
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Synthesis and Biological Properties of ( ) and (-)-(E)-5-(2-bronovinyl)-21 -
deoxy-11 a-Carbauridine
Jan Balzarinia; Harald Baumgartnerb; Michael Bodenteichb; Erik De Clercqa; Herfried Grienglb

a Rega Institute for Medical Research, Katholieke Universiteit Leuven, Leuven, Belgium b Institute of
Organic Chemistry, Graz University of Technology, Gras, Austria

To cite this Article Balzarini, Jan , Baumgartner, Harald , Bodenteich, Michael , De Clercq, Erik and Griengl,
Herfried(1989) 'Synthesis and Biological Properties of ( ) and (-)-(E)-5-(2-bronovinyl)-21 -deoxy-11 a-Carbauridine',
Nucleosides, Nucleotides and Nucleic Acids, 8: 5, 855 — 858
To link to this Article: DOI: 10.1080/07328318908054229
URL: http://dx.doi.org/10.1080/07328318908054229

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318908054229
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 8(5&6) ,  855-858 (1989)  
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Erik De Clercq’ and Herfried Grlengl” 

(a )  Regs Institute for Nedical Research, Kstholieke Universiteit Leuven 

(b) Institute of Organic Chemistry, Graz University of Technology, 
linderbroederstraat 10, B-3000 Leuven, Belgium 

Strenayrgasse 16, A-8010 Gras, Austria 

Abstract: Carbocyclic ( * I -  and (-)-(,D-5-(2-bromovinyl)-2’-deoxyuridlne have boon prepared 
from (+ ) -  and (-)-c~dc-norbrn-5-en-2-y1 butyrate. In cell cultures both (t)- and (-)-C- 
BVDU showed activity against herpes oimplex virus types 1 and 2, (+)-C-BVDU being o n l y  
slightly less active than BVDU itself. (-)-C-BVDU gave a smaller but still significant 
antiviral effect. A nomenclature for carbocyclic nUCleO6ideS is proposed. 

Recently, carbocyclic nucleosides, in which the D-ribose m i e t y  of the nucleoside is 

replaced by a cyclopentane system, have gained increasing interest’. In these collpounds 
the b’-glycosldlc linkage, which is prono to hydrolysis, l o  replaced by a m r e  stable bond. 

In SO= cases, adenosine-type carbocyclic nucleosides were found reoiotant torwards the 

action of adenosine deaniMset. For these reasons blostabillty and biaavailability are 

enhanced. The biological properties of carbocycllc nucleosldes are very often similar to 

those of ‘genuine’ nucleosldes with reduced biological activity in m o t  cases (see, 8.8.. 

However, examples are known where the carba-derivative is the more potent 

compound (see, e.g., refs.-.’). Vith respect to biological properties the enantiopers of 

carbocyclic nucleosldes are expected to be different. Therefore, the carbocycllc analogue 

of the potent antiviral compound (~-5-(2-bro~avinyl)-2‘-deoxyuridine’~ has been 

synthesized in both enantiomeric for=. 

The synthetic strategy used ha6 already been published a6 a 6hort comnlcation” for 

(t)-C-BVDU, the enantiomer with the ‘natural’ configuration, which 1s drawn in the formula 

scheme. Either (+)-e~do-norborn-5-en-2-yl butyrate Ifor the synthesls of (+)-C-BVDUI or 

the (-)-enantio!zer Ifor the synthesis of (-)-BVDUI were used a6 starting mteriale. 

obtained from the racemate by enzyxatic resolution with CaDdida CyliDdrscea lipase’l. In 

the ‘natural‘ series compounds 2-5 are levorotatory. compounds 6-13 dextrorotatory. After 

recrystallisation of the mnobenzyl derivative 4 both enantlopers were obtained with 

constant optical rotations. Therefore, conpounds 4 - 13 and the ‘unnatural‘ enantiomeric 
form6 eni-4 - ent-13 were considered to be enantlomerically pure. 

Data for the antiviral activity are given in Table 1. (+)-C-BVDU showed a slightly 

reduced antiviral effect (HSV-1, HSV-2: ae compared to BVDU. Interestingly, this activity 
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8 56 BALZARINI ET AL. 

la R - A c  2 
lb R=C(0)CH2CH2CH3 

5 I 
OAC 

6 

a 03, MeOH, -7OOC: LlAlH4, THF 
* aq.H2S04, 100°C BzC1, P y r ,  CH2C12 HesCl, Et3N, CH2C12 ' CSOAC, 
DHSO, 4O-4S0C Pd-C, EtOH ' PDC, DMF, r.t. D P P A ,  C6H6) NH3 

3-ethoxyacryloyl chloride. Pyr. CH C1 aq.NH,.  90°C, 4h 
" 12, 0.75N HN03, dioxanc, reflux, lh2 02methylacrylate, dloxane, P ~ ~ O A C ) ~  
Ph3P, Et3N. 8S°C, 15h 

bPhCH(OMe)2, HBFI, DMF KH, THF, PhCHZBr 

1.8N KOH, r.t., 2h; KHC03, NBS, DMF, r.t. 

SCHEME 1 
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(+>- and (->-CARBA-(E)-5-(2-BROMOVINYL)-2'-DEOXYURIDINE 

TABLE 1. A n t i v i r a l  a c t i v i t y  of c a r b o c y c l i c  BVDU e n a n t i o p s r r  i n  pr imary r a b b i t  kidney cell 
culturmm 

~~ ~~ ~~ 

Conpound 1 I i n i . u ~  i n h i b i t o r y  concen t r a t ion  pg/rl '  

Harps Xerpeo Berpc Herpa Herpes Horpc Vaccinia 
simplex s implax simplex s implex a l n p l o x  s implex v i r u s  
virus-1 v i rus -1  v i rus -1  virus-2 vlruo-2 virus-)  
( K O S )  (P) ( I c I n t y r e )  (G) (196) (Lyons) 

(-) -C-EvW 0.7 10 10 20 100 100 >boo 
( +) -C-EVDU 0.05 0.02 0.02 7 100 20 1400 
(t)-C-BVDU 0.02 0.06 0.07 7 70 20 2 (00 

I BVDU 0.01 0.01 0.01 2 70 7 15 

- Roquirmd t o  rcduco v i r u s  inducmd cy topa tbogen ic i ty  by 502. The data r e p r e s e n t  average 
valums for 3 t o  4 w p r a t m  e x p e r i m n t o .  

TABLE 2. I o a n c l a t u r o  of ca rbocyc l i c  p n t o f u r a n w m e  and ca rbocyc l i c  nuclmooidma 

:o.pound Dofinitm rule. (IUPIC) Carbohydratm n o r n c l a t u r m  + 
I a t u r a l  Products  Peconwndat ion 1976 

2 ( -> -  ( 1 R .  3R, 4P,-b-Hydroxyc~clopntanm- 
1 . 3 - d i a t h a n o l  

3 ( - > -  (1R.6R, 8R)-8-Bonzyloxymtbyl- 
3-pbmnyl-2, b-diornbicyclo[ b . 3 . 0 l o  
nomne 

5 ( - > - ( 1 R, 2 R. 4 P, - 2- Be nzo y 1 oxym t Ay1- 

~ t b a o ~ s u ~ f o n ~ t r  
4-be~y1oxy.sthylcyclopntyl= 

6 ( + ) - ( l R , 3 S ,  bh'J-3-Icmtoxy- 
b-benzoylorpmtAylcyclo- 
pentanemthsnol  

10 ( i  ) -  1-1 (1R. 35,4R)-3-Bydro~y- 
4-Aydrorp~thylcyclopntyll- 
1E. 3 F p y r l d d i n - 2 ,  b-diono 

13 ( + ) - l - t  (1R,3S, b b - 3 - X y d r o x y -  
b - A y d r o V t  by1 cycl opent y 11 - 
- 5 4  ( ~ - 2 - b r o m v i n y l l - l J f ,  3iF 
pyrimldin-2.4-dioom 

(- ) -2-Deory- l a - c a r b -  6-D- thrm-  
p n t o f u r a n o q l s t h a n o l  
I (-)-2,5-Inbydro-3-deorp-2a-carb- 
P qJo-hmxl  t o l l  
(-)-3,5-0-&nsylidmne-2-dmo.~-la- 
c a r h - 8 - ~ t ~ p p . n t o t u r a n M y I =  
r t h n o l  
t ( - ) - 2 , 5 , 1 ~ h y d r ~ 4 , 6 - 0 -  
b e n z y l l d e n o - 3 - d m o r ~ - 2 ~ - c a r ~ - D - ~ ~ o -  
bmxi to1 1 
( -1 -5-O-&nzoyl -2-dmoq-3-&mtAyl= 
sulfonyl-la-carb-8-Dthreppnto- 
f u r s n r u y l r t b y l  k n s y l  etbmr 
I (-)-2,5-hh~dro-6-&kn~oyl-l-Cb 
k n z y l - 3 - d m o ~ y - b ~ m t b y l s u l f o n y l -  
la-carba-D V I P  bmxi t o1  I 
(t) - 3 - C b I c e t y l - 5 - 0 - k ~ o ~ l - 2 - d c o ~  
l a - c a r b a - B - D - e r ~ h r ~ ~ n t o f u r s n D o y l =  
r t  A m O l  
I (+)-4-CbIcetyl-2,5-anbydro- 
6-~bsnzoyI -3 -door~-Za-carba-Pr l  b 
Aexitol I 
(*)-2'-Deorp-l'a-carburidino 

( * ) - 5 -  ( D -  (2-bromvinyl)-2' -door)- 
l ' a - c a r b u r l d i n e  
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BALZARINI ET AL. 

10 quite simllar to tbat for the racemate. It bas to be pointed out that for so= strains 
of HSV-1 (KOS) and HSV-2 (G) also (-)-C-BVDU, possessing the 'unnatural' configuration, 

showed a mrked antlviral effect. lo antiviral activity against TK- HSV-1 strains (B 2006, 

V1(v 1837) could be detected with eitber ( + ) -  or (-)-C-BVDU at concentrationo up to 

400 pg/ml. Therefore. phospborylation by viral tbymldine klnase must be a prerequisite for 

the antiviral action of ( + ) -  and (-)-C-BVDU. Vitb respect to the kinetics (+)-C-BVDU 

showed competitive inhibition, wbereas (-)-C-BVDU interacted in a linear mlxed-type 

coqetitive manner. Up to a concentration of 400 p g / d  ( + I -  and (-)-C-BVDU bad no activity 

against vaccinia virus and vesicular stomtitis virus, nor bmre tbey cytotoxic at 

concentrations up to 400 pg/ml.  

Iomenclature of enantiomerically pure carbocyclic nucleo6ides is a difficult task. 

since application of the sequence rule for tbe configuration of the chiral centers does 

not lead to chemical names, where the structure can be deduced without using paper and 
pencil. Application of the IUPAC-recommendations for the nomenclature of cyclitols" a l s o  

is unsatisfactory. To circumvent these obstacles we suggest a more strict use of the 

already familiar 'carba'-ncmnclature for carbocyclic nucleoaidea and carbocyclic 
pentofurnnoses wbere according to rules F-4.12 and F-4.13 of 'General Principles for the 
Jamlng of Iatural Products and Related Compounds (Provisional Recommendations 1 9 7 6 ) " 4 . ' 6  

replacemnt of tbe ring oxygen is characterized by the term 'carba' within the cbemlcal 

name according to carbobydrate nomenclature's. Bramples for this use are given in Table 2. 

For a paximum of comprehensible structural informtion we would prefer a =re deliberate 

USE of the rules over a t o o  rigid application (given in parentheses). 

Acknawledgeent: F i n a n c i a l  support by grant .  from tba klgian Fonds voor GeneeshmdiB 
VetenscbappliJk Gnderzwk (project no. 3 .0037 .83  and 3 . 0 0 9 7 . 8 7 ) ,  the Belgian 
Ceconcertearde 0uderzoeksacti.s (project no.85/90-79)  and by Fonds zur Forderurq dor 
riesenscbaftllcben Forscbung (project no.Pd030C) is gratefully acknowledgad. 

1. 
2. 
3. 

4.  
5. 
6 .  
7.  

8 .  
0 .  

10. 

11. 
12. 

13. 

14, 
15. 

16. 

REF6PPJChS 

For a recent review see: Narquez. V . 6 . ;  L i m .  N. I. Ned.Rae.Rov 1986, 6, 1. 
Desgrarqec. C; Da Clarcq. 6 .  Juclalc Acids Ros. 1984 ,  12, 2091. 
Shannon. V . X . ;  Vestbrook, L.; Arnett. G.: Deluge, S.; Lee, 8.; Vince. R. bntimlcrob. 
b e n t s  Cbemtber. 1983. 24. 538. 
Sbealy. T.F. ; O'Dell, C. A , ;  Arnett. G . ;  Shannon. V.I. J.Xrd.Cbam. 1pw , 29. 79.  
Legraverend. N.; Bisapi. 6.; Hkort. B. 6ur. J.Ned.Cbem. 1085, 20, 127. 
Sbcaly, Y.F . ;  O'Dell, C.A.; Sbannon. V.I. ; Arnett G.J. J.Ked.Cben. 1983 .  26, 156. 
RerdewiJn. P. ; Da Clarcq, 6.; Balzarlni. J . ;  Vanderbaegbe. 8. J.Ned.Cbem. 1065. 28. 
550 .  
Sbealy. T . F . ;  Claflon. J.D. J.An.Cbc8.Soc. 1969, 91, 3075. 
Bortbdck. A.D.; Butt, S.; Biggadike. K.; 6xall. 1.1.; Roberte, S.N.; Youds, P.N. ; 
Kirk, B.6.; Both. B.R.; Caoeron. J.N.; Cox, S.V.; Nnrr, C.L.P.; shill. I.D. 
J.Cben.Soc., Cbcm.Commn. 1088, 656. 
Da Clercq. 6.; Descarps, J . ;  De Soper. P.; Barr. P. J.; Jones, A.S. ; Valkcr, R.T. 
Proc. Iatl.Acad.Sc1. U.S. A. 1'279. 76, 2947. 
Bodenteicb. H.; Griengl, R. Iucleic Acid. Rae. Symp.  Ser. 1087. do. 18, 13. 
Oberbauser, Tb.; Bodenteicb. 1.; Fabar, I.; Peon. G.; Griengl, I!. Tetrahedron 1087. 
43. 3931. 
Reco~nuendatlons for the Iomnclature of Cyclltols. Pure and Applied Cbeo. 1974, 37, 
285. 
IUPAC-Iaf.Bul1. 10 .53 ,  (Dec. 1976). 
Jomenclatura of Organic Chedstry. 1970 Sditlon, Rigaudy, J.; Klesnsy. S.P. ad., 
P e r p m n ,  Oxford. 
Tentative Rules for Carbohydrate Ilomenclature, Bi0chem.J. 1W1, 125. 673. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


