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NUCLEOSIDES & NUCLEOTIDES, 5 ( 4 ) ,  399-411 (1986) 

SYNTHE1 I C  S l U D I € S  WITH THIOSUGAR NUCLEOSIDESl 

G. Wayne Cra ig and John G. M o f f a t t *  
I n s t i t u t e  o f  Bio-Organic Chemistry, Syntex Research 

Palo A l to ,  CA 94304 

ABSTRACT 

Reactions us ing  tri -f i-butylphosphine and d i a l k y l d i s u l f i d e s  have 
been inves t i ga ted  f o r  t he  synthes is  o f  several types o f  t h iosugar  
nucleosides. Thus the  r e a c t i o n  o f  N6-benzoyl-2' ,3' -Q- isopropyl -  
ideneadenosine w i t h  a l a r g e  excess o f  d i i s o b u t y l d i s u l f i d e  leads, 
a f t e r  simple depro tec t ion ,  t o  the  t ransmethy la t ion  i n h i b i t o r  SIBA 
( 2 )  i n  q u i t e  good y i e l d .  Using l i m i t i n g  amounts o f  d i s u l f i d e ,  t h e  
reac t i on  leads ins tead t o  a py r im id ine  ring-opened cyc lonucleos ide 
(11). 
reac ts  w i t h  t h e  same reagents t o  g i v e  a 77% y i e l d  o f  t h e  c o r r e -  
sponding d i i s o b u t y l  d i t h i o a c e t a l .  
2',3'-Q--isopropylideneadenosine 5 '  -aldehyde, however, gave o n l y  a 
s i n g l e  diastereomer o f  t he  5' - a l k y l t h i o  d e r i v a t i v e  o f  11. 

The hydrate o f  2 '  , 3 '  -Q-cyclohexylideneuridine 5' -aldehyde 

The hydrate o f  N6-benzoyl- 

2 I n  a recent  paper we have descr ibed the  synthes is  o f  var ious-  
l y  p ro tec ted  and f r e e  d i t h i o a c e t a l s  (1) der ived  f rom nucleos ide 5'- 
aldehydes. Appropr ia te d e r i v a t i v e s  in t h e  adenosine se r ies  were 

then e f f i c i e n t l y  converted i n t o  the  s t r u c t u r a l l y  unique v i n y l t h i o -  

e the r  (2 ) ,  - which shares s t r u c t u r a l  fea tures  o f  t h e  t ransmethy la t ion  

i n h i b i t o r s  5'-isobutylthio-5'-deoxyadenosine (S IBA,  z) 
s ine fung in  r e l a t e d  fungal  me tabo l i t e  A9145C (4,). 

t u t e d  nucleoside 5 '  -aldehydes6 i n t o  s imple d i t h i o a c e t a l s  proved t o  

be more d i f f i c u l t  than expected. Simple a c i d  ca ta lyzed reac t ions  

w i t h  t h i o l s  gave very poor y i e l d s ,  b u t  Lewis a c i d  promoted conden- 

sa t ions  w i t h  alkylthiotrimethylsilane~~ were r e l a t i v e l y  successfu l  
although i s o l a t e d  y i e l d s  o f  pure products  were s t i l l  on l y  i n  t h e  50% 
range. Even us ing  these methods the  reac t ions  were q u i t e  dependent 

upon the  nature o f  t he  a l k y l t h i o  group, g i v i n g  d imethy l  t h i o a c e t a l s  

3 
and t h e  

4 9 5  

While seemingly t r i v i a l ,  t h e  convers ion o f  a p p r o p r i a t e l y  subs t i -  

399 

Copyright @ 1986 by Marcel Dekker, Inc. 0732-83 1 l/86/0504-0399$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



400 CRAIG AND MOFFATT 

OH OH 

1 
N 

2 
J\r 

3 4 
Jv 

q u i t e  r e a d i l y  w i t h  t r i m e t h y l s i l y l  t r l f l a t e  c a t a l y s i s .  Extension t o  

even the  d i i s o b u t y l  t h i o a c e t a l  analogs, however, requ i red  the  use o f  

t r i m e t h y l s i l y l  t r i f l a t e  together  w i t h  t races  o f  z inc  i o d i d e  o r  

t r i f l i c  ac id .  The na ture  o f  t h e  aglycone was a l s o  s i g n i f i c a n t ,  

2' , 3 '  -Q-cyclohexylideneuridine 5 '  -aldehyde being converted t o  the  

d imethy l  t h i o a c e t a l  us ing methylthiotrimethylsilane i n  t h e  presence 
6 

o f  z inc  i od ide  alone w h i l e  the  more bas ic  N -benzoyl-2',3'-Q- 

isopropylideneadenosin. 5I-aldehyde d l d  n o t  reac t  s a t i s f a c t o r i l y  

under these cond i t i ons  and requ i red  t r i m e t h y l s i  l y l  trif l a t e  

c a t a l y s i s ,  

t r i bu ty lphosph ine  mediated reac t ions  f o r  t h e  p repara t i on  o f  t h i o -  
e ther  o r  t h i o a c e t a l  d e r i v a t i v e s  o f  nucleosides, and these a re  t h e  

sub jec t  o f  t h i s  paper. 

necessary t o  prepare a re ference sample o f  5 ' -deoxy-5' -i l s o b u t y l -  
3 

thio)adenosine (SIBA,  _3) .  

I n  t he  course o f  t h e  above work we a l s o  b r i e f l y  explored severa l  

I n  o r d e r - t o  evaluate t h e  b i o l o g i c a l  p roper t i es  o f  2, i t  was 
Y 

O r i g i n a l l y  t h i s  compound was prepared 
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THTOSUGAR NUCLEOSIDES 401 

using the general method of Baddiley and Jamieson' via reaction of 
2' ,3' -Q-isopropylidene-5' -Q-tosyladenosine with the sodium salt of 
isobutylthiol in liquid ammonia followed by acidic hydrolysis. More 
recently. a potentially attractive method for the preparation of 
5'-alkylthio-5' -deoxynucleosides (7) was described by Nakagawa, 
d..' via direct reaction of free nucleosides ( 5 )  with disulfides 
and tri -n-butylphosphine. 
di -2-pyridyldisulfide in pyridine and gave quite good yields of the 
corresponding 5'-deoxy-5'-2-pyridylthionucleosides (7. R = 2- 
pyridyl) after 1-24 hr reaction at room temperature. 
example of a simple dialkyldisulfide, however, was that of the 
reaction of  dimethyldisulfide with adenosine and tri -n-butyl-- 
phosphine in dimethylformamide, which gave the desired 5I-deoxy- 
5'-methylthioadenosine (7, - R = Me) in only 38% yield after 10 days 
reaction. 
phosphonium intermediate - 6 i n  which the 2'- and 3'-hydroxyl groups 
are blocked as a cyclic dioxyphosphorane. 
have been recognized in related reactions by Kimura, et al. 

Most of the examples cited utilized 

- 
The single 

Such reactions are presumed to proceed via the 5l-oxy- 

Similar intermediates 
10 

5 
0 

0 O\ / 
P 
I 

BU3 

OH OH 

7 
Jv 

6 
.Ar 

It occurred to us that the synthesis of compounds related to 
SIBA (3) - by this route might well be substantially improved by using 
a readily available protected derivative rather than adenosine 
itself. The use of 2',3' -Q-isopropylideneadenosine was ruled out by 
the known ease of formation of the N ,5' -cyclonucleoside upon 3 
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THIOSUGAR NUCLEOSIDES 403 

11 generat ion o f  a 5'-oxyphosphonium in te rmed ia te  i n  t h i s  se r ies .  
It i s ,  however, known t h a t  t he  propens i ty  f o r  cyc lonucleos ide 

format ion i s  g r e a t l y  reduced by a c y l a t i o n  o f  t he  amino group on the  

adenine r ing.12 Hence we reacted N -benzoyl-2',3'  -Q-isopro- 
pylideneadenosine (8)6b w i t h  an excess o f  both d i  - n - b u t y l d i s u l f i d e  

and tr i -n-butylphosphine i n  dimethylformamide a t  room temperature 

f o r  12 hr .  The major  product, i s o l a t e d  i n  c r y s t a l l i n e  form i n  71% 

y i e l d  f o l l o w i n g  chromatography on s i l i c a  ge l ,  proved t o  be t h e  

pyr im id ine  r ing-opened cyc lonucleos ide (11) t h a t  was p h y s i c a l l y  and 

spec t roscop ica l l y  i d e n t i c a l  t o  t h e  p rev ious l y  charac ter ized  

product. 12b'13 C lear ly ,  as was the  case i n  t h e  mechan is t i ca l l y  

r e l a t e d  reac t i on  o f  8 w i t h  methyltriphenoxyphosphonium i o d i d e  i n  

d imethy l  formamide,'2b generat ion  o f  t h e  i n i t i a l  5 I -0xyphosphoni urn 

in te rmed ia te  (9) l e d  t o  i n t ramo lecu la r  displacement g i v i n g  t h e  

N ,51-cyc lonucleos ide 10 desp i te  the  d e a c t i v a t i n g  i n f l uence  o f  t he  

N -benzoyl group. Such N -acyl-N ,5' -cycloadenosine d e r i v a t i v e s  
a re  known t o  be h y d r o l y t i c a l l y  sens i t i ve ,  r e a d i l y  lead ing  t o  t h e  

observed N-formyl product  -- 11. 

d i s u l f i d e ,  and i t  was hoped t h a t  by do ing t h e  r e a c t i o n  i n  a l ess  

p o l a r  solvent12b and i n  the  presence o f  excess i s o b u t y l t h i o l ,  
in te rmed ia te  9 cou ld  be d r i ven  t o  t h e  des i red  t h i o e t h e r  12. 
methylene ch lo r i de ,  however, t he  r e a c t i o n  was very slow, and even i n  

a mix tu re  o f  methylene c h l o r i d e  and dimethylformamide t h e  r e a c t i o n  

had t o  be heated t o  60" t o  see accumulation o f  t h e  des i red  product .  

B e t t e r  r e s u l t s  were obtained us ing a m ix tu re  o f  dimethylformamide 

and i s o b u t y l t h i o l  (1:4) as the  so lvent ,  and a f t e r  2 days a t  room 
temperature the  des i red  c r y s t a l l i n e  N6 -benzoyl-5' -deoxy-5'- 
i sobu ty l t h i0 -2 ' , 3 '  -Q-isopropylideneadenosine (12) was i s o l a t e d  i n  
57% y i e l d  as a c r y s t a l l i n e  s o l i d  f o l l o w i n g  chromatography. 

y i e l d  o f  11 was a l s o  i s o l a t e d  from t h i s  reac t ion .  

t h a t  t he  300 MHz 
the  i s o b u t y l  moiety  as a p a i r  o f  doublets  (J = 6.6 Hz) centered a t  

0.94 and 0.95 ppm, i n d i c a t i n g  a hindrance t o  r o t a t i o n ,  presumably by 
the  pur ine  r i ng .  

t reatment  w i t h  90% trif luoroacet ic  a c i d  and ammonium hydrox ide 

6 

-- 

3 
6 -- 6 3 

- 

12b 

Q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  were obtained us ing  d i i s o b u t y l -  

I n  

A 9% 
It i s  i n t e r e s t i n g  

1 
1_ 

H-NMR spectrum of 12 shows t h e  methyl groups of 

Deprotect ion o f  12 -- was achieved by sequent ia l  
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404 CRAIG AND MOFFATT 

g i v i n g  a 92% y i e l d  o f  c r y s t a l l i n e  SIBA (3 )  w i t h  phys ica l  p roper t i es  

s i m i l a r  t o  those i n  t h e  l i t e r a t ~ r e . ~  
groups almost completely res to res  f r e e  r o t a t i o n ,  t h e  te rm ina l  methyl 
groups now appearing as on ly  a s l i g h t l y  broadened doublet .  

above method prov ides a f a i r l y  convenient a l t e r n a t i v e  t o  t h e  pub- 

l i s h e d  synthes is  o f  SIBA, a compound which has proved t o  e x h i b i t  a 
broad a r ray  o f  b i o l o g i c a l  a c t i v i t i e s  based upon i t s  a b i l i t y  t o  

i n h i b i t  S -adenosylhornocysteine hydro lase and thus S-adenosyl- 

met h i on i ne med i a ted  t ransmethy 1 a t  i on. 
I n  our  prev ious work we showed t h a t  2',3'-Q-cyclohexylidene- 

u r i d i n e  5 '  -aldehyde (13) could be converted i n t o  i t s  5 '  - d i i s o b u t y l -  

t h i o a c e t a l  d e r i v a t i v e  (14) through r e a c t i o n  w i t h  i s o b u t y l t h i o -  

t r i m e t h y l s i l a n e ,  z inc  i o d i d e  and t r i m e t h y l s i l y l  t r i f l a t e  i n  an 
i s o l a t e d  y i e l d  o f  45%. 
hydrate (I?) t h a t  can be a z e o t r o p i c a l l y  dehydrated t o  t h e  f r e e  

aldehyde, we considered t h e  p o s s i b i l i t y  t h a t  t reatment  o f  13 
under the  cond i t ions  o f  Nakagawa, e t  al.,' cou ld  lead s e q u e n t i a l l y  
t o  t h e  d i t h i o a c e t a l  (14). Indeed, t reatment  o f  13, w i t h  excess 

d i i s o b u t y l d i s u l f i d e  and t r i bu ty lphosph ine  i n  dimethylformamide a t  

room temperature f o r  8 h r  l e d  t o  t h e  i s o l a t i o n  o f  ll, i d e n t i c a l  t o  

t h a t  described e a r l i e r , '  i n  a y i e l d  o f  77% f o l l o w i n g  chroma- 

Removal o f  t h e  p r o t e c t i n g  

The 

5,14 

"- 
-- 
Since t h e  aldehyde occurs as a s t a b l e  

6a 

-_ 

tography on s i  

improvement i n 

i c a  g e l .  Th is  c l e a r l y  c o n s t i t u t e s  a substant  a1 

the  synthes is  o f  t h a t  compound. 

i -BUS, 
CH CH HO, 

* i"us'Q 

i -Bu2S2 Ho'GJ Bu,P 

13 
0 

14 
m 
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THIOSUGAR NUCLEOSIDES 405 

1 5  
A f t e r  completing t h i s  r e a c t i o n  we r e a l i z e d  t h a t  Tazaki and Takagi 

have a l ready  b r i e f l y  descr ibed the  conversion o f  f r e e  aldehydes t o  

d i t h i o a c e t a l s  us ing  d i a l k y l d i s u l f i d e s  and t r i bu ty lphosph ine  i n  the  

absence o f  so lvent .  The i r  proposed mechanism suggests a nucleo- 

p h i l i c  a t tack  o f  t h e  t h i o l a t e  anion i n  the  i n i t i a l  complex 

Bu3P-SR SR (15) upon the  carbonyl group as an e a r l y  event and 
would appear t o  be inoperable w i t h  t h e  aldehyde hydrate.  It i s  

e n t i r e l y  poss ib le ,  however, t h a t  t he  i n i t i a l  adduct (16) -- f rom t h e  

hydrate and 15 cou ld  lose  t r i bu ty lphosph ine  ox ide t o  generate the  

f r e e  aldehyde (17) ,  which cou ld  then p a r t i c i p a t e  i n  t h e  Tazaki and 

l a k a g i  mechanism. We have no t  sought a c l a r i f i c a t i o n  as t o  which 

mechanism a c t u a l l y  occurs. 

0 0  
-- 

-- 
22 

Bu~PO, "13 
CH-R + 15 - CH-R Ho, 

0 
HO' 

e.g. 13 i -BUS@ 
m 

16 
# 

0 
II - HCR 

17 
# 

+ Bu,PO 

+ i-BuSH 

An at tempt  t o  extend t h i s  r e a c t i o n  i n t o  t h e  adenosine se r ies  l e d  

Thus r e a c t i o n  o f  t h e  hydrate o f  N - 
6 

t o  q u i t e  d i f f e r e n t  r e s u l t s .  

benzoyl-2' , 3 '  -Q-isopropylideneadenosine 5 '  -aldehyde (18) -- w i t h  excess 

o f  bo th  d i i s o b u t y l d i s u l f i d e  and t r i bu ty lphosph ine  i n  d imethy l -  

formamide a t  room temperature l e d  t o  one major product  which was 

i s o l a t e d  i n  c r y s t a l l i n e  form i n  65% y i e l d  by chromatography on 

s i l i c a  ge l .  
t h a t  i t  was undoubtedly t h e  5 ' - i s o b u t y l t h i o  d e r i v a t i v e  (20a) o f  t h e  

p rev ious l y  obta ined ring-opened cyc lonucleos ide (11). -- 
v i o l e t  spect ra o f  11 and 20a were e s s e n t i a l l y  i d e n t i c a l ,  w h i l e  t h e  

H-NMR spect ra were very s i m i l a r  except t h a t  one o f  t h e  extremely 
1 

magnet ica l l y  non -equiva lent  Cgl-protons i n  11 -- was miss ing  and was 

replaced by an i s o b u t y l t h i o  group. The 13C-NMR spectrum was also  
conf i rmatory  o f  t h i s  s t ruc tu re .  

The u l t r a v i o l e t  and NMR spect ra o f  t h i s  compound showed 

--- 
The u l t r a -  

- 5  --- 

A s i m i l a r  r e a c t i o n  us ing d i -n -  
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406 CRAIG AND MOFFATT 

butyldisulfide gave the related crystalline cyclonucleoside 20b --- in 
58% yield. An extraordinary feature of these reactions is that in 
each case only a single C g I  -diastereomer was apparent In the NMR 
spectra, although we cannot rule out the removal of a minor second 
isomer during crystallization. 
and 20b --- show C q l H  and C g l H  as clean doublets with a value of 

of 2.2 Hz, suggesting a dihedral angle of roughly 60" or 
120" if one does not consider the effects due to electronegative 
substituents,l6 An examination of Dreiding models o f  ZO shows 
that largely unhindered conformers of the "anhydro" ring can be 
achieved with either diastereomer. The isomer with the 
S-configuration at C g l  can adopt unhindered conformers with 
dihedral angles of roughly 120" or 30°, while that with the C 5 ' - R  

configuration can only adopt a 90" angle if major hindrance is to be 
avoided. Based upon this, we tentatively assign the S-configuration 
to C g l  in the isolated products 5 - -  20a and b.  

There are clearly several different sequences of steps through 
either the aldehyde hydrate (18) -.- or its dehydration product (as in 
13 17) that can lead to the 5'-functionalized cyclonucleoside 19 
and thence, by rapid hydrolysis, to the observed product 20. We 
have not as yet explored modified reaction conditions, such as those 
employed in the preparation of 14, in order to subvert the above 
pathway and permit conversion of 18 into the related thioacetals 
since the latter compounds are readily available by other routes. 
The use of phosphorus based reagents in the synthesis of other thio- 
sugar nucleosides remains an interesting area of research. 

1 The 300 MHz H-NMR spectra of 20a -.-. 

J4',5' 

-... -- "I- 

-- 

- v  

2 -- 

L 
ox0 

NHBz 1 

18 
JIP 

19 
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THIOSUGAR NUCLEOSIDES 40 7 

N HBz 

OHC, 

O X 0  

$(a) R =  i - 6 ~  

(b) R m - 6 ~  

EXPERIMENTAL 

The spect roscopic  and a n a l y t i c a l  methodology used i n  t h i s  work 

i s  e s s e n t i a l l y  as descr ibed i n  p rev ious  work.2 We a r e  g r a t e f u l  t o  

t h e  s t a f f  of t h e  A n a l y t i c a l  Research L a b o r a t o r i e s  o f  Syntex Research 

f o r  t h e i r  i n p u t ,  and i n  p a r t i c u l a r  t o  Dr. M. L. Maddox and Mrs. J .  
Nelson f o r  t h e i r  cons idera te  h e l p  w i t h  NMR spectroscopy. 

5 5 ' -N -Anhyd ro-4-( N -ben zoy 1 f ormami d i no) -5-f ormami do-1 4 2,3 -0 - 

A s o l u t i o n  o f  N -benzoyl-2' ,3' -Q-isopropylideneadenosine (8 ,  

isopropvlidene-8-D-ribofuranosy1)imidazole (11) .  -- 

411 mg, 1 r n m ~ l ) , ~ ~  t r i - n - b u t y l p h o s p h l n e  (2.5 mL, 1 0  mnol), and 

d i i s o b u t y l d i s u l f i d e  (1.9 mL, 10 mmol) i n  dimethylformamide (10 mL) 

was s t i r r e d  under n i t r o g e n  a t  room temperature f o r  12 h r .  The 

m i x t u r e  was then p a r t i t i o n e d  between c h l o r o f o r m  and b r i n e  and t h e  

organic  phase was washed w i t h  water, d r i e d  (MgS04), evaporated and 
chromatographed on s i l i c a  g e l  u s i n g  c h l o r o f o r m - e t h y l  a c e t a t e  ( 3 : l )  

g i v i n g  292 mg (71%) o f  11 w i t h  mp 239-240' (gas e v o l u t i o n )  f r o m  

methanol -ch lo ro fo rm ( r e p o r t e d  mp 236", 12b 245" ) :  -178.2" 
( c  0.27, C H C l  ); A (MeOH) 264 nm ( C  15,000), 306 (16,000); NMR 

6 4 ' , 5 ' a  

6 

13 
-- 

3 max 

= 14.4 Hz, C 
9 em 5 ' a  

( d  -DMSO) 1.28 and 1.46 ppm (s ,  3 ,  CMe2), 3.07 (dd, 1, J = 0.5 
H),  4.58 (d, 1, J21,31 = 5.8 Hi!, C3,H),  4.77 Hz, J 

= 2.2 Hz, C H),  5.03 (d, 1, ( b r  5 ,  1, CqlH), 4.90 (dd, 1, J41 ,51b 

C2 'H) ,  6.26 ( 5 ,  1, CllH), 7.3-8.05 (m, 5, Bz) ,  8.09 ( 5 ,  C2H), 8.43 (s ,  
1, NCHO), 8.80, 10.30 ( b r  s ,  1, NH). Calcd. f o r  C H N 0 

(411.41): C, 58.38; H, 5.15; N, 17.02. Found: C, 58.15; H, 5.19; 

5 ' b  

20 21 5 5 

N, 16.95. 
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408 C R A I G  AND MOFFATT 

6 N -Ben~oyl-5':deoxy-5~ - i s o b u t y l t h i o - 2 '  ,3 '  -0- isopropyl idene-  

A s o l u t i o n  o f  8 - (300 mg, 0.73 mmol). t r i - n -bu ty lphosph ine  (1.8 

adenosine (12). x- 

mL, 7.2 m o l ) ,  and d i i s o b u t y l d i s u l f i d e  (1.3 mL, 7.2 mmol) i n  a 

m ix tu re  o f  dimethylformamide ( 1  mL) and i s o b u t y l t h i o l  ( 4  mL) was 

s t i r r e d  under n i t r o g e n  f o r  2 days a t  room temperature. 
was p a r t i t i o n e d  between ch lo ro fo rm and water  and t h e  organic  phase 

was washed w i t h  water, d r i e d  (Na2S04) and evaporated t o  dryness. 

The res idue was chromatographed on s i l i c a  g e l  us ing  hexane- 

ch lo ro fo rm ( 2 : l )  t o  remove excess s u l f i d e s ,  e tc . ,  f o l l owed  by a 

g rad ien t  o f  1 t o  5% methanol i n  methylene c h l o r i d e  g i v i n g  27 mg (9%) 

o f  11 and 201 mg (57%)  o f  12 w i th  mp 220" ( d )  f rom ethanol :  

The m i x t u r e  

Amax - -  -- 
(MeOH) 233 nm ( L  11,200). 280 (18,300 

(d,  3, J = 6.6 Hz, CHMe ) ,  1.42, 1.64 

CHMe2), 2.40 (d, 2, J = 6.9 Hz,  SCH ) 

Hz, J = 13.5 Hz, C H ) ,  2.84 (dd, 

4.44 (m, 1, C 4 , H ) ,  5.06 (dd, 1, J 
2' . 3  

-2 

2 - 

9 em 5 ' a  

; NMR (CDC13) 0.94, 0.95 ppm 

( s ,  3, CMe2), 1.78 (m, 1, 

2.76 (dd, 1, J 4 1 , 5 1 a  = 6.2 

" J4' ,5 'b  = 7.3 H z ,  C5,bH) ,  

= 6.4 Hz, J = 3.1 Hz, 
3 '  - 4 '  

= 2.3 H2T-C ' H ) ,  6.15 ( d , ' l ,  C lH), 
C 3 lH), 5.52 (dd, 1, Jll,21 2 1 
7.5-8.1 (m, 5, B z ) ,  8.18, 8.83 (5, 1, C H, C H), 9.1 ( b r  s ,  1, NH). 

Calcd. f o r  C H N 0 S (483.47): C, 59.57; H, 6.05; N, 14.48. 

Found: C, 59.44; H, 6-16; N, 14.21. 

2 8  

24 29 5 4 

5 '  -Deox-5 '  ----- - i s o b u w t h i o a d e n o s i n e  ----- ( 3 ) .  

A s o l u t i o n  o f  12 (100 mg, 0.2 mmol) i n  90% t r i f l u o r o a c e t i c  a c i d  
- 

5 -  

(10 mL) was kept  a t  room temperature f o r  30 min and then n e u t r a l i z e d  

w i t h  aqueous b icarbonate.  The m i x t u r e  was ex t rac ted  i n t o  c h l o r o -  

form, washed w i t h  water, d r i e d  and evaporated. The res idue was d i s -  

solved i n  methanol ( 3  mL) and te t rahyd ro fu ran  and conc. amnonium 

hydrox ide (1  m t )  was added. A f t e r  s torage overn igh t  t h e  m ix tu re  was 

evaporated t o  dryness and chromatographed on s i l i c a  g e l  us ing  

methylene chloride-methanol ( 9 : l )  g i v i n g  62 mg (92%) of  3 w i t h  mp 

127-128' f rom ethanol  ( repo r ted  mp 126-128"); 2.6' ( c  0.15, 
CHC13); h 

3 

(MeOH) 259 nm (t 14,100); NMR (CDC1 -d -MeOH) 0.98 
ma x 3 4  

ppm (d, 6, J = 6.7 H z ,  CHMe ) ,  1.82 (m, 1, HMe ) ,  2.49 ( d ,  2, J = 

4 '  ,5'a gem 5 ' a  

-2 2 
6.9 Hz, SCH2), 2.88 (dd, 1, J = 5.2 Hz,  J = 14.1 H z ,  C H). 
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THIOSUGAR NUCLEOSIDES 409 

= 4.6 Hz, C H ) ,  4.30 (m, 2, C ,H,  C4'H),  4.53 3.00 (dd, 1, J 4 1 , 5 1 b  5 ' b  3 
= 4.6 Hi!, C2'H), 5.97 (d, 1, C ,H) ,  

1 = 3.9 Hi!, J 
(dd, 1. J1 2 '  ,3' 
8.19, 8.26 ( 5 ,  1, C2H, C8H). 

(348.43): C, 48.26; H, 6.36; N, 20.10. Found: C,  48.40; H, 6.39; 

N, 19.75. 

Calcd. f o r  C14H21N503S.0.5 H20 

2 I ,3' -0-Cyc l o h e x v l  idene -5 -deoxy -5 -b i  s(  i s o b u t y l  t h i o )  u r i d i n e  (1 -- 4) .  
6a 

A s o l u t i o n  o f  1,z (200 mg, 0.59 mmol), d i i s o b u t y l d i s u l f i d e  (1.1 

m L ) ,  and tri -n-butylphosphine (1.4 mL) i n  dimethylformamide ( 3  mL) 
was s t i r r e d  under n i t r o g e n  f o r  8 h r  and t h e n  p a r t i t i o n e d  between 

ch lo ro fo rm and b r i n e .  

d r i e d  and evaporated. 

o f  s i l i c a  g e l  i n  methylene c h l o r i d e  and then sub jec ted  t o  

Chromatotron chromatography on s i  1 i c a  g e l  u s i n g  methylene 

c h l o r i d e  g i v i n g  220 mg (77%) o f  -- 14 as a homogeneous foam i d e n t i c a l  

chromatograph ica l l y  and s p e c t r o s c o p i c a l l y  t o  t h a t  prepared by a 

d i f f eren t rou te .  

5 5 ' .N -Anhydro -4_ -N -benzoyl f ormamidi no - 5 - f  ormamido-5 I -(S) -i so- 

b u t y l t h i o - l - ( 2 . 3  - 0 - i s o ~ r o p y l  idene -13--D -ri bofuranosy l  ) im idazo le  (20a). 

A s o l u t i o n  o f  t h e  aldehyde hydra te  18 (260 mg, 0.6 mmol), tri-n- 
buty lphosphine (1.53 mL, 6.2 mmol), and d i i s o b u t y l d i s u l f i d e  (1.15 

mL, 6.2 mmol) i n  dimethylformamide (3.5 mL) was s t i r r e d  under 

n i t r o g e n  f o r  12 h r  and then p a r t i t i o n e d  between c h l o r o f o r m  and 

b r i n e .  

The organ ic  phase was washed w i th  water, 

The r e s u l t i n g  o i l  was f i l t e r e d  th rough a pad 

17 

2 

-_- 
-- 

The organ ic  phase was washed w i t h  water, d r i e d  and evapo- 

ra ted .  The r e s i d u e  was chromatographed on s i l i c a  g e l  u s j n g  methylene 

c h l o r i d e  t o  g i v e  195 mg (65%) o f  20a w i t h  mp 183-184" f rom methanol- 

ch loroform:  

14,000), 307 (16,100); 'H-NMR (CDC13) 0.54, 0.58 ppm (d, 3, J = 6.7 
Hz, CHCJ$), 1.32, 1.53 ( 5 ,  3, CMe ), 1.55 (m, 1, &Me ),  2.52 (m, 
2, CH S), 4.74, 4.79 (d, 1, J 

--- 25 
[ a I D  138" ( c  0.6, C H C l  ) ;  Amax (MeOH) 266 nm ( c  3 

2 2 
= 5.6 Hz,  C , H ,  C3'H) ,  4.83 (d, 

2 2 2 '  ,3'  
= 2.2 Hi!, C ,H), 5.88 ( s ,  1, C ' t i ) ,  6.14 (d, 1, C ' H ) ,  

7.35-7.5 and 8.15 (m, 5, Bz), 7.59 (5,  1, C H) ,  8.89 ( 5 ,  1, NCHO), 

7.98, 10.80 ( b r  s ,  1, NH); 13C-NMR ( C D C 1 3 )  21.22, 21.75 (CHMe2), 
24.71, 26.17 (02C&2), 27.99 (@Me ) ,  39.01 (CH S), 59.24 ( C  ' ) ,  

82.54 ( C  ' ) ,  85.01 ( C 2 ' ) ,  89.27 ( C 4 ' ) ,  91.70 (C,'), 113.78 

1. J4 i  , 5 i  4 1 5 

2 

2 2 5 
3 
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410 C R A I G  AND MOFFATT 

(O2CMe2), 128-137 (Arom.), 134.07 (C2), 161.64 (CO), 164.46 (CHO), 

181.50 (NC-N). Calcd. f o r  C H N 0 S (499.26): C, 57.71; H, 
24 29 5 5 

5.81; N, 14.03. Found: C, 57.64; H, 5.81; N, 13.95. 

5 5' .N -Anhydro -4 -N -benzoylformamidino -5-formamido-5'-(S)-n-butyl- 

A r e a c t i o n  between 18 -- (260 mg. 0.6 mmol). d i - n - b u t y l d i s u l f i d e  

-- t h i o - l - ( 2 , 3 - O - i s o ~ r o ~ y l  idene -0-0 -ri bof  uranosy1)imidazole (20b). --- 

(1.15 mL, 6.2 m o l )  and t r i  -n-buty lphosphine (1.53 mL, 6.2 mnol) i n  
dimethylformamide (3.5 mL) f o r  8 h r  a t  room temperature was worked 

up as f o r  20a. --- 
(58%) of 20b --- w i t h  mp 193-194": 

'ma x 
(t, 3, J = 7.3 Hz, CH ) ,  0.9, 1.3 (in, 2, CH2Is), 1.32, 1.52 (s, 3, 

CMe2), 2.48, 2.69 (m,  1, SCH2), 4.72, 4.79 (d,  1, J 2 1 , 3 1  = 5.6 Hz, 

C 2 ' H ,  C ' H I ,  4.82 (d, 1, J 
C1,H), 6.18 (d, 1, C ,H),  7.35-7.5, 8.1 (m, 5, Bz), 7.59 (s, 1, 

C2H), 8.86 (s, 1, CHO), 8.0, 8.8 ( b r  s ,  1, NH); 13C-NMR (CDC13) 
13.43, 21.41, 29.75, 31.00 ( b u t y l ) ,  24.70, 26.15 ( C E 2 ) ,  58.68 (C5 ' ) ,  

82.54 (C ' ) ,  85.00 (C ' ) ,  89.23 ( C 4 ' ) ,  91.68 ( C l l ) ,  113.72 

(0#Me2). 128-137 (Arom.), 133.90 ( C 2 ) ,  161.50 (CO), 164.31 (CHO), 

181.39 (N=C-N). Calcd. f o r  C H N 0 S (499.26): C, 57.71; H, 

5.81; N, 14.03. Found: C, 57.72; H, 5.89; N, 13.82. 

C r y s t a l l i z a t i o n  f rom chloroform-methanol gave 174 mg 

(MeOH) 266 nm ( C  12,700). 307 (14,500); 'H-NMR (CDC13) 0.63 ppm 
105" ( c  0.57, CHC13); 

3 

= 2.2 Hz, C4,H), 5.88 (s, 1, 4 ' , 5 '  3 

5 

3 2 

24 29 5 5 
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