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Abrtrrt: 9-HyaOxymethyl~d~yli~~~ylenyl~ne was designed baaed on the analysis of the 
strudwbadivity rdationahip and synthesized by coupling reaction of a vicind cibmmocydopropane derivative 
with a&nine. The eia/tranx isomers andan enantiomer of the cis-isomer of the cyclic a. 6 umammkdnudeoui&s 
desived by m&c&n wem separated by reverse p&e HPU: and cbiml HFLC. nepeuively. The &-isomer was 
effective against HIV-l and the (-)cis-isomer wax highly efktive with EC3 13 t&i. 
0 1998 Elsevier Science Ltd. All rights reserved. 

Although many protease inhibitors.’ autisense drugs’ and other agents3 have been developed, the reverse 

transcriptase inhibitors such as modifkd nucleosides AZlY, DDI, IXT. etc., still play a more important role in 

the therapy of AIDS. For example, the most famous cocktail treatment4 now being administered to patients is a 

combined method of protease inhibitors aud reverse trauscriptase inhibitors. However, HIV is also tolerant to 

such drugs. So, a more effective aud simple drug is stmngly demanded and the continuous study is necessary. 

Mod&d nucleosides are a huge family of reverse transcriptase inhibitors and have the longest history in 

the therapy of AIDS. Since the discovery of AZT, mauy five-membered,’ four-membered6 and acyclic nucleo- 

sides’ have been proved to have anti-HIV activities. but all the three-membered carbocyclic nucleosides hitherto 

reported are ineffective.* We analyzed the structuraactivity relationship and successfully designed a novel three- 

membered nucleoside lead compound, ~hydmxymethylcyclopropylidenemethylenyladenine (CMA). 

Design. It is very difficult to identify a single or a few structural parame&s to correlate the activity with the 

structure, because of the diversity of compounds that show at least some activity, and the fact that apparently 

very similar compounds can have extremely different activities. In order to simplify the problem, we focused 

our study ou the mod&d sugar units of the nucleosides. although the bases strongly affect the activities. In this 

way, we may extract some featmw from the modified sugar moieties regardless of the kind of bases that wm 

bonded to them, because we believe that au active mod&d sugar unit is more necessary for the active nucleo- 

side. In other wotds, if we can discover good mod&d sugar candidates, we can certainly obtain better nucleo- 

sides by modifying the bases. 

Many structure-Cavity relationship studies have been carried out! mainly focusing on the conformations of 

the furauose ring. but no simple and explicit conclusion was obtained, perhaps due to the fact that the inhibitor’s 

conformations in complex with enzyme and the amformations in crystal are d&rent considering that the ena- 
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representative effective nucleosides and other related species. Gther akulated results for a large number of 

compounds and their QSAR study are also in progress. From Table 1, we can see that, for the ck?ive species, 
the distance values of y are in the range of 3.&A to USA, the torsion angles X are in the range of -79.8” to 

11.4” and the atomic charges IY are in the range of -0.12 to -0.29. In order to compare the inhibitors with the 

original substrates of reverse transcriptase (RT), four 2’deoxy-ribosides also were computed as shown in Table 
1. If we define AP=P,,,,,-P,,,, (P=y, x, a). we can see that the low IAyl inhibitors show high activities; the 

low AX inhibitors show low toxicities and the high ones show high toxicities; Au cau not be simply con&ted to 

activity and toxicity, but it had better be in minus value. From the viewpoint of the inhibition mechanism, y may 

reflect the distance from a recognition site to the reaction site, x may reflect the structure differen= of reverse 

transcriptase of HIV from the cellular DNA polymerase of the host; the necessary minus value of CJ may indicate 

that the atom X is also a recognition site in the modified sugar moiety besides the nucleobases. 
As regards cyclopropyladenine, a typical three-membered nucleoside, the y, x and u are 3.12, -2.86 and -0.17, 

respectively. They is much shorter than normal subs- and this is perhaps why this compound possesses no 

activity. In order to improve the activity of the three-membered nucleoside we designed the title compound in 
which we inserted a carbon atom between the base and the cyclopropaue ring to lengthen the y and led this atom 

bond to the threemembered ring in the double bond to decrease the u and to fix the configuration. As expected, 

there exist four isomers (&/tram and R/S); all of them were computed and listed in Table 1. We can see that, 
for all of the tmns-isomers the y are too long and x are also out of the range, so they may have no activity. For 

2’ -Deoxy -Adenoaine 3.95 -10.67 -0.27 

2’ -Deoxy-Guanosine 3.97 -10.19 -0.27 

* (S)-&-cMA and (R)&-CMA were infed to be (-)-cis-CMA and (+)-cis-CMA respectively in fig. 4. 
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the c&isomer, the x of (R)-isomer is out of the range and it may have low activity; the (S)-cis isomer has good 

values of y, x, and a is also in minus value, so this will be a promising compound. 

Synthesis. Recently, we successfully coupled a vinly bromide derivative with adenine in the pnsence of 

CuI to afford acyclic nucleoside as shown in Scheme 1 .20 Therefore, in our first hiai to synthesize the title 

Scheme 1 

compound, we adopted the route 1 as shown in Scheme 2. All the haloallenes and alkyloxyallenes 1, 2,3,4, 5 

were prepared according to procedures described in the likrature,2’“5 and then they were reacted with ethyl 

dkoac&k in the presence of Rh(AcO)z under different tanpaatures, reaction times and molar ratios, but only 

bromoall~e and iodoallene gave the correspondiug halomethylenecyclopropane daivatives 6.7 in 62.6% and 

4% yields with &an&is ratio of 51 and l:l, respectively, according to the ‘H NMR and NOE measurements. 

Ethyl 2-bromomethylenecyclopropaue-l-carboxylate 6 was subjected to the coupling reaction with adenine in 

the pmeace of CuI% under conditions of diierent temperatures, solvents, molar ratios and reaction times, but 

failed to give the target molecule. 

=‘=‘x + NzCHCOzEt t!#$$ A0 ~X~_oQ$) 

1: X=CI, 2: X=Br, 3: X=l 
4: X=OMe, 6: X=OTHP 

6: X-Br, 7: X=l 
10 

Scheme 2 The Synthetic Route 1 

In our other bial of synthesizing Spiro-nucleosides” we successfully obtained au analogue of the title 

compound by coupling vicinal dibromocycloproptme derivatives with ad&e. The success prompted us to 

propose route 2 as shown in Scheme 3. Ethyl 2-mdaylenecyclopropanel-carboxylate 8 was prepared by 

pmcedure described in the litemture,ls and then 8 was converted to ethyl cis-2-brom+2-bromom&ylcyclo- 

propaue-l-carboxylate 9 by bromination in almost quantitative yield. The &-isomer structure WBS conf’hmed by 

‘H NMR specbum and NOE measurement. The fact that the more steric-hindranced cis-isomer was specifically 

6 9 10 ll(CMA) 

scheme 3 The Synthetii Route 2 
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formed revealed a dynamically comrolled mechanism as inferred in Scheme 4. Compound 9 was smoothly 

converted to 9-ethoxycsrbonylcydopropylidenemethylenyladenine 10 by coupling with adeniue in 54% yield in 

one-pot naction aud a small amount of 6 was also isolated (10%). The trans/cis ratio of 10 is 1:2 according to 

‘H NMR spectmm and NOEmeasurement. 

!Scheme 4 The Addiiion Mechanism of 8 with Br, 

Similar coupling attempt between an acyclic vicinal dibromide and adenine however gave two g, y- 

unsaturated acyclic nucleosides and a vinyl bromide derivative as shown in Scheme 5.” 

Scheme 5 

These results suggest that in the reaction of acyclic vicinal dibromo-intermediate with adtic4KzCO3, the 

ehmmation reaction preferentially took place in terms of the easy formation of a ternary carbonium ion by 

dissociating a bromide anion from the quaternary carbon. but in the reaction of cyclic vicinal dibromo- 

intermedA with adenineX~CO~, the substitution prefemmially took place because of the stability of 
cydopropyl carbmyl cation due to the dramatic n-acceptor/rc-at&actor substituent effect29 On the other hand. 

once the cydopropyl carbinyl bromide was substituted by adenine, the stronger inductive effect of N (thau Br) 

and conjugative effect of the aromatic &nine made the l’-C easily form carbanion, and then led to the 
formation of au a, ~-doublebond by dissociating a bromide anion from the cydopropane ring as shown in 

Scheme 6. Contrastively, cyclic vinyl bromide 6 cau not be converted to 10 through the catalytic coupling 

reaction due to its unstability under high temperature and in the presence of catalyst whereas the acyclic vinyl 

bromide can tolerate such condition (in Scheme 1 and Scheme 2). 

Scheme 6 The Reaction Mechanism of 9 with Adenine 

Br Br 
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The ester-type mtcleoside 10 was ammrted to rhe target molecule 9-hydroxymethylcyclopropylidenemethyl- 
enyladenine 11 in 93% yield by reducing with IiAlH4 at O‘C. The trans/cis ratio of 11 is also 1:2 acanding to 

‘H NMR spectmm and NOE measurement. 

Stnsctnr, and NMR Spectm. The cis/trans isomers of 6, 9, 10 and 11 were easily identified by NOE 

measurements as shown in Fig. 2. Here we only listed one of the isomer pair of each compound because the 

counterpart can be easily differentiated. All substituted methylenecyclopropane derivatives show a long-distance 

coupling of the olefm proton Hd with three other protons Ha, Hb. HC in the three-membered ring in low coupling 

constants and He, Hb and He also couple each other. The proton Hd of saturated compound 9 does not show 

long-distance coupling but couple each other to form a typical AB pattern. In terms of the effect of the chiral 

center, the protons in methylene of the hydroxyhnethyl group of compound tram-11 show an ABX pattern 

whereas the chemical shifts of the corresponding two protons in cis-11 were completely separated due to the 

effect of the purine ring and they form two dd patterns. The protons in methylene of the ethoxyl group in 

compound 10 and one of the isomers of compound 7 even display a complex ABXs pattern. It is notable that 

the proton Ha in trans- 

11 shows a complex 

dddt pattem and the 

corresponding Ha in 

cis-1 1 even shows 

z.5:@ , .L@ :&$_zJY: .s@ 

1.0% .8% .l% 
a unique ddddd pattern. tmnsQ cis-Q cia-10 trafla-i 1 

Fig. 2 The identification of tram or cis isomer by NOE measumments 

Separation and Resoletion. The cis/trans isomers of 11 were separated 
by silica gel column chroma-tography with an eluent of CHzCWMeOH (8: 1, v/v) . 
and purified by reverse phase I-PLC (p Bondasphare column) with an eluent 

of methanobwater (4258, v/v). The effective &s-isomer wasresolved by using 

CHIRALPAC AD column silica gel coated with amylose tris (3,5dimethyl- 

phenyl-) as a chiraI stationary phase, Daicel Chemical Industries, LTD.] in 

with an eluent of hexane/isc+pmpanol(7: 1, v/v). The flow rate is 0.7 mUmin.; Fig. 3 The Resolution 

operation temperature is UC and the retention times are 33.1 min.for (+)-cis- of cis-CMA by HPLC 

enantiomer and 42.3 min. for (-)-cis-enantiomer, respectively , as shown in Fig. 3. The optical rotations are 

[ala D =+26.3 (c 1.32, MeOH) and [a]**,=-263 (c 132, MeOH) respectively. 

Biological Activities. The biological tests of the &-isomer and tram-isomer against Human Immuno- 

deficiency Vii Type 1 (HIV-l) were canied out in MI’4 cells culture. All the inhibition activities are shown in 
Fig. 4. As was predicted, only the &-isomer revealed significant biological activity (EC~100 @4, 

CCso=79.S@I for tram-isomer and H&=26 ph4, CC%79 pM for &-isomer). Then the effedive cis-isomer 

was resolved and tested. The (-)-cis enantiomer revealed high activity (E&=13 $vl) and low toxicity 

(CC-100 ph4). It is notable that, at the concentration of 100 ph4, 100% mock MI4 cells are viable whereas 

near 9096 HIV-l infected MT-4 cells are protected; the (+)-I% enantiomer show lower activity (E(Jx&O @l) 

and higher toxicity (CC~100 @I, but at the concentration of 100 @I, only 72% mock MI’4 cells are viable). 
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Considering the similar contigurations of CMA with adenallene and the structure-acivity relationship as shown 
in Table 1, it may be inferred that the similar minus x isomers show higher activities than the plus x isomers; in 

other words, active (-)-cis-CMA is a (S)-cis enantiomer. 

We previously reported synthesis of 9-(3’, 4’ -diydroxymethy1cyc1opropylidenemethy1eny1)adenine,” but it 

did not show anti-HIV-l activity. The extra hydroxymethyl group may disturb the biding with receptor RT, 

and/or decrease the penetratability to the target cell in terms of the enhanced water solubility. 

We also subjected these compounds to tests against other viruses and tumor celIs and will report these results 

elsewhere. 

ck+CMA 

Ilm 

80 

m 

40 

10 

0- 

1 

HO 

0 016 01) 4 a, ml 0 Q16 08 4 a, IOD 

Fig. 4 The Inhibition Fffectivity and Toxicity of trans-CMA, cis-CMA, (+)-cis-CMA and (->cis-CMA. The 

MT4 cells were exposed to HIV-l and incubated in the presence of the above inhibitors. Infected cells are 

indicated as solid bars and controkd cells without the virus as open bars. The vertical is number of viable cells 

(96) and the horizontal is the concentmtion of inhibitors. 

Conclnaions. According to the analysis of the structure-activity relationship, we designed a novel ti 

membered nucleoside; by our newly developed unique coupling reaction, we successfully synthesized it in only 

3 steps in 50.2% overall yield. As had been predicted, the &-isomer revealed anti-HIV-l activity, especially the 

(-)-cis enantiomer shows high activity and low toxicity. As a good novel lead compound, we believe that it 

should lead to discovery of more effective anti-HIV agents in the future by changing and/or modifying the 

nucleobases. 
Expelimeatal section. General methods. NMR spectra were measured with JEOL JNM-GSX 400; 

HPLC was run on Shii CL 6A with UV detector of Shii SPD6A. High resolution mass spectra were 
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determined by Hitachi M-2000 AM and optical rotations were determined with JASCO J-2OA spectrometer. 

Compounds 1,2.3,4,5 and 8 were prepared according to the literature and other reagents are comme&ally 

available. The compounds subjected to an anti-HIV-l test were purified by reverse phase HPIC and their 

purities were checked by the ‘H NMR mearsurements. 

Ethyl 2-bromomethylenecyclopropane-I-carboxylate 6. To a stirred mixture of bromoallene (11.4 g, %.O 

mmol.) and Rh(AcO)z (60.0 mg, 0.136 mmol.), NzCHCOzEt (21.9 g, 192 mmol. in 60 ml methylene 

chloride) was added dropwise under N2 atmosphere at refluxing temperature for 6 hours. The solution was 

refhtxed and stirred overnight and then was evaporated. After silica gel column chromatography with an eluent 

of 1:lO ethyl acetat&exane, the colorless liquid 6 was obtained in 62.6% yield. The trans/cis isomers were 

separated by further column chromatography with an eluent of 1:20 ethyl acetaWhexane. trans-6: ‘H NMR (400 
MHz, CDCb, ppm), 66.56(dt, lH, J=1.6, 3.0 Hz), 4.17 (q, 2H, J=7.2Hz), 2.49 (ddd, lH, J=8.0, 5.0, 1.6 

Hz), 1.70 (ddd, lH, J=9.2, 8.0, 3.0 HZ), 1.26 (t, 3H, J=7.2 Hz); 13C NMR (100 MHz, CDCb, ppm), 
6171.56, 128.36,%.77,62.12, 24.68, 15.38, 14.26; HRMS calcdforC11H9Br(h203.9786, found 203.9791. 

k-6: ‘H NMR (4oMHz, CDCb, ppm), 66.48 (dt, lH, J=1.6, 3.0 Hz), 4.23 (q, 2H, J=7.2 Hz), 2.40 (ddd, 

1H. J=&O, 5.0, 1.6Hz), 2.01 (ddd, lH, J=9.2, 8.0, 3.0 Hz), 1.26 (t, 3H, J=7.2 Hz); 13C NMR (lOOMHz, 
CDCb, ppm), 8 172.76, 128.00, 97.77, 62.82, 24.38, 15.88, 13.26, HRMS calcdforC7H9BrOz203.9786, 

found 203.9791. 

Ethyl 2-iodomethylenecyclopropane- 1-carboxylate 7. To a stirred mixture of iodoallene (2.0 g, 12.8 mmol. 

in 25 ml methylene chloride) and Rh(AcO)2 (9.0 mg, 0.02 mmol.), NzCHCCEt (1.37 g, 12.8 mmol. in 25 ml 
methylene chloride) was added dropwise under N2 atmosphere at -1Oc for 9 hours. The solution was stirred 

overnight at -10°C and then was evaporated. After twice silica gel column chromatography with an eluent of 1:5 

ethyl acetak/petroleum ether and au eluent of 4:6 petroleum ether/benzene and once preparative thin layer 

chromatography with au eluent of benzene, the colorless liquid (gradually became red in solution), tram&is 

(1:l) isomer mixture of 7 was obtained in 4% yield. transkis (l:l)-7: ‘H NMR (400 MHz, CDCls. ppm). 
because there were two isomers, we calculated the protons based on two molecules. 86.51 (q, lH, J=2.4 Hz), 

6.47 (q, lH, J=1.8 Hz), 4.22 (ABXs, 2H, J=7.2, 7.2, 14.4 Hz), 4.15 (q, 2H, J=7.2 Hz), 2.55 (ddd, lH, 

J&8,4.9, 1.8Hz); 2.29(ddd, lH, J=8.8, 5.0, 2.4 Hz), 2.10 (ddd, lH, J=8.8,4.9, 1.8Hz). 1.92(dt, lH, 

J=8.8, 1.8Hz), lSO(ddd, lH, J=8.8, 5.0, 2.4 Hz), 1.61 (dt, lH, J=8.8, 2.4Hz). 1.3O(t, 3H, J=7.2Hz), 
1.27 (t, 3H, J=7.2 Hz); 13C NMP (100 MHz, CDCb, ppm), 6 170.56, 169.91, 136.00, 134.70, 67.48, 

67.30, 61.44, 61.42, 26.73, 23.51, 19.59, 15.37, 14.66, 14.46; anal. calcd forC7H910zC33.36, H 3.60, 

found C 33.67, H 3.82; MS 125 (M-I)+. 

Ethyl 2-bromo-2-bromomethylcyclopropane-I-carboxylate 9. To a stirred solution of ethyl 2- 

methyleuecyclopropanal-carboxylate 8 (2.8 g, 20 mmol. in 50 ml chloroform), bromine (3.2 g, 20 mmol. in 
50 ml chloroform) was added dropwise at Or within 4 hours. After being stirred further for 3 hours at 093, the 

colorless solution was evaporated and the tight yellow liquid 9 was obtained in almost quantitative yield with 

almost specific &-isomer. The compound was used in the following reaction without further puritication. cis-9: 
‘H NMR (400 MHz, CDCb, ppm), W.24 (q. 2H, J=7.2 Hz), 3.77 (AB, 2H, J=7.2 Hz), 2.12 (dd, lH, J=9.2, 

7.2Hz), 1.77(t, lH, J=7.2Hz), 1.52(dd, lH, J=9.2,7.2Hz), 1.31 (t,3H, J=~.~Hz);‘~CNMR(~OOMHZ, 
CDCb, ppm). 8168.18, 61.51, 41.93, 37.13, 28.98, 22.28, 14.08; HRM,S calcd for C7HtoBrBr*@ 285.9027. 

found 285.9013. 
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$Ethoxyc~bonylcyclopropylidenemethylenyladenine 10. A mixture of vicinal dibromo-compound 9 (I .2 

g,4.0mmol.),adenine(2.2g, 16.0mmol.),KzCQ(2.2g, 16.Ommol.)andDMF(7Oml)wasstirredat~ 

(oil bath kmpemmm) under nitrogen atmosphere for 16 hours. The mixture was filtrated and the maolution was 

evaporated by a water rotary vacuum pump, the white solid compound 10 was obtained after saca gel 

chromatography with an eluent of 8:l ethyl acetatelethanol in 54% yield. &-lo: ‘H NMR (400 MHz, CDQd 
CD&D, ppm), 88.31 (s, lH), 8.17(s, lH), 7.6O(q, lH, J=2.4Hz), 4.22(ABXs, 2H, J=7.2, 7.2, 14.4Hx), 

2.72(ddd, lH, J=8.4, 5.2, 2.4Hz), 2.14(ddd, lH, J=8.8, 5.2, 2.4Hz), l.!B(ddd. lH, J=8.8, 8.4, 2.4Hx), 

1.33 (t, 3H, J= 7.2 Hz); 13C NMR (100 MHz, CDCWCWOD, ppm), 6 170.26, 155.49, 153.16, 148.00, 

137.04, 119.00, 112.61, 111.01.61.53, 19.47, 13.89, 10.10; HRMScalcdforC12H13N~259.1071, found 

259.1109,anal. calcd for C12H13NS02 C 55.60, H 5.02, N 27.03, found C 55.49, H 5.08, N 26.69. trans- 
10: ‘H NMR 400 MHz, CDCW CWOD, ppm), 68.32 (s, lH), 8.31 (s, lH), 7.65(q, lH, J=2.4Hz), 4.22 

(AEtX3, 2H. k7.2, 7.2, 14.4 Hz), 265(ddd, lH, J=8.8,4.8, 2.4 Hz). 2.19(ddd, lH, J=8.8, 4.8, 2.4 Hz), 
2.07 (dt, lH, J=8.8,2.4 Hz), 1.29 (t, 3H, J= 7.2 Hz); 13C NMR (100 MHz, CDCWtIbGD, ppm), 8170.01, 

155.49, 153.16, 148.00. 137.04, 118.00, 112.%, 111.80. 61.37, 17.38, 13.87,12.23; HM c&d for 

CMi13N5Ch 259.1071. found 259.1109; anal. catcd for C1zH13N502 C 55.60. H 5.02, N 27.03, found C 

55.49, H 5.08, N 26.69. 

9-Hydroxymethylcyclopropylidenemethylenyladenine 11. To a stirred mixture of LiAlH4(0.15 g, 4.0 mmol.) 

and anhydrous THF (50 ml) a solution of ester-type nucleoside IO (0.539 g, 2.0 mmol.) in 50 ml anhydrous 
THF was added dropwise within 5 hours at Or. After being stirred overnight at O”c, the excess IiAlH4 was 

neutral&&d by water, then the mixture was filtrated, evaporated and the white solid compound 11 was 
obtained in 93% yield after the silica gel chromatography with 8~1 methylene chlorid&ethanol. The cis/trans 

isomers and the enantiomers of &-isomer were sepamted by HPLC as described above. tram-11: ‘H NMR 
(400 MHz, CD3OD, ppm). 88.50 (s, lH), 8.23 (s, lH), 7.56 (q, lH, J=2.0 Hz), 3.60 (ABX, 2H, J=ll.2,6.4, 

6.4Hz), 2.12(dddt. lH, J=6.4,8.8, 6.8,2.0Hz), 1.79(dt, lH, J=2.0, 6.8Hz), 1.46(ddd, lH, J=8.8, 6.8, 
2.0 Hz); 13C NMR (100 MHz, CBGD, ppm), 8157.49, 154.23, 149.62, 139.28, 119.86, 118.29, 111.82, 

65.tB, 18.78, 10.11; HRMS calcd for C1oH11Nd) 217.0965, found 217.0929. k-11: ‘H NMR(4OOMHx, 
cI)JOD, ppm), 68.80 (s, lH), 8.22 (s, lH), 7.44 (q, lH, J=2.0 Hz), 3.90 (dd, lH, J=l1.2,5.6 Hz), 3.45 (dd, 

lH, J=11.2. 7.6 Hz), 2.22 (ddddd, 1H. J=8.8, 7.6, 5.6, 5.2, 2.0 Hz), 1.60 (dt, lH, J=8.8, 2.0 Hz), 1.30 
(ddd, lH, J=8.8, 5.2, 2.0 Hz); 13C NMR (100 MHx, CLOD, ppm), 6 157.50, 154.22, 149.24, 140.28, 

119.90, 117.62, 111.79,65.09, 20.84, 7.36; HRMS calcd for CroH11NsO 217.0965, found 217.0939. 
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