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: sodium methoxlde was found- to glve good ylelds of 9~"ff,

L

ABSTR,ACT

Cop

Reactlon of 2', 3'-O-methoxyethylldeneadenosxne;iﬂjﬁ_k:;

w1th plvalyl chlorlde 1n pyrldlne solutlon followed by

p

S treatment of the crude reactlon mlxtuie w1th'methanollc -

3

(2 3—anhydro—8~D—r1bofuranosyl)adenlne (Aden051ne rJ.bo--"_—_"~

X epoxrde) dri «'5>.. LT .”Af_tr

Nucleophlllc openlng of the epox1de rlng of thlS o

,

compound was found to proceed predomlnantly by attack

L}

| at the C—3' p051tlon by all the|nucleoph11es studled

it ThlS type of reactlon gave dlrect access to a number of

- ch’or:.de \the presence of sodlum 1od Je

 cas€ via 9- (2 3- anhydro-B -D- lyxofuranosyl)adenlne.w

"__lmportant nucleoszdes from the - naturally occurrlng

ibonnc1 side.' Among these(are. 9 B—D-xylofuranosyl—

and 9 B—D—arablnofuranosyladenlne (Ara A), 1n thls

'“; ”hls useful lx epoflde was opened w1th the same nucleo—

phlles as the rlbo-epoxlde and predomlnant attack at

- C- 3'.was agaln observed._ |

-

Reactlon of tubercmdln 4-am1no 7-(3 D—rlbofurano

syl)pyxrololz 3-d]pyr1m1d1ne, with a-a etoxylsobutyrylt”
\ -
u gave quantl- -

#'

tatlve ylelds of an 1odo lntermedlate whlch was trans—'”'v

formed 1nto 4~am1no—7 (2 3-anhydro-s D-r1bofuranosy1)+

pyrrolo[Z 3~ d]pyrlmldlne (tuberc1d1n rlbo—epoxlde) by;'77: -

. mild treatment.w1th base. This compound was a convenaent

/

N



startlng mater1a1 for the flrst synthesls of two

btuberc1din eplmErs of blologlcal 1nterest, P—am1no-7;Q‘;-ﬁ

](B-D—kylofuranosyl)pyrrolo[2 3'd]Pyrlmidlne (xylo-ifﬁm

'tuberc1d1n) and 4 am1no-7-(B—D—arablnofuranosyl)-

;pyrrolo[Z 3 d]pyrxmldlne (arab1notuherc1d1n), agaln.'“

IR

Vfgln the latter case v1a the correspondlng x -epoxlde,“"

v1f4 am1no-7 (2 3 anhydro-B—D-lyxofuranosyl)pyrrolo— ‘5
- [2 3-d]pyr1mid1ne. “ ~

The usefulness of the Dekker column [DoWex 1-X2

’f4(OH )] has agaln been demonstrated by the easy separatlon

' of a number of dlastere01somer1c compounds ‘in both the' f"

BN

-ﬂ'aden051ne and tuberc1d1n serles.. Conflrmatlon of struc—'

tures Was readlly deduced through the combrned use of

_.'mass spectrometry and nmr spectroscopy.
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o "_\»"-?INTRODAUCTION | e
‘A. . A BRIEF HISTORICAL om'LINE OF NUCLEOSIDE STRUCTURE |
+ AND SYNTHESIS. ‘, &'ﬁ" o z D =
‘ In 1871 FﬁledIICh Mleiéher (l) publlshed hls funda-' ~
>méntal lnvestlgatlons Wthh 1ed to the dlscovery of what -
‘we now call " nuclelc-ac1ds” ). .
It Qa; Levene and Jacobs (3) who 1ntroduced the
bhjterm nucle051ae tc descrlbe the purfne-carbohydrate de;b
‘rlvatlves lsolated from alkallne hydrolysates of yeagk _h:_'tvg;
frlbonuclelc ac1d .The- terh is now wmdely used to 1nclude f'“\
:zall the compounds of synthetlc or ﬁhtural r1g1n whlch 'fgbék

: _contaln an hetezﬁiycllc-base lnkedi through nltrogen or -
-1 ‘ '

".carbOn, EO'ﬁhe posxtxon of sugar.'

The major nucleosldes obtalned from rlbonuclelc aclds

’
are the purlne derlvatlves, aden051ne (13, guanos;ne (2), SR

and the r1bosy1 pyrlmldlnes, cytldlne (3) and urldlne (4)

f.Adenoéinghhfh'f ' Guanosine hﬁéjtidihe .. 'Uridine -

B P . R L : [




The deoxyrlbonuclelc ac1ds contaln 2'—deoxyaden051ne (5), j

,.a 7.

';- —deoxyguan051ne (6), 2'-deoxycyt1d1né (7) and thymldlne

_ Z*deoxy-D-erythro-’

, \ ) "Qpentose (2-deoxy-" T
7-- ST SR R D-nbose) B A T

NN, N L e
: f"2'*De°XYadenosineﬁ N & 2-Deox¥cyt1d1ne 3 é%;

2'—Deoxyguan051ne - S h Thymldlne B
. ) . = :
*,fslnce the bases of the major rlbonueleosides are readlly A£;;3i
| obtalned by‘adldlc hydrolexs, they were\early 1dagt1£1éd -
y as adenlne, guanlne,_cytoslne, and urac1l (4) | = R
| The carbohydrate m01ety of aden051ne (l) and guano-:v-',
~ sine (2) remalped unldentxfléd for many years untll 1n ‘,é
5_1911, Levene and Jacobs crystalllzed it y'haracterlzed
"Qﬂlt as D-rlbose (5) Conflrmatlon of the presence of“D-,\\La;\\‘
f;f,rlbose in. ukldlne (4) and cytldlne (3) was. ?hiamned by : :i
eﬂ_ Gulland and co-workers 1n 1947 (6)._ . if f;. . : ﬂ . : .v;’fﬁ‘
';f“v The determrnatlon of. the sugar molqty of the deoxy— SJ/h

nucle081despwas accompllshed by Levene and co—workers (7)

7 .
when they'showed that thxs sugar showed many of the A~

me i

. 4 - . . . .. .
. . . . AP oo e
. . Ry
«

propertxes cha{\tterlstxc of 2—deoxy sugars a%? was 1den~-fu




L

g was opposxte 1n si n (8). i The next step, the size of

P d

; tlcai w1th synthetlc L 2- deoxyrlbose except that the.

"\_/

-specrflc rotatlon whlle of the same numerlcal value,-

the rllofuranosyl 1ng, was*eluc1dated by Levene and

N-methyladen051ne>yh1ch on ac1d hydrélysis ylelded 6-

methylamlndaurlne and a trlmethylrlbose,'1dent1f1ed as ~

2, 3 5 trlmethylLD—rlbofuranose by ox1datlon flrst to tri-

L methyl-Y D rfbonolactone and then to meso- dlmethoxy—'

[N

-:exclﬁded~s1nce deam1nat10n4coul§,be performed without

succrnlc,ac1d.; _”. ‘ '.-_v, B -~ :

Two Questions'remaihed uhsolVed-i (l) What 1s the

-

, chemlcal bond ‘and p051t10n of attachment of the sugar to.

i

the base?- (2) What 1s the conflguratlon at the sugar-

base llnkage° “

«

TheJ;uéld ac1d.£ydrolysrs of purlne nucleOS1des

o<

' suggeéted that the sugar was 11nked to the base as a rang

—glycosyl derlvatlve rather than through a C-C bond,

the am1no groups of aden051ne jl) and guanoslne (2) were
loss of the sugar re51due wxﬁbﬁgh ultra—vielet absorbfﬁ
tion spectralostudles (10, li' lZ)lit-was'eQident thatiffr
the purlne nucle051des are 9- rlbosylpurlvés. Cenfirha-'.
tlon of the locatlon cf the sugar was given: by Todd and
ht§ co—workers (13) thqough the synthe51s of 9- D-manno— |

pyranosyl adenine (10) By ox1datlon w1th perlodate,

> . L o . !,q

-~

S 4



| }'_'(3) (02+5') ‘and aden051ne W s

' obtalned Qrom adenosine (l) ~rf_; =

;i%oof ‘of the B-Q-conflguratlon when they dlscovered (15)

thls compound gave ‘a’ dlaldehyde 9 1dent1cal w1th that
N

Schege I..

. S ‘ ‘;_' .
Todd and his co-workers also answered the last

»

:questlon when they demonstrated 1n 1946 (14) the 1dent1ty

. of. the aldehyde obtalned by perlodate ox1datlon of

aden051ne (l) with' thaté?esultlng from slmllar treatment
of 9 B—)-glucopyranosyladenlne, the B confzguratlon of
whlch was lndlcated by syntheSLS of the compound from

a-acetobromo- -glucose. The same group establlshed

s

e formatlon of 5'-cyc10nucleosmdes derlved from cytldlne:.

0
'

As ;n many other f1elds of chemlstry, the perlod of

o structure elucldatlon was followed by a perlod durlng

' 4
“which numerous workers devoted thelr energles to the

- . . . . v

aw

.h
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‘fdevelopment o;»methods sultable for the synthesxs of nat-

3:furally Qccurrlng nucleos;des.‘ | h:iﬁfphfj; ;:awRd"'
: Three maln classes of methods ex1st" In the first,u

the approprlate heterecycllc base 1s coupled w1th a

"fﬂreactrve form of a presyntheSLZed sugar, commonly a sugar

'Q-hallde. In the second. the heterocycllc base is elabo—i75’

’rated from a 51mp1e N—glycosyl pre the thlrd

fﬁthe nucleosxde 1s moulfled either 1n the sugar m01ety or\
=1h1n the heterocycllc base or in both All three types
:dsof methods have beeh used w1th success as wxll be dls—
;';cussed in terms\of ‘some - 1nterest1ng examples.  The syn—
':ﬁthetlc work 1n thls area was started by E Fischer an
7{B Helferlch in. 1914 (16) These workers condensed
.

'2‘tetra—O-acetyl-a—D-glucopyranosyl bromlde w1th the sllver

;'}salts of certaln purlnes. ThlS prov1ded a route to 9—

"t - D-glucopyranosyladenlne and 9-B- D'glUCOPYranosylguanlne'

,;th lS 1nterest1ng to note. that the same method was used

g{fby Todd's group some thlrty years later to synthe51ze

L adenOSLne (1) “and guan051ne (2) u51ng 2 3 5 trl-O acety]?L

h,D—rlbofurfﬁosyl bromide (11) as the sugar compOnent (17)

In the pyrlmldlne serles, coupllng of trl—O-acetyl--

t

;_‘D-rlbofuranosyﬁ bromxde (ll) and 2, 4 dlethoxy pyrlmldlne

' 12) (the Hllbert-Johnson method'(19)) led to the syn—




ca

Wl

ey
- Sl R N S‘Chpme 11

N .
Only threé years later a smgnlflcant 1mprovement in

technlque was 1ntroduced by Davoll and Lowy (21) They

used the chloromercurl derlvatlves of purlnes in place

of the 311ver aalts of Plscher and Helferlch Thus,'

::acetyl D—rlbofuranosyl bromlde (11).

adenoslnes(l) could be syntheSLZed in falr yleld from I,

AT

chloromercurl 6~benzam1do purlne (14) and 2,3, 5 tr1 -0-

A

., - scheme III.



’~pyr1m1d1nes are effectlve reagents for the preparatlon :

T 1t was’ shown later (22) that mercur1 derlvatlves of

.of pyrlmldlne nuc1e051des. i'f

EN

However, 1t was as recent as 1958 that the flrst

';'component of deoxynuclelc ac1ds, the pyrlmldlne 2'

‘daoxyrlbonucleOSLde thymldlne (8), was synthe51zed by

Shaw and Warrener (23) In 1959, B R. Baker and h

- v

.fgroup (24) achleved the synthe51s of the flrst purlne v

'chloromercurl salt method

—

2'-deoxy-nucle051de, 2'-deoxyaden051ne (5), u51ng the ;

LI

Untll 1948 each of the four known classes of

- nuclelc acid was thought to con51st of only the four :

o

’ come apparent

basxc nucleoside monomers 1 4.f However, ln that year,

Hotchklss (25) detected the flrst modrfled component : 'o'h,-fzz>

of a nuc ic acxd, 5—methylcyt081ne, in a Sample of
calf thymus DNA - Slnce that time, flve modlfled
nuclebsxdes in DNA and over thlrty-flve modlfled nucleo—'
81des in RNA have been ldentlfled. It has also be-~

that it is not possmble to estlmate _how

G

, many nuclelc ac1d components actually ex1st. The dlS-

covery of these modlfied nucleosmdes opened a wlder -
fleld to nucleQSLde chemlsts. It was the 1solatlon of
the flrst nucle051de antiblotlc (defined here as a

compound of m1crob1al orlgln that is able to dxsrupt

the normal functlonlng of other cells), Cordycepln (16)(26)

more than any other sxngle factor, that prov1ded the_‘v-4



; 1mpetus for chemlcal _‘seaxch:ln the nucleQSLde area.

Slnce that dlscovery, a 8umberiof‘nucle031de‘ant1—‘
'7éblot1cs have been 1solat'd», Tduc1te dnly aofew of R vf
Vorks iy

’¥1~j 92 - (3- Deoxy-s Dhery hro—pentofuranosyl)adenlne (16)

partlcular 1nterest to thlS

N5

‘~:v(3'-Deoxyaden051ne or Cordycepln) (2 6; (27), (28) _
-7;;>9 -B- D—Arab1nofuranosyladenlne (17) (Ara A) (29).-f‘f '
- ,9 (3-Am1n0b3—deoxy B-D-rlbofﬁtanosyl)adenlne (18)

vvﬁ'(30) (31) o _

'fﬁ‘ ﬁi4 Am1n0-7 (B D—rlbofuranosyl)py.rolo[2 3= d]pyrlmldlne;
| ’419) (Tuberc1d1n) (32)\\ ] .g o _"__-
ﬁi“~, f 7~ Amlno 3~ (B D-rlbofuranosyl)PYrazolo[E;3-d]pyr1m-.. :

-‘f“ldme (20) (Formycln) (33) (34)




‘ Nucleos;de antlbiotlcs have been studled in a.

s j

v models for conformatlonal studles mass spectroscopy

nuclear magnetlc resonance, opt1ca1 rotatory dlsp-r31on

"and: c1rcular dlchr01sm measurements. They have been

used xn the eluc1datlon of steps 1nvolved in thr neadlng."h

of the genetlc message at the rlbosome, for protel'

blosynthe51s, RNA synthe51s, DNA synthe51s, and a- host°'j
1v of,other blologlcal problems. Thelr qlose resemblance:v

B to the purlne nucleOSLdes and nucleotldes have made them,

useful as. structural analogs and 1nh1b1tors. L

cOrdycepln (16) has been the object bf numerous

; studies by blochemlsts. It has been found to. be a cyto-

tOXlC nucleosxde and an RNA synthe51s lnhlbltor, but 1t

-does-not-lnhiblt'DNA’synthe81s.‘ It 1s also known to act

as a negatlve feedback 1nh1b1tor of purine nucleotlde

bxosyntheS1s (35)

Ara/A (17) on the other hand, lnhibits DNA synthesxs;"‘/

s




,1n anlmal cells 1n culture, bacterla and DNA-v1ruses.

' H -

s
e

*It has 51gn1f1cant therapeutlc act1v1ty agalnst Herpes f'

81mplex keratltls 1n hamsters (36) ;Ara A was found "

7(36a) tO»be-rapldly deamlnated to 9-(B4D-arabinor

Zrthat of adenoslne whlle 9-8- D-xylofuranosyladenlne

~.

furanosyl)hypoxanthlne. The rate was approx1matel

(23b) was more rapldly deamlnated than Ara A.

Tuberc1d1n (19) is a nucle051de analog of aden051ne

'(1) wlth a modlfled base. The nltrogen at p051tlon 7.

‘ of the 1m1dazole ‘ring of aden051ne has been replaced

by a carbon atom.’ Tuberc1d1n was flrst 1solated 1n

'1957 (32) from the culture flltrates of Streptomyces

o -

| with good therapeutlc results.fr

‘f;tubercidlqus,‘1t5*structure wasvelucidatedvln 1960 by -

Suzuki et gl.f(37) and confirmed_by Toiman et al. (38)

'by'synthesis; It 1nh1b1ts both DNA and RNA v1ruses.‘;1t;
is an excellent substrate for adenOSLne klnase but is i
.lnot subject to glyc081d1c bond phosphorolysxs.._ltsv
.trlphosphate can replace adenosxne trlphosphate but
7h1nterest1ng1y 1t is not deamlnated by aden051ne deamlnase
Ft'(39) Very recently-(40) tubercldln has been used -

_toplcally on patlents sufferlng from,actlnlc keratoses

-

Finally, formyc1n (20) lS ‘one representatlve of a

‘ .
'new class of nucle051de antlbiotlcsmcallad C—nuc1e031des.

' This refers to the fact that the C—l of the D—rrpofuraﬁose

e

o is j01ned ‘to the heterocycllc base by a carbon- arbon

10,



—d 8

'hond; It was orlglnally 1solated from the culture f11- i

trates of the actlnomycetes'Nocardla 1nterforma n. Agg.vT

‘in 1964 (33) and 1ts flrst total synthe51s appeareé’(ﬁl)

;'1n 1971.‘ Formyc1n (20) effectlvely replaces aden051ne ,
-(1) 1n a number of enzymatlépreactlons.' At h1gh con-
,centratlons it 1nh1b1ts DNA synthe51s in some cell
wcﬂlture stralns but does not 1nh1b1t RNA synthesrs and

. only has ‘a Sllqht effect on the 1nh1b1t10n of proteln
'syntheSLS. It 1s known to be deamlnated readlly by

'aden051ne deamlnase.

These nuc1e051de antlblotlcs and many others hav

- 'been revlewed in detall by Suhadolnlk (42) in 1970§F7i1~

- 1.



o

" B. . SYNTHESES OF CERTAIN BIOLOGICALY IMPORTANT

..

’NUCLEOSIDES_

- -Certaln syntheses of partlcular 51gn1f1cance to the

fwork descrlbed 1n thls dlssertatlon, whlch lnvolves

.;preparatlon of aden051ne analogs v1a transformatlon of

s 4

the nuc1e051de to a 2°', 3'—anhydro (epox1de) derlvatlve,
' w11L now be dlscussed. Only br1ef mentlon w111 be

- made of methods used for pyrlmldlne transformatlons. '

Bl

In 1950 (43), the flrst of several syntheses of 9~ L

g- D-xylofuranosyladenlne (23b) appeared Treatment of

.....

the 911ver salt of 2,8- dlchloroadenlne (22) was followed ."

by deblocklng w1th base. A compound 1dent1f;§d ‘as
'948 D-xylofuranosyl) -2, B—dlchloroadenlne (23 ) was'
~obta1ned 1n 40% yleld wh1ch was hydrogenoly%ed to g1Ve
23b. B o . G -’iﬁ* R

' Scheme IV

12.



-_KThe purlty of thls valuable 1ntermed1ate for further,> : j e

AN

':‘deblocklng thls mater1a1 w1th sodlum methox1de in methanol,

;xylofuranose tetrabenzoate, v1a coupllng of the derlved

"nucle051de transformatlons was agaln in. doubt Fdr;

23b and 1ts a-anomer. tif-

_the cnﬂbtdlllzed materlal was shown to be a mlxture of the

i_the authors, be obtained pure in an unspecifled yleld, '

~

No conc1u51ve structure proof was’ glven.,'In 1957,,_-"

',Baker and Hewson (44) descrlbed an- alternatlve route.,:

)

'Thus, 23b was prepared in 47% overall yleld from a—D—»‘

lwbromlde and chloromercurl-6—benzam1do purine (14)

example, paper chromatography showed about 5% of adenlne,'
and the a-anomer cOuld well have been present £

| In 1963 Lee et al (45) reported the synthe515 of

_'23b by the fu51on method. ThlS method, orlglnated | '. S
-by. Shlmadate and co-workers (46), con51sts of heatlng a \;

,~polyacy1’ted sugar - and a substltuted purlne under vacuum

in the

) sence of pftoluenesulfonlc ac1d.. Inrthls o

: case, fu51on of tetra—o-acetyl D—xylofuranose w1th 6-.'s5

et

: nonanamldopurlne gave approX1mately equal amounts of

l"
.‘).

Flnally,‘ln 1971 Ikehara and co-workers (47) also

reported the synthe51s of 23b by the fUSlQn method. The§'

“used 1 2, 3 5- tetra—O-acetyl-xylofuranose and N6~
rfbenzoyladenlne with pftoluenesulfonlc ac1d as- catalyst.v

.vThe orude yleld for the condensatlon was 47%. After

Wwd

o and B 1somers. The B lsomer 23b, could, accordlng to



.

halides glve the a- nucle081de anomer upon condensation.~

’

’j‘what,is n known as'"Baker s trans rule°"

o However, the data glven are somewhat questlonable. 'It7

is lnterestlng to note the-wrde range of reported spe~i. =

lelc rotatlons of 23b. '{a]g4, -22. 5° (c 1 23, H 20 (45),

v.-16 4° (c 1 1o H 0) (47),'—30 1° (c 1 2 H. Eh (48),‘—19°'

(c 1.2, H,0) (43). e ,f'gaj | 1‘*f;.“-: ,;?.
: Those\examples 111ustrate dlfflcultles encountered
durlng coupllng ‘O condensatlon reactlons. It 1s dlfflcult

to separate the: a and B anomers 51multaneously formed and

to obtaln elther of them 1n the hlgh state of purlty re- . .

qulred if the compound is g01ng to be useful ln blo-f

chemlstry. In addltlon, 1t has been found that the o

‘\

mercurl salt coupllng method can glve pngucts whlch are B

~

contamlnated w:thlmlnute amounts of mercurlc 1ons. These
tox1c trace 1ons are. dlfflcult to . remove and may be blO-':
loglcally 51gn1f1cant (49)

o Another problem assoc1ated w1th the condens tlon .ﬂ )

. methods using metal salts 1s the stereochemlcal preference

B for one of the p0531ble 1somers. In 1954 Baker stated o

T T ) .‘. . - ) 4

N CondenSaflon of a heavy metal salt of a purlne
" or pyrlmldlne with an acylated glycosyl halide R

- will form a‘nucleoside with -a C-1 to C-2 ‘trans con- = -~

figuratlon in the sugar moiety regardless of the
orlglnal conflguratlon at. C~1 (50) : _

For instance, the acetylated D—arablnofuranosyl

<14,



fThls makes thlS route lnappllcable to the synthe51s-of

B- D—arablnonucle051des (51) Vo A

o In the pyrlmldlne serles,,B-D—arabxnofhranosrde
‘_synthe51s was solved by a new route. formatlon of a O;+2'
hqyclonuclebslde, an lmportant class of nucle051des, and
’rsubsequent anhydro rlng‘openlng by attack at‘the 2,

S
-
-pyrlmldlne Cz These 02+2'-cyclonuc1e051des\form read;ly

@when the 2'-O—sulfonate esters Wthh are trans to the ~‘,'

| .base are treated w1th ammonla/er dllute alka11 (52)

.FFHydroly51s of 02+2'-cyclour1d1ne (25) to glve ;1= B -D- ;@'

marablnofuranQSylurldine (26) is achleved, for instance,_’r

'7by elther base or, acid, the %ater being more generally

,'applled ln thls case.;»

l HE

./

' v‘\'... .1;_
. . schemeV ' . /
} _"*In the purlne serres, the preparatlon of certaln
c18-1'~2'-nuc1e051des Was achleved through igtra-v ' »
TR e

aq



o molecular nucleophlllc substltutlon reactions.t Very

e

/\,
~vearly 1t was - foundrthat dlrect dlsplacement reactlons
o at functlonallzed sugar hydroxyl grOUPS, espec;ally the
'(isecondary hydroxyls on the rlng, are dlfflcult._ In 1960

‘PTodd and Ulbrlcht (53) reported llmlted success ln ‘an’

SN2 dlsplacement of 3'-O-p—nltrobenzenesulfonyl 'f fA '*~._f

ST

4 >

. derlvatlve of adenesmne u51ng sodlum 1od1de. They also
mentlon that attempted dlsplacements at the 2'—p081t10n' '

f,ffalled

An alternatlve route u51ng nelghborlng group trans-j?;“

3format&ons prov1ded anranswer to thls problem An
example of a 31mp1e nelghborlng group reactlon 1s i
p3.1llustrated by the conver51on of a trans-l Z-hydroxy—'l

sulfonate or trans*l 2—d1-0 sulfonate to an epoxide., 3 )

&

'Thls represents one of the eaeaest ways of access tg an -

: lmportant type of 1ntermed1ate 1n nucleQ51de 1nter-,‘ejf9

‘ conver51ons.-ur

. ‘ N

An early exéﬂéle of a nucleoslde 2',3'-epox1de was

?reported by Davoll et al (54) Treatment of 7 [243-

f;dl-o-pf(toluenesulfonyl) 5-O-tr1ty1 S-D-xylofuranosyl]— _'r*" o

i theophylllne (27) w1th sodlum methoxlde gave the 2'~3'

. anhydror1bosude 28 f_{"- e ;5'. ';"-f g

Y



) : ‘ - "
LN \
27 o2 .
:Seheme,VI g
‘The anhydroriboside?BI deriVedﬁfrom adeh%sine'(l)"
was flrst reported by Baker and co—workers (24) in 1959
The 1aqf step of thlS elaborate syn;he51s was. the treat-
ment of the traﬁs acetoxytosylate 30 (obtalned by Q
' coupllng reactlon of 29 thh chloromercurl G-benzamldo e .
purlne (14) with -base. The overall yleld was - 8. ?% from
- , L
’ ? - : @
\-
T [ . : L ’
'_ 293. o s 30 Ch L TR 31
B = aden1n—9-yl . . : . i o
R—CH oco » T Y o coa
32 _.‘scheme VII~ . |



te .o

: Bre adenln- —yl

,_B’=°N N-dlbenzoyl- - ‘u3%g

' ThlS synthe81s was 1mproved (55) by convertlng 9-

‘B= D—xylofuranosyladenlne (23b) to the 3', 5'—0-150-

propylldene derlvatlve 32, Reactlon of. 32 thh a large'v

excess of benzoyl chlorlde in pyrldlne gave a com-

pound thought to be the trlbenzoyl derlvatlve 33

Cleavage of the O-lsopropylldene group of 33 gave 34

e 3?

Whlch was. treated with trltyl chlorlde/pyrlﬁlne. The

product of that reactlon was..treated dlrectly w1th
excess methanesulfonyl chlorlde to form the mesylate

'35, Tbe’crude material was detrltylated to glve 36,

' whlch was converted to the anhydro nucleosmde 31 w1th

sodium methox;de. ’The overallvyleld from 23b was:19%,

adenin-9-y1 - - "7
@ .0 scheme VIII -

[~




JTheﬂepimeric‘adenine anhydrofurahoside, 9= (2 3-

anhydro B- D-lyxofuranosyl)adenlne 438), was also pre—f

o

f pared by the same group of workers - (56) by freatment

of "32 w1th methanesulfonyl chlorlde to glve 37

,Re&oval of the ketal group from 37 was followed by

epox1de'formatlon_u51ng sodium metboxlde_to glve Egﬂf

Scheme IX 7

o -

In 1966 the syntheses of two more epoxldes in the o

»adenlne nuc1e081de serles were reported (57) he“

A

»3preparatlon of 9-(2, 3 anhydro S—deoxy-B Dblyxo- .

F;'furanosyl)adenlne 143) Was -attempted startlng from 9- -

(S—deoxy—s—D—xylofuranosyl)adenlne (39) Treatment

‘3<of 39 w1th a sllght excess of E-toluenesulfonyl

_chlorlde gave a monotosylate which was readlly con-

;‘verted to a crystalllne epox1de 41 by treatment w1th

. sodlum methox1de at reflux._ On sterlc,vas well as on

:electronlc, grounds 1t was reasonable to expect thaﬁ

the crystalllne tosylate was 42 It was, however"
. . : DR Tap

19,



shown to ba 40. When 39 -was treated with 2 molesfof-.

T N

FA-sodlum hydrlde followed by a sllght molar excess of Ef

: r~-». .

ttoluenesulfonyl chlorlde, the de51red deoxyiyxoepoxxde

43 was obtalned in good yleld followrng treatment by

vgbase, f

QB,;-edeninEQ;YI

. . ’ SCheme X C

»

E . b
: . .

| More recently Moffatt and co-workers (58) publlshed
'an alternatlve route to 9-(2, 3-auhydro B~D-r1bo-
furanosyl)adenlne (31) Thls route makes use of the
abnormal reactlon".of a-acetoxyisobutyryl halldes w1th

'cis lelS. Thls reactlon was %}scovered by Mattocks (59)
: A0

- ;ﬁdﬁglng studles on the chemlstry “of. pyr?zolldlne alkaloxds.
: : )

. wr )
._When the 1 4 ‘diol 44 reacted WLth 2-acetoky-2-methyl--, S

B . B A%
,.;.‘ L

P

by



H —

butanoyl chlorlde (45) the unexpected products of the

'lreactlon were the chloroesters 46a and 46b..

v
~F
\

S = £
| b R = gogmCHC,
L O OAc.
s o o 2 ol
. - Scheme XI -

Mattocks also showed that the acetoxyacyl chlorlde\gs"
'reacts abnormally Wlth l 2 and 1, 3 lelS to form chloro-

acetates.

’ 1
" The potent1a1 of such a reactlon ‘was recognlzed by

V'Moffatt (59a) and 1n 1973 Roblns and co-workers (60) re-'
;‘iported its appllcatlon to. nucle031de antlblotlcs. They
5found that treatment of tuberc1d1n (19) w1th a—acetoxy~ f-lt
'lsobutyryl chlorlde (47) in- the presence of excee§~§2d1um
",lodlde in acetonltrlle gave an . excellent yleld of 4- h
am1n017 (Z-O-acetyl -5~ O-[2 S 5- trlmethyl 1 3-d10xolan-4,
 on-2—y1] 3-1odo—3 deoxy-B D—xylofuranosyl)pyrrolo[2 3-
b.deyrlmldlne (51)



Ty



The proposed mechanlsm (60) 1s outllned ln scheme

YXII. The useful 1ntermedlate 51 provxded easy access to

'3'-deoxytuberc1d1n upon hydrogeno%ysxs and saponlfl- :

3 catlon. The same reactlon Was applied to. formycxn (20)

aapprox1mate ratlo of 3: 2

to- glve 3'~deoxyformyc1n and 2'—deoxyformyc1n 1n an

Moffatt and co-workers (58) have eXplored the same

Q

reactlon w1th adenOSLne (1) Treatment of 1 w1th an
[+

,excess of u—acetoxylsobutyryl chlorlde (47) in acetonltrile

B = adenin-9?y;

~ ‘at 80° gave predomlnantly a mlxture of the dlastero—~

“Llsomers §3.

-_;52 x=cl
ﬂszb X = Br

' scheme XIII -

S



:'Treatment'ofvthe crude reaction product With‘hydrogen~
chlorlde rapldly removed the 5'-subst1tuent and led to-

'the isolatlon of 9- (2—O—acetyl 3~chloro-3—deoxy-B-D~

7J,txylofuranosyl)adenlne (55) 1n 60% YIEld More pro-'

5

'longed treatment w1th methanollc hydrochlorlc ac1d

gave 9 (3 chloro-3 deoxy 8- D—xylofuranosyl)adenlne (56),.-
dTreatment of the crude reactlon product (52) w1th

methanollc sodlum methoxlde gave the epbxlde 31 in 67%

yleld after an elaborate process whlch lnvolved two~
4cryétallizatlons,jrepeated extractlons and preparatlue

.thln layer chromatography uszng multl—development.v' |
Direct- crystalllzatloa of the crude reactlon product (52) -
fd~gave a homogenous compound 1n 20% yleld whlch was shown

:to be ‘a 51ngle dlastere01somer of 52, Treatment of the ' .
mother llquoks from’ crystalllzatlon of 52 with 10% |
»methanollc ‘ammon ium hydroxlde permltted the 1solatlon,

in 7% y1e1d of a mlnor compound LQFntlfled as 9~ (2—‘
Tchloro—Z deoxy B D-arablnofuranosyl)adenlne (54) These_

authors (58) .noted a strlklng dlfference between the

",two chloro’ compounds 54 and 56. Although sodlum meth- .

'A»ox1de at 0° eff1¢1ently converts the 3‘-chldronucle031de o
'§§ topthe epoxlde gl; the 2Y-chloro-;somerg§i 1s-1nert

ﬁliunder these conditions; ‘The.reaction offthe'acyl'bromidev
"v47h'with adenosine (l)»was also studied and found to be

simllar to that of the acyl chlorlde 47.

The same group (61) have extended thelr study of

o



Y.

¥ o : *
-(20). Reactlon of 19 thk,47-1n acetonlt le at »

' Scheme XIV '

& _
In contrast to the reactlon w1th aden051ne (1), no 2’

chloro 1somer of 57 was detected The analogdus reactlon
using a-acetoxylsobutyryl bromlde (47b) gave. 1dent1cal
reSults. The epoxlde 58 was’ formed ln good yield by

treatment W1th sodlum methox1de at room cemperature and

_could be’ obtalned pure by preparatlve thmn layer chroma->"

tography.



C. "EPOXIDES AS STARTING MATERIALS IN CARBOHYDRATE AND

i NUCLEOSIDE CHEMISTRY

-The synthetlc utlllty of the above nucle051de

.epoxldes has been amply demonstrated.. Rlng openlng of L

7i31 with sodlum ethylmercaptlde gave 9~ [3- deoxy-3—’

(ethylthlo) 8- D—xylofuranosyl]adenlne (59) in 66% yleld B

"(24),_wh1ch could be desulfurlzed (62) to 3'—deoxy—

adenosrne (16) (shown (63), in 1964 to be the an@nblotlc, .

fpcordycepln)

2'—Deoxyaden051ne (S) ‘was also prepared (55) start-”

e‘ﬁﬁing’from 59.° Treatment of_the.latter 1ntermed1ate w1th»f

,thiony1vchloride at room tempéréﬁurevgave 9- [3-chloro-

o2, 3—d1deoxy -2= (ethylthlo) B D-arablnofuranosylladenlne

- group occurred presumably V1a the eplsulfonlum ion 61 :

B

.(60) in hlgh yleld, the rearrangement of the ethylthlo"

,/,5’ ;

= HOCH2'~" o

adenin-9-yl

- 26.

A




‘Treatment of 60 w:th sqdlum acetate and subsequent
- desulfurlzatlon of - the resultlng arablno S-ethyl product

' gave 2‘-deoxyadenosx\e (5) : . R : -

- Treatment of 60 with - sodium azide'gave the»3'-arido'

derrvatlve 63 which' was desulfurlzed (62) to glve 3=
amino- 2’,3'-dldeoxyaden051ne. sllearly, t@eatment (64)
of 60 with potassxum thlocyanate gave 64 which was ,
: desulfurlzed to glve 2',3' ggdeoxyaden051ne. Baker (65)
also used the lyxoepox1de 38 in the fifrst synthe51s of
9—B-D—arablnofuranosyladenlne (17) Treatment of 38 with
"sodlum benzoate or sodlum acetate in 95% aqueous N N—”
dlmethyl formamlde (DMP) effectlvely dlsplaced the'
epoxlde oxygen 1n good yleld to give a crude product

: from Whlch the des;fed arab1n051de l7 cou1d be 1solated
A number of similar reactlons have been-carrled 6Qt?§n
the 5'-deoxy counterbarts 4l'and 43> for instance,:the'
5'-deoxy analog of 17, gL(S deoxy-B ﬁ-arablnofuranosyl)—
adenlne was obtalned in reasonable yleld from a reactlon
51m11ar to the one Just descrlbed.. |

‘ Examples of products posse551ng trans 2°', 3' groups

have been glven thus far as xﬁlustratlons of the use of

nuc1e051de epox1des. However, epoxmdes can also be

Hused for the synthe51s of compounds w1th c1s 2' 3! groups '

'_by employlng a further nelghborlng group part1c1pat10n.
'Baker et al demonstrated such a sequence (66) in thelr
- synthesis of,the.am1nonuc1e051de 18 from thelantiblotlc

G -

p _ ‘ ‘ o o

27,
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gacetate occurred by lntramolecular attack of the N-T'

28

Lo

Lo ) ; _
K ] R . -

EC B =

puromyc1n. Openlng of 38(thh anfmonia gave 65 whzch

was transformed 1nto the 2'-O-methanesulfony1 compound

-0

566 by a serles of steps.v Reactlon of 66 w1th sodlum

.acetyl oxygen on the trans sulfonate ester to ' e the"

:‘c15 1, 2-acetam1do alcohol ﬁ% via the rapldly hydrolyzed '

oxazollne 67 S o S T -

B= t_«_,g-&ixﬁethyl_-_z- .
ﬁethy}thioadenin—yi L
» 9-yl ST e

”co—workers (67) ' The 2'-0-(methanésulfony )nucleOSLde‘

, was benzoylated and then treated w1th sodlum fluoride

’ whlch contained malnly the lyxoslde 71 as’ Well as;, some'

L3

37 btalnable from 9 -B- D~xylofuranosyladen1ne (23b),

_——

3

N
in N N—dlmethylformamlde (DMFﬁ A mlxture ‘was obtained



'-_'-_.',’

arab1n051de 17 and xy1051de 23Eyeeresumabltu1a.the‘ : IR

‘benzoxonlum 1on 70.

2% 0 ooa Iy

S ”B .’adenln-9ay1 ' |
-‘_éb-N N- dlbenzoyladenln-9-yl or N6-benzoyladen1n 9-y1

“ - ‘ Scheme’XVII ) R o N

It. is 1mportant to’ note that a tack of t%f nucléo—'«
._phlle on the epox1de r1ng occurred malnly at the C 3!
op051tlon in the syntheses whlch have been dlscussed. Ih;:

' an early attempt to obtaln 2'-deoxynucle051des, Davolln

,et al. (54) treated epoxlde 28 with- ethylmercaptlde.

i Unfortunately,gfttack occurred almost exclusively at the

“-J;,3-_p051t10n. Further exampies of thlS phenomenon ln-

safdlcated that attack at C-3' by nucleophxle i@ predomlnant
: 3} ' ) ‘ v

_' 29,
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-for the rlboepoxlde 31 the lyx0epox1de 38 and their;.
5'—deoxy analogs 41 and 43 In 1967 Goodman and eo;;
workers publlshed (68) a study of this phenomenon 1n the
—deoxy serles. They found that\\hen 43 ‘was: treated g
w1th sodlum benzoate in w?,)ﬂ'N dlmethylformamlde (DMF)
ta mlxture of 9- (5 deoxy B D—xylofuranosyl)adenlne (39)
' and 9~ (5 deoxy-s D arablnofuranosyl)adenlne (72) wa§

obtalned in the ratlo of l 2, 0 .
£ o T

= OH; R=0H 39 X'= OH, R = H.

38 R=OH ; 17 X
43 R=H 72 X =OH, R=H . 14 ,X@ SCH2¢. .
| 73 X = scn2¢,'R_=;g'-, R=H
15 x =Ny R=H 76 X =Nj, R=H

”Scheme XVIII_ 'g'

v . ’ K

[
- g . P e
<

<

Treatmentvof 43 Wlth sodlum benzylmercaptlde in

"methanol gave ‘a mlxture of the 3‘-S-benzylnucleosxde 73
and 2'—S-benzylnucle051de 74 ln a ratlo of almost 1 1.
;Treatment of 43 with sodlum azlde 1n 2-methoxyethaﬁb1
!gave the 3'*azxdo nucleoagde 75 and its” 2" 1somer 76

in the ratlo of 3:1. However, the total yield was only




‘52%; Treatment of 41 w1th sqdlum benzoate gave ho
lsolable product a result whlch w1ll be dlscussed later.
on the other hand, treatment of 41 w1th sodlum a21de

tln 2-methoxyethanol gave a mlxture of a21des shown to

be the 3';a21do 77 and the 2'—a21do 78 1somers rﬁ a |
hratlo of 4 l Apprec1ahle decomp051tlon of the . startlng

matermal was ‘once agaln notlced and the yleld was only

19%.
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‘No traces of the 1somer'c 5'—S—benzylnucle051de could ‘o

be detected ) ;ﬂiﬂ " I ’
These results ; re glven the folldw1ng tentatlve

0

: explanatlon, by\t'

_ in p051tlon of

uthors (68)4~ Flrst the dlfference

v

fnlnglof 43" compared to 41 was:

"3y to sterlc effects. Thus, sodlum
: (ORI .

( .

31,



benzylmercaptide attacks exclu51vely -at the c- 3'

: posrtlon of 41 because the 2'—p051t10n is sterlcallyf

unavallable to thls large nucleophlle. In contrast,‘iv

the small a21de nucleophlle can attack at7the_§72'”_t

' p051tlon of 41 althouch the/major site of attack remainsh

C—3' ~ The lyxoepox1de 43 always glves ‘a mlxture of |

C-3' substltutlon and C—2f substltutlon regardless of _;

the nucleophlle. To explaln the dlfferent ratlos of

opeulng, the authors postulated that the more powerful .

the nucleophlle is, the 1ess selectlve it becomes._ :
. The authors then trled to ratlonallze the dlfferences»”

'1n“select1v1ty in attack of nucleophlles on 43 and 38

Sodlum benzoate reacted w1th 38 to glve almost exclu51ve ?;

'attack at C -3 (65) Attack of sodlum benzyl ercaptlde

- gave a5:1 ratlo of C-3' to c- 2" products.

v e
LS

' sodlum a21de with 38 gave a mlxtu e of 37, ”ubStitdtedA
:product to 2'-subst1tuted product 1n the ratlo of 15: 1 ‘
":These dlfferences, accordlng to the authors, could be |
'ratlonallzed by postulatlng that the greater electro-‘
lnegat1v1ty of the 5- hydroxyl group in 38 compared to the
"hydrogen in: 43 makes the C 3"more electron def1c1ent ‘
‘»relatrve to C-2' and thus more susceptlble to nucleophlllc;.;e-

'attack.

}n 1959 a rev1ew artlcle concernlng the mechanliﬁ
}‘ 1

of epox1de openlng reactlons was publlshed by Park

-

. and Isaacs (69);' Some of the conc1u81ons é% thls T iew.



- : ’ o L 55
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‘ are very lnterestlng 1n relatlon to the publlcatlons

Just descrlbed and w1ll be summarlzed here._ Flrst, there. ,,’5;
As very 11tt1e doubt that the vast majorlty‘of rlng |
‘openlng reactlons of epoxldes take place by 1on1c mech-
anlsms. The bond whlch 1s broken 1s the hlghly polar . rf"}
-carbon-oxygen bond whlch would be expected to break |

, 1on1cally and the reactlons are generally carrled out

-h 15 polar soivents] When the epox1de is unsymmetrlcally
f:substltuted, two products are clearly p0531b1e.v All the j

. known'. examples lndlcate that under ba51c or neutral

o conditions the: major product, lf not the only Lsolated

~one, is the so-called normal“ isomer (correspondlng to

attack on the least substltuteﬁ carbon)

A
.

’ | o - I‘X”
e R-C(—&H B e R_};H_ 2:A ¥ R-CH-CH2OH

- S "normal" . abnormal" R ;

1

'Thls, as well as: the stereochemlstry of the rlng openlng,
provrde strong ev1dence for an SNZ-llke attack of a '

'»'reagent molecule or ion on the epox1de rlng carbon atom,

‘1nvolv1ng a transxtlon state of the type'




Such reactlons are well known to bé sensitlve to sterlc

43./

hlndrance and, prOV1ded the group R has ‘No very marked

~polaf or: conjugatlve effect the "normal“ 1somer will be

: RS e -
.formed for sterlc reasons., B

v

ThlS would obv1ously apply to the«case of the rlbo-

‘epoxldes such as:. 31 or 41 where~attack at C-Z' is

l

'-sterlcally dlsfavoured but would not explaln the results

"1n the. lyxoepox1de serles where attack at either side
'?518 sterlcally equlvalent. o g,:_“

Clearly, another effect 1s at work here, the elec~

i

'ftronlc effect.' Numerous examples 1nd1cate that 1f an’

electron w1thdraw1ng substltuent lS present it lnhlblts

L

- :reactlon at the carbon atom to whlch 1t is’ at“ached

'“_S1nce, 1n a blmolecular reactlon, the presence of an

)

- electron w1thdraW1ng substituent facllltates the
lf‘approach of the nucleophlllc reagent‘b%t inhibits bond

| )'breaking to the leav1ng group,'lt seems 11kel\\that the

'reastlon by whlch the epoxldes open is .a modlfled S 2
: reactlon 1n which bond breaklng 1S more 1mportant than
bond maklng.‘ It 1s reasonable Ln thls case to suppdse '
fthat the carbon atom under attack carrles a ﬁractlonal

. posltlve charge.y

‘. B

& ! ®

The 2 3‘-epox1des of nucleOSLdes ‘are good examples' 

of thlS 51tuatlon.- In the 25 serles as well as 1n

. 4 N

o the rlbo serles the anomer;c carbon (whlch is attached

.’ L

~tﬂto one oxygen atom and one nitrogen atom) 1s much more

4
o : . 2 o B~ -
L | . : ' it Tt
Rl . S

. S ' TS



_ electron-attractlng than C 4‘ and consequently attack’

would be expected to take place at C- 3' B In the rlbo‘f;

5. series, - the sterlc effect ﬁgh the electronlc effect

e cumul tLQA’Qnd thls explalns why 2'-attack should -

’ be mlnrmalléaThls is. not always ev1dent 1n the examples

| reported by Goodman (68) : Sodlum azide openlng of 41
gave a ratlo of C—3' to C-2' attack of 4 1.- However,f
the total 1solated yleld was only 19% (68) and as - |

.

Parker and Isaacs point out (69), conclu51ons must be
drawn w1th cautlon when low yleld reactlons or lsolatlons
are con51dered. | _ N
in the _x;g serles, 51nce the sterlc effect cannotv
: be of 81gn1facant 1mportance,.€hé electronlc factor
must be determlnlng the 51te of attack and all examples
show the major product resultlng from- attack at C—3'
\;\*as/wogld be expected. One explanation offered to -
rationallze the dlfferent ratlo of openlng of 38 and
43 was that the 1ncreased electronegat1v1ty of the C-S'
| in .38 would make the C—3‘ more electron def1c1ent and
therefore more prone to attack (68) Thls explanatlon
. seems questlonable sxnce 1t is in- dlrect contradlctlon
:h to all the known examples revzewed (69)
« - It is well establlshed (69) that under ac1d1c:&'
, condltlons there is a marked tendency towards the for—'

matxon of . “abnormal” products., Thls, as well as other

' experlmental results, has been ratlonallzed by Parker

- 35,0



"?and Isaacs by evoklng a mechanxsm of the SNz'type in\""

‘&'whlch the reagent lS further away from the seat of attack
and the drxvzng force for the reactlon is prov1&ed more ::
:by transfer of electrons from carbon to oxygen than

‘from reagent to carbon.: Such a mechanlsm referred to -

sometlmes as “borderllne SNz“ must have a. tran51tlon

3
v

‘state of the klnd deplcted below.

Y . . ¢ 'l,

t'Under ac1d1c'cond1t10ns (or.conditions-in'which the
ioxygen 1s complexed), nucleosxde or sugar epoxldes
.'would be expected to open even more predomlnantly at the
5gf3' (or C—3) posxtlon.; ' o ;f'; v' '-;_ . 'ff o
Good models for examlnatlon of the- 1mportance\of

“the electronlc effect versus the sterlc effect are

prov1ded by the follow1ng anhydrosugars-




‘iff%l.hi f4; ?f;37;Mf

Methyl 2 3—anhydro-B D-lyxofuran051de (80) preoared'.

by Baker et al. (70), should have the least sterlc
'-effect and its openlng by sodlum benzyl mercaptlde
prov1ded the flrst example (71) of rlng openlng of a

.c

2 3- anhydrofuran051de wh1ch occurs predomlnantly at C 2

"
n
a
CoE
ot
> -

80 R =H 84 X X =
'gg'fRd; Ac -'ggj X = SCN, R=H-" ~k~£>ﬂ° g
BRI gin X = Br, R'= Ac ‘7gg_,xeé'scn,
e _'-"h'=.a |
‘§§~ X:; sz R ='Ac';

- scheme»xxu'

"The rat;o of 85 to 84 was 6: 4. A chemical'proofiofﬁ ;.
structure for 84 and 85*was obtalned by desulfurlzatlon

,’w1th Raney nlckel followed by acetylatlon.- The nmr»

| spectra of the products obtalned were in agreement w1th

Mthe glven a551gnments.f Another example was openlng

o of the epoxlde rlng of 86 w1th magne51um bromlde.J~

| Here also accordlng to the authors (72) the rlng

openlng occurred predomlnantly at C-2. The - structures v:\‘ s %
were tentatlvely glven as 87 and 88 and a 1 2 ratlo

RN

. of'gz;to'§§JWas repo#”; ;' These cases are exceptlonal,
B . N ;‘N kY t

lhowever, and more often attack at c-3 is predominant.




38,
fFor instance,’when SCN was used as the nucleophlle the o
iratlo of 89 to 90 was. 7:3 (73) ‘ .
In the case of methyl 2 3 anhydro*a-D~1yxofuran051de
(él) (70), attack at C -3 remalns sterlcally unhlndered .e“:
but attack at C—2 1s now adjacent to the c1s c- 1.
substltuent The effect is dramatlc. Rlng opening

f‘wlth sodlum benzylmercaptlde gave methyl 3- -5~ benzyl 3—_’

:thlo— -deoxy a-D—arab1n051de (91) exclusively (74)

Y

81 R =H 91 R=H, X = SCHy$
94 R = Ac 93 R = ¢CH,, X =F
2_2_ R = ¢CH2 is_ R = A‘Ci, X ‘= Br

oy '”.VA,‘Scheme‘XXI-‘

S 1‘»‘
Also when 92 was treated-w1th KHF2 (75)/only 93, the o
product resultlng from c-3 attack, was detected in the
major components of ‘the reactlon mlxture. When the_' f‘_;‘
- 5= O-acetyl derlvatlve 94 was reacted w1th magnesrum,
| bromlde only the 3-bromo-3 deoxy—arab1nosxde 95 was »
htdetected:(?Z) : That the C-3 openlng 1s the rule WS ae

also conflrmed when ammonia (NH3) was used as the nucleo-

. phile (70) (76) Only one case where sxgnlficant C—2

FYSO
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attack was‘notlced has been reported (77).& The - 5-0- T

, methyl defrvatlve of 81 was treated wlth sodlum methox1de

w

;and a 2 l ratlo\?f C- 3 openlng to C—2 openlng was”'

reportedly formed. It may seem strange thachterlc
'f~h1ndrance due to the methoxyl group at’ C 1 would be
‘suff1c1ent to provoke such a change in, the dlrectlon ofw'
rlng openlng. An alternatlve or complementary explana-
‘tlon was suggested by Relst and Holton (78) Thg lone rh
_.palrs of the - anomerlc oxygen atom could create an .
ielectronlc repulslon of the approachlng nucleophlle'r
_‘and result in a srgnlflcant 1ncrease of’ the energy of
h{the tranSLtlon state for c- 2'subst1tutlon. o

| Methyl 2,3- anhydro a-D—r1bofuranosxde (82), pre—t

'Vpared by Schaub et al. (79), contalns reversed sterlc

e constralnts when compared to 81. Attack at 9—2 is nowv

“; free of sterlc hlndrance ﬁbereas C—31attaCk-is_hindered

o by the hydroxymethyl (C—S) substltuent. Therefore
1ncreased ratlos of c- -2 to C-} openlng are expected amﬂ

“thls 1s-1ndeed the case. Treatment of the derlvgtlve

82a with magnesxum bromlde afforded a.mixture of the " ;

‘xylo 96 to arablno 97 derlvatlves in a ratlo of 2:5 (78)

_39".'



OAc, X = Br - 97

82 R=0OH 96 R= 97.
82a R = OAc 99 R = OCH,¢, X = F 100
101 R ="0Ts 104 R=X =H -
98 R = OCH,¢ 105 R'= OH, X = NHy 102
106 R = H. 107 R=/H, X = NH, 103

H .
o
©

E

[
o
O

|

SchemefXXII_

It was also found (79) that, with KHFz, 98 gave a

- 40% yleld of the 2- fluoro derlva/}ve 100 but only

: small amounts of the 1somer1c 3- fluoro ‘product 99 were
Adetected. Even more strlklng, when sodlum methoxlde

" was the nucleophlle, attack on 82 was exclu51vely at

".C-2 (79a) Thls result was conflrmed recently by B T

Montgomery (79b) who lndlcated that no chromatographlc

or pmr ev1dence for the formatlon of the 3- O—methyl

xylo 1somer was found The: S—O—Eftoluenesulfgnyl

_derlvatlve 101 wa9 treated w1th sqﬁlum benzyl—mercaptlde,'

.

and only the di S—benzyl arab1n051de 102 was formed in
'very good yleld (80) Reductlon of 101 with 11th1um
alumlnlum hydrlde (80) gave a ratio of 103 and 104 of

,-8:1,_ In all these cases, the product of C -2 attack ls

o



A

_predomlnant. Houever,”some early results appeared to v
' contradlct thls.d Baker (81) repbrted that reactlon of
'ammonlum hydrox1de w1th 82 gave methyl =3- amlno~3 deoxy-
a—D—xylofuran051de (105) Slmllafly Kuzuhara and Emoto
(82) treated methyl -2, 3 anhydro-S deoxy d—D-rlbofurano—
side (106) with ammonla and reportedly obtalned a 51ngle
*product whlch they aSSLgnedbstructure 107 : hey later -
"relnvestlgated (83) the s@ructure of thelr product by o
.chemlcal degradatlon and changed thef% structure a551gn-'
' ment to 108 ' These confllctlng results were cIarlfled
'twhen Montgomery et al. (84) relnvestlgated these_r

'reactlons.v It was found (84) that 82 gave a mixture

A of 105 and the 2'—1somer 109 1n the ratlo of 1: 1 5 .

»

S under Baker's condrtlon. Sl@dlarly, when 106 was treated

: with ammonlum hydrox1de accordlng to the condltlons _
B reported by Kuzuhara and Emoto (82), a 1:1 mlxture of
107 and l08 ‘was obtalned. Interestlngly, rlng openlng
of the eplsulfonlum 1on 110 with sodlum azide gave a 7 3

v}'mlxture of the arab1nos;de lll and the xylosxde 112

. . '
m— . . . R ——

. Scheme XXIII



42.

In Methyl 2 3- anhydro B~D—r1bofuranosxde (83)r (81)
'i»the 1- O—methyl and C-S groups are trans to the oxlrane: 'f"
Zrlng. The sterlc effect of the two groups mlght be
:'expected to ‘be” somewhat comparable.- Thus, the dlrectlon |
Gf cleavage of the epox1de ring wouid be eﬁbected to be' o
‘vcontrolled prlmarlly by electronlc effects: In hatmonyn:
‘with- thlS predictlon, exc1u51ve or predomlnant 3-"”'
substltutlon lS observed and no. exceptlon to this trend—‘

Lu

has been reparted For 1nstance, the 5-0—benzyl S L : f¢

fderlvatlve 113 when treated wfth KHF2 gave only the v e

- 3- fluoro"ﬁerlvatlve 114 (85) ‘ R ‘\:»

AL S

83. R=H 114_R—CH2¢,X-F .
113 R = CH,¢ ' 116 R = Ac, X '= Br
. UsR=ke 117 R = H, X = scuzqg \

Scheme XXIV. . -

Slmllarly treatment (78) of 115 w1th madnesium:bLOﬁide‘
(“f:gave only tpe 3-bromo compeund_&_g When 83 was treated
. with sodxdﬁ benzylmercaptlﬁe (86) malnly one compound
:”twas obtalned which was shOWn to be 117.4 Even w1th the

b'bulky triphenylmethyl ether greup at C—S{ r1ng openlng

R
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at C-3 Wlth t\évsame nucleophile was observed.

Very clearly the problem of . explaining the nucleo—"

‘iphillc opening ratios for all the epox1de series reported

fis extremely compl x.c In the anhydro sugar series R

where the greate' ‘nunber of examples is to be found

,the problem is further complicated by technical

‘difficulties such as separation and crystallization.“iInfl

the purine anhydronucle051de series, the data at hand'

“\

is insuffic1ent to draw meaningful concluSions. ‘For- -

-~

. of
"1nstance, 1n the purine ribo epoxide series, only a

E very limlted number of successful epox;de Opening
"'reactions have been reported., Even ‘in eValuating the
reported examples, conclu51ons are sometimes tenuous
-_.for two reasons. The reported yields are sometimes
"1ow.' The presence of the minor 1somer 1S ofﬂen _

iy ignored 1f the major product is’ obtained directly, for ;
1nstance by crystallization. The work described in,-
this dissertation, in addition to making new nucleoe’»”
‘Sidevstructures available for preViously mentioned

Qstudies, prov1des more examples of epox1de ring opening,

4 especxally in the ribo series.- mhe Systematic use of

- a reliable, sen31tive, and accurate methnd of: detection

&

)“Fof the pOSSlble isomers, the useful Dekker Column

'(Dowex l-X2 (OH ) regin with selective anion exchange

'flusing aqueous alcohol as eluant) (87) has permitted o

N

:,'the generation of precise yield-ratiq data._ o g&l

e
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DIS c U"s' s'-I”o‘rN"'-"' -

AL 'FORMATION OF ADENqsINE EPOXIDES AND SBLECTED

~—

‘hSYNTHETIC TRANSFORMATIONS
_The syntheses descrlbed 1n thls sectlon derlvedj'
from ‘a reaftlon Whlch has been developed by Roblns and |

”co-workers It was: found (88) that when 2',3'—0—vr~

'fmethoxyethylldeneadenos1ne (118), prepared in near

'quantltatlve yleld by a modlflcatlon of the procedure

o reportedkby Reese (89 90) , was treated w1th excess v; o

plvallc ac1d chlorlde 1n reflux1ng pyrldlne a. mlxture
composed prlmarlly of 6-N-p1valam1do -9- (3 chloro 3-.
h‘deoxy—z—o—acetyl 5= O-plvalyl B D-xylofuranosyl)purlne |
(119) and 6-N- plvalamldo 9 (3-chloro—3—deoxy-5—o-p1va1y1
‘240-[4 4—d1methyl 3-p1valoxypent 2—enoyl] -8- D-xylo—‘ E

"ll

fu;anosyl)purlne (120) was obtalned in hlgh yleld

'+ other

119 R ococn3 . -;

adenln-e—yl \
1='N6-P1va1yl aden1n-9-y1ﬂ

ne

_.44;ﬂ }=’>~’r" REEE

products

120- R = COCH==cC[OCOC- .
{cHy) 31¢ (cH Lsé}.a

od ST e T e T
"Scheme xxv L e e



: i
,ffmethox1de at rooft temggrature gave 9—(2 3- anhydro 8= D-

dﬁf;rlbofuranosyl)adenlne (__) It was. shown (91) that 31

'5lfobta1ned by column chromatography on 5111ca gel, was

ﬁqdlcontamlnatedzw1th small amounts of 9 (2—chloro 2 deoxy B-

¢

_;the 2'—chloro arablno lsomers of - 119 and

\ﬁd,flrst,gthat 1

"120 were fbrmed 1n the reactlon mlxture they would not
';;t be deblocked to 54 and subsequently converted to the

”f;epox1de 3. | ?rr,ddftdr ﬂﬂxt g 5 "f o

fB'% adeﬁlnﬁélyl

" Scheme XXVI
. ~<: &

ZIn order to verlfy thls pOlnt the crude reactlon mix-
S0 .

",,ture ‘was - treate' kth methanollc ammonla and the chloro_f,

'”;_1somers 54 Lanc J6 were 1solated pure Ain a ratio of -

'wiapproxlmately 12 to 1.; When 56 was treated w1th sodlum
'inimethox1de (2%) in. MeOH at room temperature the epoxide
i& was formed quantltatlvely w1th1n a few hours.«AOn.

the other hand 54 under the same condltlons, gaveiggg‘

Treatment of the crude mlxture Wlth methanollc sodlum '

{D-arablnofuranosyl)adenlne (54) It seemed. strange, atﬂvi'

.

45,
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“

e pyrldlne) for a SOlld whlch had “several spots as

g0 S

PRI
5 3
»

very slowlyri'hfter:a week traces of“54 were,Stlll-f
- o R

detectable by tth layer chromatography This observa-'

¢

tlon has been corroborated by Moffatt and co-workers (58)

who observed‘the same reluctance of 54 to undergo

)

cycllzatlon, ThlS shows that 1ntramolecular nucleo—

C

ph111c dlsplacement at.the c- 2' p051tlon 1s dlffrcult,‘
compared to the- same reactlon at the c-3', a fact that :
correlates well w1th the known dlfflculty (53) of
| performlng 1ntermolecular nucleophlllc dlsplacements

at the c- 2'.of aden051ne derlvatlves.f However, 31 |

H

could be separated from 54 usmng rppld column chroma-ﬂ

tography on Doyex 1 X2 (OH ) and was obtalned pure -in

63% overall yleld from 1., An‘alternatlve procedure, h z

more convenlent for larger scale reactlons, was also

developed‘whlch lnvolves selectlve preclprtatlon Of#él

(see EXperlmental Sectlon) - | |
Epox1de 31 whlch has been.prepared from aden051ne

(l) by a recently reported dlfferent procedur v(58),

: had propertles generally cons1stent ‘with recorded values5

(24, 55,V58).” Its melt1ng—decomposrt10n range depends
on the rate of heatlng and rts 1H nmr‘spect?um has

? T -

Jl' o and J3, 4 = 00(58) An 1nterest1ng p01nt con-i

cernlng 31 per se is 1ts optlcal acwﬂ

5 4-'y, Baker and
26

%

_co—workers reported la}y™ -18. 3° (c 0 6, 20% aqueous ”‘?

26 -

' ~contam1nants» (55)J' They refggdeQJTEjp 17 5°‘(c Q 4'-?7"",

. “ d
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a7,

20% aqueous pyrrdlne) and [a] -35'261(cJ07§3u'H O) for:t
an analyt1cal sample [see footnote 11 1n ref (55)]

3

Moffat and co—workers (58) report [a]z--—Zl 8° (c 0. 2

0) and quoted the [a] -18 3 value, w1th no con—b

;l centratlon nor solvent spec1f1ed from ref (55) 'A'

s —_—

S 4]

C carefully purlfled and drled sample of 31, whlch had no

'f? observable 1mpur1t1es when applled heav1ly to a tlc -
plate, had [a] —35 4° (c 0. 22 H O) ‘and —20 4° (c 0 4,
20% aqueous pyrldlne) 1n close agreement w1th Baker S
values (55), It was noted (91) that 31 was slowly

g*\\fjcomposinguponstandlng in Hzo and thab-the_normal

ultra-violet absorption*at 260 nm was decreasing'with coné"

. .1 !

comltant appearance of a new peak w1th a maxlmum at . , S

o m29§ nm. Th;s decoﬁp051tlon was greatly accelerated by
: heating;- ThlS may Be correlated w1th the observatlon

of Goodman,and cohworkers (57, 68) who noted the forq\d
’"i tlon of wate; soluble products ln reactlons of adenlne

H

nucleosxdesginvolv1ng 2' 3'—r1bo epox1des (57 68) and

3 374» . 3

eplsulfpnlum (92) 1ntermed1ates. They postulate N7»3'-

: ‘cycL§q¥91e051de structures analogous to a on the’ ba51s _ 1g;
ofgsalt like propertles and ' a bathochromlc Shlft to 293 nm |
gin the-uv absorptlon maximum. o _ v
It,should be noted however, ‘that the Shlft observed‘
. in goxng from the nucle031de (m260 nm) to the postulated
.N§+3'-cyclonuc1e051de a (57, 68, 92) (m293 nm)‘ls 33 nm,

:‘whereas a Shlft of about 12 nm to 272 nm is ordlnarlly

./7
o
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.found_With-knOwn'N345“;cyclonncleoSidesl(15); The uv
'maxima of. the’épostulated»N3
nm is in reasonable agreement (92a) with that of a' :

: N3+5'~cyclonucle0515"1n the puromyc1n am1nonuc1eosrde
»lserles (288 nm) However, the 6—N N—d1methylam1no~

' purlne nucle051de precursor 1n that case (92a) had its

uv max1mum at 275 nm, whlch agaln,corresponds—to a 13—nm<f

shiftt Uv absorptlon in the 280 =290 nm range has been
reported for 5= am1n01m1dazole—4 carbonamldlne (;2b)

- That the ‘same phenomenom was taklng place ln ‘this
case was 1nd1cated by the 1solatlon of 4, a hlghly

dextrorotatory.product with uv max1mum 293 nm, (and e :

_obtained'by treatment of d with base) and its completef“

- r.—

. g
characterlzatlon lncludlng a 31ngle crystal x-ray |

\
\

_analy51s (91) ‘ The formatlon of d can be ratlonallzed '
as follows (Scheme XXVII) Inrtlal attack on the C-

of the epoxide rlng by the unshared electron pair?of
N3 w1th concomltant proton abstractlon by the oxygen
.anron woold lead to_a. Attack of water on the p051t1vely
.polarized C-2 of the N3+3'-cyclonucle051de-a would glve

' the covalently hydrated spec1es b Whlch would glve the

N formyl derlvatlve < by rlng openlng. Hydrolysrs of

“the . latter c would lead to d. Treatment of d w1th hot

_aqueous sodlum hydrox1de would hydrolyze the amldlne

B

functlon to glve e.

Attempts to open the epoxrde llng of 31 with sodlum

J
- .
< g
oy

+3’-cyclonuc1eosides~at 293
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compound 23b beCause of preponderant formatlon of d

&

Owing to the 1nstab111ty observed thh 31, adenlne.

) ‘ring-acetylated derlvatlves~werevprepared. »Jahn,;93)

L_Treatment of 31 with plvallc a01d chlorlde in pyrldlne o,

'has reported that<sucH‘N-acylated adenOSine S'etosylatesh

_were effectlve substrates for nucleophlllc dlsplacement

reactlons whereas the unprotected nucleOSLde readlly

dforms N3»5‘-cyclonucle051de under those condltlons. -

\

-at room temperature gave 6-N-p1valam1do -9- (S-O-plvalyl—

L2, 3-anhydro B- D-rlbofuranosyl)purlne (121) in essentlally

:;g,g}gs—triben20ylfder1vat1Ve,\l22._ B;s-gfbenzoylatlon."

"%'of 123 were generally 1n agreement. with values reported

quantltatlve yreld, Benzoylatlon 51mllar1y afforded an

" has usually beenlassigned, Nl,NG—dibenzoyl struétures

7
534) after the suggestlon of Khorana (94a), however, the.

i@a N -dlbenzoyl isomer was postulated recently (95)
| Treatment of elther 121 or 122 w1th tetraethyl—

ammonlum fluorlde in dry acetonltrlle at reflux for an

_extended perlodneffected epoxmde ring openlng by fluorlde,

After deblocklng and purlflcatlon on a- Dekker column

;(87), 9-(3- fluoro-3 ~deoxy- B D-xylofuranosyl)adenlne (123).

- was obtalned in over 60% y1e1d Physical propertles<=

(85) for a sample prepared by coupllng of 2,5-di-0-

benzoyl -3- fluoro—3 deoxy oy B= D-xylofuranosyl bromlde and

“'A6-benzam1dopur1ne mercury salt (14). No 2'-fluoro

. 50.

bensoate in7wet DMF gaVe5poor yields of'the desired T éyv S
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isomer (79) was observed 1n our sequence of 122 + 123
aithough a small amount of 9 B- D-xylofuranosyladenlne

(23b) was formed

-~ -

.-

' Sodlum benzoate ln hot DMF contalnlng some water

o (65) converted 122 J.nto a presu;ned mlxttﬁof mono and =

-dl-N-benzoylatedag—(3 5- d1-O-benzoy% 6 D xylofuranosyl)“
;adenlne 1ntermed1ates Wthh wereadeblocked to glve
: excellent ylelds of 9- B D-xylofuranosyladenlne (23b)
jtowafter Dowex 1 x2 (OH") chromatography u51ng MeOH HZO as
',eluant Further elut10§%§51ng hlgher concentratlons of
.fMeOH”gave a small quantlty of 9- 8 D—arablnofuranosyl—

adenlne (ll).~ Ac1d hydroly51s of 23b -and paper .

chronatOgraphy (96) of the sugar versus the four aldo-

'pentoses showed only xylose present (91) 'The.arabino <

product - 17 was shown tQ be, frée from the 1somer1c

23b by paper chromatographg electrophoresrs Over
a number of runs the ratlo of 23b to 17 varled between
1 10:1 and 20:1. The separatlon of these two. compounds
u31ng Dowex 1-X2 (OH ) presented no dlfflculty It has
"been reported (67) that the two 1somers 23b and 17

: acould only be separated 1ncomp1etel§3u51ng the same
type>of column- 'To verlfy thls p01nt two art1f1c1al
mlxtures of 23b and 17 with relatlve concentratlons of
11:1 and. 1: 11 were prepared anﬁ chromatographed using
“1dent1cal columns. In both-cases‘the separatlonh

‘was. clean and complete as shown by the uv absorption‘-



N

Y

"d the quantltatlve reco&eryu PreviOusly

o recorded p ical @nS s_-forﬁé are rather lll a
o e . - X i “ Some
AR, Bk . VR 75:?-.u

:defé}rned“ (4‘

imass spectrum (see Table l) agreede Jh the tabulation
.of McCloskey and co-workers (98) The meltlng poxnt,
~ 185° w1th decompoiftlon, is dependent on How 1t is
7heated and prev1ous values (43 44, 45, 47, 48) dlffer.;
The [a]D -67° (c 1.14, H2Q) ®f 23b is significaq;lyv'
more strongly levorotatory‘than recordedvfor othgr
_preparatlons (43, 47, 48). ‘All of those, however, -
';nvolved coupling procedures and anomer contam{?atlon
was;po951ble. This sequence of reactlons represents

'direct transformationlgfaa naturally occurrlng

1bonucle051de to lts xylo eplmer. .

| Treatment of 122 w1th sodlum a21de in hot DMF (99)
followed by deblocklng gave high ylelds of 9 (3- a21do-"
3- deoxy-s D-xylofuranosyl)adenlne (124a) A trace of

;presumed 2'—azido isomer was separated by column chroma-»

tographyt (87) and- 1ts structure was suggested by mass'

' spectroscopy Thls reactlon could be performed on the

‘unprotected epoxlde 31 with ldentlcal results. Catalytic :

" hydrogenation of 124a to give 9 - (3- am1no-3 deoxy B- D—

xylofuranosyl)adenlne (124b) proceeded smoothly. Thls

'_product is seen to be the 3' epimer of N6-bls(desmethy1)—:

1 .

,puromyc1n am1nonucleosxde.

53,

-



.Q ; * ' 54o .
It was noted by Goodman and,co-workers (71 68) that,:'f

- among the nucleophlles studled, sodlum benzylmercaptlde

"'_ was-glvrpg the more 972"attack (E;Z fpr,the anhydro'b_ fgﬁy
._‘sugar)_onngg,and'gé altnouéh for.il.no,cracé_of the_z?;
,isomer was fonnd.; Treatment'Of 31 WithWSOdinm‘benzyl'
fmercapfide (synrhesized in situf7in refluxing“nethanol :
gave almost quantltatlve ylelds of 9- (3 S-benzyl 3- deoxy-r’ :.na'
'B D—xylofuranosyl)adenlne (125) A trace of the 2' o
isomer, 9- (2 S- benzyl 2 deoxy-B D—arablnofuranosyl)aden;ne
(126) was separated by column chromatography and = ir:

its structufg establlshed by mass spectroscopy (See ‘table
l) and nmr (Hl, at § 6. 5 P.p.m., see nmr sectlon) ‘The

ratlo of 125 to 126 was approx1mate1y 12 1.

B'='adenin-94yl 'ffz gﬁ"
- Scheme XXIX
\



g‘;activityrof 9éB—D-xYIofuranosyladenLne (23b) has been

In order'to~assess the-utility‘Of 31 as.a starting .
_material for'the synthesis of 2' or 3'-deoxx;nucleosides

the reactfon of 31 W1th sodlum borohydrlde was 1n—~f3'
-'vestlgated Reactlon of - 122 w1thvlarge excess of«éodlum -
'borohydrlde in MeOH proceeded slowly at room temperature
to’ glve 9~ (3—O—methyl B- D—xylofyranosyl)adenlne (127)
'after deblocklng. Alternatlvely, heatlng 31 1n MeOH

dat reflux w1th sodlum borohydrlde proceeded to glve

‘good yields (77%) of {Ez w;thout apparent.cyclonucleor

side formation. 'An_analogouslreaction,nas‘been reported
very secently (100)7in tne'steroid series. No’2'-
'flsomer was detected by chromatography, the only by-
‘product belng 3'—deoxyaden051ne (16) formed 1n 8%
'yleld ,'Interestlngly,~heat1ng a.methanblrc sodlum,
methoxlde solutlon of 31 at reflux glves but a trace
of product mlgratlng (t. l c. ) with 127 plus materlal
not movlng from the orlgln,” Inhlbltory blologlcar'?

- ¢

'reported (48 101, 102) and the lnvestlgatlon of 0— S i

' methyl ethers of blochemlcally 1mportant nucleo—
r51des is of current 1nterest (103) S '_ "

Treatment of 31 w1th excess sodlum borohydrlde in
»98% EtOH at reflux gave falr ylelds of 3'—deoxyadenos1ne '
(16) Anlon exchange chromatography revealed!some'

LA

cyclonucleoslde fbrmatlon and thé presence of 9 (3—0-
. N ,\f’ : .
ethyl -3- deoxy B~ D-xylofuranosyl)adenlne (128) 'Th;s



sequence of reactlons prov1des an easy access to the -
| well- studled antﬁblotlc cordycepln (16) utlllzing B
' aden051ne (l) as. a startlng materlal Interestlneg,‘_

when SmalICamounts of sodlum borohydrlde Ln 98%

ethanol Were used lnstead of the usual large excess,,'

\\_Ehevseﬁoﬁlon of 3l qpve 128 in 70% yleld " Very llttle :

cyclonucle051de or 3'—deoxyaden051ne (16) were detected
| Treatment of the erude.product'from reactlon of
122 w1th sodlum<benzoate-DMF w1th methanesulfonyl S
-vchlorlde 1n cold pyrldlne gave a monomesylate, Wthh

'vi was converted to” 94(2 3-anhydro—8 D-lyxo%uranosyl)-_

pi,from;adenosine;(l) is thu prov1ded.f However, large_'

L‘ .

o scale preparatlon of 38

;‘3 q«éﬂrawbacks. Exten ed reactlon tlmes for the openlng

cf“

o the epoxlde rrng o 122‘W1th bénzoate resulted 1n:;?

partlal loss of‘ﬁﬁé*su ar benzoyl groups.. ThlS was

presumablyadhe to hydro 51s ln the sllghtly alkallne B

A 3

moisx medlum at 100° _Th*

_-w, XS

. by Baker and co-workers (65 durlng work on the i:i'

. openlng of the lyxoepoxlde

thls roﬁte suffered from_ '-ﬁ{

.56,

phenomenom has been observed‘aggv,nﬂ

.8 w1th the. same reagent under;'ggtr:

‘51m11ar CQndlthnS.d This loss of'the 3'-0—benzoy1 }f;l’,nl

group resulted presumably 1n t'; formation of small

.~

quantltles of a 2, 3'-d1—ffsylate 1n the mesylatlon step

Wthh, upon treatment wrth methanollc sodium methoxlde'aﬁze

LT

P

:v.'-’- . e

Y
Sole



e regenerated some of the startlng r1bo-epox1de 31 (54)
Separation of 31 and the lyxo isomer 38 is dlfflcuit

by 3111ca ger%bhromatography“und was‘lmpossihl' by the

usual Dowex 1 xz (OH ) procedure.e An alterﬁatlve'route :

RS .'» r“

~to. 38 was devrsed by‘Baker*and cd-workers (56) start-fr-

', 1ng from 9—ﬁwD—xylofuranosyl adenlne (23b) (see scheme

,-,If) Thélr procedure was adapted as fo&lows.rjlhe{f1i-:a.fafijﬂ

IR

deblocked xylo product 23b was transformed 1nto 9~i:;ffiv )

1

(3 5—0—1sopropy11dene-8 D-xylofuranosyl)adenine %32)
g %

1n quantltatave yleld usxngoz 2 dlmethoxypropane ln

.. . B -

'(Tde orlglnal procedure (56) called for ethanesulionlc
3 "t‘
;nbacetone) The 1sopropy11dene derlvatxve 32
ry talllzed readxly from 95% ethanol (*n an ether f‘ |

contalnlng desxccator) as a l 1 solvate w1th ethanol

%?(; as ev1denced by lts nmr spectrum and. elemental analy51s.’,f

heatfng these crystals at 110° for a week under hlgh

-

*“d“*vacuum resulted in’ Only partlal removal of the crystal-'

» llzatlon sorvent.{ The same problem was s&countered by
-Q_:other lnvestlgatqrs (105) It 1s 1nterest1ng to note

'];that the nmr spectrum (DMSOdd ) of 32 showed the anomerlc

'fproton as a s%nglet whereas it 1s a doublet (Jl, 2.'#'~5’:m

-y
o‘v*

“‘j}z Hz) in the paré&ﬁ compound 23b Mesylatlon of the

'7.:C 2' hydxoxyl group of 32 to glve 37 was reallzed u51ng
' o

'},methanesulfonyl chlorlde rn pyrldlne at room temperature,

a i .l T,,\

“?i‘the reactlon belng quantltatlve withan mlnutes as, ln-.V"

| HQ57;7

'i acetone WLth pftoluenesulfonlc acld as. a catalyst.-ak%h-'abd

[2Y)



dlcated by tlo. ARemoval°of'theffsopropylidenefgroup;
"to give 9- [2-0-(methanesulfonyl) B D-xylofuranosyl)-

;;adenlne (37a), was reportedly effected w1th some -

;'7d1ff1culty (56) u51ng 90% aeetlc acrd at 100° for 5 hr.,f:"”

'Use of 90% trifluoroacetlc acrd (106) gave'quantlta-3‘

,-tlve removal of the ketal rlng at room temperature w1thin _

'-'mlnutes.A Flnally rlng closure to 38 was reallzed by

R

'Q,treatment of 37a w1th sodlum‘methoxlde 1n methanol (2%)

at’ room temperature. A pornt of 1nterest 1s the ease

\) c

of cycllzatlon from 37a to 38 where the 1eavrng group

"at the C~2' pOSltlon is the mesyl group (in the xylo

uconflguﬁ%tlon) whereas cycllzatlon from 54 to 31
11where the 1eav1ng group lS chlorlne, occurred very slowly.

,The 1yxo—epox1de 3% was obtalned as a pure whlte solrd 9

3 yafter Dowex l X2 (OH ) chromatography (57), no purlflca- N

"»tlon of 1ntermed1ates was necessary Wheg thls frnal

chromatography step was lncluded in" the- procedure.-_rf

[} .
-#3“ It has been reported (56) that Openlng of the e

K B ¥ 1Y

y epoxrde rlng of 38 wrth sodlum benzoate in wet DMF grves

1-9 -B- D—arablnofuranosyladenlne (17) in- 54% yleld w1th T
| Ty
'only traces of the 1somer1c xylo compound 23b Wheh 38‘

was t"eated w1th sodlum benzoate 1n wet DMF (4% Hzo) iif cee

. at 100° for 5 hr and the crude reactlon mlxture placed
: on’ a Dowex l X2 (OH ) column, two products were obtalned.

?9—B—D~arahrnofuranosyladenlne (17), shown free of 23b

by tlc, paper chromatography and electrophoresrs,'rn a
e

A



yleld of 81% and the 1somer1c 23b ehown,pure by the
same methods, in a yleld of 6. 5% The arabinoside 17

had propertles con31stent with recorded values (56)

Its meltlng p01nt 265 266°'was hlgher than the reported .

values (56, 107) and 1ts Ea] —12° (c 0 i, pyrldlne)

more levorotatory than reported (107) Thls route ,via

) the lyxoepox1de 38 prov1des access to thls 1mportant

antlblotlc (108) from the naturally occurrlng ribo-, -

>

E ’nucle051de adenosrne (1) .

o the 2'—1somer 130a.‘ Reductlon of~l29a,to the

ercorreepondlng,129b proceeded smoothly.w: s T

Martfnez et al‘have reported:(104) the'reaotion of

38 w1th sodlum a21de in 2—methoxyethanol and found that

the ratlo of the 3'-az1do arablnocderlvatlve 129a to
1 l‘ . .
the 2'- azido xylo~der1vat1veJ130a was 15:1. Reduction
‘ } T D = i R
with’palladium-on charcdal gave the/e6rresponding?amino

LAl
_A

derlvatlves 129b and 130b. |

N

. N :
"-vIn an analogous fashlon 38 was opened with - sodlum

a21de in DMF- to give' 129a in 68% yleld and traces of

. L

59,



B = adenin-9-yl '~ .. T

sl ST

IR __Scneme XXX

.

/"

"fﬁilTreatme t of 38 w1th sodium borohydrlde ln methanol
! "

: _at reflux gave excellent ylelds of the expected 9 (3-

. 0= methyl B- D-arablnofuranosyl)adenlne (131) Column ,;f

’(2-O-methyl B—D—xylofuranosyl)adenlne (132), easlly

chromatography (87) permltted the separatlon of 9- _Jf'*vl __:;

,1dent1f1ed by" lts mass spectrum, (see taple 1 ‘and - mass

LA

' spectrum dlscu551on) and 1ts nmr spectrum. The ratlo

N

P

- of 131 and 132-was approximately 8° to 1. Interestlngly,"

) <
- LN Q)
S . .
: o -



in trace-amounts.was-

, 1dent1f1ed as. 9 (2 deoxy g~ Drgggggfpentofuranosyl)adenlne
(133) |

. When 38 was treated w1th sodlum borohydrlde 1nv
. ethanol at reflux the major product,‘obtalned 1n 65%
yleld wﬁs 1dent1f1ed as 9 (3 deoxy- L -D- threo—pento-.
furanosyl)adenlne (134) 'It ‘was p0551ble to separate

the 2'-1somer 133 as well as a trace of 9- (Beo_ethyl B D—

h_ arablnofuranosyl)adenlne (l34a) by Dowex chromatography

\\
\

The ratio of l34 to 133 Was lo to l

’_Here, aSASeenvfor the riggfepoxlde»gl,fthere ls’
: comnetitiOn.betweenutwo typea of nucleophiles: the
~~hyd‘z.‘i._de};vi.on and the_anlon derived,from‘the'solvent;
In’the case of’the_lygg-éioxide 38 the_greater_steric 
ease of attack‘at C-Z'*gives‘positional isomers also
: The two deoxy isomers 133 and léi have been synthesrzed
: by Goodman and co-workers (92)'by‘an 1nd1rect route h
from the lz__—epox1de 38. Opening of 38 with sodium
: benzyl mercaptlde gave two 1somer1c S—benzyl derlvatlves
Whlch were desulfurlzed with. hydrogen and a nlckel
N vspongef(Raney nlckel) catalyst to glve lii»and'léi in
ylelds of 46% and 10% respectlvely. { o |

ﬁeactlon of 38 with KHF2 in. ethylene glycol was

' ‘repor ed (109) to glﬁly 9- (3 fluoro 3-deoxy- 8- -D-
' arabl ofuranosyl)adenlne (135) and it was of 1nterest

to i vestigate the behavior of.gg when treated with

23

61.
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o

' tetrae‘%hyla ’%m.um fluorlde 1n acetonltrlle at reflux

Thin layer chromatography (t 1 c ) 1nd1cated dlsappear— ‘

] ance of the startlng materlal and appeanéﬁce of two Fe s

F- valu S. . The two
»

products wereupartlally separated,by.3111ca cel chro-'

new products of almost 1dent1cal R

matography and shown,vby mass spectrometry, to be the

1somer1c l35_and 136. " The flrst compound elutei from'

the'columhp(136)fwasiobta1ned_pure~and,lts structure .

-confirmed‘by lH n;m,r. T r.?f'

€2,



B. ;’.:’SYNTH'E-SIS'AND 'TRANSFORMATION OF TUBERCIDIN EPOXIDES

- INTO EPIMERiCvANTIBIOEIQ"STRﬁCTURES..

The,application of the reactions de5crihed above

fk for the aden051ne (l) serles to the tuberc1d1n (19)

4 ),d z‘

e yadéhos1ne analogs men 1oned have apprec1able blologlcal

%:gs was of con51derable 1nterest. Many of the 3

act1v1ty and blochemlcal 1nvestlgat10n of the correspond--
s/

-41ng tuberc1d1n derlvatlves WOuld be’ 51gn1f1cant by

“analogy As well the prev1ously né&bd reSLStance of

tuberc1d1n to enzymatlc deamlnatlon remoVes thls potentlal

L
‘ route oflblologrcal 1nactrvatron.- Another p01nt to be"

noted is ‘that whereas an alternative'method of synthesis

‘v"{ .

(coupllnﬁ procedure) ex1sts for the aden031ne analogs,
b

this ls not the case for the tuberc1d1n derlvatlves
*whlcg re not practlcally amenable to base-sugar (or
"fraudulent sugar) coupl1ng procedures (110) ‘ Although
S g,

_the plvalylchlorlde pyrldlne reactlon w1th 2' 3'-0—

,methoxyethy11denetuberq1d1n is successful (88),_the .

SOdium methoxide”treatment required for'obtaining the *

\ .
.correspondlng epoxide, 4- -amino- 7 (2,3- anhydro 8 D—rlbo—

f furanosyl)pyrrolo[Z 3 d]pyrlmldlne (58) (2, 3—anhydro—
tuberc1d1n), appeared to cause exten51ve decomp051tlon.
Treatment of tuberc1d1n (19) w1th a-acetoxylsobutyryl

‘/[ chlorlde (47) at room temperature in the’ presence of
excess'sodlum 1od1de (60) gave quantltatlve ylelds of
N the 1ntermed1ate 51 AScheme XII) .Deb;ocklng w1th1 |



@~~~ i' o

: methanollc ammonla at room- temperature gave concomitant
. PJ -~

qepOxlde formatlon.. It 1s 1nterest1ng to note tha€
.epoxlde formatlon ‘ m the 3'-chloro analog 57 (or the _
3'hbromo) was reported to ‘be very slow under 51m11ar
””condltlons (61) Rapld chromatography of thls reactlon
mrxture over silica gel gave the de51red 58 1n good o

| yrelds. "Rapid crystalllzatlon of thlS product from
‘_-ethanol (in a‘de51ccator contalnang ether) gave the
.analytlcal sample of 58 Its meltlng range was falrly
small 170 l73° and 1ts 1H nmr spectrum had Jl' ot and

7;3, 4, 0 (61) However, 1t is extremely susceptlble

‘to. decomp051tlon on standlng, elther dry or in solutlon.

Decomposrtlon of 58 ‘in solutlon could be followed by th1n K

layer chromatography (t. 1 c. ) very ea511y Evaporatlon
‘ .
of such a solutlon of 58 and drylng of the re51due

‘under vacuum gave a SOlld whose mass spectrum contalned
a peak at m/e 238 (formula Clo l,4N403 by accurate ‘mass
'»measurement) add another peak at m/e 221 (formula'

C10H11N3O3 by accuvate mass measurement) By analogy

: w1th the aden051ne case (Scheme XXVII) these two compounds '

.could begblsuallzed as I and Il.

—\ o : R
. . . .
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Tt 1s 1nterest1ng ‘to. note that, although the peak J:fa

Y -

'at m/e 221 does not ex1st in the mass spectrum of pureg

58, 1t was present 1n the reported (61) mg#s spectrum .”

~of 58 and attrlbuted to the loss of HCN from the

parent 1on.f It seems rather strange that thls unlque’

fragmentatlon takes place for: 58 whereas :in all “l'f“

"reported cases (98) the loss of HCN always arlses fromf

the B+H 1on (see mass spectrum dlscu551on) An alterna—‘

‘tlve explanatlon for the présence of thlS'peak'at m/e«v
,221 in the reported mass spectrum is suggested by the‘

' above results 58 could have been partlally decomposed

- to I whlch in turn could glve rlse to Ti. . ”d}u S

, By‘deblocklng 51 w1th methanolic ammohiafat.-20°

_ .1t was p0551ble tb prevent epox1de formatlon and 4-
.amlno-7 [ 3—1odo- -deoxy B D-xylofuranosyl]pyrrolo—

' ‘[2 3 d]pyrlmldlne (137) was lsolated in good Y1eld

' 6\ - . ’ O

~ s - : . . AN
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Scheme XXXI
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‘Although the adenine ribo-epoxide 31, like 58,

' was sub]ect to decompos;tlon via cyclonucle051de
. L
fjformatlon lt could be used dlrectly as a startlng

materlal for a number of: reactlons 1nclud1ng reactlons.

,.w1th sodlum borohydrlde in alcohols.n However, when
ﬁ”f58 was reacted w1th ‘sodiuh borohydrlde 1n methanol

g only poor ylelds of 4-amino-7- (3-O—methyl B -D- xylo— )

‘ furanosyl)pyrrolo[Z 3= d]pyrlmldlne (138) were obtalned.'

35161m11a;ly reaotlons of 58 with sodlum,borohydrlde'

‘”Ufih'98%fetﬂanol gave-4—amino—7-(3edeoxy~B4D— rythro-
_~3pentofaranosyl)pyrrolo[2 3= d]pyrlmldlne (139) in but
173 y13;”1 | | - |

Treatmeqt of. 58 w1th benzoyl chlorlde in. pyrldine

at room temperature gave an N N'OS —trlbenzoyl derlva—

"tlve, 140 ThlS readlly crystalllzable compound was'
ivcompletely stable at room temperature.~ Sodium benzoate




¢

S .

1n hot DMF contalnlng somé water converted 140 1nto

a mlxture of 1ntermediates.l Deblocklng w1th methanollc
¥4v~sod1um methox1de at room temperature gave a crude product
which ‘gave two well separated products (Dowex 1-X2 (OH )

»chromatography) 1dent1f1ed as: 4= am1no—4—(8 D-xylo—b

furanosyl)pyrrolo[z 3 d]pyrlmldlne (xylotuberc1d1n) (14 ),

in 69% yleld and a small amount of 4 ~amino- ~7-(8-D- ara-
‘ blnofuranosyl)pyrrolo[Z 3~ d]pyrlmldlne (arablnotuber—
c1d1n) (142). o -{ o

£,

HOCH

43 om0 141

W
f

4~ Amlno 7—pyrr01012 3 d]pyrxm1d1n-7-yl

.g dlbenzoyl 4*am1no— —pyrrolo[2 3 d]pyrlmldln 7-yl
R = CO¢ - Scheme FXXIT
‘Bhe latter was 1dent1f1ed by comparlson, 'ing

thln 1ayer chromatography (t.1l.c. ), paper chro atography,
| electrophoresxs, mass spectrometry, and lH n.m.r.
s spectroscopy, with an authentlc sample of arablnotuber—
ICldln (142) 'In a number of these reactlons, the ratlo

of 141 to 142 was between 20 l and 10 l ThlS surprlslng
%
' result constltutes the flrst reported nucleophlllc

displacemnnt at the C-2' of tuberc1d1n (19) ‘_Itvls in-

LY
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by'apg}ec1able cyclonucleos;de formatlon as 1nd1cated

'by a u. v. absorptlon at-m 305 nm. Xylotubercidin-614l)_

has a meltlng p01nt of 223 224° and 1ts [a} 41359

(c 0.5, DMF) s strongly,levorotﬁtory as expected.“lts
H nmr (H | t § 5.94, Jl"é' N 2 Hz) and mass spectta
(see table l) were similar to those of xyloaden051ne‘

-

(23b). ThlS'close resemblance between tuberc1d1n and -

) aden051ne analogs was found to- be qeneral

Treatment of 140 w1th sodlum a21de in hot DMF (99),~f

followed by deblocklng gave fair yields of 4- am1ho—7-
(3-a21do 3- deoxy BeD—xylofuranosyl)py;rolo[2 3- d]pyrlml-
dlne (143)« No 2'-1somer was detected by column chro-'
matography ' -

The lyxo-epox1de of tubercxdln, 4-amino-7-(2, 3—

anhydro B-D- lyxofuranosyl)pyrrolo[z 3 d]pyrlmldlne_( 4)

was: obtalned by the route (Scheme IXa) used for ‘the

s correspondlng adenlne lyxo-epox1de (38) Txeatment of

141 with 2 2—dimethoxypropane in acetone in'the'presence :

of E—toluenesulfonlc acid gave quantltatlve ylelds of
the 1sopr0py11dene derivative 145. This crystalllne

compound showed the same- tendency as - 32 to retaln sol-

vent molecules. - Its 1H .nmr spectrum contalned a 51nglet :

for the anomerlc proton peak analogously to that of 32.

‘68;
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5Mesylatlon of the 2'—hydroxyl to glve 146 was effected

<at room temperature by reactlon w1th methanesulfonyl

x., —\.’\

chlorade in pyrldrse. Removal of the 1sopropy11dene
group,. to glve 147, occurred at rooJ‘#bmperaturedln
trlfluoroacetlc ac1d (106) ~The 1yxo—epox1de 144 was

" obtained by rlng closure w1th methanollc sodium meth—‘

gbx1de and purlfled by Dowex—lXZ (OH ) column_chroma— "

tography The relatlvely mlld condltlons.used/ln thls
'reactlon sequence are partlcularly sultable for this

sen51t1ve antlblotxc serles._

- Scheme IXa -

Treatment of 144 w1th sodlum benzoate 1n hot DMF contaln-

,1ng some water effected the openlng of the epox1de rlng 1nv

gpod'yleld.: Column chromatography (87) on Dowex 1- X2

(OH-)'gaye-two well separatea compqunds:. arablnotuber—f_

%
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c1d1n (142) and a small amount of xylotuberc1d1n (141)
\

The aPProx1matef~at10 of 142 to 141 was 17 l.A Arablno-*“"

tuberc1d1n (142) had a meltlng p01nt of 125° 126° and

'dgiﬁs [d]~ = +6.9° (c 0 50 DMF) was 51gn1f1cantiy more

dextroratory than that of arablnoaden051ne (17);N~Its o

S 1

H n. m. r. (H at 6 6 42 J. = 4 Hz) and f

ll 2! as's’-' /,

spectra are agaln closely 51m11ar to those o

aden051ne (17). ThlS sequencel of . reactlons 1llustrated e

the transformatlon of the naturally occurrlng rﬁbo
tuberc1d1n (19) 1nto lts xylo and arablno lsomers._ﬁ

'h‘ As noted earller, the tuber01d1n compounds syn-

“1 the51zed in- thls work present close analogles 1n

structures (as ev1denced for- 1nstance by thelr nﬁt
and mass spcctr;3dw1th thelr aden051ne analogs It 1s
not unreasonable to expect 1nterest1ng blologlcal

propertles for xylotuberc1d1n (141) ‘and arablno-';ﬁ

tuberc1d1n (142) 1n v1ew of the blolog1%a1 act1v1ty

- of xyloaden051ne (23b) and arablnoaden051ne (17) | Also,.iu

f\a serious 11m1t1nd factor w1th ZBH and 17, namely

| blologlcal 1nact1vatlon via) enzymatlc deamlnatlon,f
should not preva;l for 141 and 142 51nce 1t is knownfv
that tuberc1d1n (19) is not a substrate for aden051ne
deamlnase (39) A 4
LIt i€ clear ‘that the epox1des 31, 38, 58‘and:144
~are convenlent startlng materlals for the lntroductlon'p

of new functlonallty at. the C 3' and c-2' posxtlons;-

e

arabino-

4



‘A_It was 1nterest1ng to brlefly explore the 1ntrodu*tlon

«;of new functlonallty at the 5'-posrtlon of the sugar

_ Treatment of 31 Wlth H;toiﬁenesulfon;l ehlorldeﬁln.
- ;cold pyrldlne gave hlgh_ylelds of 9’[5-0-gf(toluene—.
f}ﬁsulfonyl) 2 3—anhydro—8-D—r1bofurano$yl]adenlne (148);
"5LUnfortunately thlS materlal was unstable 1n solutlon»

'g(see nmr dlscu531on) due to N3+5' cyclonucleosrde L

. | O
.:formatlon‘-- an lnterestlng résult in v1ew of the re-

!ported (lll) 1nertness of the 5‘-0 Eftoluenesulfonyl

‘<

‘derlvatlve of the 1YX0‘epox1de 38.._e”

In conclu51on, 1t can be sald that the preseth

o work prov1des convenlenf“écess to members of an

\

‘1mportant class of nucle051des, the nuc1e051de epox1des.

e 19,

lThese compound are versatlle startlng materlal for
'”further modlflcatlon of the carhohydrate m01ety;

Certaln analogs of blologlcal 1nterest have beénl\

. prepared in the aden031ne serres as well ‘as - certaln

'tuberc1d1n analogs of 51gn1f1cant potentlai blochemlcal
4 S

vutlllty.' Addltlonal work in thls serles should pro—’

“y

'v1de routes to varlous other 1nterest1ng compounds.

5
N
; /

I
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.;}C; MASS SPECTRAL AND NMR OBSERVATIONS.,

| In 1970 McCloskey and co—workers (98) pubklshed »’-l?’

a detalled study deallng w1th the mass spectrometry of '

A

,adenosxne analogs. ThlS study prOVlded an assessment

%
:?’"»‘.

Jof the structures and mechanlsms of formatlon'of the
prlnc1pal fragment 1ons in nucleOSLdes and str ctural
'[analog mass spectra. The compounds stud&ed wete

N\
structural varlants of a slngle base adenlne. The syn—.

the51s of,a;.,§ '-of adenos;ne analogs, as well " as .

o

fsimilarfanf uberc1d1n (19), is. descrlbed in thiS‘f‘»v

Ludissertat}‘ gk ffore, in the 11ght<€?-these new -

examples, TS, 1nterest1ng to summarlze some of the

“more 1mportant concluSLOns reached in thls publlcatlon

The ‘more structurally s1gn1f1cant 1ons con51st
of the purlne base, here adenlne, (or of the 4 amlno—
' pyrrolo[z 3- d]pyrlmldlne base in. “the” tuberc1d1n derlva— iR

tives), plus varlous portlons of the sugar skeleton.

Wlth a few exceptlons, the sugar fragment pér se (10n-$)
' plays a mlnor role in the fragmentatlon of aden051ne

analogs. Loss of hydroxyl radlcal ﬁrom the molecular S -

ionM to yleld the mlnor ion a is observed in most

spectra; however, a*spe01f1c hydroxylvgroup does not.

appear to be 1nvolved and therefore thls lon ls of no jhf v”,h

_ structurally dlagnostxc value. Ellmlnatlon of formal-

dehyde (30 mass unlts) ‘occurs by proton transfer from

i B . Y/"

_ﬁ/(

L -
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pﬁithe 5'-hydroxyl group to the base w1th concomltant loss i ///;//
%pof C-S' (H CO) to’ provrde ion Q, whlch is ‘an 1mportant
.structural lnd“i%tor of the 5 p051t10n ThlS‘lon c' f ol

',1s usually very ea51ly detected whatever 1ts relatlve

'lntenSLty, blnce lt occurs in the hlgh mass reglon of

.the 5pectrum wthh 1s usually unobscured by other frag—
pentatlons. The prbposed domlnant route for ion ¢ is .. ‘)
'fdepiCted,below: B C

v ™t

- RN
_ > C=0
e ’/ S
"M ' c T T
N . Scheme’ XXXIII I
: o A : . Voo o
It . .'. o : o o ) : ! 1 4
D BRI . ‘~' o _ ‘ fe .

From table (1) 1t 1s clear thétiﬁﬁfczls hotipresehtuiufw C

»

P

the’ spectra of 32 145,»_1 146 148, 121, 122,’and 140 o L
whlch do not possess the free 5'—hydroxymethyl gfbup x - /f e

ihls ‘lon- 1s also notlcably absent in the spectra of a. p:_-;

,few other compounds:w 56-*137, 124a, 129a,_143 37a, 147

o~

These compounds apparently lose a sugar suQspltuent

A *(ln most cases at: c- -3' or in two examples 37a and 147

5 0 ) '

at c-2') before Aon g is formedu Loss of the CeSf,'
,®

'. =



EE
4 v

moiety (M-CH OH) by sxmple cleavage to glvevan 10nmw1th
,the 4'-radlcal center stablllzed by the rlbose rlng-
Aloxygen occurs as: a mlnor but general process W;fii
0f major structural 51gn1f;cance is ion g, whlch-
loccurs at a- mass value equal to the mass of the base
;(B) plus 44 mass unlts i the case of aden051ne (l)

When the base 1s adenlne, d 1s at 178 .mass unlts (177

- for the tuberc1d1n derlvatlves) _ Sinée ion d contalns

‘carbon atoms 1 and 2' plus a rearranged’hydroxyl

hydrogen on the base, it ShlftS accordlng to the mass~
of the c- 2' substltuent 136 a appears at m/e 180,
in 54 at m/e 196, in 132 atl\'n/e 192, 'in 133 at m/e 162_.
Thls ion permlts qulck 1dent1flcatlon of 1somers o

’ obtalned by nucleophlllc openlng of the epoxxde txng* ‘

Attack at C- 3"w1ll glve a compound possess1ng ion d

~at m/e 178, whereas the C- 2' lsomer w1ll have no peak.

~ at m/e 178 but possibly an LQn d at a dlfferent m/e

"rabue The experlmental data collected bx McCloskey h

;show that more than -a 51ngle meghanlsm ex15ts for the

—~'.v
e

) general;tran51tlon M+d The three propdsed mEChanlsms.

“are deplcqu b low-"' :

-

74.
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McCloskey preferred g3 for-the structure of thls 1onv

- «v\

51nce 1t is better su1ted than d2 for further
' {

pOSlthn to elther e or B*+ 2H Slnce a free

hydroxyl is requlred for the postulated route

'compounds w1thout a 2‘~hydroxyl were thought to proceed‘

decom-»
20—

M > di.

- through 92 from whlch creatlon of 1on f 1s dlfflcult

e

_—

whlch do not have a lablle hydrogen(%t the 2‘ﬁ9051t10n 5

)

ftthan the mass of the base (B), whlch contalns

to env1sage.v However 31 - 38, 58, 144 132, 37a, 147

B were found to grve a slgnlflcant ion f. A character—

- istic and abundant ion occurs 30 mass unlts hlgher

the .

"'base, C‘If“and‘the sugar ethex~exygen The utll:x.t..y__s:z,ﬁ_w

»

"4

this ion h re51des ln reflectlng structural changes s

PRV

—

4

Ve

C—l' _ Based on the reduged abundance of this ion

=
1for compounds unable td Trovrde Q‘Z'—hydroxyl

N

the follow1ng mechanlsm was proposed.

Scheme XXXV:

~

o i

hydrogen,f? .%“

Q!

Thls is of 1nterest 51nce 31 38, 58 44 132, 37a,.and7

’ 147 whlch don t have a labile hydrogen at the

rhglve very 1ntense ions ﬂ&' WO’ more mlnor ‘but |

ot

2'-p051t10n
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characterlstlc peaks whlch occur wxdely 1n nucle051dev'f‘

, mass spectra ‘are- ion 1, whlch con51sts of the base

plus 60 mass units of the sugar, and lon 3, whlch is

_obserVed 56 mass ‘units hlgher than the base fragment,

‘;, McCloskey and co-workers’ also showed that massu

fspectrometry was partlcularly useful for the dlfferw

Jd
entlatlon of o methyl ngcle031des and 1n partlcular

for: the 1dent1f1catlon of 2'-0 methyl derlvatlves

As expected, certaln ions (§+H, B+2H cf g A ) are-

“?bund at the game values. for 2'-O—methyl and 3 —O—

M*m'nethoxyl on €—2L~was establlshed\by comparlson o‘ ions

T

methyladen051ne., However, unamblguous locatlon of the

L.

’ £ U
1 4 <

d and h Slnce h occurs at m/e 164 1nd1cat1ng no

addrtlonal substrtutlon at C= l" the Shlft of ion d
) I
from m/e 178 in 3'-O~methyl derlvatlves (see for.

v

example compound 127 1n table ‘1) to m/e 192 (see com-

‘/ 7

pound 132€1n same tabIe) confrrms methyl subsgﬁtutlonh\,

7 "1n the c- 2J grOuplng Ion: d further loses the O 2‘

. methyl grdup tov provrde ion v, m/e 177 (see 132 in

0.

‘
e

¢ \

)

./~.table 1) Ion h,was fouhd by McCloskey to be reducedh

X

in abundanbe 1n the'spectrum‘of 2'~O—methy1aden051ne_? :

\ RYRL

% Nuit
\?compared w1th that of 3'-0—methyladenps;ne,£g result

Wthh was 1nterp*eted as. 1n accordance w1th the pref—'

\ -
R -

etentlal 1nvolvement of. the 2'—0 hydrogen 1n formatlon

of that 1on, as prev1ously dlscussed It is lnterest—-

71ng to nobe that 1n 132 1on'h was mhe base (100% R.I.

),,:.,;f L
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"‘:1zatlon., It would thus seem p0551ble to-use thlS

‘.51des. Thls 1ntense (42 5 of $ R.I.) peak was in=

jnucleosnge massﬂ
"ﬂgse (deprqtona

B+2H The m/e v‘

determ@gatlon of unknown molecules., There lS no

.1on.4 McCloskey also found an 1ntense peak at m/e

146 (ion.¥W), attrlbuted to the sugar fragment less one 4

hydrogen, characterlstlc to all 2‘—0-methylated nucleo-,t

' deed found in 132 thus confarmlng unamblguously thé

‘p051tlon of the: methyl group,

;G \Perhaps the most generally characterlstlc 1ons in

'f-c ra are those representlng the

es for these fragments represent the

¢ B2 '

7

base portlon of the nucle051de and.thelr 1dent1f1catlon

can, t@erefore be extremely 1mportant 1n the structure -

:ev1dence for a general fragmentatlon path leadlng to

B s

iB or BtH The B+2H-1on can come from at least two

\4 -'

4
v

“sources. from 1on d2 and from 1on h Interestlngly

\

the ratlo of B+H to B+2g was found (112) to be constant’

: ratlo as a characterlstic of a partlcular'compound

B 1,.-.

'fgratlo ;s for the dlastere01somer1c palrs 23b and l7
‘-.and for 141 and 142. It could reasonably be expected

E that changes 1n the orlentatlon of the sugar hydroxyl

1nten51ty of a gLven 1on. ThlS was shown to- be the

1

/f.

Lover a 50° range of temgerature durlng sampledvapor—’;:t

'ipwgroups (or other groups) wouLg lead to varlatlon in the

©.0n 1nspect10n of table it ;s seen how dlfferent thlS ‘

L3t

78.
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’,~McC105key (112) is as depicted

4

uFurther ellmlnatlonaof watef%&rom m/e 220 produces' he”

case ‘and although such varlatlons between 1somers exlst,

McCloskey was only moderately successful in hlS attempt

to correlate 1ntensxty varratlon w1th a partlcular

hstereochemicalvchange.- A ubiquitous fragment ioh‘of‘

.".. L)

'icompounds«posseSSLng a lablle c- 3' group such ‘as’ 56,

- 137, 124a, 129a, 127, l3l 128 appears at m/e 220 (219

for tuberc1d1n analogs) The mechanlsm proposed by

e

vfscheme XXXVI

AR . . - - . o . e
4 - . el -y

;haromatlc secondary product furan m/e 202 This 1on at

' Y
; m/e 220 1s of dlagnostlc value when stqulng the mass

)

spectrum of compourds resultlng from the openlng of

nucleosxde epoxldes sxnce 1ts presence is addltlonal

R

proof that substltutlon has occurred at c- 3. ‘,The first

, o\

- 790"
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1oss from the parent ion was 31 mass unlts (rather than

::f30M,and the peak at m/e 219 was blgger than that at )

/e 220 in certaln of the compounds posse551ng a C—3'{'

, e

.'group (espec1ally pronounced in. the caSe-of a hydroxyl R

group) in the xylo conflguratlon (for example 23b 141,

]

3, 136 133) o e NS

g s .
In conclu51on, mass spectrometry is an extremely

:;.»valuable tool for the 1dent1f1catlontof adenosfﬂe

analogs such as those prepared 1n thlS dlssertatlon.

I

Thls very sen51t1ve determination reqguires only mlcro—[

gram amounts of product. A 51mple 1nspect10n of the“n

-—:—maSHpect'Lz;gum @emts one. to_drscoxer_lf_thé compound

80{

;lS modlflé% on ghe base, at -the. C 2'> C—3' or C—S'

pOSltlon of the sugar, or- any comblnatlon of these.

‘With furt er model compounds and experlence, one can

recognlze a partlcular conflguratlonal somer 1n these

if

v . . Lo *
1
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Nmr spectroscopy has been wldely used 1n nucleo- SO
'151de chemlstry and ln partlcular as‘a tool 1n the ;7.(:rs,,;;

~i5de’/ym1natlon of anomerlc conflguratlon (113 114, 115)

‘It has been determlned (116,_417) that for furanoxd
d:derlvatlves, the dlhedral angle between nelghborlngy" .

[ SN

‘>or v1c1na1,.c1s hydrogen atdns‘as w1th i- and nelghborlng':}

'?trans hydrogen atoms as with. 11 may vary between 0 45°

id?and 75° '165° respectlvelyﬂ't'_‘ _f.ff S .b;f 95‘ L b-:‘;,foA-.5-;
/I: A . e )
/1 X b :
A i Y
. v
v i
1 1
e .
b , AR
. e o Y
i = a-D _ii = 8-D o

e

“U81ng the Karplus equatlon (118} 1t has been predlcted

6’ “.‘.

;that the observed coupllng constants (J ) w111 be 1n'

S

the approxlmate range of 3. 5—8 0 Hz for the a—D (1)

';case and 0.0- 8 0 for the B D (11) case. Thrs'31tua€10n

A}

'”7‘fencountered vis a v1s the Cl'—CZ' protons in the B

=.u-D and the(B D ‘case. 13 81m11ar to what 1s found ln ':"f.,“__';;,
' the products resultlng from the openlng of the epoxldes-'

' fd3l and 38 w1th nucleophlllc reagents (see scheme XXXVII)
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~ . B = adenianfgli S
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- The u-n‘(c1s) 51tuat10n is obv1ously analogous to casena,,ul_

b and c and the B D (trans) 51tuation tosa and d.

Recent studles (113 115) hawe“eéﬁgpllshed that the

.'T trans assxgnment should be apﬁ%;ed ‘with certalnty

o
only when the coupllng constant (Jl, X,) 1s < 1 Hz'f

In order to obtaln a coupllng constant that conforms

3

to the foregoxng requlrement the formatlon of 1so- t

propylldene derlvailves is a well*kgown procedure.t'For S

B

B example the coupling constant (Jl. l) observed for

adenosxne (1),15 NG Hz, and fOrmatlon of 1ts 2.?3‘_0_

isopropyl;dene derlvatlve dlmxnlshes'thls coupllng

%




However, formav ]ﬁ

/4 . '~':>‘ll R

) /rlsglts in“a 51nglet for the anomerlc proton peak thus ot
1\’3' 4\/“ ﬁ_ . b‘ "
R
“ {5
"5,9%ph3ttthe g&aksaSSLgned to the anomeritc protOn of a’ ‘fw'fwva |
o e oI TR I g
"éﬁ'éb JCZ' Erané nucle031de such as a or d appears at- ,' @ [
S A 7
R 3 ~ .

ng peakwof a. cxs nuclé091de.f Thls is clearly 1llustra—*'

;zi {‘ -in table 2 whlch shows thé p051t10n of the anOmerlc

Lot CRANYT L
' groton and the coupllng‘constant Jl' 2, for palrs of
. N

' xylo and arablno 1somers. As expected the coupllng ,\ ey !

constant is usually blgger for the arablno 1somer than ;" '&%ﬂ;

T N\ '
for the xy o lppmer, but thls lS not always the case. v .

[
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17 and proceedlng to the lyxo-epox1de 38 v1a 32, 37 and jf~'

It 1s 1nterest1ng to note that the rule" seems also to »

hold for the palr of tubercmdln analogs 141 and 142

-«

The use of nmr in conjunctlon w1th mass spectrom—f"'

s,

tabllshlng rlgourously

try was also of great value in

.

'N L
'egstructures of the 1ntermedi§ es 1n the reactlon;ﬁ

37a (see scheme IX) As mentloned above, reductlon 1n ‘
the coupllng constant of the anomerlc proton accompanled

the dlsappearance of the peaks correspondlng to the C 3'f

and C-S' hydrgsyl groups cleariy lndlcatlng the forma—' =

tlon of an 1sopropy11dene rlng 1n 32 The appearance:

f.of two slnglets in: the methyl absorptlon reglon conflrmed |

R

thls structural feature. Fo:matlon of the 2'-0—mesyl

derlvaﬂxve 37 was clearly 1ndicated by 1ts n.m. r. spec--.

" .';) )

o mmEs

-~ Nmr Evidence of a ReactiohfSeguence:’h

23b7“. 32 - 37 37a

—d—ua

'_'..(J 2.—2 Hz) L(g_l._»__z.éo.)v" (J =0)
; v

1 5 8. 5.977 _'-;‘_6 35‘. o _6‘-24-’ _
gt 4 35 R L5.27. 5.39"
| | Y ¥t S TR

s RN

sn BT

B R

SRR o



As ‘can be seeanrom able 3, the greateffe;

‘ddownfleld,shlft (0 87 ppm) was observed for the H2,

7':fproton of 37 as expected w1th an estlmated downfleld

e Shlft (mo 4) almost equal for the H,

ll
7lIn addltlon, the appearance of a new SLnglet (3
h.fprotons) and dlsappearance of the C 2' hydroxyl were'-ah“'

"”supplementary proofs for the proposed structure, 37

Flnally, removal %f the 1sopropy11dene rlng, to giwe

' 37a, was 1nd1cated by the appearaa ffa coupllng fv

i between the anomerlc and the’l-l -2'- vprotons, loss of the_'

' 7hﬁtwo 31nglets correspondlng to theumethyl groups and

Ithhe presence of a two hydroxyl absorptlon peak., Once'

)

"fv?again 1t c be seen that the”'axlmum deshleldlng

- ﬁfpared to those of 23b, was for Hz, ‘as expected

Tl

'71(A6 ml 0 ppmr' for the varlous protons of 37a com—: o

and H3, protons . PR

‘ Sy TR R
. s

| Another example of the use of nmr for structure

"feluc1datlon was proV1ded by 9 (S-O-Ertoluenesulfonyl-i"p‘-
| ‘2, 3 anhydro«B-D-rlbofuranosyl)adenine (148) It 1s |
known (125) that 1n the nmr spectrum of 2'3'—O~1so-f'\7

;propylidene aden081ne (DMSO-d ) and 1n theTspectrum -

.—v.; .

'7ihofr1ts 5'—O-pftolylsulfonyl derLVatlve, 1n CDCI?, the

\.181nglet peaks corresﬁondlng to the C-2 and C—8 pro-}
] i*tons appear essentially at the same place, respectlvely,

\'6 7. 9 and 8 25 ppm., H”,ever, the spectrum of the same

compound 1n DMSO-d show

=

- ."_‘-5..'-

'?_ which indlcate that'Nseé-s' anhydronucleoside formation fd"l '

- ..

o A]._ \.‘,. : ‘:.
wo
b

very sxgnlficant changes T_glf"/'H
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{he peaks assigned to- the protons on C~2 and C-8 are e

now dbserved at ‘8. 66 and 8 78,<a.szgn1f1cant Shlft
downfleld The peak at 6 47 correspondlng ta thg

| exocycllc amlno group is also replaced by a very

5

broad doublet at 9 48.; The peak correspondlng to the ‘ﬁf "3f"




) ff;#~ - ?unf.uiz Do
i . R =y
fg;anomerlc proton was also found to be shifted down- S

'7f1eld A parallel behavaor 1s exhiblted by L48._“In ;p,ﬂJ,H;t

-
"

‘uﬁtge spectrum (DMSO- ) pg the ﬁnboaéSBdee 31 the ‘ﬂ

! ; N g
_'anomerlc proton appears at’ﬁ zzfahd the C—2 and C-B"' L
S s ".'LQ[V
R protons, respectlvely, at 8 13 and 3 35‘L Th% spect e_n,. #

‘=xi:of 143 1n CDC13 (contalnln the mthmalnﬁpouﬁt Of s;ééf:

fW;;fDMSO-g6 necessarybfor solublllty) showed these three

SN peaKs at 6 20 8 02 and 8 18 reSpectlvely However,-'
N i .
1n the spectrum of 148 1n DMSO §6. the anomerlc proton

-upeak shlfted to 6 55 and the C 2 and C 8 proton pea@#

o
;hﬁ.h}to 8 5 and 8 75, respectlvely;: Thls ¢1early shows the }?'
';- aeasy formatlon of the N3*C-S';cyclonucle051de, a result ;f
' ‘;icorroborated by the observatlon of a bathochromlc Shlft -

; ;(12 nm) 1n the uv spectrum.;d *gf::' J‘:J‘""l"- dké ‘»:

Thus, nmr spectroscopy has proved to be useful 1n ;”'

"structure eluc1dat10n ESpec1ally when aSSOClatEd W1th
'fv mass spectrometry Nhereas tﬁe“latberaglves~ctear-cut
B 7

,;;lnfOﬁﬁhtﬁDn on the 9051tlon of any partlcular group,r S
;;;nmr prQV1des the compiementary 1nformat10n (1 e-\the ﬂ;:‘ f;f
Ijuconflgpratldhﬁat thlS p031tlon) Nmr alSo c*early e
vfﬁ%hindlcates.'as did mass - spectrometry, the close resemblance - .

:Jffﬁ*of the adenos;ge and tuberc1d1n analogs.\ S .1'*



'_:'gnder asplrator or 011 pump va“uum, at 40°. Or less.

[}

~
s

N W GENERAL pR@CExbUREs - '. R ‘_ , -

1 \

Meltlng p01nts were determlned on a Relchert ;

) REER

'.mlcrostage apparatus and are uncorrected Nuclear'
- magnetlc resonance (nmr) spectra wereprecorded on Varlan

'HA-IOO and Bruker 90 spectrometers w\th . TMS ( H spectra)

- or- CCl F ( F spectra) as referenceSe, Ultrav1olet o

”7(uv)”spectra were recorded on a Cary 15 spectrophotom-"

: 'ffeter. Optlcal rotatlons were determlned w1th a Perkln-'

l
. Elmer Model 141 polgﬁameter u51ng a 10 cm, l m1 mlcro- )

3;cell ' Mass gpectra were deé@rmlned by the mass '4

spectroscopy la;oratory of thls department on AEI MS ) .‘g-f

~

- __;'or MS- 9 1nstruments at 70 ﬁ us:.ng a. d:Lrect probe for

sample 1ntroductlon. Elemental analyses were determlned
-

,f' E X p E R IMEN T A L o ,i

G

by the mlcroan%;ytlca} laboratory of thlS department - . f';

N

:or by Schwarzkopf Mlcroanalytlcal Laboratory, Wood51de,

-

;:New Yo k ! Thln layer chromatography ‘was. performed

on‘Eas- Chromatogram sheets (5111ca gel No. 13181

lndlcator No. 6060) in the solvent system 1nd1cated

o

R Developed chromatograms were EValuated under av- (2537 A)
-.1lght Evaporatlons were. carrled out using a Buchler'

rotatlng evaporator w;th a Dry Ite copoled: Dewar condenser
l‘ . .

S

'vadrogenatlons were: effected using a Paar shaklng S

\

~_[apparatus at roqm‘temperature, under the speclfled hydro—

o

‘s .



S S..e SR s .'hxiﬁfvl’ R 1;10;5.

.4.

o.gen pressure w1th Matheson, Coleman and Bell 5 or 10% }} .
palladlunkon carbon as- catalyst.,}filu v .

Slllca~gel column chromatography was performed on = .\:;ff;

v [

| uJ T Baker No. 3405 5111ca gel Pyrldlne was - refluxed

over and then dlstllled from caldium hydrlde, then 3 »th
'treated wrth chlorosulfonﬁE ac1d and dlstllled over o
"pota551um hydrox1de ' Flnally it was- dlStllled and :
.Lstored over Lrnde 4A molecular 51eves (drled at 200 P

-Sodlum 1od1de was drled 1n the presence of phosphorus :
v.pentox1de attfoom temperature under hlgh Vacuum Plvalyl

bchlorlde was dlStllled before use. "‘ 2 , : f'; '._,_.“

Y

lefu51on crystalllzatlon, adapted from reference

-

number 126, was effected u51ng EtOH or MeOH:as the
'dlssolv1ng solvent and ether or. pentane as the dlffuslng

_vsolvent. A concentrated solutlon of the nucleoslde 1n

N~

the flrst mentloued solvents contalned in a beaker wacl
: - | S o
: placed 1n a. deslccator contalnlng a’ large volume of

‘the second solvent in which the materlal 1s 1nsoluble.

a

’ »Crystalllzatlon was al owed to proceed at room temperature

-

'L_then ‘the crystals were collected by flltratlon uSLng

‘ater aspxrator vacuum

Eleccrophore51s was- performed on. a Savant flat-

m—

plate apparatus (HV-3000A) u51ng Whatman number 1 paper.

— -

Descendlng chromatography was effected usrng Whatman
/

',number l paper 1n the folIow1ng solvent system (127)



~

Ammonlum acetate, 1 M, oontalnlng‘ethylebedlamlnetetra_vd:*
5 acetlc acmd drsodlum salt 0. 01 M, adjusted to PH 9
- w1th ammonlum hydroxlde and saturated wlth sodlum tetra-v
'fborate. 60. m1 of the above solution was mlxed w1th
| 140 ml of 90% EtOH The mlxture was. - allowed to stand:;s”

K
‘for 1 hr. The sllght prec1p1tate whlch formed durlng'

this. tlme was removed by flltratlon be ore’ use..

‘ Other solvents used were of reage t pur;ty and -

_were dlStllled before ufe..
. L. . - ) ) S



. TABLE 4'

L
Pape;rChromatographya

L 4

RArablno-

furanosyladenlneb

.Compouhds*

'Aoen051ne (l)

—B—D-ArabinofJraﬁosyladenlne (17) '-;j

9-B-D—Xylofuranosyladenlne (23b)

,3-" . R ""i--.

o o=

L

7
086

B
0.86

RArabihe-
tubercidin®

Tubercxdln (19)

‘4-Am1no-7—(8 D-arablnofuranosyl)- ‘”‘

pyrrolo[2 3~d]pyr1m1d1ne_f
(Arablnotuberc;dln) (142)
; _4-Am1no-7-(B—D-xylofuranosyl)-;

pyrrolo[z 3- d]pyrlmldine (141)

* .

0,67

0.90 ¢

See general pqpcedures._\

RReference RF(Compound RF(Reference) determlneé on /
the same sheet of chromatography paper. o |

-

fidé{i



Q PRI N : ) '-'.'_"'-;'." ".’. )
: TABLE 5 ,\l'-m-_._;

IR Electrophoretlc Mobllltles w1th Borate Complexmg

" Distance . ‘
: Lo s e Mzgrated Toward
Compounds- T Anode in mmo

o

- Aden051ne (1) e ,f:*,_'ij»”“;_.J;i' ﬁa_'3§9f' e

e B-D—Arablnofuranosyladem.ne (17) ” R 0 - ﬂ

9- B-D-Xylofuranosy]:adenlne (23b) Co j’ 75 ».; .. _ |

4"'_"vTuberc1dJ.n ww. . L 97 > |

: 4-Am:.no-7 (B-D arablnofura.nosyl)-' . e “ |
pyrrolo[Z 3- d]pyrlmldlne (142) ' 32

.4-Am1no-7-(8 D-xylofuranosyl)—'-' o " i

pyrrolo[Z 3 d]p?’lmldlne (141)' S 85 i

a'~‘f'il"1at'xtta11"No'.- -I‘.'pa'per. 0 l M sodlum borate PH =" 9; "

1. s RV (27 V/cm) 3o -35 mA;, 90 mln.'_ i f*%agi- SIS ;}fiZ}?

-



. NS SRR 1 I

9 (2 3 Anhydro—s D-rlbofuranosyl)adenlne (31) (24)

(55) (58) .Method A, \ NS BRI R ;s

4&0 a solutlon of 2 9 g ’;609'md1e)fdf’zf'3~;g¢,T_,;

fmethoxyethyl1deneadeno&1nel(118_.1n 60 ml of dry wg S ”-:_r”.f
. . i o - ST
pyrldlne, was added 12 ml 0. 1 m le) of plvallc ac1d

lorlde dropwase W}th stlrrlng ‘and. exclusion oﬁ '5v':3~: b Q;:(

‘:‘;1sture. The solutlon was. then leWlY'(l hr) heated .;;‘
. R . : "‘l B .

to- reflux and refluxed for 1. hr._ The“resultlng _i.niﬁf}7
.;fyellow solutlon was - allowed to cool to” room tempera—
l_ture and 20 ml of MeOH was added dropw15e‘w1th stlrrlng;-‘
]tThls solutlon was evaporated untll precg;itatlon of .
l.solid began.; Dry Etzo (100 ml;\was added a%d the mix- f ;.‘“nf_
'thure flltered.‘ ‘The. filtrate was washed w1th 2 *® 100 ml -
ft of 10% NaHCO3 solutlon, 2 x 100 ml of HZO' dr1ed e
'Hover Na2 4, flltered, and evaporated ‘to. g1ve a: yellow
fijsolld foam " ' RN | | |
" Thls materlal (composed prrmarlly of 119 and 120) .l'yvy
"dwas dlssolved 1n 300 ml of MeOH and 3 2 g (0 059 mole) |
of NaOCH3 was added.\ Tue/resultlng solutron ‘was stlrred

'1for 17 hours at room temperature, neutrallzed wrth

“"HOAc Hzo (I 9), and eVaporated to glve a ye low powder."vu

B Re51dual pledlne was removed by COdlBtlllathn w1',:d5'x
L 3x 60 ml of dry tOluene.i The product mlxture was par-i’

:itltloned between Etzo H 0 (50 20 ml) and the aqueous



” layer was applled to a column (4 X 4% cmp 500 ml) of

- Dowex 1 x2 (OH ) resin packed in, MeO -H20 (3 7) he'*

'ffcolumﬂ was rapldly,d?velobed w1th the same- solvent 'f ";?f

i

mlxture and the aﬁbroprlate fractlohs qontalnlng pure ‘,f5

,; 31 were comblned and evaporated to glve l 42 g (63%)
3f‘of SOlld 31 after drylng.” ..e;flo' :;.‘( g,~

- Thls mater1a1 had mp m180° decomp051tlon (when i'

m-'

\\repldly heated)ﬁ Hﬂ ;r-BS 4°'(c 0. 22 H. O)r uv (H 0)

4 max, isa\n\\}e 14,900).4 min 225 (2, 200), (0.1 §-HC1) ‘f}-‘ R

N max 255 nm (e 14 600), mln 228 (3 400), (o 1N NaOH)
,max 258 nm (e 15 000), mln 228 (e 4, 000). pKa 5,3;55;

' fnmr (DMSO ) 5 3 58 (m, 2 H 4\2 (ntn

5. 5")0 ' . .
i,_4r_5|‘ ". ; 5 HZ, l H4l)l 4 25 (d, J3, 2, f 2~5 HZ,‘ f 
1, H3.), 4 45 (d, 2, 3, = 2 5 HZ, l HZ')' 5 l ( t"

1, 5'-0H), 6. 22 (s, l, 1.), 7 26 (s, 2, G*NH ), 8 18

,j(s, 1, H, ), 8. 35 (s, 1, H ), mass spectrum (190°) 5,

a

»m/e (R I., 10n) 249 (4 5 M),.219 (4. 5, C), 202 (2
.  c-17), 190.. (4 5, 1, 164 (100 g), 148 (7.5, f), 136 5:'
!(48 B+2H), &35 (84 B+H) [Reported (24) mp 200 203°
‘ dec., [a] '-3 (c 0.6, 20% aqueous pyrldlne) (55)
;[a]26 -17 5° (c 0 4 20% aqueous pyrldlne), [a]26 —36 5°'”t
1(c 0 33, HZO) . (58) [a] ~21 8° (c 0 2 HiO)]

(Il

= .

;128 10., Found.. c; 48 43 a, 4 62; Nw 28.05.

R \
R



4%
'

;vﬂgfvpyi' o A'{‘Q7d'u‘j?’ 15___.-' ,
- ge(2; 3~ Anhydro B;D-rlbofuranosyl)adenlne (31)

d‘Methdd B..

To a solutlon of 29 g (0 09 mole) of 2' 3'—0-»
'; methoxyethylldeneaden051ne (118) in 600 ml of dry l
pyrldlner was,added 120 ml (1 mole) of plvallc aCld

: chlofide dropwrse w1th stlrrlng and excluslon of

thm01sture. The: solutlon was then slowly (1 hr) heated
';to reflux and refluxed for l hr.' The resultlng IR
yellow solutron was. allowed to cool’toﬁroom teméeFa; §
'ture and 200 ml of MeOH Was added dropwrse with -

- st;rrlng, This pale yellow solutlon was then con—‘

- eentratedxln;vacuo untll;most‘of;the liquid was
,evaporated~”'The thick'pale Yellow paSte was'washed.
’with 5 x 400 ml of dry ether and thelmlxture was |
flltered ' The ether flltrate was evaporated and

' re51dual pyrxdlne was removed,by coevaporatlon w1th

toluene (3 x 50 ml) to gave a pale yellow foam. Thls

.foam was dlssolved ln 1000 ml ‘of’ MeOH and sodlum

g_metal pleces (washed 1n ether and drled) were added

untll molstened pHydron paper 1nd1cated a pH 8~ 9
'fThe solutlon was then stlrred at room temperature
llover a perlod of 7 days whlle‘protected from moxsture.
"The volume was reduced to 200 ml and g;e resultrng
vpale yellow precxpltate Was collected by flltratlon.u

.fThzs powder Was stlrred under ether (500 ml) and the

?*mixture was- flltered. The dry welght of thls chfbma—ﬁf-‘ﬁ

uftographically pure epoxide was 12 5 g (55%)
S e

107, -



9 (3 Chloro—3 deoxy—B D xylofuranosyl)adenlne (56)

: and 9- (2 Chloro—Z deoxy—B-D arablnofuranosyl)adenlne

(54) (58) fl,*'

e . B . ' . . - - . '

The procedure glven for the preparatlon of 31 |
?;was followed to the end of the Eirst paragraph Thej;
t’pale yellow foam (2 g) was dlssolved in 100 ml of‘MeOH
:presaturated with ammonla at 5° and allowed to stand
:ht53.0° for 24 hr.' The ammonla was evaporated at 0°:"
- and to the solutron was’ added 20 g ‘of 5111ca. Theh

jmlxture was evaporated to dryness and the 1mpregnated

- powder was added to a column (4 3 x 80 cm, 400 g) of

silica gel. - The products-were eluted w1th CHC13—MeOH 9

(95-5) . The flrst’product-tO-be eluted was 56f‘ : 0=13Ks-‘

-Vsllghtly;;ontamlnated, ln the flrst fractlons, w1th

‘e

small’ amounts of 31.. Evaporatlon of the pure fractlons _

gave 0. 4 g of 56 as a whlte powder.' A sample for :
_‘analy51s was recrystalllzed from 95% EtOH (ether,.
, desiccator) and had mp- 195- l96°4 la 134_-32° (c 0.14,
f:MéOH),'uv (0. iy HCl) max 255 nm (e 14, 500), min 228
(3, 400) ; uv (H o) max 258 nm (¢ 14, 700), min 225

(3,150).; uv- (0 1 N NaOH) max 258 nm (e l4 700), mln'

225 (2, 150) nmr (DMSO-gy) & 3. 75 (m, 2, Hgy sn),- 50

(b s, 2, Hyi, 33.), 4.80 (br 4,17 5y, 5. 30 (e,
1' 5."0H)' 5 90 (d' l' = 4 HZ, l’ ‘Hl')' 6 35 (br S,
1, 2'-0H) ;" 7.32 (br 5," ?ﬁze-nnz), 8.16, 8:24 (s,'s;

_-l, 1; Hz, H, ), mass spectrnm (l90°) m/e (R I., 1on) 285

Loam R g - B . B

PN ’ .

o p S I N L
oo T ' . Lo A

3

R T



1095 -

'(4% M), 250. (15 5, M—35),‘220 [21 M-(30+35)], 202 (2 5, B
220-18), 190 (2. 5,_1), 178 (1. 5, d),,164 (eo h), 148

(5, B 136 (so B+2H), 135 (100 B+H) [Reported»(SSJ

"‘mp 194- 196°- [a] -31 6°'(c 0. 14 MeOH)] ,,2 ',/ﬁ

10 12

- Anal Calcd for c H ClN503.' 42 03 H, 4?23?. R
N,’24.51; cl, 12. 41 ‘Found: . c,j41.94;,a,,4_48;_N13 o

24. 39 Cl 12 44,

§

Further development of the above column ‘with the :

"same solvent system gave fractlons contalnlng both

- 1somers followed by fractlons whlch were. evaporated to

‘give ‘0. 027 g of pure 54. A sample for~analysxs was

.recrystalllzed from 95% EtOH (ether, de51ccator) and
‘:Zhad mp 243- 245° .tgl -8 (¢ 0. 25, DMSO), uv (o 1 N
'.HCl) max 255<nm (e 13 4005, mln 225 (2 850),_u6 (H 0)
max 258 nm (e 13 800), min. 225 (1 750), v (3&1 N NaOH)
Vmax 258 nm (e 13 800), m1n 228 (2 350) wa (DMSOrd )

5374 (m, 3, H g1 500 By SRR Y 1,__3_.353. 5.20 (¢,

'”f;fs'—oﬁ 5.5 5,5 Hz, 1, 5° -on), 6.02" ‘dm§ﬁ3'-bﬁ+3-«=’5-?"
:Hz, 1, 2'-on), 6. 48 (d, .Sz,

_’}apectrum-(190°) m/e}(R i;;‘ioﬁii ‘
255 (5.5, g, 250 (6.5, M—35), ‘%v,é} M—(3s+18)),—19
N (10 £), 196 (10, . 164 (43 s, h)', 148 3, £, 13§ T
‘(97, B+§g)r 135 (100 _B+H). [Reported (58) mpﬁ£45-247°'
;[a] - 410 5° (c o .25, DMSO)V | '~v°<"il,li-]‘*5 o

, Anal. Calcd for C10H12C1N 0 ,Q;v§2l93?l§114fgd;;

Cam



I'é

v thh 2 X 00 ml of 10% aqueous NaHCO

K i . <+

24 51, c1 12 41, _ Found: 'C, 42, 26 H, PICLIS

), s R /_., ,//‘:4 - 'g.

28, 29, c1 12 25. »zd“ . _;~;..“.m'; | ;,;xeffffi.'

6~N-P1valamrdo-9 (5 O-plvalyl -2, 3 anhydro—ajgf‘#’f

rlbofuranosyl)purlne (121) 17‘*1 ,&'rf;;'*Jfl.‘o“d;ff*f:

B To a suspen51on of 0 13 g: (0 0005 mole) of 31 1n

A;

5 ml of dry pyrldlne was added O 5 ml (0‘004 mole)

of freshly dlStllled plvallc acxd chlorlde and the

l

: resultlng ciear soluthn was stlrred for Z?wgr at room d_’:”

temperature.” Ide Chlps we;e added and ‘the & lutlon S

_ wasipoured slowly w1th stlrrlng 1nto 150 ml of lce
and water.r Thls mlxture was extracted Wlth 2 X . 150 ml
of CHCl3 and the comblned organlc phase was washed

3. SOluthn, 2 x 100\

9 . ‘fr) .

ml of H 0 and drled over Na2804 rylng aqent was .f‘

removed ,'.flltratlon and the flltrate was evaporated
to gﬁVe 0 21 g (100%) of a pale yellow powder._ A more
rapldly migratlng (tlc) contamlnant was readllx removed

by recrystalllzatlon from 95% EtOH to glve 0 19 g (92%)

B of 121,5 ‘mp 176 179° dec.,ppv (MeOH) max 270 nm - (e 18, 500)

‘ﬂ (ca3)31, 1.28 (s, 9, 6-NHCOC(CH3) 1. 4.0-4.4" (m, 4, H,

- zzo (16, ﬂhzn). 199 (28, augar)

j min. 230 3, 800).,nmx (DMS0-d,) 6 1.0° [s, 9, 5'-ococ-v_

4
50 5"' H3|)I 4 58 (dr Jzu 3|.= 2 5 Hz: 11 2'): 6 36

(s, 1,uﬂl.). 8. 60, 871 (s, si 1, 1, Hy, Hy), 10. 16 (s,»l,.hf -

'_-6 -va?bkmass spectrum (175°) m/e (% R.I.; 1on) 417

(4, M), 32 (16, coclcn

o

3]3), 316 [4 M-OCOC(CH3) ]:



v'ﬂjIce chlps Were added ;nd he

’ﬂ[’wlth 1000 ml of s

”fAnal Calcd for 020 j7 5 5 C, 57 53 H, 6 52 N,h

'15 77'5 FO“nd- C: 57. 355 H, ’.45 N,.16 58, vvfli;}“_,qu:‘“

“Q:furanosyl)adenlne (122)

= Tb a suspensxon of 1 46 g (0 00 9 mole) of 31 1h
d—36 ml .of. dry pyrldlne was added 3 ! mL (0 031 moie) of ﬁ.
*difreshly dlsédlled benzoyl chlo ;de and the resultlng d;
fclear solutlon was st tA d for _ hr at room te@perature.ff_:ﬁm~=i
d“lutaon was-. poured sIowly le,T

_1nto 1000 ml of ice’ d water w1tﬁ v1gorous stlrrlng. ”f

: P
rec1p1tate was flltered, washed

't The resultlng -1tew
ld water, and drled (flnally ln ggggg
at” 7a°) to glve 2 7 g (82%) of 122 Recrystalllzatlon
{dof 0 2 g of thlS product from 16 ml of EtOH gave 0.15° g
o of pure 122; mp 167-168°7 wv. (MeOH) max 273; 230 am
-(e 22, 600; 35 000) shoulder 250 nm (e 27 800), nmr _5!’”
""(Duso- a5) 8 4 45 (br si 2 Hg 5"), a. 5 (m, 2, 33.( “
| 4.), 4. 7—(d J2. 30 ; 3 Hz, 1, uz.), 6 42 (s, 1, ﬁl.),
B 7.3=7: 8 (m, 15 aromatlc), 8. 72, 8. 78 (s, s, 1, 1, ni;;i“
8)' mass séectrum (210°) m/e (% R+ I., 1on) 561 (25, RD,

456 (100, M—COCGH l~/440 (37, M~0COC ), 219 (30, Sugar)

- 31723V 3
12 47. Fouhd._ c, 66 os, n, 3. 85; N, 12 25

P

| Anal Calcd for C,, B3N O, c, 66 30 n,,4 lB, N,

PR S



; ‘.nf"// - ‘ff;” HrL_,. Ji 7;‘g7-jt~-vl;“ N,&T c
9 (3 fluoro—3 deoxy B/D»xylofuranosyl)adenlne o —
. (123) (85) e _-i‘:_,z: FRRN - /
.__._.._._—..._. D . ’ .‘.~' e ’\,;" 4. R B .
To a solutlon of 0. 28 g (q ooos mole) ofcsgg ln S
: ;25 ml of dry freshly dlstllled CH3CN was added '_h~“[f;:~;'tjlﬂi

'_ 0 45 g (0 003 mole) of drled tetraéthylammonlum fluorlde. Y

The yellow solutlon was heated at reflux foF 5. days B

b; whlle proteoted from molsture by a'"Drletlte“ drylng

L stlrred for 15 hr atJroom temp cat re., ThlS mlxture

” tube., Evaporatlon of thlS solutlon gave a\gum whlch

o ya
"vsodlum methox1de Was added,/and the solutlon was

packed 1n MeOH-H 0 (3 7) and elutloﬁ was begun w;th the

‘;‘. R

P

was dlssolved 1n 100 ml of MeOH, 1. 0 g (0 019 mole) of

(

was neutrallz d w1th HOAc H 0 (l 9) and evaporated.,R»
The,resultlng re81due was partltloﬁed between 20 ml
of Et20 and"lo ml;of HZO°' The aqueous phase was applxed f

to a column (2 2 b4 l7 cm) of Dowex l-XZ (OH ) resxn

. ‘same’ solvent mlxture. A Small quantity (27 mg) of

N

'J’materlal lndlStlDQUlShable from~9 B-D-xylofu;anosyl— DA

,'adenlne/JZBb) by nmr and mass spectroscopy %as

obtained and after changing to MeOH-H 0 (6 4), the

,vv

»7

R

£

; des;red produ t, 123,vwas eluted.s Evaporatlon of

aPPrOPrlate fractlons aﬂﬁjcrystalllzation of the residue S

from 95% EtOH gave o. 085 g (638) of 123: . ip 212 214°7-’
[a124,-3o 4° (c o 64, DMF). pv (o 1 N HCJJ max 256 nm i
(e 14 100) mln 228 (4 300); (H O) ‘max’ 256 nm.(e 14 100)
min 223 (2 800). | (o 1 N uaom max 259 nin (e/14 300‘7

. B i

. SR R / SRS
T . CA e . -

.

¢

e

. + N



;' min 228»_p ’»p?a nme (DMSO ) a 3. 85“("d”" ¥

5. 5“), 4 36 (d of sextets,__4, 3, '- 28 Hz,_{u’

“

;;»_27 5“ = 5 5 Hz, +4. 3.,r 235 Hz, 1', 4.), 4 78

of t J2 _30- 16 uz, 21 3,_= 2, 15 -&2 3 Hz,

-, az.), 5. 1 ("t"

o (d of t", g = 54

3' 3'-F(gem) J3 2'
2 5 Hz, 3.), 6,04, (d, Iqs. 2..-,2 3 Hz, ;@;u W)

6.25 (br 5, 1, 2'-om), 7.36 (s, 2, -NH ) 8.14, 8. zzf“(

fl (s, s, l 1', 21 H, ),_ﬂ.9

F nmr (DMSO gé, ppm upfleld
from CC13F external) & 200 8 [@octet" (d of d of d){fvﬁ
. —3'-?'-3'(961'(1) = 55 J F 4| “ 28 5!1J3| _2: ' ‘
-1s, 5 Hz, l, 3.), mass spectrum (155 )" m/e" (R. I.,llon)

269 4, M), 239 (5, 9 219" (5, c-20), 178)(6, d), 154

5.-0H.5' 52.% 6 Hz, 1,5 -OH),VSIiQ i

=2, 3 J3. A_E*”fl"fff'

R 55 B

A »
k. \5’

(oo, h)"148 (6. £)' 136 (67, B+2H). 135 (100 §+a) ‘;,'fiiﬂ

[Reported (85) mp 218 220° &g] .40 1° gv_o 5 H O)}T

Anal Calcd for C 44 61 H,. 4 45

108 12 5 3

F, 7 06, N, 26 01 /4Found " C, 44{68, H, 4 52 F 7 03,‘v.

-

N, 26. 20.

e .

‘f';p 9 B—D—Xylofuranosyladenlne (23b) (44) (455 (47)r.

v“ y To a solutlon of 0 56 g (Q,OOl mole) of 122 1n

50 ml of DMF con£a1n1ng 2 ml of water was added 0 3 g ﬁe;fdfdj“

(0 002 mole) of sodlum benzoate. Thls mlxthe Was;%j;ﬁ”*”

S

-*-'heated at 100° for 22 hr with st rring and then

o i

'qevaporated 1n‘vacuo., The result§hg gum was partl---' L

'f; tioned.between 100 ml of cﬁc13 and.SQ ml of Hzo..;The*

K

'aqueous phase was extracted wzth 2 x 50 ml of CHCI3 ,g;d"”'



100 _m1 of H o, drled over. Na2804, flltered, and-

_'€i?. - ) :.ef:l p ..:> = ';~7N51:m1;4;s

-andithe?combided'organic'phafe wasfﬁasheddwfthrz X

K2

-2
evaporated to glve a pale yellow foam ”3*?

Thls foam was. dlssolved 1n 100 ml of MeOH and l g

o

(0. 019 mole) of- NaOMe was added ' The solutlon was o

_fstlrred for. 16 hr “at room temperature, neutrallzed : ;jtffl “

P

fl w1th HOAc HZO (l ;}*ﬁnd eVaporated \w?he re51due wasw»'

jupartltloned between 20. ml of H 20 and 50 ml of Et

_:ﬁtﬁ; _”A

evaporatlon of the approprlate fract'ons gave 0 23 gp

s . PR "

20 \ LA

;and the aqueous phase was applled to a column (2 2 R

20 cm) of Dowex 1- X2 (OH ) re51n packed in MeOH H

20_.

,(3-7) Elutlon thh the same solvent mlxture and

/.

(85%) of 23b, whlqh could be cryst::'lzed-from 95%. o

EtOH to give o{zi'g cf523b=_ mp 185- 187° aec, t_1§5 .
-avov(e, 114, B 500 uv (0.1 N Hc1) max, 255 nmo .
e 15, 000), min 228 (4, 000), uv (HzO) ‘max 258 nmo PERE

. .“(s 15, 100) min. 225 ?2 400), uv (o 1 N NaOH) max 258 nm. N
e 15, 700), min 225 (3 600); nmr (omso ) 5 3.7
“(ml 2 Hsl 5”)’ 4 15 (ml 2 H3|l H4|)I 4 35 (m' ll o

l

5' -OH-5",5" =

:(br s, l 3'-0H), 5. 83 (br s, 1, 2'-0H), 5 85 [d

'- ﬁa' 2.,= 2 iz (by D20 exchange) 1, ul.l, 7.3 (s, 2, &

;:G-NH ), 8. 15, 8.30 (s, sv 1, l HZ’ HS)’ mass -

, c”spectrum (l70°) m/e (R I., 1on) 267 (6,vM), 231 (3,_

gy, 220 (5, c-17)z 194 (6, i), 17% (36, 3, 164 (65, = .
"'h). 148 az, f). 136 (95, B+2H). 135, (100, a+n). d‘ -

“,‘



. ,L'l_ 15

lReported (44) mp 125 140 (47) mp 225 2300; [u]

24

; -16 4°'1c l 1, H20). (45) [a ]D _-22 5 ?c l 22 H O)]

Anal Calcd for C10H13N504. C, 44 94 H, 4‘90

26 20. Found.- C, 44, 95, H, 4. 96 N, 26. 33

Further elutlon w1th MeOH- 0 (1 1) gave 0. 024 g i

]

of- 17*:.mhls product had essentlally 1dent1ca1 mobllity ff'iét

s

'to a sample of authentlc 17 by thln-layer chromatog— &
ﬁ.raphye paper chromatographguand electrophore51s Thep

'nmr spectrum (DMSO-d ) of the product obtalned from ';_ =
- W .
‘tsxmllar exper1mental batches was 1dent1ca1 w1th that

f,of 17 (H at 6.25, 3 =4 Hz) See ‘table 4 and 5.

1' -2

Anlon exchange column chromatographlc resolutlon

v,of-Syntheu1C'm1xtures of 9#B:Q-xylofuranosyladenlne v

"(23b)'and:9éB-Déarabinbfuranosyladenine“(1%9@

S~ A mlxture of 0 8 mg of 9-8- D-arablnofuranosyl-
’adenlne (17) and 11 mg- of 9= B-D-xylofﬁ%anosyladenlne .
- (23b) was dlssoived in 1 ml of HZO'. ThlS solutlon .

'7was applled to a column (0 8 X 20 cm) of Dowex 1-X2

(OH ) re51n.v Elutlon was commenced w1th H20 (200 ml)

‘fland then succe551ve 10% lncrements (100 ml per 1ncre-"

ment) of MeOH were us/d : At 40% aqueous MeOH 11 mg
“(av estlmatlon) of 9 B-D-xylofuranosyladenlne (23b).7'
~?was-e1uted The 9= B-D—arablnofuranosyladenlne (17)'

'(0 8 mg uv estlmatlon) was eluted w1th 50% aqueous

h MeOH, The products ‘were 1dent1fled and shown to be ,ﬂ‘:

el

o B . . IR



, :-{ S ;_ 116 .'_

pure by thln layer chromatography and mass spectrometry.;=
3N -q,
-; A mixture of 0.8 mg of 23b and ll mg of 17 was -
also completely resolved on an 1dent1cal column u51ng

‘the above procedure..n

9=~ (3-A21do-3 deoxwa-D-xylofuranosyl)adenlne

.

11(124a) ..,'.f} | ,~'-?'7' e En t- R

- Toja solutlon of 1. ll g (0 002 mole) of 122 1n
- Toy _.
10!’ ml of dry dlstllled DMF was added 1 g (0 015 mole)

rgof.sodlum;hZLd'»/ The mlxture was heated for 10 hr

: at 100° "h s 1rr1ng and then evaporated 1n vacuo‘

]:The resultlng pale yellow gum was partltloned between'f
100 ml of cac13 and 50 ml- of HZO and the aqueous T
layer was, extracted w1th 2 % 25 ml of CHC13. ,The_
"comblned organlc phase was washed w1th 2 X 50 ml of

B HZO' drled over Na2504, flltered and evaporated to

fglve a pale yellow solld foam;’-Thls miterlal was -
dlssolved in. 100 ml of MeOH and stlrred for 12 hr f

at room temperature w1th 1 g (0 019 mole) of NaOMe.
’jThe solutlon was negtrallzed w1th HOAc-H O (l 9) and
.evaporated. The resrdue was partltloned between

'50 ml of Etzo and 20 ml of Hzo and the aqueous layer:'v
1was evaporated to dryness. The re51due ‘was pry/tal~ i‘
1lzed from Hzo to give 0 54 g (92%) of a pale'yelqu .
v‘isolld Thls mater1a1 was recrystalllzed from EtOH to-
1"‘g1ve 0‘49 (83%) of 124a- mp 177 178°' [a] '128¢ ,Jf"‘-

N



| T
(c 0. 94, Meon). uv (H//) ’max 260 nm (e 15 100) min 232 At
‘*-rx 1000) ;- nmr (DMSO =% § 3. 65 br sy 2, oo, 5,.), v..z_;
. (mr 2 H3llb H4|)r 4 8 ("tnl le ll‘ 6 sz‘ ,J2|v3| -“_ 6
Bz, 1, nz.), 5.4 (br s, 1, 5"-OH), 5 85 (4, I o = o
6 Hz, 1, Hl,),_G 25 (br s, 1, 21-0H), 7. 35 (s, 2, 6 ;Nné),,j'
'ﬂB 18, 830 (s, si 1, l, 2, H ), mass spectrum (205°)' |
/e (x. I++_1nten51ty) 292 (2 s, g), 264 [15; M—28(N )T,
250 (7, M—42(N3)], zzo (26, c-42(N3)], 178 (9, d),
.;164 (52 h), 148 (21 5, £), 136 (59.5, s+zn), 135 (100,
B+H) . P o SR L RS
Anal Calcd for C10H12N803 sc 4l 09; H 4. 14»
38 34, Found' ., 41.35; H, 4.27; N, 38. 54
‘9= (3—Am1no—3 deoxy g- D xylofuranosyl)adenlne

B
(124b)

A solutlon of 0. 37 g (0 0013 mole) of 124a in
100 ml of 95% EtOH was hydrogenated at 45 p51 (gauge
pressure) for 48 hr at amblent temperature over 'r _
-0, 19 g of 5% Pd/C catalyst ' The mlxture was flltered,_‘
3 the fllter cake was’ washed w1th 20 ml of hot EtOH,
;] and the comblned flltrate was evaporated to - glVe ‘a
dfiwhlte SOlld whlch was reérystalllzéd from 95% EtOH to'
. give 0027 g gsf%> of 128b: mp 250-251°; [aJD‘“-30 1°' ,.]n
’ (c 0 5,‘H O), uv (0 1 N HCl) max 255 nm (s 14 500), g L
‘f{mln 225 (2, soox v (H,0) max 258 nm - (e 14, 300), min’

5,v225 (2 000), uv (0 1 N NaOH) max 258 nm. (e 14 000), min -w
i ;

I A . . ) IS ) S

- o , o L)



30
e .

1.

©

;228 (3 0001. nmr (DMSO-d ) § 1.1 (€, 3 =7 Hz, 3?.f:\ R

- cn3cnzoa), 1.8 (br s, 2 3 —NH )s3.323.5" (m,‘Z By,

‘and on), 3. é (q. J =7 Hz, 2 cn3cnzony,"3 F (m, 2, 1‘af .ﬁ;'
'~ég‘ 5..), 4.16 (m, 1, 4.), 4.39 ("t"; Iy 1; ,2,-3;’*i~
% 6 Hz, 1, HZ.), 5. 6 5 74 (br a Jl. 30 26 Hz, 2, Hl. '
.kt.and;OH), 7. 3 (br s, 2, —NH ), 8, 16 (s, l H ), 8 48
;'(s,-l, H-)-f Mass spectrum (210°) m/e (% R. I., 1on) 266 fi} _
(1.5, W 236 (4. 5, c), 220 (3, ¢-16), 194 (32, 1), 178
;(15, d), 164‘$i5 h), 148 (7. s, f), 136 (100 B+2H), o
f-135 (so, B+H) ‘ '

s

o ;*An 1 Calcd for C10H14N603-C2 50H c, ’46 13;‘H,
. 6 45 N, 26 91 : Found. C, 45, 93 H, 6. 32 N, 27 0o.

9 (2-S Benzyl -2~ thlo—2 deoxy B—D-arablnofuranosyl)- .

. ,adenine (125) and 9= (3-s—Benzy1 3- th10-3-deoxy-8 =D-

: xylofuranosyl)adenlne (125)

To ‘a. solutlon of 0. 79 g (0 015 mole) of sodlum
methoxlde 1n 40 ml of MeOH under nltrogen was added
2 ml (o 0174 mole) of benzyl mercaptan..,To thls solu-

ftlon ‘was . added 0.7 g (o 0028 mole) of 31 and the

[ mixture was refluxed for 18 hr under n;trogen. The

rsolutron was" evaporated in vacuo, the resldue dlssolved
751n 100 ml of " MeOH, and thls solutlon neutralrzed Wlth
::acetlc acrd-Hzo (1 9) The solutlon was evaporated

: to dryness and the whlte resrdue was dlssolved 1n

30 ml of Hzo and applled to a Dowex 1-X2 (OH ) (2 3 x



th35 cm) column The’cdiﬁhn“Wasyﬁaéhéd

vrv126. Th;s product was recrystalllzed from EtOH-Benzeneﬁ; -

-

vtfuv (MeOH) l max 268 nm (e 15 000), mln 23q (4 800), v'-[ -

(mr 1r 41): 4, 75 (br 51 ll 21)1 5 6 ( t' -2.5 OH-S"%.-"':; .

pElutlon w1th MeOH}H O (4 6) afforded

_and gave 0. 060 g of pure 126 mp 196 198° "[ 154 155°3‘7

-’r

i'“S‘CH2)1-3 75 ( d" 2 Hsl 5")' 4 3 (mr 1:; 4')' 5 16

.075 g (7%) of

(c 0 55, DMF), uv . (MeOH) ‘max. 268 nm (s 16 000), mln

(4 900), nmr (DMSO—d ) 6 3 6 (m, 1,. 2,), 3 65 (s, 2,-

{le,'Hl.), 7.0~ 7. 4 Um, 7, aromatlc, ANH ), 8 2, 8 30 (s,»f-'“"

l, 1; 2, H ),‘mass spectrum (Calcd for C17H19N503S

”f373 1209; Found m/e’ 373.1216) (200%)° m/e (R.1., ion)
373 (0.5, W, 282 19, M-CH2¢), 164 (11, h), 148 (2,5,'_5_:'-¥

7\f), 136 (60, B+2H), 135 (100, B+Hy—— L

Further elutlon w1th MeOH H, 0 (4 6) gave 0;90 g

(85%) of 125 Recrystalllzatlon of 0 1 g of thls

_product from MeOH (ether,.desiccator) gave 0. 085 g

s Hz, 1, 5--ou), 5.8 (d,
_@(d.

"

of pure. 125: mp 182«183°- [a] \-152°'(c 0. so DMF),v- |

CAL

Sy
nmr (DMSO.d ) 6 3 5 (“t“' J3r 2| = J3| 4|-" 8 HZ, 1'

3.), 3.65 (br's, 2, Hs. sudo 3. 94 (s, z,ii-caz), 4.25

l' 2| .-' 6 HZ, l Hl.), 6 0

‘ 2| OH 2|:= 6 HZ' l' 2"0H), 7 3‘7 55 (m, 7,.

; _-aromatlc, -NH ), 8 2 (s, l, H ), 8 40 (s, 1, Hs)

tmass spectrum (220°) m/e (R I., 1on) 373 (1 5,‘M), 282

(37, g—cn2¢), zzo (52 5), 202 (10 5), 17h (10 s, a),

A

sy 1, 5'-0H), 5.8 (s, 1. 3'-om, 6.5 (dy 330 .= 6. qu R



"'-16:4'7?(9"0,°h), 148 (10 5. f), 135 (100, gfgg-}.?., 135 (26,

f-B+n)

ey

T Anal Calcd for C,oH N o s.; c, 54 67; H, 5. 13A”g>; o

17 19 5° 3

| .18. 7:5;,s,_ s.se Found. T, 54. 11,_!1, 5.16; N, 18 42-‘;_ NG

8 32. '_z“@"“f:'

"7 9 (3—0—Methyl B—D—xylofuranosyl)adenlne (127) {,fo“

_ To a suspen51on of 0 25 g (0 001 mole) of 31 1n
- ,so ml of MeOH was a added 1. 15 g (0.03 mole) of NaBH4
 ;;The mlxture was heated for 12° hr at” reflux w1th three
| further add1t1ons of 0 25 g‘;ortlons of NaBH4 after |
v"'heatlng for l, 4 and 6~hr.1 The solutlon was evaporated
‘and the whlte residue was" dissolved 1n 30 ‘ml of‘I/-I2 ‘
‘fThis solutlon was contznuously extracted w1th 100 ml of
ﬁCH2612 for 24 hr aﬁd the organlc phase was. evaporated |
B to glve 0 28 g (NIOO%) of whlte product.‘ ThlS materlal

was purzfled by column chromatography on Dowex 1 x2

(OH ) usrng MeOH—H O (3 7) aSuthe elutlon solventfmlx-f

;xgwture._ Evaporatlon of the approprlately pooled fractions

‘e

3.and recrystalllzatlon of the resrdue fromeMeOH gave
0.24 g (85%) of 127. _mp 167- 168°' [a] '-60 5° {c 0. 3
fjiMeOH); uV\(O 1 N HCl) max 258 nm (e lA 100), mln,230 |
-(3 000), (H 0) max 258 nm (s 14, 200), m;n 225 (2 500),
1(0 1 N NaOH) max 259 nm (e 14 400), min 225 (3 700),

pmr (omso-_G) 5.3, 3 (s, 3, 3'-o ~CH3); 3. 72 (br quz,-

s..)..s 80 (m. 1, 3.>._4 28 fm, 1, 4.). .56 (e,

120. "



tf;Jz' a0 = z 5 Hz; J2. l.-;v2}7]Hz;51,faz.);_4lss'(Bris;‘~M
t~.1, 5'-OH), 5. 90 “(br d:' 1' g =27 Hz': | 1'; '--oﬂir,-F L
L 7.26 (5, 1, 6-NH), 8. 12 818 (s, st 1, 1 Hz' Hg) - ,"j

G, Mass spectrum (200°) m/e (% R I., 1on) 281 (5, M):

(5, c),.zso (3; M-3l), 220_(7 5, c-31), 194 (3, 1),.
"-178.(9-Jd), 164 (100 h), 148 (15, f), 136 (60, B+2H),
134 (85, B+H) . ‘ ; | _d . fv_‘ )

Anal. Calcd’ for C11H15N5°4 c}'46‘é7;'u;'5f3?y_'

24 90.3 Fqund.. 46 98 H, 5.66; N,‘24 7D

The same reattlon was repeated on lg of 31 The‘,:ﬁhﬁ
}usi’ of a Dowex 1- X2 SQH ) column (3 x 68 cm) permltted
;‘the isolatlon ofgjéagimg (8%) of 3'-deoxyaden051ne 'v
v(16) from the (l 9) MeOH H20 fractlon and 860 mg (77%)
 of the tltle compound 127 from the (3 7) MeOH H20
\’fractlon. ;

B oA

- 9-(3- Deoxy B-D-erythro-pentofuranos&l)adenlne—

1 [cordycepln, 3'—%eoxyadenosmne] (16) (58)

't To a suspensxon of 0 25 g, (0 001 mole) of 31 in

T,'1zo ml of EtOH (98%) was added 1.4 g (8.0037 mole) o

ref}ux.- The: solutlon was evaporated and the whlte e

of NaBH4 ;" The mlxture was heated for 12 hr at

-
—

'reSLdue was dlssolved in 20 ml of H20 and applled E

)

"\fto a colum (2.5 x 60. cm) of DOWex 1-X2 (OH ) resin.

d[The product was eluted’using MeOH-H o (3 7) Evapora-fgvn

'n'tzon of the eluate and recrystalllzatlon of the



_p'_45 5o (c 0 66 H o), uv (0 }~ﬁ Htl) max 258*5mA m;

’ "mJ.n 225 (3, 500). (0 I'N NaOIP) alax
mln 228 (4 150) 'nmr (DMSO QGY“

Igu. 3 * 13, g > 1 Hs"*' 2. 28

23n-gr T 6';;3"—2i-

("Sepq_et“ 3l 3" = 13' .'_3 4. x 87‘ 3' 2] — 6 HZ, l' o ”"v . @' "
3,), 3. 64 (m, 2, HS" HS")' 4, 35 (m, l H4.), 4 60

,(mr 1, qu)r

5 19 ("t", __OH 5'.5" 5 5 HZ, 1 5"‘OH), ._“ﬁx.
5. 70 (d, Ion- 2.‘— 4 Hz, 1, 2'-OH), 5.89 (d, g L

Sy 20 T

'f2 5 Hz, 1, Hl,), 7. 28 (s, 2, 6—NH )i 8 18 (s, 1 H, ).

8.38 (s, 1, Ha)., Mass spectrum (215°) m/e (% R I"“f': .
ion) 251, (4, W), 221 (4, €y 202 1, e18),- 178 (14,
@, 164 (60, h), 148 (11, g), 136 (45 B+2H),~l35 (1oo,.“'
;§+§). %[Reported (58) mp 225 226°"{a] - -45 8°'(c 0. 6,:

vao)] - ‘ o o o ~

1071375737

Anal caled for € Hy N0 “‘C"747;8os:n,,5;21, N,
Cv27 37 Found._ C, 47. 685 H, 5.35; N, 27.66. |

Further elutlon w1th MeOH— 0 (6 4) gave 0 005 g ‘
of a product ;dentz.cal to a sample of authent:.c 9 (3—0-
‘ethyl B D-xylofuranosyl)adenlne (128) by thJ.n layer |
chromatography and mass spectromet'u:y |

9 (3-0 Ethyl-s D-xylofuranosyl)aden:.ne 1 )

'ro a suspen31on of 0 125 g (0 0005 mole) cf 31:



-

in 50° ml of absolute EtOH was added 0. oso 9 (o 0013

”mole) of NaBH4 The mlxture was heated 19 hr at reflux.
. The solutlon was evaporated and the whlte re51due was |

hdlssolved in. 120 ml of MeOH. The solutlon was

N J,_

,»neutrallzed w1th glac1a1 HOAc and evaporated to dry-;
a;ness The resxdue was dlssolved 1n 20 ml of HZO andf
T‘.thls solutlon was. applled to a column (2 2 X 30 gu)
~of Dowex 1-X2 (OH ). packed 1n H2CIY The product was
eluted w1th MeOH H 0 (3 7) ‘and evaporatlon ‘of . appro- ’

fprlate fractlons gave 0 1 g (68.5%) of 128.» Thls

product was recrystalllzed from 10 ml of 95% EtOH

"'u(ether,,de51ccator) to glve 0 095 g of 128 as whlte

" -.‘needle5° - mp 175—176°- [a] _35 5 (c 0 59 DMF), uv

o (0 1 N HCl) max 255 nm (s 13 650), min 230 (3 500),.

o

uv. (H O) ‘max 258 nm (e 14 000), m1n 230 (3; 500), uv S

(Oal N NaOH) max 258 nm (e 14 000), min 230 (4 050),

.'-nmr (DMSO- Ry 1 1o (t, J = 7 Hz, 3, oca cH ), 354
'////q, =7 Hz, 2, ocn cn3), 37 (br s, 2 Hs. Sn), 3 91
("q" 10_ 3|)l 4 27 ( q r 1 H4|)r 4 53 (br S, 1 Hz')'

1 2'

Hyeo v-oa>, 8.16. and 8.18 (s, s 1, 1; 'Hz ‘and H g)i

ﬂ mass. spectrum (180°) (% R 1., 1on) 295 (2 M), 266 (z,

(44+17)], 220 (8, 9-45), 194 (3, i

2 2.25 Hz, 2,




£

(lOO h), 148 (15, f), 136 (81 B+ZH), 135 (93 B+H)

- Anal Calcd fot C H, Q N C, 48 80, 5. 80, -

o 12717747 5
"'N, 23 72 Found. , 48.66 H 6.07;AN, 23 46

9 (2 3-Anhydro-B-D lyxofuranosyl)adenlne (38)

¥ ".(56) (128). Method A

K

The procedure glven above for the preparat&on

of 23b was followed to the end of the. flrst paragraph

The resultlng pale yellow solléa%oam was dlssolved :".

in 50 ml of dry, freshly dlstllled pyrldlne and cooled

to 0° : Freshly dlstllled methanesulfonyl chlorxde

,(0 1 ml, 0. 0013 mole) was added and the solutlon was

"‘stlrred for 3 days at 0°, ‘Ice chlps were added and the

: solutlon was poured 1nto 100 ml- of 1ce water. The ,.

"1‘m1xture was extracted w1th 150 ml of CHCl3 The organlc .T)
iphase was washed w1th 100 ml of 10% aqueous NaHCO3 ??ﬁig

.1 solutlon, 100 ml of H20 drled over Na2504; flltered, 'f'

‘ and evaporated. " The’ resultlng re51due was dlssolved

*'in 70 ml of MeOH and the solutlon was stlrred w1th Yo
' 0. 4 g (0. 0075 mole) of NaOMe for" 16 hr at room tempera-'
"-fture. Thrs solutlon was neutrallzed W1th HOAc-H O (1 9)

l'vand 2. 3 g of neutral szllca gel uhs added The mlx-' '

, ture was evaporated to dryness and the lmpregnated

'fpowder was added to a column (2 X 28 cm, 47 g) of

e

silica gel.. The column was washed WLth EtOAc and the

.°}"35h was dlscarded-;fThe product was eluted usxng

w

A'li4*f



"-vstqppered and stlrred for 12 hr. The brown solutlon

B 125,

<

;‘EtOAc—MeOH (8 2) and evaporatlon of approprlate fractlons'b
;_lgave a yellow powder, whlch was crystalllzgd from a SR .
“ >m1xture of 95% EtOH and n—pentane tQ nge 0 126 g (50%) Vi_;ﬁH L
}T'of 38 : mp 208 210° dec,lla] 17 5°5(c o 19 H. o).;> -
f"uv (o 1 N HCl) max- 258 nm (e 14 700), min zze (2 600); A
v (HZO) max 258 nm (e 14, 800), min 225 12, 000) wooi
":(o 1N NaOH) max 258 nm (e 14, 600), min. 225 (2 500);551ﬂ9 f:  A
}“:nmr (S;so- dg) 5 3 6~(m. 2, Hs, 5"), 5. 14 (m, 2, H3,; ?"
4,) g, 25 (d J 3. /3/Hz, 1 Hz.), 5.0 (br s, 1,
g5'-oa), 6. 26 (s, 1, nl.), 7 32 (s; 2 2 Co¥im,

j:8 22 (s, s; 1 1 Hz, Ho ),'mass‘spectrum (190°) m/e A
fCR I-i 1°n) 249 (5 ib. 219 (6. g), 202 (1, c-17), 190

~

; ’_ga, i) 164 (100 h), 143 (10 f), l36 (45, B+2H), 135

(45, . B+H) lReported (128) mp 210 211° [a]b,l—149-(g'4‘5:-‘

1, H. o)] . -7'~§f3-x: w’v: . T o ;F”f | »
| Anal Calcd for C10H11 5 3 c, 48. 19 H 4. 45 N,~\;
o 23 10 Found._ c 47 95 a, 4, 76 N, 28 19

.',. . K - e

9- (3, 5-0 Isopropylldene-B-D—xylofuranosyl)- :

f ‘Laden1ne (321 (44),y(45), (55),,(105) En

|

E To a stlrred solutlon of fresﬁly dlStLlled

;f‘acexone (20 ml) contalnlng 2 8 g Of ETtOIue GSUIfonlc 51
_j;.a01d and 5 ml (0.02 mole? of 2, ZhdlmethOXYP: pane, Bt
T 1g (0.0037 mole)yof 230 was added.. The flask was '2~1f5 N

';_ﬁwas poured, w1th stirrlng into 50 ml of saturabed



; 1260

.’on. After a feh

e e e

. aqueous sodlum blcarbonat\\solA

nunutes the solutlon was extracted w1th 20 ml'of ether._aijg C

i*/ The ether layer was dlscarded and the aqueous ayer,

‘i5now colorless, was extracted i

| and the comblned organlc phase S’ drled over Na 504.' Jw,lﬁfftu»
. Drylng agent was removed by flltrat&g? and theoflltrate o ’
\/‘ 3 e

was evaporated to glve 1 1 (lb_-‘ 05452 as. a whlte

powder.v The product was recrystalllze” from 95% EtOH d“
(ether, de51ccator) to glve l 3 g (100%) of 32, as A |
long whlte needles. mp 214-215°- [u] = -95 5 (c l 05,,.5',‘ »
DMF), JV’(Ggh N HCl) max 255 nm (e 13 800), mln 225c _’;'n;ff_t}'

’b: (3 350).'uv (H O) max 258 nm (e 13 600), mln 223 (2 550),ﬁ_

uv (0. l N NaOH) max 258 nm (s 14, 300) mln 225 (3 450) _‘

le; (DMSO ) 5. 1\ (t, J = 7 Bz, CH3-CH on), 1, 18- §,{

L 36 (s, %%%3, 3 C(CH3)°), 3. 35 (m, 3 CH3 OH#OH),;-* .

3 8-4 ~3 (m,' o HZ" H3., H4., HS' 5,.), 5 92 (s,’l Hl')'f‘

RCE 06 [Ch 1 ze?oﬂ), 7. 16 gs, 2, 6—NH2), 8. 14 (s,,lﬁ ] ﬂ

" 8;28 (s,. 8), mass spectrum (190°$ ( R, L., 1on) 307

. 178 (1. 5; _'z*.l;

(4 M), 292 (4, M-lS), 220 (3), 19{ (4 5 Co
d), 164 (100, h), 148 (4 f), 136/454, B+2H), 135 (54 : ::fd e

B+H) [Repdrted a8y mp 204- 2o7°- [a12 —71 6° e N

25

o 3, DMF). (4&)~ mp 207-208 5° [a] g -:8_4..5° € 1.01, -

. pup ) (58)mp- 212, 5 214°'1 | | o
| Anal Calcd for L 171"504 cznsou c, 50”}_9{_:8;’:;‘,',"*_‘!'4' Dl
6 56 N, 19.4;»2 Fog'xd.; 56, 69, 6 38, N-,';‘._,1_9'.;75.‘.__;_~:;.~; ,




e 9-[3'suo-ISOPropylldene-z_o-methanesulfonyl_B_D‘  £‘”’
-LﬁxYIofuranosyl)adenlne (37) (56) | iifhh ffigfjfgjjs'ﬁ-ﬁ,~:7.«ia
To a solutlon of 1 g (0 0033 mole) of 32\1n 20 mliﬁ';‘fff'f

dif;of drybdlstllled pyrldlne was added 1 ml (0 013 mole)“d'ﬁth
ﬂjof methanesulfonyl chlorlde wayﬂ stlrrlng. The flask_7
'h was stoppered and stlrred for 6 hr.;*The yellow reacQ_TS.

. ; \
'tlon mlxture was poured lnto 150 ml of H20 and thls

?)csolutlon was extracted w1th 6 x ngml of CHCl

"dcomblned organlc phase was washed wi h 100 ml of sat-yz

N &
L of H}p drled B : o

Jover Na2804, flltered and evaporated JAnce vacuo." ;‘j‘v_

3 The ‘ Sh: .

urated aqueous NaHCO3 solutlon, 100

- Remalnlng ¢races of pyrldlne were removed by coevapora-e

v.tlon wlth toluene. The yellow re51due ‘was dlssolved ;;;ff;v;

’7¥;n_2 ml ovaHC13 d applled to a sxllca column (100 g,...

) a'z 3 X 50 cm) The column was washed w1th'CH'Cl3 (38%

.:fml) and the c0mpound was- then eluted w1th MeOH-CHCl3 :
'(2(?8) Evaporatlon of“thé approprlate fractlons gave ‘hffifé

xh»O 960" g (77%) of 37 as'a whlte powder.» mp 218'2i3°"d’dd:‘4 B
“ [u]24 481 52 (c 0.98, Meoa), v (MeOH)/max 255 nm |

A ”:,(e 16, 400), min 225 (2 200); nmr (bMS0-d,) - 6 1 25‘&, 1. so

,»:(s, 8 3, 3 C(CH3)2), 3.56 (s, 3,--osozcn3) . 1o 4, 30

' (m, 3 H4.,‘ Hs. 5..), 4, ?1 (a, J3. 4,<= 2 Hz, 1, 3.), "

f5 27 (s, 1, zq), 6 35 (S, 1, Hl')' 7 32 (br’s, 2, 6- 'idr e

“°fuu>),_8 18'(s, 1, 1 ) 8.26 (s, 1, as), mass spectrum . .

(2oo°) ( R 1., lon) 385 4w 37c . 5, g 15), 327 "

(2' [&(CH uﬁ-cni’”: 248 (11 5). 232 (11 5). 218 (4).



'.’202 (19{ 178 (8 d), f64 (100 h), 148 (8 f), 136/(54

‘ : B+2H), 135 (46,‘B+H) [Reported (56) mp 212 212 5°;
e 1259 ' |

-72° (¢ 1, MeOH)] |
v Anal Calcd for C14H19N5068 C;[43:52;;H'24.97;;\e
N, 18.17; s, 8.32. Found: C, 43.59; H, 5.01; N, 18.07;

s, 8.45.

: 9 (2-O—Methanesulfonyr’e—gfxylofuranosyl)adehidej}"

(37a) (ss) (128). - R ;'0' R

‘f To 50 ml of trlfluoroucetxc ac1d-H20 (45 5) . J1_{d
was added 0 840 g (0 0022 mole) of 37 and the solutlonv'o
'T ‘was stirred for 25 mlnutes. The solutlon was
‘evaporated to ‘give an qff-whlte foam whlch was'. dlssolved:‘.’
-d‘ln MeOH and 4 g of sxllca gel was added . The mlxture

T:was evaporated to dryness and- the 1mpregnated'powder
v;{ﬁwas added : to a column (80 g, 2 3 X 40 cm) of 5111ca.f
The product was’ eluted u51ng MeOH CHCl3 (1 9) and . f_7 ';lj[‘n
‘evaporatlon of - the approprlate fractlons gave 0. 61 g | -
_(81%) of 37a as an off-whlte powder. mp 181 182°- uv
1"(0 1N HCl) max 255 nm (e 15,700}, min. 225 (€3 150),
uv (H 0) max 258 nm (e 16 000), mln 228 (2 500), uv

J

'(o 1 N NaOH) max 256 (e 15 700), m&n 225 (z,soo)

me,(nmso ) 5 3.36 (s, 3, Q-so2 ~CH ), 3. 77 (" d“‘

. 2 -b’ e ' »
15! 5» 4| : 4 Hzl 2 Hsn’swgf 4 19 ( q ’ 1: 41)0 <46
m, 1, Hyp), 5039 (8" Di g - TS X

1' 2_.), 6 -l (br S, 2, 3?0!'1' 5"‘0&),(6 24 (d' 1| 2| =
72.5vaz,.l. 51"' 7.7_(bf

8, -Nﬂzj, 8 26' 4,8 36 (s, 8,

S



./?,

1, 1; Hz,?H ). Mass spectrum (Calcd for C11H15N5063

345, 0743 Found ’m/e "345. 0730) (200° )" (% R.I., ion)

h345 (19'FM)' 248 (5 5), 219 (5 5), 202 (5. 5), 190 (4 5'.,

1,B+2H), 135 (85. s B+H) .+ [Reportea’(ss) mp 170.5- 171°-“

(128) mp 172 173° ]”

.-.'./ e Ve e
Anal. Calcd for c, H N, 0 S: . C, 38.25; H, 4.38; -

117157576

N, 20-28;15. 9.28. Found: C, 38.40; H, 4.41; N, 20.03;

T8, 9. 24.

f—
e e
v

- 9- (2 3—Anhydro-6 D lyxofuranosyl)adenlne (38)

'";ﬁethod B.

&

. To- a solutlon of 0\35 g. (0 001 mole) of 37a’in
»200 ml of MeOH was added 0 4 g (0 017 mole) of

sodlum.» The solutlon was stlrred at room temperature

- for 6 hr, neutrallzed w1th glac1a1 HOAc, and evaporated.

- to dryness The re51due was dlssplved ln 25‘m1 of =

‘HZO and the solutlon was . applled to a- column_(z 3 X
"52 ~cm) of Dowex 1- X2 (OH.) re51n.> Elutlon i

‘gave 0 218 g (87%) of pure 38 Th1 ‘ oduet‘wa5n~'”

B 1dent1cal w1th a known sample (see above) by nmr, tlc wuf

r(8111ca,‘10% MeOH in- CHCl ), and mass spectrometry

10~ ll 5 3
- 9~ B-D—Arablnofuranosyladenlne (17) (56) (107)

o (Calcd'for C, H{ N.O,: 249. 0862; Found. ‘e 249. osas)

To a solutlon of 0. 250 g- (0 001 mole) of 38 1n,' S

- 50 ml of DMF contalnlng 2 ml of Hzo was added 0 3 g
R

g -

- 129,



"nijot

v

(O 002 mole) of sodlum benzoate. Thls‘mlxture was
heated at lOO° for 5 hr-wrth stlrrlng and then>
evaporated in vacuo to glve a yellow gum Thls gum
 was dlssolved in. 80 ml of MeOH and O 15 g (0 0063 g.“f;.
at. ) of Na was added The solutlon was stlrred for O
16 hr at. room temperature, neutrallzed w1th glac1al
acetlc ac1d and evaporated | The re51due was dlssolved p-h
. 1n 20 ml of HZO and the solutlon was applled to a.
column (2 2 x 50 cm) of Dowex 1- x2 (OH ) re51n packed
o in H20. The column was washed w1th H20 (2 z) .and then _
‘Wlth MeOH—HZO (l 9) (2 z) The concentratlon of ';f" _ff'
i; MeOH in HZO was gradually lncreased to 65% (dry volume)

: A small quantlty, 0 018 g (6. 5%) of materlal 1ndls— :" : \‘.;';
h t1ngu1shable from 23b by thln 1ayer chromatography (tlc), |
paper chromatography,electrophoresms and- mass spectros—:

c0py was obtalned After 1ncreasrng the concentratlor
of MeOH to 85% the deslred product l7 was eluted o |
Evaporatron of the approprlate fractlons and cryetal- o
lmzatlon of the re51due from 95% ntOH (ether, de51ccator)'
gave 0. 210 g (80%) of 17. mp 265 266° Thls product
f'was shown to- be free of the Xylo-lso er by paper
| chromatography ‘[ ]24 -12° (c 0. ll, 2O) -4° (c 0 53,
DMF) uv (0 1N HCl) ,max 256 nm iz 13 300), mln 225 -h .
" (3, 200),.uv (“zo’ max 256 nm (e 13, 400), min 225 o
(1, 350), uv, (0 1N NaOH) max 259 nm (e 14 200), min 227 |

~;‘u(2 650), nmr (DMSO ) 6 3 65 (br s, 24 HS' 5“)' 3 78



"_(br s, 1, Hy ), 4. 12 ( d", 2,~H2,,'H4,), 5. 2- (br s, 1'>
fs'—on), 5. 4o (br s, 2 2 ~OH, 3'-055, 6.25 (d, 1,

",“_J_,_lvu 2 (]

= 4?3?' l.), 7.18 (br 55 2, 6<NH,), 8.15, 3. 18_]1jﬁvgg4,i
V(s,'s, 1‘51:-H2,'38);_ma§s spettrum (215°); m/e (% RI.,

. ibn) 267 a, My, 250 (1’5;.M-17), 237 (3, o 194 (3,-,,

4‘1), 178 (2L, d), 164 (100, h); 148 (9,:=); 136 (54,

: §g+gg), 135 csl “B+H) . [Reported (56) mp 257- 257 5° |
';{5157 —5°'(c 0.25, H 200+ (107) mp 258 260°‘ [a] 41 7° :
g'(c 0.54, Pledlne)] ,f,"'

Anal - Calcd for C10H13N504, C, 44.94; 1, 4'9°”N',_f~_Av'

._26 20. Found. 44, 99 H' 5 15 N, 25 98. T
-t : . \ i ’ ' . 1“&.’ ' - '
9 (3-Azido-3—deoxy-s D—arablnofuranosyl)adenlne B B

]

‘(129a) (104) T 5;f; 1vg;:

1,

‘  ‘To a suspan51on of 0s 250 g (0 001 mole) of 38 in

;50 ml of- dry, dlstllled DMF w£;~;dded 0. 5’g (0. ooﬂs ,' ?/“‘
@l$mole) of sodlum azlde. The mﬁxture was heated for 4’

 Ahr at 100° w1th stlrrlng and then evaporated in vacﬁo; '
‘»  The resultlng pale yellaw SOlld Was dlssdﬁbed in 15 )
' .iml of H20 and thls solutlon was appl&ed to a column ﬂ ,f

‘j(3 x. 50 cm) of Dowex 1-x2 (OH ) resxn., Elutlon w1th |

I Me0HrH o (7 3) and concentratlon 9£”the appr0pr1ate

 -fractions gave 0 20 g (68%) of 129a as whlte needles-v

"mp 165 166° [a] 439 2° (c 0. 45,,DMF); uv (MeOH) |
' .max 258 nm (e 15 ooox,_mln 225 @ 700), nmrqumso—d ) fg"ﬂvfj 55
s 3. 65 ( ar, PR

5.’5.). 3 8 (m, 1, H4.), 4 25- 4 6.

RER
‘,,.ﬁ»:; ;:_ :
TS



71'-41 50 (c 0. 48, DMF)]

C . . no : . .\\,

‘.(br."“ 2, Hyo> Hi

S, z--om, 6.22 (3, 3y, . = 5 Bz, 17 Hl.)..7 2 (s.. .

2, 6-NHy), 8.14 (s, 1, H, ), 8.28 (s;.l Hg)7 mass

1 baspectrum (200°) m/e (% R I., 1on) 292 (l, M), 250 [l 5,

’.:~M—42(N )], 2205"4 o

r, =

2), 194 (7,‘1), 190 (4 1),

REEEE I

(8. 5 d),a,lfﬁé K

““]7B+2H). 135 «100£33+g¢7- [Reported (104) compound d°es E

1fnnot melt under 340° [a]23 -3

Anal —calcd for c . N_Oy: €, 41.69; H, 4?147jN!:'

| 107128 3
38.34.° Found._ c, 41. 195 H, 4.29; N, 38.20.

I 9- (3-Am1no-3—deoxyﬁB—D-arablnofuranosyl)adenlne

.(129b) (104)’.

-]

A solutlon of 0. 050 g- (0 00017 mole) of 129a 1n"“
50 ml of 95% EtOH was hydrogenated at 45 p51 (gauge-,
' pressure) for 22 hr at amblent temperaéure over 0 050
\g,of 5% Pd/C catalyst :The mlxture was flltered, the_.
"fllter cake washed w1th 10 ml of hot EtOH,,and’the~'.
'T‘comblned flltrate evaporated to glve a whlte solld -
'>which was crystalllzed from' 5 ml of 95% EtOH (ether, ...
fde81c¢ator))to glve 0. 036 g (84%) of 129b°7 mp 220—“

'-,,2229- [a] +4° (e o .5, HZO), uv (o 1 N HC1) max 255 nm-

:"‘"(e 14, 400).'m1n 225 (3 000) ;' (#0) max 259 A (e 14 7°°)' P

min 225 (1,850). .1 N NaOH) max zsa nm,(s 14,900),,

-J;qip 232 (3,250); nmr (DMSO-d ag) 5 1. 75 (b s{fi; 31-NH,),
j3 (30 ll H3|)r 3*6 (br Sr 30 4ul HS' 5n)c 4 10 ('t"

-f;ae;ﬁ.

,), 5:25 (“t', 1 s'-on). 6 os (br d;’:

), 148 (18.5, f), 136 (53, ,]3”

(c 0 496 pyrldlne), o

132,

‘ B



qw:;—2'93

dé;_i;f;.S;Szﬁé, 1, Hz.), L 10-5, 60 (br s 2, ‘
";ﬁs--oa 57-0R), 6.20°(4, I, 2 5.5 6z, 1, 1.), 7. a8
T e s,,2, GeNHy), 8. SERCHE Hz), 8.24 (s, 1, Hg)- S
-gfugss sPectrum (190°) m/e (% R. I., 1on) 266 (l M), 236rd
(1 ¥-30), 197 (43,,1), 178 2. 5, d), 164 (25, s

- 148 (0. 5, £), 136 (100, B+2H),}135 (33, B+H) [Re-:'
'ﬂ,ported (104). mp 245- 247° [a] t s 8o (f;o 5, B,0)]. .
,. Anal Calcd for C10H14N603 c, 45 10, H,VS -29,,1 - .
31 56, Found: - C, 44.80; H, 5, 30; N, 3L 2. L

9 (3—0#uethyl—aﬂb—arablnofuranosyl)adenlne (131)t;a:

"and 9 (Z-O—Methyl B-Dbxylofuranosyl)adenlne (132)

_ | To a suspenélon of 0 2 g (0 0008 mole) of 38 in -
50 ml of Meoﬁﬂﬁas added 0.3 g (0.008 mole) of NaBH4
iThe mlxture was heated for 5 hr at reflux : After..’
'coollng, the solutlon was neutrallzed w1th glac1al
,;.HOAc and evaporated to glve a whlte powder whlch was:
fvdlssolved in 15 ml of H20 and applled to a column ‘
,‘(2 3 X 33 cm) of Dowex 1-%2 (OH ) re51n.. Elutlon w \ﬁdid
'""Hzo gave 0 001 g of a product ident1ca1 by thln la§Z§ ;f
chromatogreghy and mass spectrometry to an authentlc".}r g
f:_sample of 9= (2~Deoxy-6 D-threo-pentofuranosyl)adenine |

'(133) , Further elutxen W1th HO gave 0. 030 g (13%) of

. 2
';;132- nmr (DMSO-QG) s 3 40 (s, 3, -ocu3), 3 7 (m. 2,

-

5' n)p_3 95 -4 25 (m,'3 HZ" 33” H4‘), 4 70 ("t"
| £5'-OH 5, 5".-— 5 HZ, 1’ 5'.OH)' »6 00 (dl , l' 2| l 25 v;f._i

| Hz,~1 “1"' 6. os (br 5 1, 3'-on), 7 38 {br & 2, s-'s

D



B © 134,
NH ), 8 18 (s, l,rH ), 8 30 (s, 1, H ),,mass spectrum

11" 15 ] 4%
(210°) m/e (R I., 1on) 281 (3 M), 251 (2, c), 250

(Calcd for C,,H;iN.0, 281 1124; Found m/e 281 1150)':-f'

(0.5, M—31), 233 [s-~M-(31+17)], 192 (39, d), 190 (2,
1). 177—+5, v).,164 (100, B), 148 (16, f), 146 (42 s, o
g),—136 (100, B+2H), 135 (76"”B+H) | | L

Elutlon w1th MeOH-HZO (3: 7) and evaporatlon of

Lol

the approprlate fractlons gaVe 0 185 ‘g (79%) of 131

which was crystalllzed from 98% EtOH (ether, de51ccator)5'g?

& and had’ mp. 229 230°; L 1%4

(0 l N HCl) ‘max- 255 nm - (e 14 200), m1n 228 (4 200),.‘

+6.39 (c o .35, H 0), v

v (H 0) max 258 nm (¢ 15,400); min (4, 200),_uv |
' (o N NaOH) max zss nm (s 16 000),'m1n 228 (4, 200),
amr (DMSO- ) 5 3.36. (s, 3, ocns); 3. 75 (br s, 2,
sl 5")' 3 85 (ml 2 H3—r' H4.)' 4 3 (br S, l HZ')'
5.12 (br "t“, JS_OH 5. 5 f-s .5 Hz), 5 72 (br a, 1, |

/%-ﬁﬁz)) 8'12 8 18 (s,_s, 1 l Hz, H, ), mass spectrum

= 4.5 Hz, 1, Hl,), 7.2- (s, 2
~(200°) m/e (3 R.I., ian) 281 (4, M), 266 (6.5, M—lS),’c
251 (5.5, ), zzo (5. 5, g-31).,194 3, 1), 178 (3.5,
a, 164 (100, h), 148 (21 f), 136 (89, B+gn), 135 (97, )
Anal Calcd for Cll 15 5 4.- C, 46 97 H 5 37 N -
2490, Found. c, 6. 767 H, 5. 45 N, 25 12 | | |



7 13s,

9 (2 Deoxy B—D threo-pentofuranosyl)adenlne (133),

d“9-(3 Deoxy 3-D—threo—pentofuranosyl) adenlne (134) (92)-'”'

":and 9~ (3-O—Ethyl B-D-arablnofuranosyl)adenlne (l34a)

_ To a suspensxon of 1 g (0 004 mole) of 38 in. 100
"fml of 954 EtOH was added 1.5 g\(o 04 mole) of NaBi,.'
.”The mlxture was heated for 6 hr at. reflux and then‘ -

evaporated to dryness The resxdue was dlssolved 1n

.100 ml of MeOH and refluxed lO min. The solutlon»was

'-_neutrallzed w1th glac1al acetlc ac1d and then evaporated

*to dryness The resxdue was dlssolved in 20 ml of ‘
O‘and applled to a column (2 5 x 53 cm) of Dowex l-X2

(OH~ ) reszn. Elutlon w1th H O gave a small amount

24

'DMFL; w (0,1 N aCl) max. 255 nm (¢ 14, 200), min 230

' (0.017 g of 133 mp 220-221°-‘[a ~73.5° (c 0. s,

(3, 500), uv’ (H O) max 258 nm (e 14 700), mln 228
‘;(2 750), uv (0 l N NaOH) max 258 nm (e 15 000), mln

228 . (3, 000), nmr (DMSO ) § 2. 4 (d -of d J = 14"

zll 2!
vEHz,-Jzn 10 = 2 Hz, 1, H gede 2. 9 ("sept", 1, Hz,), 3. a

. (m, 2, Hg, 5,), 4. o (m, 1,; 4.), 4. 5 ("t", 1, Hy)p o Wy
4065 (" t", I “on-5", 5" =5 Hz, 1, 5'-on), 5.9 -

}' 9 Hz,, Jyrogw ; 2 Hz,,l Hl.), 7.36 (br s, 2; —NH ),

: ;8 éZV(s,,l, 2),.8 42 (s, 1, H.), mass spectrum (200°) .

‘,fm/e (R I., 1on) 251 (8 5 M), 234 L3 M-l?), 221 (4, C).
203 (8.5, M-(31+17)), 190 (s. 5, ;), 164 (8.5, h), 162

'f(sa 5, d), 148 (2 f), 136 (41 5,.B+2H), 135 (100, B+H)



an AT
L S

24 -76 (c 1, DMF).1.

 [Reported. (92) mp 218 '9-219. 5°¥ [o] 3’
o ' Anai. Calcd for C10H13N5_03 C, 47 80 . H, 5.21;
- N, 27 87 _ Fouﬂf. Cs 47 75; H, 5 00 N 27. 98
Further elutlon w1th HZO gave 0 71 g (71%) of 134-

mp. 198 199°~ [ 134

;25° (c 0.49, DMF), uv - (0. 1N nc1)

F%; max 255 nm (e 14, 600). m1n_228 (3 600). uv’ (H 0) max ‘f{_-f\\__'
258 nm.(e 14, 600), min 225 (2,650)] uv (0.1 N NaOH) : N
max 256 nm (¢ 15, 200), min 228 (2,950); nhr (MSO-d)
5 1. 9- 2.45 (m, Hy, 3"),‘3§64f1brﬂs;'2; Hs.esé),

4,10 (m, 1, H4.), 4.53 (m, 1, Hz.), 5.14 (br s, 1,

5'—0H), 5 40 (d,¢

-5 Hz, 1 2'-OH), 6 17 (d,

i

Ior on,z'

'_l._z,'— 5 -H7, 1, Hy ), 7.22 (br's, 2, 6-NH ), 8.15

(s, 1, H ),_8 30 (s, 1, HB);.mass spectrum (185°) m/e
¢
(R I., lon) 251 (7 5, M), 234 (2 5 M—17), 221 (7»5,
&
Q? ,c), 202 (6, c-lB), 178 (15 d), 164 (97 h), 148 (9, f),

; 136 (51. 5,°B+2H), 135 (100,_a+n) _[Reported (92)-mp,_

195 196°; [u]D -27° (¢ LjoMe).] L
: / » i :> ) . c. Y
| -_1 Anal Calcd for C10H13N503 c, 47 80--H, 513;;,
" N}, 27 87. Found. C, 48. 10,- H, 5. oo ‘N, . 27 76.

VV’ea A eﬂlrd product5\134a, was eluted w1th MeOH Hzob« ‘
(1 l). yield 0.030 g; mp 201—202°‘ la] f8,5° (c 1:."' .. ‘
“i 0. 47 DMF)' uv‘QO 1 N~HC1) max 255 nm‘(e 15'900),‘mie -
l: 228 (4 600), uv (H 0) max 258 nm>(e 15 900), mln 225
(2 750),‘uv (0 1 N NaOH) max. 258 (e 16 100),»m1n 228
(3 450). nmr (DMSO-d )5 l 18 (t J =7 Hz, l ocnzgga),»
3 59 (q, 3= 7 Hz, 2, -0C82CH3), 3 67 ("d" zf‘HSfpi")f

’, -

B
o~ .
P



> .. 137.
’4 ("S", 1, 4')1 4, 00 ( t"r lr IH3|)1 4 25 (mr ' _‘.':'-‘ i,;". o
2.), 5. 13 {br s, a1, 5'-on), 5 75 (br s, 1, 2'—OH),_6 22

(da, Jl, 2.’- 5'Hz, 1, Hl.), 7. 18 (s, 2, 6-NH >), 8.14,

8.18 (s, s,‘l; l H2 and H ), mass - spectrum (180}) m/ed f’1?7vA

(R. I., ion) 295 (I, M), 266 (. 5, M- -c, H. ),\251 (10

R

| M-44), zzo (4,-c-4s). 194 (3. 5, 1), 178 (16.5, d): 164¥7~l.‘»7
(100, g),_l48 (9.5, g),_136 (54.5, gfgg)«-lzsv(57751~r

<’

 B+H).
| ' Anal Calcd for C12H17N504 c, 48 80 H, 5. 80 N
:23.72 Found: 49, 0l; H, 6.01; N, 23 79.

)

' 9 (2-F1uoro—2¥deoxy B- D xylofuranosyl)adenlne

(136) and 9 (3 Fluoro-3- deoxy B D-arablnofuranosyl)*

’adenlne (135)

| To a suspen51on of 0. 25 g (0. 001 mole) of 38 ?'fu
in 75 ml of dry dlstllled CH3CN was added 1 g (0 067
-mole) of Et4NF The reactlon.mlxture was heated at |
. 90° w‘th stlrrlng for 19 hr MeOH (10 ml) was added”l
to the cooled reactlon mlxture and an 1nsoluble non-l._
Tuv absorblng SOlld was removed by flltratlon.vgha\\;i; -
2.5 g portion: of 5111ca was added and the mlxture was
vevaporated to dryness-_ The 1mpregnated powder was '
“3fadded to a column (2 3 X 37 cm, 50 g) of 51llca. The jr

'column was washed w1th‘1¢5 % of CHC137and the products

_7were eluted wlth CHC13-MeOH (95 '5).  The flrst frac—»

-

'tions contalned a small amgg?t (= 20 mg) of pure 136



A

‘135,

hiThls product was 1dent1f1ed by 1ts mass spectrum (195°)"‘
“m/e (R I., lon). 269 (4 M), 239 (§, ch, 252 (4 M—l7), :
221 [12. 5, M—(3L+r;a1, 180 (90, &) 164 (ss h),_136 o
"h(35, B+2H), 135 (100 B+H) and 1ts lH nmr spectrum d
l(DMSO- ) 6 3. 72 (m, 2 H5, 5“), 4 lﬁ 4 5. (m,_2'“i§¥

4.), .. 87 (“t", 1, 5'-OH), 5. 39 ( "d of d";:J

'll

21-2'F
j49 Hz,‘J2 -1 =1 Hz, 1, 2.), 6.23 ("d ‘of d", Jl\\g. =

5. 5 Hz, 1 3'—OH), 7. 35 (br g, 2,' —NH ),,8 150*8 25
_(s, sidy 1 Hyv Hg) - o . Q? o
Further elutlon gave fractlons contalnlng 135 and o
.136 and flnally a few dllute fractlons contalnlng | |
'vvery small quantltles of pure l35~ 1dent1f1ed by lts
mass Spectrum (l95°) 269 (8 5, g),«239 (6, c), 252
(1 s, M-17), 178 (37 5, d), 164 wdso ‘h), 148 (a 5

¢

f),-l36 (46, B+2H), 135 (92 B+§)

'""4-Am1no 7-(2 3- anhydro—B—D-rlbofuranosyl)pyrrolo-

[2 3 d]pyrlmldlne (58) (61)

f To 300 m1 of MeOH saturated with NH3 (at‘—S ),;;t,;d
.Ln a 500 ml round bottom flask was added 5.55 g (0 61 .
‘fmnle) of 51 at -5° , The flask was. securely stoppere& t:‘
'rvand allgwed to stand at r00m temperature for 6 hr.
The completlon of the reactlon was then verlfled by%

g

‘thln layer chromatography (tlc) (5111ca gel 5% MeOH

'in CHC13) ghe NH3 was removed by stlrrlng the solu—



fﬂdéidn~unaéfivacﬁﬁm?(watef7§ump) Slllca gel (7 g) was7

'>then added and the mlxture was evaporated at room .: P s

LT

”ftemperature in vacuo.v The 1mpregnated powder was

mthadded to a w1de column (¢- 5. 5 cm, 150 g) of elllca
’._gel;' The column was - washed w1th CHCl3 22) and the
-.fiwash was‘\“sparded The product was. eiuted usﬁﬁg ’
f.fCH013-MeOH (95 5) and evaporatlon (at room_temperature)
frof approprlate fractlons gave 58 as a Whlt$ powder whlch
'was drled under hlgh vacuum for 12 hr at room tempera—_
1‘ture to glve 1 72dg fSB%) A sample for anal¥51s was
\rapldly recrystaillzed from 95% Etoﬁ (ether, de31ccator)
to give 58 as ﬁhite needles. mp 170- 173°~ [a]D -46° .
f(c 0. 215, MeOH), uv (MeOH) max, 271 nm- (e ll 500), hln
*f227 (2, 4;9), nmr (DMSO-dg) § 3.50 (m, 2, 8y, ) 412

| (t, T 5.'5" & 6 Hz, 1, 34,), 4 20 (a J3, of = 2. s Hz,

ii 3.). 4.28 (d, 2 3. %.2.5 Hz, 1, Hz.), 5. o4 (br s,

'f;i’ 5 -og}, 6. 28 (s, 1, nl.). 6.60 (dy L,;_ Y, 7. os (s,
z 4= NH, ), 7.35 (4, 1, Hs), .. 08 cs, 1, H 2 Mass

; spectrum (190°) m/e KR 1.; 1on) 248 at.s, M), 218

| @, g 217 (3 M-31),_201 (0. 5, c—17), 189 (3, 1), B

- 163 (50, h), 147 (6 5, f), 135 (21 B+2H), 134 (100,»T o -

'”;;g+n) o [Reported (61) mp. 145-a7s°- {a]23,-iz 6. (c 'L- ST

<042, MeOH) ] -?1',5:7“Tfff:+.t,h’

\ S - o .
Anal Calcd for C11812N403 C q53\22 H, 4 86 S
22 57 Fouﬁ QZ ,53 17,' -4, 62 N 22 34. o



o fir14o.

h 4'Amln°'7“(3’1°d°“3 deoxY‘B“D’xYlofuranosyl)nyrSEb- PR

"[2 3 d]pyrlmldine (137),_ .

A 0 54 g (0 001 mole) SamPle of 51 was dlssolved f:&]ﬁ'”‘“'
in’ 100 ml of MeGH presaturated w1th amggnla at -20°."

o and allowed to stand at that temperature for 3 hr.ifv

The ammonla was then evaporated Ln vacuo at ~20° and

x2 ] of 3111ca gel was added to the so)utlon.; The mlx-'t'-
ture was evaporated to dryness and the 1mpregnated |

) powder was aéded to'a column (2 x 26 cm, . 40 g) of

s;llca. The column was washed W1th CHC13 and the wash

3
;(98 2) and evaporatzon of approprlate fractlons gave

' “dlscarded.. The product was eluted u51ng CHCl -MeOH

0. 25 g (66%) of 137 aq a whlte powder. A sample for'
,analy51s was recrystalllzed from 95% EtOH (ether,

» des;ccator) and had mp 175 l76° [a] =_—5° ( 0 6
‘tDMF), uv (0. 1N: HCl) max 265 1225 nm, (e’ll 300J 22 200),

' len 245 (s, 250), uv (H 0) max 268 ‘nm (e 12,300) , mln,'

L[238 (3, 200), uy (0. 1N NaOH) max 268 nm (s 11 700),_

- min 242 (6, 000),'nmr (DMSO de) & 3. 70 (br 5,2, Hs' 5..),

3 90 (m,,’ l' H4|)’ 4 46 (ll.t"’ J3' 2. = Jz. 3«' = 5 5 HZ, .
l' 3')'__4 83 (m, 1 HZ')' 5 40 (t", lJS"’OH‘FS‘ 5" = ‘ ‘ Lo
5.5 Hz, 1,,5'-0 Fh5-91 (@, J1, 2.‘= 5 Bz LyH,,), 6, 4.

"j'<d,

d3v on 31 = 3 Hz;

'1 2 -on), 6. 55 (d,v_s;s = 4Hz,
1, H ), 7.10 (br 5, 2, 4-na ) T 40 (a4, g o = 4 Hz, 1,15‘

hf‘H ). 8 10 (Sb«l, HZ)' mass spectrum (180°) m/e (R I., R
'pion) 376 (8. g). 248" (8. 5—127), 230 14, M~(127+18)l. L



::219 [12, u-(127+3o)1, 189 (2, 1) 164 (4, h), 147 (4
¥y 135 (28, B+2H), 134 (190,.B+H)

| } Anal Calcd for C11H13IN403 : _35 12 H, 3 48 T
N, 14.89; 1, 33.74; Found: G 35.12; H, 3. 84, N, 14 61,__i.”
1, 33.87. i i{'ﬂ;.5;d,e“- AT

'4-Am1no—7 (3- deoxy-B-D-eEzthro«pentofuranosy1)-~

ﬂpyrrololz 3-d]pyr1m1d1ne (139) (60)

To a suspen51on of 0 20 g (0 0008 mole) of 58

1m 80 ml of 98% EtOH ‘was added 0.7 g {0- 018 mole) ,d“"‘,~'

,of NaBH4 The mlxture was heated for 4 hr at reflux

4

w1th a further addltlon of l 3 g of NaBH4 after

. .

) 45 mln.~The solutlon was evaporated and.the whlte ,.1
vﬁ@'resxdne Was dlssolved 1n 100 ml of MeOH and refluxed

i_fafor 10 mln. After ac1d1flcatron with glac1al HOAc,

:6‘ e

5%&"the a%lutlon was: evaporated and the whlte resmdue ‘j“

'"f’f;olved in 20 ml of HzG and applled‘to a column
X i ‘\“‘ b w
i'?AO cm) of Dowex 1-x2 (OH ). re91n..JThex,

K‘E' .

luibrééT'“ ‘was eluted with H20, and evaporatlon of
i apprOprlately poole% fractlons gave 0. 037 9 (18 5%)

| J.of 139. Recrystalllzatlon of thls materlal from
-'95% EtOH gave 0.028 g,of 139 as ehlte crystaIS' _
-l_mp 183.5-184°; {mfg‘hL75 5° (¢ 0.51, EtOH); uy (0.1 N

f.;jnc1) ‘max 270; 227 nm (eoll ooo,_23 400), mld 245

(4 000), uv’ (Hzo) ‘max 267 nm (e 12 ,000) ,: mln 236 “l

(2 250), uv. (0 l N NaOH) max 270 nm (e ll 500), mln .

./

T L



4 55 (br ml 2' . 2ll H4l)l' . ("t", J

'V,_136-181°-f[a]2 -75. 1° (e, EtOH)]

. .\‘
e . e

Au240 (3 500), nmr (DMSQ- ) 6 l 90" (d of ar 1 H3"),

'2‘20'(“Seph_ 1, 8,0, 3 57 <"q"; 2, HS,, HS"), 4.20-

~OH- 5' gn *d5.

iS 5 Hz, 1, 5'-OH), 5. 50 (d, 2'-OH 2 f 5. 5 Hg,

_:2'-0H), 6. 01 (d, 2 -2. £ 3 Hz, 1, Hy,), 6.6 (a,

Is.g =4 Hz, i,DH ) §8 (s, 2, 4=z, 7. 34 @,

1g€_5‘% 4 Hz, l, H ), 8. 10 (s, l H ), mass spectrum

5—(1505)_m/eu(R‘1 ,_ion) 250 (10 W, 220 (1 5, 9, 20
g f;ltég;ls(ﬁ2051}1177 (4, @), 163 (32, B, 147 (4, g),

135 (22, B2H), 134 (100, B+H) . [Reported (60)*mp

~~
¢ s

~. Y

Anal Calcd for C11H14 4 3¢ 52 79 H, 5 64"

N 22 39 Found° C, 53.01; Hy - 5 94; N 22 13,

N N leenzoyl ~4= amlno-7 (5-O~benzoyl 2,3 anhydro-‘-‘”

B-D r1bofuranosy1)pyrrolo[2 3 d}pyrlmldlne (140)

To a suspen51on of lg- (O 004 mole}\of 58 ln 3C
-—ml of dry pyrldlne was added 3 ml (0 026 mole) of .
"freshly dlstllLed benzoyl chlorlde and the resultlng ,

7:clear solutlon ‘was stlrred for 8 hr” at room tempera-

P

: ,ture.f Ice chlps were added and the solutlon was poured _ 

: 'slowly lnto 2000 ml of ice and water w1th V1gorous

-stlrrlng The resultlng whlte precxpltate was flltéred

washed w1th 1000 ml of cold water, and drled (flnally

in vacuo’at 50°) to q: =2 2 g (89%) of 140 Recrysta1~ :

’ lizatiohjqf'02065 T . thls product from 5 ml of a.

—_ me

142, .



" '8.56 -(s, 1, H ), mass spectrum (200°) m/e (R,.., 1on)

mlxture of EtOH and CHCl3 gave 0 060 g of pure l40<

-mp 201~ 202°; v (MeOH)/éhoulder at 270 nm (¢ 17 500),‘,.

! max 215 nm Tt 59 5001/ nmr (ﬁMSO ) 6 4 2 4 60 (m,;, -
"_5' H5 ;5 4" H3" H2')' 6.38 (4, I5.6 " 4mz, 1, -xf'f;f‘

), 6. 48 (s, l, H ), 7 3= 7 95 (m, 16 aromata’, H )

560”(69} M), 455 (100 M COC ), 439 (23, M-OCOCGH ),_,

Anal Calcd for C

218 (40,-

i

32 24 4 6 *‘C,16855@7’H?‘4f;l7_N;.;‘

9,99, Found. q, 68.43; 1, §.54; N, 10.27. b

4-Am1no-7 B D—xylofuranosylpyrrolo[2 3—d]-

. ,.;? .

pyrlmldlne (141)

7o a solition of 0.56 g (0<001 mole of 140 in

150 ml of DMF/eenfEIHI;; 1 ml of water was added

0 35 g. (0 002 mole) %f sodlum\benzoate._ Thls mlx-ﬁ

ture was heated at 100° for 34 hr w1th stlrrlng : e .&'

.and»then evaporated'ln vacuo. Theoresultlng gum

- was’ dlssolved in 240 ml of MeOH and 0. 6 g (0 025 g,

5. a column (2 5. x 22 cm) of Dowex 1—x2 (OH ) resan

at ) of sodlum was added The solutlon was
+ . ¥ P \ : . “.>__-.
stlrred for 21 hr at room temperature, neutrallzed

-k, =

. w1th glacyal acetlc ac1d and. evaporated. The "v-' S

e
re51due was: partltloned between 20 ml of H20 and

50 ml of - Etzo and the aqueous phase ‘was applled tc . 'aj

Kam
2

)

packed 1n H20., The column wgs washed w1th H:O (2 g)v.i _ﬂ‘;nfb




;i~ratio of MeOH in. H20 was gradually 1ncreased to 6 4

'&7wh1ch eluted the product Evaporatlon of the

LI

RiE

' and then w1th a. mlxture of MeOH—H o} (l 9). .The“” B

@ ! o7 'vf,ui.

'ieapprqprlaté fractlons gave. 0. 19 g (60%) of 141-{wh1ch

N was crystalllzed from MeOH (ether, de51ccator) to

\

‘glve 0.18 g of 141: mp 2236224°- [a] -i35° (c

[o 5, DMF), uv; (o 1 N; HCl) max 270 227 nim' (e 10, soo

jﬂzz 400), min 245 (3, 950) 3 (HZO) max 270 nm- (e 11 500),

"'?mln 240 (3, 550); nmr (DMSOdd fﬁk 3 6—3 7w, 2, H
;,3 95- 4 10 (m, 2, H3,, H4.),:4

7.3

i7‘21 04 Found“

- 88 (S, 1; 3'-OH), 5.94 (d J

fiffmln 237 (1, 950)._(0 1N NaOH).max 270 nm € 11 400),

2 (br S, l Hz.), 5. 15 .

24

'-(t ﬂ -5'-0H 51, 5n = 5 Hz, l 5‘—OH), 54 (d l 2'_OH)f

1. 2. = 2 Hz, 1 Hl.),

6‘55 (d, Js 6 = 4 HZ r 11 Hs)r 7.0 (br Sr 2, 3 ’NH ): j

(d,’ = 4 Hz, H ), 8.08 (s, 1 Hz),.mass‘iw'

1, 3 —6 5

'spectrum (l70°) m/e (R I., 1on) 266 (3, M), 177 (45

fg)) 1633(66, h) 147 (" 5, g), 135 (61.5, Be2H), 134

(o0, . 0%

v .

Anal Calcd gdr C 1H C 49 62 H, 5. 30 N,

1484941
;“49 42 H, 5. 32; N, 20. 75.

Further efétlon w1th MeOH-H 0 (7 3) gave 0 018 g

"éf 142. Thas product had essentlally 1dent1ca1 moblﬁlty
to a saqp%é ‘of - authentlc 142 by thln layer chromatography |
.-paper @hromatography, and electrophore51s. The mass |

ﬁ,dspeé%rum was ldentlcal to that of 142 The nmr spectrum _

5' sll)l

-4:i7;144;



e . : LT e : : - 145,
Tow L . et . 3" . T T fy e

R
L . R . L -
Ca LN R o - . o
{

(DMSO ) of the product obtalned from 51m11ar experl- o f:\

mental“batthes was, 1dent1cal wﬁté'that of 142. -(H ’ ag ¥

6642 J§2-4Hz)

wf4-Am1no—7 (3-a21do—3 deoXy B D—xylofuranosyl— e

pyrrolo[z 3~ d]pyrlmldlne (143) ;Qy" ’:‘) f. ’i)4"f'?. B

_ To a solutlon of 0. 560 g (0 001 mole) of 140 ‘
in 50 ml of. dry, dlsti&led DMF was added 0. s g (o 00755)
mole) of sodlumﬂaz;de. The'nlxture was heated for Wwvf,;@ v?ﬁ‘
22 hr at 100°'w1th stlrrlng and then evaporated to ;ka”
dryness in vacuo. Thé resultlng yellow gu@ was partl—'
tloned between 200 ml’ ‘of CHCi and 50 ml- of HZO and - "
the aqueous layer® was extracted w1th 2 X, 50 ml of ,(5 A |
CHC13: The comblned organlc phase was waShed with 2 X : :tf
100 ml of HZO' drled over Nazso4, flltered and - | |
dlssolved in’ 120 ml of MeOH an& stlrred w1th 0. 46 g fl‘f 'f éf
(0 002 g. at ) of sod1Um for 18 hr at room temperature.;»hr‘ o
"‘The solutlon was neutrallzed w1th glacxal HOAc and :f' |
'evaporated : The reSLdue was partltloned between 50 ’fjﬁ_;"
iml of Et20 and 20 ml of H2® and the aqueous layer was ¢’
'applled to a column (2.3 x 25 cm) Jf Dowex 1- XZ (OH ) |

-,reSLn.' The product was eluted u51ng MeOH—H20 (6 4) .wh ’;'
"‘cEvaporatlon of the apprbprlate fractlons and recrystal- | |
- 1lization of the resxdue from 5 ml of 95% EtOH (ether, ‘.'}
'de51ccator) gave 0 11 g (38%) of crystalllne 143. p

- 220-221°; [0l -132° (e o 55, DMF), uv (HZO) max- 268



ri@ﬁ;
- .om (e*13 500), min 238 (1, 950),‘(0 1N HCl) max 270,,» _
,227 nm - (e 12,000; 24 000), mln 245 (3 900), (o 1 N NaOH)
;max 270 nm (e 13 900), m1n 242 (3 900),~nmr (DMSO —6) |
. 65 (br S, 2, Hs 5..), 4 25 4, 35 (m, 2 H3,, H4(),l

4 6 ( t"r le l'»

= S.Hz,sz, 30 5 Hz, 1, Hz,),:,
. 5, 28 (r t" 1, sr—onj; 6:0 (4, Jl, =5 Hz,_l,

—1')' |
6.12 (bx s, 1, 2'-03), 6. 62 (d Js 6 = 4 Hz, 1, A, 5)r 7.1

(sl. r -NH )I 7 35 (dl "“6 5 4 Hz, 'l' H )' 8 08 (S,

s'H') | Mass spectrum (190°) m/e (% R I., lon) 291 (4 5,
M), 263 [1, ¥-28 (N, )1, 249 12, M—42(N3)], 219 [6 5, c-f“
','42(N3)1, 177 (5 5, &), 163 (29 5, ), 147 (1655, fy, |
13 (27, B+2H) 134 (100,.B+H) '

Anal Calcd for C11H13N703 CZ 45 35 H 4 49;

° N, 33 .66, Found-a C, 45.28; H, 4. 64 N, 33.51.

4 Am1n0-7 (3 5—0-1sopropy11dene B—D-xylofhranosyl)— '

3 pyrrolo[2 3 d]pyrlmldlne (145) :17,' o \f

4

| To a stlrred solutlon of 6 ml of freshly dlstliled
Lfacetone containing. 0. 84 g of Eftoluenesulfonlc ac1d
and 1. 5 ml - (0 014 mole) of 2 2= dlmethoxypropane was
added 0. 3 g (0 0011 mole) of" 141. The:flask.wasrstop-‘d

. pered and stlrred for 20 hr. ‘The red’selﬁtich was

poured, with, stlrrlng,'lnto 30 ml of saturated aqueous

" sodium blcarbonate solutlon. After a few mlnutes '

-~‘the solutlon was extracted w1th 7 X 30 ml of CHCl3.-'-

' Whlte crystals appeared upon concentratlon of the

“



. 147

' comblned organlc phase and were flltered to yleld 0 680

'L- 9 (100%) of 145: mp 251°~252° [a] ;~-81 5 (c 0. 5, DMF), \;df7*f
wv @1y HCl) max 266, 225 om,. (e 10 300, 21,400), min . -
m13*24@ (4 000)'-uv (H 0) max 270 nm. (e 11, 100), min p; ,vt ﬁ?

._237 (280). 45.(0 LN NaOH) max 267 nm’ (e 10, 800), min ‘;_ )
;- 240 (e 4 000),,nmr (DMso—d ) 6 1. 34 l re (s,vs,v3, 3,~,417e¥p?,
_; c(CH3)2), 3 8-4. 3 (m, 5, HZ" H3,, H4,; HS' 5"), 5. 90

ibr s, 1, 2'-03), 6.16 (s; 1, H, .), 6. 52 (d; J5 6=

’;,=4 Hz, l, H ), 6. 96 (br s, Z,t -NH2), 7 42 (d» —6 5

4 Hz, l, H ),v8 08_45, 1, H, ), mass spectrum (185 )

(% R I., 1on) 306 (&5, M), 291 (4, M-15), 219 (l), 193

(2, 1), 177 (5. 5 d), 163 (70 h), 147 (3, f), 135 (32,
- Br2m), 134 (100, B+) . B

Anal Calcd for C14H1804N4 C,.S4 89 H, 5 az» N, -

18 29 Found C 55 09;: H, -6.13; N, 18 02 - S
' 74—Am1no;7 (3 iro-lsopropylldene 2-0—methane- f,',, a

'sulfonyl B—D-xylofuranosyl)pyrrolo[2 3-dP§yr1m1d1ne‘ o
(146)@%5§: "';"»f.* B I
gua O D PR TR - e

To a solutlon of 0.6 g (O 0019 mole) of 145 in

10 ml of dry dlstllled pyrldlne was added 0. 6 ml -
- fO 007 mole) of methanesulfonyl chlorlde w1th stlrring.-

The flask was stoppered and stlrred for 3 hr. The_-

;solutlon‘was poured 1nto 150 ml of 1ce and water and R 9'

L thls mlxture was extracted w1th 4 x 50 ml of CHCl3
ST ®
The comblned organlc phase ‘was washed wlth 100 ml of '

5
F



ﬁ-saturated aqueous NaHCO3, 100 ml of HZO’ d:} ' over'

. “Na SO4 flltered, and evaporated 1n vacuo tﬁ'glve a :

2
:whlte powder.. Thls pow&er wds dlssolved 1n 5 ml of

A .,‘S k- | A;_,—' .,

' CHCl3 and applled§t6 a column of 5111ca gel (2 3 x 50

cm, 100 g) * The column was washed w1th 200 ml of i i~!,4

iCHC13 and the compound was then eluted w1th/MeOH CHC13-

(3: 97) The approprlate fractlons were” evaporated to- :
"wgive 0‘58 g (77%) of 146 as a whlte powder _'mp 80~ "':
 83°-7uy (MeOH) max 270 nm (eﬂll 200) ‘min: 230 (3, 570),‘_’

nmr (DMSO-d) & 1. 32; 1 50" (s,'s, 3, 3; C(CH 312 3.48.

(s, 3, aosozcu ), 3. 90ﬁ4~3 (m; 3, Hyus Hgy sa) s 4;65
RN Rz 1, 3.—%. 5.05 (s, 1, LBy, 640 (s

,.-?,‘Hlp)r-ﬁ 60 (dl —38HZ,1 H)I7l(br5192' ‘

25-6
"4-NH y, 7.40. 14, J T 5‘: 3, 8 Hz, 1, H), 8. 08 (s, 1, Hys
’ mass spectrum (Calcd for C15H20N4OGS '384. 1103 Found- |
T m/e 384.1111) (180°) (8 RI., ion) 384 (5.5, 1), 369f_f;
(3. 5,. y-15), 247 (5. 5), 231 (7), 217 (2), 201 (10. 5),

163 (95 . 147 (9, f), 135 (32 B+2H), 134 (100
= B+H)

4= Am1no—7—(2-o-methanesulfonyl B D-xyloiuranosyl)-~

yrrolo[z 3- dI“yrlmldlne (147)

A O 55 q (0 0014 mole) samale of 146 was dlssolved
in’ 50 ml of 90% trlfluoroaceth ac1d The solutlon

' was stlrred at room temperature for 20 mln and was then
. ‘ ? . ‘

- evaporated After removal of traces of water and aC1d
. I . . .

‘ﬁ5:148,flf




"'by coevaporatlon of the‘tesfiﬁe‘W1th benzene, 0 42 g
4(85%) of 147‘%as obtalned as a. whlte 5011d foam ‘mp

: ,179-180°v=uv (MeOH) max 270 am- (e 11, 200), min 230

‘ T_(3 670), nmr ' (DMSO-4 ) 5 3. 22 (s, 3, -CHy), 3. 71 (m, 2,

‘; 5: Su)d 4 09 (mp 1 H4|)r 4. 42 (m, l H3')'_,4 91 (lqt" . . Q)
f—S‘GH 5', 5"1‘ 3 Hz' 1, 5! -OH), 5. 21 (“t"{VJ 3 = ; ,“ 5

- .g-z' l. B 2 5 Hz" 1 HZ') ' 6 25 (daa =1' 2'| =@S HZ: 1r : |
' RS L ,

S2'-0H-2"',2" . 5 Hz, - L. 2‘—0H), 6.60 . °°

: 4
I ¢ = 4 Hz, 1,‘H ), 7. 12 (brs, 2, 4-NH ), 7.36

Hl;),fs.as @, 1,

4, J
T &

{(d, ~6 5 = 4 Hz, ‘1, H ), 8. 08 (s, 1, H ), mass spectrum

' ~(2oo ) «ve (R 1., ion) 344 (Calcd for c H. :N o s._]’

12°1574"6
344, 0791 Found."m/e 344j§§§8) (2.5°M), 248 (27, M-

“(OSO CH and OH)), 217 (7 248 31), 201 (6), 189 (9, J)

3
163 (93, h), 147 (18, f), 135 (44.5, B+2%), 134 (100,-" g
"B+H) ' C -
13°1674°6"

" anal. Calcd for C,,HjN,0.S: C, 41.85; H, 4.68; N,
16.27;'s,/9.31. Found: 41,67 H, 4.47; N, 16.00; S,

9.28.

. 4-Am1no-7 (2, 3—anhydro—3 D—lyxofuranosyl)—

1

: pyrrolo[z 3 d]pyrlmldlne (144)

i To a solutlon of 0 237 g (0 0007 mole) of 147
in 80 ml of MeOH was added 0 2 g of sodlum 'The
vzsolutlon was stlrred at room temperatureafof.lz'hr,v'
'i, _neutrallzed w1th glacx‘iﬁfOAc, and evaporated to o - l'}p

.'dryness. The re81due wa dlssolved in 25 ml of H20 :

1Y



and the solutlon applled to a column (Zim 60 cm) of

Dowex l X2 ( A re51n Elutlon w1th 0 and

rioled actxons gave B

: oy
fvaporatlom of ?giroPrl§59u$3

. (dec) [a]24 -so 5 (c 0. 4 DMF) uv (0'1.N?hc1) max
270 225 nm (e 11, 100 23 000), mln 245 (4 250), ;LW» s
uv (H O) max 270 nm (e 1%’%00), mln 247 (7 500), av

(0 1N NaOH) max 270 nm (e 12 000), min 238 (4, 100),-
- nmr (DMSO d.) & 3.58-(d, 2, HS 5"), 3.95-4.2 (m,_f

3, H,,, grr Hydo 5 0 (bx s, 1, 5'—OH), 6.40 - (s, 1,

2"'
l')’ 6.65- (d J5 6 = 4 Hz, l Hg), '7.08 (br s, 2, :
4-NH,), 7.30, @, Jo.s = 4 Hz. 1, H )» 8.12 s, 1,,«Y1_

,‘Hz) ‘mass spectrum (Calcd for Cllﬂlz 4° 3. '?48 0909

"d: m/e 248, 0905) (l40°) mée (R I., lon) 248 (11 5,.

), 231 (1 5 M—L7), 218 (5 5, c), 217 (8.5, M—Bl),‘
_201 (5. 5, c-l7), 189 (8 5, 3), 163 (97 h), 147 (23
f). 135 (49 B+2H), 134 (lOQ, B+H)

» . J

: ﬁ‘ : Anal.. Calcd for C11 12 4 3 _f 53 22 H, 41897'

[ :
22 57 Found. C, 53. 04 H, 5. 09, N 22, 8l.

‘ “;_4-Am1no—7 (B—D—arablnofuranosyl)pyrrolo[2 3—d1-v‘

pyrlmldlne (142) o

To a solutlon of 0. 13 g (0 0005 mole) of 144 in

25 ml of DMF contalnlng 1 ml of HZO was added 0. 15"g S

~.A:'(O..O.Ol mole) of‘sodlum_benzoate,--Thlsfmlgture ‘was -



'~j1ncreased.. ‘A smalI quantlty, O 006 g (4. 5?) of

heated at. 100° for 12 hr w1th stlrrlng and then R
: evaporated 1n vacuo. The reS1due was dlssolved in-

40 ml of MeOH and o 07 g (0.003 9. at )~of Na was-'

: added , The solutlon was stlrred for l hr at room -

(

_temperature, neutrallzej w1th glacxal HOAc and

.evagprated The re51due was dlssolved in. 25 md ofd‘ o |
-HZO and the solutlon was applled to a column (2 xﬁi:_\r“‘ Z‘T;)
32 cm) of Dowex 1- X2 (OH ) re51n.:.The column was

'washed w1th H O (2 2) and then w1th MeOH H2
The concentratlon of MeOH 1n water was gradually

0(19)

‘7mater1al 1ndlst1né%ishable from 141 by “thin layer
vChromatography, paper chromatography, electrophoresis,wf-
jmass spectrometry and nmr was eluted w1th MeOH HZO |

(6:4). Further elutlon gave 0. 102 é (74%) of the v_'x'
desired 142 Recrystalllzatlon of 0.1 g of thls

’ materlal from MeOH/ether, de51ccator) gave 0.095 g

.of pure 142: mp 125 126°- [d] +6 9°.(c 0 5 DMF),

uv (0 1 N HCl) max 268 225 nm ( ll 100 23 800),

‘mln "245 (4, 150), uv’ (H 0) max 268 nm (e 11 900) ,. mln .
240 (4,500); uv (0.1 N NaOH) max 2|p o (e 11, 200),_d;5
min 240 (4,150); nmr (DMSO-d, )3 55-3 8 (m,; ,

3.’

Hs’ 5'-)"3 95-4.20 (m, 2, Hz.. H4.). s, 01 (t, 1, s--on),

l' 2' Moo
1.), 6 52 (d, Jg ;é“=v4idz,.11 Hs),‘6,90$(br;s, 2, eéxﬂé),.h“



.7 29 (d, T 5 = 4 Hz, l, 6)' 3h05 (gf"l H )i mass';.';'v__
dsPeCtrum (200°). m/e (R+I., ion). 266 (7, M), 236 (1, @),
193 (1,

-

i), 190 (o 5, i).. 177 (10 S5, d), 163;(60 h),
147 (8, g); 135 432, B+2H), 134 (100 B+H)

__/ Anal Calcd for C11H14N4O4 c, 4,9 62 H 5 30 9/
. 21.04. Found.‘ C. 49. 92; H,. 5. 40, N, 20 86

9- (2 3-Anhydro 5—O-Eftoluenesulfonyl B D~r1bo-

A

,.furanosyl)aden;ne (148)

-y ;

. To a cold €0~) - suspensxon of 0 125 g (0 0005 mole)
’of 31 'in 500 ml of dry pyrldlne was added 0 385 g |
- (0. 002 mole) of recrystalllzed p toluenesulfonyl chlorlde
-The resultlng yeilow solutlon was stlrfed at 0° for
.6 days and was then poured 1nto 200 ml of 10% aqueous {v
. 'NaHC03 solutlon. Thls mlxture ‘was extracted w1th ‘
| 3 x 50 ml of CHCL3. The comblned organlc phaé% was.
'washed w1th 200 ml of ‘10% aqueous NaHC?zﬂeolutlon,
;?2 x 50 ml of H. 20 and: drled over Na2504 Drylng agent
. was removed by flltratlon and the flltrate was evapo—;
vrated to glve a yellow foam.. Thls foam was-dlssolved?i
in 5 ml of ch13 and aP;lled to a column (2 x 7 cm,-‘j | w? '}f
‘i12 g) of 5111ca gel. The product was eluted usxng ‘1
:}CHC13-Me0H (98 2) and” evaporatlon of the approprlate-a.'nm
1fract10ns gave _.150 g (74%) of 148 ‘as a whlte powder: R
"aAmp 165 167‘-.uv (MeOH) max 260 nm (a 15 050) mln 240

(8 700) . The maxlmum shlfts to 272 nm (e 13, 850) on
. S \' . _ %

R s o SRR
R . 1, . . X K LEN
L



(s, 3 -CH ) 4.1 (q,-

‘fuisgf?

;»standlné 1n MeOH at room temperature - Nmr (CDCl3 and .
“a’little omso dg)- 5 2. %c)) (s. 3, '_-cn3), 4. 1—4 5 (m, ;f,‘f;'.,.
5, Hz., H3., H4., Hs, 5") 6.2 (s, 1,.31.), 7.10- 7 60 fl-;}‘fs
i@(m'V " aromatlc,_ 'NHZ)' 8 02 8 18 (s, s,_l, 1 H2 I
ﬁ‘and H, ).1 Nmr (DMSO-d ) .in thls solvent 148 1s

‘Arapldly COnVerted to the N3+5' cyclonucle051de 6 2 3 ff:'

w

5, 5,,), 4 3~ 4 5 (m, l,
4,), 5 1 5. o (m, 2, Hz., Hy,), 6. '55 (s, i, nl.), |
7.1 (d, 2, aromatlc), 7.5 (d,_ ,'aromatlc), 8.5 (s,
‘;1' H2), 8 75 (s, l HS) Mass spectrum (255°) m/e
(% R.I., 1on), 403 (very small M), 231 (<2 M-E- |
'.’QCH3-Ph-SO m, 172 (20, p-CH, -pr\so H), ;}55 (41%, p_- |
'CHB-Ph SO ), 136 (10 B+2H), 135 (100 B+H)._,An 'f t+f_
analytlcal sample, mp 165 166°, was obtalned by |
ﬁffcrystalllzatlon of thls powder from EtOH _ _ o kS
"< anal. ;alcd for Cy4H NSO €, '50.61; H, 4. 25,  -

WL hna 17817955058 Sy
.,'.fu, 17 3{9 %, 17.94. Found c, so 56: H, 4. ss R A

17 09 S 8 17

I . '/"~
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