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Abatnet-A mctbod was developed to syatbeaiz 2’deoxy-8,2’-metbylenecycloadenosine (9) which was a 
new carbon-bridged cyeloadenosine 6xed in a high-antitorsional angle region. 3’,5’-Di-O-acetyl-8- 
mcthancsulfony1-2’-O-tosy1adenoaipe (S) was cydized wiih aubanions of malonic esters, followed by 
hydrolysis tithe ester (7) and decarboxylation to afford 9. Com~und 9 sbowcd a positive CD baud at 258 nm 
atid was a substrate’for adenosine dcaminase with a K, of 3.2 x lo-* M and a V_ of 2”/. of that of @enosinc. 

One of the interesting subjects on the conformation of 
enzyme-bound nuclwsides and nucleotides is con- 
cerned with the orientation of the base moiety to the 
sugar moiety around the glycosyl linkage. Adenosine 
deaminasesr-’ and polynucleotide phosphorylase* 
recognize only the anti-conformer of the substrates. 
Kapuler and Reichs predicted that ribonucleoside 5’- 
triphosphates would bind to RNA polymerases as the 
syn-form and then conformational change of the 
substrate to the anti-form would be necessary to form 
the intemucleotidic phosphodiester linkages. At the 
active site of RNaseT,, the conformation ofsubstrates, 
guanylic acids, around the glycosyl bond was reported 
to change from the anti to the syn-fotm6 Bovine heart 
protein kinases interact with ATP at the high-anti 
glycosyl torsional angle region.’ 

We have been studying the synthesis of carbon- 
bridged cyclopurine nucleosides and nucleotides with 
fixed conformations around the glycosyl bond” and 
some of them have been used as probes to study 
conformational aspects of enxyme-substrate interac- 
tions.’ The anti-fixed 8,5’-cyclo5’deoxyguanosine 
2’,3’-cyclic phosphate was found to be a substrate of 
RNase T,.9 Also, 8,5’-cycloadenosines were good 
examples of such studies.2*8*‘0*” 

There have been limited syntheticmethods available 
for the carbon-bridged cyclopurine nucleosides 
including mainly the radical process. Alkyl radicals at 
the 5’position of the sugar moiety of purine 
nucleosides, generated by phot&rradiation or by 
chemical homolysis, add intramolecularly to the 8- 
position to alford 8,5’cyclopurine nucleosides.* 
Intramolecular coupling of bir’adicals at the 5’- and 
E-positions gives rise to the cycloadenosine 
compounds. *b*12 Since the S’-carbon atoms constitute 
the bridge-head carbons of cyclonucleosides in these 
cases, these methods are limited to 8J’cyclopurine 
nucleosidea. We need other conformationally 6xed 
cyclopurine nucleosides, which are Exed in diKerent 
torsional angl& around the gycosyl linkages, such as 
8,2’- and 8,3’-cyclonucleosidt, for further investi- 
gations in this field We therefore report herein a new 
method for the synthesis of 2’deoxy-8,2’-methylene 
cycloadenosine (9). Optical properties of 9 and its 

behaviortoadenosinedeaminase,comparedwith those 
of the anti-fixed carbon bridged cycloadenosines 
(lo-13)b*C*’ are also included. 

It has been described that 8-bromo-2-O- 
tosyladenosine (1) reacted with sodium hydrosultide to 
afford 2’deoxy-8J’-S-cycloadenosine’3 and that 
treatment of 2’-0-tosyladenosine l-carboxamide in 
aqueous pyridine gave l-&n-arabinofuranosyl- 
adenine.‘* We have found that a methanesulfonyl 
group at the 8-position of adenosine was superior to 
the I-bromo derivative in displacement reactions with 
carbon nucleophiles. l6 These findings led us to 
investigate reactions of 8-methanesulfonyl-2-O- 
tosyladenosine (3) with carbanions of active methylene 
compounds as a one-carbon synthon of bridge-head 
position of the cycloadenosine. 

Substitution of 8-bromo-2’-0-tosyladenosine” (I) 
with sodium methanethiolate was carried out in 
aqueous N,Ndimethylformamide (DMF) at room 
temperature to give 8-methylthio-2’-0-tosyladenosine 
(2) in 90% yield. Oxidation of the sulfur function of 2 
was achieved with potassium permanganate in acetic 
acid to afford 8-methanesulfonyl-2’-0-tosyladenosine 
(3) in 81% yield. An attempt to react 3 with a carbanion 
ofethylacetoacetate in DMF at room temperature was 
unsuccessful, the adenine base derivative being released 
(data not shown). The lability of 2’-0-tosyladenosine in 
basic conditions has previously been observed.‘* In 
order to increase the solubility to aprotic solvents such 
as tetrahydrofuran (THF) and to avoid undesired 
glycosyl bond cleavage, free hydroxyl groups in 3 
should be blocked.“*‘9 

Compound 3 was acetylated to give 4, which was 
oxidized to afford 3’,5’di-O-acetyl-8-methanesulfonyl- 
2’-0-tosyladenosine (5) in 96% yield. Then, 5 was 
treated with the sodium salt of ethyl acetoacetate 
in THF at reflux temperature for 24 h. A mixture of 
two nucleosidic products was separated on a silica 
gel column. The compound eluted first from the 
column was assigned as the uncyclixed 8- 
ethoxycarbonylmethyl-2’-O-tosyladenosinederivative 
(6,37x). The structure of 6 was evident from its PMR 
spectrum, in which methyl protons (b 2.36) of the tosyl 
group at the 2’-O-position appeared as a singlet and its 
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264 and 342 nm in alkaline solution, absorbance of the 
latter being- rapidly to ac~o within a few 
minutes (see Bxp&imental). In contrast, the uncyclized 
nucleoside 6 showed only a maximum at 263 nm in 
alkaline solud&. The maximum at 342 nm in 7 would 
correspond to the conjugated ketene D, which would 
be then hydrated to E. The red shift of the 8-substi- 
tuent conjugated to the adenine moiety was simi- 
larly observed in 2’,3’-0-isopropylide-~-0x0-8,5’- 
cycloadenosine. & In addition, mass spectra of both 7 
and 8 showed base ion peaks at 373 (m/z, M+ - EtOH 
for 7 or M+ - MeOH for 8, respectively) which would 
also correspond to structure D. These data suggest that 
abstraction of the most acidic proton in 7 would yield 
the ketene D and EtOH or MeOH prior to hydrolysis of 
the ester function in alkaline solution. Although an 
attempt to measure a pK, value of the methine proton 
in 7 failed because of the instability of D, this 
experiment suggeated that a weak base treatment of 7 
would lead to E. Ester 7 was heated under reflux in 85% 
aqueous pyridine for 2 days, followed by deacctylation 
with NH,OH. The product obtained as a crystalline 
form in 65% yield was assigned as 2’-deoxy-8J- 
methylene-cycloadenosine (9) on the basis of the 
following data. The mass spectrum of 9 showed a 
molecular ion peak at 263 (m/z, looo/,), a characteristic 
I-methyladeninium ion peak at 149 (m/z, WA),*“ and 
thecorrectelementalanalysis(C,,H,,N,OJ).Twosets 
of double doublets at 6 2.96 and 6 3.19 in its PMR 
spectra are assigned as bridged methylene protons at C- 
2”. This means that the hydrolysis of the ester group in 7 
to form E is followed by simultaneous decarboxylation 
to give 9. In a conventional way, 9 was obtained from 7 
by saponification anddeacetylation with base followed 
by decarboxylation with acid treatment. Thus, the 
synthesis of 2’deoxy-8,2’-methylenecycloadenosine 
(9) was accomplished by the reaction of doubly 
activated adenosine with malonic ester which serves as 
a one-carbon synthon of a bridgehead position of 9. 

The CD spectrum of 9 showed a positive band at 258 
nm (shown in Fig. 1) and the direction of the sign 
is consistent with those of 8,2’-S- and 8,2’-0- 
cycloadenosines,20 respectively, but it is opposite to 
that of Ydeoxy-8,5’-cycloadenosine (lO).Bos Com- 
pound 9 is deaminated at about 2% of the rate ob- 
served with adenosine by adenosine deaminase (K, of 
9 was 3.2 x lob4 M while that of adenosine was 2.3 x 
lo-‘). In contrast to the 8,2’-cycloadenosines,3 8,5’- 
cycloadenosine (10-13)bbc*’ tested (Fig. 2) were found 
not to be substrates for the deaminase. These findings 
together with a previous study2’ are in conflict with a 
previous report2 that both ofthe diastereoisomeric 8,5’- 
cycloadenosines (11) were deaminated by adenosine 
deaminase at a different rate. 

EXPERIMENTAL 

Mps were determined with a Yanaco MP-3 m.p. apparatus 
and are uncorrected. PMR spectra were recorded on a JJXOL 
JNM-FX l& spectrometer using TMS as the internal 
stiuuiard. Chemical shifts are reported in ppm (s) and signals 
are.describ+ an s (sin&t), d (doubkt), t (triplet), q (quartet), m 
(multipkt), I@ (@bk doublet), dt (doubk tipkt), and br 
(broad). WLWJ @en for coupling constants are first order. 
UV spectra wcae recorded on a Shimadzu W-240 
spe@rophotoeKtei. CD spectra were ta&n on a JASCO J-500 
spectro$ho&xnet& with DP-SOON. MS spectra wo~c 
measured with a JJZOL JMSD-300 spectrometer. TLC was 
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Fig. 1. CD spectrum of 2’deoxy-8,2’-methylene-cyclo- 
adenosinc (9). 

carried out with Merk TLC platol (silica gel 60F2sd, 
precoated). Silica gel column chromatography was done using 
wako gel c-200. 

&M~thylt~r-O-tos~~~~(2). To a soln of &bromo- 
2’-O-tosyladenosine (1.20 g, 40 ntmol) in DMF (150 ml) was 
added 15% NaSMe aq soln (40 ml). The reaction mixture was 
stirred for 2 hr at room temp and then neutralized with 1 N HCl 
under bubbling of NI and evamratal to dtiess in DUCUO. The 
resdting yelloksh c&e was c&taUid f&m hot Hz0 to give 
16.8~190%1012m.n.21~219“.PMRIDMSOd3:62.2713H. 
s, to&&, 2.7; (jH,s, SMe), 3.55(2ti,m, H-5’,+),4.06ilH; 
m, H-43,4.33 (lH, dt, H-3’. after D,O addition, dd, J,.,,, = 4.9 
Hz, J,.,,. = 1.0 Hz), 5.59 (lH, dd, H-2’, J1,,2, = 7.3 Hz, J,.,,. 
= 4.9 Hz), 5.79(1H, t, 5’-OH,exchangeable), 5.85 (lH, d, H-l’, 
J ,.,2, = 7.3 Hz), 6.05(1H,d, 3’-OH,exchangeabk), 6.97(2H.d, 
tosyl-H), 7.28 (2H, brs, 6-NH1, exchangeable), 7.34 (2H, d, 
tosyl-H),7.88(1H,s,H-2).(Found:C,46.45;H,4.53;N, 15.26. 
Caicfo; C,,ti,,N,O,S;:‘C. 46.24; H, 4.53; N, 14.98%.) 

8-MethanesuHonvl-2’-O-tosvlodmosine (3). Comwund 2 
(7 g, 15 mmol) &as&ssolved in-hot 7aA aq A&H (lob ml) and 
the soln was cooled to 0”. A line powdered KMnOI (6 g, 38 
mmol) was added to the soln with stirring. After 3 hr, the 
mixture was diluted with Hz0 (50 ml) and 30% H202 was 
added until the suspension became colorless. The resulting 
crystalline ppts were collected by filtration and washed well 
with H,O to afford 6.1 g (81%) of 3, m.p. 203-205”. PMR 
(DMSOd,) : 6 227 (3H,s, tosyl-&.), 3.58 (3H, s, SO&), 3.63 
(2H, m, H-5’, 5”). 4.09 (lH, m, H-4’), 4.37 (lH, dt, H-3’, after 
D20 addition, dd, J1..,. = 4.9 Hq J,.,,. = 1.0 Hz), 5.58 (lH, t, 
5’-OH,exchange.able),5.67(1H,dd,H-2’, J1..2. = 7.8Hz, J2’.3. 
= 4.9Hz). 6.0711H.d. 3’-OH,exchanneable),6.55(1H,d, H-l’, 
J - j.8 Hz),‘6.95(iH,d, t&yl-H), ?.38(2ii,d, tdsyl-H),7.91 1’.1’ - 
(2H. brs. &NH,. exchaneeable). 8.06 IlH. s. H-21. (Found: C. 
b2.d7;H,4.18;~,14.40.~~cforC,sH;,N~~sS~’:~,43.28;H; 
4.24; N, 14.020/,.) 

HO OH 

lo:R’R2=H H , 8 

11: ” =H, OH 

12: .’ = Ii, CH2OH 

13: ” = H CH2CH2OH 

Fig. 2. 
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3’,5’ - Di - 0 - acetyi - 8 - ~t~~~y~ - 2* - 0 - 
tosylodenosinc(~Toasofnof2(30~ti4mmol)indrypyridi~ 
(2Wml)wasaddcdAc,O(28mf),Themixturawasstirrcdfor5 
hr at room temp. Hz0 (10 ml) was then added, this was then 
concentrated to dryness in uucuo. Tracfir of pyridine were 
removed by severaI coevaporations with aq EtOH. The 
residue was dissolved in 70”/, aq AcOH (350 ml). A fine 
powdered KMn0,(22.5 g, 142 mmol) was added whb stirring 
atO’.~~4hr,the~tu~w~~ut~~thHsO(l~~)~d 
30% H,O, was added u&J the suspension became colorless. 
The resuhing crysta&e ppts wera colkted by fihration and 
washedweU&hHsOtoafiord36g(90~)of5,m.p.I33-140”. 
Recrvstailiration of this comvound was tutsu~ PMR 
(CD&): d 2.03 (3H, s, AC), 2.i3 (3H, s, AC), 2.37 (3H, s, tosyl- 
~3.41(3H,~SO~4.37(3H,~H~‘,S,S~5.~(iH,~ 
H-31.6.21 (IH, dd, H-2, J,. 3, = 5.4 Hz, JTa.1. = 6.4 Hz), 6.47 
(2H,‘brs, 6-N&, ex&attge&c), 6.78 (lH,-&H-l: JI.,l= 5.4 
Hzk 7.1112H d to&-Hk 7.56 f2H. d to&-H18.29 (1H. s. H- 
2);‘& 5i3 (M+, 1%). This *r&h& Was used& tbcuext Stap 
without further puri6cation. 

Reaction of 5 with ethyl acetoacemte. A mixture of ethyl 
acetoacetate (44 ml) and dry THF (50 ml) was treated with 
NaH (1.6 g, 60%, iu mineral oil, 40 mmol). Aiker the evolution 
of Ha ceased, 5 (5583 g 10 mmol) was added and the mixture 
was heated tmd& reflux for 24 hr. Tbc rmuitiug suspension 
was neutrakad with 1 N HCl aud evaporated to dryness in 
uacuo. The maidut was suspeudedin AcOEt and washed with 
HsO. Tbe rusuhiag oil was chromatographad on a silica gel 
column using 4% &OH m CHCl,as elucut. 3’,5’-Di-O-acetyk 
s4tr(oxyclabonybnetl?yl-r-o-tosy~~ (6,217 E, 37%) 
was elutcd frcjm the columu first (crystalhxed from EtOH), 

&om the &umu v&tb 8% EtOH m CH& (obtained as a 
foam). PMR data for 6 in CDC& : 6 1.32 (3H. t, 
--CH,CO,CH&&), 2.03 (3H. a, AC), 211(3H, s, AC), 2.36 
(3H, s, to@-&&), 3.99 (2I-I. s, -$&CO&X&H,), 4.28 (2H, 
q,-CH1CO&&CH,h4.37(3H,m,H-4’,5’,5-),5.62(2H,brs, 
~NH*,~cb~~A5.74(i~~H-3~6.07(2~~H-l’,2~ 
7.~(2~~to~y1-~-7.53(2H,d,t~y1-~,8.12(1~~H-2);~ 
~263~(e,1~~2u)nm(e,1~900),211~(e,19900); 

lbts 
Ha 245 mu (r; 7300). 225 nm (e, 12,5tXJ), 208 nrn (e&9,700); 

~N,H~261nm(gii4~~231nm(~13~50);~N 245nm 
(e, 8550). 222 nm (a, 12,250); z’ Nn.ca 264 run (c, 13,100); 
r, 0~0sNN~~nm(~7000~sh2Mnm(e,12,700).(Found:C, 
~.3l,;H,493;N,li.83.C~forC~~H~~N~O,~S:C,~.76;~ 
4.91; N, 11.84%) For 7 in CDCI,: 6 1.35 (3H, t, 
-CO&H&@,), I.81 (3H, s, Ac), 2.16 (3H, s, AC), 3.99-4.11 
(IH, m, H-2, overlappal with H-S, 5”), 4.03(2H, d, H-5’. 5”, J 
= 3.9 Hz), 4.32 (2H. q, -CO&&CH,), 4.47 (1H. d, H-2”. 

;I!H-diH-3’ J 
- 3.4H&4.51(1H,dt,H-4’,Jj’,,r = J,.,,. = 3.9HzA5.13 

, 2,t.=29Hx,J,...=3.9Hx),5.78(2H,brs,6- 
NH;, excbanges”bk?), 6.55 (IH, & H-l’, Jlp.aj = 6.4 HZ), 8.35 
(iH, s, H-2); m/z 419 (M+, 54%), 373 (M+ -46,1&-Q)); bigb 
resoiution MS: found m/z 419.1457 @I+), caIc for 
[C,,H,,N,O,]+ = 419.144i;foundm/z373.0998(M+ -46), 
talc for lGdWW61 l = 373.1082 for structure D in the 
scheme. UV E/264 nm (E, 15,150),209 run (e, 21,380); E 
230nm(~2800);~NHa260nm(~lS,1SO);~~N~2X)~ 
(e, 3200). In alkaIine soln, 7 absorbs 264 and 342 run. ‘I’Iie 342 
run neak decrea~ to zero within a few minutes concomitant 
witd a sIi8bt increase of tbe 264 nm peak. The absorbance ratio 
IA264nmf342~nldcoendso~e~Hoftbeallalincsoin:l0.8 
(pH 11.0~2~~~ 1~.8~~d2.l~(pH 124). 

Reaction of 5 with diethyi m&mute. A mixture of diethyl 
malonate (5 ml) and drv THF (40 ml) was treated with NaH 
(400 mg ab/W ih mineral oil, Idmmoi). After tbcevolution of 
H,aastdS~1.46a,25mmoI)indryTHF(i0ml)wasaddai. 
The mixtdre’was &a&d under reflux for 8 hr. The resulting 
suspension was neutrabzed witft 1 N HCl and 8ltered through 
a celite pad. The filtrate was concentrated and purified over a 
s~~$cicolumawhichwurwashedwi~~cHcI, toremovethe 
excess dietbyl malonate. Compound 7 (824 mg 790/ was 
eluted with 8”/, EtOH in CHCl, and obtained as a foam. The 

PMR sv of.thii sample was identical with that of 7 
prepared by .cyclixatioa of 5 with ethyl acttoaoetpts / 

Rem&n L$ 5 with &nethyf M&W&. Coqound 545.83 g, 
10 mmol) was treated with the sodium’salt of dime&y1 
malouate(preparcd from 2Oml of dimiih&aalonatcand 1.63 
aof600/,NaHin60mlofdrvTHRfor8hratreaux~~.The 
~~jor~‘&duet was pm&d by .&a gel bohtttm cbrGatog- 
rapby(80/, EtOH in CHCI, as the eluem) to give 3’;5’ - di - 0 - 
lrcctyl- 2 - deoxy - 2* - ~~x~~~yf - 82 - merk_ - 
cyc~~sfneUli3.OSg750/,))ssaf~PMR(CDClj):b1.81 
(3H,s,Ac),2.I6(3H,s,A#,3.88(3H,s,-CO&&),4&2-4.14 
(lH,m,H-2),4.04(2H,d,H-5’.5”,J,.~~. = 4.4Ha),4.52(lH+dt, 
H-4’, Jy,q = 3.4 Hz, J ,.,, , = 4.4 Ii& 5.12 (Hi, dd, H-3’, J1.,,. 
= J,<-& = 3.4 Hz), 5.82 (2H, brs, 6NH,, exchangeable), 6.56 
(lH, d, H-i’, J,. ;i, = 6.4 Hz), 8.35 (lH, s, H-2); m/z 405 (M+, 
520/A 373 (M + l-35 iooo/,). 

r_Deox~8~-2’_nrethyfene_eycfwdenosine (9% ‘(a) A soln of 7 
(~~l.lmmoI)in8so/,aqpyridinc~f)afasheotedunder 
~nxforZdarsandthmNH,OH(289/,2mt)wasaddedThe 
mixture was kept overnight at room tempand concentrated to 
dryneesinuucno.Tberesiduewas~&aIIimdfromMAdlHto 
alford 182m8(65%) of9, m.p. 251-254’. PMR(DMSO-d& 6 
2%(lH,dd,H-2”a, Jr-.,la = 3.9Hz, J.,,, = 17.1 Hz),3.19(3H, 
m, 2”bproton is overlapped with H-Y, Y signala~3.39-3.57 
(lH,m,H-2),3.99(1H,dt,H-4’,J,.,. = 3.9Hr~,J,r*~. = 49Hxh 
4.08(iH,dd,H-3’,J,+*,. = 2.9Hx,J,.,# = 3.9Hx),4.72(1H,t, 
S-OH, excbangeabic), 5.45 (1 H,d, 3’-OH&xcWgeabk), 6.30 
(IH, d, H-l’, JI,,2t = 6.3 Hx), 7.02 (2H. bra, 6-NH1, 
excbangeabk), 8.06 (lH, a, H-2). IA’ Az 262 nm (a 16,570), 

(e, 15,400); GNe29 nm (e, 2750); k - 262 nm 
2Mnm(s,24,600);~~226nm(g,27y)of;~HaU9.5nm 

(e, 16,850); cNNm 231 nm (a, 3900). CD(H,O): (B)aJ(I, 
+ 12850, t@,,, Dp O* m/z 263 (M+, loo”/& 245 (I?/& 232 t 
t20,215 (49%), 2~ (m I86 (72%), 174(74!X& I62 (43%X 
149 (40%). (Found: C, 50.16; H, $09; N, 27.i)o. CeIc for 
C,,H,,-~~~,:c,so.l9;H.4.98;N,‘26.60D/,) 

tb)Amixtureof7(6?0ma. 1.6mmoI)inEtOH(2OmBand 1 
N ‘NaOH (2.2 ml) &IS s&d for 3 hi at room temp. The 
mixture was adjusted to pH 4witb HCX&H;kept for 2 brat 60’ 
with 5tirring and concentrated to drjmeas in IKICWI The 
residue was crysWi& from MeOH to give 9 (2Q8 mg, 49”/$ 

Ademuriae decndncse assays. Adeuosine .deammam 
wC.3.5.4.4] from calf intestinal mueosa (type IIJJ was 
obtained from the Sigma CbemicaI Co. The enayme 
experiments were performed in 0.05 M phosphate b&r (pH 
7.5) at 25”. The k&tic parameters &re determined by tbe 
procedure of Lineweaver and Burk2’ In the case of 
compounds 18-13, the assay solns contaiuing about i x IO-* 
M of the compounds and I5 cg of the enzyme were incubated 
at 25” for 26 hr. The absorbancea at &,,, of tbeae compounds 
were not cluinged. 
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