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3-( ; idc t i i t i -9-yI ) -7- -hydroxy~~ro~~; i i io ic  acid (AHPA ( / / I ) ) ,  thc 1;ittcr Iwo tieing acidic 
c.otiipoutids rcprcseiititig irrcvcrsililc ititiiliitors (itiiictiviitors) o f  t ~ i c  cnzynir""'. 

I I I  I I I ,  R = H 

IV, R = olkyl 

V V I  V I I  V I I I a ,  R = H 

V I I I b ,  R = CN 
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i3C " CH3 H3C " CH3 

X I I I a ,  X = CI X I V a ,  B = V a  X V I I a ,  B = V a  
X I I I b .  X = TsO X V a .  B = V I a  X V I I I a .  B = V l a  

X V I a ,  B = V I I a  X I X a ,  E = V I I a  

V a  V I a  V I I a  
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A c p ~ l i c  Analogs or  1)ca;lapurine Nucleo.;idcs 633 

In both series, the reactivity decreases i n  the o rde r  Cs' > Rb+ > Kf >> Na'. I n  tlic 
presence o f  sodiuni carbonate, the reaction proceeds with only very low yicld. The 
diffcrciicc bctwccii the potassiuni ;ind rubidiuni salt  consists i n  the equilibriuni a n d  first 
( i l ' a l l  i n  the rate of its achicvcnicnl. The most sigiiilicaiit cftect on both paraiiictcrs was 
observed with ccsiuiii carbon;itc. I n  its presence the alkylation with both sylithons 
proceeds with significantly higher yields t h a n  with the potassiuni or rubidium salt 
(Table I ) .  Neither 0 1  the cations has a n y  substantial effect 011 regiosclcclivity of the 
;ilkylation (ratio o f  the N'-isonicr XlVtr t o  the o t h e r  o~ies ) .  On the basis of these 
olwrvatioiis we used in so~iic cases ccsiuiii carbonate instead o f  the sodiiiiii salts. 

Analogs or  DHPA (0 were synthcsizrd by alkylation of the corrcspondiiig base with 
(R)-3,2-diincttiyI-4-tosyloxyiiiethyI-1,3-dioxola11c (X////>)f'. I I I  the ciisc 0 1  3-d~az; I -  
;idciiiiic (v), ~ - ~ ~ ; I ; . ; I I ) U ~ ~ I I C  ( V / )  iiiid l - d c ; i ~ a ; i d c ~ ~ i ~  (VII) ,  the iilkylatioii W;IS carried 
out with sodiuiii S i i l t  o f  the  base a n d  the rc;ictioii al ' fordcd prcdoiiiiiianlly the 
N"-isoiiiers XIVtr - XVlrr ( a h o u t  80%) which were scparalcd t 'roni tlic N'-isonicrs 
X/Vh  - X V / h  b y  cIiroiiiiilogr;iI)hy O I I  silica gel. Acid hydrolysis afforded (S)-cnantionicrs 
,YV//rr - X/X(r i n  high yields (Schciuc 2). The structurill assigniiicnt to both isomers wiis 
Ixscd on coiiipiirison 01' tticir U V  spcctra with the literature data'"," and  the structures 
were confiriiicd b y  I3C N M R  spectroscopy (Tiiblc 11). Using the APT (attiichcd proton 
lest) spcclra, the SigIiiiIS 01' nicthinc and quatcrn;iry carhoii ;itonis were distinguished 
iiild assigned OII ttic basis of their cheniical shil'ts. The v;ilucs o f  chcinical shifts f o r  
iiiiiilogs of DHPA (I) ohscrvcd I,y us arc givcii i i i  T;ibIc I 1  and arc i n  accord with the 

Y i c l d  of N"-(N'-) iwmcr.  '% 
( '0111 p u nd I(Cagcl1l 

2 h  4 h  8 h  14 h LO h 

0 (0) 
0 (0) 

ll ( 0 )  
71 ( 3 )  

I6 ((I) 
' 7  (0) 

30 ( I ) 
41 ( 7 )  

7 5 ( 1 )  
54 (S) 

Collect Czech Chern Cornrnun (Vol 513) (1993) 



634 Ih,oiRkovQ. I l o l f .  Volruha. MasojidkovB: 

pulilishcd"'~3" ctictiiic;iI shift difli.rciiccs i i i  N"- ;itid N'-sulxlitutcd isomers. The iiiclhiiic 
carlion ;itonis C-2 ;itid C-8 i n  the N9-isoiiicrs arc  characterized tiy signals i n  the region 
of  h 140. As the result of a shorter rcl;ixation titiic the resonance o f  carbon altoiii C-2 
cxhibits highcr ititciisity th;iti 1 h ; i t  of carbon ; i tom C - 8 .  I n  cotiiparisoti wilh the 
N"-isotiicrs, tlic spcclra of N'-isoiiicrs show ;I tii;irkcd downfield shift 01' the C-3 a n d  
C-4 carbon sigiials a n d  a n  u p f i c l d  shift o f  the C-5, and  C-6 sigiials whereas thc rcso- 
naticcs of' C-1, C-2 and  C-I '  ;ire pr;tctically un;il'fcctcd b y  substitution. 

For cotiiparisoti o f  (tic ctizyiiic-iiihihitciry ;ictivitics ;itid synthetic utilization i n  the 
prcp;iratioii of I'urtticr cwintioiiicric dcriv;itivcs3' i t  wits necessary to prcp;irc also 
(~~)-(R)-(2,3-diliydrcixy~~ropyI)-3-dcazaadctiinc ( X x ) .  The chir;il side-chain was ititro- 
durcd b y  rcartioii o f  3-dc;izaadciiinc (V) with ccinitiicrei;illy acccssitile ctiiral c p x i d c  
(R)-glycidyl hutyra tc  (oplical p u r i t y  95!.%) i n  diiiicttiyll 'ortiiatiiidc i n  the prcsciicc ol' 
ccsiuiii carlioti;tlc (Schcnic 3 ) .  From the rcitrfioti niixturc w r  isolated citi ly the 
N"-isoiiicr ,YX/ which, alter rctiiov;il 01' [tic protcctitig group with sodiutii nictlioxidc, 
was cotivcrlcd into {tic I'rcc (R)-DHP dcriv;tlivc XX. 

In conIrast 10 the dcscrihcd procedure I'or [tic prcp;ir;ilioii of' the r;ic.ctiiic 7-dcaza 
;iti;iIog o f  DHPA"', wiiicti is ~i;iscd on utilimtioii o f  ;I pyrro lc  nuclcosidc iiitcrtiicdialc, 
o u r  approach coiisists i n  alkyl;ttioti of 4-~1iiiiio-~i-l~rotiio-5-cyatiopyrrolo[2,3-d~~~yri- 
tiiidinc (XX/ r )  (Schctiic 4). The b r o i l l o  dcriv;itivc wiis used I~ccausc the suhstitucnt i n  
position 8 prevents side-rc;ictioris ;itid ;tccclcr;itcs the ;ilkyl;itioii reaction (the el'fccl ol' 
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Acyc l i c  Analog.; 01 I k a / n p u r i n e  Nuclco.;idrs 635 

N&N9 N + 

H 

V 

Br 

X X I I  

NH2 
I 

c\ - OCOC,H7 

- TsO ̂ r\ + 
H3C O X 0  CH3 

X I X I b  

NH2 CN 

'c 0 CH3 

H3C. 

xxxv 

OH 
X X I  

Br 

X X I I l  

x x v  



clcetroti-;ittr;ictitig sul>stitucnt)23. However, the ;ilkyl;itioti of  coiiipnutid X X I I  with the 
sytithori X I / / / )  i i i  thc prcscticc o f  ccsiutii carboti;itc, al'lordcd prcdotiiinan~ly the isopro- 
pylidciic dcriviitivc XXIII ,  which was first hydrogetiatcd on 10% Pd/C i n  the presetice 
of' tii;igticsiutii oxide i n  tiicthatiol. Thc hydrogctiatioii product XXIV was thcii cotivcrtcd 
b y  iicid hydrolysis into frcc (S)-cti;iritiotiicr XXV.  

3-Dca7a ittld 1 - d c a ~ a  analogs o f  critiidctiitic ,Y,Y\'// ;itid XXVIII  wcrc prepared iisitig 
a11 itlrciidy dcscril>cd proccdurc'4~3s t>y rr;ictioti ol' 2,3-O-cyclohcxyl i~ct ic-1~-crythrol i~~-  
1;ictonc (X,Y/,q with sodium ( o r  ccsiutii) salt of' the  biisc according to ii proccdurc 
dcscrilicd f o r  the synthesis of' crit;idctiiiie3'. Alter acid hydrolysis 01' the protecting 
groups, ion cxch;itigcr chroiiiatogriiphy ai id  separation on prcpirativc HPLC, we olit;ii- 
tied the pure N"-isotiicrs XXVII ;itid ,YXVIII i t i  it very poor  yield (Schcnic 5) .  

N 
H 

V ,  X = N, 

Y = CH 

Y I I ,  X = CH, 

Y = N  

+ 

X X I X  

- 
COOH 

X X V I I ,  X = N, 

Y = CH 

X X V I I I ,  X = CH, 

Y = N  
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the cfl'ccl on L-1210 mice lcukciiiia cells." or rat  SAHasc. The dat;i given i n  
Tiihlc I l l  rcliitc to ciizyiiic catalysis o f  the so-called hydrolytic mtcliotl, i.c. fission o f  
[tic C-S b o n d  i n  S -adcnosyI -~ . -ho t i~c~cys tc i~ ie  under foriiiation o f  adenosine a n d  
I,-hoiiiocystcitic. The vi+lucs vi/vo, used ['or the evaluation, express the in i t ia l  rilles of 
this rc;iction i n  the presence or ;itiscncc of the studied coiiipoutid. 

Of the 1 -dc;i-/aadcninc derivatives, i i o  inhihitory activity was found for (S)-DHPA 
iiiiiilog ,Y/Xlr, I)-critadcninc ;iiialog XXVIII ;ind AHPA ;iliiilog XXXI .  This l'act coiil'iriiis 
11i;it Ihc presetice 01.a nitrogen a l o i i i  i n  thc positioii 1 of the  purine I M S C  is iircessary for 
I)iiidiiig to thc ctizynic. This rcquirctiicnt is a n  iil,solutc o~ ic ,  hccausc the laltcr two 
dcriv;itivcs, which i n  thr iidcniiir scrics show ai l  cxlr;iordiii;irily high irreversible iiiacti- 
\,;ition poleiicy, exhibit 1 1 0  el'l'cct i n  this case. 

Ttic tii(rogri1 ; i l o i i i  i n  posiilioii 3 ol' ttir iidcriitlc riiig is obviously less iiiiporl;int for 
~ l i c  1)inding to the cnvyt i~c:  this follows ( ' ro t11  the l'iict I1i;It the 3-dcav;iadcniiw iilliilogs 01' 
; i l l  thc lhrcc tiicntioncd types (XVIltr, XXVII i ind X Y X )  inhibit uiicquivoc;illy SAHitsc 
~ n d ,  coniparcd with the ;idctiinc dcri\r;itivcs, this cf'l'cct i h  the S i l l t i c  o r  eveti higher. The 

V, X = N; Y = CH 

V I I ,  X = CH: Y = N 

- 
I 
CH,- YH - COOH 

OH 

X X X ,  X = N; Y = CH 

X X X I ,  X = CH; Y = N 

I 
C~,CH(OC,H,)Z 

X X X I I ,  X = N; Y = CH 

X X X I I I ,  X = CH; Y = N 
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N o  ; int iviral  iictivity was ohscrved with 1 -dc;l./itiidctiit\c derivativcs XlXtr, XXV/ / /  and 
XYXI  a n d  toyocatiiyciii ;~n;ilog XXV. The o n l y  heterocyclic system linked with a certain 
;tntiviriiI activity is ;tgaiti thc 3-d~~;r;1itd~tii t ic tttoicty: itidications of thc effect appcar 
; t I rcady  wilh 3-dc;tz;r-(S)-DHPA (XV//tr) which is a weak SAHasc inhibitor (vide 
suprii), howcvcr, it  II uticquivoc;il inhihitory ;ictivity ciiti bc obscrvcd otily with 3-dcaz;i 
;ti~;tIog of I~-critadciiitic (XXV11)'". As expected, this coiilpoutld is active Iloth iIgait1sf 
!lie VSV illid DNA viruses (VV iltld herpes viruses, first o f  a l l  VZV). M;irkcd is the 
inhihition of tiiultipliciilioti o f  \riiriccll;t ;roster virus (VZV) atid cytontcgaloviruscs 
(CMV). With VZV, no diffcrcncc was obscrvcd i n  tlic sensitivity of  wi ld  strains and 
clinical isolates which d o  not iriducc virus-spccil'ic thymiditic kinasc hcc;iusc the p r o h -  
;iblc nicchanisui of iicti(>1l, based on inhibition of tncthylation reactions due  to intcrl'c- 
rc'iicc with SAHasc, docs t iot  rcquirc a preceding phosl'horylatioii, ;I condition for Ihc 
itctioti of other tiuclcoside virostatics. 

I n  accord wilh its iticrt hchaviour to SAHasc, ;ilso 0-(2,3-dihydrtlxypropyl)-3-dca~it-  
pu riiic (XV/ / / [ / )  wits i Iiiic t ivc. 

l*CS PICK I ,C1 l3:N'l'A 1. 

1 l i i l c ~ s  st;itcd nIhcrwiw.  the  solvents were evaporated a t  40 ' ( '12  k l b  ;tiid the Iiroduc.ts were dried over 

pliosplioru.; pcntoxidc at  13 Pa.  Melt ing points wcrc dctcrniincd on ;i Kol lcr  hlock and arc uncorrected. 
'l 'hiii-l;iycr chroniatography was carried nut on Silufol I I V  2.54 shcr*ts (Kavalicr. ('zcch l lcpulr l ic),  

prcpra l ivc  (lii i i-layer chromatography on 50  x 16 x 0 . 3  nini 1;iycrs of silica gel l l V  254 (Silpcarl. Voticc. 

( ' /cel l  I l rpuhl ic).  I'rcp;irativc column chromatography was IicrTurnicd on silica gel (Silpcarl. Vot icr .  ('zrch 

I<cpuli l ic). 1lcvcrscd-ph;isc chroniatography b a s  carried out on octadccyl  sil ica gel (20 Iiin. Lihoratnrni 

piistrojv. l1r;iIia). dctrct io i i  ;it 253 niii on a l h i c o r d  3701A inL;trunicnt (12K13. Sweden). I'rcparative l I l J L ( '  
\v;i< prrfori i icd on ;in Al l lccl i  3110 x 5 1  inn1 colunin packed \vilh Scp;iron SGX-IWS 10 nini: on thc xanic 

~ y p c  of rcvc,rscd pl iasc ;iIso aii; i lytical I I I ' I L '  w a ~  carried out (colunin 200 x 4 nini). 

Ilc;ictioii mixIurcs were desalted 011 l lowcx SOXH ( I I t  form): afrcr application of !he niixturc. thc 
coluni i i  &;is first w;i.;hcd with water until the IJV ahwrpl ioi i  ( 1 1  the c lua le  dropped to the original value and 

thc compound was then c lu tcd  w,itli 2.5% a q u c n u <  ammonia. ('hronialography on Dowrx 1x2 (acctatc 

ltrrm) w;is executed i n  thc folln&ting manner: after application. thc column was washed with water until thc 

I J V  ;ilisnrlition dropped to the original v:iIuc and 11icii the coiiipound was clutcd with a l inrar gradicnt of 
;ik,tstic acid or with dilute acetic acid. ('onccnlralion.; of  acetic acid used for the individual compounds arc 

pivcn in tlic ICX I .  

I'kipcr clectrophorcscs wcrc pcrfnrnicd on ii W1iatni;in No. 3 MM paper a1 2 0  V/cm ( I  h )  i n  0.1 M 
I ri c 1 ti y I ii in in n n i u ni h yd rogr n ca rho n:i tc ( AI3). 'l'hc clcclrophorctic niohilities given in  !tic text (ELItJ are 

rc I ;i t cd t n u r i  d i 11 c 3' - pli n s  17 ha tc . 
I I V  ;ihsorplion spectra were mcasurcd on a l'yc-11niL~ani I'll 58110 I JV-V IS  spcctrophotoiiictcr 

((':imhridgc. Circ;it I3riIain) or o n  a nccknian I)lJ-hS i i islrunicnl. 

' I 1  N M I l  spectra wcrc nica.;urcd on a V;iri;iii IINI'IY 2 0 0  spcctrnnirtcr (200.01 M l l z  for ' 1 1 )  and Varian 

l lNI ' l 'Y  500 (44q,S MI17 for '11) i n  hcxadcutcriodinic~l iyl  sulfoxidc wi th  tctraniethylsilanc a.; intcrn:il 

<(;indad or iii I)$) wi lh  sodium 3-( t r in iethyl . ; i ly l ) - l -~~rop; inrsul f~in; i tc ( I I S S )  a9 inlcrn;il slandard. ' k '  N M K  

<licctra were t;ikcn oii a Vari;in 11NI'IY 100 invlruniciit (50.31 MII/  l'nr I ? * ) :  tlir slicc1r;i wcrc rcfcrcnccd 

to ~ h c  solvent sign;il, h"( '(1)MSO) = 34.7. or dios;iiic :I< ;in cxtcrii;il <t;iiid;ird, h"('(diux:iiic) = hh.Sh for 
\olutinns i i i  D20.  
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640 I h o i i k o v i .  I lolp.  Volrulia. Masojidkovii: 

Oplical rotalioiis wcrc dctcrniincd on i t  l1crkin-l3iiicr 131 M( 'A Iiolarimelcr R I  2 0  "c'. 
/ ~ i / t i / ~ I / ~ o / i  ( ~ f  .YA/ / - / iydro/osc .  [ '  ' ( ' ] -S-Adcnosyl- t . -honiocyslc inc was prcparcd hy cnLyn i r - ca ia l yxd  

synlhcsis froni [ I  '('ladenosine ( ~ J V V V l l .  I'raha; I 6  G13q niniol- ' )  (ref.'). kil liver SAII-liydrolasc was 

purif icd 10 honiogcncily according 10 ;I puhlislicd procedure3*. ' l 'h i~ hasic inhihi l ion studies ( I ) , / V ~ )  were 

Iicrfornicd iii thc dircclion of hydrolysis of SAI I in ( t ic  rciiction mixture which containcd ( in iota1 reaction 

volume 0 . 3  o i l ) :  S(1 nitnot I-' SOrcnscii ptiosph;itc huflcr p l I  7.4. 0.1 nimol I - '  IXYrA. 3 limo1 I-' ["C'I- 
S A I I  (1.83 MI3q !tmol- ') .  I Itniol I-' compound Icsicd. S O  ~ t g  nil-' hovinc serum alhurninc and 1.6 l ~ , l l .  

adcnohinc aiiiinohydrolasc. 'l'hc re;iction proccrdrd a1 37 "(' for 1 0  min. 'l'hc reaction products (SAII  
iind inohinc) were scparaicd hy paper I,hroniiilogriiphy in 2-Iiropano1-1S%2 ammonia-water (7 : 1 : 2) itnd 

tl ic radioiiclivity iii thc corresponding sp(its was deirrniincd in  a IuIucnc scinlillation cockkiil on ;I scinlill i i- 
tion spectrometer. 'l'he kincl ic nicasurcnicnts (dctcrniin;ititiii of K ,  i ind K, ) , )  wcrc carried out according 
I.incweavcr-l3urkc and Dixon and thc  d;ita ;ire nieiin v i i l u c ~  from ihrec independent cxpcrinienls. 'l'hc 
consla n1s we re dct ern1 i 11 cd i n  t he a hove -dcrcri  hcd rca c t i o ri ni i T t u re w i 111 v;i r i  ii h Ic co lice 11 i ra I i o n of' I 11 c 

sulislratc and (he individual inhihitors. 

' h m p < w d s  U I I J  r q q c w / . s  i ~ s c d .  4 -An1 i no p y r id i n c (/A?. 2.3 -d  i ;I 111 i no p y r i  d i n e ,  h ro ti1 oace ta I d c t i  ydc d i c t h y I 
:icctaI. ruhidiuni carli(inalc and crsiuni carhoniilc were 1,'Iuka producis. 10% piilladiuiii on carhon w a s  

purchawd froni Mcrck. (N)-glycidyl hulyriiic from (irnyynic I,'iiic ('hcniiciils (1lngl;ind) and sodiuiii hydridc 

from Jansscn. I~ in ic lhy l formamidc was dried hy disl i l lal ion from phosphorus pcnloxidc and was stored 

I'rc pa rali on of 3 - Ih~ i i / i i adc i i  inc ( V) 

1:uming nitric acid (1 .3  nil )  wiis added  dropwise to ;I vigorou.;ly stirred and cooled iii isturc of 3-;imino- 

Iiyridinc (5 .0  g. 55 nii i iol)  and conccntraicd sulfuric acid (12.5 nil). 'l'hr niisturc was 11icii slirrcd :II room 

temperature for S h. poured on crushed ice aiid ncutr;ili/cd wiili ~ i q u e o u s  ;ininionia. Af lcr  liltrii l ioii. Ilic 

foriiicd orange prcc,ipil;itc was cryslallimd Iron1 w;ilc'r. )icId 6.0 g ( 7 W )  o l  4-nilro;tiiiiiiopyridiiic. ii1.p. 142 - 
244 "(' (reported" n i . p  143 - 133 '('). ' I ' I X '  in l ~ l i l ~ i r o f ~ i r ~ i i - n i c t h i i ~ i ~ i l  ( 8  : 2 )  N ,  0.35. 

4-Nitroaniinopyridinc (5.0 g) was gradu;illy :tddcd to conccntraicd sulfuric acid (25 ni l)  w i th  stirring 

and cooling. A f l c r  heating 10 150 "(' 1hc niixturc was poured oii crushed icc and made alk;ilinc w i l l i  
iiqucous aninionia. 'l'hc scpariitcd compound was I'illcrcd and crystallizcd from water. yicld 4.3 g (SO%) of  
J-nniiiio-3-iiitrol)yridinc. 11i.p. 202  - 205 "( ' (rcportcd" i1i.p. 200 '('1. 'I'L(' i n  chloroforiii-iiicthancil (8 : 2) 

1:incly ground lin(l1) chloride ( 3 1  g) wiis gr;idually added i o  ;I mixture of 3-aniino-3-nilropyriditie (4.0 

g. 2S i i iniol) and hot conc,ciilraled hydrochloric acid (60 n i l ) .  'l'hc i i i ixturc was hciitcd 10 Y O  " ( '  for I 11. 
cocilcd wilt1 ice ;ind I'urlhcr slirrcd for I 11. 'I'he white prccipiiii le was fil lcrcd. dissolved in  waler and 

dcsallcd on l h w x  50x8 (11' form. 100 nil). Aficr clutioii with walcr the 1)owcx was Iransfcrrcd into a 

hciikcr. ncutraliycd w i th  10% aquc(iu.; ;tninionia 10 1111 I I. I ' i l lcrcd :ind llioroughly w;ishcd w i l h  IOV, 
;iqucous aninionia. ' l 'hc filtr;itc was cv;iporaicd. Ihc rcsiduc. ctidi4lillcd \villi cllianol (3  x I00 ni l )  and crys- 

IiiIIizcd from cl I iat ioI .  yii,Id 1.5 g (62 '5 )  of compound X .  ii1.p. 15.1 - ISS "(' (rcportcd" n1.p. 162 '('). ' I ' IX '  
i n  chloroform-cihanol (S : 1)  A/ ;  0.4Y. 

A niixturc of compound X ( 2  g. 14 iii i i iol). l r icthyl ortholoriii;itc ( I 0  nil). acelic anhydridc ( 1 0  nil )  a n d  
5 7  M solulion of hydrogen chloride i n  dinielhylfornianiidc (S nil)  w a s  rc l luxrd for S h until the starling 

coinpound diwppeared ( ' l 1 - C '  in chloroform-rthacnol 3 : 1 ,  N ,  0.SS). Af lcr  cooling. ihc reaction niixlurc 

;ifforded the product XI  iis iLs crystallinc hydrochloride wliicli W A S  dcioiii/cd on Dowcx SOXS ( I  It form. SO nil). 

'l'hc ammonia eluate was ronccntralcd. [he rehidue cod is l i l l d  will1 ethanol ( 3  x SO nil )  ;id cryslalli/cd 
from ctIianol. yield 1.5 g (75%)) of  compound X I .  n1.p. 260 - 272 "(' (reporled?' ni.p. 273 Y'), /i = 3.2 (0'1~ 
;icc(onilrile i n  0.05 M 'rIiAr3). 

A /  0.SI. 
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A s t i r r rd  mixture of compound XI (7.0 g. 45.6 m m o l ) .  l i t h ium azidc (5.8 g. 112 mniol) and 
diniethylformamidc (50 ml)  was heated to 120 O ( '  for 7 h to disappcarancr of thr starting compound ('I'W 
i n  chloroform-cthanol K : 2 .  R, 0.4). After rvaporation of dimrthylformaniidc. the rcsiduc was thoroughly 
washed wi th  water. filtcrcd and washed wi th  water. acclonc and ether. yield 6.1 g (83%) of compound XII. 
n1.p. > 250 Y*. k = 2.3 (9% acrloni lr i l r  i n  0.05 M 'EAB) ,  ' I 1  NMll and IJV spectra corrrspond to those 
puhlishrd i n  tlic 

('ompound XI /  (5.6 g. 45 mniol) was hydrogrnated in arctic acid (7W nil) on 10% PdK' (1.4 g) a l  50 '(.' 
until thc starting compound disapprarrd (14 h. '1'I-C i n  chloroform+fhanol 4 : I. H, 0.12). 'I'hc rcaclion 
iii ixturc was filtered whilc hot through a layrr of ('elite which was then thoroughly washed and llir l'illratc 
war; conccnlralcd. 'l'hc rcsidur (acrtatc) was deionized on I h w c x  50x8 (11' form, 150 nil). Ihr ammonia 
eluate was concrnlrated. thc rcsidur codistilled wi th  rthanol (3  x I ( l 0  ml)  and crystallized from watcr- 
ctlianol ( I  : 4) to g i v r  4.5 g (75%) of compound V .  m . p .  7-25 - 216 "C. k = 1.9 (9% i t c r l on i t r i l e  i n  
0 . 0 5  M 'I'IXI3). ' I 1  N M R  and IJV spectra corresponding to llir puhlishcd d;itat6. 

Alkylalion or 3-l)camadcnine (V) 

~.7-l>imcthyl-4-cl i loromc1liyl-1.3-~ioxola1ic (XI////: 0.066 g. 0.44 niniol) or 2.2-dimethyl-4-tosyloxyiiiclhyl- 
1.3-dioxolanc ( X / / / h :  (1.12 g. 0.44 mniol) was addcd to a niixturc of 3-dcazaadcninc (K 50 mg. 0.37 i i iniol) 
;ind M,('O, (M = Na. K. I<h or ('s: (1.185 mmol) or Nall ((1.37 mmol) i n  dimcthylformamidc (1 .5  nil). 'lhe 
tii ixlurc wiis stirred and hratrd under calcium chloride protecting tul3c. Samplrs wcrr  taken af t r r  2 .  4. 8. 
14 ;id 2 0  h and were analyzcd hy III'L(.' i n  20% ;icetonilrile i n  0.05 M 'rlZAl3 k(h;i.;c) = 0.7.  k(N'-isonicr) 
= 2.7 .  k(N"-isomcr) = 3.2 ('fahle I ) .  

9-(,S)-(2,2~l~imcthyl-l.3-dioxolan-4-yl)methyl-3-dc;i~aadc1ii1ic (X/Vcc)  and 7-(.S)-(2.2-l)iiiic1Iiyl- 
1.3-dioxolan-~-yl)methyl-3-dca~aadcninc (XIVh) 

Sodium liydride (Y(MI nig. 20 mmol) was addcd to a suspension of 3-dca~aadcninc ( V  2.7 g. 20 nimol) i n  
dinictliylforinainide (70 ni l)  and the mixlure was stirred ;it YO "(' for I h under calcium chloride ~ i ro lcct ing 
tuhr. After  addit ion of (H)-2.~-d imcthy l -4- tosy l~~xynic thy l -1 .3-d ioxol~nc (Xl l Ib ;  6.3 g, 2 1  mmol), the 
mixture was healed to I 0 0  "(' (calcium chloridc protection) for 2 0  h to disappearance of the skirting 
compound ( ' I U '  in chloroform-rthanol 7 : 3). The solvent was cv;ipor;itcd. the rrsidue codistilled wi th  
lolucnc ( 2  x 50 nil) and extracted wi th  hoi l ing toluene ( 2 5 0  nil total). 'I'hc rxtr;ict wiis concrntratcd i n  
vacuo and the rcsiduc crystallized from mrrhanal lo give 1.6 g of orangc' crys1;ils. ('hromalography of Ihc 
mother liquors o n  silica gel ( I 2 0  g) in  chloroforni afforded further 0.15 g of thc No-isomer N V n :  tot;il 

yield 1.75 g (35%). i1i.p. I96 - 198 '(', R,. 0.25  (chlorolorni-rllianol 7 : 3). For ~ ~ l ~ I I l ~ , N , O ,  (138 .2 )  c;ilcu- 

I;itcd: SS.05'% (', 6.49% II. 22.55'% N: found: 57.70'Z (', 6.48% 11. 21.55% N. ' I 1  NMI< ((('l)3),SO): %.(I2 5. 

I I I  (11-S aroiii.): 7.68 d. 1 II (11-2 iiroin.. J ( 1 . 3 )  = 5.8): 6.85 d. I II (11-3 aroni.. ./(1,3) = 5,s): 6.15 hrs, 1 I f  
(NI12): 4.37 dd. 1 I f  (11-1'. , I(  1 ' 2 ' )  = 3.5. .I, = 14.5): 4.22 dd. I II ( 1 1 - 1 " .  . I (  I".?') = 7.0. .I, = 14.5): 4.37 m. 
I II (11-1'. X/ = 2 2 . 5 ) :  4.06 dd.  1 II ( l l - 3 ' ,  .1(3'.1') = 6.4. . I ,  = 8 .8 ) :  3.66 dd.  1 II ( l l -3" . . / (3" ,2 ' )  = 5.6 ,  

.I, = 8,s) :  1.17 a n d  1.14 2 x s, 6 I I  ( 2  x ( ' l 1 3 ) .  1IV spectruiii ( 1 3 1 1  2 ) :  ),l,ilx 261.0 nni ( c , , ~ ~ ~ ~  X R O O ) .  
I ' r cc i~ i i t ~ l i o i i  from the nicthaiiolic solution with ether-light pc t r~ i l eu~ i i  mixture afforded 0.19 g (4%) of 

;iiiiorphous N' - iw i i ic r  X/\%. H,. 0.64 (clilorciforiii-ctlianol 7 : 3). I:or ('12111(~N ,02 (248.2) calcul;i~cJ: 
5S.(l5'% ( * ,  6 . 4 W ~  I I .  12.55% N: found: 57.87% ( ', 6.75% 11. 11.01% N. 'I1 NMI< spcclrurii ((('l13),SO): 
S . 1 1  <. I I I  (11-8 aroiii.): 7.6s  d.  1 II (11-2 aroti i . .  J ( 2 . 3 )  = 5 3 ) :  h.Y1 d. 1 II (11-3 aroni .. J(1.3) = 5.8): 5.96 
I i rs .  2 II (NII?): 4.68 dd. I II (11-1' .  ./(1',7') = 6.0. . I ,  = l7.( l) :  3.41 dd,  1 II (11-1". . /( I".?')  = 7.0. .I - 

6 ! -  
17.0): 4.41 ni. I II (11.2'. X I  = 24.(I): 4 . ( N  dd. I II (11.3'. . / ( 3 ' . 2 ' )  = 6.0 .  .I ,  = 8 3 ) :  3.73 dd. I II (11-3". 
. / (3" .1 ' )  = 5.2. . I ,  = S.S): 1.75 ;ind 1.21 1 x s. 6 II ( 7  x ('l13). IIV Ypcclruiii (p11 1): i .,,,, ~, 240.6 nii i  ( r l l l a x  
7 60(l). ,,,, 11 147.5 11111 ( F  ,,,,,\ 3 '00) .  
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Q-(S)-(2,3-l>i hydrosypropyl)-3-dca~a:idc1iinc ( X l ' l l a )  

A solution of compound X / V n  (1.6 6 ,  6.4 mmol) i n  (1.25 M sulfuric acid (30 nil)  was allowed lo  sland iil 

room lcnipcraturc ovcrnight. diluted with wafer ( 5 0  nil )  and  neutralized 10 p l l  7.0 K i th  s;ituralcd hariuni 
Iiydrosidc solution. 'l'hc suspcnsion tvas hcalrd 10 the Iioil. filtered through ('clilc w1iic.h was thrn w:ishcd 
with hoi l ing ualcr  ( 5 0 0  nil). 'l'lic fi11ra1c was coiiccntr;ctcd in vacuo ;itid lhc rrsiduc codistilled wi th  clhanol 

( l r l ( l  nil) and crys!alli/cd from S(l'% ct1i;inoI: yield 1.2 g of l i cn i isu l f~~tc  which wiis deiorii/cd on I)owcx 

50XS (11' form). ('ryslalli/a!itrn from SO% ethanol afforded (1.62 g (47%) oT conipound Xl'llo. m.p. 174 - 
I75  Or', lt, (1.2 (chloroform-clhanol 7 : 3). k = 1.84 (5% acctonilrilc in 0.05 M 'IT!AI3), [ ( f l t 1  -31.62". I'or 
(~,lIIt2N,102 (XlS.2) calculatcd: 5 I . Y 2 %  (', S.SI'%, I I .  26.89% N: found :  52.32'5, ('. 5.79% I I .  26.71% N. ' I 1  
NMIl spcclruin ( (<' l )3)2SO):  7.Y6 s. I I I  (11-X aroni.): 7.65 d. 1 I1 (11-2 arom.. ,/(1.3) = 5.X): 6.78 d. 1 I I  
(11-3 aroni.. ./(3,2) = 5 .8 ) :  6.11 hrs. 2 I I  (NII:): 5 . l N  d. I 11 (011.2'. .I = 5.4): 4.55 I. 1 I I  (OIl-3',  J = S . 0 ) :  
4.14 dd. 1 I I  ( 1 1 - 1 ' .  . / ( I ' , 2 ' )  = 3.5. J ,  = 14.4): 4.03 dd. 1 I I  ( 1 1 - 1 " .  J ( I " 2 ' )  = 7.5../, = 14.4): 3.75 ni. I I I  
( I  1.2'): 3.31 111. 2 I I ( I  1-3'), [IV s p ~ t r u i n  ( 1 1 1  I 2 ) :  ),,,,,, 16 1 .(I nni  ( F,,,,,, Y WO): ( 1 1 1  I 13): k,,,,,, 264.o nni 
( t , l l : , x  l O . I ( l 0 ) .  

9-(,S)-( 1.1-l) i i i icthyl- l  .3-dioxcilan-4-yl)ri icth~l-3.dc:i/; ipuri1ic ( ,Y\ ir)  and 7-(,S)-(2.2-l)i1iic~tiyl- 
I .3 -d ioso l ; in -4 -y l )n i i~ t l i y l -3 -dea~a~~ur i1 ic  (A'\'/>) 

Sodium hydridc ( S O 0  riig. 20 niniol) was ;idtied to ;I suspension of 3-dcwapurinc ( V / :  1.3 g. 10 niinol) i t1 

dinic~hylforinani idc (7(1 ni l)  and Ihc ni islurr \vas stirred iil S ( l  "( '  for 1 I1 (calcium chloride prolecling luhc).  

( / t)-1.7-l~inie1hyl-4-tcrsylosyi i iethyl-I  .3-diosolanc (A' / / / />:  S.3 g. 19  mniol) was l l i cn  added ;id thc inislure 
w:i< healed at  100 Y' lo r  to la l  32 I1 (calcium chloride prolecling lulic). After cviiporalioii :ind codislill:ition 
w i l h  toluene ( 3  x 5 0  nil). the residue was extracted with hoi l ing chloroforni (XI nil 1 o t ; i l )  ;ind Ihc extract 

w i i s  evaporated i n  vacuo. 'l'hc residue was adsorhcd onlo silica gel ( 2 0  g) a n d  c1iroiii;ilugrapticd on :I 

coluiiin of silica gel (100 g) in  chloroforni. 'lhe produel XVo was elutcd with ~I i I~roCor~i i-etJianol (95 : 5): 
yield 0 . 2 3  g ( 5 % ) )  of amorphous N"-isonicr XVu. / t ,  0.43 (clilorofarni-niclhanol 7 : 3). 

1:urtlicr chromatography afforded 0.81 g ( 1 7 % )  of the N'-isomcr. also ill :in ;iniorphous forni. R,  0.25 
(cliloroforni-nictli:iiinl 7 : 3). T h c x  conipounds were not furlher ch:ir;ick~rixd and wcrc uscd For dchlocking. 

9 -( .S)-( 2.3 - I  )i t i  y d ro s y pro p y I)- 3 - d c a ~ 1  p u ri iic ( XVIlIo ) 

A niixturr of  c o m p ~ r ~ n d  XVcr ((1.23 g. I niniol) :ind 0 . 2 5  M sulturic acid ( 1 2  nil )  w;is s c I  :isidc at room 
icniperaturc ovcriiiglil. 'l'tic rcaclioli niisturc was IIicIi applied OIIIO I)uwcs S(iX8 ( I  I+  form) and w a s  dcio- 
niycd. Y ie ld  (1.13 g ( 4 7 1 )  of o i l y  produc.1 XV/l /o .  k = 3.40 ( 2 %  :icctonilrilc i n  O.(lS hf 'I'I~AI3). 1,'or 
(',71111N302 (193.1) cxlcul;i lcd: 55.95'% C' ,  5.74% I I .  21.74%. N :  found: SS. ( I l '% ( ' , 5.38% I I .  11.13% N. ' I 1  
NMII  spectrum ( (C~l)3)2SO):  8.95 d. 1 I I  (11-6 ;iroiii.. . / ( 6 . 1 )  = 1 . 1 ) :  S.35 d. I I I  (11.2 aroni.. , / ( 3 . 2 )  = 5.7): 
S . 3 0  s. I I I  (S-II :ironi.): 7.65 dd. I I 1  (11-3 aroni,,./(2,3) = 5.6../(3.6) = 1.1): 5.10 hr. 2 I 1  ( 2  x 0 1 1 ) :  4.43 dd.  
I 11 (11-1 ' :  .I( I , , ? ' )  = 3.5. .I, = 14.3): 4.19 dd. I I I  ( 1 1 - 1 " .  ./( 1",2') = 7,(l, . I ,  = 14.3): 3.84 111, I I I  (11-1'. X I  = 21): 
3.41 dd.  I I I  ( l l - 3 ' ,  ./(3',1') = 5.0. .I, = 1 1 . 0 ) :  3.27 dd. 1 I I  (11-3". , / ( 3 " . 2 ' )  = 6.5 .  .I, = I l.(l). 1lV spcclrum 
( p l l  2 ) :  A,,,*,, 262.4 nni ( F  ,,,,, ~ 4 700): k,,,~,x 257.0 nin (F ,,,,, 4 100): (1111 13): 168.(l i ini (E,,,,, 2 X(I0): 
,y,,,,, 25Y.O 11111 (Flllsr 4 100). 

7-(.S)-( 2 .3 - I~ i I i yd roxy~ i ro~~y l ) -3 -dca~ : i~~ur i1 i c  (X\'l//h) 

A mixture of coii ipound XL% ((1.81 g. 3.5 niniol) and (1.2.5 M sulfuric acid (40 1111) was :illowed to stand :it 

room Icnipcraturc overnight. ' l ' l ic rci ic~i( i i i  niisturc was applied nn1o I)owcx SOX8 ( I I t  form) and was dcio- 
nizcd. Yie ld (1.42 g (63%) of amorphous conipound A'\'////>, k = 7.0 ( 2 %  acclonitrilc i n  (I.(lS M 'IIAI3).  I:or 

NMll spectrum ( ( ( * l > 3 ) 2 S O ) :  9.01 d. I I I  (11-6 aroiii.. . l (h .3)  = 1.1) :  5.3.5 s. I I I  ( S - I I  aroni.): 8.33 d. I 1 1  
( ' , ~ I I [ l N T O ~  (193.2) calc~la~cd: 5 5 . Y 5 8  <', 5.74'%, I I .  11.73% N :  foul id:  54.66'X~ [ * .  5.62'3 11. 21.2Y'k N.  ' I 1  
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(11.2 arom.. . / ( 3 , 2 )  = 5.6) :  7.66 dd. I I I  (11-3 arom . . .  l (7 .3)  = 5.6..1(3.6) = 1.1): 5.14 hr. 2 I I  ( 2  x 011); 4.51 
Jd. I I I  ( l l - l ' . . / ( l ' , 2 ' )  = 3.5. .I, = 14.4): 4.26 dd. I I I  ( 1 1 - 1 " .  ./(1",2') = 7.(1.J, = 14.4): 3.87 in. 1 I I  (11-2'. X/ = 
72):  3.42 dd. I I I  (11-3'. J(3'.2') = 5.0. . I ,  = I l . ( l ) :  3.27 dd. I I I  (11-3". J(3".2') = 6.5.  J,  = 11.0). (JV 
spci-truni ( p l l  2 ) :  A,",, 283.5 nm (f,,,I,, 7 100): A,,,,, 253.0 n n i  ( tn lrV h 000): ( p I I  13): I,,,;,, 275.2 ntn ( F , , ~ ~ ,  

h 7(10): A,,,;,, 282.0 n n i  ( f I l l a X  5 300). 

Q-(.S)-(2.2-Di nietliyl- 1.3-dioxolan-4-yl )met hyl- I -dcazaadcni nr ( X V I o )  and 7-(,S)-( 2,2-Di mcthyl- 
1.3-dioxolan-4-yl)i i icthyl- I -dramadenine (XVlh )  

Sodium hydride ( S ( l 0  riig. ?(I mmol) was added to a suspension of I-drayaadenine (VII: 2.7 g, 20 mmol) i n  
Jiniethylforiiianiide (70  nil) and thc mixture was stirred a t  80 "(' for I h (calcium chloride protecting tulle). 
( /~)-3.2-l~iniethyl-4-tosyli ixymcthyl- l ,3-dioxolanr (X l I l b :  6.3 g. 22 mmol) was then added and the mixlure 
w:is hcatcd to 100 "(' for 30 h under protection from air moisture. 'l'hc hot rracliun niisturc was filtered 
through ('elite, the filtratc was concrntratcd. thc residue codistilled \villi toluene ( 3  x 50 n i l ) .  adsorbed on 
qilica gel (?(I g) and chromatographed on a column of silica gel ( I 0 0  g) i n  chloroform. 'l'lic product XVln 
wis clutrd wi th  cliloroforrii-c.thaiiol (98 : 2 ) :  yield 0.65 g (13%) .  m.p .  I22 - 124 "(', k,,. (1.70 (chloroforiii- 

ctliaiiol 7 : 3 ) .  k = 1.7 (2(1% acetonitrile i n  0.05 M AI3). k'or ('12111,N,02 (24X.2) calculated: SX.tIS'% ('. 

6.44'8) I I .  2 2 , 5 S %  N: found: 57.70% (', 6.47% I I .  22.17'8) N. ' I 1  N M K  spcctrum ( ( (*D3)+O):  &(I2 s. 1 I I  
(11-8 arom.): 7.82 d. 1 I I  (11.2 arom.. . / ( I , ? )  = 5.4): 6.36 d. I 11 ( 1 1 - 1  aroin., . / ( I .?)  = 5.4): 4.25 in. 2 I I  
(11 .1 ' ) :  4.46 hrq. I I I  (11-2'. X I  = 17.5): 4.0(1 dd .  1 I I  (11.3'. . / (3' .2')  = 6 .5 .  .I, = Q.0):  3.72 dd. I I I  (11-3". 
. / (3" .2 ' )  = 5.5. . I ,  = Q.(l): 1.20 and 1.23 s. 6 l l  ( 2  x ( ' l 1 3 ) .  1IV spcc'truni ( p l l  2 ) :  A,!,2tx 281.0 n n i  ( F ~ , , ~ ~  

14.300). ( p f l  2 ) :  A,,,,, 2 6 2 . 0  nni (E,,,,, I l.So(1). 
I:urthcr elution gave the N7-isomer XVlb (0.35 g. 7%). /t,; 0.S2 (chloroforiii-cthaii(i1 7 : 3)  as an oi l  

which could not hc purified to analytical purity. Its structure was proved hy 1 3 ( '  NMK spectrum ( ' f ab l c  11) .  
I J V  spectrum (p11 2 ) :  A,,,:,, 276.5 nni. ( p l l  13): A,,,;,, 278.4 nm. 

Y-(.C)-(2.3-I)iliydrosy~,ropyl)- I-drazaadcninc ( X I X u )  

A niixture of compound XVlo (0.6 g. 2.4 mmol) and 0 . 2 5  M sull'uric acid (30 nil) was srl aside at room 
tcmpcraturc ovcrnight. 'l'he reaction mixture was applird on L)ou.cx 50x8 (11' form) and dcionizrd i n  thc 

usual niannrr (vidc supra). After cvaporation of the aiiimoni;i eluate in vacuo. thr rcsiduc was codistilled 
with ethanol (1W ml) and crystallized from ethanol. affording 0.46 g of compound XIXu. n1.p. 101 - 102 Y': 
k = 3 .70  ( 6 %  acetonitrile i n  0.05 M ' I ' I L 4 1 3 ) .  [ u ] ~ ~  -26.50". 1:or (',lll~N.IO~ . fI,O (226.2) calculated: 
47.79%) ( 'q  6.24% I I. 27.46% N: found: 48.53% r, 5.84% I I .  25.04% N. ' I  I N M R  spectrum (D20) :  8.00 s. 
I I I  (}I-8 arom.): 7.84 d. I I I  (If-2 arom., J( 1.2) = 5.4); 6 3 1  d. 1 I I  (11-1 arom.. J ( l . 2 )  = 5.4): 4.16 m. 3 I 1  
( 1 1 . 1 '  and H-2'): 3.65 ni. 2 I 1  (11-3'). [JV spectrum ( p l l  2 ) :  A,,,,,, 281.0 nni (e,,,, 17.5(H)). A,",, 260.0 nm 
(E, ! , ; ,~  13.800); ( p l l  13): A,,,ax 275.0 nn i  (F,,,,, 12qOOO). A,,,,, 262.0 nn i  ( E ~ , ~ ~ ,  14.5(Hl). 

9-(/()-(2.3-L)ihydroxypropyl)-3-dcayaadenin~ (XX) 

A rnixturc of 3-dea~aadcninr.  (V:  1.34 g. I0 mmol). cesium carhon:ite (100 ing), dinirthy1foriii:iniidr ( 2 5  nil) 
;ind (K)-glycidyl hutyralc (1 .73 g, I2  niiiiol) was heated to 100 "(' for 5 h (calr iuni chloride protecting 
t uhc ) .  A f k r  cv;iporation of thr solvent and codistiI1;ition of the rcxidur with toluene (3  x 50 nil). thr 
formed 3'-hutyratc X X I  was directly dehlockcd hy trciitiiieiit with 0 .  I sodiuni rnetlioxidc (SO nil) at room 
tcmprraturc for 24 h. 'lhc rcaction mixture was then ncutr;ili/ed wi th  I)owex SOX8 ( 1 1 +  form) and adjusted 
to plI 12 with tricthy1;itiiinc. After rrnioval of the 1)owcx hy filtration. washing wi th  nicthanol and evapo- 
riition i n  v:ic.uo, t h e  residue was dcionizcd o n  I)owrx 50x8 ( l i t  form) and cryst:illi;.cd from 80% ethanol: 
yicld 0.S7 g (42'X). ni .p .  250 O ( ' :  k = 3.3 (4% acclonilrilc i n  (l.(Is M 'I'LJAI3). [ ( i ] 1 ,  t30.66". f o r  C',ll,2N,,02 
(io8.2) c a i c ~ i a t r d :  51 .42%~ (:. 5 . ~ 1 %  11.  I ~ . X Y %  N: r o u n d :  51.34%. ('* s.6(1'%, 11. 26.35% N. ' 1 1  NMR 
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spcclruni ( ( ( l )3 )2SO):  7.97 s. 1 I I  (11-S aroni.): 7.66 d. I I I  (11-2 aroni.. . / ( 2 , 3 )  = 5.8): 6.80 d. 1 I I  (11-3 
;iroiii.. J(3.2) = 5.S): 6.04 hrs. 2 I I  (NII:): 4 . N  hr. 2 I I  ( 2  x 0 1 1 ) :  4.27 dd. 1 I I  (11-1'. . I ( l ' .2 ' )  = 3.7, . I ,  = 
14.(l): 4.03 dd. 1 I I  (11-1". J ( I " 2 ' )  = 7.tl. J ,  = 14.0): 3.76 in. 1 II ( I I - Z ' ,  211 = 2 2 . 0 ) :  3.42 dd. 1 I I  (11-3". 
./(3',2') = 4.8. . I ,  = l I . ( l ) :  3.26 dd, 1 I I  ( l l -3" ,  J(3".2') = 6 . 5 .  J ,  = 11.0). "C- NMll spcctruni ((('D3)?SO): 
152.46 (C-6). 142.54 ( r -8 ) .  14(1.19 ( C 2 ) .  138.99 ((*-4), 126.72 (C'-5), 97.04 (c'-3). 70.32 (C-2'). 63.34 
(('-3')4 47.85 (C ' - l ' ) .  IJV spcctruni ( p l l  2 ) :  263.0 nni (F,,,,, 9 300): ( p l l  13): A,,,, 266.5 nni (E" , ; ,~  0 SOCl). 

4-Arniiio-h-hroriio-5-cyano- I-[((.S)-2.2-diinethyl-l.3-dioxolan-4-yl)nic1hyl]pyrrolo- 
[2.3-rf]pyrirnidine (XXII I )  

A niixlurc of compound XXl l  (1.2 g, 5 rnmol). cesium carhonalc (0 .81 g. 2.5 nimol), (H)-3.2-dimrthyl-4- 
1o.;yloxynic1liyl-l,3-dioxolanc (Xll lb: 6.9 g. 5.5 rnmol) and dimcthylforrnarnidr (30 rnl) was heated to 100 "C 
(c;ilciuni chloride prolecling tuhc) 10 disappearance of the sfarting compound (48 h: ' I l l '  i n  cliloroform- 
e t h a n o l  9 : I ) .  After cvaporalion and codislillation wi th  lo lucne ( 2  x 5 0  nil). Ihe residue was extracted wi l l i  
I ioi l ing chlorol'oriii. llir extract was cv;ilioralcd and lhc  residue chroni;itogralihed on ii column of silica gel 
(170 g) i n  chlorol'orni. 'l'lic pr(iduct was c l u ~ c d  wi th  clilorol'oriii-ethanol (99  : I )  a n d  crysr;illi;.cd froin 
inetliaiiol to give 0.67 g (41%) o t  compound XXIII. 0.53 (c l i loroforn i~ l l ianol  9 : I ) .  I:or (*13111.,Ns(.)213r 
(352.1) calculatcd: 44.34% ('. 4.(ll%, I f .  10,SS% N. 22.60'%, 13r: found: 44.43% ('. 3.S2'% II. 10.71% N. 
13.45% Ur. ' I 1  NMll spcclruiii (((7)3)2SO): 8.22  s, 1 II (11-2 aroiii.): 6.98 hrs. 3 I! (NI I?) :  4.38 dd. I I I  
( 1 1 - 1 ' .  . / ( l ' . 2 ' )  = 4.6. . I ,  = 14.2): 4.28 dd. 1 II ( 1 1 - 1 " .  . / ( l " , 2 ' )  = 8.3. . I ,  = 14.2): 4.53 ni. I I I  (11-2'): 4.04 
dd.  I I I  (11-3'. ./(3',2') = 6.35. J ,  = S.8): 3.82 dd. 1 II (11-3". .I(3"<2') = 4.6, . I ,  = 8.8s): 1.31 1.20 S. 3 x 

3 I I  ( 2  x ( ' I  I $ ) .  I J V  spectrum (nictlianol): A,),,, 2S6.5 nni ( E , , ~ ~ ~  15.0()0). A,,,ax 262.5 iini ( F , , , ~ , ~  9 XIHJ). 

4-Aniinu-I -[(S)-3.3-di l iydroxy~iropyl]-5-cyanopyrrolo[2.3-~~pyrimi~inc (XXV)  

A mixlure of coinpound X X l l l  ((1.6 g. 1.0 niniol). 10% PdK' (1.0 g). magnesium oxide (1.0 g) and nictha- 
no1 ( f o r  IJV spectroscopy: SO nil) w a s  stirred iii a hydrogen aliiiosphcrc unti l  l l i c  starling compound 
dis;ippcarcd (6 11. 'HA(' i n  chlorol'orni-clhanol 9 : 1). The rcaction mixture was I'illcrcd Ihrough a layer of 
( ' e l i l c  whiL.11 was i l icn ihoroughly washed w i th  hot nirthanol. and Ihc filtrate was coiiccntratcd. 'l'hc 
iiniorphous product X X l V  (ItF 0.45) was dissolvrd wilhout further purification in (1.25 %i sulfuric acid (30 nil) 
and ;illowed to stand a l  room tcniperalurr overnight. 'l'he rcaclion mixture was then neutralized wi th  salu- 

r:itcd hariuni hydroxide solution to p I I  7. 'l'hc suspension w;is taken 10 Ihe boil. filtered through C'cl ik 
which was lhci i  washed w i t h  ho i l i ng  waler (2SCl nil). ' lhc f i l t rate was concentrated and the residue 
codistillcd wi th  ethanol ( S O  nil) and crystallized from methanol. Yield 0.17 g (35%) of conipound XXV.  
n i . p  708 - 210 '(': A. = 2.8(1 (8%) acclonilrilc i n  0.M M 'lliAl3). I:or ~ ~ ~ o I I t t N s 0 2  . 1 1 2 0  (251 .2)  calcula~cd: 
47.S0%j c'. 5.21% I I .  2 2 2 Y %  N:  found: 47.27% ('. 5 .378  I!. 32.08% N. ' I 1  NMll  spcclruni ((c'l13)2SU): 
S.28 and 7.S3 2 x s. 2 I I  (11-3 and 11-8 arom.): 7.Stl hr. 2 I I  (NI I?) ;  5.24 d, 1 I I  (011-2'. J = 5.4): 4.98 t, 

1 I I  (011-3'. .I = 5.0): 4.60 dd. 1 I I  ( 1 1 - 1 ' .  . I ( l ' . 2 ' )  = 3.7. . I ,  = 13.2): 4.09 dd. 1 I I  ( 1 1 - 1 " .  J(l",2') = 8.5. 
. I ,  = 13.2): 3.Q3 ni. 1 I I  (11.2'. X/ = 28.O): 3.30 2 x dl. 2 I I  (11-3'. overlapped with water): aflcr cxchangc 
with ('l13(Y)Ol): 3.01 in. I I I  (11-2'. X I  = 22.7): 3.42 dd. 1 I I  ( l l -3 ' ,  ./(3'.2') = 4.0. .I,  = 11.7): 3.29 dd. I I I  
(ll-3"../(3".2') = 6.1.  I ,  = 11.2). IJV spectrum ( p I I  2 ) :  i,t,ax 280.5 i ini (F, , , ; ,~ S 2 0 0 ) .  ( p l l  7): i ,,,,, ~ 375.5 nni  

( F  ,,,,, 8 150). A, ,,,,, -. 5 i ini ( F , , , ; ~ ~  S WI): ( p l l  12): Z ,,,,,, 777.0 iini (F,,,,, S l ( K l ) ,  Z ,,,.,, 25S.O i ini  ( F , , , ; , ~  7 71KI). 

(7.S.3.C)-4-(3-l~c,1/;i~1dc11in-0-yl)-2.3-diIiydroxyliut;11ioic~ Acid (3-l~e;i~acriladcii i i ie.  XXVII )  

A mixture of 3-dc;iz;i;idcniiir ( V  I . t l  g. 7.5 n i i i i o l ) .  diiiic.tliylforiiiaiiiidc (30 n i l )  and h(I% sodiuni hydridc 
diqpcrsion ((1.3 g. 7.5 niniol) was slirrcd :it  SO '( ' for 1 h (calcium chloride prolrcl ing lulic). 2.3-0-('yclo- 
I icuyl idci ic-t~-erythroi iolactonc (XXIX, 3.7 g. I 0  niiiiol) waq added and thc mixture was hcalcd a1 125 "(' 

ui i l i l  tlic starling cunipouiid disappeared (nioi i i lor ing Iiy c.lcclrolitiorcsis. 3(l 11). Attcr evaporatioii i n  vacuo. 
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the residuc was codistillcd wi th  toluenr and rcfluxed wi th  85% formic acid (50 ml) for 3 h. The formic 
acid was evaporated i n  vacuo. the crude mixture was dr ion izrd on Dowcx 50x8 ( t l '  form) and chro- 
matographrd on a column of Scphadex A-25 ( 2 0 0  ml). I3ution wi th  0.02 M 'lEAI3 removed the unreactcd 
hasr and gradicnt elution (0 .02  to 0.2 M o f  thc samr huffcr: a I I) affordcd the desircd product which was 
convrr t rd  to the f r r r  acid on Dowcx 1x2 (acetafe). ('odistillation wi th  water and ethanol and crystal- 
lization from 808  ethanol afforded 0.15 g (7%) o f  thc N"-isomer XXWI.  m.p. > 250 k = 0.71 ( X %  
acctonitrilc in 0.05 M 'IIJAl3). [u]~, t8.1". E", = 0.4. For C t ~ l l l ~ N 4 0 , t  . 2 II,O (288.2)  calculatrd: 41.67% C, 
5.60% I I .  19.43%, N: found: 42.25% C ,  4.54% I I .  22.04'6, N. ' I I  N M R  spectruni (D20 + NaOI)): 8.06 s, 1 I f  
(11-8 arom.): 7.73 d. 1 I I  (11-2 aroni.. 4 2 . 3 )  = 6.0): 6.Y6 d. I I I  (11-3 arom.. J(2.3) = 6.0): 4.20 ni. 4 I I  
(N-Cl12 and 2 x 0-Cll): "C N M K  spcctrum (D20) :  178.97 (C-4'). 151.72 (C-6). 144.21 (C-S), 139.75 
( ( ' - 2 ) .  139.58 (( 'A), 134.55 ((.'-5), 101.36 (C-3). 75.51 (('-3'). 71.81 ( ( ' - 2 ' ) .  47.82 ((.*-I,). UV spct rum (1111 2 ) :  
A,,,, 3-61,!. nm (F,,!,, 10.400): ( p l l  13): A,,,, 264.0 nm (e,,,, 10.61K)). 

(2,S.3,'+4-( I -I)eai.aadrni n-9-yl)-2.3-diIiydroxyhutaiioic Acid ( I -Drazaeritadcninr. XXVIII) 

A stirred mixture o f  1 -deamadcninr (VII; 0.5 g. 0.37 mniol). dimrihylformamide ( 2 0  nil). ccsium rarho- 
natc (0 .6  g. 1.86 niniol) and 2.3-0-cyclohrxylidenr-l,-crythronolactonc (XXIX 2 . 2  g. 11.2 nirnol) was 
I ieatcd ;it 12.5 'C' (calcium chloridr protecting tuhc) until the starling compound disapprarcd ( I 4  h. nioni- 
lorcd hy elrctrophorrsis). After evaporation of the solvent. thr residue was cudistilled wi th  toluene and 
tlicn r r l luxcd wi th  85'8. formic acid (25 nil) for 6 h. The formic acid was rvaporatrd i n  vacuo. the crudc 
i i i ixturr was drioni7cd on Dowcx SOX8 (11' form) and chromatographrd on a column of D o w r x  1x2 
(acetate form. 80 nil). Elution wi th  water reniovrd tlir unrcacted hasc and gradicnt elution wi th  (I to (1.2 M 
acetic acid (A I I) afforded an 8 : 2 mixture of the N'- and N7-isomcrs (IlI'LC, 6% acelonitrilc i n  0.05 M 

'l'lXl3) which werc srliarated hy prcparativr HI'LC' i n  water. ('rystallization froni 80% rthanol (wi th  addi- 
tion of ether to turbidity) afforded 0.10 g (11%) o f  N"-isomer XXVIII. m.p. 25(l 'C, k = 0.8 (6% aceto- 

nitr i lc i n  0.05 M '1'13A13). ELIt, = 0.57. For C1~I I l2N4O4 . 2 I I 2 0  (288.2) calculated: 41.67% c'. 5.606 1 1 ,  
lY .438  N; found: 42.25% C. 5.54% 11. 19.03% N. '11 N M R  sprctruni ( D 2 0  + NaOD): 8.10 s. 1 I I  (11-8 
arom.): 7.96 d. I I I  (11-2 arom.. J(2.1 = 5.6): 6.62  d. I I I  (11-1 arom..J(2.1) = 5.6): 4.30 - 4.36 m. 3 I 1  and 
4.16 d. 1 I 1  (N-('lI, and 2 x O-('ll, undistinguishcd). IJV sprctruni (1111 2 ) :  i,,., 283.0 nm (e , , , , ,  14.7(10). 
I,,, , ,  264.0 nni 11.3Mt): ( [ i l l  13): A,",, 277.0 nni ( F , ~ , , ~  Y 7(Xl). i,,18K 263.0 nni (F,,,,, 1 I.Y(M1). Mass 
spectrum: 253 ( M  t 11). 

9-( 2.2-l~iethoxyrthyl)-3-dra7Radrninc (XXXII)  

A mixture of 3-drazaadcninr ( V  1.0 g. 7.5 niiiiol). dimrthylforni:iniidc (30 nil)  and 6(l% sodium hydridc 
dispersion (0.3 g. 7.5 inniol) was stirrcd a t  80 Y'  for I h (calcium chloridc protrct ing tuhr). I3ronio;i- 
cetaldchydr diethyl acctal (1.7 ml. 11 mniol) was tlirn added and thr mixture was hrat rd a t  80 "C until the 
starting compound disapprared (26  h). After rvaporation. the rcsidur was codistillcd wi th  toluenc and 
takrn u p  i n  bo i l i ng  chloroforni.  The ch loroforn i  was cvaporatrd and the r r s idu r  was column chro- 
niatographcd on silica grl (50 g) to givc 0.4  g (21%) o f  compound XYXII. m.p. 154 - 155 '('* R, (1.74 
(riiethanol-chloroforni 3 : 7). k = 1.2 (50% acctonitrilc i n  0.05 M IEAB). For ('12111fiNJ02 (250.3) calcu- 
lated: 57.59% ('. 7.25% I I .  22.38% N: found: 57.85% (', 7 .22% I I ,  21.82% N. ' I 1  N M R  spectrum 
(((l>3),SO): S.W s. I I I  (11.8 amm.): 7.06 d. I I I  (11-2 aroni.. .I(2,3) = 5.9): 6.84 d. 1 I I  (11-3 arom., J(3 .2 )  5.Y): 
6.16 hrs. 2 I I  (NII?): 4.24 d. 2 I I  (l l- l 'qJ(l' ,2')  = 5.0): 4.74 d. 1 I I  (ll-2'q.l(2'.I') = 5.Q 3.62 dq. 2 I I  (O-CIIz, 

spcctrum (lit1 2 ) :  h.,,,,,, 261.4 nrn (E,,,,, I(I,I(KJ): ( p l l  13): A,,,ax 264.7 niii (E,,,,, 10.200). 
. J ( ( ' l l ~ , ( ' l l ~ )  = 7.0. . I ,  = Y.6): 3.40 dll, 2 I I  (O-( ' l l2 .  J(C'l l2.C'l l3) I 7.0. J ,  = 9.6): 1.02 I. 6 I I  ( 2  x ( . * l l 3 ) .  UV 
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(/<.S)-3-(3-l)c; i~; i ; i~cnin-9-yl)-2-hydroxy~iropanoi~ Acid (XXX) 

A i i i ixturc of cwiiipound X X X / /  (0.35 g. 1.4 inniol) and 0 . 2 5  M sulfuric acid (15 nil )  was hcatcd :it 70 "( '  

for 9 h. After cooling 10 - 5  "C and ncutra l i~ ; i~ io i i  w i lh  7 M sodium hydroxidc. sodium cy;inidc (0 .5  g, 1 0  
~n in io l )  w;is ;iddrd wjilh sl irr i i ig and cooling. 'l'hr niixturc bvas then rapidly ncu1r;tlizcd will1 acclic iicid to 

1'11 6 - 6.5. stirred at  0 "C' for 2 h and ;it rooni Icmpcr;iturc overnight. ('onccnlratcd hydrochlori 
was added and tlic niixlurc wiis ref luxrd for 3 h. Af lcr  evaporation and codislillalion wi th  water. the rcsi- 
duc  was deionimd 011 I>owcx 50x8 ( I l t  form. 100 nil )  and !he crudr product was purificd on Dowcx 1x2 
( ; icclalc form. lO(1 ni l ) .  This column w;i< wa.;licd with n';itcr and !tic producl WAS c lu lcd  wi th  a l in rar  
gr;idienl of ;ici>tic ;ii.id (0 - 0.5 niol I - ' .  I I). 'rhe Iirodu~,l-c.onlaiiii i ig fractions wcrc evaporated. the r rs i -  
due  codistillcd \villi walcr iind convcrtc%d 10 Ihc sodiutii uII on I h v c x  SOX5 (N;i+ form): y i r l d  0.14 g 
(3S%1) of conipound XXX. k = 1.6 (4% arctonitrile i n  0.05 M Al3). /CLjI) = 0.46. I:or ('<,I I,,N ,03Na  , I I$) 
( 2 6 1 . 2 )  c;i lcul;i~cd: 41.22'5, ('. 4.23'Z' I I .  21.53'%' N: f o u n d :  JI.41'% ('. 4.13% 11. 20.40% N. 'I1 NMll 
spectrum ( ( ( ' l )3 )2SO):  7.92 s. I I I  ( 1 1 4 ) :  h . 0 0  hrs. 2 I I  (N I I? ) :  7.62 d.  I I I  (11-2, J ( 2 . 3 )  = 53): 6.70 d. I I I  
(11-3. J ( 3 . 2 )  = 5.3): 4.53 hr. 1 I 1  ( 0 1 1 ) :  4.34 dd .  1 I I  ( 1 1 - 1 ' .  . / ( l ' , Y )  = 3 . 2 .  J ,  = l4 ,2):  4.13 dd. 1 I I  ( 1 1 - 1 " .  
. I (  l " , 2 ' )  = 6.3. . I ,  = 14.2): 3 .S2  dd. I I I ( I  1-2'. X I  = 0,s). 1 JV spectrum (111 I 2 ) :  A,,,,, 261 .4 nni ( tlllilX 7 200):  
(1111 13): 76.5.7 inn1 ( F , , , ~ ~  7 100). 

(/<.S)-3-( 1 -Dc;i/:i;idcnin-9-yl)-7-liydrcixy~iropanoic Acid (XXXI )  

A stirrcd IiiixIurc of I-dc;imadcninc (\,'/I; 0.3 g. 2 . 2  niniol). diinclhylfornianiidc ( I  I nil). ccsium carhon:irc 
(0.36 g. 1.1 niniol) and hromoacctaldcliyde dictliyl acci i i l  ( 0 . 6  nil. 0.79 g, 4.4 mniol) was hcalcd at I35 "(' 

(calcium chloride ~ i ro tcc l i i ig  luhc) until Ihc starting conipound disappcarcd (6 h). After evaporation. the 
residue was codistillcd wi th  tolucnc and t;ikcn u p  i n  boi l ing chloroforni. After evaporation. l l i c  residue \v;is 
chromatographrd on a column of  silica gcl (60 g) i n  chloroform. rh loroform clulcd Ihc N7-isorncr ( I ( / ;  
0.71: 20 nig) whrrca.; elution with chloroform-cthannl (99 : I )  gave !he Nq-isomcr XXXIII (0.24 g, 44%). 

0.55 (cliloroforni-c~hiiiiol 0 : 1). 'lhc strucIurc of Ihc isonicrs was confirmcd hy their IJV spectra (vide 
infra). The assumed N"-suhstilutcd derivative was usrd Jirccl ly in thc next reaction step. 

A mixture of compound XXX// /  (0 .24 g, 1.0 mniol). watcr (S nil)  and conccnlratcd hydrochloric acid 
(0.15 nil) was hcakd ;it SO '(' for 5 h and at 100 Y '  for 1 h 10 ahout 90i% conversion ( ' I I L '  i n  chloroform- 
cIhi inol  85:15. /(/; of I h r  product (1.46). 'l'hc mixture was coolcd to -5 "(' arid sodium cyanide (0.27 g. 5.6 
niinol) was added with stirring ;ind cooling. followed hy tic ar id  (ahout 0 2  nil)  lo nculral rcaclion. 'l'lie 
niixlure was llicti slirrcd at 0 "(' for 2 h and at rooni tciiipcralurc overnight. ('onccnlr;ilcd hydrochloric acid (1 nil) 
was ;iddid ;ind lhc  iii ixIurc was rcl luxcd for 3 h. A f t r r  cupora l ion and codistillalion with watcr. thc rcsi- 
due was deionized on Dowcx 50x8 (11' forni. SO nil) and the crude product was c1ironi;itographcd on 

I>owcx 1 x 7  (;iccl;ilc form. 5 0  nil ) .  'I'hc coluiiin wiis w;ishcd with wiilcr and thcn 1hc product wiis eluted 
with ii linear gradient of acetic acid (0 - 0 . 5  niol A I I). 'l'hc product-containing fractions were cvapo- 
ratrd and Ihc residue was codislillcd will1 Water and crystalli/cd froni SO%, clhaf iol  lo give 0.14 g ( 2 7 4 )  of 
compound XXX/. ni.p. 248 - 249 '(I. k = 2 . 1  ( 2 % .  accl( ini lr i lc i n  0.05 M 'I'EAl3). = (J.61. ['or 

N. ' I 1  N M K  spectrum ( D 2 0  t NaOD): 8.(14 s. I I I  (11-8. aroni.): 7.91 d. 1 I I  (11-2. J(2.1) = 5.6): 6.55 d. I 1 1  
( 1 1 - 1 .  J(1.2) = 5.6): 4.55 dd. 1 I I  (11-1'.  . J ( l ' . 2 ' )  = 3.4. J ,  = 14.4): 4 .31 dd. I I I  ( 1 1 - 1 " .  . / ( l" .2 ' )  = 7.8. .I, = 
14.4): 4.41 dd. 1 I I  (11-2'.  ./(2',1') = 3.4, J(2'.1") = 7.8). I IV spectrum ( p l l  2):  A,,,,, 283.0 tin1 ( F , , , ~ ~  

IS.500). A,,,8x 364.0 nni ( F , , , ~ ~  1 1 S ~ K ) ) :  (1111 13): A,,,$,< 277.0 niii ( F , , , . ~ ~  9 800). A,,,,, 264.0 tin1 ( F . , , , ~ ~  11.90(1). 

C'qIII"NdOI . 1 1 2 0  (240.2) c a l c ~ l ~ l ~ d :  45.00'%, (', S.(l3'5, I I .  23.31% N: foutid: 45.55% ('. 4.73% I I .  24,03'% 
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