
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 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

Resolution of (±)- Cytallene — A Highly Active Anti-HIV Agent with Axial
Dissymmetry
Bryan Colin Nicholas Morgan Jonesa; Claire Simonsa; Hisao Nishimurab; Jiri Zemlickaac

a Department of Chemistry, Michigan Cancer Foundation, b Chiral Technologies, Inc., Exton,
Pennsylvania, U.S.A. c Departments of Internal Medicine and Biochemistry, Wayne State University
School of Medicine, Detroit, Michigan, U.S.A.

To cite this Article Jones, Bryan Colin Nicholas Morgan , Simons, Claire , Nishimura, Hisao and Zemlicka, Jiri(1995)
'Resolution of (±)- Cytallene — A Highly Active Anti-HIV Agent with Axial Dissymmetry', Nucleosides, Nucleotides and
Nucleic Acids, 14: 3, 431 — 434
To link to this Article: DOI: 10.1080/15257779508012401
URL: http://dx.doi.org/10.1080/15257779508012401

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/10.1080/15257779508012401
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 14(3-5), 43 1-434 (1995) 

BIOPHY SICS/BIOCHEMISTRY 

RESOLUTION OF (f)-CYTALLENE - A HIGHLY ACTIVE ANTI-HIV 
AGENT WITH AXIAL DISSYMMETRY 

Bryan Colin Nicholas Morgan Jonesa, Claire Simonsa, Hisao Nishimurac 
and Jiri Zemlicka* a ~ b  

aDepartment of Chemistry, Michigan Cancer Foundation and bDepartments of 
Internal Medicine and Biochemistry, Wayne State University School of Medicine, 
Detroit, Michigan 48201, U. S. A. CChiral Technologies, Inc., Exton, 
Pennsylvania 19341, U. S. A. 

Abstract. Anti-HIV agent (f)-cytallene (1 b + 2b) was resolved by enantio- 
selective acylation of (f)-N4-benzoylcytallene (1 d + 2d ) with vinyl butyrate in 
tetrahydrofuran catalyzed by lipase AK from Pseudomonas sp. and subsequent 
deacylation of 4d and I d  with ammonia in methanol. Optically pure enantiomers 
1 b and 2b were obtained. 

Effective anti-HIV agents (+)-adenallene ( l a  + 2a) and (+)-cytallene (1 b + 2b) 
belong to a unique class of acyclic nucleoside analogues with axial dissym- 
metryl-3. (5)-Adenallene (1 a + 2a) was resolved by enantioselective deamin- 
ation with adenosine deaminase giving directly the more active R-(-)-enantiomer 
whereas S-(+)-enantiomer was obtained from the deamination product, S-(+)- 
hypoxallene, by chemical synthesis4. This approach could not be applied to re- 
solution of (+)-cytallene (1 b + 2b), an anti-HIV agent more effective2 than (&)- 
adenallene ( l a  + 2a), because the former analogue is not a substrate for cyti- 
dine deaminase3. In addition, a non-destructive method for obtaining enantio- 
mers 1 b and 2b in high optical purity was deemed preferable to a procedure 
yielding only a single enantiomer with unaltered heterocyclic base. 

The initial model experiments were carried out with racemic adenallene 
( l a  + 2a), cytallene (1 b + 2b) and N4-acetylcytallene ( l c  + 2c) using vinyl acet- 
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B OH Series a: B = adenin-Ng-yl 
+ BL < Series b: B = cytosin-N1-yl 

Series c: B = N4-acetyl- H (+I (-1 
H* 

1 2 cytosine 

vinyl acetate or 
butyrate, 
organic solvent 

subtilisin 

Series d: B = N4-benzoyl- 

cytosine 

NH3 
**- - 2b ,-cot"" (4 

MeOH 

3, R = CH3 

4, R = C3H7 

Absolute configurations denoted by structures 1 - 4 

are tentative. 

Scheme 1 

ate or butyrate as acylating agents. Thus, acetylation of l a  + 2a with vinyl acet- 
ate and lipase PS30 in tetrahydrofuran (THF) - acetone (1 : 2) for 24 h at room 
temperature gave (-)-4'-O-acetyladenallene (3b, 25 %), [ a ] ~  -580, 30.5 o/o ee5 
(based on [ a ] ~  of the corresponding S-(+)-enantiomer4) and (+)-adenallene (1 a, 
74 Yo), [a]D 230 (c 0.15), 12 Yo ee (Scheme 1). Under similar conditions (with 
lipase AK and vinyl butyrate), (f)-N4-acetylcytallene (1 c + 2c) gave (-)-butyrate 
(4c, 30 Yo), [ a ] ~  -580 and (+)-N4-acetylcytallene ( lc ,  57 Yo), [ a ] ~  54O. It was not 
possible to investigate (k)-cytallene ( I b  + 2b) as a substrate for lipases in 
ordinary organic solvents because of poor solubility. Nevertheless, with subtilisin 
in pyridine and vinyl butyrate (-)-4'-O-butyrylcytallene (4b, 39.5 Yo, [ a ] ~  -1 40, 6 
Yo ee) and (+)-cytallene (1 b, 37 Yo, [ a ] ~  42O, 18 Yo ee) were obtained. 

Although enantioselectivity of these acylations was poor, the results indi- 
cated that the prevailing acylated products derived from both adenallene and 
cytallene are levorotatory and probably of the same absolute configuration. It is 
likely that the " allene " (Lowe's) rule3 is followed and that the dextrorotatory 
compounds have an S configuration. It was also possible that introduction of a 
more lipophilic substituent at the N-4 of (+)-cytallene (1 b + 2b) would increase 
both the solubility and binding efficiency of the substrate. Also, following the 
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+ THF 

........ 0 CHC13 

D 

Fig. 1. Time-course of the reaction of (f)-N4-benzoylcytallene ( I d  + 2d, 23 
pmol) with vinyl butyrate (1.4 mmol) and lipase AK (99 units) in THF or CHC13 
(1 mL) at room temperature. Aliquots were removed from a magnetically stirred 
mixture, they were subjected to TLC (CH& - methanol, 95 : 5), the appropriate 
spots were eluted with ethanol and examined by UV spectrophotornetry at 330 
nm. 

time-course of the reaction could provide additional information on enantio- 
selectivity of acylation. 

Such studies conducted with (+)-N4-benzoylcytallene (1 d + 2d), vinyl 

butyrate and lipases PS30 or AK in CHC13, THF and dioxane showed that acyl- 
ations catalyzed by the former enzyme were very slow. Thus, in CHC13 little 
enantioselectivity was seen from the time-course of the reaction (96 YO con- 
version after 172 h) whereas in THF some deceleration was noted at ca. 50 '/O 

conversion. The reaction in dioxane was very slow (35 Yo conversion after 93 h). 
The acylations catalyzed by lipase AK were significantly faster. Again, in CHC13 
no apparent enantioselectivity was seen (97 Yo conversion after 22 h, Fig. 1). In 
THF, a plateau was reached at ca. 50 % conversion and the reaction continued 
at a significantly slower rate (1 00 Yo conversion after 30 h). The rate of acylation 
of (-)-enantiomer 2d in THF is approximately 20 - 40 times higher than that of 
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(+)-enantiomer Id. The acylation of I d  + 2d in dioxane albeit much slower also 
indicated a deceleration at ca. 50 Yo conversion. 

Based on these results, the acylation of (f)-cytallene (1 b) with vinyl butyr- 
ate (3.3 equivalents) in THF (160 mL) catalyzed by lipase AK (22,220 units) was 
performed on a preparative (3.6 mmol) scale. The 4A molecular sieves were 
also included to scavenge acetaldehyde released during acylation6. The 
mixture was stirred for 2 h at room temperature. Compounds I d  and 4d were 
separated by chromatography. Deacylation with methanolic ammonia furnished 
(-)-cytallene 2b (100 Yo, 94 Yo ee) and (+)-cytallene l b  (82 %, >95 Yo ee). A 
single recrystallization from methanol furnished optically pure 2b, [ a ] ~  -232.40 
and l b ,  [ a ] ~  229.5O (c 0.2)5. Both enantiomers gave single peaks on HPLC 
chiral column Chiralcel OB (silica gel coated with cellulose tribenzoate), 10 pm, 
250 x 4.6 mm, elution with 80 % l-hexane (0.3 % diethylamine) - 20 Yo 
2-propanol at 400C, flow-rate 1 mumin., detection at 290 nm. 

Biological activity and absolute configuration of (-)- and (+)-cytallene 2b 
and 1 b are under investigation. 
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