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NUCLEOSIDES & NUCLEOTIDES, 6(3), 597-611 (1987) 

ISOLATION AND CHARACTERIZATION OF A NOVEL NUCLEiISIDE 
FRUl THE UgINES IIF CHKON IC f1YELOGENI)US LEUKDl I A  PATIENTS 

t i i r i s h  t3. Chhedatt*, Helen 13. Pat rzy f t t ,  Arv ind  K. Bharga 
Pamela F. C r a i n  , Sa t inde r  K. Se th i  , Jg'fes A. HcCloskey t 

and Shib P. D u t t a  

Uepart inents of B iophys ics++ arid Labora to ry  [ l ed i c ine3 ,  
Roswell Park H e i w r i  a1 I n s t i t u t e  

B u f f a l o ,  New York 14263 
and 

I l n i v e r s i  ty  o f  Utah 
S a l t  Lake C i ty ,  Utah  84112 

Uepart inents o f  f l ed i c i  rial Chemistry+ and Biochemistry' ,  

A b s t r a c t  
Froin 24 h O U r  c o l l e c t i o n s  o f  u r i n e s  o f  Chronic myeloyenous leukemia 

(CrlL) Ga t ien ts ,  a novel nuc leos ide  was i s o l a t e d .  It was assigned the  
s t r u c t u r e ,  5 ' -deoxy inos ine  ( I )  on t h e  bas i s  o f  UV,  I l l l R  and mass 
spec t romet ry  and by c m p a r i s o n  o f  t h e  s p c t r a l  d a t a  and HPLC and TLC 
i q o b i l i t i e s  w i t h  t h o s e  of t h e  au then t i c  sample. Another nuc leos ide ,  
5 ' -deoxy-5 ' -met hy 1 t h i  o ade nos i n e s u l  f ox  i de pr ev i ou s l  y i so 1 a ted  from t h e  
u r i n e s  o f  immunodef ic ien t  c h i l d r e n  was a lso  found i n  t h e  d r i n e  o f  a CML 
~ a t i e n t .  Poss ib le  o r i g i n  and s i g n i f i c a n c e  o f  b o t h  o f  these nuc leos ides  
are  d i  Scussed. 

I n t r o d u c t i o n  

r J i t n  an o o j e c t i v e  t o  l o o k  f o r  tumor markers i n  hui?ian body f l u i d s ,  

as w e l l  3 s  t o  s tudy  i l ietabol ism i n  clan, we have been i n v e s t i y a t i n g  t h e  

mod i f i ed  nuc leos ides  and r e l a t e d  substances i n  the  u r i n e s  of S p C i f i C  

groups o f  cancer pa t i en ts .  T rans fe r  KNA der ived  u r i n a r y  nuc leos ides  

such dS,  1-methY I nosine1*2, - 14- (put- i n - 6 - y l  carbamoyl ) - L - t h r  eonine 

r ibos i de ( tbA)  and ii2N2-diinet h y l  Quanos i nez, r e p o r t  ei e d r l  i e r  , 
have served as i n d i c a t o r s  o f  tumor a c t i v i t y  i n  cancer pat ients ' -6.  

Nore r e c e n t l y ,  we have r e p o r t e d  t h e  i s o l d t i o n  o f  nove l  nuc leos ides ,  

and ~ ~ 7 - B - U - r i b o f u r a n o s y l h y p o x a n t t i i n e  7 , N 6 -succ iny ladenos ine  8 

*To whan i n q u i r i e s  should be addressed. 
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CHHEDA ET AL.  598 

N1-@-0-r i b o f  uranosyl pyr i d i  n-4-one-3-carboxanide9 from t h e  w i n e s  o f  
cdncer p a t i e n t s .  These nuc leos ides  u r i y i n d t e  frm sources o the r  than 

t h e  tu rnove r  Of  nUCleiC acids.  The N6-succinyladenosjne i s  e leva ted  
i n  t h e  u r ines  of t h e  p a t i e n t s  w i t h  panc rea t i c  adenocarc inaa  and l i v e r  

adenocarcinomalO. These and o t h e r  re1 a ted  s tud ies"  suggest t h a t  

t h e  u r i n a r y  mod i f i ed  nucleosides can be used as markers f o r  assess ing  

t h e  tumor burden as w e l l  as f o r  de te rm in ing  t h e  e f f e c t i v e n e s s  o f  

therapy. This paper deals w i t h  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  a 

novel nucleoside, 5 ' -deoxy inos ine  ( I ,  F I G .  1)  from t h e  u r i n e s  o f  c h r o n i c  

myelogenous leukemia (CML) pa t i en ts .  Also r e p o r t e d  h e r e i n  i s  t h e  f i n d -  

i n g  of a nuc leos ide ,  5'-deoxy-5'-methylthioadenosine s u l f o x i d e  (11, FIG. 

1 )  from t h e  u r i n e  o f  a o f  CML p a t i e n t .  

i s o l a t e d  t h e  l a t t e r  nuc leos ide  (11) f r a n  t h e  u r ines  o f  immunodef ic ien t  

c h i l d r e n .  Nucleoside I was i s o l a t e d  from t h e  24 hour c o l l e c t i o n s  o f  

u r i nes  from two p a t i e n t s  i n  2.1 mg and 0.16 mg amounts, w h i l e  nuc leos ide  

I 1  was i s o l a t e d  i n  t h e  amount o f  0.14 mg f rom t h e  24 hour c o l l e c t i o n  

fran one p a t i e n t .  

M i l l s  e t  a1.12 have r e c e n t l y  

MATERIALS AND METHODS 
Neut ra l  charcoal  ( N o r i t )  was purchased from Fisher  S c i e n t i f i c  Co. 

C e l i t e  545 was obta ined from Johns-Mansv i l le  Co. and was washed w i t h  6 N 

HC1, water,  e thano l ,  and then d r i e d  b e f o r e  use. DEAE c e l l u l o s e  (DE-23) 
and A(;-1X-8 formate (200-400 mesh) an ion  exchange r e s i n  were ob ta ined  

from Whatman and Bio-Rad Labs., r e s p e c t i v e l y .  Deuter ium ox ide  (99.96 

atom % D) and DMSO-d6 (99.5 atom % D) were purchased from A l d r i c h  

Chemical Co. and Merck Isotopes, r e s p e c t i v e l y .  Glass d i s t i l l e d  aceto- 

n i t r i l e  and methanol were obtained fran Burd i ck  & Jackson. Deionized 

d i s t i l l e d  water fo r  use i n  h i g h  performance l i q u i d  chrmatography  (HPLC) 

was prepared i n  our l abo ra to ry .  Acid washed papers (g rade No. 589) were 

ob ta ined from Sch le icher  and Schuel l .  Sybron polygram s i l i c a  gel G/U.V. 

254 sheets  w i t h  i n d i c a t o r  f o r  t h i n  l a y e r  chromatography (TLC) were 

ob ta ined from Brinkman S c i e n t i f i c  Co. 

An au then t i c  sdmple o f  5 ' -deoxy inos ine  was i n i t i a l l y  ob ta ined from 
Prof. R.E. Parks, Brown U n i v e r s i t y ,  Providence, R I ,  and subsequent ly 

synthesized i n  our l a b o r a t o r y .  The canpounds 5 ' -deoxy-5 ' -methy l th io -  

adenosine and 5'-deoxyadenosine and t h e  enzyme adenosine dealninase ( c a l f  

i n t e s t i n a l  inucosd, t y p e  11) were purchased from Sigma Chemical Co. The 
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FIG. 1. 5 I -deoxyi  nos1 ne and 5 I -deoxy-5' -met h y l t  h ioadenosi  ne s u l  f o x i  de. 

canpound, 2'-deoxyadenosine was purchased from General Biochemicals,  

2 ' -deoxy inos ine  and 3'-deoxyadenosine were purchased from Vega Chemicals 

and Z'-O-methyladenosine was procured f rom PL Biochemicals.  The two 

l a t t e r  adenosines were dearninated t o  corresponding inos ines .  

U r i n e  Samples: Diagnosis,  H i s t o r y  and Treatment o f  P a t i e n t s  

P a t i e n t  I (J.D.). Ur ine  was c o l l e c t e d  fran a 25 year  o l d  male 
p a t i e n t ,  who was diagnosed t o  have CML a t  t h e  age o f  18. A t  t h e  t ime of 
d iagnos is  he had marked leukocy tos i s  with WBC o f  43000 w i t h  11% b l a s t  

c e l l s .  H i s  bone marrow was h y p e r c e l l u l a r  and he was P h i l a d e l p h i a  chro- 

mosome p o s i t i v e .  Dur iny t h e  f i r s t  two years  o f  t h e  disease he was 

t r e a t e d  w i t h  myleran, Ara C and 6-mercaptopurine. F i v e  years a f t e r  t h e  

d iagnos is ,  t h e  p a t i e n t  became r e s i s t a n t  t o  t h e  above chemotherapy and 

was t r e a t e d  w i t h  hydroxyurea, colcemid and prednisone. The p a t i e n t  had 

developed splenomegaly d u r i n g  t h e  f i f t h  year  and underwent splenectany. 
The u r i n e  was c o l l e c t e d  10 days a f t e r  t h e  p a t i e n t  had rece ived cytoxan 

f o r  chemotherapy d u r i n g  t h e  seventh year. The p a t i e n t  s u r v i v e d  f o r  a 

t o t a l  o f  seven years  and t e n  months a f t e r  t h e  d iagnos is .  

P a t i e n t  I 1  (R.U.). A t h i r t y - s e v e n  year  o l d  w h i t e  male was d iag-  

nosed t o  have CYL w i t h  b a s o p h i l i c  v a r i e t y .  He was found t o  be P h i l a -  

de lph ia  chromosome p o s i t i v e .  Chromosome c u l t u r e s  shovred a t  l e a s t  one 

c e l l  c l o n e  c o n t a i n i n g  49 chranosomes due t o  an e x t r a  chromosome i n  Group 
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600 CHHEDA ET AL.  

C. A f t e r  2-1/2 years  he underwent a t h e r a p e u t i c  splenectomy f o l l o w i n g  

which he was t r e a t e d  w i t h  hydroxyurea, 6-mercaptopurine, 6 - th ioguan ine  

a nd 

and 

f o r  

pat 

2-3 

prednisone. U r i n e  was c o l l e c t e d  t h r e e  weeks a f t e r  t h i s  t rea tment ,  

4 years  a f t e r  t h e  diagnosis.  The p a t i e n t  s u r v i v e d  f o r  t h r e e  years  

f i v e  months a f t e r  t h e  i n i t i a l  d iagnos is .  

- P a t i e n t  111 (R .M. ) .  The p a t i e n t  had been diagnosed as hav ing  CML 

about f o u r  years and 6 months, when u r i n e  was c o l l e c t e d .  The 

en t  rece ived  a bone marrow t r a n s p l a n t ;  he was g i ven  Ara C and 

cytoxan b e f o r e  the  t r a n s p l a n t  and methot rexa te  a f t e r  t he  t r a n s p l a n t .  A 
24 hour u r i n e  was c o l l e c t e d  two weeks a f t e r  t h e  t r a n s p l a n t .  

U l t r a v i o l e t  spectrophotometry.  U l t r a v i o l e t  (UV) s p e c t r a  were 

recorded on a Cary 219 spectrophotometer which was zeroed w i t h  water 

us ing  the  autobase l i n e  fea tu re .  

Nuclear Magnetic Resonance (NMR) spectrometry.  NMR s p e c t r a  were 

determiried on a Bruker  WP-200 (200 MHz) spectrometer by u t i l i z i n g  t h e  

Four ier- t ransform/quadrature phase d e t e c t i o n  mode. Sample temperatures 

were maintained a t  30" w i t h  a BVT-2000 tempera ture  c o n t r o l l e r  o f  t h e  

WP-200 s p e c t r m e t e r .  Unless s t a t e d  o therw ise ,  t h e  chemical s h i f t s  

repor ted  here  a re  g i ven  i n  ( 6 )  ppm, and a r e  measured from i n t e r n a l  TSP 

(sodium 3 - t r i m e t h y l s i l y l  propionate-2,2,3,3-d4), The u r i n a r y  unknowns 

and the  au then t i c  samples were l y o p h i l i z e d  t h r e e  t imes from 99.5% D20 

and then d i sso l ved  i n  99.9% D20. 

Mass spectrometry (MS) and gas chromatography-mass spec t romet ry  

(GC/MS). I n i t i a l  mass spec t ra  were acqu i red  us ing  a F inn igan  4000; 

spec t ra l  da ta  repor ted  here  were obtained on LKB 9000s and Var ian  MAT 

731 ins t ruments  w i t h  i o n i z i n g  energy of 70 eV, i o n  source temperature o f  

250°C. Low r e s o l u t i o n  mass s p e c t r a  were determined w i t h  t h e  LKB 

spec t raneter ;  tic column, 3 f t .  1% O V - 1 7 ,  temp. 170'C. Samples f o r  h i g h  

r e s o l u t i o n  measurements by photographic reco rd ing  (R = 14,000) were 

i n t roduced  t o  t h e  MAT 731 ins t rument  by d i r e c t  probe a f t e r  removal o f  

reagents  i n  t h e  probe vacuum lock .  Fast atom bombardment inass s p e c t r a  o f  

nuc leos ide  I 1  were acqu i red  us ing  t h e  HAT ins t rument ,  u t i l i z i n g  an Ion  

Tech FAB 11N i o n  source, w i t h  a n e u t r a l  Xe beam of 6 keV energy. F o r  

FAD s p e c t r a l  de termina t ion ,  1.5 111 y l y c e r o l  was used as t h e  m a t r i x  f o r  

one pg o f  t h e  canpound. 

Chemical d e r i  v a t i  za t ion .  Tr imet h y l  s il y l a t  i o n  o f  t h e  u r i n a r y  

unknown 1 and t h e  s y n t h e t i c  standards was c a r r i e d  ou t  by h e a t i n g  
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NOVEL NUCLEOSIDE 601 

approx imate ly  10 py o f  vacuum-dri ed m a t e r i  a1 w i t h  N,O-bi s (  t r i i n e t h y l -  

s i l y l  )acetamide, t r i m e t h y l  ch l  o r o s i l  ane and d imethy l fonnamide (Key? s 

Chemical Co.) (100 : l : lO )  i n  a sea led  m e l t i n y  p o i n t  c a p i l l a r y  tube  f o r  1 

h r  a t  louoc. [2H9JTri inethy1si1y1 d e r i v a t i v e s  were prepared us iny  

N, u- b i  s ([ ‘HsJ tr imet h y l  s 11 y 1 ) acet am i de [2 t$ ] t r ime thy l ch lo ro -  

s i l a n e ,  purchased frm Merck Isotopes. 

Chromatoyraphy 

H iyh  Performance L i q u i d  Chromatography (HPLC). HPLC was c a r r i e d  

ou t  on A l t e x  Plodel 330 y r a d i e n t  l i q u i d  chrandtograph, equipped w i t h  an 

A l t e x  model 420 system c o n t r o l l e r  proyranmer and an A l t e x  model 153 

a n a l y t i c a l  UV d e t e c t o r  w i t h  an 8 UL f l o w  c e l l  s e t  a t  wavelength 254 nm, 

and w i t h  t h e  C - K I A  A l t e x  reco rde r  and i n t e g r a t o r .  An 0US-Cl8 reversed 

phase column ( 5  um U l t rasphere  a n a l y t i c a l  4.6 mm x 25 cm) f i t t e d  w i t h  a 

25U uL l o o p  i n j e c t o r  was used f o r  p u r i f i c a t i o n  and c o i n j e c t i o n  s tud ies .  

The f o l l o w i n y  HPLC so lven t  systems were used fo r  c o i n j e c t i o n :  (A)  

l i r a d i e n t  e l u t i o n ,  water-methdnol; 0 -+ 2U% du r ing  30 min., f l o w  r a t e  1 

ml/min.  ( 8 )  I s o c r a t i c  l U %  methanol i n  water;  f l o w  r a t e  1 ml/min.  (C) 

t i r a d i e n t  e l u t i o n ,  w a t e r - a c e t o n i t r i l e ;  IJ + 20% d u r i n g  3 0  min., f l o w  r a t e  

1 ml/min. ( D )  Grad ien t  e l u t i o n ,  o f  water-methanol; 5 + 15% d l l r i n g  31) 

min., f l o w  r d t e  1 inl/inin. For  t h e  p r e p d r a t i v e  chranatoyraphy ,  U l t r a -  

spnere OUS C18 column (10 mrn x 25 cm), 5 urn pore s i z e  f i t t e d  w i t h  a 

2.U mL loop i n j e c t o r ,  Zorbax column ODS CI8 (22.1 mm x 25  ui i )  8 vn 
pore s i z e  f i t t e d  w i t h  a 3.0 V L  l o o p  i n j e c t o r  o r  a ghatinan Haynuni-9 

P a r t i s e l  10  UUS-2 C18 column (9.4 inn x 51) an) 1LJ pni po re  s i z e  f i t t e d  

w i t h  a 2.0 m l  l o o p  i n j e c t o r  were used f o r  l a r g e r  samples. 

Chromatoyraphy so l ven ts  f o r  t h i n  l a y e r  chromatography (TLC) and 

paper  chromatoyraphy. Ascendiny TLC, on s i l i c a  ye1 ti sheets and 

descending paper chranatoyrapny was perfonned i n  s o l v e n t  sa tu ra ted  

chamers  u s i n y  t h e  f o l l o w i n y  so lvent  systems v /v :  ( a )  2-propanol :  

via te r :conc .  NH40H ( 7 :  2 :  1 )  ; ( b )  e t h y l  ace ta te :  2-ethoxyethanol : 16% fonn ic  
a c i d  (4:1:2) ( u p p r  phase);  ( c )  1 -bu tano l  : g l a c i a l  a c e t i c  ac id :  water 

(4:1:2);  ( d )  1-butano1:water:conc. NH41)H (U6:14:5); ( e )  e t h y l a c e t a t e :  

propanol :water (4:1:2) (upper phase);  ( f )  propanol  :water (60:4U); ( y )  

e tny lace ta te :2 -e thoxye thano l  :water (4:1:2) (upper phase). 

I s o l a t i o n  o f  t h e  unknown u r i n a r y  nuc leos ide  I .  

a nd 

The 24 hour pooled 

u r i n e  (1210 m l )  f r a n  a CHL p a t i e n t  (J.D.) was ad jus ted  t o  pH 3 and 

passed th rough a column (2.54 x !ju cm) of c h a r c o a ~ - c e ~ i t e  ( 5 0  y each). 
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602 CHHEDA ET AL. 

The co.lumn was washed w i t h  water  (3  l i t e r s ) ,  u n t i l  t h e  washinys Mere 

c h l o r i d e  t r e e  and t h e  column-bound m a t e r i a l  was e l u t e d  w i t h  3 l i t e r s  o f  

2 N NHqOH i n  5uX aqueous e thano l .  The e lu t l t e  was c o n c e n t r d t d  t o  a 
sma l l  volume (50  fill) and app l i ed  t o  a column (2.54 x 35  an) of  125 y o f  

A ( ; -1x4  formate r e s i n .  The column was washed Wi th  2.5 l i t e r s  o f  m t e r  

and the  wash concent ra ted  t o  dbout SU ri l , and then passed th rough a 

coluinri o f  OEAE c e l l u l o s e  e q u i l i b r a t e d  w i t h  d.14 II b o r i c  acid13. The 

l a t t e r  column was f i r s t  washed w i t h  3 l i t e r s  o f  iJ.14 I1 b o r i c  ac id  and 

theri  e l u t e d  With 4 l i t e r s  o f  U.7U M b o r i c  d c i d  t o  o n t a i n  t h e  n i i c l eos ide  

f r a c t i o n .  The 0.7U H b o r i c  dc id  f r a c t i o n  was evaporated t o  dryness 

a f t e r  repeated a d d i t i o n  o f  methanol ( 4  x 130 ml ) .  The r e s i d u e  from t h i s  

t r a c t i o n  was then  chranatographed on Whatman 3 [Ill paper ( 8  pdpers,  24 x 

57 cm) i n  so lvent  b (descending) f o r  7 nours a t  r o m  te i i pe rd tu re .  The 

bands w i t h  the  h f  o f  U.63 were cu t  ou t  and e l u t e d  r r i t h  water.  The 

e l u a t e  was concent ra ted  t o  50(1 u l  and then  rechranatoyraphed on Whdtinan 

140. 1 ( a c i d  dashed pdper)  success i ve l y  i n  s o l v e n t s  a, f, c and d. The 

e l t ~ t e  from t h e  l a s t  p d p r  ChrooiatoyraphtYl i n  so l ven t  d was l y o p h i l i z e d  

t o  y i v e  10s A243 i i n i t s .  A p o r t i o n  o f  t h i s  res idue  (21) A249) was 

d i sso l ved  i n  500 u l  o f  water and p u r i f i e d  by HPLC on a reve rsed  phdse 

30s Cl8 U l t r a s p h e r e  co1ur:in us iny  72 methdnol. F i f t e e n  U n i t s  

(U.31U my) of d h i t h e r t o  unknown nuc leos ide  ( I )  bras oh td ined.  The 

unknown u r i n a r y  nuc leos ide  ( I )  hdd UV s p e c t r a  s i m i l a r  t o  t h o s e  o f  

i n o s i n e  w i t h  Xlnax (nm) a t  249 (H2U),  249 (pH 1.0) arid 253 (pH 11.0) 

( F i y .  2 a ) .  Th i s  m a t e r i a l  was used f o r  i m s  s p e c t r a l  arxl N1K a n a l y s i s  ds 

we1 I as f o r  HVLC c o i  n j e c t i o n  and TLC s tud ies .  

I s o l a t i o n  o f  Nuc leos ide  I by IJse o f  p r e p a r a t i v e  HPLC. The 

nuc leos ide  I was i s o l a t t x i  from t h e  u r i n e  o f  a second CYL p a t i e n t  ( I L P I . )  
by p r e p a r a t i v e  HPLC ins tead  o f  paper chromdtoyraphy. U r i n e  was 

c o l l e c t d ,  desa l ted  arld f r a c t i o n a t e d  on a UEHE c e l l u l o s e  coluinn i n  d 

manner s i m i l a r  t o  the  one descr ibed dbOVe. The 0.7 11 b o r i c  a c i d  f r d c -  

t i o n  was d i sso l ved  i n  2u m l  o f  water,  f i l t e r e d  and a p p l i e d  i n  4 i n j e c -  

t i o n s  t o  a reversed phase Zorbax p r e p a r a t i v e  column. A U -+ 25% methdn01 

i n  0.1 M ammonium a c e t a t e  b u f f e r ,  pH 7.0 g r a d i e n t  f o r  1 hour w i t h  8 
inl/min f low r a t e  was used. Among a t o t a l  of 35 peaks c o l l e c t e d ,  a 

f r a c t i o n  w i t h  a r e t e n t i o n  t i m e  o f  50 minutes  was pooled from t h e  4 
i n j e c t i o n s .  Th is  was concen t ra ted  t o  2.0 m l  and p u r i f i e d  on  an U l t r a -  

sphere ODS C18 reversed phase column. The c o n d i t i o n s  used f o r  de- 
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NOVEL NUCLEOSIDE 603 

s a l t i n g  and p u r i f i c a t i o n  were water f o r  30 min  fo l l owed  by a 0 + 25% 

water-methanol g r a d i e n t  f o r  1 hour w i t h  a f l o w  r a t e  o f  4 ml/min. The 

p u r i f i e d  peaks ( 3  A249) wi th a r e t e n t i o n  t i m e  o f  40 minutes  had a UV 

spec t ra  i d e n t i c a l  t o  those o f  nuc leos ide  I .  An NMR spectrum and co- 

i n j e c t i o n s  o f  t h i s  m a t e r i a l  w i t h  nuc leos ide  I and a u t h e n t i c  5I-deoxy- 

i n o s i n e  by HPLC i n  the  4 s o l v e n t  systems A, B, C and D conf i rmed the  

i d e n t i t y  as 5 ' -deoxyinosine. 

5'-Deoxyadenos i ne was deaminated 

t o  5 ' -deoxy inos ine  by a m o d i f i c a t i o n  o f  t h e  method o f  Shapiro and 

Pohl''. Ten my o f  5'-deoxyadenosine d i sso l ved  i n  4 m l  3.5 F( a c e t i c  
a c i d  was t r e a t e d  w i t h  4 m l  of 4 N NaN02, and al lowed t o  s tand a t  25OC 

f o r  3 hours. The r e a c t i o n  m i x t u r e  was concent ra ted ,  ad jus ted  t o  pH 4 

and f rac t i ona ted  by HPLC. The des i red  product,  5 ' -deoxy inos ine  was 

e l u t e d  a t  30 minutes when chrmatoyraphed on a reversed phase U l t r a -  

sphere O D s  c18 p r e p a r a t i v e  column us ing  a 0 + 25% water-methanol grad- 

i e n t  i n  70 minu te  w i t h  a 4 ml/min f l o w  r a t e .  The s t a r t i n g  m a t e r i a l ,  

5'-deoxyadenosine e lu ted  a t  t h e  end o f  t h e  grad ien t .  Th i s  m a t e r i a l  was 

i d e n t i c a l  t o  t h e  au then t i c  sample when compared by UV and NMR s p e c t r a  

and e l u t e d  as a s i n g l e  peak i n  HPLC when c o i n j e c t e d  w i t h  t h e  a u t h e n t i c  

sampl e. 

P repara t i on  o f  3 ' -deoxy inos ine  and 2'-0-methyl  inos ine .  To f i v e  mg 

o f  3'-deoxyadenosine d i sso l ved  i n  5 m l  o f  potassium phosphate b u f f e r  (pH 

7.6) was added 0.1 m l  ( 2  mg/ml  i n  phosphate b u f f e r )  (36  u n i t s )  o f  adeno- 

s i n e  deaminase. The r a t e  o f  t h e  r e a c t i o n  Has mon i to red  by TLC on  s i l i c a  

gel G p l a t e s  i n  so l ven ts  a and b ,  and a l s o  by  n o t i n g  t h e  change o f  OD a t  

265 nm. A f t e r  18 hours a t  22OC, t h e  r e a c t i o n  m i x t u r e  was l y o p h i l i z e d  

and t h e  products d i sso l ved  i n  2 m l  o f  water and p u r i f i e d  by a reversed 

phase Magnum 9 ODs-2 C18 column us ing  a 2 +30% water-methanol g r a d i e n t  
i n  30 m in  w i t h  a 3 ml/min f low ra te .  The des i red  produc t  e l u t e d  a f t e r  

25.0 min and t h e  s t a r t i n g  m a t e r i a l  was removed w i t h  a 50% water-methanol 

wash. 

Usiny t h e  above procedure 2 ' - I ) - ine th j l inos ine  was prepared by  de- 

aminat ion  o t  5 mg o f  2'-I)-methyIadenosine. The Z'-O-methyl inoslne was 

p u r i f i e d  ay us iny  a U + 40% water-inethanol g rad ien t  ( 1  hour ) ,  w i t h  a 

f l o w  r a t e  of 4 ml/ni in, on an U l t rasphere  c)DS C18 reversed phase prepa- 

r a t i v e  column. The 2'-0-rr lethyl i r iosine (3.6 my) e l u t e d  a f t e r  20  min  

w h i l e  t h e  s t a r t i n g  m a t e r i a l  e lu ted  a t  5U min. The UV and NFlR spec t ra  o f  
t h e  produc ts  es tab l i shed  t h e  s t r u c t u r e s  o f  these m a t e r i a l  5 .  

Prepara t i on  o f  5 '  -deoxy inos i  ne. 
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604 CHHEDA ET AL. 

Ac id  h y d r o l y s i s  o f  nuc leos ide  1. A s o l u t i o n  o f  5.d u n i t s  o f  

nuc leos ide  I i n  '250 pI o f  0.1 N HC1 was heated a t  l U U o  f o r  30 min. The 

r e a c t i o n  m i x t u r e  when analyzed by UV and paper chranatograpny showed 

t h d t  hypoxantnine (3.5 A260) was fornied as the  main p roduc t .  

RESULTS 

Charac te r i za t i on .  I n  UV spec t ra  t n r  unknown u r i n a r y  nuc leos ide  I ,  
e x h i b i t e d  maxima a t  245) nm a t  pH 5.9 and 1.0 w h i l e  a t  pH 11.0 t h e  maxima 

s h i f t e d  t o  253 nni ( F I t i .  2a). These UV s p e c t r a l  naxima and o the r  s u b t l e  

c h a r a c t e r i s t i c s  were s i m i l a r  t o  those found i n  the  UV s p e c t r a  o f  

i nos1 ne, 2 '  -deoxyi nos i ne, Z'-O-metliyl i nos i  ne, 3 ' -deoxyi  nos i  ne  and t h e  

spec t ra  were niost s i m i l a r  t o  t h o s e  o f  t h e  5 ' -deoxy inos ine  (F IG.  2b).  

From t h e  r e s u l t s  i t  was obv ious  t h a t  t h e  cmpound was c l o s e l y  r e l d t d  t o  

i riosine . 
Nucleoside I was converted t o  the  v o l a t i l e  t r i m e t h y l s i l y l  (TrIS) 

d e r i v a t i v e ,  and b o t h  l o w  dnd h i y h  r e s o l u t i o n  niass s p e c t r a  were ob ta ined.  

The assiynrnents shown i n  F I t i .  3a and TABLE 1 a r e  based on exac t  mass 

values o f  t h e  p r i n c i p a l  d i a g n o s t i c  ions  and on e a r l i e r  s t u d i e s  o f  t h e  

s w t r a  of model nuc leos ides lb .  The nuriiber o f  TMS groups in t roduced  

was 3, es tab l i shed  by a separa te  experiinent u s i n y  [2H93T14S b l o c k i n g  

YrWJs16. A1 1 dssiynments shown a r e  supported by a p p r o p r i a t e  inass 
s h i f t s  frm t h e  spectrum o f  t h e  deutera ted  d e r i v a t i v e .  

The M-CH3 i o n  canposi t i o n  o f  C1HH33N4U4Si corresponds 

t o  t h e  t r i s (T I1S)  d e r i v a t i v e  o f  nuc leos ide  I and shows t h e  c a n p o s i t i o n  o f  

u n d e r i v a t i z e d  nuc leos ide  I t o  be Cl0til2Y4O4. Tne base s e r i e s  o f  

ions15 o f  - -  mlz  193, 208, 209, 237, 281, 323 and 335 show a c a n p o s i t i o n  

correspordinng t o  the  base hypoxanthine, w h i l e  t h e  c h a r a c t e r i s t i c  suyar 
ions a t  - -  R I / Z  260, 245, 232 and 1 7 1  (S-TrlSOH) inainbiyuously r e v e a l  t h e  

suydr t o  be a deoxyljentose. The 8+116 i o n  s p e c i f i c a l l y  i n c l u d e s  0-2'  

frcm t h e  sugar, t h u s  e x c l u d i n g  2 ' -deoxy inos ine  a s  t h e  s t r u c t u r e  o f  

nuc leos ide  I .  Th is  conc lus ion  i s  supported hy s i g n i f i c a n t  d i f f e r e n c e s  i n  

t h e  mass s p e c t r a  o f  a u t h e n t i c  2 ' - d e o x y i n o ~ i n e - ( T M S ) ~ ,  and by yas 

chranatoyrapn ic  r e t e n t i o n  t imes:  2 min., 3 sec. f o r  I-(TMS)3 vs. 3 

min. 58 sec. f u r  2 ' -deo~y inos i r i e - ( l ?4S)~ .  That nuc leos ide  I i s  5 ' -  

deoxy inos ine  o r  i t s  dlpha-ananer i s  suyyested by t h e  low abundance i n  

FIti .  3a o f  - -  m / z  103, whicn i n  normal nuc leos ides  i s  due t o  5'-CH20TrIS. 

The mass s p c t r u m  f r a n  I was t h e r e f o r e  c a n p a r d  w i t h  t h a t  o f  a u t h e n t i c  
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FII;. 2. UV spectra  o f  ( a )  u r i n a r y  nucleoside I and ( b )  a u t h e n t i c  

5 ' -deoxyi  nosine. 

0 

m-cw 217 
UI-CY) 281 

232 4% 
I- 147 2 25 

245 
u l l y  

W 
K 

100 150 200 250 300 350 400 450 500 

Q 

10.5 

5 

m 
w" z 

miz 

I 

m i z  

11.9 

5 

m 

w" 
8 

FIG.  3. Mass spectrum of  trimethylsilyl-derivative o f  ( a )  u r i n a r y  
nucleoside I ,  ( b )  a u t h e n t i c  5 ' -deoxyinosine (TIIS)3. 
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TABLE 1 

CHHEDA ET P.L. 

S t r u c t u r e  Assignments from t h e  High R e s o l u t i o n  Mass Spectrum 
of T r i m e t h y l s i l y l a t e d  Urindry Nucleoside I 

Mass mu * Composi t ion - - Ass i gnmentt 
Observed Er ro r ,  E l  m c n t  a1 

453.1834 
32 3.1 347 
281.1236 
26 0.1 255 
245.1036 
237.U820 
2 32.1304 
203.086 7 
2 08.0 784 

2.4 
-1.2 
-1.8 
-0.9 
0.7 
1.2 

-1.1 
0.8 
0.4 

S-H 
S-H-CH, 
B+30 
S-H -CH20 
0+2H 
B+H 

* D i f f e r e n c e  i n  m i l  l imass  u n i t s ,  observed minus t h e o r e t i c a l  values. 
tM, molecu la r  i o n ;  B, base fragment;  S ,  sugar frayinent. 
d e t a i l  s rega rd ing  assignments appear i n  r e f .  (15 ) .  

F u r t h e r  

5 ' -deoxy inos ine- (T I lS)3  ( F I G .  3 b ) .  The s p e c t r a  a r e  exper imental  l y  

i n d i s t i n y u i  shdble, t h u s  suppor t i ng  t h e  i d e n t i t y  o f  I as 5 ' -deoxy inos ine .  

These da ta  a lso  exclude t h e  alpha-ananer, wtiich I S  expected t o  e x h i b i t  

d i f t e r e r i t  i o n  dbundarlces, based on ca l lpar ison  o f  o t h e r  d l  phd-beta 

a n m e r i c  p i r s 1 5 * 1 7 .  

The NWK spectrum o f  t h e  unknown nuc leos ide  I e x h i b i t e d  d d o u b l e t  
f o r  CH3 group a t  1.45 ppn. I n  a d d i t i o n ,  C 2  and C8 p ro tons  were 

observed d t  8.21) and 8.22 ppm r e s p c t i v e l y ,  f u r t h e r  suppor t i ng  t h e  

hypoxanthine i w i e t y  i n  t h e  hdse p o r t i o n  o f  t h e  niolecule. A doub le t  f o r  

t h e  anuneric p r o t o n  was observed a t  6.04 ppin. Un t h e  whole the  p r o t o n  

inaynetic resonance s p e c t r a  o f  u r i n a r y  unknown nuc leos ide  I were s i m i l a r  

t o  tnose o f  t he  5 ' -deoxy inos ine  (TAtiLE 2) .  The resonance observed a t  

1.45 ppm t o r  a CH3 yroup d i f f e r e n t i a t e d  i t  f r a n  i n o s i n e ,  2'-deoxy- 

i nos 1 n e , 3 ' - de ox y i 11 0s 1 n e and 2 ' -9 -met hy 1 i n 0s i n e . 
The n a t u r a l l y  o c c u r r i n g  nuc leos ide  I and a u t h e n t i c  5 ' -deoxy inos ine  

Here c a n p a r d  by TLC and HPLC. I n  TLC, t h e  two samples were i d e n t i c a l  

i n  f i v e  so l ven ts  (TABLE 3 ) .  I n  HVLC, t h e  unknown u r i n a r y  nuc leos ide  I 
had d r e t e n t i o n  t ime  d i f f e r e n t  f r a n  those o f  i n o s i n e ,  2 ' -deoxy inos ine ,  

3 ' -deoxy inos ine  dnd 2 ' -0 -1netny l lnos ine  i n  so l ven t  ti. The m a t e r i a l ,  

nowever, behaved very  s i m i l a r  to 5 ' -deoxy inos ine  which was i n j e c t e d  
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NOVEL NUCLEOSIDE 607 

TAHLE 2 

and 5 ' -Ueoxy inos ine  i n  DzU 
C n m i c d l  S l i i  f t s  t o r  Unknown U r i n a r y  Nuc leos i d e  I 

C8-H c7-i-l . I -H  L 3 I- HJ41-H  L!i I -  LH1 

Un knowii U r i n a r y  
INUC 1 eos i de I 8.22 S 8 2U S b U4 d 
5 ' 4 e u x y i  nos ine  d.Zti \s{  8:23[s{ 6:051d{ ::$$[,"{ :::;\:I 

TAHLE 3 

TLC Canparison of t h e  Unknown U r i n a r y  
Nuc leos ide  I and I 1  w i t h  Au then t i c  5 ' -Deoxy inos ine  

R f  x 100 
Sol ven t  Systems* 

-- a b C d 9 
Unknown u r i n a r y  nuc leos ide  I 35 48 34 14 53 
5l-Ueoxyi  nosir ie 35 48 54 14 53 

*So lvents  a r e  descr ibed i n  i l l a t e r i a l s  dnd i iethods sec t i on .  

TAdLE 4 

HPLC Ke ten t ion  Time ( I l i  nu tes)  f o r  unknown 
U r i n a r y  Nuc leos ide  I nnd 5 ' -Ueoxy inos ine  

- -- 
Solven t  .System* 

C ol:ipou nd ( A )  ( 8  1 (C 1 ( 0 )  

Unknown u r i n a r y  nuc leos ide  I 3 1 .05 17.86 25.18 26.4 7 
~ I - D e o x y i  nos ine  3U. 56 17.75 2s.u 7 26.50 
i l i x t u r e  C o i n j e c t  i o n  ( s i n g l e  F a k )  31.U7 18.00 25.62 2b.85 

*So1 vents  a r e  descr i D e d  i n r . iater i  a1 s and inet hods sec t  i on .  

i n d i v i d u a l l y  as w e l l  as c o i n j e c t e d  w i t h  t h e  n a t u r a l  n a t e r i a l  I .  I n  f o u r  

s o l v e n t s  t h e  c o i n j e c t d  m i x t u r e s  e l u t e d  as homogenous s i n y l e  peaks 

i d e n t i f y i  ny t h e  unknown u r i n a r y  nuc leos ide  I as 5 ' -deoxy inos ine .  The 

r e t e n t i o n  t imes f o r  t he  i n d i v i d u a l  nuc leos ides  as we11 as f o r  t h e  co- 

i n j e c t i o n s  a re  l i s t e d  i n  TAdLE 4. 

U r i n a r y  nuc leos ide  I1  was i s o l a t e d  frm t h e  u r i n e  o f  a CblL p a t i e n t  

(K.W.) by p a p r  ch rmatoy raphy  i n  a manner s i l n i l a r  t o  t h a t  descr ibed f o r  

nuc leos ide  I .  Hiyh  r e s o l u t i o n  f a s t  atom banbardment mass s p c t r a  o f  t h e  
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CHHEDA ET AL. 608 

nuc leos ide  I 1  showed a pro tonated  molecu le  o f  mass 314.OY2ll (HH+, r e ] .  
i n t .  99%) cor respond iny  t o  a mo lecu la r  we iyh t  of 313.0842, o r  mo lecu la r  

c a n p o s i t i o n  C11H15N504S ( c a l c .  313.0844). The frayif lent i o n  - m / i  
136 ( re1  . i n t .  luU%) corresponds t o  an u n s u b s t i t u t e d  adenine rnoiety18. 

I t s  i d e n t i f i c a t i o n  as 5'-deoxy-S'-nethylthioadenosine s u l  f ox ide  was con- 
f i rmed  by UV, tiC/WS and NMR s p e c t r a  canpar isons  w i t h  dn au then t i c  sam- 

ple.  The au then t i c  sample was prepared from 5 ' -deoxy -5 ' -me tny l th io -  

adenosine by a m o d i f i c a t i o n  o f  t t ie  p rocedure  o f  Schlenk e t  d l  . lo .  
I d e n t i c a l  r e t e n t i o n  t imes  of b o t h  t h e  n a t u r a l  and t h e  a u t h e n t i c  sample 

i n d i v i d u a l l y  a i d  by c o i n j e c t i o n  on HPLC i n  4 s o l v e n t  systems unequivo- 

c a l l y  conf i r ined t h e  i d e n t i t y  o f  nuc leos ide  I 1  as 5 ' -deoxy-5 ' -1nethy l -  

t t i i oadenos ine  s u l f o x i d e .  

DISCUSS1I)N 
The new u r i n a r y  nuc leos ide  5 ' -deoxy inos ine  ( I )  has been unequivo- 

c a l l y  cha rac te r i zed  f r u n  the  u r i n e s  o f  two Cr\L p a t i e n t s  (2.1, 0.6 m u 2 4  

nr u r i n e s ) .  As discussed i n  t h e  r e s u l t s  sec t i on ,  s t r u c t u r e  o f  nuc leo-  

s ide  I was assigned on t h e  b d s i s  o f  UV, GC/I.lS, HPLC, TLC and N1R c m p a r -  

i s o n  w i t h  t h e  a u t h e n t i c  samples. I t i s  t h e  f i r s t  5 ' -deoxy nuc leos ide  t o  

DE! found i n  human u r i n e .  I n  tenns  o f  o r i g i n ,  5 ' -deoxy inos ine  piises a 

r e a l  chd l l enye  s i n c e  t h i s  nuc leos ide  by  i t s e l f  i s  n o t  known t o  occl i r  i n  
any b i o l y i c d l  systelus. It cannot be a p a r t  o f  n u c l e i c  ac ids  s i n c e  t i l e  

C, '- l lydroxyl group essen t i  a1 tor t h e  3' ,S ' -pnosphodiester l i n k a y e  o f  t h e  

nuc le i c  ac ids  i s  absent i n  t h i s  inolecule.  

One poss ih le  Source o f  5 ' -deoxy inos ine  i n  rnamrnals a p p a r s  t o  be  

5'-deoxyadenosine whicti i s  l i b e r a t e d  f r a n  coenzyme-vitainin B12 t h rough  

enzyme i n c l u c d  IiornOlytiC c leavdye o f  t h e  l a b i l e  coba l t - cd rbun  bond''. 
Th i s  c l e d v q e  leads t O  t he  f o r m a t i o n  o f  5'-deoxyddenosyl r a d i c a l  AdCH; 

fo l lowed by t h e  a b s t r a c t i o n  of a hydrogen a t a n  frm t h e  s u b s t r a t e  t o  

generate s u b s t r a t e  r d d i c a l  and S'-deoxyadenosine. It may seem t h a t  t h e  

dedmindt ion o f  3'-deoxyadenosine c o u l d  g i v e  r i s e  t o  5 ' -deoxy inos ine ,  

however, t h e  former i s  a very  poor  s u b s t r a t e  o f  adenosine dearninase21 

and t h u s  very  u n l i k e l y  t o  dealliinate i n  mammalian systems. Recent ly  i t  

tids Deen recoynized t r i d t  5 ' -deoxyadenosine which was thouyh t  t o  be an 

i r i e r t  nuc leos ide  i s  dn excel l e n t  s u b s t r a t e  f o r  t h e  enzyme 5 ' -deoxy-S ' -  

inet ny 1 t h i 0  ade nos i ne ptio s pho ry l  a se 22. The l a t t e r  enzyme23 has  
a t t r a c t e d  a y rea t  deal of a t t e n t i o n  s i n c e  i t  c leaves  i n  a d d i t i o n  t o  
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5'-deoxy-S'-methyltnioadenoslne (MTA) a number o f  o t h e r  adenosine d e r i v -  

a t i v e s  and produces a modi f i  ed adenine and iriodi f i  ed r ibose- l -phosphate 

depending Won  t h e  andl oYS24925 .  The 5'-deoxyadenosine i s  c leaved by 
IITA phospnorylase t o  g i ve  adenine and 5'-deoxyribose-l-phosphate. The 

l a t t e r  i n  the  presence of hypoxanthine and p u r i n e  nuc leos ide  phosptiory- 

lase  c o u l d  j i v e  r i s e  t o  5 ' -deoxyinosir ie as found i n  c u l t u r e d  c e l l s 2 6 .  
flil 1s e t  a1 . have sugyested t n a t  5'-deoxy-S'-methyIthioadenosine 

su l fox ide ,  nuc leos ide  11, m y  a r i s e  fran MTA by i n  v i v o  o x i d a t i o n  w i t h  

perox ides  dnd s u p r o x i d e s  o r  enzy i ia t i ca l  l y  ~y 1 i v e r  microsornes12. 

B a ~ k \ u n d * ~  e t  a l .  have r e p o r t e d  t h a t  HTA i s  conver ted  t o  ine th ion ine  by 

r a t  l i v e r  homocjenate i n  the  presence o f  magnesium, however i n  t h e  
absence o f  naynesiun an unknown compound suggested t o  be t h e  nuc leos ide  

I I  accumulated i n  t t i i s  sys te id2 .  It i s  w e l l  es tab l i shed  t h a t  v i t a m i n  

-- 

i s  also i n v o l v e d  i n  t h e  maintenance o f  meth ion ine  l e v e l s  by t r a n s -  

m e t t y l a t i o n  o f  hoinocysteine t o  me th ion ine  tn rouyh d v i t a m i n  rnedi- 

a t d  enzyme, rnethionine synthetase. t l e th ion ine  i s  conver ted  t o  

S-adenosyl lnethionine and the  l a t t e r  re leases  b ' -deoxy-S ' -methy l th io -  

ddenosine ( t I T A )  d u r i  ny po l ydn ine  biosynthesis28. llTA i n  t u r n  can b e  
recyc led  t o  me th ion ine  o r  as sugyested above can be converted t o  

5'-deoxy-5'-methylthioadenosi ne s u l f o x i d e .  

The l i b e r a t i o n  of  5'-deoxyadenosine, a p recursor  o f  nuc leos ide  I ,  
has been associated w i t h  t h e  o n l y  o t h e r  known v i t a m i n  BI2 dependent 

mammalian mutase enzyme, i.e. t h e  convers ion  o f  methylmalonyl  CoA t o  

s u c c i n i c  Recent ly,  we have i d e n t i f i e d  7-B-D- r ibo furanosy l -  

hypoxanthine i n  t h e  u r i n e  o f  a CML p a t i e n t  and pos tu la ted  an analogue o f  
v i t a m i n  812 as a p o s s i b l e  source o f  t h i s  nucleoside7, Thus, t h e  

f i n d i n g  of t hese  t h r e e  nucleosides assoc ia ted  wi th v i t a m i n  RI2 and i t s  

two mammalian r e g u l a t o r y  enzyme systems may be r e l a t e d  t o  the  abnormal ly 

h i g h  l e v e l s  o f  v i t a m i n  B12 observed i n  CML serum30,31. A c o r r e l a -  

t i o n  may e x i s t  between excre ted  l e v e l s  o f  these u r i n a r y  nuc leos ides  and 

l e v e l s  o f  v i t a m i n  uI2 and MTA phosphorylase enzyme31 i n  ML as w e l l  

a s  o t h e r  m y e l o p r o l i f e r a t i v e  diseases. 
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