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NUCLEOSIDES & NUCLEOTIDES, 5 ( 3 ) ,  3 3 1 - 3 4 2  (1986) 

SYNTHESIS OF 6-SUBSTITUTED PURINE 2'-AZIW- AND 3'-AZIDO- 
DEOXYPENTOPYRANOSES 

GeneviSve Carret, Annie Grouiller*, Bernard Chabannes and Henri Pacheco 
Institut National des Sciences Appliquees de Lyon, BPt.406 

20 Av, A.Einstein, F-69621 Villeurbanne (France) 

Abstract Various 6-substituted purine 3'-(2'-) azido-3' ,4'-(2' , 4 ' - )  
dideoxy-B-DL-erythro-pentopyranoses (i) (2) have been prepared and 
compared in terms of a substituent electronegativity parameter. The 
nucleoside & (R=NH ) i s  a good competitive inhibitor of adenosine 
deaminase. 2 

Introduction 

In previous papers we described the synthesis of two pentopyranosyl 

purines, 9 (-3-azido-3,4-dideoxy-a-DL-threo-pentopyranosyl) adenine and 
its erythro isomer2 
exhibited by the former nucleoside analogue' and by various 2 ' -  and 3'- 
azido-deoxyribofuranosylnucleosides3-5, we have investigated the 
synthesis of the corresponding adenine 2'-azido nucleoside 2 (R=NH ) .  

We have also utilized the respective nucleoside precursors 2 and 2 of 
- la and 3 for the preparation of various 6-substituted purine derivatives 

6 of these both nucleoside analogues . 

(R=NH ) , In view of the antiviral properties 2 

2 

N, OH 
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R e s u l t s  and Discuss ion  

CARRET ET A L ,  

SYL!thS2iS 
2 A s  i n  t h e  c a s e  of la , t h e  p r e c u r s o r  of &was  a 6-chloropurine 

nuc leos ide ,  t h e  azidodeoxy-erythro-nucleoside 2. The s t a r t i n g  compound 

of i t s  s y n t h e s i s ,  methyl 2-azido-3-~-benzoyl-2,4-dideoxy-a o r  8-DL- 

erythro-pentopyranoside (k), was prepared  through t h e  t r i f luoromethane-  

s u l f o n y l a t i o n  of t h e  a o r  8 t h r e o  benzoate  i7, followed by t h e  a z i d o  

displacement  of  t h e  r e s u l t i n g  t r i f l a t e .  The t r i f l a t i o n  occured o n l y  w i t h  

t h e  use o f  t r i f l i c  anhydride i n  t h e  presence  of p y r i d i n e  w i t h  e t h e r  as 

s o l v e n t ,  b u t  n o t  i n  the  presence  of  t r i e t h y l a m i n e  i n  e t h e r  o r  d i c h l o r o -  

methane. The ci isomer of t h e  t r i f l a t e  5 i s  less s t a b l e  than  the f.3 isomer 

and has  t o  b e  k e p t  a t  - 1 8 O C  a f t e r  i t s  d i s s o l u t i o n  i n  hexamethylphosphor- 

amide. The az ido  displacement  of t h e  a o r  fi t r i f l a t e  5 was c a r r i e d  out  

wi th  l i t h i u m  a z i d e  by h e a t i n g  a t  70°C i n  hexamethylphosphoramide : 

t h e  only  compound formed was the  azidodeoxy d e r i v a t i v e  6 i n  agreement 

w i t h  t h e  d a t a  of i t s  NMR spectrum. T h i s  r e a c t i o n  was accomplished 

wi thout  t h e  pyranose t o  furanose  c y c l e  c o n t r a c t i o n  p r e v i o u s l y  observed 

i n  t h e  c a s e  of a benzoate  d i ~ p l a c e m e n t ~ ’ ~ .  There was a l s o  no p a r t i c i -  

p a t i o n  of  the  ne ighbor ing  3-benzoyl o r  I-methoxy group through an 

i n t e r m e d i a t e  2,3-acylonium o r  1,2-epoxidium i o n ,  as i t  occured i n  t h e  

n u c l e o p h i l i c  displacement  of some f u r a n o s y l  o r  pyranosyl  s u l f o n a t e s  a t  

C - 2 1 0 y 1 ’  : n e i t h e r  t h r e o  isomers  of 6 nor  an anomeric az ido  d e r i v a t i v e  

were d e t e c t e d .  

The azidodeoxy d e r i v a t i v e  kwas hydrolysed and t h e n  a c e t y l a t e d  t o  

g ive  t h e  mixture  of  the  a and B anomers 1 i n  t h e  r a t i o  of  4:1, based  on 

IH-NMR d a t a .  Conversion of 2 i n t o  t h e  g l y c o s y l  c h l o r i d e  8, fo l lowed by 

condensat ion w i t h  6-chloropurine i n  t h e  presence  of mercur ic  cyanide ,  

according t o  t h e  method of  Yamaoka e t  a l . ” ,  gave predominant ly  the  f.3 

isomer of t h e  6-chloropurine n u c l e o s i d e  2, w i t h  only 10% of t h e  a isomer.  

The t rea tment  of 2f.3 w i t h  methanol ic  ammonia a f f o r d e d  t h e  adenine  

nuc leos ide  2. 
I n  o r d e r  t o  o b t a i n  t h e  v a r i o u s  p u r i n e  n u c l e o s i d e s  la-g and 2a-c 

having NH2,  NHCH,,, N(CH ) 

p u r i n e  

Table  1 w i t h  t h e  s u i t a b l e  amines or  a l c o h o l a t e s  i n  t h e  convenient  a l c o h o l .  

The d e p r o t e c t i o n  of t h e  3’-hydroxyl accompanied t h e  s u b s t i t u t i o n  a t  C-6. 

o r  OCH2R groups a t  6-pos i t ion ,  t h e  6-chloro- 3 2  
nucleos ides  2 and 2 were t r e a t e d  accord ing  t o  the  c o n d i t i o n s  of t h e  
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8 

Bz 0 B z 0  
5 - 4 - 

6 - 

m 

7 - 
CI 

BzO lcsF NS 

(For s i m p l i c i t y ,  on ly  t h e  D s e r i e s  i s  d e p i c t e d  i n  t h i s  scheme) 

U l t r a v i o l e t  a b s o r p t i o n  p r o p e r t i e s ,  as shown i n  Table 2 ,  suppor ted  t h e  

N-9 g l y c o s y l a t i o n  and the n a t u r e  of t h e  s u b s t i t u t i o n s  a t  C-6 : t h e  maximum 

a t  hj-gher wavelength of t h e  n u c l e o s i d e s  la-g and 2a-c was i n  r e l a t i v e  good 

agreement w i t h  t h e  maximum c a l c u l a t e d  from t h e  l i t e r a t u r e 1 3  i n  f u n c t i o n  

o f  the  6- e lec t ron-donat ing  group, 253 (OCH3), 260 (NH2) ,  266 (NHCH3) 

and 275 N(CH3)* . 

work of Schweizer e t  a l .14 and Bullock e t  a1.I’ : t h e  n u c l e o s i d e s  were 

hea ted  i n  D20 a t  100°C f o r  10 t o  20 min. The i n t e n s i t y  of  t h e  h i g h  f i e l d  

peak decreased  because of an exchange of  t h e  8-proton w i t h  deuter ium. The 

low f i e l d  peak which w a s  u n a f f e c t e d  w a s  a s s i g n e d  to t h e  2-proton. 

Coburn e t  a l .  l 6  have c o r r e l a t e d  t h e  p r o t o n  magnet ic  resonance chemical 

s h i f t s  of  H-8 f o r  2 , 6 - d i s u b s t i t u t e d  p u r i n e s  w i t h  some r e a c t i v i t y  

parameters  such as Brown’s e l e c t r o p h i l i c  s u b s t i t u e n t  c o n s t a n t  a+ , 

The NMR assignment of 3 and H8 s i g n a l s  were done accord ing  t o  the 
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In our case a good linear correlation was established as shown in 
Figures 1 and 2 when 6H-2 and 6H-8 of the six nucleosides la-f were 
plotted against the 6-substituent parameters u calculated by Daniel 
and B r o d 7  : for 6H-2 r = 0.98, n = 6 ; for 6H-8 r = 0.99, n = 6 .  

Thus the chemical shifts of H-2 and H-8 are controlled by the electronic 
effect of the 6-substituent. The unknown value of u 
ethyl group was deduced from this correlation and the p.m.r. data of 
the nucleoside & : u 
shifts ( A 6  = 6H-8 - 6H-2 ) ascertained again the N-9 glycosylation 

P 

for the methoxy- 
P 

= -0.12. The weak relative proton chemical 
18. P 

Biological-activitl! 
In view of the very important role played by adenosine deaminase 

inhibitors in Chemotherapy and Immunos~ppression~~, we have examined the 
suscnptibilities to adenosine deaminase (ADA) of all the synthesised 
nucleosides la-g and 2a-c. Calf intestinal mucosa adenosine deaminase 
(0.8 unit per mg) (EC 3.5.4.4.) was purchased from Sigma Chemical 
Company. The assay procedure was based upon that of Kaplan”; however 
the deamination and the formation of inosine were not followed spectros- 
copically, but with HPLC according to a new method involved in our 
laboratory2’. Briefly adenosine deaminase (0.005 unit) was incubated 
in an 1 ml final volume at 37°C for various time with 50 mM potassium 
phosphate buffer (pH 7.01, 10 to 140 pM adenosine and tested nucleosides 
in the range concentration of to M. The nucleosides were 
dissolved in I00 p1 DMSO. For the blanks, the incubation mixture 
contains 100 ~1 DMSO without effector. At the end of incubation, 

LOO p1 of 4N perchloric acid was added followed by 100 ~1 of 5N 
potassium acetate and the mixture cooled at 0°C. After centrifugation at 

1000 x g, the supernatant was analyzed by HPLC22. The column was l ~ -  
Bondapak-C18 (blaters). The mobile phase was 0.1 M sodiw acetate buffer 

(pH 3.6) containing 3.5 X ethylalcohol (flow rate 1.5 ml per min). 

Inosine formed was assayed by comparing the height of its peak with 
the height of a standard peak run in the sameway. The inosine production 
was linear for at least 30 min at all adenosine and nucleoside concentra- 
tion used. Only 9(3-azido-3,4-dideoxy-8-DL-e~thro-pentopyranosyl)aden~ne 
- la was found to be a good competitive inhibitor of the deamination of 

adenosine, with a Ki = 45 x M (Km for adenosine = 66.7 x 
These nucleosides were not substrates for adenosine deaminase. Fron the 
studies of other nucleosides, it was precedently noticed that no 
pyranosyl nucleoside has ever served as a substrate . 

M). 

23 
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338 CARRET ET AL. 

Experimental 

General Methods. Melting points were determined with a Kofler melting 
point apparatus and are uncorrected. IH-NMR spectra were recorded with 
a Brucker W-80 spectrometer and are reported relative to the tetra- 
methylsilane signal. IR spectra were recorded with a Beckman Acculab-4 
spectrophotometer and W spectra with a Beckman DBG spectrophotometer. 
Column chromatography was performed on Silica Gel 60 F (Merck), and 
TLC on Silica Gel 60 F254 aluminum sheets (Merck); substances were made 

visible by spraying with the phosphomolybdic acid reagent and heating 
at 120°C. Elemental analyses were performed by the Service Central 
d'Analyse du CNRS. 

Methyl 3-0-benzoyl-4-deoxy-2-O-trifluoromethanesulfonyl-a or 8-DL-threo- 
pentopyranosides (2) 

254 

To a magnetically stirred suspension of 3& molecular sieve (10 g) in 

anhydrous ether (200 ml) and dry pyridine ( 4 . 5  ml) was rapidly added at 
0°C trifluoromethanesulfonic anhydride (20g, 70.9 mole), then a solution 
of 
mixture was kept f o r  3h at room temperature, then filtered. The filter 
cake was washed with ether and the combined filtrates with cold 5% 
sodium hydrogencarbonate (3x100 ml) and then water (2x100 ml). The 
organic layer was dried (sodium sulfate) and evaporated under reduced 

pressure (130 Pa, 15'C). The crude crystalline product formed 5 was 
immediately used for the next step (for analytical purposes, a sample 
was purified by silica gel column chromatography with 1:2 (v/v) ether- 
pentane as eluent) 

or 48 (5g, 19.8 mole)' in anhydrous ether (100 ml). The reaction 

- 5a (5.7g, 75%) : mp 102-103'C. TLC (ether-pentane, 1:lO) Rf 0.41 
IR(KBr) : vmax 1740, 1610, 1420, 1230 and 1080 ern-'. 'H NMR (CDC13) : 

6 7.37 (m, 5H, Ar), 5.23 (m, IH, H-31, 4.7 (dd, 1H, J2,3 9Hz, J2,4e 5,33Hz, 
6.83Hz, H-I), 4.03 (m, IH, J5e,5a 

J2,4a 1 9 2  
12.3Hz, J5e,4a 5.17Hz, J5e,4e 2.66Hz, H-5e), 3.53 ( s  and m, 3H and 1H, 

OCH3 and H-5a), 2.3 (m, IH, J4e,3a 5.33Hz, J4e,4a 13Hz, J4e,5a = J4e,5e 
2.66Hz, H-4e), 1.7 (m, IH, J4a,3a 10.5Hz, J4a ,5a 9.3Hz, J4a,5e 5 a 1 7Hz, 
H-4a). 

Anal. Calcd for C H F 0 S : C,43,75; H,3.9; F,14.84; 5,8.33. - 14 15 3 7 
Found : C,43.68; H,3.93; F,15.0; S,8.13. 

10.4Hz, H-2), 4.37 (d, IH, J 

5 6  (7.5g, 98%) : mp 99-IOO'C. TLC (ether-pentane, 1/10) Rf 0.59 
IR(KBr) : vmax 1740, 1610, 1420, 1220-1210 and 1060 cm-I. 'H NMR 

(CDC13) : 6 7.68 (m, 5H, Ar), 5.56 (m, IH, H-31, 5.1 (m, 2H, J1,2 3.5Hz, 

- 
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PURINE 2 ' -  AND 3'-AZIDODEOXYPENTOPYRANOSES 339 

J IO.6H2, H-1 and H-2), 3.53 (m, 2H, H-5a and H-5e), 3.47 ( s ,  3H, 

OCH3), 2.03 (m, 2H, H-4a and H-4e). 

- Anal. 

Found : C,43.99; H,3.90; F,15.08; 5.8.30. 

Methyl 2-azido-3-0-benzoyl-2,4-dideoxy-a o r  6-DL-erythro-pentopyranoside 6 

293 

Calcd f o r  CI4Hl5F3O7S : C.43.75; H,3.9; F,14.84; S,8.33. 

To a s t i r r e d  s o l u t i o n  of & o r  5J (6g, 15.6 m o l e )  i n  f r e s h l y  

d i s t i l l e d  N , N ' , N "  hexamethylphosphoric t r iamide  (120 ml) were added 

3A molecular s i eve  (3g) and l i t h ium az ide  (3g, 61 m o l e ) .  The mixture  

was hea ted  f o r  1.5h a t  7OoC, whi le  monitor ing the  r e a c t i o n  by I R  

(disappearance of t he  su l fony l  band a t  1420 cm-' and appearance of t h e  

azido band a t  2120 cm-I). A f t e r  t he  mixture  had been cooled,  t he  s o l u t i o n  

was taken up wi th  water ,  then e x t r a c t e d  wi th  e t h e r .  The organic  l a y e r  

w a s  d r i e d  (sodium s u l f a t e )  and evaporated.  The crude product  was 

chromatographed on a s i l i c a  g e l  column wi th  1:3 (v/v)  e ther-pentane a s  

e luen t  t o  g ive  6 a s  an o i l  which c r y s t a l l i z e s  i n  the  case of t he  6 

isomer. 

- 6a (2.43g, 88%) : TLC (ether-pentane,  1:2.5) Rf 0 .41.  IR(KBr) : 

2120, 1720, 1610 and 1270 ern-]. IH NMR (CDC13) : 6 7.77 (m, 5H, v 
Ar) ,  5.33 (ddd, IH,  J3,4a 8Hz, J3,4e 3.33Hz, H-3), 4.6 (d ,  I H ,  

J 

3.50 (in, 2H, J 

H-4a, €I-4e). 

- Anal. 

Found : C,56.60; H,5.32; N,14.95; 0,23.08. 

IR(KBr) : vmax 2120, 1720 and 1270 cm- ' .  'H NMR (CDC13) : 6 7.8 

(m, 5H, Ar) ,  5.57 (ddd, 1H, J3,4e 3.6H2, J3,4a 8.9Hz, H-3), 4.73 

(d ,  I H ,  J l , 2  3.33Hz, H-I), 3.83 (m, 3H, J 

3.47 (s,  3H, OCH3), 2.0 (m, 2H, H-4a, H-4e). 

- Anal. Calcd f o r  C H N 0 * C,56.32; H,5.41; N,15.16; 0,23.10. 

Found : C,56.40; H,5.29; N,15.02; 0,23.19. 

I-O-Acetyl-2-azid0-3-O-benzoyl-2,4-dideoxy-a- and -B-DL-erythro- 

pentopyranose 1. 

max 

2.17Hz, H-I), 4.06 (ddd, I H ,  J5e,5a 12H2, J5e,4e 4.66H2, H-5e), 
1 9 2  

4.66H2, H-2, H-5a), 3.57 ( s ,  3 H ,  OCH3), 2.0 (m, 2H, 
2 ,3  

Calcd f o r  CI3Hl5N3O4 : C,56.32; H,5.41; N,15.16; 0,23.10. 

- 68 (2.57g, 93%) : mp 70-71'C. TLC (ether-pentane,  1:2.5) Rf 0 .59.  

5.3Hz, H-2, H-5a, H-5e), 
2 9 3  

13 15 3 4 ' 

Compound & o r  9 (4g, 14.4 m o l e )  was hydrolyzed by hea t ing  i t s  

s o l u t i o n  in g l a c i a l  acet ic  a c i d  (30 ml) w i th  concent ra ted  hydrochlor ic  

ac id  (5.5 ml) and 101 molecular  s i eve  powder ( Ig )  f o r  7h a t  50'C. The 

s o l u t i o n  was made n e u t r a l  w i th  sodium hydrogencarbonate (5.5g) and 

evaporated t o  dryness  (50'C) under reduced p res su re .  The r e s idue  was 

suspended i n  chloroform (20 ml) and pyr id ine  (20 ml). A f t e r  a d d i t i o n  
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340 GARRET ET AL.  

of a c e t i c  anhydride (17 ml) ,  the  suspension was s t i r r e d  f o r  6h a t  35'C 

and evaporated i n  vacuo. The r e s idue  was d i l u t e d  wi th  ice-hydrochlor ic  

ac id  and e x t r a c t e d  wi th  chloroform. The organic  l a y e r  was washed 

success ive ly  wi th  5% aqueous sodium hydrogencarbonate and water .  Af t e r  

being d r i ed  (sodium s u l f a t e ) ,  t he  chloroform e x t r a c t  was evapora ted .  

The r e s idua l  o i l  was chromatographed on a s i l i c a  ge l  column wi th  1:4 

(v/v)  e ther-pentane as  e l u e n t  t o  a f f o r d  both a and f! anomers of 1 i n  a 

4:l  r a t i o  (3.5gY 80%).  

1750, 1720, 1600 and 1580 cm-'. 'H NMR (CDC13) : 6 7.83 (m, 5H, Ar) ,  

- 7a : o i l .  TLC (ether-pentane 1:2.5) Rf 0 .5 .  IR(KBr) : vmax 2120, 

6.03 (d ,  IH ,  J 

J3,2e 

2.67Hz, H-l), 5.47 (ddd, I H ,  J3,4a 6.67Hz, J3,4e o r  
132 

3.34 o r  4.67Hz, H-3), 4.03 (my 2H, H-5aY H-5e), 3.80 (dd,  I H ,  H-21, 

2.27 ( s ,  3H, OAc), 2.13 (m, 2H, H-4a, H-4e). 

- 76 : o i l .  TLC (ether-pentane 1:2.5) Rf 0 .4 .  'H NMR (CDC13) : 

6 7.80 (m, 5H, Ar) ,  6.10 (d ,  I H ,  J 3.73Hz, H-I), 5.60 (ddd, I H ,  

J3,4a 8.33Hz, J3,4e 
H-5aY H-5e), 2 . 1  (s  + m y  5H, OAc,  H-4a, H-4e). 

192 
o r  J3,2e 3.33 o r  4.83 Hz, H-3), 3.9 (m, 3H, H-2, 

- Anal. Calcd f o r  CI4Hl5N3O5 (mixture)  : 12~55.08; H,4.92; N,13.77; 

0,26.23. Found : C,55.09; H,4.89; N,13.68; 0,26.25. 

9-(2-Azido-3-0-benzoyl-2,4-dideoxy-a- and 6-DL-eqthro-pentopyranosy1)- 

6-chloropurine 9. 
To a s o l u t i o n  of  1 (1.35g, 4 .43  m o l e )  i n  anhydrous e t h e r  (20 ml) 

were added molecular s i eve  3A (3g) and a c e t y l  ch lo r ide  (1.5 m l ,  21 m o l e ) .  

Through t h i s  so lu t ion ,  cooled t o  O'C, was bubbled dry hydrogen ch lo r ide  

u n t i l  the  gas escaped from the  dry ing  tube .  The mixture  was then  kep t  

f o r  6h a t  room temperature. Evaporat ion of t h e  mixture  t o  dryness  gave 

a pale-yellow foam, which was immediately d i s so lved  i n  dry ni t romethane 

(25 ml) .  To t h i s  s o l u t i o n  were added molecular s i e v e  38 ( I  . 5g ) ,  6-chloro- 

pur ine  (1.35g, 8.73 m o l e )  and mercuric  cyanide (1.35g, 5.34 m o l e ) ,  

and the  mixture  was hea ted  under r e f l u x  f o r  4h. The r e a c t i o n  mixture  

was f i l t e r e d  h o t ,  and t h e  f i l t e r  cake was washed wi th  h o t  ni t romethane.  

Af t e r  evapora t ion  of t he  combined f i l t r a t e s ,  the  r e s idue  was e x t r a c t e d  

u t h  chloroform, which was washed consecut ive ly  wi th  30% potassium 

h d i d e  i n  ha l f - sa tu ra t ed  sodium ch lo r ide  (80 ml) and s a t u r a t e d  sodium 

chlor ide  (2x30 ml). Evaporat ion of t h e  d r i e d  organic  l a y e r  gave 9 as  an 

o i l y  mixture  of t h e  a and f! anomers t h a t  was chromatographed on a 

column of s i l i c i c  ac id  us ing  ether-pentane ( 2 : l )  g iv ing  a c l e a r  s e p a r a t i o n  

of  t he  two anomeric products .  E lu t ion  of t h e  f i r s t  minor isomer gave 

131 mg (7.4%) of '%; cont inued e l u t i o n  wi th  t h e  same so lven t  gave 1.32g 
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PURINE 2 ' -  AND 3'-AZIDODEOXYPENTOPYRANOSES 341 

(74.6%) of  - 9B, mp 169-17OoC. TLC (e ther -pentane ,  2 : l )  Rf 0 .36.  IR(KBr) : 

w 2120, 1720, 1600 and 1560 ern-'. UV(Et0H) : Xmax 232 ( E  21,000) and 

262 ( E  12,200) nm. ' H  NMR (Me2SO-d6) : 6 9.17 and 9.0 ( 2 s ,  2H, H-2 and 

H-8), 8.0 (m, 5H, A r ) ,  6.23 ( d ,  l H ,  J 1 1 , 2 1  10.5Hz, H- l ' ) ,  6 .0  (my I H ,  

J3' , 4 ' e  
3.97 (m, 2H, H-5'eY H-5'a), 2.17 (m, 2H, H-4'a, H-4'e). 

- Anal ,  

Found : C,50.84; H,3.37; C 1 ,  9.08; N,24.35. 

6-Subs t i tu ted  p u r i n e  n u c l e o s i d e s  la-g and 2a-c. 

max 

2.5Hz, J3 ' ,41a  3.3Hz, H-3'), 5.17 (dd,  l H ,  J 2 t , 3 '  3HZ, H-2'), 

Calcd f o r  C17H14C1N703 : C,51.06; H,3.50; C 1 ,  8 .88;  N,24.53. 

The g e n e r a l  procedure was t o  react 2L o r  ? w i t h  t h e  s u i t a b l e  

n u c l e o p h i l e  i n  a n  a l c o h o l i c  s o l u t i o n  accord ing  t o  t h e  c o n d i t i o n s  

d e s c r i b e d  i n  the Table  1 .  The r e a c t i o n  mixture  w a s  evapora ted  i n  vacuo 

( i n  the c a s e  of le-g, t h e  s o l u t i o n  w a s  n e u t r a l i z e d  w i t h  0.5N 

c h l o r h y d r i c  a c i d  b e f o r e  t h e  e v a p o r a t i o n ) .  The product  was then  

p u r i f i e d  by chromatography on a column of s i l i c i c  a c i d  u s i n g  e l u t i o n  

w i t h  e t h y l  a c e t a t e  - e t h a n o l .  
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