyLsul fonyl : , -muca- i i ios i t~ . l  (6). - T o  a s u s p e n s i . o n  o f  

ccjmpound 3 (300  mg, 0 . 5 4  mmolj i n  m e t h a n o l  1150 r n L j  mDnG 

e t h a n o l a m i n e  (0 .15  mL, 2 .5  m m o l )  w a s  a d d e d  a n d  t h e  m i x t u r e  

w a s  h e a t e d  a t  r e f l u x  f o r  72 h. Then t h e  s o l u t i o n  w a s  

e v a p o r a t e d  to  d r y n e s s ,  d r i e d  o v e r n i g h t  i n  a vacuum d e s s i c a t o r  

a n d  t h e  r e s i d u a l  solid was r e c r y s t a l l i z e d  f r o m  m e t h a n o l  a t -  

f o r d i n g  6 (245  mg, 75.87. y i e l d )  a s  p r i s m s  m u  1 6 5 - i 6 ' 7 G 7 C ,  
. MaOH 
A. 

rnax 
252 nm (cmM - 7 . 2 " ) .  T i C  RF 0.61 i s o l v e n t  A ) .  ?-i NMH 

data  ( MeSU2-d6) : 6 8 20 and 8 .  17 i puri.ne r i n g  p r ~ t o n s  1 , 

2 .7  Hz), 5.04  (t, H - l ' ,  H - 5 ' ,  spac ings  2.8 H z i ,  .4.80 

= 10.8 HZ), 

, , I , - = '  - 5.75 (broad ci, H - 2 ' ,  H-4-), 5.14 (t,, H - - 6 '  i ,g- t'Y.6'- 

(broad m. -CH20-) ,  4 .47 it, H - 3 ' ,  J2,,3.=J3, . 4 '  

3.58 (broad 8, --CH:!-N), 3 . 4 4  (8, 3 1 ,  m e s y l  group) .  3.213 
(8, 131, ineayl groupaJ. A n a l .  Calc. for. C16€i25(:112NgS3.H2(j: 

C, 32.37; 13, 4.58; N, 11.79: S ,  16-20.  Found: C ,  32.66;  

H, 4.93; N, lLl.61; S ,  15.93. 
TCI a hoi l i .ng suspension of compound 6 (1% mg) i n  Z- 

propyl  a l coho l  i 2 mL) WAS acided concen t r a t ed  hydrogen 

chl .or ide unt i .1  dlsso.Lut.ion W.M tlcliieveci. T h e  s o l u t l  on w a s  
en r i ched  i n  2-propfinol ( 1  mL) 8nd kept. overnight.  at. 0 " c.: . 
The hydroch lo r ide  eeit of 6 w a s  obt.ained RY &n ~ l r n o ~ ~ h ~ i ~ s  

so1.id (11.2 mg, H9%), mp 200-2UZ°C. 
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NucLEocYcLIToLs 2057 

3' -Deoxy-3' -C2,3-dihydro-l fiimiddzof 2,1 -i 1 p u r i n - 4 - i u m - 7 -  

yl3- 1 ', S', 6*-tri-O-Cmethylsulfonyl)-mucpinositol C h l o r i d e  

C 7 3 .  A suspension of compound 6 (61.9 mg, 0.1 mmol) in 
thionyl chloride ( 3  mL) was heated at reflux with the exclu- 
sion of moistsure for 2 h. The solution wa8 evaporated t80 

dryness and the residual solid was dried overnight in a vac- 
u u m  dessicator over sodium hydroxide. The residue was taken 
up w i t h  little acetone and filtered to give a pure substance 
on TLC (48.7 mg, 78.6% yield), RF 0.15 (solvent A), 
RF 0.45 (solvent B). Recryetallization from 2:l methanol- 
et.ha.rio1 gave mp 222-2240C, hEtoH264 nm (zmM 13m'1). 'H NMR 
datf i  (.D,O): b 8.46 and 8.35 (purine ring protons), 5.35 

H-5-1, 4.75 (m, 5H, H - 2 ' ,  H-3', H-4', -CH2N 1, 4.12 
(t., CH,,N), 3.29 ( s ,  3H, meeyl group), 3.23 ( s ,  6H, mesyl 
groups). Anal. Calc. for C16H24011N5S3C1. H C): C, 31.39; H, 
4.17'. A, N, 11.44; S, 15.71; C1, 5.79. Found: C, 3i.70; H, 
3 . 1 . 9 ;  N y  11.79; s ,  15.'91; C l ,  '5 .70.  

m a x  

L. 

it y H - 6 .  1 Ji..6d=J5>,e-- .- 3.0 Ha), 5.18 (broad 8, H-1' I 

+ 

L. 

2- 
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