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NUCLEOSIDES & NUCLEOTIDES, 7 ( 3 ) ,  393-402 ( 1 9 8 8 )  

STUDIES TOWARD SYNTHESIS OF C2-SUBSTITUTED ADENOSINES: 
AJd EFFICIENT SYNTHESIS OF 2-(PHENYLAMIN0)ADENOSINE [CV-l808] 

Bharat K. Trivedi 
Parke-Davis Pharmaceutical Research 

Wa rner/Lambert Company 
Department of Chemistry 

Ann Arbor, Michigan 48105 

Abstract: In this paper we report general and highly efficient synthetic 
routes to certain CZ,N6-disubstituted adenosines including an efficient 
synthesis of  2-(pheny1amino)adenosine [CV-1808, a highly A2 receptor 
selective adenosine agonist] originally developed as an antianginal 
agent. 

A large number of substituted adenosines have been reported in the 

literature as modulators of  extracellular adenosine receptors designated 

as A1 (mediating inhibition of adenylate cyclase) and A2 (mediating 
stimulation of adenylate cyclase).' 

agonists have been thoroughly investigated for their pharmacological 

profile. 

2-(pheny1amino)adenosine (CV-1808) as an A2 selective agonist in the rat 
brain preparation. We were interested in the synthesis of CV-1808 and 

its analogues. 2-(Pheny1amino)adenosine (CV-1808) ( 5 )  was originally 
synthesized by R. Marumoto et al. and was developed as an antianginal 
agent."'4 

5-amino-l-(~-~-ribofuranosyl)-l~-imidazole-4-carboxamide (AICA-R). 

Unfortunately, this compound's sole source is a costly fermentation. We 

began investigating the chemistry of C-2 modified inosines with the aim 

of developing a simple and economical synthesis of CV-1808. Halogenation 

of guanosine 2',3',5'-triacetate (1) using a modification of Nair's 
procedures gave 2-bromoinosine 2' , 3 '  ,5'-triacetate (2) in 35% yield.6 
Nucleophilic displacement with anilinc in refluxing methanol afforded 

N-phenylguanosine 2',3',5'-triacetate (2) in 69% yield. Halogenation of 

- 3 under standard Vilsmeier conditions (DMF-POC13) afforded 6-chloro-N- 

phenyl-9-(2,3,5-tri-O-acetyl-~-~-ribof~uranosyl)-9H-purin-2-amine ( 4 )  in 
moderate yield (50-60%). 

A significant number of Al-selective 

However, it is only recently that Rruns et a1.2 have identified 

Each of  the syntheses reported starts with 

The yield o f  5 can be improved to 90% by using 
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394 T R I V E D I  

Robins‘ procedure’ which employs phosphorous oxychloride/tj,N-dimethyl- 

aniline in acetonitrile. 

at 12OOC for four h gave 2-(pheny1amino)adenosine (CV-1808) ( 5 )  i n  75% 

yield. This represents the first highly efficient and inexpensive 

synthesis of 2-(pheny1amino)adenosine (CV-1808) ( 5 )  starting from 
commercially available guanosine. Additionally, selective deprotection 

of the triacetate 5 using methanolic-ammonia at room temperature afforded 
6-chloro-N-phenyl-9-~-~-ribofuranosyl-9~-purin-2-amine (6)  in 91% yield. 

The later compound serves as a key intermediate for the preparation of a 

wide variety of N6-substituted 2-(phenylamino) adenosines. For example, 

compound 7 ,  a representative of this class of compounds was synthesized 
in 64% yield by reacting 6 - with (R)-l-phenyl-2-propanamine in refluxing 

ethanol. 

Reaction of 5 with saturated methanolic-ammonia 

Simultaneously, we were also interested in the preparation of 

2-(pheny1thio)adenosine and its derivatives. A wide variety of 2- 
alkylthioadenosines has been synthesized by (1)  condensation of 2- 
alkylthioadenines with appropriate ribose derivativess-” (2) amination 
of  2 - a l k y l t h i o - 6 - c h l o r o p u r i n e  ribosides, lo  and ( 3 )  alkylation of 

2-thioadeno~ines’~’’~ and (4) photoinduced alkylthiolation of 
halogenated nucleosides.I4 

long sequences and are not readily accessible routes for the synthesis of 

a variety of  2-phenylthio, N6-substituted adenosines. 

investigated the possibility of introducing the phenylthio functionality 

directly at the C-2-position of a purine riboside (as shown in 

Scheme I ) .  

However, most of these procedures are all 

Therefore, we 

Reaction of 6-chloro-9- (2 ,3 ,5- t r i -O-ace ty l -B-q- r ibofuranosyl ) -9H-  

purin-2-amine (8) with diphenyl disulfide and i-amylnitrite in refluxing 
acetonitrile afforded 6-chloro-2-(phenylthio)-9-(2,3,5-tri-O-acetyl-~-D- 

ribofuranosyl)-9H-purine ( 9 )  in 45% yield. Treatment of 9 with saturated 
methanolic-ammonia at 100°C for 12 h gavr a 44% yield o f  

2-(pheny1thio)adenosine (lo). l 5  Compound 9 serves as an important 
intermediate which allows one to introduce under mild conditions a 

variety of substituted amines at the C-6 position, followed by standard 

deprotection of the acetate to yield C-2, N‘-disubstituted nucleosides 

(Scheme TI). 
2-phenylthio analog (11) of the standard reference agonist (R)-PIA was 

prepared in 48% yield by reaction of 2 with (R_)-l-ptienyl-Z-propanamine in 
dimethoxyethane at room temperature, followed by deprotection us ing  

methanolic ammonia at room temperature. The synthetic schemes described 

above clearly demonstrate a very facile entry into a wide range of C-2, 

N‘-disubstituted nucleosides o f  biological interest. 

As an example of the use of 9 in this manner, the 
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SYNTHESIS OF C2-SUBSTITUTED ADENOSINES 

Scheme Ia  

395 

C I  HN 3 

a 

(ii) PhNH,, MeOH, A ;  

(iii) POCl3,  N , N - d i m e t h y l a n i l i n e ,  Et4NC1, CH3CN, A ;  

( i v )  NH3-MeOH, A ;  

( v )  MeOH-NH,, R . T . ;  

( v i )  PhCH,CHCH,NH,, E t3N,  EtOH, A .  

(i) CHBr,, n -amy l  n i t r i t e ,  A ;  
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396 TR IV ED I 

Scheme I I a  

8 R=-C-CH, II 

N 

9 
h) 

iii 

HO OH 

i i i  J.*H 
;c HN k H 3  

I V  I 

HO OH 

II 
N 

a (i) PhSSPh,  i - a m y l n i t r i t e ,  CH,CN, A ;  

(ii) MeOH-NH,, 100°C, 12 h r ;  

(iii) PhCH2CHCH3NH2, DME, E t 3 N ,  R . T . ;  

( i v )  MeOH-NH,, R.T. 
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SYNTHESIS OF C2-SUBSTITUTED ADENOSINES 

EXPERIMENTAL SECTION _ _ ~ ~ ~  

397 

Melting points are uncorrected. Analytical thin layer 

chromatography (TLC) was done with precoated glass plates (EM reagents 
silica gel 60 F-254). Flash column chromatography was performed on 

silica gel 60 (230-400 mesh). 

EM-390 or Varian XL-200 Spectrometer. Mass spectra were recorded on a 

Finnegan 4500 mass spectrometer with an INC05 data system or a VG 7070 

E / H R  mass spectrometer with an 11/250 data system. Solvents and reagents 

were commrrcially availahle unless otherwise noted and were used 

directly. Elemental analyses were determined at 

Warner-LambertlParke-Davis. 

lH NMR spectra were obtained on Varian 

2-Bromoinosine 2' ,3' ,5'-triacetate (2) .  
(1) (20 g, 48.8 mmol), n-amyl nitrite (40 mL)  and bromoform (50 mL) were 

heated at 9OoC for 0.5 h.16 

pressure and the residue was purified on silica gel by flash 

chromatography using chloroform. Evaporation of solvent yielded 5.5 g of 

2-bromoinosine 2',3',5'-triacetate (R = 0.33, 5% MeOH-CHC13). An 

additional 2.78 g (total yield, 35%) of the product was obtained after 

chromatographic purification of  the crude fractions. 

6 2.03, 2.06, 2.12 (3 x 3H, -COCH3), 4.23-4.4 (m, 3H, H4 and 2HI5), 5 . 5 6  

(t, lH, 3H'), 5.82 (t, lH, ZH'), 6.15 ( d ,  lH, lH'), and 13.5 (bs, lH, 
-NH). 

Guanosine 2' ,3' ,5'-triacetate7 

Volatiles were evaporated under reduced 

f 

'H NMR (CDC13): 

N -Phenylguanosine 2',3',5'-triacete (3) .  
2-bromoinosine 2',3',5'-triacetate (2)  (5.5 g ,  11.6 mmol) in methanol 

(50 mL), aniline (7 mL) was added and the reaction mixture was refluxed 

at 95OC for threr h. Volatiles were removed under reduced pressure, and 

the dark-brown residue was dissolved in 20 mL of methanol. Upon standing 

at room temperature, a light-yellow crystalline solid was obtained (R = 

0.08, 5% MeOH-CHC13) which was filtered and dried yielding 3.9 g (69%) 
of N-phenylguanosine 2',3',5'-triacetate: mp 222-225OC. 

 i it^ mp = 231-233OC) 

Anal. Calcd. for C22H23N508: C, 54.43; H, 4.77; N, 14.42; 
Found: C, 54.50; H, 4.84; N ,  14.52. 

To a solution of 

f 

'H NMR (DMSO-d6): 6 1.9 (3H, -COCH3), 2.06 (3H, -COCH3), 2.12 (3H, 
-COCH3), 4.06-4.31 (m, 3H, HI4 and ~H's), 5.37 (t, lH, H'3), 5.98 (t, IH, 
HIz), 6.08 (d, IH, H'l), 7.07-7.56 (m, 5H, phenyl), 8.02 ( s ,  IH, Hs), 
8.86 ( s ,  lH, NH-CeHs), 10.8 (bs, lH, NH), mass spectrum m_/z (relative 
intensity) 486 (100, m + 1). 
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398 TRIV ED1 

6-Chloro-N~-phenyl-9-(2,3,5-tri-~-acetyl-~-D-ribofuranos~l)-9H-puri~2~ __ -~ 

__ amine ( 4 ) .  To a solution of N-phenylguanosine 2',3',5'-triacetate (3) 
(1.0 g, 2 m m o l )  in dry acetonitrile (10 mL), tetraethylammonium/chloride 

(dried over P205) (0.8 g) followed by N,N-dimethylaniline (0.35 mL) and 

phosphorous oxychloride (1.4 mL) was added. The reaction was kept in an 

oil hath preheated a t  100°C for ten min under nitrogen. The volatiles 

werr rvaporated under reduced pressure, and the residue was dissolved in 

SO mL of  chloroform. The organic solution was added to ice water, and 

the layers were scparated. The aqueous layer was extracted with 

chloroform (2 x S O  mL) arid the combined organic extract was washed with 

10% NaHC03 (3 x 25 mL) and water ( 2  x 25 mL). The solution was dried 

ovcr kIgSO,, filtered, and the solvent was evaporated to yield 0.99 g of 

s o l i d  which was purified on silica gel by flash chromatography using 

chloroform. Evaporation of solvent from pure fractions (R = 0.62 

MeOH-CHCL3) afforded 0.88 g (85%) of 6-chloro-N-phenyl-9-(2,3,5-tr 
aretyl-P-D- ~ ribofuranosyl)-9~-purin-2-amine: mp 80-85OC. 

Anal .  C a l c d .  for C2,H2,N507C1: C, 52.44; H, 4.40; N, 13.89; C1, 7 
F o u n d :  C, 52.24; H, 4.67, N ,  13.69; C, 7.27. 

f 5 % 
-0- 

02 : 

'H NMH (DMSO-ds): 6 1.91 ( s ,  3H, -COCH3), 2.06 ( s ,  3H, -COCH3), 2.13 ( s ,  

311, -COCH3), 4.2-4.37 ( m ,  3H, 1Ht4 arid 2H'5), 5.49 (t, lH, HIS), 6.05 ( t ,  

111, HI,); 6.22 (d, 1H, HIl), 7.02 (t, 111, phenyl), 7.33 (t, ZH, phenyl), 

7.71 (d, 2H, phenyl), 8.5 ( s ,  lH, Ha), and 10.07 ( s ,  lH, -NH-CGHS), mass 

spectrlim IIJ/Z (relative intensity) 504 (100, m + ) .  

2 I ( P t i e n y l a m i n o ) a d e n o s i n e  ( 5 ) .  
tri-O-acetyI-~-~-ribofuranosyl)-9H-purin-2-amine ~ (0.85 g ,  1.68 mmol) and 

saturated methanolic-ammonia (50 mL) was heated at 120°C for four h in an 

autuclavr. Upon cooling, the volatiles were evaporated from the colored 

solution and the residue was purified on silica gel by flash 

chromatography using 5% MeOH-CHC13 as  eluent. 

solvents from the pure fractions (R = 0.33, 20% MeOH-CHC13) yielded 

0.45 g (75%) of 2-(pheny1amino)adenosine (1): mp 240-242OC. 

244-245OCI Anal. Calcd. for Cl8HI,NsO4'O.05 CHC13: C, 52.91; H, 4.99; 
N, 23.06; Found: C, 52.61; H, 5.10; N, 22.81. 
'H NFlH (DMSO-ds): 6 3.51-3.70 (m, 2H, H I S ) ,  3.9 (m, 1H. H'4), 4.14 (m, 

A mixture o f  6-chloro-N-phenyl-9-(2,3,5- 

Evaporation of the 

f 
[Lit4 mp = 

IH, H'3), 4.58 ( q ,  lH, H'2), 5.01 (t, 111, 5'-OH), 5.16 (d, lH, 3'-OH), 

5.44 ( d ,  lH, 2'-OH), 5.84 (d, IH, HI,), 6.86 (t, lH, phenyl), 6.9 ( s ,  2H, 
-N6H2), 1.23 (t, 2H, phenyl), 7.83 (d, 2H, phenyl), 8.11 ( s ,  lH, Ha), 

8.90 ( s ,  lH, -NH-CeHs). 
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SYNTHESIS OF C2-SUBSTITUTED ADENOSINES 399 

6-Chloro-N-phen~l-9-~-D-ribofuranosyl-9H-purin-2-amine ( 6 ) .  A mixture of 

6-chloro-~-phenyl-9-(2,3,5-tri-~-acetyl-~-~-ribofuranosyl)-9H_-purin-2- 

amine (2.5 g, 4.96 mmol) and saturated methanolic-ammonia (50 mL) was 
stirred at room temperature for 8.5 h. The volatiles were evaporated, 

and the residue upon treatment with 50 mL of chloroform precipitated a 
solid which was filtered and dried affording 1.7 g (91%) of 6-chloro-N- 
p h e n y l - 9 - ~ - ~ - r i b o f u r a n o s y l - 9 H _ - p u r i n - 2 - a m i n e  'H NMR (DMSO-dG) : 
2H, ZH's), 3.95 (9, l H ,  H'4), 4.16 (t, lH, H13), 4-59 (t, 1H, H'z), 
4.8-5.7 (br, 3H, 5', 3', 2'-OH), 7.0-7.8 (m, 5H, phenyl), 8.32 ( s ,  lH, 
H8), and 10 ( s ,  IH, NH-C6H5), mass spectrum m / ~  (relative intensity) 377 

(28), 245 (loo), 210 (35). 

6 3.6 (dq, 

__ (R)-N-(l-Methyl-2-phenylethyl)-2-(phenylamino)adenosine (1). A mixture 
of 6-chloro-~-phenyl-9-~-~-ribofuranosyl-9~-purin-2-amine (0.25 g, 

0.66 mmol), (R)-l-phenyl-2-propanamine (0.13 g, 0.99 mmol) and 

triethylamine (0 .1  g, 0.99 mmol) in absolute ethanol (15 mL) was refluxed 

under nitrogen for 20 h. Upon cooling, volatiles were removed under 
reduced pressure, and the residue was treated with cold water. 

precipitated solid was filtered and purified by flash column 
chromatography on silica-gel using 2% methanol-chloroform as the eluent. 

Evaporation of the solvent from the pure fractions gave solid material 

which upon crystallization from ethylacetate-hexane afforded 0 . 2  g (64%)  

of (R)-N-(l-methyl-2-phenylethyl)-2-(phenylamino)adenosine: mp 148-150°C. 
Anal. Calcd. for C25H28N604: c, 63.01; H, 5.92; N ,  17.63 
Found: C, 63.07; H, 5.81; N, 17.42. 
'H NMR (DMSO-d6); 6 1.19 (d, 3H, CH3), 2.75 (dd, l H ,  -CH2Ph), 3.05 (dd, 

The 

1H, -CHzPh), 3.5 (m, 2H, H I S ) ,  3.9 (d, lH, H'41, 4.14 (brs, 1H, H'31, 
4.56 (brs, 2H, HI*, CIjCH3), 5.0-5.5 (br, 3H, 5',3',2'-0!), 5.85 (d, lH, 
HIl), 7.0-7.8 (m, 11H, phenyl and E ) ,  8.1 ( s ,  l H ,  Hs), and 8 . 9  ( s ,  lH, 
FCsH5), mass spectrum (FAB) m//z (relative intensity) 477 (loo), 345 

(76). 

6-Chloro-2-(phenylthio)-9-(2,3,5-t~~-0-acetyl-~-~-ri~furanosyl)-9H- 

purine (2). A mixture of 6-chloro-9-(2,3,5-tri-~-acetyl-~-g- 

ribofuranosyl)-9H-purin-Z-amine (E)6 ( 4 . 0  g, 9.3 mmol), diphenyl 

disulfide (10 g, 46 mmol), and i-amyl nitrite (10.84 g, 93 mmol) in 

acetonitrile (100 mL) was refluxed at 100°C for three hours. The 

volatiles were removed under reduced pressure and the residue was 

purified by flash column chromatography on silica gel using chloroform as 

an eluent. Evaporation of the solvent from pure fractions afforded 2 . 2  g 
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4 00 TR I V E D I  

(45%) o f  6 - c h l o r o - 2 - ( p h e n y l t h i o ) - 9 - ( 2 , 3 , 5 - t r i - ~ - a c e t y l - ~ - ~ - r i b o f u r a n o s y l )  

-9H-pur ine .  ' 1 1  NMR (CDC13) : 6 2 . 0 4  ( s ,  3 H ,  COCH:!) , 2 . 0 6  ( s ,  3 H ,  COCHs), 

2 .12  ( s ,  3 H ,  COCH:3), 3 .84 -3 .87  (m,  2H, H I S ) ,  4 . 2 4  ( m ,  l H ,  H ' d ) ,  5 . 0 2  ( t ,  

l H ,  H I 3 ) ,  5 . 8 8  (m,  2H, H ' 2  and H I l ) ,  7 .47  ( m ,  3H, p h e n y l ) ,  7 . 6 6  ( m ,  2H, 

p h e n y l ) ,  dnd 8 . 0 2  ( s ,  IH, Hs ) .  

2 ~ (  P h e  ny 1 t h i o ) a d e  no s L 2 ~  (lo ) . A s o  1 u t i on o f 6 - c h I o r o - 2 - ( p h r ny 1 t ti i o ) - 9 - 

( 2 , 3 , 5 - t r i - O - a c e t y l - ~ - ~ - r i h o f i 1 r a r i o s y l ) - ~ H - ~ u r i n c ~  ~ ( Y )  ( 2 . 0  g ,  3 . 8 3  mmol) 

i n  s a t u r a t e d  methanol ic -ammonia  (100 m L ) ,  w a s  h e a t e d  a t  100°C f o r  12 h .  

Upon c o o l i n g ,  t h e  v o l a t i l e s  were removed u n d e r  r educed  p r e s s u r r ,  arid t h e  

r e s i d u a l  s o l i d  was p u r i f i e d  by f l a s h  columri chromatography  on s i l i c a  g e l  

u s i n g  5% methano l -ch lo ro fo rm a s  t h e  e l u r n t  . E v a p o r a t i o n  of t h e  s o l v r n t  

f r o m  t h e  purr' f r a c t i o n s  ( R  = 0 . 3 4 ,  20% MeOH-CHCl:<) a f f o r d r d  0 . 6 5  g (44%) f 
oL 2-(pheny1thio)adrnosine: m p  113-117OC. 

Anal C a l c d .  f o r  C 1 ~ H 1 7 N ~ 0 ~ S ' 0 . 5 H ~ O :  C ,  4 9 . 9 9 ;  11, 4 . 7 1 ;  N ,  1 8 . 2 1 ;  

S ,  8 . 3 4 ;  Found:  C ,  4 9 . 5 2 ;  H ,  4 . 4 1 ;  N ,  18 .02 ;  S ,  8 . 1 8 .  

' H  NMR (DMSO-dG): 6 3 . 3  ( n i ,  2H, H I 5 ) ,  3 .76 -3 .86  ( m ,  2H, 11'3 and H 

4 . 5 2  ( 4 ,  I H ,  H ' n ) ,  4 . 8 4  ( t ,  l H ,  .5'-OH), i . 0 2  ( d ,  I H ,  3 ' -OH) ,  5 .33  

2'-OH), 5 . 6 3  ( d ,  l H ,  H I l ) ,  7 .38 -7 .60  ( m ,  7 H ,  - N H 2  and p t ie i iy l ) ,  and 

( s ,  lH, H8); mass spec t rum m/z ~~ ( r e l a t i v e  i n t r n s i t y )  375 ( 2 8 ) ,  286 

272 ( 4 0 ) ,  242 ( 8 5 ) .  

( R )  -N - ( 1 -Met hy 1 - 2 -@eny 1 e t hy 1 ) - 2 - ( p heny 1 t h i 0 )  a rleriq 

6 - c h 7 o r o - 2 - ( p he  n y 1 t ti i o ) - 9 - ( 2 , 3  ,5 - t r i - 0 -a ce t y I - p- 0 - r i bo f~ II r n  nosy 1 ) - c) H - p u r i tie 

( 9 )  ( 1 . 0  g, 2 . 0  mmol), (R)-I-pheriyl-2-propanamine ( 0 . 3 2  g ,  2 . 4  Innio1), arid 

t r i e t h y l a n i i n e  ( 0 . 2 6  g ,  2 . 6  inmol) i n  d r y  d ime thoxye thane  ( 1 5  mL) was 

s t i r r e d  a t  room t r m p e r a t u r c  f o r  16 h .  The p r e c i p i t a t e d  s o l i d  (Et4N'HC1-) 

was f i l . t e r e d ,  washed w i t h  DME and  t h e  v o l a t i l r s  were e v a p o r a t e d .  'The 

r e s i d u e  was d i s s o l v e d  i n  SO mL of s a t u r a t e d  methanul ic -ammonia  and 

s t i r r e d  a t  room t r m p e r a t u r e  f o r  f i v e  h .  The v o l a t i l r s  were removed unde r  

r educed  p r e s s u r e ,  and t h e  r r s i d u e  was p u r i l i e d  by f l a s h  column 

chromatography on silira g e l  u s i n g  5y0 MeOH-CHC13. E v a p o r a t i o n  of l h e  

s o l v e n t  from t h e  p u r e  f r a c t i o n s  a f f o r d e d  0 . 4 5  g (48%) o f  (R)-N-( l -methyl -  

2-pheiiylethyl)-2-(phenylthio)adenosint. (c): mp 118-120OC. 

Anal C a l c d .  f o r  C25H27N504S: C ,  6 0 . 8 3 ;  11, 5 . 5 1 ;  N ,  1 4 . 1 8 ;  S ,  6 . 4 9 ;  

Found: C ,  6 0 . 6 6 ;  H ,  5 . 3 0 ;  N ,  1 4 . 2 4 ;  S ,  6 . 3 2 .  

'11 NMR (DMSO-d6): 6 0 .97  ( d ,  J=6.9 Hz, 3H, C H 3 ) ,  2 . 5 - 2 . 7 8  ( m ,  2H, CH2), 

3 .42 -3 .49  ( m ,  2H, 5 'CH2) ,  3 . 8 6  (m,  lH, H I 4 ) ,  3 . 0 7  ( h s ,  l H ,  H ' 3 ) ,  4 . 1 1  ( m ,  

n~ ( IJ) A m i x t u re o f  

~ 

l H ,  CH-CH3), 4 . 5 2  ( t ,  lH, 1 1 ' 2 ) ;  4 . 5 - 5 . 3  ( h s ,  3H, - O H ) ,  5 . 7 2  ( d ,  l H ,  H ' i ) ,  

6 . 9 - 7 . 5 8  (m, p h e n y l ) ,  7 .86  ( d ,  l H ,  -NH), and  8 . 2  ( s ,  I H ,  H s ) ;  mass 

s p e c t r u m  m/g ( r e l a t i v e  i n t e n s i t y )  493  ( 1 6 ) ,  402 ( 8 4 ) ,  270 (100 ) .  
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