
 

 

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

Synthesis of (Z)- and (E)-9-[(2-
Hydroxyethylidene)cyclopropyl]adenine—New Methylenecyclopropane
Analogues of Adenosine and Their Substrate Activity for Adenosine
Deaminase
Yao-Ling Qiua; Mohamad B. Ksebatib; Jiri Zemlickaa

a Department of Chemistry, Experimental and Clinical Chemotherapy Program, Barbara Ann
Karmanos Cancer Institute, Wayne State University School of Medicine, Detroit, MI b Central
Instrumentation Facility, Department of Chemistry, Wayne State University, Detroit, MI

To cite this Article Qiu, Yao-Ling , Ksebati, Mohamad B. and Zemlicka, Jiri(2000) 'Synthesis of (Z)- and (E)-9-[(2-
Hydroxyethylidene)cyclopropyl]adenine—New Methylenecyclopropane Analogues of Adenosine and Their Substrate
Activity for Adenosine Deaminase', Nucleosides, Nucleotides and Nucleic Acids, 19: 1, 31 — 37
To link to this Article: DOI: 10.1080/15257770008032995
URL: http://dx.doi.org/10.1080/15257770008032995

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/10.1080/15257770008032995
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSDES, NUCLEOTIDES & NUCLEIC ACIDS, 19(1&2), 3 1-37 (2000) 

SYNTHESIS OF (2)- AND (E)-9-[(2-HYDROXYETHYLIENE)- 
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Detroit, MI 48201-1379 
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University,' Detroit, MI 48202 

Dedicated to the memory of Dr. Gertrude B. Elion 

ABSTRACT. Synthesis of 2- and E-methylenecyclopropane analogues of adenosine 3 
and 4 by alkylation of adenine with novel alkylating agent 5 is described. The E-isomer 
4 is a substrate for adenosine deaminase. Compounds 3 and 4 were tested for antiviral 
activity against HCMV, HSV-I, HSV-2, EBV, VZV, HBV and HIV-I. 

Recently, we described a new class of nucleoside analogues in which the 
ribofuranoside moiety is replaced with a methylenecyclopropane function. 1-8 Purine 
derivatives such as synadenol (la) and synguanol (lb) exhibit potent antiviral activity, 
particularly against human cytomegalovirus (HCMV). The corresponding E-isomers 2a 
and 2b are much less potent. In order to define the scope and limitations of biological 
activity in this series it is necessary to investigate other methylenecyclopropane 
nucleoside analogues. 

The methylenecyclopropane system can be regarded as a rigid linker between the 
two functions essential for antiviral effect: base residue and the hydroxymethyl group. 
For this reason we became interested in analogues of the type of 3 and 4 derived by a 
simple interchange of both functions in la and 2a. An alkylation-elimination approach to 

convenient, provided that an appropriate both 3 and 4 was regarded as the most 

3 
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32 QIU, KSEBATI, AND ZEMLICKA 

akylating agent can be obtained by a simple procedure. Also, such a reagent can also be 
useful for alkylation of other heterocyclic systems. In this communication, we describe 
the synthesis of analogues 3 and 4 using a new alkylating reagent 5. 

RESULTS AND DISCUSSION 

3-Brome3-buten-1-01 was protected with the methoxymethyl (MOM) group9 to 
give compound 6 (98 %). Addition of dibromocarbene generated from CHBo under 
phase-transfer conditions10 led to tribromo derivative 7 (68 %, Scheme 1). partlal 

" O U H  

1 
1 a, 2a: B = adenin-9-yl 1 b, 2b: B = guanin-9-yl 

NH2 y 2  

Scheme 1 

- B! - - rBr 111 / 111 I ii 

Br 
MOMOr\)= - 

-f- "/o CQ O/! Br 
6 5 

I 
I. CHBr3, [N(ClsH33)Me3](+1 Br(-), 

iv aqueous NaOH, CH2Ci2. 
Adenine- 3 (56 %) + 4 (34 %) ii. Ti(iPr0)4, EtMgBr, Et20. 

iii. Adenine, K2CO3. DMF, A. 
iv. 1. HCI, MeOH. 2. Separation. 

H 
8 

reduction of one of the gemind bromine atoms using titanium 2-propoxide and 
ethylmagnesium bromide11 furnished the desired alkylating reagent 5 as a 3 : 1 isomeric 
mixture (76 9%). Alkylation-elimination with adenine using K2C03 in DMF at 120OC for 

15 h gave the MOM-protected Z,E-intermediates 8 (39.5 %). Deprotection with 0.3 M HCl 
in methanol afforded, after separation by column chromatography on silica gel, the desired 
2- and E-isomers of methylenecyclopropane analogues 3 and 4 in 56 and 34 % yield, 
respectively. The UV spectra (UVma 260 nm) indicated that both compounds are I$- 
alkylated adenines. 12 

The 2,E-isomeric assignment was performed as follows. The chemical shifts of 
purine H8 which were assigned by (H,C) COSY spectra were almost identical in both Z- 

and E-isomers (3, 4) in contrast to analogues1 l a  and 2a. Chemical shifts of the olefinic 
protons Hq' and OH followed the pattern observed previously1 for la  and 2a. Along 
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METHYLENECYCLOPROPANE ANALOGUES OF ADENOSINE 33 

H8 H5 ' 1.4 H8 H4' 2.5 
H8 OH 0.5 H4' H8 3.3 

OH H8 3.5 
H5'  H8 2.3 

with polarity considerations /the 2-(cis) isomers are more chromatographically mobile than 
.!?-(trans) isomers1/ it was then possible to assign tentatively the 2-configuration to 
compound 3. T h s  assignment was confirmed by NOE experiments (Table 1). As 
expected, the NOE enhancements observed between the H8 and H5 as well as €38 and OH 
are in accord with the 2-isomeric structure of 3. By contrast, NOE between the H4' and 
H8 is characteristic for the E-isomer 4. 

Analogues 3 and 4 were tested against the following viruses: HCMV, HSV-I, 
HSV-2, EBV, VZV, HBV and HIV-1. The details of the assays were described 
previously1. In contrast to synadenol (la), only the 2-isomer 3 exhlbited a moderate 
effect against EBV in H-1 cells (EC50 36 pM, CC50 >50 pM) but it was inactive in 
Daudi cells. Both analogues 3 and 4 were ineffective against the rest of the viruses at the 
highest concentration tested (100 pM, EBV/H-1 50 pM and HBV 10 pM) probably 
because of a lack of substrate activity toward viral or intracellular nucleoside kinases (5'- 
nucleotidases). 

The E-isomer 4 is a substrate for adenosine deaminase. Thus, 82 9i of 4 was 
deaminated after 45 h whereas the 2-isomer 3 remained intact. A similar trend was 
observed in methylenecyclopropane analogues1 l a  and 2a and, generally, in all 
unsaturated 2 ,E  (cis, trans) analogues of adenosine examined to date. 13-15 

EXPERIMENTAL SECTION 

General Methods. See1. The NMR spectra were determined at 300 or 400 MHz (1H) 
and 75 or 100 MHz (1%) in CD3SOCD3 unless stated otherwise. 
l-(2-Methoxymethoxyethyl)-1,2,2-tribromocyclopropane (7). A warm 
solution of NaOH (48.0 g, 1.20 mol) in water (32 mL) was added dropwise over 15 
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34 QIU, KSEBATI, AND ZEMLICKA 

min into a mixture of 6 (25.32 g, 130 mmol), cetyltrimethyl ammonium bromide (1.42 g, 
3.90 mmol) and CHBn (98.6 g, 390 mmol) in CH2C12 (60 mL) with stirring and ice- 
cooling. The mixture was stirred for 18 h at room temperature and then it was 
partitioned between petroleum ether and water. The insoluble portion was filtered off, 
organic phase was washed with HCl (1 M), water, saturated NaHCm, water and 
brine. After evaporation of the solvents, ethanol was repeatedly evaporated from the 
residue. Water (50 mL) and KMnO4 (5 g) were added and the mixture was worked up 
after addition of petroleum ether as described above to give crude product which was 
chromatographed on a silica gel column using hexane - ethyl acetate (98.5 : 1.5 --.) 95 : 5) 
furnishing a yellow oil of 7 (32.44 g, 68 %). 1H NMR (CDCl3) 8 1.97 (s, 2 H, H3), 
2.37 ( t d , 2 H , 3 J = 6 . 6 H ~ , J = 1 . 2 H ~ ,  I-CHz), 3.38 (~,3H,OCH3),3.90 ( td ,2H,  
3J= 6.6 Hz, J = 1.5 Hz, CH2O), 4.64 (s, 2 H, OCH20); 13C NMR 32.40 (Cl), 
37.86 (C3), 41.15 (l-CH2), 42.48 (C2), 55.31 (OCH3), 66.02 (CHzO), 96.54 
(OCH20); HRMS calcd for C6H879Br30 (M - OCH3) 332.8125. Found 332.81 17. For 
C7H1lBr3@calcdC,23.09;H,3.05;Br,65.07.Found: C,23.21;H,3.11;Br,64.86. 
(2)- and (E)-1,2-Dibromo-l-(2-methoxymethoxyethyl)cyclopropane ( 5 ) .  A 
solution of EtMgBr (3 M in ether, 20.57 mL, 61.7 mmol) diluted with ether (20 mL) 
was added dropwise during 1.5 h into a mixture of tribromide 7 (22.64 g, 61.7 mmol) 
and titanium (IV) 2-propoxide (920 pL, 3.09 mmol) in ether (100 mL) under N2 with 
stirring at room temperature. After 10 min, the reaction was quenched by a dropwise 
addition of water (50 mL). The stimng was continued for another 10 min before 
adddition of petroleum ether (100 mL). The organic phase was washed successively with 
H2S04 (10 %), water, saturated NaHCm, water and brine. The solvents were 
evaporated and the residue was distilled to give compound 5 as a yellow oil (13.54 g, 76.2 
%), bp 100-105°C/2.8 Torr. The lH NMR indicated a 3 : 1 isomeric mixture containing 
5-10 % of impurities. Both isomers were separated by chromatography on silica gel using 
hexane - ethyl acetate (99 : 1 3 95 : 5) but their mixture was used in the next step for 
alkylation of adenine. Minor (slower moving) isomer: lH NMR (CDC13) & 1.28 (dd, 1 
H , 2 J = 7 . S H ~ ,  3Jtrans=6.3H~) and 1.56 (t ,IH,25=3Jcis=8.25Hz, H3), 2.03 
(AB x t, 2H, JAB = 1 1 . 7 H ~ , ~ J =  6.3 Hz, 1-CH2), 2.95 (dd, 1 H, 3Jcis = 8.4 Hz, 
3Jtrans = 6.0 Hz, Hz), 3.37 ( s ,  3 H, ocH3), 3.75 (t, 2 H, 3J = 6.9 Hz, CH20), 4.61 
(s, 2 H, OCH20); I3C NMR 25.60, 26.19 (C3, C2), 37.87 (Ci), 41.44 (I-CHz), 
55.19 (OCH3), 65.56 (CH20), 96.53 (OCH20); HRMS calcd for C7H1279Br02 (M - 
Br) 207.0020. Found 207.0025. Major (faster moving) isomer: lH NMR (CDC13) 6 

Hz, H3), 2.22 (t, 2 H, 3J= 6.75 Hz, I-CHz), 3.37 (s, 3 H, OCH3), 3.49 (dd, 1 H, 
1.23 (dd, 1 H, 2J = 8.25 Hz, 3Jtrans= 5.55 Hz) and 1.56 (t, 1 H, 2J ='Jcis = 8.4 

3Jcis = 8.7 Hz, 3Jtrans = 5.7 Hz, H2), 3.84 (t, 2 H, 3J = 6.9 Hz, CHzO), 4.64 (s, 2 H, 
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METHYLENECYCLOPROPANE ANALOGUES OF ADENOSINE 35 

OCH20); 1% NMR26.17,27.73 (C3, C2), 33.02 (Cl), 38.57 (1-CH2), 55.22 (OCH3), 
65.50 (CH20), 96.49 (OCH20); HRMS calcd for C7H1279Br02 (M - Br) 207.0020. 
Found 207.0021. 
(2)- and (Z9-9-I (2-Methoxymethoxyethylidene)cycIopropyl]adenine (8). A 
mixture of adenine (1.35 g, 10 mmol), compound 5 (3.74 g, 13 mmol) and potassium 
carbonate (6.91 g, 50 mmol) in DMF (50 mL) was stirred under N2 at room temperature. 

The temperature was gradually raised to 1OOOC. After 40 min, the temperature was 
increased to 120oC and the heating was continued for 15 h. After cooling, the insoluble 
portion was filtered off and the filtrate was evaporated. The residue was 
chromatographed on silica gel using CH2C12 - MeOH (95 : 5 + 9 : 1) as eluents to 
give an orange solid (1.03 g, 39.5 %). The 1H NMR spectrum showed it was a mixture 
of U E  isomers 8 in a ratio of 1.5 : 1 along with some minor impurities. 1H NMR Z- 
Isomer: 8 1.72 (d, 1 H, 2J = 10.8 Hz, H219 and 1.98 (t, 1 H, 2J = 3Jcis = 9.15 Hz, 
H29,3.21 (s, 3 H, OCH3), 4.08 (m, 1 H, Hi I), 4.16 (d, 2 H, 35 = 5.7 Hz, H59, 4.56 
(s, 2 H, OCH20), 6.59 (brs, 1 H, mi), 7.26 (s, 2 H, NH2), 8.03 (s, 1 H, Hg) and 
8.15 (s, 1 H, H2of adenine). E-Isomer: 6 1.76 (d, 1 H, 2J = 10.8 Hz, H219 and 1.94 
(t, 1 H, 2J = 3Jcis = 9.3 Hz, H29, 3.17 (s, 3 H, OCH3), 4.15 (m, 1 H, HI 1 ) )  4.32 
(m, 2 H, H59, 4.54 (s, 2 H, OCH20), 6.20 (brs, 1 H, mi), 7.26 (s, 2 H, NH2), 
7.89 (s, 1 H, Hg) and 8.16 (s, 1 H, H2); 13C NMR Z-Isomer: 12.27 ( ( 3 9 ,  25.89 
((219, 55.12 (OCH3), 66.56 (C59, 95.62 (OCHzO), 121.44 (C39, 123.19 ( C ~ I ) ,  

119.22 (c5), 139.75 (cg), 150.83 (c4), 152.96 (C2), 156.35 (Cfj); E-Isomer: 12.04 
( C ~ I ) ,  26.38 (C1 I), 55.12 (OCH3), 66.88 (C59, 95.79 (OCH2O), 121.05 (C3 I), 
122.75 (c4'), 119.39 (c5), 139.75 (c8), 150.83 (c4), 152.96 (c2), 156.35 (c6). 
(2)- and (E)-9-[(2-Hydroxyethylidene)cyclopropyl]adenine (3) and (4). A 
solution of the protected EIZ-isomers 8 (1.35 g, 5.17 rnmol) in methanolic HCI (0.3 M, 
80 mL) was refluxed for 2.5 h. Volatile components were evaporated to give a sirup 
which was briefly stirred in methanolic ammonia (20 %, 30 mL) at OaC. After 
evaporation, the residue was chromatographed on silica gel using CH2C12 - MeOH (9 
: 1 -+ 4 : 1, containing 0.1 % NH3). The Z-isomer 3 was eluted first (623 mg, 55.5 %), 

mp 223-225OC. U V m a  (EtOH) 260 nm (c 14 400); 1H NMR 6 1.62 (d x qt, 1 H, 25 = 
10.5 Hz, 3Jtran~ = 4J = 5J = 2.7 Hz, H211) and 1.86 (ddq, 1 H, 2J = 10.0 Hz, 3Jcis = 
7.8 Hz, 4J = 'J = 2.1 Hz, H ~ I ) ,  4.08 (ddd, 1 H, 3Jcis = 7.1 Hz, 3Jtrans = 2.7 Hz, 45 = 
1.2 Hz, HI!), 4.20 - 4.30 (brd, 2 H, apparent J = 2.4 Hz, H59, 5.39 (t, 1 H, 35 = 5.6 
Hz, OH), 6.20 (td, 1 H, 3J = 5.1 Hz, 4J = 2.1 Hz, Hql), 7.25 (s, 2 H, NHz), 7.98 (s, 1 
H, H8) and 8.14 (s, 1 H, H2); 13C NMR 11.46 (C29, 26.37 (C1 I), 61.26 (C59, 
119.13 (C39, 125.31 (C49, 119.37 ((2.9, 140.43 (Cg), 150.77 (Cq), 152.865 (Q), 
156.46 (c6); HRMS, calcd for C ~ O H ~ ~ N S O  (M) 217.0964. Found 217.0960. For 
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C1OH11N5O calcd C, 55.29; H, 5.10; N, 32.24. Found: C, 55.47; H, 5.27; N, 32.44. 
Further elution gave the E-isomer 4 (385 mg, 34.3 %), mp 218-220°C. UVma (EtOH) 
260 nm (C 14 400); 1H NMR 6 1.68 (d x qt, 1 H, 2J = 10.5 Hz, 3J-s = 4J = 5J = 2.7 
Hz, H2") and 1.94 (ddq, 1 H, 2J = 10.3 Hz, 3Jcis = 7.7 Hz, 4J = 5J = 2.1 Hz, H29, 
4.02 (ddd, 1 H, 3Jcis = 7.2 Hz, 3Jtrans = 3.3 Hz, 4J = 1.2 Hz, H1 I), 4.12 (td, 2 H, 
3 J=  5.7Hz, 5 J=  1.2Hz, H59, 4.84 (t, 1 H, 35 = 5.6 Hz, OH), 6.56 (tq, 1 H, 3J = 
5.1Hz,4J=1.2Hz,~~),7.21(s,2H,NH~),8.01(~,1H,H~)and8.13(s,1H,H~); 
13C NMR 12.33 ( C ~ I ) ,  25.49 (C1 I), 61.21 (C59, 120.15 (C3 I), 125.37 (C49, 119.26 
(C9,  140.38 (CS), 150.01 (C4), 153.05 (Cz), 156.42 (c6); H W S  calcd for 
CloHloN5 (M - H20 + H) 200.0936. Found 200.0930. For C ~ O H ~ ~ N ~ O  calcd C, 

55.29; H, 5.10; N, 32.24. Found: C, 55.02; H, 5.12; N, 32.23. 
Adenosine Deaminase Assay.1 Compound 3 or 4 (0.56 mg, 2.6 pmol) was 
incubated with adenosine deaminase from calf intestine (0.36 units) in 0.05 M Na-04 

(pH 7.5, 0.4 mL) at room temperature. Aliquots were periodically withdrawn and 
examined by TLC (CH2C12 - MeOH, 9 : 1 + 1 drop of NmOH). The spots of starting 
compound and deamination product were eluted with ethanol and their concentration was 
determined by UV spectrophotometry. After 45 h, 82 % of the E-isomer 4 was 
deaminated whereas the Z-isomer 3 was essentially unchanged. 
Acknowledgment. Our thanks are due to Central Instrumentation Facility, Department 
of Chemistry, Wayne State University (Dr. Robin H. Hood, Director) for mass spectra. 
The antiviral assays were performed by Dr. Earl R. Kern (University of Alabama at 
Birmingham), Dr. John C. Drach (University of Michigan), Dr. Yung-Chi Cheng (Yale 
University School of Medicine), Dr. Hiroaki Mitsuya (National Cancer Institute) and their 
respective groups. This work was supported by a U. S. Public Health Service Research 
Grant R01-CA32779 from the National Cancer Institute, National Institutes of Health, 
Bethesda. MD. 

REFERENCES 

1. Qiu, Y.-L.; Ksebati, M. B.; Ptak, R. G.; Fan, B. Y.; Breitenbach, J. M.; Lin, 
J.-S.; Cheng,Y.-C.;Kern,E.R.;Drach, J. C.;Zemlicka,J. J. Med. Chem. 1998 

2. Qiu, Y .-L.; Ptak, R. G.; Breitenbach, J. M.; Lin, J.-S.; Cheng, Y .-C.; Kern, E. R. ; 

3. Qiu, Y .-L.; Zemlicka, J. Synthesis 1 9 9 8 ,  1447- 1452. 
4. Qiu, Y .-L.; Hempel, A. ; Camerman, N. ; Camerman, A.; Geiser, F.; Ptak, R. G. ; 

Breitenbach, J. M.; E ra ,  T.; Li, L.; Gullen, E.; Cheng, Y.-C.; Drach, J. C.; 
Zemlicka, J. J.  Med. Chem. 1998 41,5257-5264. 

41, 10-23. 

Drach, J. C.; Zemlicka, J. Antiviral Chem. Chemother. 1998 8,341-352. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



METHYLENECYCLOPROPANE ANALOGUES OF ADENOSINE 37 

5. Uchida, H.; Kodama, E.; Y oshimura, K. ; Maeda, Y .; Kosalaraksa, P.; Maroun, V. ; 
Qiu, Y.-L.; Zemlicka, J.; Mitsuya, H. Antimicrob. Agents Chemother. 1999 43 ,  

6. Qiu, Y .-L.; Hempel, A.; Camerman, A.; Geiser, F.; Ptak, R. G.; Breitenbach, J. 
1487-1490. 

M. ; Kira, T.; Li, L.; Gullen, E.; Cheng, Y .-C.; Drach, J. C.; Zemlicka, J. 
Nucleosides & Nucleotides 1999 18, 597-598. 

7. Qiu, Y .-L.; Ptak, R. G.; Breitenbach, J. M.; Lin, J.-S.; Cheng, Y .-C. ; Drach, J. C. ; 

8. Rybak, R. J.; Zemlicka, J.; Qiu, Y .-L.; Hartline, C. B. ; Kern, E. R. Antiviral 

9. Yazbak, A.; Sinha, S. C.; Keinan, E. J. Org. Chem. 1998 63,5863-5868. 
10. Last, L.A.;  Fretz,E. R.; Coates,R. M. J. Org. Chem. 198247,3211-3219. 
11. Dulayymi, J. R.; Baird, M. S.; Bolesov, I. G.; Tveresovsky, V.  ; Rubin, M. 

12. Albert, A. in Synthetic Procedures in Nucleic Acid Chemistry (Eds: W. W. Zorbach, 

Kern, E. R.; Zemlicka, J. Antiviral Research 1999 43,37-53. 

Research, in press. 

Tetrahedron Lett. 1996 3 7,8933-8936. 

R. S. Tipson), Vol. 2, Wiley-Interscience, New York 1973, p. 91. 

13. Xu, Z.-Q.; Qiu, Y.-L.; Chokehjchai, S.; Mitsuya, H.; Zemlicka, J. J.  Med. Chem. 

14. Phadtare, S .  ; Kessel, D.; Corbett, T. H.; Renis, H. E.; Court, B. A. ; Zemlicka, J. 

15. Phadtare, S. ; Zemlicka, J. Tetrahedron Lett. 1 9 9 0 3 1, 43-46. 

19 9 5 3 8, 875-882. 

J. Med. Chem. 199 1 3 4,421-429. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


