
This article was downloaded by: [Michigan State University]
On: 27 January 2015, At: 18:25
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

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Convenient Synthesis
of (±)1′, 2′-Seco-2′, 3′-
Methanonucleosides
Malika Nechab a , Claude Chavis a , Marc Lucas a &
Jean-Louis Imbach a
a Universite de Montpellier II, Sciences et
Techniques du Languedoc, Laboratoire de Chimie
Bio-Organique , Associe au CNRS n'488, Case 008,
34095, Montpellier Cedex 5, France
Published online: 23 Sep 2006.

To cite this article: Malika Nechab , Claude Chavis , Marc Lucas & Jean-Louis Imbach
(1992) Convenient Synthesis of (±)1′, 2′-Seco-2′, 3′-Methanonucleosides, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 22:8, 1115-1126, DOI: 10.1080/00397919208021095

To link to this article:  http://dx.doi.org/10.1080/00397919208021095

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919208021095
http://dx.doi.org/10.1080/00397919208021095


Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

8:
25

 2
7 

Ja
nu

ar
y 

20
15

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 22(8), 1115-1126 (1992) 

CONVENIENT SYNTHESIS OF 

(k)l', 2'-SECO-2', 3'-METHANONUCLEOSIDES 

Malika Nechab, Claude Chavis, Marc hcas and Jean-Louis Imbach* 

Universik? de Monwllier II, Sciences et Techaiques du Languedoc, 
Laboratoire de Chimie Bio-Organique, Associ6 au CNRS 11'488, Case 008, 

34095 Montpellier W e x  5 ,  France 

ABSTRACT: The racemic 1 ',2 '-seco-2',3 '-rnethanonucleosides have been 
synthesized by a five step chemical sequence. In this way (+)-1-[(l'-hy- 
droxy-3',4 '-methylene-but-2'-oxy)lmethyi]cytosine dc thymine and uracil 
4e and (f)9-[(lP-hydroxy-3 ',4'-methylene-b#-2'oXy)methyl]adenine &l and 
guanine @ have been obtained and their m*viral evaluation is reporfed. 

Up to now some acyclic modifications in the sugar moiety of nucleosides 

provided sometimes compounds with very potent antiviral activity i.e. 

acyclovirl or DHPGZ. 

In continuation of our work on acyclonucleosid&~~ we prepared a series 

of compounds bearing a cyclopropano ring on the acyclic side chain of the 

nucleobase. The rationale behind these acyclic derivatives comes from a 

constraint imposed on side-chain flexibility by incaporation of a cyclopropane 

moiety which could result in a better umformation for enzyme interactions. 

* To whom all correspondence should be addressed. 

1115 

Copyright 0 1992 by Marcel Dekker, Inc. 
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1116 NECHAB ET AL. 

scheme 1 

-0lBOPS 
QH 

1 - 2 
I 
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(f)1',2'-SECO-2',3'-METHANONUCLEOSIDES 1117 

One of the prerequisite conditions for such an interaction implies that the 

nucleosides should be metabolized to their active phosphorylated intermediates. 

In addition, the reactive cyclopropane moiety could also play an 

hypothetic role, under opening conditions, in forming covalent linkages with 

proteins. 

Since the reaction of &nes is known6 to produce a methylene bridge 

across the 5,6 positions of pyrimidine nucleosides, therefore the strategy of our 

synthesis is described in scheme 1. 

The synthetic plan required a coupling step between the appropriate cy- 

clopropanated spthon and the desired silylated nucleobase according to our 

efficient glycosylation procedure.4 

The desired nucleosides were synthesized via a five step sequence star- 

ting with the known4 derivative I which was cyclopropanated in 2 (51 %) by 

means of diodomethane, powdered zinc and cuprous chloride.7 

Treatment of 2 with dimethoxymetbane and phosphorus pentaoxide in chloro- 

form* produced 3 (50%) which was acetoxylated (56%) with acetic anhydride 

and boron trifluoride-diethyl ether at 4'C. 

The synthon 4 was used for the coupling step with the five trimethylsi- 

lylated nucleobases (scheme 1); this reaction required a solid-liquid phase 

transfert catalysis with KIdibem 18-crownd in toluene and acetonitrile (1: 1, 

v/v). As reported in scheme 1, N-9 purinyl and N-1 pyrimidyl acyclic nu- 

cleosides %-& were exclusively obtained in good to excellent yields. The 

regioisomerism of these compounds was ascertained by W spectroscopy in 

two different media.9 Removal of the TBDPS group with TBAF in THF 

afforded the unprotected acyclic nucleoside in nearly quantitative yields 

(95%). 
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1118 NECHAB ET AL. 

None of the five nucleosides had any effect against various DNA or 

RNA viruses in cdl cultures. 

EXPERIMENTAL 

M.p.s were obtained with a Biichi (capillary) apparatus and were uncor- 

rected. UV spectra were determined on a Cary 1186 spectrophotometer. EIe- 

mental analyses were performed by the 'Service de Microanalyse du CNRS, 

Division de Vernaison'. 1H NMR spectra were determined on a Briiker 

AC250, or a Briiker AM300 spectrometer. J Values are given in Hz. Mass 

spectra were obtained with a Jeol TMS-DX3OO by the FAB ionization method. 

( ~)-1-tert-Butyldiphenylsiiyloxy-3,4-meAhylenylbutan-2-ol 2. A mixture 

of didomethane (17 cm3, 0.12 mol), Zn (28.5 g, 0.43 mol) and cuprous chlo- 

ride (4.13 g, 41.7 mmol) was heated at 80'C and stirred under an atmosphere 

of argon for 2 h. The reaction mixture was cooled at room temperature and 

stirred for 1 h more. Then 1 (15 g, 44 mmol) in anhydrous glyme (27 cm3) 

was added dropwise under stirring at room temperature for 1 h and then at 

6O'C for 2 h. After filtration on Celite the solvent was removed under reduced 

pressure. The crude reaction mixture was flash chromatographed on a silica gel 

column with petroleum ether-dichloromethane 65135 as the eluting system and 

afforded 2 (8 g, 51% yield) as an oil. & 0.42 (dichloromethane-petroleum 

ether 6:4), $(300 M H z ,  CDCl,) 0.1 (lH, m, cyclopropyl), 0.4 (2H, m, cy- 

clopropyl), 0.55 (lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.1 (9H, 

s, 3Me), 2.65 (lH, m, OH), 3.05 (lH, m, CHOH), 3.75 (2H, m, CH20Si), 
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(+)lt,2'-SECO-2',3'-METHANONUCLEOSIDES - 1119 

7.4-7.7 (lOH, m, aromatic) (Found: C,73.76; H,8.25 G,H,,QSi. requires 

C,74.07; H,8.29%). 

( f )- 1 -tert-Butyldiphenylsilysilyloxy-2-methoxymethyl~oxy-3,4- 

methylenylbatane 1. To a solution of 2 (3.8 g, 11.2 mmol) in anhydrous 

chloroform (20 cm3) and formaldehyde dimethylacetal (2.25 cm3) was added 

phosphorus pentaoxide (2.28 g) portionwise with vigorous stirring. After 1 h at 

raom temperature the mixture was hydrolyzed by ice-water and neutralized 

with saturated aqueous NaHC03. The organic layer was diluted with CH2C12 

and washed with water, decanted and dried (Na,SO,) and evaporated under re- 

duced pressure . Column chromatography of the residual oil on silica gel elu- 

ted with cyclohexane-diethyl ether 26:4 afforded pure title comp0W)cI 1 (2.10 

g, 50% yield) as an oil. R, 0.63 (cyclohexane-diethyl ether 9:1), $(250 

MHz;  CDCl,) 0.1 (lH, m, cyclopropyl), 0.4 (2H, m, cyclopropyl), 0.55 

(lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.1 (9H, s, 3Me), 3.05 

(lH, m, CHOH), 3.4 (3H, s, OMe), 3.8 (2H, m, CH,O), 4.8 (2H, m, 

OCH20), 7.4-7.7 (lOH, m, aromatic) (Found: C, 71.68; H, 8.25. &H3,03Si 

requires C, 71.83; H, 8.39%). 

( & )- 1 - t e ~ - ~ ~ i p ~ ~ y l s ~ y i o x y - 2 - a ~ ~ x y m e ~ y ~ e n o ~ - 3 , 4 -  

methylenylbutane 4. To a solution of 3 (1.45 g, 3.8 mmol) in anhydrous 

diethyl ether (18 cm3) and anhydrous acetic anhydride (0.5 cm3) at -2O'C was 

added boron trifluoride-diethyl ether (0.14 cm3). This mixture was stirred at 

4'C for 22 h after which it was poured on ice-water, neutralized with saturated 

aqueous NaHC03 and extracted twice with diethyl ether. The etheral extracts 
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1120 NECHAB ET AL. 

were washed once with 10% aqueous NaHC03, twice with water and dried 

over N+S04. The solveot was removed under reduced pressure and the re- 

sidual oil was k h  chromatographed on a silica gel column with 27:3 cycle 

hexane-diethyl ether as the eluting system and afforded 4 (0.61 g, 56%). l? 

0.31 (diethyl ether-cyclohexane 5:95), &(250 M H z ;  CDC13) 0.1 (lH, m, 

cyclopropyl), 0.4 (2H, m, cyclopropyl), 0.55 (lH, m, cyclopropyl), 0.85 (lH, 

m, cyclopropyl), 1.1 ( 9H, s, 3Me), 2.05 (3H, s, COMe), 3.1 (lH, m, CHO), 

3.75 (2H,m, CH,OSi), 5.4 (2H, m, OCH,O), 7.4-7.7 (lOH, m, aromatic) 

(Found: C, 69.93; H, 7.9o.C&H3,O4Si requires C, 69.86; H, 7.82%). 

preparation of seco-nucleosides 5 a-t. General procedure. Silylation of  

nucleobmes: unprotected nucleobase (Ad, Cy, Gu, Th, Ur) (6 mmol) in 

hexamethyldisilazane (25 cm3) and a catalytic amount of ammonium sulfate 

were refluxed for 1 d in the case of pyrimidines and for 2 d in the case of pu- 

rines. The reagent was cautiously removed under reduced pressure. 

PTC glycosylmion: a solution of 4 (1 mmol) and of silylated nuclmbase (1.2 

mmol) in acetonitrile-toluene (1/1 v/v; 10 cm3) containing dibenm-18-crown-6 

ether (0.2 mmol) and potassium iodide (0.8 mmol) was stirred for 2-8 h at 

80'C under an atmosphere of argon. The insoluble material was filtered off 

and the filtrate evaporated under reduced pressure to give an oil which was 

chromatographed on silica gel, using methanol-dichloromethane as the eluting 

system. 

(+ )- 1 -[( 1 '-tert-l3utyldiphenylsilyloxy-3',4'-methylenylbut-2'-oxy)me- 

thyl]thymine h. The rifle compound was obtained as an oil following the 
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(~)l',Z'-SECO-Z',3'-METHANONUCLEOSIDES - 1121 

aforementioned procedure (2 h). After chromatography with methanol-dichlo- 

romethane (3:97) as the eluent &t was obtained as an oil (903% yield). R, 

0.68 (methanol-dichloromethane 5:95), n,(EtOH, 95%)/nm 265, S, (300 

M H z ;  CDCl,) 0.1 ( lH ,  m, cyclopropyl), 0.4 (2H, m, cyclopropyl), 0.55 

(lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.1 (9H, s, 3Me), 1.85 

(3H, s, Me), 3 (lH, m, CHO), 3.75 (2H, m, CH,OSi), 5.3 (2H, m, OCH,N), 

7.15 ( lH,  d, J 1.2, 6-H), 7.4-7.7 (lOH, m, aromatic) (Found: C, 67.78; H, 

7.28; N, 6.05. G,H,N,O,Si requires C, 67.75; H, 7.16; N, 5.85%). 

( + )-9-[ (1 '-tert-Butyldiphenylsilyloxy-3' ,4'-methylenylbet-2'-oxy)me- 

thyl]gnanine s. The rifle compound was obtained as an oil following the 

aforementioned procedure (3 h). After chromatography with rnethanol-dichlo- 

romethane (6:94) as the eluent B was recrystallized (61 96 yield) from metha- 

nol-dichloromethane, m.p. 210'C decomp, R, 0.73 (dichloromethane-methanol 

85:15), n,(EtOH, 95%)/nm 250, $(300 MHz;  [ 2 & ]  DMSO) 0.1 (lH, m, 

cyclopropyl), 0.4 (2H, m, cyclopropyl), 0.55 (lH, m, cyclopropyl), 0.85 (m, 

lH, cyclopropyl), 1.1 (9H, s, 3Me), 3.1-3.2 (lH, m, CHO), 3.6 (2H, m, 

CH,OSi), 5.4-5.7 (2H, m, OCH,N), 6.2-6.4 (2H, s, NH,), 7.4-7.7 (lOH, m, 

aromatic), 7.75-8.05 (lH, s, 8-H), 10.64 (lH, m, NH) (Found: C, 59.26; H, 

6.85. C27H33NS03Si, 2.5 H,O requires C, 59.06; H, 6.97%). 

(+)-1-[(1 '-tert-Butyldipheny~ilyloxy-3',4'-metbylenylbut-2'-oxy)me- 

thyl]cytosine &. The M e  compound was obtained as an oil following the 

aforementioned procedure (4 h). After chromatography with methanol-di- 

chloromethane (7:93) as the eluent & was obtained as a foam (78% yield). R, 
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1122 NECHAB ET AL. 

0.38 (dichloromethane-me&anol 9:l),A-(EtOH, 95%))/nm 270, & (300 MHz; 

CDCI,) 0.1 (lH, m, cyclopropyl); 0.4 ( 2H, m, cyclopropyl); 0.55 (lH, m, 

cyclopropyl); 0.85 (lH, m, cyclopropyl); 1.1 (9H, s, 3Me), 1.75 (2H, m, 

NH,), 3.0 (lH, m, CHO), 3.75 (2H, m, CH,OSi), 5.3 (2H, m, OCH2N), 5.6 

( lH, d, J 7.28 , 5-H), 7.4-7.7 (lOH, m, aromatic) (Found: C, 66.67; H, 7.1;- 

N, 8.84. G,H,,N,O,Si, 0.25 H,O requires C, 66.70; H, 7.21; N, 8.92%). 

(k )-9-[ (1 ’-tert-Butyldiphenylsilyloxy-3’ ,4’-methylenylbut-2’-oxy)me- 

thylladenine Id. The title compound was obtained as an oil following the 

aforementioned procedure (4 h). After chromatography with methanol-di- 

chloromethane (2:98) as the eluent M was obtained as a yellow oil (86% 

yield). R, 0.54 (dichloromethane-methaool 9:1), A,(E~OH, 95%)/nm 258, 

b(300 MHz; CDCI,), 0.1 (lH, m, cyclopropyl), 0.4 (2H, m, cyclopropyl), 

0.55 ( lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.1 (9H, s, 3Me), 

3.05 (lH, m, CHO), 3.75 (2H, m, CH,OSi), 5.75 (2H, m, CH,N), 5.95 (2H, 

S, NH9, 7.4-7.7 (lOH, S, aromatic) (Found: C, 66.4; H, 6.83; N, 13.75. 

GH3,NSQSi requires C, 66.5; H, 6.82; N, 14.36%). 

( +)- 1 -[ (1 ’-tert-&ltyldiphenylsilyloxy-3’ ,4’-metbylenylbut-2’-oxy)me- 

thylluracil b;. The title cornpod was obtained as an oil following the afo- 

rementioned procedure (3 h). After chromatography with methanol-di- 

chloromethane (3:97) as the eluent k was obtaind as a yellow foam (84% 

yield). R, 0.78 (dichloromethane-methanol 85:15), A,(EtOH, 95%)/m 258; 

S,(300 MHz; CDCl,), 0.1 (lH, m, cyclopropyl), 0.4 ( 2H, m, cyclopropyl), 

0.55 ( lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.1 (9H, s, 3Me), 3 
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(f)1',2'-SECO-2',3'-METHANONUCLEOSIDES 1123 

(lH, m, CHO), 3.75 (2H, m, CH,OSi), 5.3 (2H, m, OCH2N), 5.65 (lH, d, J 

7.94 , 5-H), 7.4-7.7 (lOH, m, aromatic) (Found: C, 65.01; H, 6.92; N, 5.67. 

G&,,N204Si, 1 MeOH requires C, 65.29; H, 7.31 ; N, 5.64%). 

Desilylation of seco-nucleosides. General procedure. 

To a stirred solution of silylated acyclonucleoside (I mmole) in THF (2.5 

cm3) was added a solution (3 mmol, 0.9 cm3) of tetrabutylammonium fluoride 

(1.1 molldm3 in THF') at room temperature for 3h. The solvent was evaporated 

under reduced pressure and the free seconucleoside fi was obtained in 95% 

yield after chromatography or recrystallization. 

(+)-1-[( l'-Hydroxy-3',4'-methylemylbut-2'-oxy)methyl]thymi~e h. R, 
0.58 (dichloromethane-methanol 85: 19, m.p. 105-107'C (from CH2Cl,), 

A-OH, 95%)/nm 263,A-(O.1 molldm3 KOH)/m 265, $(300 MHz;  

[2HJ DMSO) 0.1 (lH, m, cyclopropyl), 0.4 ( 2H, m, cyclopropyl), 0.55 ( 

lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 1.75 (3H, s, Me), 2.95 (lH, 

m, CHO), 5.1 (2H, m, OCH2N), 7.55 (lH, s, 6-H), 11.2 (lH, d, NH) 

(Found: C, 54.88; H, 6.69; N, 11.52. C,IH,&+1204 requires C, 54.99; H, 

6.71; N, 11.66%). 

( +)-9-[( 1 ~-Hydroxy-3',4'-methylenylbut-2'-oxy)methyl]guanine a. 
M.p. >250'C (from methanol), R, 0.37 (dicbloromethane-methanol 85:15), 

A-(EtOH, 95%)/nm 251, A,(0.1 molldm3 KOH)/nm 266, &(300 MHz; 

[*HJ DMSO) 0.1 (lH, m, cyclopropyl), 0.4 ( 2H, m, cyclopropyl), 0.55 ( 

lH, m, cyclopropyl), 0.85 (lH, m, cyclopropyl), 3.0 (lH, m, CHO), 3.4 
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1124 NECHAB ET AL. 

(2H, m, CH20H), 4.65 (lH, m, OH), 5.4-5.6 (lH, q, J 10.3, OCH2N), 6.2- 

6.5 (2H, s, NH2), 7.75-8.05 (lH, s, 8-H), 10.65 (lH, m, NH). FAB-MS 

(thioglycerol) m/e 266 W+H]+, 152 [BH+H]+. 

(+)-1-[( 1 '-hydro~y-3* ,4'-methylenylbut-2'-oxy)methyl]cytosine &. R, 
0.33 (dkhloromethane-methanol 85:15), I,(ROH, 95%)/nm 268, A-(O.l 

mol/dm3 HCl)/nm 277, $(300 MHz; [2&] DMSO) 0.1 (lH, m, cyclopro- 

pyl), 0.4 ( 2H, m, cyclopropyl), 0.55 ( lH, m, cyclopropyl), 0.85 (lH, m, 

cyclopropyl), 2.95 (lH, m, CHO), 3.4 (2H, m, CH2OH), 4.65 (lH, t ,  J 

5.72, OH), 5.15 (2H, S, OCH2N), 5.7 (lH, d, J 7.25, 5-H), 7.15 (2H, d, J 

42.19, NHd, 7.6 (IH, d, J 7.27 , 6-H). FAB-MS (thioglycerol) m/e 226 

w+q+,  112 PH+H)+. 

(&)-9-[( 1 '-Hydroxy-3',4'-methylemylbut-2'-oxy)methyl]adenine 64. Rf 
0.46 (dichloromethaae-methanol 85:18), m.p. 201-203'C (from CH,C12), 

A-@OH, 95%)/nm 258, A,(O.l mol/dm3 KOH)/nm 259, $(300 MHz; 

[2HQl DMSO) 0.1 (lH, m, cyclopropyl), 0.4 ( 2H, m, cyclopropyl), 0.55 ( 

lH, m, cyclopropyl), 0.85 ( l H ,  m, cyclopropyl), 3.05 (lH, rn, CHO), 3.4 

(2H, m, CH20H), 4.75 (lH, t, J 5.34 , OH), 5.64 (2H, m, OCH,N), 7.25 

(2H, S, NHd, 8.15 (lH, S, 2-H), 8.25 (lH, S, 8-H) (Found: C, 52.25; H, 

6.07; N, 27.13. CllHI5NP2, 0.25 H20 requires C, 52.06; H, 6.16; N, 

27.60%). 

(&)-l-[(l '-Hydroxy-3',4'-methylenylbut-2'-oxy)methyl]uracil 6e. R, 

0.43 (dichloromethaae-methanol 85: 15), m.p. 12CL122'C (from CH2C12- 
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(+)1',2'-SECO-2',3'-nETHANONUCLEOSIDES - 1125 

MeOH), A,(EtoH, 95%)/nm 258, ~ ~ ( 0 . 1  molldm3 HCl)/nm 259, h(300 

MHZ; [2Hd DMSO) 0.1 (lH, m, cyclopropyl), 0.4 ( 2H, m, cyclopropyl), 

0.55 ( lH, m, cyclopropyl), 0.85 (lH, m, cycIopropy1),2.95 (lH, m, CHO), 

3.4 (2H, m, CH2N), 4.65 (lH, t, J 5.6, OH), 5.15 (2H, m, OCH2N), 5.6 

(lH, d, J 7.82, 5-H), 7.6 (lH, d, J 8.04, GH), 11.25 (lH, S, NH) (Found: 

C, 49.71; H, 5.9; N, 11.03. C,&N,O,, 0.25 CH2C12 requires C, 49.75; H, 

5.91; N, 11.32%). 

Acknowledgments: The authors are deeply greatful to A.N.R.S (Agence 

Nationale de Recherche contre le Sida) for financial support of this work. 
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