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NUCLEOSIDES & NUCLEOTIDES, 2(1 )  , 51-61 (1983) 

3 ' - 3 '  , 3 ' - 5 '  AND 5'-5' TpT-AMIDES: 
SYNTHESIS, CHARACTERIZATION AND ALKALINE HYDROLYSIS 

J .  Tomasz 

I n s t i t u t e  o f  B iophys ics ,  B i o l o g i c a l  Research Center,  
Hungar ian Academy o f  Sciences, H-6701 Szeged, Hungary 

A b s t r a c t .  A s imp le  procedure i s  desc r ibed  f o r  t h e  p r e p a r a t i o n  o f  t h e  
t i t l e  compounds 1, 8 and 9. 3'-3' o r  3 ' - 5 '  o r  5 ' - 5 '  TpT was reac ted  
w i t h  a t w o f o l d  molaF exce is  o f  TPS i n  anhydrous DMF, a t  room tempera- 
t u r e ,  f o r  5 min, f o l l o w e d  by  a 1 min ~- treatmen t  o f  t h e  reac- 
t i o n  m i x t u r e  w i t h  excess 7.0 N NH OH, a t  0 C. The a l k a l i n e  h y d r o l y s i s  
o f  1, 8 and 9 proceeds w i t h o u t  t h 8  ass i s tance  o f  3 ' -  and 5 ' - h y d r o x y l  
g r o u p s - r e s u l t i n g  i n  equ imo la r  m i x t u r e s  o f  t hymid ine  ( 4 )  and thymid ine  
3 ' -phosphoramidate (t j)(for t h e  3 ' - 3 '  i somer)  o r  thymid ine  5 ' -phosphor-  
amidate ( Z ) ( f o r  t he  5'-5' i somer )  o r  $ and Z i n  equal  q u a n t i t i e s  
( f o r  t h e  3 ' - 5 '  i somer) .  

- 

INTRODUCTION 

We have r e c e n t l y  r e p o r t e d  a s y n t h e s i s  and t h e  a l k a l i n e  h y d r o l y s i s  
o f  thymidylyl-(3'-5')-thymidine (P-N) amide ( 1 ) ' .  We found t h a t  i n  

a l k a l i ,  1 was r e a d i l y  hyd ro l yzed  t o  a 1 : l  m i x t u r e  o f  t hymid ine  (4) 
and i somer i c  thymid ine  phosphoramidates ( 6  and l )  / t%-20 min,  i n  

0.1 N NaOH, a t  25OC/. The r a t i o  o f  5 t o  

fo rmu la ted  t h e  a l k a l i n e  h y d r o l y s i s  as an SN1(P) process via t h e  meta- 
phosphor imida te  i n t e r m e d i a t e s  2 - and 3 - (SCHEME l ) ,  as suggested by  

Westheimer f o r  t he  a l k a l i n e  h y d r o l y s i s  o f  those phosphoramidates 
hav ing  a t  l e a s t  one i o n i z a b l e  hydrogen atom a t t a c h i n g  t o  t h e  amide 

n i t r o g e n  atom . However, t h e  f a c t  t h a t  6 - and I - were formed i n  app rox i -  
ma te l y  equal  q u a n t i t i e s ,  d i d  n o t  d e f i n i t e l y  i n d i c a t e  t h a t  t h e  
b r e a k i n g  o f  t h e  P-O(3 ' )  and P-O(5') bonds o f  1 - occu r red  w i t h  app rox i -  

was approx ima te l y  1 : l .  We 
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VARIOUS TpT AMIDES 53 

mate ly  equal  r a t e s ,  s ince  a d i f f e r e n t  speed i n t e r c o n v e r s i o n  o f  t he  

i n te rmed ia tes  2 - and - -  v i a  thymidine 3 '  , 5 ' - c y c l i c  phosphoramidate ( 5 )  - 

c o u l d  n o t  be exc luded (SCHEME 1 ) .  5 may be formed by the  i n t r a m o l e c u l a r  

t r a p p i n g  a c t i o n  o f  t he  3 ' -hyd roxy l  group o f  o r  t h e  5 ' - h y d r o x y l  group 

o f  2 on t h e i r  metaphosphorimidate res idue3.  S u c h  a 

the  3'- and/or 5 ' - h y d r o x y l  groups m igh t  be demonstrated by de te rm in ing  

the  molar  q u a n t i t i e s  o f  6 - and 1 - produced i n  the  a l k a l i n e  h y d r o l y s i s  o f  

t h e  i somer i c  thymidylyl-(3'-3')-thymidine (P-N) amide (8 )  and 
thymidylyl-(5'-5')-thymidine (P-N) amide (2). When t h e  hyd roxy l  groups 

p a r t i c i p a t i o n  o f  

do n o t  p a r t i c i p a t e  i n  the  r e a c t i o n ,  f rom 8 - e x c l u s i v e l y  6_,  - w h i l e  f rom 

9 - o n l y  2 - shou ld  be formed. These s t u d i e s  had been performed and t h e  
r e s u l t s  a r e  p resented  i n  t h i s  paper. 

RESULTS AND DISCUSSION 

Synthes is  

the  respec t i ve  TpT-s w i t h  a t w o f o l d  mo la r  excess o f  2 ,4 ,6 , - t r i i so -  
p ropy lbenzenesu l fony l  c h l o r i d e  (TPS) i n  anhydrous N,N-dimethyl form- 

amide (DMF), i n  the  presence o f  t r i - n - b u t y l a m i n e ,  a t  room temperature 

f o r  5 min, f o l l o w e d  by an i n  s i t u  t rea tmen t  o f  t h e  r e a c t i o n  m i x t u r e  
w i t h  excess 7.0 N NH40H, a t  O°C, f o r  1 min. 

may be formed, which i n  t u r l S t r a n s f o r m e d  i n t o  t h e  symmetr ical  TpT- 

anhydr ide (11) as a r e s u l t  o f  a very  r a p i d  exchange r e a c t i o n  w i t h  the  

unreac ted  TpT (SCHEME Z ) 4 y 5 .  The ammonolysis o f  11 _- shou ld  r e s u l t  i n  
e q u i m l a r  q u a n t i t i e s  o f  TpT-amide and TpT. Consequently, t he  t h e o r e t i -  

c a l  y i e l d  i s  o n l y  50% f o r  t h e  s t a r t i n g  TpT, and i t  seems very  p robab le  

The syn thes i s  o f  TpT-amides 1, - -  8 and 9 - was performed by  r e a c t i n g  

I n  t h e  f i r s t  s tep ,  t h e  TpT-su l fon i c  a c i d  mixed anhydr ide  (19) -- 
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SCHEME 2 

t h a t  0.5 mo la r  e q u i v a l e n t  o f  TPS g i ves  the  same r e s u l t  as t h e  t w o f o l d  
mo lar  excess does5. The s h o r t  r e a c t i o n  t ime  may be respons ib le  f o r  t h e  

f a c t  t h a t  t h e  s u l f o n a t i o n  o f  5 ' -hyd roxy l  group6 i s  n e g l i g i b l e ,  i f  i t  
occurs a t  a l l .  

The TpT-amides were i s o l a t e d  by  column chromatography, f i r s t  on 

DEAE-cellulose (HC03-) then on c e l l u l o s e ,  i n  y i e l d s  o f  22.0-29.3% as 

TLC pure,  w h i t e  s o l i d s .  

when we used diphenyl-phosphorochloridate i n s t e a d  o f  TPS, and a much 
more l onger  r e a c t i o n  t ime (2.5 h) f o r  t h e  p r e p a r a t i o n  o f  1. 

1 Th is  procedure i s  a s i m p l i f i e d  v e r s i o n  o f  ou r  p rev ious  method 

Charac ter i  z a t i  on 
TpT-amides 1, - -  8 and 2 were c h a r a c t e r i z e d  b y  UV, CD and 31P NMR 

spec t roscop ies  as w e l l  as a c i d  h y d r o l y s i s .  

o f  t he  r e s p e c t i v e  TpTs. 

t h a t  o f  t he  pa ren t  TpT (FIG. 1 ) .  T h i s  i n d i c a t e s  con fo rma t iona l  s i m i l a r -  

i t y  between the  phosphate and t h e  phosphoramidate. 

9 - conta ined one s i n g l e  s i g n a l .  w h i l e  t h a t  o f  1 - showed two c l o s e  s i g n a l s  
o f  about equal i n t e n s i t y .  As expected, 1 w i t h  a c h i r a l  phosphorus atom, 

was an approx imate ly  1 : l  m i x t u r e  o f  two d ias te reo isomers .  A l l  s i g n a l s  
were l o c a t e d  around 10-12 ppm, i . e .  about 11-13 ppm d o w n f i e l d  f rom the  

s i g n a l  o f  3 ' - 5 '  TpT, i n  D20lv7. A d o w n f i e l d  chemical s h i f t  o f  such 

magnitude i s  c h a r a c t e r i  s ti c o f  a n i  t rogen- fo r -oxygen d i  s p l  acement a t  

t e t r a c o o r d i n a t e  phosphorus atom . On t h e  o t h e r  hand, t h e  31P chemical 
s h i f t  values found f o r  1, S and 2 agreed w e l l  w i t h  those o f  10.85 and 

The UV spec t ra  a t  pHs 2.0, 7.0 and 11.0 were i d e n t i c a l  w i t h  those 

The CD spectrum between 220-300 nm, a t  pH 7.5, c l o s e l y  resembled 

The 31P NMR spectrum i n  DMSO-d6 o f  t h e  symmetr ical  TpT-amides 8 and 
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56 TOMASZ 

1 1 . 00 ppm observed f o r  5 ' -0- tri t y l  - thymi d y l  y l  - (3 '  -5 ' ) -3 '  -0-ace t y l  - 
thymid ine  (P-N) amide d ias te reo isomers ,  i n  pyr id ine" .  S i m i l a r l y  t o  

i somer i c  d inuc leos ide  phosphates7, t h e  5 ' - 5 '  isomer 9 had t h e  r e l a -  

t i v e l y  l a r g e s t  and t h e  3 ' - 3 '  isomer 8 - had the  r e l a t i v e l y  s m a l l e s t  
down f ie ld  chemical s h i f t .  

ppm can be observed f o r  1 (see a l s o  r e f .  1). The r a p i d  exchange o f  
amide hydrogens w i t h  t h o i e  o f  water", may c o n t r i b u t e  t o  t h e  apparent 
c o i n c i d e n t a l  e q u a l i t y  o f  t h e  31P chemical s h i f t s  o f  t h e  d ias te reo -  
isomers o f  1. - 

o f  TpTs, as expected on t h e  b a s i s  o f  t h e  s e n s i t i v i t y  o f  P-N bonds 
towards acid12. The phosphodiester-ami de bond o f  1, 8 and 2, i s  , how- 
ever ,  more r e s i s t a n t  towards a c i d  than the  phosphomonoester-amide bond 
o f  thymi d ine  phosphoramidates and t h e  phosphomonoester-diami de bond o f  
thymidine phosphorodiamidates. For example, t h e  l a t t e r  compounds were 

q u a n t i t a t i v e l y  hyd ro l yzed  t o  thymid ine  phosphates i n  50% aqueous a c e t i c  
ac id ,  a t  5OoC, w i t h i n  5 h13. A t  t he  same t ime,  more than 95% o f  1, - -  8 
and 2 remained u n a l t e r e d  under i d e n t i c a l  c o n d i t i o n s ,  and more v igorous  
c o n d i t i o n s  (1.0 N HC1, 25OC, 22 h)  were necessary f o r  t h e i r  complete 

convers ion  t o  TpTs. A s i m i l a r  phenomenon, the  decreased r e a c t i v i t y  o f  

phosphod ies ter  morpho l ida tes  compared t o  phosphomonoester morpho l ida tes ,  
14 has r e c e n t l y  been r e p o r t e d  . 

- I n  D20, o n l y  one s i n g l e  s i g n a l  near  12.00 

Ac id  h y d r o l y s i s  o f  TpT-amides 1, 8 and 9 r e s u l t e d  i n  t h e  fo rma t ion  

A1 k a l  i n e  h y d r o l y s i s  

The a l k a l i n e  h y d r o l y s i s  was s t u d i e d  i n  0.1 N NaOH, a t  room temper- 
a t u r e .  Complete convers ion  o f  1, ! and 9 - t o  a m i x t u r e  o f  4 and fj and/or 
I ,  was observed i n  7 h. H y d r o l y s i s  m ix tu res  were separated by  ion-ex-  
change (9 f rom $+z) and subsequent p a r t i  t i o n  column chromatography 

(!j from z), and the molar  q u a n t i t i e s  o f  h y d r o l y s i s  p roduc ts  were de te r -  
mined by UV spectrophotometry.  

and t h a t  o f  - 1 f rom 9 - 
6 and I was formed f rom 1.The r a t i o  o f  4 t o  6+1 - -  was 1.00f0.09. 

hydroxy l  groups take p a r t  i n  the  a l k a l i n e  h y d r o l y s i s  o f  1, - -  8 and 9 .  - 
I f  we accept t h a t  t he  a l k a l i n e  h y d r o l y s i s  o f  these compounds proceeds 

accord ing  t o  an SN1(P)-mechanism, i t  means t h a t  t he  3 ' -  and the  5 ' -  

As shown i n  TABLE 1, p r a c t i c a l l y  e x c l u s i v e  fo rma t ion  o f  6 f rom 8 - 
occurred, w h i l e  an approx imate ly  1 : l  m i x t u r e  o f  

These r e s u l t s  c l e a r l y  show, t h a t  n e i t h e r  t h e  3 ' -  n o r  the  5 ' -  
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VARIOUS TpT AMIDES 57 

TABLE 1 

Molar percentages o f  thymid ine  (4)  , thymid ine  3 ' -phosphoramidate (6) - 
and thymid ine  5'-phosphoramidate ( I )  - formed d u r i n g  the  a l k a l i n e  

h y d r o l y s i s  o f  i somer i c  TpT-amides 8,  - 1 and 2. 

TpT- ami de 
H y d r o l y s i s  p roduc ts  

4 g - 2 

8 ( 3 ' - 3 ' )  
1 ( 3 ' - 5 ' )  
9 ( 5 ' - 5 ' )  

52 47.5 0.5 
52 23 25 

49 1 50 

hydroxy l  groups cannot a c t  as i n t r a m o l e c u l a r  t r a p s  f o r  metaphosphor- . 

i m i d a t e  i n te rmed ia tes  3 - and 2, - i . e .  t h e  i n t e r c o n v e r s i o n  o f  2 and 3 
~- v i a  2, does n o t  occur. A t  t he  same t ime,  t h e  p a r t i c i p a t i o n  o f  t he  3 ' -  

and 5 ' - h y d r o x y l  groups i n  the a l k a l i n e  h y d r o l y s i s  o f  t h e  phenyl  e s t e r s  
o f  i somer i c  TpTs, go ing  on very  p robab ly  accord ing  t o  an SN2(P)- 

mechanism, i s  w e l l  known15. Th is  obse rva t i on  i n d i r e c t l y  suppor ts  o u r  
p rev ious  assumption, t h a t  t he  a l k a l i n e  h y d r o l y s i s  o f  1, - -  8 and 9 - i s  

an SN1(P)-type process. 

- - 

EXPERIMENTAL 

Mater ia ls .1somer ic  TpTs were o f  generous g i f t s  o f  D r .  A. S imoncs i ts  

( I n s t i t u t e  o f  Genet ics,  B i o l o g i c a l  Research Centre).  DMF was d i s t i l l e d  
f rom P205 and s t o r e d  over  48 mo lecu la r  s ieve .  Chemicals were o f  reagent  

grade , H20 was de ion ized.  
Methods. Evapora t ions  were c a r r i e d  o u t  us ing  a r o t a r y  evapora to r  

(Rotavapor, Buch i ) ,  a t  0.2 kPa w i t h  a b a t h  temperature o f  3OoC. - 
Absorp t ion  spec t ra  were recorded on a Cary 15 spec t rophotometer  a t  pHs 
2.0 (0.01 N HCl ) ,  7.0 (0.2 M sodium phosphate b u f f e r )  and 11.0 (0.003 
N NaOH). Molar q u a n t i t i e s  o f  compounds were determined b y  UV spec t ro -  
photometry a t  260 nm and pH 7.0 by  u s i n g  the  f o l l o w i n g  molar  e x t i n c t i o n  

c o e f f i c i e n t s :  16.80016 ( f o r  3 ' - 3 '  and 3 ' - 5 '  TpTs", 8 and J ) ,  16.20015 
( f o r  5 ' - 5 '  TpT and 2) and 870016 ( f o r  4, 6 and 7 ) .  - CD s p e c t r a  were 
ob ta ined  on a JASCO J-40C spec t ropo la r ime te r  i n  0.01 M NaH2P04-Na2HP04 

+ 0.1 M NaC104, pH 7.5, b u f f e r ,  a t  room temperature.  - 31P NMR spec t ra  
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58 TOMASZ 

were taken a t  32.2 mlz on a Var ian FT-80A NMR spectrometer,  u s i n g  
e x t e r n a l  H3P04, as re fe rence.  P o s i t i v e  chemical s h i f t  values a re  g i ven  
f o r  compounds t h a t  absorb a t  lower  f i e l d s  than H3P04 does. - Column 

chromatography was performed i n  t h e  f o l l o w i n g  systems: D1, D2 and D3, 
column: OEAE-cellulose /DE-32, Whatman, HC03- form, 1.6x53.0 cm (D1 

and D2) o r  1.4x30.0 cm (D3)/ ,  e l u e n t :  l i n e a r  g r a d i e n t  o f  0.0-0.15 M 
( D l )  o r  0.0-0.30 M (D2 and D3) aqueous tr iethylammonium hydrogen- 

carbonate, pH 7.5 /2000 mL ( D l )  o r  1000 mL (D2 and D3), f o r  02 the  

column was washed w i t h  130-150 mL H20 be fo re  t h e  g rad ien t / ,  e l u t i o n  
r a t e :  18.0 mL ( D l )  o r  13.2 mL (D2) o r  12.0 mL (D3)/20 m i n / f r a c t i o n ;  

C1 and C213, column: c e l l u l o s e  /CC 31, Whatman, 2.2x40.0 cm ( C l )  o r  
1.4x30.0 cm (C2)/ ,  e l u e n t :  n -bu tano l  - e thano l  - 0.1 M aqueous tr i- 

e t h y l a m n i u m  hydrogencarbonate, pH 7.5 (16:2:5, v / v ) ,  e l u t i o n  r a t e :  
4.5 mL (C1) o r  2.5 mL (C2)/20 m i n / f r a c t i o n .  - TLC was performed on 
precoated  c e l l u l o s e  chromatosheets ( C e l l u l o s e  F 
n -bu tano l  - 5.0 M aqueous a c e t i c  a c i d  (2:1,  v /v )  

v i s u a l i z e d  by  UV absorp t ion .  

Merck) i n  

. Spots were 2w 

General procedure f o r  t h e  p r e p a r a t i o n  o f  i s o m e r i c  thymidy l y l - t hymid ine  
(P-N) amides 1, - -  8 and 9. 

TpT (about 0.2 mmol) was p u r i f i e d  by column chromatography, f i r s t  
i n  system D1 then i n  C1 t o  o b t a i n  a TLC homogeneous t r ie thy lamnon ium 
s a l t  f r e e  o f  t he  o t h e r  two isomers. Rf va lues  were: 0.41 ( 3 ' - 3 '  TpT), 
0.31 ( 3 ' - 5 '  TpT) and 0.24 ( 5 ' - 5 '  TpT). 

c o n t a i n i n g  t r i - n - b u t y l a m i n e  (47.6 pL, 0.2 mmol). Th i s  s o l u t i o n  was 

dropped i n t o  a v i g o r o u s l y  s t i r r e d  s o l u t i o n  o f  TPS (60.4 mg, 0.2 mmol) 
i n  DMF (1 .0  mL),  a t  room temperature, f o r  1 min. S t i r r i n g  was cont inued 
w i t h  the e x c l u s i o n  o f  atmospher ic mo is tu re  f o r  an a d d i t i o n a l  5 min. 

Then the s o l u t i o n  was q u i c k l y  poured i n t o  i c e - c o l d  7.0 N NH40H (10  mL) 
under v igorous  s t i r r i n g .  The m i x t u r e  was evapora ted  t o  dryness. The 
res idue was d i s s o l v e d  i n  H20 (50 mL), and t h e  s o l u t i o n  was e x t r a c t e d  
w i t h  e t h e r  (2x20 mL). The aqueous phase - a f t e r  concen t ra t i on  t o  5-10 
mL - was chromatographed i n  system D2. A l t o g e t h e r  about 1400-1500 
I$!;' u n i t s  of  UV absorb ing  m a t e r i a l s  were p r e s e n t  i n  t h e  aqueous 
phase. Four peaks emerged f rom t h e  column. Peak I ((1% o f  t o t a l  A260 

u n i t s  separated) and peak I1 (39-49%) were e l u t e d  by  H20 i n  f r a c t i o n s  

The TpT p u r i f i e d  above (0 .1  mmol) was d i s s o l v e d  i n  DMF (1 .0  mL) 
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4-6 and 7-12, r e s p e c t i v e l y .  Peak I 1 1  (47-58%) and peak I V  (3-4%) 

appeared i n  the  g r a d i e n t  f r a c t i o n s  18-27 and 28-36, r e s p e c t i v e l y .  The 
recovery  was n e a r  q u a n t i t a t i v e .  Peaks I and I V  were n o t  i d e n t i f i e d  

and discarded. Peak I 1 1  was TpT, as p roved by  TLC comparison w i t h  the  
s t a r t i n g  m a t e r i a l .  Peak I 1  was evapora ted  t o  dryness. The res idue  was 

d i s s o l v e d  i n  e thano l  - H20 ( 1 : l )  m i x t u r e  (200 p L ) .  The s o l u t i o n  was 
d i l u t e d  w i t h  the  e l u e n t  o f  system C1 (200 r L )  and was chromatographed 

i n  the  same system. Besides severa l  smal l  peaks, one l a r g e  peak (85- 
90% o f  t o t a l  A260 u n i t s  separated) cove r ing  6-10 f r a c t i o n s  between the  

f r a c t i o n s  25-45, was e l u t e d .  The exac t  p o s i t i o n  o f  t h i s  peak was de te r -  

mined by the  8>1>9 _ - -  r e l a t i v e  e l u t i o n  o r d e r  o f  isomers.  The peak was 

poo led  and evaporated t o  dryness. T r i e t h y l  ammoni um hydrogencarbonate 
was removed by  repeated  evapora t i on  w i t h  H20. The res idue  was d i s s o l v e d  

i n  H20 (1-2 mL) and f r e e z e - d r i e d  t o  y i e l d  12-16 mg (22.0-29.3%) o f  

wh i te ,  TLC homogeneous s o l i d .  Rf va lues  were: 0.57 (a ) ,  - 0.50 (1) and 

0.44 ( 9 ) .  
3TP NMR (DMSO-d6) G(ppm): 10.37 ( g ) ,  10.98 and 11.11 ( two s i g n a l s  

o f  approx imate ly  equal  i n t e n s i t y ,  1) and 11.67 (9).  

(D20) G(ppm): 12.06 (1). 
On t rea tmen t  w i t h  1 .O N HC1, a t  room temperature,  t h e  p roduc t  was 

q u a n t i t a t i v e l y  conver ted  t o  t h e  s t a r t i n g  TpT i n  22 h. Decomposit ion was 

l e s s  than 5% i n  50% aqueous a c e t i c  a c i d ,  a t  50°C, d u r i n g  5 h, as de tec ted  
by TLC i n  b o t h  cases. 

A l k a l i n e  h y d r o l y s i s  o f  1, 4 and 9. 
0.02-0.03 M s o l u t i o n s  o f  1, - -  8 and 2 i n  0.1 N NaOH were hyd ro l yzed  

a t  room temperature, f o r  3 h. 50-100 A260 u n i t s  o f  compounds were used 
f o r  each exper iment.  A f t e r  a t e n f o l d  d i l u t i o n  w i th  H20, t h e  hyd ro l ysa tes  

were chromatographed i n  system D3. Two peaks emerged f rom the  column i n  
f r a c t i o n s  4-6 (4) and 14-19 (6 and z ) .  The second peak was evapora ted  

t o  dryness. The res idue  was d i s s o l v e d  i n  e thano l  - H20 ( 1 : l )  m i x t u r e  
(50-100 p L ) .  The s o l u t i o n  was d i l u t e d  w i t h  the  e l u e n t  o f  system C2 and 
chromatographed i n  t h i s  system. The compounds emerged f rom t h e  column 
i n  the  o r d e r  o f  @I, between f r a c t i o n s  30-50). The s t r u c t u r e  o f  6 and I 
was v e r i f i e d  b y  TLC comparison w i t h  a u t h e n t i c  samples18. Mo lar  percen-- 

tages o f  h y d r o l y s i s  p roduc ts  a re  p resented  i n  TABLE 1. 

- -  
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