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8. > "
- S ABSTRACT , : .

'thtx—four ﬁeﬁtofu?anosyl nucleosides and meihyl g-D-

A ) \
ribofuranosid% were oxidized.with sodium periodate and

subsequently reduced with sodium bqrbhydride. After
_destkdying the excesé borohydride wi%h aqueous phosph=
buffér (pH 6.5), the ;eSulting qua;titéted solutions
subjected~to measurement of their long-wavelength g;
rotations. .

A previously noted embirica1 trend re]ated,TU(
sides having Slg or ol gohfigdrgtions with positi
rotétions for thgir oxidized-reduced products and
sides having a-D or 8-L configurations with negativ
rotations for their enantiomeric oxidized-reduced -- .-
tsives., Most nucleosides in the preseng study gave re-
“sults in.harmony with this empirical prediction Ancluding

adenosine . a4 derivat%Ves with an %dditional asyﬁmetric
center. However, 6-aquyriﬁidipe (1,2,4-triazine) and
6-azapyridine (pyridazing) nuc1eosid9§ were eiceptions
with reveréed rotations for their oxidized-reduced de-
rivatives. This behavior is suggested to result from the-
intrin;ic 6ptica1'vector orisntation in the chromobhore
réther than rotameric preferences.

’C-nuctecsides (pseudouridine and formycin) were méthyl-

ated at the. acidic ring nitrogen to circumvent degragdation

:Qnderjfhe oxidation-reduction conditions. Paper elbctro- =

Y .

iv —\
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phéfesis using a borate buffer (pH 9.3) yas fouhd to be
a useful analytical method in the present study. The
precursar nucleosides and their oxidized-reduced products

gave ditstinct well separafed spots. The anodic migraticaE

of B-D-pentofuranosyladenine nucleosides and adennsmeDx red

arg in the order: 1lyxo- > ribo- > xylo- > ox-red > ara-

binofuranosyladenine. ’ foe

(209), ino- »

' Adenosmeox red (_g)!, tubermd*lngx red, (209

(135) and uridine (136) were isolated -and

- -
subjected to solvent and pvaffect studies. In aqueous

i
5 TIE‘_:”‘z

-red ox red

solutions at dif%e?ent pH values, DMF and MeOH, rotation
magnitudes we;e affected but drastic chaﬂgéE (e.qg.

reversal of the siqn) were naé observed. However, drastic
Eﬁaﬁges in the rotations of adenﬂs1ne -red (43), tuber-

cidin (209) and inosine *535) were observed

. oxsred ox-red

in pyr1d1ne, whereas uridine 6) behaved normally.

ox-red (136 7
This was attributed to the "stacking" effect with "aromatic”
purine-type bases.

Qualitative rates of the reduction of periodate by

nuc1easides (determined spectraophotometrically at a perio-

ol

date concentration of ~10°° M) were found to be: g-D-
ribo- > a-D-ribo- > B-D-lyxo >> B-D-arabino- = B-D-xylo-

furanosyladenine. After 1 min, several 8-D-ribofuranosyl

‘nucleosides reduced periodate 1.2-1.¢ times faster than

their corresponding a-D anomers. -~ This difference is

presumed to result from the increased steric hindrance
K &
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of the a structure. This presents"i‘ new method for
\ * l, i

“ ‘assigning the configuration of a given anomeric pair of

.,

ribofuranosyl! nucleosides. 8o S

2
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INTRODUCTION

The term “nucleoside" was originally introduced by
Leveqe}and Jacnbs1 for the carbohydrate derivatives of
purines (and later, of pvrimidines) isolated ffD% the
é]ka1ine hydrolyzates of yeast nucleic acid. The phosphate
esters of nucleosides are called nucleotides. "Nucleo-
sides” now refer to carbohydrate derivatives Tinked to
heterocycle bases, normally at C-1' of the sugar residue
(anoreric center), by C-N or C-C bonds. The term in-
giudes both naturally occurring and synthetic compounds.

Since there are:two possible orientations for attach-
ment of thelbaée at C-1' (nama]y; a or 28 as indicated
for 1 or 2 in the D-ribose derivatives), the anomeric

\:canfiQUfaticn determination of nué]eﬁsides has been a
problem of considerable importance. This is especially
true in synthetic HUEIECSidEVChEmiSt?y where ccuﬁ1ing of
an appropriate sugar and heterocycle (or its pfecgrscr)

is frequent1y employed. Although the anomeric configura-

a at C-1"

B = a heterocycle
or its precursor

. L3 o
tion of nucleosides found in DNA and RNA are known to



(o~
be 8, naturally occurring nucleosides having the a-
configurat{on are also known in vitamin E12 caenzymes.z
Thus, unknown naturally occurring as well as synthetic
nucleosides always have to be subjected to determination
of anomeric configuration.

A number of methods for determining the anomeric
6onfiguration of nucleosides have'DEEn_devisedg chever,i
most of these, although useful in specific cases, have
limitations and/or exceptions. Thus, the combined use of
more‘than one técﬁnique is often required. X-ray,

diffraction provided the first confirmed structural

assignments of certain nucleosides obtained from yeast

nucleic acid.3 This method gives a rigorous and un-
ambiguous assignment of the anomeric configuration, but
requires specialized equipment and skill -and is time |
consumingf | _

Recent]y, approaches used for the determ1nat1an of

anomeric conf1gurat1on of r1bofuranasy1 nucleosides have

4

been critically reviewed. 'In the following d15;g§51pn,

various commonly emplOyed'methcds and criteria will be
surveyed.

1. Baker's "tranﬁ'fu1e"5 : L s 7

Baker's “trans rule", which states that “condensation
of 2 heavy metal salt of a purine or pyrimidine with an

acylated glycosyl halide will form a nucleoside with a

k}
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cC-1' to C-2' trans confiouration in the sﬁgar haiety re-
gardless of the original configuration at cC-1'", has .pror.
vided the initial basis for assignment of the anomeric

nature of the products obtained from several coupling

methods. The reason for the trans predominante -has been
attributed to the participation of the acyloxy group at
C-2' resulting in formation of an orthoester ion invo]viﬁg
- C-1"., nggvef, Montgomery and Hewsons have noted. an |
8

exception %o this rule. Fox and cnéucrker57’ observed
hY

that the "trans rule" could not be applied automatically
to anomeri(rassignmEnt of the products obtained from

Hilbert-Johnson coupling reactions.

II. Chiroptical methods ‘
T | .9 2’2

1. Hudson's “"isorotation rule

Hudsan'sé"isaﬁataticn rule", which uas‘the first
attempt to uJilize apticé1 rotation data for determining
the anomeric configuration qf carbohydrates, was used
along with Baker's “trans rule" for early assignments of
the anomeric configuration of nucleosides. fhis empirical
rule was origina1iy'based upon presumed relations between
the anomeric configuration and optical rotations of
carbohydrates. Although it remains applicable for most
methy] g1ycasidesja it was found to %ai1 for certain
' 11,12

anomeric pyrimidine nucleosides. Later the noted



exceptions to this rule were found to be general for

most pyrimidine nucTeaSides!13

2. ORD and CD approaches

Ulbricht and caaucrkersld measured QRD and CD spectra
of series of nucleosides and nug]eotidés and noted trends
correlating the anomeric configuration and sign of the-
long-wavelength ("Bzu“) Cotton effects. Purine £-D-nucleo-

sides generally exhibit a negative Cotton effect and

.puriné a-D-nucleosides a positive Cotton effect. Pyrimis.

dine nucleosides genevally exhibit reversed Cotton effects
(8-D, positive, and a-D, negative). " This so-called

ORD/CD rule was in general harmony with experiments of
15 16 However, the sign

Fric et al. and Nishimura et ad.

of the Cotton effect as well as its magnitude is depen-

17,18

dent on intrinsic dipole vector orientations within

the heterocyclic base, glycosyl rotameric populations,

solvents, temperature, etc. Numerous exceptions to

143,C,F,1B—ED

this rule have been found. Thus, it is

noted]5?18b

that ORD and CD stereochemical assignments
should be applied to nucleosides only in those cases .
where the unknown and reference nucleosides have similar

- S : .
transition moment directions, electronic structures in

~the sugar rdngs, and glycosyl rotameric populations.

N

111. NMR methods




1. jHéNHR;;ppreacﬁes

a. Coupling constant approaches o 5"

It is now generally recggnizedz1’22 that the coupling

constant between H-1' and H-2' (J;._,.) should be < 1.0
Hz for unequivocal assignment of a 1',2'-trans hydrogen "
re]ati@néhip in-the case of pentofuranosyl derivatives

suéh as B-gifiﬁcfurénosyI nucleosides (1). This criterion

is based upon the Karplus equatign;EB by which the vicinal

coupling constant is calculated from the diledral aﬁg’!egg4
However, J1i;2. > 1.0 Hz is common for‘'1',2'-trans hyGrg=
gen relationships because of the conformational FTexibiiity
of the furanose ring. No assignment is possible for
nucleosides having the 1',2'-cis hydrogen relationship

of a—géribcfuranusj1ﬂuc1eosides (2) owing to the double-
angig cosine dependence of the Karplus equation. The

only exceptions to this trans JT‘EZ‘ < 1.0 Hz criterion
have been Qbsetved4 in the fused-ring é',B‘éanhdea1ny§
nuc?egsides (H-1' and HQZA cisir(;)i The anomeric proton
sigﬁa1 of (3) appears asna sharp siﬁg1et,(d1.§2. < 0.7

"Hi) as does the corresponding peak for H-1' of the 2',3';
anhydroribonucleosides (H-1' and H-2' trans) (4).

B

B = adenin-9-y1,
4-aminopyrrolo-

7-y}

o
’|\ .

2,3-d)pyrimidin-



25 employed the 2',3'-0-iso-

Leonard and Laursen
propylidene group for ribonucleosides to restrict the
furanose ring conformation and lower the coupling con-

stant (Jy. 5. ). 'Aithcugh the B-anomer usually responds
1'-2 -

" to a reduction in J,,_,., values in the range of J1.§2f =

-~
2~3 Hz are common, and unequivocal assignment is pre-
cluded. | (
- -~ e 5 4 2 26 RSP S i i ¥ -9 z 1 % ] .
MacCoss et al. proposed a "H-4' multiplicity 4

criterion" (H—f’ triplet for a—;namers and higher multi-
plicity for g-anomers). Thej iévestigateé 12 anome?ic_
pairs of 2',3'-0-isopropylidene ribonucleosides and
attributed the H-4' multiplicity (coupling with H-3' as
we]i as H-5', H-5") in the B-series to the flattened
conformatiaon of the 2',3'-0-isopropylidene ribose résidueg
The H-4' triplet (coupling with H-5' and H-5" only) in

the a-series was related to the conformational change

of the sugar residue resulting from interaction between

the endo methyl group and the base reducing the dihedral
angle between H-3' and HQA‘.(¢3‘-4?) to -90°. One

observed exception uasythe anomeric pair of 6=N-(2',3"'-
H ; _ ,

igiiseprcﬁy]idene-garibgfur;ﬁns
syi)adénines (5) which have in-
creased flexibility around the
glyﬁasyi bond. Both a and;B-
anﬁﬁefé,gave %ise té tr%plet

peaks’ for H-4'. Thus, a minimum
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requirement of this fﬁTéi as they emphasized, is that the
C-1* kubstituent should be of sufficient bﬁ1k and rigidity
" to ensure that the steric interaction between the 5'- |
CHEDH group and the base of the E-anomers will prevent 2
decrease in ¢3,;4.; The foregoing coupling approaches
"are crucially dependent on the sugar conformation. Con-
férmational rigﬁdity?%s a predominant factor in their

-

applications.

Jardetzkyz? noted that J,. ,, < 1 Hz for adenosine
3',5'-cyclic-monophosphate (cAMP) (g, g8 = adenin-9-y1).
However the app\icabiTity of this observation to the

anomeric assignment of ribonucleosides remained unrecog-

d 4,28

ﬁized until Robins amd MacCoss .proposed a fgeémetryé

only method" for this determination based upon the

coupling of the anomeric proton (J1. i) of the:confor-
mationally rigid anomeric 3‘,5'acyc1onut1th1des (6,7).
The proposed criterion was Jy._ o+ < 1 HZ for 8-anomers

(6) and Jy._ 2 2 3 Hz for a-anomers (7). They cbserved

no exceptions in examining over 200 examples andisuggested

T

Q’* o’ o
no’

6 &
its general applicability to variously substituted rido: -

3',5'-cNMP's (cyclic nucleoside monophosphates) and
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B-ara-3',5'-cNMP's. Similar results have been observed??

in our laboratory ré!entiy using the 3',5'-0-(1,1,3,3-

‘tetraisopropylidisilox-1,3-diyl) graup30 (8) in place of -

the 3',5'-0-cyclic-monophosphate.

B -
. 0 :
AN/ ©
Si
a(““clj
‘ }gsSis*‘CJ OH
> s
b. Chemical shift approathes

31 reported a method based on the'

Fox and co-workers
chemical shift difference of 2'-0-acetyl methyl signals
béfare and after the hydrogenation of a double bond in
the heterocyclic base. In pentofuranosyl nucleosides of
ﬁyrimidines, f ey observed a small diamagnetic (upfield)
shift with 1',2'-trans and a large paramagnetic (down-
field) shift with 1',2'-cis 2'-0-acetyl deriza{ivesiupun
sapuration ef the S.EEEDJDTE bond. This approach is
based upon the anisot%épic effect of the heterocycle
and appears to be generally applicable to pyrimidine
nucleosides. Héweieriﬁit %s-nnt readily Sppiicab1e to
purihe'nucieasides sinée selective hydragénaiicn to givé

7;B-d%hydropurine nucleosides s ‘difficult.



Hentgomeryaaa reported that the 2'-0-acetyl methyl
chemical shift per se could be used to determine the
anomeric configuration. In a series of acetylated ag}i
meric furanosyl purine pairs, it was observed that
2'-0-acetyl methyl signals of 1',2'-cis nucleosides occur
upfield from & 1;95 ppm while those of 1',2'-trans
nucleosides occur d@wnfié1d from & 2.05 ppm. Similarly,
2'-0 and 2'-S-methyl ch&mical shifts have been utiiized’
for the anomenic configurational assignment of arabine-

32b

furanosyl nucleosides. However, the chemical shifts

of acetyl methyl groups are solvent dependent33 and an
exception has been noted in the case of 1-(2,3,5-tri-

Qiaéety1=£-£aribefufaﬁcsy1)benzetria;gie_34a

34

Imbach and co-workers proposed a very useful

method for the configurational determination of ribo-
furanosyl nuclteosides, which involves the chemical shift
difference (.&) of the two methyl signals (exo and endo)

of anomeric 2',3'-0-isopropylidene ribofuranosyl nucleo-

sides (9,10). The proposed 86 criterion,>?? as refined
BABtd Ys: Af> 0.15 ppm for the 8-anomer (9) and

further,
A< 0.15 ppm for the a-anomer (10). This criterion is

*
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based upon the anisotropic effect of the heterocyclic
“aglycon” on the chemical shift of the endo methy!
group of the a-anomer. This anisotropy was demonstrat-

ed?*3%2-€ _ivh an a-anomer of 2',3'-0-isopropylidene-

5,6-dihydrouridine (10, B 5,6-dihydrouracil-1-y1),

uhfch does not obey the rule. They have n@tEg thgt tha;f
A8 criterion should be limited to'ribofuranosyl céh@@uﬁd;"
having an unsatuﬁated heterocyclic aglycon and no §'-
Ssubstituents. These limitations of the criterion are

_now well documented. 3%~ 38 However, an exﬁ&ﬁtian to this
restricted §}iteri§n has been reported for 1§(2,3§g§=

isaprcpyiidene=D-ribaFurangsy1)!i-éarbamcy1 pyridinium

531t5_39 B .
; : : - .

‘Nishimura and Shiﬁizugo noted that the angmeric
proton of a 1',2'-trans (2'-0H to 1'-heterocycle) nucleo- -
side appears at a higher field than that of the corresil
ponding cis isomer. This chemical shift difference of
the anomeric protons a} é and Sinu21easid355has been
considered to result ‘from the diamagnet%c;shie1ding41 of
the cis (H-1' to 2'-0H) 2'-0H group on the anomeric p;;?\
ton of 1',2'-trans nucleosides. This'ﬁethad has been
Qsed for anomeric ccnfiguraticnal;assignments.and found -
“consfistent.- However, it has been repartedzzé that the
anomeric proton shifts of isopropylidene gerivatives
of anamer{c*mﬁnﬁofuranosj]imidaza?e and mannofuranQSyis

adenines are not in accordance with this rule. Thus,



caution must be exercised with 2'-0H protected nucleo-

sides when this rule is applied. Furthermore, {t is not

applicable where only one anomer is available since this

method requires both anomers for comparison.
Alenin and D@mkin42 recently proposed a new criterion

for establishing the anomeric configuration of furancsyi

_derivatives of purines, pyrimidines, imidazoles and

pyrazoles (11). They observed that when the heterocycle

at C-1' is trans to the 2'-hydroxy group the chemical

i;
ssla ‘HhEt; Hg (purines), HE (pyrimidines)
Hhet He (imidazoles), Ho (pyrazoles)
) R = H, R's= OH in ribo-, xylo- and
gluc afuran95y1 nucleosides
R = OH, R' = H.1n arabinofurano-

-

syl nucleosides

shift of the heterocycle praton (HhEt) appears at lower
field than that of HhEt in a cis orientation. They com-

bined the chemical shift of HhEt with that of the anomeric

proton for their proposed criterion which states that:
the chemical shift difference between HhEt and H-1 (a6 =
éHHEt - &H-1') is always greatér when the heterocycle and

E'thdroxy graupfhave a trans orientation. This rela-

tion appears to be valid for unprntected nucleosfdes and

~ their 1sgpropy11dene der1vat1ves but not for nuc]eosides

11



with acetyl, benzoyl and benzyl pfate¢ting groups on the

sugar hydroxyls. A similaf chemical shift diffE?éﬁge

of the heterocycle protons has been noted previausiyzgith
. . 7 7 ’ , 7 : 2‘, ‘
the anomeric C-nucleosides of pseudacytidiﬂe-43 This ™

Cerinn , s o , , N\
criterion is not eonfirmed with a large number of exampleé-

het

and it is not applicable to H substituted nucleo-

sides. Again, both anomers are required.

€. Nuclear Overhauser effect (NOE) approach

. 44 o , ' , '
Cushley et al. 4 ~reported the NOE method for deter-

mining the anomeric configuration of purine and pyrimi-

wdine nucleosides. They observed signal enhancements
of the aglycon protons upon irradiation of H-4' of o- /

nucieasides; but no enhancement upon irradiation of H-5',
Irradiation of H-5' of R-nucleosides pf@éuEEd enhance--
ments of the aglycon protons while irradiation pf H-4'
*had no effeét_ However, NOE is dEpendenF{nnratameric
a@pgTatiﬁné and jugar ring Eanfofmatiahsl’?ﬂvgr1apping
shifts of the sugar protons and Ecupiingtbetuée;’these :

protons also complicate NOE measurements.

. A
d. Relaxation time (Tl) approach
Hall and Preston45 measured the relaxation times "

’(T1) of the anomeric protons of pyranbsyl carbohydrates
and observed o differencé in the relaxation times (T1):’

between a and B-anomers. The applicability of this
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»
method to nucleosides has been demonstrated by Tran-
46 They observed that the relaxation times |

Dinh et al.
(T,) of the anomeric protons of the ¢-anomers of some
anomeric C-nucleosides are about two and a half times
longer than those of the a-anomers. However, this method
reéuires more sophisticated techniques and calculations
and is time consuming. dt has not been Jeported with
naturally Dccurfi%g N-glycosyl nucleoside examples.

- 13C1N5R7§pprpa§h§§

o

47 13

In 1974, Shimizu et al. reported ~“C-NMR spectra

of anomeric pyrimidine and purine ritonucleosides. They
observed that the C-1' and C-2' chemical shifts of a-
anomers appeared at-higher fields (2-4 ppm) than those

of the g-anomers. Similar chemical shift differences

of the apamefic carben (C-1') have been observed with
anomeric 2',3'-0-isopropytidene ribofuranosyl C-nucleo-
sides,aa methy]l g1ytasidesga (anomeric ribo, arabino, xylo
and iyxofuranasides)i 2‘,3'§g—i5aprapylidene ribofuranpi ,
syl purine nuc1egsid2535 and arabinofuranasyicyiasine.329
13f311 of the above cases; the anomeric carbon (C-1')

of the nucleosides and -glycosides having a cis relation-
ship between the ag1ycgn and 2'=5ubst1tuent resonate at.

a higher field than that of the corresponding 1"2'strans

compounds.

The existence of correlations between chemical shifts



e
of the 1snprgpy11dene methy’l groups ‘of 2' B'D!soprnpyh-
dene=£—r1bofuranas;1 derivatives and the anomeric con-

figuratinn;aa‘49 and of the central (or quaternary) iso-

pr;py1iﬂene carbon and the anomeric canfiguratianéga have
also been repnrtéd- At present, the reliability and
generality of these observation in the determination of
anome??£ cdnf{ggraticn has not been fully established and

further investigatign is needed.

V. Enzymatic methods

Enzymes such as bacterial nuc1eéside:hydreiase,50
pyrimidine nuc1easidé phDSpthy1aSEB'and calf intestine
deaminéseSI have been used to dis%inguish certain a and
g-nucleosides. However, the general §pp1iﬁabi1ity is

limited to the substrate specificity of the enzymes.

V. Chemical methods

}. Cyclonucleoside aﬁgrqach
| . -
" Todd and ED-WDTkEFSSE discovered a method to assig
the glycosyl configuration unequivacaTIy by the formation

of cyclonucleosides linking the 5'-position of the sugar

residue andythe heterocyclic base, such . as 1452a

52d

and
15. Such iyc11zat1on is p9551b12 only for 1°',4°'-
cis (B- D or B- L) nucleosides (Scheme 1). This formation

of cyclonucleosides further estab11shed53b C the anomeric

14



13 15
4 l :
Scheme 1
cﬂnfiquratién of thymidine, Zi—dEQxyCytidiﬂEqiﬁd 2'- ‘.

deoxyadenosine as .B. However, synthetic nucleosides with-
out the requisite funﬁtionaTity fcf
the formation of cyclonucleosides,
such as 3-deazaadenosine (lg),53 are
precluded from evaluafian by this

method.




2. Degradation approaches combined with optical

\ ritations

Periodate (or periodic acid) oxidation, which

Malaprades4 was the first to introduce for selective
oxidation of vic-glycols, is a wfde]y used reaﬁtianss )

. ' . T
in the field of carbohydrate chemistry for structural .-

56-59

studies. This oxidation, in combination with™

enzymatic and chemical reactions, has alfo been used as

a tool for sequence analysis of ribonucleic acid (RNA)

and po'lynucleotide_s.eo'e2 Early wbrk on @onfigurat¥gnai

_assignments in the carbohydrate field was based on the
optical rotations of the oxidation product (the di-

: e
aldehyde);63

M

Applications of this oxidation approach

“in nucleoside chemistry were used to establish the furanase»

structure of the sugar residue of naturally occurring
ribonucleosides and later their anomeric nature§64‘67
The first indicative configurational assignment of nucleo-
sides was carried out by Todd and coéwgrkersss using

periodate oxidation. They obtained the same dialdehydes
N S ~

(18) for a given pair of synthetic (17) and naturally
occurring (1) nucleosides upon oxidation (Scheme 11).
Since the synthetic glucopyranosyl nucleosides (17) had

been considered to have the B-configuration by their

-

-

method of preparation, they assigned the anomeric con-

fi Y 0 as 8. Later the unambiguous confirmation

16



B
HO 0O
104~
HC CH
8 &
17 18 1

"8 = adenin-9-y1, uracil-1-yl cytosin-1-y]

Scheme 11

_ ;, ‘ - s N "
of the B-configuration was demonstrated by the formation

of cyc1@nuc12651de552 and by X-ray diffraﬁtiaﬁiz Similar
uée of optical rotational measurements on the;peéiadate
Dxidat%an pr§duct5’(d?a1dehydes) derived from reference
and unknown guc1ecsides has been made to establish.the
anomeric nature of other ﬂuC]Ecsidesa’40‘57=73 and C-.
;g1y§DSidES74 and to determine their anomeric purity.7i
However, there remains some uncertainty in the anomeric
configurational assignment bated on the optical rotatfons
pf these aldehydes. These compounds, such as 18 and 19,

contain two asymmetric centers and can exist as diaster-

eomers. Identical rotations have been reparted75 for -

HO-

17
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the dialdehydes (22,23) obtained in situ by periodate

oxidation of 9-(6 48 ly-a-L-mannopyranosyl)adenine (20)
and 9-(6-deoxy JPPY1ucopyranosyl)adenine (21), even

though the dialdehydes 22 and 23 are diastereomers

(Scheme 111).

B
O
10c ( (in sity) [a]y -5°
O O
22 . .
0. 3 |
LY e
6 O
2l | 23 " B-= adenin-9-y1

Scheme III

The dialdehydes from common naturally occurring

ribonucleosides have been isolated and character-

65.66,77-79 usually as derivatives. It is well es-

tablished>3+78,79

ized
.that dialdehyde such as 18 exists in
solution as hydfated species, internal hemiacetals, and
hemialdals (24-26). Only a small fraction of these
compounds exist as the free aldehydes (Scheme 1V). 1In

‘the solid state, the "dialdehydes" were suggestedygc to



greser

be completely polymerized (27). The jnternah hemiacetal
(26) and hemialdal (24) forms create additional asymmetric
‘centers. Therefafe,-cases in which ?he optical rotations
of periodate oxidation products p?ovide'sufficient in-
formation to allow unequivocal assignment of the anniEric'
cgﬁfiguratign ETEAFBFE.

Redugtian77 of thésé oxidation products with hdeDQEn
and Raney nickel or borohydride normally gives the corres-
ponding tri-alcohols such as 28 and 29 gSchemezv)i Partial
reduction of the aldehyde function distal to the aglycon

has been noted under controlled ccnditi@ns_77‘8°b This

19
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H ®) H 0O :
) OXIDATION {a]
2) REDUCTION
. HO HO OH
1 28
0 ‘*>1 A N |
L > ~[e]
B‘ 2) : B .
HO H HO OH
2 29
Scheme V

is a ;uperior method for qa{relating the anomeric config-
uration of the precursor nucleoside since the only | {
asymmetric center remaining'in-the reduced compound (28 or
29) is the original anomeric carboﬁ;: The triols (28,

29) aEe now eﬁahtibmerickand give equal but opposite
"rotations so that the anomeric natures of the arigina1
nucleosides (1,2) are clearly revealed.

63

Smith et a].,eo whé extended the work of Hudson,
and other workersal demonstrated the configurational
correlation of methyl glycosides in both the D and L-
series:based on tﬁe rotations of oxidized and reduced
products (28,29, B = OMe). This method for determining

the anomeric configuration requires a reference compound

of known anomeric configuration. However, a principal
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advantage is its applicability tsqi large number of com-
pounds (some of which are shown in Scheme VI). Not only
the anomeric configuration but also D and [-series can

be correlated and detEFm1nedBD 81 from ra;atinn measure-

ments on pretursor and triol series.

R HO - , 0.y
B-p-pentofuranosyl ﬁw EQﬂ. a-L-pentofuranosyl
30 33
: HO= - OH
. S ’DE"HD—,QE o~
8-D-hexpyranosyl . ) a-L-hexopyranosyl
O om W, HO O
] 28 ..
Ell - 4
o F&

& ' g8-D,a-

8-[.a-Jhexofuranosy) 8- %‘a D)héxnfuﬂnasyl

o

|=

J “Scheme VI

M\
o\

In 1958 Khorana and co-workers- - introduced the fore-

going method to nucleosides in their synthesis of a-adeno-



sine. Since then, a number of examples has appeared.
A trend in the optical rotations of oxidized and reduced

ni sid (nucleosides A
ucleosides (nucleos des . _red

) has been observed rela-
tive to the anomeric configuration of the starting nucleo-

sides (see next section). 1In the usual procedure a

nuclecsideax!red is prepared in situ by the periodate

oxidation and subsequent reduction of the nucleoside in
questigni The optical rotation of the resulting quanti-
tated solution is then measured. Hhen:this method is
uéed; caution must be exercised to avoid aver-§xidatien,
and nucleosides that are labile to the degradation con-
ditions also have been reported!azisg

The various methods described above should be evalu-
ated carefully and exceptions and limitations con-
sidered before they are employed to détermin the anomeric
configuration of nucleosides. 1In this thesis~ the latter
degradation methﬁd (oxidation and reduction) for nucleo-
sides, which had not been studied systematically, will be

investigated.
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=

TS AND DISCUSSION

Since Khorana et a1@59 first emploved the furanose

degradative procedure (oxidation of the glycol with
periodate and reduction of the derived dialdehyde with
borohydride) for configurational assignment 8f a-adeno-
sine, a number of examples has appeared. This method

has been used for confirming the anamer;c relation of
nucleoside pairs"fé Hé]i as for direct anomeric Eanngra!
tional assignment. ”%xahp1es are summarized in Table I

for in situ prepared nuc1easidesa and isolated

x=-red

Table

"fraudulent" (Sugarimgdified) nucleosidesaxgredi

I1 contains data for the isolated nucleosides .

ox-red °F °

"natural" triol types (28 or 29).

Ler\n.e} had DbSEFVEdQE »97

that nucleosides having a

g-D or &-L c0nfiguratiaﬁ gave ox-red alcohols with paéitive
| Optical:rotatians, and nucleosides having an a-D or Bg-L.
cohfiguratibn gave éeréd alcohols with negative epti§a1!
rotations. On this basis, assignment of the anomeric
configuration of adenine nucledsides such as 70 and 82 in

sides  _,.eq 7! and 83, respectively, with more than one
asymmetric center) has been prapnsedigs‘g7 It can be seen
from Table I and Table II that Lerner's Empirica1 approach
agrees with the examples reported with one exception. Thé
enantiomeric diols (96 and 98) gave opposite relations to

those expected. However, optical rotations of the

23
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TABLE 1

Optical Rotations of Previously Reported in sit

| el

Prepared and Isolated Nucleosides  _ ..

Oxidized-reduced b)
Precursor products

nucleosides (nucleosides . .) [JJD c) references
Y oa) A ,
Y 301 6168 37,50,90,91
HO oM . _
2 8
A | .
.8 £ 92
44

%8 . R

&

HO OH
45
o . T ) _ e
OH o 43 T 457 : ' 92
HO
O+
a6 ’oo o /
o . 43 - 66 9
Y
43 S 37




TABLE 1 {comtin ed)

¥~
i

|=

+53

[
o
o

-59

+55
(isolated)

93

50

92

92

92 -

Kl

94

continued.....

25



TABLE I (continued)

'\l
~N

-7

74
+80.6

(isaiated)

54
(isolated)

i
+34.5

(isolated)

=36.5
(isolated)

437

.95

76,95
94

76
94

94

94

continued.....
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TABIE I (continued)

-60

+18

96

97

97

97

98

35

continued.....

27



TABLE | (continued

+18

459

+55

.-10.8

+118.1+0.2

-117.920.2

=&

99

99
100
100
01

101

28



TABLE I (ccn,tingﬁeﬁdl

|

—t f—

—

Loy T L% ]

. Jﬁ‘ e
| [l |

4]
- e T ]

|

+73.5

-75.0

+65.1
_-3-67,2

+60.7

102

102

29



TABLE I (continued)

121 &=
123 R=

sl

4 R=3

6-NO

5-NO
H

2

2

+38.

+14.9
+7.6
+15.2
+51.3

+46.8

2

+36.19)

+31.89)

104

105

106

107

107

continued. ....

30
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Ta§1Ei17(EDﬁtiﬁuEd)

a) A = adenin-9-y1. b) Structures, if“ﬁDt reported were

presumed. ¢) Rotation values are of in situ prepared

nuc]egs1desai_re

d unless noted otherwise. Consult the
original article for detailed measurement conditions
(i.e. temperature etc.). d) The reported [Hjn‘s were

converted to [a]y's.

533
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) TABLE I1 °

Optical Rotations of Previously Reported
Isolated Triols (28, gg)

[ ]
Compounds [a]D a) - Reference

NH2
N

W

Kn |
”OKO) . +5819 108
HO”  TOH L : '
S Ta i
: NH,
N
M8
)\/I[N>f

N/
”OKO . +38 . 109
Ho ) - . L N ‘ o ; : !
] . - . )

H
3
HOKO S £ TR PR 1 ] SECIE PRI

continued.....
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Table I1 (continued)

Hogoj ' Y - R 108
HO . . N v ; - “ )

46241 | 108

4

HO o) | - . » "
Kz\ N -62.6 94 :
QN .
HO '®) \/g/( .
) HL‘\ ,b\;v\

a) Specific rotation values in HZO' Consult the original

article for detailed conditions. (i.e. temperature etc.).
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~"natural" triols (28 and 29), which can be derived from
anomeric p;ﬂtufuranosyi,~hexapyranésy1 and hexofuranosy)

_ nucleosides, are in accord with expectations.

HO HO o}
HO HO i
29

Despite the ﬁE1]=knDQﬂ usé of such tfic1si50 this
empirical approach has not been investigated systematically.
Therefore, we have studied optical rotation relation-

- ships of'variaus types of derived triols prebared in
situ from pentofuranosyl nucleosides. We have aéserved
that they exhibit avpredictabie,g?eztraphc;esis behavior
under defined complexing conditions. We have measured
optical rotation values for a series of adenosine . _L..q

derivatives to evaluate substituent effects. The varija-

tion in'optica1‘rntatiqns of some fsolated ﬂucieesidesgx§fgd
‘with pH, and some significant solvent effects have been,
Vdetermined; The rates of periodate reduction with some
anomeric pairs of D-ribofuranosyl nucleosides, and with

some pentofuranosyl adenine and cytosine nucleosides having

a-sugar configuration other than ribofuranose have been

" evaluated qualitatively. .



A _NOTE ON THE DEFINITION OF o AND & CONFIGURATIONS

~In 1909 Hudson® suggestéd that the more dextrorotatory
anomer in the D-series be designated o and the more P
levorotatory 8. In the L-series the more levorotatory
would be designated o and the more dextrorotatory g.

111a 7 . i , o T
"~ suggested in 1932 that o and 8 anomers bde

Freudenberg
classified with regafd to ‘their confiquration rather than

the sign and value of their optical rotations. . His de-
signation correlated monosaccharides with the same con-
figufaticn at the anomeric carbon atom (C-1 for aldose)

and the highest nu%bgred asymmetric carbon (C-4 for pentoses)

as a. Thus, structures (138 and 139)y depicted in the

Fischer and Haworth projection formulas, represent a-D-
"ribofuranose and g-D-ribofuranose, respectively. Their

mirror images are a-L and F-L-ribofuranose.

“In the majority of cases.:bﬂth the Hudson and Freudenberg

" “conventions concur. ‘However, examp1esl“]2 are known of
a-D compounds that are less dextrorotatory than their

+ _
Sl
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anomers. Hence, Freudenberg conventions are now univer-
sally applied to gijcasidic and giyﬁasyi éomﬁeunds, The
pairs of such compounds which differ in configuration at
the hemiacetal carbon atom (C-1 for aldoses) were termed

"anomers"™ by Riiber. 11D

A NOTE' ON THE NOMENCLATURE DF DXIDIZED REDUCED NUCLEOSIDES

(NUCLEDSIDESDx RED) OF TRIDL TYPES (28 AND 29)

There are several ways of nam1ng nucleosides
). 108-110

0x -red

(28 and 29 For instance oxidized-reduced adeno-

~sine (43) has been named as 1:0—(1—Eidihydrcxyszisrapyi)i

1- (aden1n 9-y1)-1(R),2-ethanediol, as 2-0- [1(R)- (9 aden1ny1)-
Zahydraxyethyljglycerg1 and as 2-(R)-(adenin-9-y1)-4-
hydroxymethyl-3-oxapentan-1,5-diol. For the sake of clarity
in this thesis, oxidized-reduced nucleoside will be in-

formally termed as nu.:lensmeox red such as adenas1neu red
tu)

for 43. When prepared‘ig situ, nucleoside  _. .4 (in

w%11 be used.

1QPTICAL ROTATIONS OF NUQLEDSIDESDx RED_ (1n situ); AND

ELECTROPHORESIS OF NUCLEDSIDESDx RED ( itu) AND THEIR

PRECURSOR NUCLEDSIDES

6-Azauridine (182), 6-azacytidine (183), 3-methyl-6-
azauridine (184), 3-methyl-6-azauridine  _..4 (189), 6-
Vmethy1-E—Bégsribafurancsy1-SEpyHidazone (188), 2-g-D-

ribofuranosyl-3-pyridazone (189), 6-methyluridine (173),



6-methylcytidine (178), BEEEQ—ribafufaﬁasy1—EsﬁethyTUraciL
(171), 1,3-bis(5—géribcfuran§§y1)iésmethy1uraci1 (172),
1,3-dimethylpseudouridine (190), 1-methy1farmy§ig (155),

¢ (157),

§,6-dihydrouridine (187), u—gsuridiﬁe (163), B-L-uridine

2-methylformycin (156), ngethyiformycinex}re
(164) and a-L-cytidine (180) were prepared by reported
methods or by the generaT synthetic procedures developed
for the present study (see ExperimEHiﬁi Section).

Fi%ty four pentofuranosyl nucleosides and methyl 5—2—
ribofuranoside were axidized gith periodate and subse- ’
quently reduced with sodiﬁﬁ borohydride. Excess sodium

borohydride was destroyed with 1 M sodigym dihydrogen

phasbhate buffer (pH 6.5). (Liberation of iodine was
observed in several cases when 10% acefic acid was used to
destroy the borohydride.) The»reducti*nprnducts were
assumed to be the triols 28 or 29, depgndiﬁg upon the
precursor nucleosides (see Scheme VI).‘ This appears to
be justified based on the quantitative nature of the re-
actions and the comparison of electrophoretic mobilities

in situ) with those of the corres-

of nucleosides , .4 (in

ponding precursor nucleosides.

Optical rotations of all nucleosides, . .4 (in situ)

and some isolated nucleosides _ _. .4 were recorded at

the wavelength of the sodium D line (589 nm)._ ORD curves_
(300-600 nm) and/or optical rotations at wavelengths other

than 589 nm (578, 546, 436 and 365 nm bands of mercury)

-
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.
d and

‘'were also obtained for isolated nuc'leosidesox_'me

most nucleosides  _ .. (in gitu). Electrophoretic mobil-
ities of nucleosides "~ "and precursor nucleosides were
recorded. The results are-summarized in Table III. A1l
measured nucleosides  _ ., (in situ) and isalated, .4
gave plain positive or negative curves, or single positive
or negative Cotton effects between 365 and 589 nm.
Lerner's results would predict that the triols 28

should give positive and triols 29 negative rotations at
589 nm. Qur results for most of the nucleosides,  __ .4

follow this trend. Thus, the anomeric pairs of nucleosides

(42 and 50, 153 and 154, 161 and 162, 163 and 164, 176

— —_—

and 177) in the Q and/or L-series give positive rotations

for 8-D and a-L-nucleosides (28) and negative

ox-red-
rotations for o-D and 2-L-nucleosides ., (29). The

situ) derived from 141-

results of nucleosides ., (in

150, 165-170, 173, 178 and 187, indicate that substituent

effects and a minor change of the aglycon do not alter the
sign of the rotation although the magnitudes are a[fgcted!
Purine nucleosides and theirAanalogs appear to follow
the trend. * This is also thé case for most of the pyrimi-
dine nucleosides and their analogs and also for azomycin
B-D-riboside (192) and methyl g-D-ribofurand®de (191).
However, exceptions Qere foundwwith the 6-azapyrimidine

The

(1,2,4-triazene) and pyridazine nuc]eosidesox_redi

ox-red products from 6-azauridine (182), 6-azacytidine

"



(183), 3-methyl-6-azauridine (184), b-methyl-2-8-D-ribo-

184)
furanosyl-3-pyridazone (188) and 2-B-D-ribofuranosyl-3-
pyrtdazone (189) gave negatiye (a]y values and plain
negative curves between 365 and 589 nm, although these
compounds were derived from B-D-ribofuranosyl nucleosides.
'This reversed trend was also reported with simple ox-red
N-acetylg]yCQSyIamines1]2 (28 and 29, B = N-acetylamino),
whereas the methyl g]ycosidesgc‘g1 (28 and gg, B = OMe)
behaved normally. |

Initially a commercial sample of 6-azauridine was used
for our study. However, the observation of a reversed

sign for Séézauridineax_féd led us to synthesize several

6-azapyrimidine and pyridazine nucleosides (182-184, ]§§
and 189). These compounds were reported to have CD and

ORD spectra with reversed Cotton effects relative to

their pyrimidine and pyridine counterparts,14aic‘f‘1se‘113
The same structural relationship exists between pyrimi-
dine and 6-azapyrimidine nucleosides as between pyridine
and pyridazine nucleosides. Likewise, the rotatfons
observed for the ox-red pyrimidine and pyridine nucleo-

sides (161, 176, 165 and 186) were positive whereas those

from their aza analogs (182, 183, 184 and 189, respec-

tively) were negative. Isolated 3—mEthy]Eﬁiazauridiﬁeox_ﬁed

(185) showed a parallel negative rotational pattern with

the in situ result. This corroborated the structure of

3-methy1-S-azaur1d1neoé;red (in situ) as the triol and



= |F
0P N
HDj:C);I
HO OH .
176; X = CH 161; X = CH, R=H 186; X =CH, R= H_
183; X = N 165; X = CH, R = CHy 188; X = N, R = O3
182; X =N, R=H 189; X =N, R=H
184; X = N, R = CHy

confirmed its négative f@tatign, Thus, the empirical
tEEﬁd clearly is not followed by 6-azapyrimidine and
pyrid¥zine nucleosides. |

The common structural feature of the 6-azapyrimidine

~and pyridazine nucleosides (182-184, 188 and 189) con-

sists of a six membered ring aglycon in which a second
ring mitirogen atom and a carbonyl group are bonded to the
‘ring nitragen bearing the glycosyl moietw (193). The

é'f_g/f]

reversed sian of the Cotton effect

| " C s L
’ i N of 6-azapyrimidine nucleosides was
D";L\NsN o
HO— _-O- ratignaIized"e by suggestina a pre-

ferred conformation of the base.
HO OH This was presumed to result from the

93 . , _ ,
—_— interaction of the lone electron

—

pair on N-6 and the lone pair on the ether oxygen of the
ribose ring. If this were valid for the open-chain
it might also explain the abnormal

nucleosides ,
ucleoside ox-red"’

53



;
behavior of 6-azapyrimidine and pyridazine nucleo-
114 ‘
ox-red. ;
However, 5-8-D-ribofuranosyl-6-azauridine (125, Table

sides

1), ghich has an adjacent carﬁanyi function and a nitrogen

atom at the same ring position relative to the atom

54

© bearing the ribosyl moiety as 6-agapyrihidine nucleostides,

has been reported to givé the ox-red product (presumably

105

126) with a positive rotation. Furthermore, a much

greater conformational flexibility around the glycosyl

bond of a nucleoside would be expected. This is

x-red
supported by the "normal" positive optical rotations of

nucleosides n situ) derived from 6-methyluridine

x-red (;—

(173), 6-methylcytidine (178), 3-g-D-ribofuranosyl-6-methyl-

uractl (171), and 8-(a-hydroxyisoprbpyl quanosine (149).

In contrast, the latter intact nucleosides represent excep-
tions from the ORD/CD rule (see the Iﬁtroductian) and give
a reversed Cotton effect relative to tﬁeir unsubstitufed
pyrimidine and purine ana1ggs.]4c’1ab‘f‘é These reversed
Coﬁtan effects have been attributed to preferred base
canfcrmaiians (restricted ranges of the torsion angles,
¢CN]15) resulting from coulombic repulsion between base
18e

carbonyl and the intact-ring oxyaens of 171, steric

effects of the bulky substituent at the 6-position of 173
and 17888 and at the 8-position of 142 and 149.18f+116
After oxidation and reduction, their open-chain nucleoside

analogs gave the usual positive Ea]D values and/or plain



positive curves or positive Cotton effects between 365
and 589 nm. This would imply the existence of increased
rotational flexibility around the glycosyl bond of the

nucleosides ’

ox-red’ i

In contrast to these results, 6-azapyrimidine and
pyridazine nucleosidesm_red retéin the abnormal (reversed
sign) optical rotation behavior of their precursor nucleo-
sides. This suggests that the reversed rotation behavior
of 6-azapyrimidine and pyridazine nucleosides arises
mainly from the chromophoric effects (intrinsic optical
vector orientation in the chromophore) father than

18e

rotational preferences about the glycosyl bond.

Similarly, the reversed chiroptical behavior of 6-aza-

pyrimidine and pyridazine nucleosides 4 Mmay be

‘ ox-re
attributed to the same phenomenon.

Our results with ox-red products provide additiéﬁai
support for the glycosyl conformational preference |
rationale for the reversed ORD and CD Cotton effects of

the precursor 6-substituted pyrimidine nucleosides (173,

1?8), 8-substituted purine nucleosides (142, 149) and 3-

8-D-ribofuranosyl-6-methyluracil (171). The combined

observations suggest that the long wavelength rotation

behavior of nuc1eosvdesox_red may be useful for the

study of nucleoside glycosyl rotameric conformational

preferences. Comparison of the CD and ORD spectral prop-

erties of the precursor nucleosides and the rotations of

©wn
[, ]



w
o

the ox-red products with enhanced glycosyl bond flexi-
bility wi?i@ﬁravide an additignaI'Earameter to evaluate
steri} conformational vs. intrinsic optical vector effects
with the base chromophore. |

Pseudouridine (5-g-D-ribofuranosyluracil) (194) was
knnﬁn to be 1abiie under the periodate oxidation and

borohydride reduction cgnditicnsgag
o ‘

194 195;

An elimination mechanism has been proposed by Chambers.1]7

Formycin (195) and formycin B (196) have been reported

to give 3-formylpyrazolo[4,3-d]pyrimidine derivatives
89 A similar over-

- oxidation has been reported for a benzimidazole C-nucleo-

side derivative@84 Thus, it appears that C-nucleosides

upon prolonged oxidation with periodate.

can not be subjected directly to the present procedure

Df periodate oxidation and borohydride recuction. However,
this procedure was employed with formycin at the 3'-
terminal of a tRNA duriné a study of the Sﬁecifﬁcity of

aminoacyl-tRNA synthetases.1]g The negative results
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A .

observed in the aminoacylation with%th§:3‘—terminai
modified tRNA (Fafm;cingxired at B'EtEfmiHET) now w@u]de
appear to result from degradation of the terminal formy-
cip and not neces%ari1y to the reported specificity effects
of the supposed triol product.

Inﬂorde}’to circumvent the degradation of these
labile C-nucleoside intermediates by the reaction condi-
tidns, methylation of the acidic NH functions on the
bases was examined.. Treatment of pseudouridine (194) with
ﬁ.ﬁ-dimethylformamide'dimethy1 acetal gave 1,3-dimethyl-
pseudouridine (190) which was subjected to .the usual

periodate oxidation and borohydride reduction conditions.

The resulting 1,3-dimethylpseudouridine  _,..4 (in situ)
gave positive rotation values and a single anodic migrating
spot upon electrophoresis. The anodic mobilities of 0.63

for 1,3-dimethylpseudouridine . _, .4 (in situ) and 0.94

for its precursor 1,3=dimethy1pseudcuridine.indicate that

the product is the expected triol (28, B 1,3-dimethyl-

uracil-5-y1). After oxidation and reduction, synthetic
1-methylformycin (l§§) and 2-methylformycin (156) gave
ox-red products with positive rotations and homogeneous
electrophoretic spots cnrreipﬁnding to triol species..
The stability of these N-methyl nucleosides toward the
réaction conditions was further substantiated by the
isolation of 2-methy1f§rmyc;nnx_red (ng)is The electro-

b

phoretic mobilities and optical rotations of the isolated



and in situ prepared 2-methy]farmyc1ngx§red

were identi-

.cal. The stability of the N-methylated formycins (156,

157) and N',N

Bﬁdimethy1ated pseudouridine (}9@) suggests \

that the NH group is the key factor in the 1abi1it{es of
pseudouridine and formycin oxidation intermediates. The

rotations of these methy]ated/ﬁhcieasidésox!red agree

with the usual B (positive) trend. ‘
In most reported cases, no attempt was made to isolate
or characterize the ox-red products from nucleosides IS

except for measurement of the optical ratatién. The LH_\%EJ/ |

structures of moft “”ﬁlegSidesngred (in situ) have been

presumed on the basis of the quantitative nature of the
reactions. Paper electrophoresis was found to be a very
useful tool. Electrophoretic examinalicn of nucleo-
sides  _.eq 2Nd their intact precursors using a borate
buffer at pH 9.3 revealed well separated spots for the e
two classes and consistent trends were observed in their
anodic migrations. é | |

mig}ated faster than arabinofurano-

5 i 5 .
Nuc1eos1de,gx§red

syl nucleosides, but slower than other pentofuranosyl
nucleosides (xylo-, lyxo- and ribofuranosyl compounds).
The following order of anodic migrations is based on
adenine derivatives that were available in the complete
set éf £-D-pentofuranosyl derivatives. (Scheme VII).
This order of migration can be attributed to the ease
of formation of ionic, cyclic borate complexes with the

i
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E B 8
VHD" 0. H 0.
= > HO
OH  hHO
tyxo s xylo ox-red ara
B = adenin-9-yl : - ff;f
: Scheme VII : LT
. L _ ) 1 1 9 ;o e e o LI 3 i . _ P
hydroxyl groups. Differences in the electrophoretic

¢
migration of anomeric pairs JUnder our conditions was not

observed, although the anomeric pair of pseudouridines-

- was reported to separate using a borage buffer at pH

9.5.120 The electrophoresis of methyl g-D-ribofurano-
side, _.oq (in situ) was not determined but its structure

(as 28, B OMe) was supported by the correspondence
of the reported value of [a]D *12-!15",81
In summary, the previously known trend of g(+) and

a(-) rotation signs for nuc1e951d§scxired is in accord

Jp—

with most of the nucleosides presently studied. However,
6-azapyrimidine and pyridazine nucteosides are exceptions.
This reversegd behéviar probably results f%am ihe in-
trinsic optical properties of the aglycons. The results
suggest ﬁhat enhance? flexibility exists about the

glycosyl bond of nucleosides This information

ox-red”
can be used in conjunction with ORD/CD studies on the
pre;ursargnuc1ensides for conformational studies of the

latter. Formycin and pseudouridine are labile to the
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reaction conditions, but their N-methylated derivatives
are stable. Paper electrophoresis with a borate buffer
at pH 9.3 appears to be reliably useful for quatitative

hara i nucl i
Characterization of nucleos desD -red’

DPTICAL ROTATIDNS OF ADENOSINE

0X-RED QERIVATIVES

Lerner95‘97 has employed the empirical trend in the

sian : L s Tuclencides e
signs of optical ro ons of nucleosides = _..q4 for

T

assigning the anom configuration of adenine nucleo-

- sides such as 70 and 82 in Table I. Such compounds

give ox-red products with three chiral centers. We have

determined the optical rotations of a series of modified
121

ox-red

our laboratory. The results are tabulated in Table IV.

adenosine derivatives that were available in

It can be seen that these modified adenns1nenxired
products (58, 197-208) have positive rotations in agree-
ment with the “normal" B enantiomeric ox-red products.
The rationalization for application of the empirical

96, 9? is based upon the

trend to such nucleosides (70, 82)
observation that chiral centers other than the anomeric
'center do not appear-to.contribute significantly to

the rotation. This is in harmony with ORD and CD studies
of pentofu?aﬁasy1 nutleosides which have shaﬁnjthat the
anomeric CEnter is the major contributor to the optical
activities, ]4 16, 18e 20 The configurations of other

centers normally are of minor consequence.
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Hﬂﬁever, a comparison of the optical rotation magni-
tudes of certa1n isomer pairs (197 and 198; 204 and 205)
undoubtedly reveals the marked influence of the substitu-
ent groups. Thus, the contribution from chiral centers

optical

[+

other than the anomeric center to the composite
rétatién may be significant in certain cases. Therefore,
application Gf}the empirical trend to nucleosides that
give ox-red products with more than one chiral center
cannot be assumed to ﬁrévide a secure assignment of the
configuration at C-1'. This is especially critical in
éase§ of a small composite rotation magnitude or with
structures that have polarizable subst%tuents on chiral

centers.

,pH AND SDLVENT EFFECTS ON THE OPTICAL RDTATIONS DF

ADENQSINEQx rep (4 ), TUBERCID INOx RED (209) INDSINEDX_RED

(135) AND URIDINED

-rep (138)

It is well knawn122 that solvent modification can
effect the chiroptical properties of a comppund. Factors
to be copsidered include solute-solvent interactions,
dipole-dipole influences, hydrogen bonding, conformational
equilibria changes,effects on ionization, etc. 7Scivent
effects have been repﬂrtedlgb to cause sign revérsais of
CD Cotton effects with certain nucleosides. Therefore,
the influence of changes in pH and solvents on the optical

rotations of two acidic and two basic ionizable nucleo-
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s1desox_red were examined.
Adehoswneox_red (43), tuberciding red (209),
‘inosine L .4 (135) and UTTd1ﬁE: -red (135) were synthe-

sized and characterized. The proton NMR spectra of these

nucleosides had characteristic triplets for the

ox-red
"anomeric" proton signals (J = 6 Hz) due to splitting by

the ”2'-CH20H" group. Solvents examined were MeOH, HZD‘

NHp NHy .0 -0
N/ N N/— N HN N HNJﬁD
N N S o™N
‘ HO OH
42 09 135 136
Y . 130

OMF and pyridine. Aqueous (~0.1 M) solutions were measured

at pH 1,3, 5, 7, 9, 11 and 13. lngsine was not

“ox-red
examined in MéOH because of its insolubility. The rota-

tions were determinedWt 365, 436, 546, 578 and 589 nm.

ox-red (43),
(135) showed a

The results are presented in Tab1es Vv, VI, VII and VIII,
 In the aqueOus solutions, adencs1ne,
tuberc1d1noX red (209) and inosine

ox-red -

swgn1f1cant decrease in the rotation magnitude with in-

creased pH. In contrast, uridiney _ red (136) had a slight

increase in magnitude with increased pH, although the
rotations at higher wavelengths remained relatively un-

changed. " All of these nucleasidesgx_red had plain positive

A

64



TABLE V

pH and Solvent Effects on the Optical Rotations
of Adenosine  _ .4 (43)
N Ve —

A. pH effecta)‘b) (
[2)365  [21g36  [2)sae (21578 [2)sgg
pH 1 +266.1 +166.8 +97.1 +85.7 +82.0
2 +236.7 +150.8 +88.4 +77.8 +74.6
5 +221.4 +141.7 +83.0 +73.1 +70.)
7 +226.3  +144.3 +85.2 +75.0 +71.6
9 +217.6 +138.6 +81.4 " 4+71.6 +66.7
1 +213.4 +137.2 +80.4 +71.0 +67.7
13 +161.6 +106.5 +85.7 +55.5 +53.2
B. So1vqutgffecta)‘b)
[2)yg5  [alg3e  [algge  [als7g  [elsge
Me OH +228.3 +146.2 +85.6 +75.3 +71.5
H,0 +226.7 +145.0 +84.9 +74.6 +71.1
‘pyridine +55.7 +55.2 +38.4 +34.7 +33.2
OMF +175.3 +117.2 +70.7 +62.5  +59.9
a) Concentration; 11i16'mg/2 ml. b) Each value obtained is

an average of two determinations.



[

PH and Solvent Effects on the Optical Rotations
—red (209)

TABLE VI
e ]

of Tubercidin
Ox

——

A. pH E‘Ffegta).b)

[a]365

(21446

pH 1

wn

11
13

+144

+101

+100.
+86.

+85.
+83.
+51,

.2

L oo j=]

B. 7Sq1yent,effect

(2365

.8

+95,
+69

+69.

+60.
+59

+59.

+41 .

a),b)

6

. 8

0
5

.0

1

0

[alq36

(2546

+57.

+42

+44

+37.
+37.
+36.

+26.

2

.6

(2546

w L1 L] L

+50.

(aJg7g

9

+37.8

+37.
+33.
+32.
+32.
+24.]

[x]5gg
+48 .4
+36.0
+36.0
+31.9
+31.3

Lot

+31.
+23.1

MeOH

HEO

pyridine

DMF

+90.

+85

-85.

+57.

9

.8

3
9

+51

-

8

.5
.2

+40,
+37.

+0

+34.

3
0

.4

3

+35.
+32.

+2.
+31.

a) Concentration; 13.05 mg/2 ml. b)

is an average of two determinations.

o

Each value obtained



pH and So]vent Effects on the Optical Rotations

TABLE VII

A. pH effect?) b)
[21365  [9)g3¢  [2)sqe  [2)g575  [2)ggg
pH 1 +275.3  +174.0  +101.6 +89.6 +85.9
3 +221.5  +140.5 +82.3 4721 +69.5
5  +224.3  +142.5 +83.6 +73.4 +70.4
7 42241 +182.3 +83.2 +73.3 +70.0
9 +218.2  +138.9 +81.6 +71.6 +68.8
1 #1975 +127.3 +75.2 +66.1 +63.4
&£

13 +154.8  +102.3 +61.1 +54.0 +51.6

Bve Solvent effect?)»P)
(01365  [2l436  [2lsgg  [2)s7g  [2lggg
H,0 +223.9  +142.3 +83.5 +73.6 +70.5
pyridine +16.7 +31.3 +25.2 +22.6 +22.4
DMF +196.7  +127.8 +75.5 +66.8 +64.0

-——

~

a) Concentration; 10-14 mg/2 ml. b)

is an avérage of two determinations.

-

Each value®'obtained
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TABLE VIII

pPH and Solvent Effects on the Optical R@taticns
of Uridine, .4 (136)
I _ - I — ___ —— o
a),b)

A. pH effect

(21365 [ala3s  [odsgs  [olgyg  [alggg
pH 1 +112.0 +86.5 +56.4 +50.6 +48.8
3 +113.9 +88.0 +57.4 +57 .3 +49.2
5 +114.9 . +88.7 +58.1 +52.1 +50.1
7 +110.6 +85.3 +55.7 +50.1 +47.8
9 4115.2 +88 .4 +57.5 +51.5 +49.5
" +124.8 "+89.9 +57.2  +51.1 +48.8
13 +138.1 4927 +57.3 +49.0 +48.6
B. _Solvent effec;a)’b) R
[2)365  [ady3e  [algge  [algyg  [alggg
MeOH  +153.3  +110.9 +69.7 462 .1 +59 .3
Hy0 +117.3 +91.0 +59 .3 453 .1 4512
pyridine +211.3  +126.5 +73.2 +64.7 +62.0
DMF +221.8 +139.2 +82.2 +72.7 +69.9

a) Concentration; 11.21 mg/2 ml. b) Each value obtained
3 , ,
s an average of two determinations.

-



nucleosides,
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curves between 365 and 589 nm. This suggests that

ionization of the chromophoric bases does not drastically

affect the long wavelength chirnpticai properties of these

ox-red" Thus, these longer wavelength optical

rotations are less sensitive to ionization of the chromo-
E ] .
phore than the ultraviolet-CD measurements, an experi- °

mentally useful fact.
In the protic solvents HZD and MeOH, and the

aprotic solvent DMF, these four nucleosides showed

ox-red
plain positive rotation curves analogous to those

obtained in aqueous solutions. This indicates that the
hydrogen bonding and dipole-dipole interactions between

solvents and nucleosides exert a minor effect on

ox-red
their rotations at long wavelencth (365-589 nm). In

pyridine, however, drastic changes in the rotation values

were observed with adenosine g (43), inosine

ox-re ox-red

(135) and tuberCidiﬁcxared (209). Tubercidingxired in

this solvent exhibited a cross over in the sign of rotation
between 436 and 546 nm. Uridine, _ .., (136) was not
affected drastically. It is obvious that pyridine is not
functioning merely as a base since parallel changes were
not observed at increasing pH values. The normal be-

havior of uridiﬂea

«-red (136) in pyridine suggests that \

this effect does not result from interactions between
solvent and the acyclic side chains. The strong inter-

action with the purine-type compounds is in harmony with
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an < B\ )
the knawn-base-stackingzo (i.e. m-m complex formatian with

pyridine) effects relative to the weak interactions noted
with pyrimidines. Thus, caution must be exercised if

chiroptical studies of nucledsides_

ox-red 27€ agtempted .

using pyridine or other aromatic "stacking" solvents.

The rate of consumption of periodate by anomeric

, , L . .
pairs of D-ribofuranosyl nucleostdes (42 and 50; 176 and

177; 161 and 162; 153 and 158), lyxo-A (140), and pento-

furanosyl nucleosides having a 2',3'-trans glycol unit

(47, 49, and 179) were examined spectrophotometrically

. 123 _ -
by the method of Dixon and Lipkin.'%" The results are
summarized in Table IX. Nucleosides. having a 2',3'-cis -

glycol structure were oxidized completely in ~20 min,.
Nucleosides having a 2',3'-trans diol configuration were

oxidized much more slowly. This is consistent with the

general rule that cis-diols are more rapidly oxidized
124

than trans-diols. Under the conditions uSed in this

study for preparation of nuc]easidescx!red (in s1§u). ara-A

(i;), xylo-A (49) and ara-C (179) were oxidized completely

in ~4 days -(monitored by electrophoresis). However, the

concentrations employed in the spectrophotometric assay ]
are muck lower resulting in a longer oxidation time owing
to the dilution effect. An alternative procedure employing

higher concentrations of periodate was noted for compound



71

— y
o

TtrrCpanuijuod
- _—
sAep g uj paINPaL sem 3pySORLNU J3d NPPOLIA A JO 355~ (22 968°51 use  (pleal) 3-eav
§ sKep § U PRONPIJ SEM P|SOI|ONU Jad Fepojaad I JO IGH- L2 968751 BLE"L (%) y-orx
. skep § Wi peonpaJL sem aplsoajonu Jad agepojdad WI 4O T09- 122 %8S 6 i“”,.ﬁl—,,w_, Y28
£20°1 (20T ¥20'L E¥6'0  ¥6L0  LE9°0 062 9or°2 516°0 ?ﬂ, 201 { 1Audoaua
, - | KSOUR.M YOG |t ~ (-1~ {
950°1  950°L  SS0°L  ¥SO'L  LMO'L 1860 0£2 89r°2 510°1 (€S1) i ikudodyy
> - |Asouvanjoq 1 -F-g-¢
5860 ¥86°0 2/6°0 998°0  {LL°0 2SO 0€2 832 yeLL (z91)  uippn-p
Lot 0L  690°L - SS0°L  000°L 66870 0£2 89r°2 0L6'0 (181) auppLan
T oy 901  600°L  S¥8'0  [99°0  ¥¥S°0 L2z 892 119°0 (£L1) aupyko-o
920 | 920'L S20°L 986°0  268°0  WLL'O (22 a9r°2 586°0 (3L1)  aupyrha
2E0° L 26071 26071 1S6°0  SBLO ¥I9O (22 o ¢ 861" [ (ovt) . y-oxk}
980" ( ¥O'L  S20°L  ¥¥6'0  £28°0  969°0 122 89y°2 ' 5860 (05) au}souspe-o
8960 8960 8960 6560 9260 658°0 (22 89r°'2 626°0 (Zv)  auysouspe
UMW GTGL UM GTOL UM TS Wi GTZ upw g7 Ul | Ezégﬁg :,;;PEE _‘,.,.g,_ﬂﬂu.piﬁ S9p} 508NN

' , . e I Ui S S
( m,,mmﬁ_ﬁgf anN Aq u0oL3INpay 3}epOLUIJ. 40 S3}BY
] . . "

A ™



(a7

- “(Jo2792)
8u4njedddwad) wWOOJ J}® PaWJIOjudd IdaM Sludwaunsedy (3 -pasn sem j(es |JIH (P *IpLsol|onu
40 30w 43d padnpas ajepoi4ad 40 S3|OW.}0 e Sanjep “ﬁaﬁﬂv 8J43M SON|BA UBIW BY] WOJ
SUOLIRLARQ  "(29() BULPLJN-0 404 0M3 3d3IX3 ‘SUOLIRUIHIIIBP 334Y) 40 abedae ue mﬂ
3n|eA yde3 (I "PaMO[|04 SPM 3DULQGUOSQR U} 3SRIUIAP 3yl YIjuM 3@ y3bua[aAey (- ~(wu
€42 1° 006°6 3) 3(eS LOH.D-ede gzy (WU 8SZ 22 00L°SL 3) y-01AX ‘(wu g5Zghe 00p° €l 3)
v-ede  “(wu pfZ 3® 00,8 3) But[lAydoayl|Asouranjoqia-g-o-y [z (w22 ga,sgfum 3)

UL L1Aydoay3 | Asouranyoqua-0-8-,£ o, ‘(WU p92 3® 050°0L 2) 3uipidan-o ‘(wu 29z 3 QOE* 0

n

3) BULPLAN ‘(wu |72 3@ QOL6 3) BULPLIAI-D ‘(wu 0/ 3° QO('6 3) BULPLIAD gz (wu 652
1 006°vL 3) y-oxA| ‘(wu 652 3 QOL‘GL 3) Jawoue S} Pue SuisoOulpe SIUILILS$30D uUOL)

-2ut3x3 Buimoy |0y 343 Buyisn pautwaazap auam 0%H Ul S3PLS03[INU 4o SUOLIPAIUBIU0D Byl (e

(panut3uod) X1 3187l



&

123

that are oxidized at inconveniently slow rates.
Comparison of the spectrophotometric rates of perio-
date reduction clearly demonstrates the possibility of
assignment of anomeric configuration of ribofuranosyl
nucleosides. During the initial few minutes, ribofurano-
syl nucleosides yith the sécgnfiguratién (42, 176, 161,
7, 162,

153) were oxidized faster than a-anomers (50, 17 ]

154). The rate of periodate cgnsumptioggsyxibese{%

A

B-nucleosides after 1 min is -1.2 to,21.6 tik%s@?§§£en
than for the a-anomers. The Formagﬁaﬁ of a cg?}{gﬁt]y_
linked, cyclic bidendate complex between the oxidant and
a glycol gives the obligatory intefmediatQESS‘SE Any
steric effect that would hinder the formation of this
intermediate or inhibit the épprcach of periodate would
reduce the initial rateiss Hence, the observed difference
in the velocity of periodate consumption by anomeric pairs
of ribonucleosides can be explained by the steric hind-
rance of the a structure. This also accounts for the
slower oxidation of lyxo-A (140) relative to a-adenosine
(50) since in the former, both 4'-CH,0H and the chromophore
are on the approach-side for the attack of periodate.

The results of the present study give the following
order for the oxidation rate (Scheme VIII). However,
the rapid oxidation of "all nucleosides having a cis 2',3'-
diol structu%e (~20 min. EﬁmpTEtiQﬂ)ksuggEStS that a and
B-anomers may not be distinguisﬁab1e with higher con-

» .
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Scheme VIII

centrations of periodate. These results demonstrate a

new method of assigning the anomeric configurations of a
given anomeric pair of ribonucleosides using spectrophoto-
metric measurement of the rate of periodate reduction at

a concentration of ~107/ M 10, .



GENERAL PROCEDURES

Melting points were taken on a Reichert micrasvége
apparatus and are uncorrected. A Cary 15 spectrophotom-
eter was used for the determination of uv spectra and
reduction rates of periadate by nucleosides. CD and ORD
data were Dbta{ﬂed on a Jasco ORD-UV-5 (CD ss-20) spec-
tropolarimeter at room temperature (23~25°C) using a |
1 ¢cm cell. Optical rotations were taken on a Perkin
Elmer Model 141 polarimeter using a 1 dm, 1 ml microcell.
Proton NMR spectra were recorded on Varian HA-100 (IQQ
éHz) or Perkin Elmer R32 (90 MHz) instruments in DMSD-d6
with TMS as an internal standard or DZQ with DOH as
standard (8 4.8 ppm). Electron impact mass spectra were
obtained by the mass SpECtTDmE}Ty laboratory of this
‘department on an AEI MS-50 instrument using direct probe
sample introduction at 150-200°C. Chemical ionization
mass Spectragﬁere obtained on an AEI MS5-12 instrument
using ammonia as the ionizing gas. Elemental analyses
were determined by the microanalytical laboratory of this
department. | ;

Electrophoresis was performed on Whatman No. 1 paper
using a Savant flatplate apparatus (HV-3000 A). Evapo-
rations were effected using a Buchler rotary evaporator

equipped with a dry-ice condenser under water aspirator

75
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or oil pump vacuum. Hydrogenations were effected using
a Parr shaking appgratué. Diffusion crysta]lizatian12§
was carried out using alcohol with ether diffusion.
Silica gel .column chromatography was performed on JT Baker

No. 3405 silica gel (60-200 mesh), and alumina column i
chromatography on Merck Aluminum oxide (acid-washed). ?

Anion and cation exchange chromatography were carried

out using Dow chemical Dowex 1x2 (OH”) and Dowex 56Hx8

(H*) resins, respectively. Barneby-Cheney AU-4 charcoal

for absorption of nucleosides and column chromatography

was conditioned prior to use by heating at . reflux with

IN HC1 for several hours, washing with water to neutrality,
refluxing with 1N NaOH for several hours, again washing

With water to neutrality, and then washing with methanol,
:ﬁqgrafnrm: and air drying. A1l solvents used were of

reagent grade. Solvents (water, methanol, DMF, pyridine)

used for spectrophotometric and polarimetric study were
further purified. Water was refluxed over patassium
permanganate and distilled twice. Aqueous solutions of
specified pH and buffer solutions (pH meter) were prepared using -
this wafer. Methanol was refluxed over and distilled

from ﬁagnesium metal turnings. DMF was redistilled.

Pyridine was dried over potassium hydroxide pellets for

18 hﬁﬂrsrand then distilled. Thin Taytr'chromatﬁgraphy

(TLC) was performed on Merck precaéted plastic sheets

(0.2 mm) or glass plates (0.25 mm, silica gel 60 F-254).

&



-
‘Developed chromatograms were evaluated under UV light
(254 or 366 nm) or by spraying with a 5% solution of HZSD4
in ethanol and heating the plate to 100-200°C. Solvent
systems used for TLC were Solvent S;: the upper phase
of ethy] acetate/giprcpana1fﬁzﬁ (4:1:2), solvent 52:

- isopropanol/chloroform/conc. aqueous ammonia (10:10:1),
solvent 53: methanol/chloroform (3:7). Sodium meta-
periodate (BDH Chemicals, LTD., England) was used for all
periodate oxidations, and sodium borohydride (Fischer

Scientific Company, U.S.A.) was used for all reductions

of the periodate oxidation products.

NUCLEOSIDE MATERIALS

5-Azacytidine was purchased from Aldrich Chehi;ai
Company, Inc. B8-Azaguanosine and 8-azaadenosine were
kindly provided by Or..J.A. Montgomery, Southern Research
Institute. ao-Adenosine, 7*Ei£—ribafuranosy1theephy]line,
7-a-D-ribofuranosyltheophylline, a-L-uridine-5'-phosphate
dilithium salt, 6-L-uridine-5'-phosphate dilithium salt,
and a-Lecytidine-S‘!phosphate dilithium salt were kindly
provided by Dr. B. Shimizu and Dr. M. Kaneko, Sankyo
Co., LTD., Japan. Other compounds were available in our

laboratory or were synthesized as described (vide infra).

. PREPARATION OF NUCLEQSIDESDXERED (in situ), THEIR OPTICAL

ROTATION MEASUREMENT AND PAPER ELECTROPHORESIS .
Pr?FaffFiaﬁ,af ﬁ"C13351desgxfred (12 situ)




Method 1. To a nuc1easidé (<80 umol) in a 2 ml volumetric
test tube was added a sodium periodate solution (1.2 ml,
1.2-1.5 eq.), and the mixture was stirred magnetiﬁa]]y’

at room temperature while protected from l1ight for 1.5
hr. Sodium borohydride (6-8 mg) was added and the
solution was stirred for 30 min. Excess sodium borohydride
was destroyed by the slow addition of 1M sodium dihydro-
gen phosphate buffer (pH 6.5) (-0.5 m1), and the solu-
tion was stiﬁredﬁfcr 30 min. The volume was then

adjusted to exactly 2 ml by addition of the buffer solu-
tion and stirred for an additional 30 min before sub-
jection to tﬁe optical rotation measurement. Nucleo-
S%dESDx-TEd (in situ) for ORD measurement were prepared

in the same manner but eight to ten times less nucleoside
was used. A reference solution for the ORD measurement
was made following the same procedure with omission of

the nucleoside.

Method 2. Ara-A, xylo-A and ara-C. (as its HC1 salt) were

treated in the same manner except the oxidation was con-

tinued for 4 days Qsing ~1.5 equivalent of the periodate

solutiopn, .
Optical rotation measurements
‘; B
Optical rotations of all nuc]ecsgdesgxired (in situ)

were measured at room temperature (23-26°C). The



aii

reference solution showed no optical rotation and was used as

a base line for the ORD measurement. Specific rotations
were calculated based upon the theoretical weight of

nucleosides . _., produced. Specific rotations were
x-red .

0

obtained for all nuc12651desgx_red (in situ) at the wave-

length of the sodium D line (589 nm). ORD curves- (300-600

nm) and/or specific rotations at wavelengths other than
589 nm (365, 436, 546 and 578 nm bands of mercury) were

recorded to examine whether nucleosides . __ o4 (in situ)

gave negative or positive Cotton effects (or plain curves)
in these regions.

Paper electrophoresis

Paper electrophoresis of all nuc13351desgxgred

(in situ) and their precursor nucleosides was perfé}med

on Whatman No. 1 paper (25.5 x 56.5 ¢m) using 0.1M sodium
ﬁarate at pH 9.3, at 1.2-1.5 KV for 1.5 hr. Solutions

of the compounds were applied as spots 10 cm from the
cathodic end of a gaper. Migrations were measured rela-
tive to that of uridine as a standard (which migrated

<12 cm toward the anode). Each nucleoside, _..4 (in situ)
migrated as a single spot. A1l ox-red products were
observed under UV light (254 nm) Exce@t‘S,G—di%yeruri;

situ) and its precursor nucleoside, which

dineaxiTEd (12 2 -
30

were detected by the method of Fink et a1,1 and methy]

g-D-ribofuranoside g (in situ) and its precursor

ox-re

g



glycoside.
A compilation of the above results are summarized

in Table III.

pH AND SQLVEN7 EFFECTS ON DPTIEAL ROTATIDNS DF

ADENDSINEQx RED ( 3) TUBERCIDINDX RED (209). INOSINEDx RED

(135) AND URIDINEQX RED (135)

e

Aqueous solutions used were: pH 1 (0.1N HCY),
pH 3 (0. 1H NaHzF‘D4 adjusted H1th 0. 1N HC1), pH 5 (0. 1H

NaH2P04 adjusted with O.1N NaOH), pH 7 (0. M NaHzPD4

. 0.1N NaOH), pH 11 (D,]ﬂ NaEHPD4 adjusted with 0.1N NaOH)
and pH 13 (0.IN NaOH adjusted with IN NaOH).

Water, methanol, N,N-dimethylformamide (DMF), and

pyridine were used in the solvent effect study on optical
rotations of the title compounds. Since the quantity

of érystal1iﬁe inosine q‘1§ﬁ14 mg/2 ml) used was not

. ox=-red

readily soluble in methanol (other than aqueous methanol),
only water, DMF and pyridine were used. Each sample
was evaluated in the following way: Methanol solutions of

ox-red’ tuber§1d1nnx_red and uridine were

prepared. Exact aliquots of each solution were pipetted

adenosine ox-red
into 2 ml qﬁlumqtr1c test tubes and the methanol was
eviporated atfrdﬂﬁftEmperature The test tubes contafin-
ing the residug@.were dried over P,0g under vacuum at room
temperature overnight. The concentration of the aliquot

\

=Y ' A



taken was redetermined by the extinction coefficient of

nucleoside (adenosine € 15,200 at 260 nm in

ox-red ox-red

Hzo_ tUberEidi"@;_red ¢ 11,500 at 270 nm in Héc, and

uridine  _..q € 10,100 at 262 nm in H,0). Inosine,, .4
was weighed directly into the 2 ml volumetric test tubes.
Each sample was dissolved in 2 ml of th; appropriate pH
solution or solvent. Optical rotations were measured

at room temperature (23-24°C) at 365, 436, 546, 578 and
589 nm. After the measurements, paper electrophoresis
was performed to confirm that thgre was no decomposition
or hydrolysis of the compoynds in the pH solutions and
solvents used. .

The results are summarized in Table V-VIII.

RATES OF PERIODATE REDUCTION BY NUCLEOSIDES

The rate of reduction of periodate by nucleosides
(adenosine and its a-anomer, lyxo-A, uridine and its
a-anomer, cytidine and its a-anomer, 7-g-D-ribofurano-
syltheophylline and its a-angmer, ara-A, xylo-A, ara-C)
was estimated spectrophotometrically by the method of
Dixon and Lipkin. %3
Method 1. Nucleosides with the readily oxidized 2',3'-
cis glycol unit (adenosine and‘igs-c:ininer, Tyno-A,
uridine and its a-anomer, cytidine and its a:anoﬁer,
7i5—gsfibafuran95y1theaph}]1ine and i;g a-anomer) were

followed over a 20 minutes time course.



Four quartz cells (]a:m path length, ~1.5 ml cel)
capacity) were used. Ce]]1 was filled with water and used
as a blank. A 0.6 m)l aliquot of aqueous nucleoside solution

(cantaining*10‘7m312) was added to both cell, and §21145

4

Water (0.6 m1) was added to both cell, and cell;. A 0.6
®1 aliquot of 4.113 x 107% M ¥a10,/H,0 (2.468 x 107 mole) was
added_ta ce113, The solutions in geilz and ce113,were
mixed (independently) and their absorbances were recorded.
Then, 0.6 ml1 of the same periodate solution was added to
ce114, the zontents was mixed rapidly and the absorbance
was taken immediately and at regu1§?‘?ime intervals (min),
An appropriate wave1Eﬁ§th was chcseniwhere the absorbance
of the nucleoside was minimal and the absarbtian of
periodate anfon was close to its maximum value (the bériai
date anion has a maximum absorption at -223 nm]31)i

When the absorbance of cell, had declined to a constant
value, the c;idatien was considered to be complete. Re-
duction of the equivalents of periodate per nucleoside at

a2 given time was calculated as follows;

Ared = (AceTIZ + AEE]TB) - Aceiid (at the constant wavelength)
where Ared; the decrease in absorbance by reduction of periodate
Ace]12; the absorbance of ceilz

Acells; the absorbance of, cell, _ v

Age114; the absorbance of 53714
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Ared

= the periodate fraction which was reduced
Ace113 at zero time

Thus,
Ared added periodate (mole) the ratio of equivalents

X = of reduced periodate
Acell,-at zero time added nucleoside (mole) per nucleoside

4
The absorbance of ceH3 was monitored over a period
of 25 min to ascertain any change in absorption of perio-

123,131

date anion due to changes in temperature. However,.

there was but a negligible change.

Method 2. Nucleosides with a slowly oxidized 2',3'-trans
glycol wunit (xy]o-A: ara-A, ara-C) were studied by an
analogous method over a period gf several days. Aliquots

6 mole) were added to

(5 m1) of a nucleoside solution (;10'
10 m1 volumetric flask, and fiask3. Natér {5 ml) was

added to 10 ml volumetric f]ask] and f]askz. A5 ml por-
tion of periodate solution (~'I0'6 ﬁol() was then added

to flask, and flask,. A1l the solutions were mixed well
and protected from light except while rotations were being
meaSured. The absorbances of all the solutions were
recorded every 24 hr using water as a blank. The periodate

réﬁuction was calculated as in method 1.

The results are summarized in Table IX.



SYNTHESES : . o
-

Preparation of 6-methylcytidine (178)

This compound was prepareaby the general Hibert- _
' 132

Johnson silyl ether method of edballa and Vorbgﬁggen.
6-Methylcytosine133 (1.25 g, 10 mmole) was silylated
by refluxing for 3 hr,with hexamethyldisilazane (HMbS)
(6 m1) and trimethylchlorosilane (TMCS) (1 m1) with exclu-
sjon of moisture. Excess HMDS and TMCS were removed under
reduced pressure to leave theAsilylated 6-methylcytosine
as a crystalline solid. A solution of 1-0-acetyl-2,3,5-
tri-0-benzoyl-8-D-ribofuranose (4 g,-é mmole) in dry
CH3CN (60 m1) was added to the si]ylated 6-methylcytosine,
and the mixture was stirred. Then, the’m{xture was cooled
in an ice bath, and s;annic chloride (1.3-ml) in dry‘
‘CH3CN (8 ml) was added. Anvsdditibnal portion of stannic
chloride (1 ml) in dry CHyCN (8 m1) was added after 1.5
hr. The react1on mixture was stirred at ~25°C fqr 12 hr
and evaporated under reduced pressure at ~25°C. To this
residue was added 1,2-dichloroethane (ZOmel) and the:
solutioncwas'treated with saturated {unOus sodiuT bi-
carbonate solution (300 ml). The resulting emulsion was
filtered through a Celite pad. The organic lgyer was
separated, dried over anhydrous sodium sylfate and evapo-

rated. The residue was chrométographed on a column of

alumina (18 x 4.5 cm) which was eluted/)ith ethyl acetate/

-
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g-h;xane (2:1) (700'm15. followed by ethyl acefate/
methangl (9:1) to give 2.93 g of 1-(2;3.5étrisg;b3ﬁzey1§
B-D-ribofuranosyl)-6-methylcytosine as a so¥id foam. To
1.12 g of this foam was agded methanol, (§0 ml) saturated
with ammonia at 0°C. YTQe solution was sealed in a steel
bomb and heatéd at 6U°C‘;vernight. The solution was
evaporated to dryness and the residue was partitiéped
be;ween water (10 m1) and 1,2-dichloroethane (20 ml).
The aquéous layer was concentrated to a small volume and
applied to a column (21 x 2.5 cm) of Dowex 1x2 (éHi)i
The column was eluted with water. The apprépriate frac-

fons were col]ected and ev;porated to dryness. The
residue was cr&Sta]]ized f+0m meth%no]/uater to give 319
mg of‘llg. The remainder of the 6-methy1cytidiﬂe tri-
. benzdate.was treated in the same manner to give 725 mg
of 178 {overall yié]d, 1.044 g, 51% from 1-0-acetyl-2,
3,5-tri-g-benzoy1—s—g-fibofuranose): mp 233-235°C; f
(0123 -47.4° (c 0.18, Hy0) [1it.'?3 mp 230-232°C dec.,-
[a13 -41.5° (c 1.55, H,0)]: CD (0.0739 mmole/%, H,0,
‘room temperature) [61270 -0.5 x'103. [6]258 1.2 x 103,
[8],,0 -13.5 x 103 [19t.78¢ c0 (H,0) [8],7 -1.2 x 10°,
(6,57 0.8 x 103, [81,;, -15.0 x 10%1; TV (H,0),,. 270 nn
(e 9,600), 233 nm (5‘9,800), (0.IN Hc‘)max 277 nm

(e 14,500), (o.1guaon)max 272 nm (e 9,700), 231 nm

(¢ 9,300); NMR (DMSO-dg) 6 2.23 (s, 3, 6-CHj), 3.52 (m,

2, two 5'-H's), 3.72 (m, 1, 4"-H), 4.09'¥m. 1, 3'-H), 4.60°
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(m, 1, 2'-H), 4.85 (m, 2, two. QH's), 5.03 (d, 1,:J = 6 Hz, -
OH)y 5.47 (d, 1, Jy._p0 = 5 Hz, 1'-H), 5.57 (s, 1, 5-H),

'7.10 (s, 2, NH,); MS m/e 240.0747 (H*-NH—); calcd for

C19 12"265 24(‘3.0746f Anal. Calcd. for ClD 15! 305 S,
46.69; H, 5.88; N, 16.33. Faund: C, 46.90; H, 5.99; N,

16.29.

Preparat1on of 3-8- ; ribofuranosyl-6- methy1urac11 (1 1)‘

and 1 3 b1§(B D r1bafuraﬂgsy1)*Sﬁmethy1urac11 (17 7)

An attempt to prepare 6-methyluridine by a reported’

132b gave only the title compounds.’

methnd
6-Methyluraci1'3 (1.28 g, 10 mmole) was silylated
with HMDS (6 m1) and TMCS (1 m1) by refluxing the mixture

for 2 hr with exclusion of moisture. After removal of

excess HMDS and TMCS, the siiyiatedgﬁ;methyquaaiT was

).

distilled to obtain 2.5 g af an oil. To this oil in an

ice bath was added 1-0- acety1 -2,3,5-tri- D benzoyl-g~D-

ribofuranose (4 g, 8 mmole) in drchH§CN'(1ZD mi) and
stannic chloride (1.3 ml) in dry CH4CN (60 m1) with stir-’
ring. The solution was then stirred at 22°C for 4 hr.
132b

After wnrﬁ,uﬁ the oily residue was chromatographed |

Eon an alumina column (22 x 4.5 cm). Elution was effected

‘wjth n-hexane/ethyl acetate (9:1) (600 ml), ethyl acetate/

n/hexane (2:1) (700 m1) and finally ethyl acetate/methano?
(9§1), and 18 m1 fractions were collected.: Fractions 4?250

were combified and evaporated talgive 0.88 g of 1,3-bis-
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(2,3,5-tri-Q!Eeﬁzoy]-B-Q—ribofuranosyl)76-methy1urg£11
as a foam. A
- This foam was treated with absewlute methanol (25 ml)
and sodium (0.%2 g) was added. The mixture was/éealed |
and kept overnight at room temperature. The resu]ting.»
solut{on was eviporated to a small volume under reduced
pressure at room.temperature. Water (30 ml) was added and
the solution was neutralized with Dowex S50W x 8 (H') resin.
The resin was filtered aﬁd the solution was extracted with
‘ CH2C12 (20 m¥ x 2). The aqueous layer was evaporated to
give 295 mg of 122 as a foam (19% from 1-g-acet}l-2,3,5-

tri-0-benzoyl-£-D-ribo¥uranose): * TLC Ry = 0.18 (solvent

. S, ,'Rf = 0.48 (solvent S,); UV (H,0) . 265 nm (¢ 11,zoo)f
170 nm (sh3 (¢ 8,900); ORD (c 0.022, ;:b, room temperature)

L}
[¢1,83 -2,600, [$],5g 2,300, [¢],p; -7,700 [11t.13%2 yy

(pH@?)ma; 265 nm (log ¢ 4.07), 2.08 nm (log ¢ 3.96)}, ORD
(c 0.075) [4],83 -5,300, [61,6g 5.100, [81,57 -12,9001;
NMR (DMso-ﬁs) § 2.27 (s, 3, 6-CH3), 3.30-5.20 (m, 16,
sugar protaons), 5.46 (d, 1, Jyr_pr = 4 Hz, 1'-H of N,-ribo-
syl), 5.66 (s, 1, 5-H), 6.02 (d, 1, J]'-Z' = 4§ Hz, 1'-H of
N3-ribosy1).

Fractions 80-105 were combined and évaporated to give
2.54 ¢"ox 3-(2.3,5-tri-g-benzoy1-B—Q]{ibofuranosyl)-6- |

'{methylunaL1l as‘a foam. This was debenzoylated ing ' .

sodium in methanol, as described above’(for/izégfi;o give F“

980 mg of 171 as a' 'foam (48% from 1-0-acetyl-2,3,5-tri-
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0-benzoyl-8-D-ribofuranose): TLC R, = 0.36 (solvent S,),
0.61 (solvent S,); [a]3? -26.6° (c 0.12, H,0); UV

Re *
(Hzo)max 264 nm (;g_?;SDD)i £Di15 ch)ma, 264 nm (e 7;400?;
289 nm (e 7,900), 224 nm (e 5,900) [1it.'33

(0.1N NaOH)max
(o127 -27.6° (c 1, H,0), UV (pH 1-and pH 4) . 265 nm
(¢ 8,700), (pH 11) . 289 nm (c 9,800); (pH 14) . 289 nn
(5311,309)]: €D (c 0.0724 mmole/Ly H,0, room temperature)
2.6 x 10% [19t.18% (6, 0 -4.3 «

. 3 .-
(DHSD!dE) § 2.00 (d, 3, J <

(1270
3 a1 ¢ 31. NMF
107, [93242 6.2 x 10°]; NTR |
m, 3, 4-H and two 5'-H's), 4.08
= 4 Hz,

1 Hz, 6-CHy), 3.30-3.80 (
(t, 1, d = 6 Hz, 3'-H),_4.43 (dd, 1, Jq._p
6 Hz, 2'-H), 5.37 (d, 1, J < 1 Hz, 5-H), 6.04
4 Hz, 1'-H), 11.0 (bs, 1, NH); MS m/e

JZ"B‘ =
(di 1: J*Il__zg = 4
240.0738 (M -HZD), calcd for C]DH12N205. 240.0746.
Preparation of SEWEt%y1UFidinE (173)
This compound was prepared by the'me;had of Winkley

and Robins. 33 ’
1o 6-methylcytidine (220 mg, 0.86 mmole) in 2N

acetic acid (35 ml).was added sodium nitrate (593 mg, 8.6
sealed and stirred

solution was

mmole), and the reaction mixture was
The

solution and the

at room temperature for 2 days.
AU-4 charcoal

neutralized with 1IN sodium hydroxide
volume was reduced by evaporation at 35°C.
(2.5 g) was added and the mixture was €tirred for 4 hr.

The charcoal was éé11ected; washed with water, and



a'\\\\‘ - o ‘
extracted for 15 hr yith ethanol/conc. aqueous ammonia

r

(9:1) (150 m1) in a soxhlet appafa}us. The extract was

»

evaporated to dryness. .The.residue'was,dissolved'in d

water and qpp]jed to a column (18 «x 2.5‘ch) of Dowex 50Wx8
(H*). The~c61umn was e}uted with watgr‘and the apbrogﬁ{-
ate fractions w:!g collected and evaporated. The residue
was crystallized from methanol with ether diffusion to

give 50 mg (22%) of 173: mp 178-180°C; [all® -45.8° (¢
0.07, Hy0) [1it. 133 177-178°C, [a130 -28.6° (¢ 1.52, H,0),
11¢.13%2 mp 179-18\°t3- €D (c 0.0759 mmoie/x, HzO. room
temperature) [8]265 10 3 x 103 [8]250 0.8 x 103 [6]2]4
9.9 x 103 [19t.788 [6], 0 -0.3 x 103, [el,0 1.0 x 103,
[e]214 -10.0 x 10 ] NMR (DMSO -dg) 6 2. 26 (s, 3. 6-CHy)
3.40-3.80 (m, 3, 4'-H and two 5'-H's), 4.06 (q, 1, J =6
Hz, 3'-H), 4.58 (m, .2, 2'-H was overlapped with OH), 4.90
(d, 1, J = 6 Hz, OH), 5.17 (d, 1, J = 6 Hz, OH), 5.44 (d,
1. Jyi_pe = 4 Hz, 17-H), 5.54 (s, 1, 5-H), 11.20 (s, 1,
NH); MS m/e 227.0672 (M'-CH,O0H), gaY{d for CgHy N, 0¢:
227.0668. Anal. Calcd‘for C]OH]4N206-1/4 N,0; C, 45.72;

W, 5.56% N, 10.66. Found: C, 45.87; H, 5.50; N, 10.42.

Preparation of 6-azauridine (182)

132a‘gave 1-

The method of Niedballa and Vorbriiggen
(2.3,5-tri-gabenzoy1-B-g-ribofuranosyl)-6-azauridine in
80% yield. Methanolysis of this 6-azauridine tribenzoate

(1.12 g, 2 mmole) using sodium methoxide (6 mmole) in

89
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absolute methanol (30.m1) followed by crystallization of

the prddﬂct from methanol gave 420 mg (85%) of 182: mp

159-160°C; [a,]23 -134.7° (c 0.13, pyridine) [11t. 135b

158°C, [a ] -132° (¢ 0.5, pyridine)]; UV (HED)max 262 nm
(e 6;400);GCD (c 0.127 mmole/%, H,0, room temperature)

: P 3 ri., 18e .1 31, NMR (OME O
[6],g0 -12.0 x 10% [1it. 7% [8]557 -10.0 x 10 J: NMR (DMSOr
dg) 6 3.44 [m, 2, two 5'-H's), 3.78 (m, T, a'-W), 4.00 (m,

1, 3'-H), 4.20 (m, 1, 2'-H), 4.60 (m, 1 OH), 4.98 (bs,

1, OH); 5.20 (bs, 1, OH), 5.90 (d, 1, =% Wz, 1'-H),

7.56 (s, 1, 5-H); MS m/e 246.0723 (n¢+1), caled for

CgHyaNy0g: 246.0726. Anal. Calcd for CghyiN30g: Co

39.19; H, 4.52; N, 17.14. Found: C, 39.06; H, 4.63; N,
)

17.09. i
N\

Preparation - of 3-methyl-6-azauridine (184).

-

A mixture of E—azauridiner(247 mg, 1 mmole), i,ﬂ‘g
dimethylformamide dimethyyacetal (Q;QEZQ;VE mmole) and§f$/7
dry chloroform (5 m1) was gently refluxed for7 hr while
pratected frgm moisture. Thé resulting sglgijgn was
evaparat%d to a syrup, which was dissolved in HiFE? (6 ml)
and kept overnight. The aqueous solution was ev§§§¢§§§§'
and the product was purifié& on a %reaarative TLC plate
(Whatman PLKSF, silica gel, 20 x 20 cm) using solvent

system E1g The main uv’absorting zone (Rf = 0.65) was
collected and the‘praduct eluted with methanol. Evapora-

tion of the methano!l extrict andicrystal1ization of the



residue from methanol with ether diffysion gave 209 mg .

(80%) of 184: mp 125-1278C; [a)23 -125.6° (c 0.11,

pyridine) Eji}iTBE

mp 124°C, [a)2® -128° (¢ 1.3, pyridine)]:
F y

UV (MeOH) .. 263 nm (e 6,500); NMR'(DHso-dE) § 3.18 (s,

3, GHq),,3.47 (m, 2, two,5'-H's), 3.82 (q, 1, J =5 Hz, 4

A-H), 4,04 (¢, 1, 0 = 5 Hz, 3'-H), 4.27 (qq} 1, 10 o,

'3.5 Hz, 9, 4. = 5 Hz, 2'-H), 8.96 (bs, 3, three OH's),

[Ny ]

5.97 (dy 1, 9. _p0 = 3.

m/e 241.0701 (M'-H,0), caltcd for CgH, N;05: 241.0698.

Hz, - 1'-H), 7.66 (s, 1, 5-H); MS

Anal. Calcd for CgHaN;0g: C, 41.70; H, 5.06; N, 16.21.

Found: C, 41.62; H,'5.14; N, 16.24,

Pfeparatian of 6-azacytidine (183) c

6-Azacytidine was prepared by the method described

above for Eamethy1cytidines(]é3), \
SiAzaégxasiﬁe]37'136' g, 2.7 mmole) was silylated

as described in the above preparation of lZEQ After re-
ma§a1 of excess silylating 1 agents;ithe product was
suspended in dry 1,2-dichloroethage (3 ml) and treateds
‘with 1;Q-acety1é2;3i5étriégsbéﬂzcy1GE-Qéribcfurancse-(ﬁ_21
g, 2.4 mmole) in dry 1i2=dich1ﬂraetﬁane (15 m1) in the
presence of stannic chloride (0.3 m1), followdd by addi-
tional stannic chloride (0.3 ml) after 2 hr. Thé reaction
mixture was stirred at room temperature for a total of 7

20 hr. The reaction mixture was diluted with 1,2-dichloro-

ethane (20 ml) and treated with aqueous saturated sodiym

i
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bicarbonate solution (40 ml). ?hg resquing emulsion

.‘
. u,‘//‘?u‘

wa; filtered through a Celite pad and t{e nrgaﬁic'iayeri
wasrseparated' dr1ed over anhydrous sodium sulfate and | .
evaporated The residue was lapplied to an a1um1na colamn
(15 x 2.5 cm) and the column was eluted with ethyl acet;te/
n-hexane (2:1) (200 m1) followed by ch]erﬂfqrm/methann1
i(9:1). Abpropriate fract’ons were caTlecte& and evapo-
rated to dryness to give a crgstai11ne solid. This was
recrystallized from 95% ethanol to éige 1.18 g (88%) of
1-(2.3,5-tri-g-benzoyl-ﬁ-g-ribéfuranasy1)%SQa%acytcsine

(mp 219-220°C). A‘sample of this 6-azacyfidine tribenzoate
(550 mg, 0.99 mmole) in methanol (60 mj) saturated with
ammonia .at 0°C was sealed and kept at“room temperature

for 3 days. The solvent was evaporated, and the residue

s.dissolved'in water (10 m1). The aquééus scigti@ﬁ wasi
Tewtracted with CHyClp (10 m1 x 3) and evaporated. The

residue was crystallized from methanol Eo give 217 mg (90%)
of 183: mp 222-228°C [19t.'3% mp 222-224°C (dec)]; [a)2]
2127.8° (¢ 0.08, Hy0)i UV (Hy0)p,, 263 e 7, 800), (0.1
Hcmmax
225 am (¢ 9,300); CD (c 0.1049 mble/t, H,0, room tempera-

279 nm (e 6 800), (0.1N NaOH) max 275 nm (g 5,600),

ture) [8],70 -6.5 x 103; NMR (DMSO-dg) 6§ 3.40 (m, 2, two

§5'-H's), 3.76 (q, 1, J = 5 Wz, 4'-H), 3.97 (t, 1, 0 =5 Hz, QEK
3'-H), 4.20 (t, 1, J = 5 Hz, 2'-H), 4.62 (bs, 1, OH), 4.96 NI

(bs, 2, two OH's), 5.98 (d, 1, Jqu_p« = 8 Hz, 17-H), 7.50
(s, 1, 5-H), 7.90 (bs, 2, NA,); MS m/e 226.0697 (M*-H,0),
' 5



calcd for Caﬁ1a"4543 226?6702. Anal. Calcd f@r‘CBszNSDS:
C, 39.35; H, 4.95; N, 22.94. Found: (C, 39.14; H, 4.82; -
N, 23.24. l

. . . . ' . )
Preparation of 6-methyl-2-g-D-ribofuranosyl-3-

pyridazone (188) N ' _
o »

A

. To a solution of Simethyiair(ZH);p;ridazéne14* (300 mg,
2.7 mmole) and 1-0-acetyl-2,3,5-tri-0-benzoyl-8-D-ribo-
furanose (1:36 g, 2.7 mmole) in dry CHBCN (30 m1) ;as added
stannic ohloride (0.4 ml) and the solution was stirred
at room temperature for 24 hr with exclusion of moisture.
Additional stannic chloride (0.4 m1) was added and the
solution was stirred at room temperature for 24 hr. The
so]ﬁtion was evaporated at 30°C under reduced pressure.

}he residue was dissolved in neti&Ieae chloride (40 m1)-
and treated with saturated aqueous sodium bicarbonate
solution.(40 ml). The resulting emulsion was filtered
through a Celite pad. The organjc layer was separated,

dried over anhydrous sodiug sulfate and evapafated. The

fed o

residue was chromatograp a silica gel column (18 x

2.5 cm). Elution with ethyl \ac6tate/n-hexane (2:1) and
;rysia lization from 95% ethan® gave 700 mg (47%) of 6-
methyl- -(2,3,52t?iégébEﬂZDy1EB-Q—FibDquaﬂ95;1)é3—
pyfidazone: mp 120-121°C; Anal. Calcd for C31H25N203; c,
67.14; H, 4.73; N, 5.05. Found: C, 67.42; M, 4.86; N, -

4.97.
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The above compound (320 mg, 0.58 mmgie)!-aﬁ;dei < 7
benzoylated as described in the above ﬁFEﬁarptiﬁﬁ:gf 6-
azacytidine (183). <Crystallization of th;Kprnducj f%cq S
methanol with ether diffusion gave 112 mg (79%) df'lgé;
mp 103-105°C; [a)23 -105.9° (c '0.09, H0)3 uvf(nég)%;xy:_ S
"290 nm (¢ 3, 500), (0.18 KC1)p, . 290 nm (E_g;sooi;;(o:1!}i e

N‘aDH)max EQB'BEE(E 3,500): CD (c 0.1680 mnn]eiﬁh Hy 0, rénm '
. temperature) Lﬁ]zaa -4.2 x 10 [632,6 -6.3 x 1D [9]216
%%*510.7 x 1035 NMR (D,0) 6 2.43 (s, | 3.89 (m, two

5‘QH‘5), 4.24 (m, 1 a'-H), 4.55 (t, 1, Jy._ 3. = 5.5 Hz,

e

31-H), 4.67 (dd, rf J1. = 3 Hz, J,i_3. = 5.5 Hz, 2'-H),

™

\N.,«

6.43 (d, 1, Jy. 4é. =5 Wi,
Wz, 4-H), 7.49 (4, A, Jg_g = 10 Hz, 5-H); M5 m/e 243.0976

- ~ a ,ii .. - o,
(m* *1); calcd for C]D ]SNEDS 243_Q§§D. 242.0897 (M),

caled. for C,qH 4N 0g: - 242.0902. rgﬁa1i Calcd for

1'-H), 7.08 (d, 1, J,_g = 10

C]DH14N2D5!1/3 HZDZ €, 48.39; H, 5.96; N, 11.28. ‘Found:

C, 48.42; H, 5.80; N, 11.46. s ‘ (fg?ﬁi) —_
\ ’ < .

h

Preparation of EQB-g;ribefurén95y1-3§pyridazane (189)

This compound was prepared in an ahalogous manner

to the above preparation of ngethyIizggsggribafuranasy1—

A3;pyridazgne (188).

To a solution Df;3(2H)iﬂyFidaZDﬁE145 (255 mg, 2.7 mmole)
and 1—QsaéetyIQZ,B,S-tri-QsEEﬁzayT—Eﬁgeribcfuranose (113i 9,
2.6 mmole) in dry CHSCNB(SD m1) was added stannic chloride

(0.4 m1), and the solution was stirred at room temperature

2 | ™



98

- v . L
for 24 hr with exclusion 05 moisture. Additional stannic

chloride (0.'m1) was added and the so’lu{ign was stirred
‘at room temperaturé‘for 48 hr. After work up, the residue
wés chromatographed on a silica gel column (19 x 2.5 cm).
Elution with ethyl acetafé/g-hexane (2:1) and crystal-
lization of the product from ethyl acetate gave TSS‘hg

(12%) of 2-(2,3,5-tri-0-benzoyl-£-D-ribofuragosyl)-3-

pyridazone: mp 110-112°C (1it.''3 mp 117-1
Calcd for é36H24N208: . 66.66; H, 4.48; N, 5.18, F;undi
C, 66.36; H, 4.58; N, 5.08. ‘

' The above compouna (160 mg,10.30 mmole) in methanol
(30 m1) sgturated with ammonia4at 0°C was sealed and kept
at room temperature for 3 days. Aftg; work up, crystal-
1i}ation of the product fro% methanol with ether diffusiaﬁ
gaLe 52 mg (77%) of 189: mp-168-170°C; [u]%B -132.1° (¢
0.08, H,0) [1it.'3% mp 171.5-173.5¢C; [18% = -132.3°

(¢ 2.0, Hy0)]5 UV (H,0) . 284 nm (c 4,000),
285 nm (c 4,200), (0.1N NaOH)_. 286 nm (e 3,900); CD

(c 0.1709 mmole/%, H,0, room temperature) EE]ZBB -5.4 x
10%¢ [6],55 -6.3 x 10, [6],, -10.4 x 10 e 113 co
(Hp0) [6lp90 -8.9 x 10%, [6],,5 -6.2 x 103, [6],,, -10.1

x 1037, NMR (0,0) 6 3.85 (m, 2, two 5'-H's), 4.22 (m, 1,

(0.IN HCY) .

4'-H), 4.51 (t, 1, J,, 3. = 5.5 Hz, 3'-H), 4.69 (dd, 1,

J‘|-2| = 3 HZ, J2£|_3a = 5.5 HZ, 2"H), 6-43 (d‘ ]i J]g_z!

Uz, 1'-H), 7.13 (dd, 1, Jg.g = 2 Hz, Jy_5 = 10 Hz, 4-H),

7.57 (dd’ l, J4_5 = ]o HZ, JS'G = 4 HZ. SQH)" Bi15 (dd‘



=

4 Hz, 6-H):'MS m/p 229.0830. (M'+1),

17;-'-5]4'?6 = 2 HZ- Js_é ‘ !
o calcd for CgHyaN,0g: 229.0824; 228.0748 (M*), calcd for
47.37; M, 5.30; N, 12.28. Found:  C, 47.17; M, 5.15; N,

L1217,

“« Ppreparation 6f 1,32dimethylpseudouridine (190)
R — — - e
A mixture of pseudouridine (73¢/mg, 0.3 mmole) and

N,N'-dimethylformamide dimethyl acetal (0.42 g, 3.5 mmole)

in absolute methanol (5 m1) was refluxed for 24 hr while
protected from mcistqrei The solution was evaporated _
and the residue was applied to a Dowex 1x2 (OH™) column

' (9 x 2.5 cm). The column was eluted with water. Appro-

priate fractions were collected and evaporated to give a
solid. Recrystallization of this product from methanol <«
with ether diffusion gave 45 mg (56%) ‘of 190: mp 177-

179°¢ (19¢.749 174°C); UV (MeOH) . 270 am (c 8,800); NMR
(DMS0-dg) ¢ 3.17 5 6 3.30 (s &5, 3 & 3, N -CHy and N3-CHy),
3,40-3.80 (m, 3, two 5'-H's and 4'-H), 3.90 (m, 2, 2'-H

and 3'-M), 4.51 (d, 1, Jyi _p = 4 Hz, 1'-H), 4.60-5.00

(m. 3, three OH's), 7.78 (s, 1, 6-H); MS m/e 273.1075

- _ g - . I O .
(M *+1), calcd far CiqHigN206: 273.158;, 272.1006 (M),

calcd for C11H15N205: 272 1008 Anal. Calcd for

0 C, 48.53; H, 5.92; N, 10.29. Found: C,

CyitieN20:
48.52: W, 6.00; N, 10.22.
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Preparat1nn of 5 6- d1hydrnur1d1ne (187)

——— —— ¥ E

€

!

This compound was prepared by the reported meth@dijdl

Uridine (161) (488 mg, 2 mmaie) in water (50 mif was

hydrogenated over 5% Rh-A1,0 (100 mg) at 25 psi for 2

hr. The catalyst was filtered and the aqueous solution was

evaﬁorated to give an oil. _The g11y product was applied
to a silica gel CG]Umn (20 x 2 cm) and the ca1umn was
eluted with methanol/chloroferm (3:7). Fracttens (10 ml)
4-16 were combined and evaporated to dryness under reduced
pressure to leave a yellow foam. The foam was dissolved
in aqueous methanol and decolorized with charcoal. The

charcoal was filtered and the solvent was evaporated

to give 473 mg (97%) of 187: TLC R¢ 0.38 (solvent 33);
[a]3 -38.3° (c 0.05, H,0) [1it.'*1 4120 -36.8 + 0.4

(c 2.12, Hy0]; NMR (D,0) & 2.80 & 3.62 (t & t, 2 & 2,
J5_ = 6.5 Hz, 5-CH; & 6-CH,), 3.80 (m, 2, two 5'-H's),

£ 4.00-4.44 (m, 3, 2'-H, 3'-H and 4'-H), 5.89 (d, 1,
Jyv_pr = 6 Hz, 1'-H); MS m/e 228.0746 (M'-H,0), calcd

for CgHy,N,0g: 228.0747. Angjg Calcd for CQngﬂzps‘]/s
Hy0: C, 43.27; H, 5.81; N, 11.21. Found: C, 5.37,

H, 5.69; N, 11.18.

Preparations of ] meth;1farmyc1n (155 ) and 2- methgl-

- formycin (lgﬁ)

These compounds were prepared by the method of

e

e | %‘r
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Tcwnsendiet a1i142 Better separation df the two compounds
*than that reported was effected on a Dowex 1x2 (OH7)
tolumn using stepwise elution with adueeus methanol as
noted below. .
A mixture of formycin (508 mg, 1.9 mmole) and sodium
(56 mg, 2.4 mmole) in dry ethannlgéiz ml) was stirred at
room tEﬁpEfatufe for 30 min. Methyl iodide (270 mg, 1.9

\ mmole) was added to the resulting solution, followed by

an additional portion of methyl iodide (270 mg, 1.9 mmo]e)

after 1.5 hr. The solution was stirred Qvernight at
room temperature and evaporated to dryness. The residue

was dissolved in water, and app11ed to a column of Dowex

1x2 J(0OH™) (20 x 4.5 cm) The column was eluted with water

(600 m1), 10% aq. methanol (1200 m1) 30% aq.lmethanci
(1200 m1) and finally 50% aq. methanol, and 6 ml fractions
were collected. Fractions 39@=468 were combined and
evaporated to dryness. The residue was crystallized from

methanol with ether diffusion to give 292 'mg (55%) of

156; TLC Re = 0.45 (solvent S,); mp 206-207°C (19t. 142
205-206°C); [a)%® -93.0° (c 0.20, MeOH); UV (Hp0)p,, 317

) (e 8,000), 305%nm (e 12.200), 295 nm (sh)

(¢ Y0,600), 234 nm (e 5,600), (0.1N HC1) . 306 nm

(¢ 10,000), 270 nm (e 4,600), 260 nm (¢ 4,700), 233 nm
(¢ 9.200), (0.IN NaOH) . 318 (sh) (c 8.,700), 306 nm

(¢ 12,100), 296 (sh) (e 10,400), 234 nm (sh) (c 5,600);

NMR (DHSDidS) § 3.58 (m, 2, two 5'—Hf5L, 3.90-4.30 (m; 2,

i
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3 -H an4f4'-H). 4.13 (s, 3, N-CHy), 4.61 (m, 1, 2'-H),
4.99 (d, 1, J = 5 Hz, OH), 5.14 (m, 2, 1'-H was overlapped

with OH, Jj'ez‘ = 7.5 Hz), 5.91 (m, 1, OH), 7.58 (s, 2,
NH,), 8.02 (s, 1, 5-H); MS m/e 281.1127 (M'), calcd for
Ci1Hy5N50,: 1281_112ﬁ)i Anal. Calcd for C, H,gNg0,: é,
46.97; H, 5.38; N, 24.90. Found: C, 46.79; H, 5.41;
N, 25.05. o -
Fracticn51553§732 were combined and evaporated to
‘dryness. Crystallization from ethanol-water gave 81 mg
(14%) of 155: TLC:Re = 0.25 (solvent S,)i mp 156°C
(foaming), 218-219°C (completely melted) (1it. %2 mp
170-173°C foams, dec. > 200°C, 19t.'*3 mp 96-98°C transi-
tion point, dec. > 200°C); [a]Z® -65.6° (c 0.12, MeoH);
315 nm (sh) (e 6,600), 302 nm (¢ 11,000),

uv (HZO)max

294 nm (sh) (e 10,500), 233 nm (c 8,600), (0.1N HC1),,

302 am (c 11,300), 239 nm (e 10,100), (0.1N NaOH) . 314

am (sh) (c 8,300), 302 nm (¢ 11,500), 294 nm (sh) (c10,700),

232 nm (c 8,000); NMR (DMSO-dg) & 3.57 (m, 2, two §'-H's),

3.90-4.20 (m, 2, 3'-H and 4'-H), 4.19 (s, 3, N-CH;), 4.48

(m, 1, 2'-H), 4.87 (m, 3, 1'-H was overlapped with two

OH'S, Jy+_p0 - 7.5 Hz), 5.84 (m, 1, OH), 7.40 (s, 2, NH,),

8.09 (s, 1, 5-H); MS m/e 281.1118 (M'), calcd for €, H sNg0,:

281.1124. Anal. Calcd for Cq HisNg0,+H 01 C, 44.15; |

H, 5.73; N, 23.40. Found: C, 43.91; H, 5.46; N, 23.26.
Preparatiéﬁ of a-L-uridine (163), B-L-uridine (164)

and a-L-cytidine (180) from their 5'-phosphate salts,

L

!i‘- = ‘.
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. Was dephosphory]ated with.bacterial alkaline phosphatase
(0.1 ml, solution of enzyme supplied by Sigma ChemiEET

Co.) in 0.5M tris(hydroxymethyl)aminomethane buffer (pH
8.0) (1.5 m1) at 37°C for 5 hr. The free nucleoside was

purified by descending paper chromatography (Whatman

" No. 1 paper) using'iscprapahailcanc, aqueous ammonia/water

A7:1:2) as deveﬁoping solvent. The product was detected

by UV light (254 nm); the zone that contained the main

UV absorption was cut out (fR.1r of a-L-uridine 0.30, Re¢ of

B-L-uridine 0.31, R, of a-L-cytidine 0.29). Each free

, nucleoside was eluted from the paper strip with wafer

to give a-L-uridine (4.47 mg), B-L-uridine (2.66 mg) and
a~L-cytid%ne (5.95 mg). The above yields were estimated
126

by using the v’ ext1nct1on values of a-D-uridine’

(e 10,050 at 264 nm in H 0) and ur1d1ne]26:(a

19,300 at
262 nm. in H,0), respectively, and cytidine (¢ 9,100 at
270 nm in HZD)g
i 24 0 : rrce 126
a-L-uridine: [a ]D +58.0° (¢ 0.22, HED) [1it.

a-D-uridine [a]y -68° (c Ha0)]. g-L-uridine: [a 124

\U\

-8.3° (c 0.13, H,0f Iit. 126 g-D-uridine [al, +4.6° (¢
5.2, Hp0)]. . a-L- cyt1d1ne Em]D +94.1° (c 0.30, H,0).

Preparatié? of 2- mﬁﬁﬁylfnrmyc1nax red (1 57)

To 2;methy1farmycin (155) (140 mg, 0.5 mma1e)-was

‘added sodium periodate (128 mg, 0.6 mmole) dissolved in

-3

Each nucleoside-5'-phosphdte dilithium salt (~10 mg)
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water (10 m1). The mixture was stirred at room tempera-
ture while protected from light for 1.5 hr. Sodium
‘burahydride (Aaimg, 1 mmole) was added to the solution

and stirring was Eantinuéd for 30 min at room temperature.
Excess sodium borohydride was destroyed with 1M sodium
dihydreéen phosphate buffer (pH 6.5) (Jim1), and the

solution was stirred for 1 hr. AU-4 charcoal {3 g) was

added to the solution and the mixture was stirred for 4 hr.

The charcoal was collected by filtration, washed with
uater'and’gacked into a §e1gmn (ED‘Q 2.5 cm).

The column was eluted with water (206 ml), followed
'by 50% agq. EHBCN. The eluate was’evaporatgd, The residue
was dissolved in water and decolorized with charcoal.

Evaporation of the water and'cvysté]]ization of the

residue from methanol! with ether diffusion gave 103 mg

) " ¥ S
(72%) of 157. Paper electrophoreis of this compound
showed an identical anodic mobility (0.45, uridine as a

ox-red ?lg's1tu): TLC Ry -
c

standard) as 2-methylformycin
0.18 (%0lvent S]); mp 140-143°C; specific rotations (¢
~ E il 3 r ’24 . EF E=] ’,’24 E O 0o F 24 a

0.50, H,0) [alggg +56.8° [glgqg +59.8°, [a)gag *67-6°,

317 (sh)-

(0133, +107.4°, [a1jgg +130.0°5 UV (Hp0)

(e 7,900), 305 am (¢ 12,300), 295 nm (sh) (e 10,800),
234 nm (sh) (c 6,200), (0.1N HE1) . 306 nm (¢ 10,700),
270 nm (¢ 5,000), 260 nm (¢ 5,200), 233 nm (e 9,500),
(0.1N NaOH) . 318 (sh) (c 8,000) 306 nm (c 12,100), 296

nm (sh) (¢ 10,500), 234 nm (sh) (¢ 6,400); NMR (DHSO?dE)
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6 3-38 (mg 6. 2"H2g 3.‘H29'5.’H2)‘ 4-19 (S, 3;. N‘CHB)‘
3.87 (t, 1, J = 5 Hz, 4'-H), 5.16 (t, 1, J = 6 Hz, 1'-H),
7.50 (s, 2, NH,), 8.04 (s, 1, 5-H); MS m/e 284.1356
+ , aa 1ac N _
(M'+1) , calcd for Cy H gNg0,: 284.1359. Anal. Calcd
for C]]H]7N504-1/3 HZO: C, 45.67; H, 6.16; N, 2§_Z1y

Found: C, 45.68; H, 6.07; N, 24.13.

Preparation of 3'"°th!]'Gééffufidinegx-zgq,(13§i

3- Methyl-6-azauridine (184) (100 mg, 0.39 mmole)
was treated in the same manner as described above for the
pteparation of Z-methylformyaiﬂax_fed (157) to obtain
89 mg of 185 as a syrup {85% yield estimated from the

extinction coefficient of 3-methyl-6-azauridine (184);

e 6,500 at 263 nm in MeOH). Paper electrophoresis of
this compound showed an identical anodic mobility (0.48,
uridine as a standard) as 3—méthy1-Saazauridihegxired
L&Q)situ); TLC Ry = 0.60 (solvent S;), Re = 0.68 (solvent

33); UV (MeOH) 263 nm, specific rotations (¢ 0.52,

max
HZO) (concentration estimated using the extinction coef-
ficient of 184) [a)Zdy -26.4°, (0123, -27.8°, [a)E},

[ 23 o 23 - = r (AMCO) -
-33.6°, [a]436 -73.4°, [or.]365 -162.3°; NMR (DMSO dE)
6§ 3.18 (s, 3, CHy overlapped with sugar proton), 3.10-3.80

(m, 7, 2'-Hy, 3'-H,, 5‘-H2 and 4'-H), 4.30-5.10 (bs, 3,

three OH's), 5.89 (t, 1, J = 6 Hz, 1'-H), 7.64 (s, 1, .

o e

5-H). .
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. . 108,114,121
Preparation of adenosine . ., (43)

To adenosine (42) (1 g, 3.7 mmole)Awas added an 80
mM of solution of sodium periodate (50 ml, 4 mmole), and
the mixture was stirred at room temperature for 2 hr
while protected from light. The resulting solution was
cooled in an ice bath and sodium borqhydridg'(zszimj.
7.5 mmole) dissolved in water (10 ml)*was added. The
solution was stirred for 15 min in the ice bath followed
by 45 min at room temperature. The solution was neutra1izedj
with acetic acid and stirred with AU-4 charcoal (7 g)
until UV absorption indicated <5% of the nugleoside ?e-
mained in solution. The charcoal, was collected by fil-
tration and washed with water (~200 m1). The crude
proeduct was eluted from the charcoal by continuous extrac-
tion for 2 days-in 4 soxhlet apparatus with ethana]/gg:;i
aqueous ammonia (9:1) (300 ml1). After evaporation of
the extract,.the residue was dissolved in water and |
applied to a column of Dowex 1x2 (OH ) Eesin (35 x 2.5
cm). The column was washed with water (150 m1), and the
product was eluted with 20% ag. methanol. Appropriate
fractions were.combined.and'evaporated. The residue was
dissolved in aqueous ethanol and decolorized by treatment
with cha}coal. Evaporatioﬁ of the solvent and crystalliza-

“tion of the residue from ethanol with ether diffusion

gave 630 mg (63%) of 43: TLC Re = 0.17 (solvent 51);



__ =5 7 ’gzi "X,- 1217 = AC &/ . i i 3 - _
mp 139-141°C; [1it. mp 143-145 Cl; uv‘(HZD)max 260 nm

(e 15,200), (0.1N HC1) . 258 nm (c 14,600), (0.1N NaOH),,,
261 nm (e 15,000); NMR (DMSO-d¢) & 3.18 (m, 2, 3'-Hp),

3-48 (&I 3i SL-HE End 4'iH)‘ BiBS (thi \J = 6 HZ. z‘gHz)‘

[ ]

4.42 (t, 1, J = 6 Hz, 5'-OH), 4.66 (t, 1, 0 = 5 H

[l
o

31_0H), 5.11 (t, 1, J = 6 Hz, 2'-OH), 5.87 (t, 1, J =
Hz, 1'-H), 7.19 (s, 2, NH,), 8.14 (s, T, 2-H), 8.25 (s,
269.1124. Anal. Calcd for CyoHygNg04: C. 44.61; H, 5.62;

N, 26.01. Found: C, 44.38; 5.45; N, 26.28.

PfEPatét1anfotUDefF1§inﬁxtT§g (2@%}

TUbETCTd‘"ax-req was prepared from tubercidin (158).

(1 g, 3.7 mmole) by the same procedure used for the

preparation of adencsihegxgréﬁ (43). The praéuct, 580

mg (58%) of 209, was obtained as a hygroscopic foam after

co-evaporation with toluene (2 m1 x 2), followed by

drying at 50°C over P,0¢ in vacuo overnight: TLC R
, 2Ys i f

0.26 (solvent Sy); UV (H,0) . 270 am (e 13,500), (0.1K

HC1),,, 272 nm (<7 10,800), (0.1N NaOH),, 270 nm (e 10,900);

4'-H), 4.38 (t, 1, J 6 Hz, OH), 4.57 (t, 1, J = 5 Hz,

Hz, OH), 6.00 (t, 1, 3 = 6 Hz,

L]
™

OH), 4.98 (t, 1, J

C1'-M), 6.56 (d, 1, J = 4 Mz, 5-H), 6.95 (s, 1, NH,), 7.24
(d, 1, J = 4 Hz, 6-H), B.04 (s, 1, 2-H); MS (CI/NHj) 269

Cut . N Eme . n L , " n .
(M"+1). Anal. Calcd for C1]H15N404 1/4 HZDi C, 48.44;
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H, 6.10; N, 20.54. Found: C, 48.30; H, 6.15; N, 20.65.
Preparation of inosine - (135)109
,7 1 77,7:777 Dg_vied%

Inosine (160) (1 g, 3.7 mmole) was treated in the

same manner as described for the preparation of aié;;:
SiAéoxared (gi), The crude product obtained frbm evapo-
rat%on of the extract was dissolved in water and apg]ﬁed
to a column of Dowex 1x2 (OH ) resin (35 x 2.5 cm). %he-
column was washed with water (150 m1), and the product

was eluted with a 200 mM aquéﬂus solution of triethyl-
ammonium bicarbonate (pﬁ 7.5). ;Evaparatien of the e]uatei_
decolorization of the solution with charcoal and crystal-

1iza‘ticm from ethanol (with small amount of water) with

1]

ether diffusion gale 743 mg of 135: TLC R, = 0.11 (sol-

vent 5,); mp 207-209°C; [1it.'%% mp 207°C, [a]3® +70.2°

(c, 1.61, H,0)]5 UV (H,0) 250 nm (e 12,500), (0.IN

max

HC1) 249 nm (e 11,400), (0.IN NaDH)max 254 nm

max
(e 13,000); NMR (DMSO-d) & 3.00-4.00 (m, sugar protons), '
3.83 (d, 2, J = 6 Hz, sugar CH,) 4.40 (bs, 1, OH), 4.70
(bs, 1, OH), 5.10 (bs, 1, OH), 5.84 (t, J = 6 Hz, 1'-H),
8.04 (s, 1, 2-H), 8.20 (s, 1, 8-H); MS m/e 270.0966 (M*),

calcd for CqqgH), Na0g: 270.0964. Anal. Calcd for

44.51; H, 5.17; N, 20.83. h )

) L i © 126,108,114
Pfeparatjeﬁ of ur1d1ne§x§red (ﬁgﬁ)

¥
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.
Uridiné (161) (ﬁ g, 4 mmole) was treated in.the same
manner as described for the preparation of adenosine,  ..4.
(43). The crude product obtained from evaporation of the
extract was diSSGTVEd in water and applied to a Dowex
112’(DH') column (35 x 2.5 cm).  The column was washed
with water (150 m1), ané eluted wtth a 200 mM aqueous
solution of triethy1ammaniuﬁ Biggtbanate-(pH ~ 71.5).
Appropriate fractions were collected an¢ evaporated. The
rresidue was dissolved in water, decolorized with char-
coal and lyophilized. Further drying over P,0g at 100°C
overnight gave 560 mg of lgg as an extremely hygroscopic

solid glass: TLC R, = 0.31 (SD]VEﬁt Sy)s UV (HED)max 262

nm (e ]D 100), (0.1IN HC1) 262 nm (¢ 10,100), (O0.1IN

EEDH)max 262 nm (¢ 7,%00); NMR (DMSD d ) § 3.20-3.70 (m,

sugar protons), 4.58 (m, 2, two OH's), 5.03 (bs, 1, H\‘
= 6 Hz, -H)

5.56 (d, 1, J = 8 Hz, 5-M), 5.77 (t, 1,
7.61 (t. 1, J =8 Hz, 6-H), 11.14 (bs, 1, NH); MS m/e
215.0671 (M'-CH,0H), calcd for CghyqN,0g: 215.0668.
Bpaii Calcd for EQH]QNZOSL, C, 43,96;‘§, 5,73; N, 11.38.

Found: G, 43.67; H, 5.88; N}f}4.oai
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