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- ABSTRACT

° .

Tne purpoeé of this siup; was to ineroduée hjdroxyurea
and urea functioneiitiés en the eminofeugar meiety of a
nucleqéide, sinee‘;hese Cclasses of .ompounds-haye shown -
prdmieing biordgical properties. Uridine (10) was used as
. the starting nuc1eoside.and'2’-amino-g‘—de0xyuridine (95),
" our key dintermediate, wasanrepared as described in the

)
literature.

a) Cafbanate Route: In this route, 2}—qmino#2'—deoxy—
uridine was‘cenverted }Qbits'25-ethyl cafbanate derivativ;
f(96)‘ana then to the E?‘hgﬁ' cycllc.eerbamete derivative
(103). Opening ef (103) was effected “with NH5/H,0 1n a
steel bombAat 70%C to prov1de (97) However, efforbs to
preﬁare (98) were qpsuccessful. |

lv'

b) Carbam4y1 Chlorlde Route: When"the 3, 5"—O—pro- "

_tected am1no-§ugar nucle051de (109) was treated with 1

L
molar equlvalent of phosgene and trlethylamlne the de81red

-carbamoyl chlorlde derivative ¢110) i;?'dlmer (111) were

obtaine in a l:1 ratio. We-found that by reacting (109)

.

wjth aR excess of phosgene in the presence of benzyloxy-

amine‘hydrochlorldekand trlethy;amlne, (115) was obtained-

xd N '

as the<major product.. Hydrogenoleis of this compound and

subsequent deproteetionJof the 3' and 5' hydrdxyl;groups

fem
ERN

afforded the (98).' , ,Wv. - - "



e

c) Isocyanate Route: T (95) Was ireated with methyliso-

-

cyanate and benzyllsocyanate to prov1de (104) and (113),
resg‘ctively,,in g&gh yields.

When (113) was aubjected to hydrogenoly31s, (97) was

sion of adenosine (6) to‘iés 2f 3 —anhydro derlvatlve (87)
and subé%quent openlng of .the epoxide function using 1 M
-HBr/DMF solutlon afforded (116) “in high yield. Selective
protectlon of the 5 -hydroxyl group was carrléa out u51ng
§g££;butyld1phenylsllylchlorlde. (117) Was.subjected to

reaction with benzylisocyanate and triethylamine to afford

_(118)' Base—promoted 1ntramolecular nucleophlllc cycllza-

tlon of (118) .gave (119) Deprotection and basic hydroiy- '

sis of. (119) proyided (120). Hydrbgenolysis of - (120)

afforded 3'—aT}no—3'-déoxyadenosiné in ~60% overall yield

* from adenosine.

r-2

Y,
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_ INTRODUCTION
~——A—— GENERAL m'monuc'rmu AND SURVEY. '®F AMINO-SUGAR

P

NUCLEOSIDES.

‘The hlstory ‘of the determlnatlon of the structures

.and functlons of RNA and DNA began in 1868\ when F.

‘e

Mlescherl 1solated a mater1a1 r1ch 1n.phosphorous from
§ H . .

'nuclel of pus cells and from the sperm of salmon. This

"materlal was flrst called nucleln. Altmann2 contlnued

Mlescher s.1nvestlgatxyns a d flrst\hsed the term

nuclelc ac1d. He'deVe yed method“!for the preparation-

of proteln -free nuclelc ac ,f/;m yeaét as well as from

.3

'anlmal tissues. ‘Later ;ossel and Neumann descrlbed a

imethod for the preparatlon of nuclelc ac1d from thymus
) glands. The dlscovery,'lsolatlon and Characterazatlon

'of the constituent parts of nucleic acids was due to

“— "l

the outstandlng -work of P1ccard4. Kossels,_Neumanns;
: 6 7 .8 24
,Steudel ,» Levene and AscoliB. Fgf e
Nucleic acids are'the eubstances most iﬁtimately;'

llnked w1th the transmission and utlllzatlon of genetlc
‘ [

1nformatlon°1n all 11v1ng organlsms.' There%are two :

‘major'types_of nucleic ‘acid: ribonucleic'ac{d‘(RNA)»
‘and deoxyribonucleic'aeid (DNA). DNA and some RNA's

L S : . - . ‘
- are very ‘large polymeric molecules of high molecular



.

welght and both are essentlal for‘the blosynthesis of
protelns. | , ) . )

Ac1dlc hydroly51s of eltﬂ%r RNA or DNA was shown
to YLEId phosphoric acid, a sugar and a mixture of -

purlne and pyrlmldine bases. The sugar isolated from

b 4
RNA hydroly51s was rlbose, wh11e deoxyribose (2 deoxy-:

D-egxthro-pentose) was obtaxned from DNA hydrolysates.

The major bases obtalned from DNA were the purlues.
adenlne (1) and guanlne (2) and the pyrxmldlnes
cyt051ne (3) and thymine (4) ,RNA ylelded malnly
adenlne; guanine, cyt051ne, and another.pyrimidine;

base, uracil (5).

Mild degradatlon of a nuclelc acid afforded a

mlxture of acids known as nucleotides. Each nucleotide

l

contained the elements of one purlne or pyrlmldrne
: base, one phosphate unlt, "and one pentose unit. The
A phosphate unit may.be selectively Bemoved by fhther}

‘ _ ot , N .
careful hydrolysis to. convert a nucleotide into a

" nucleoside.

The nucleosides which churred in RNA Jere. | N
'adenosine.(§), guénosine 7, é&tidine (8) and gridine
(10)u Those in DNA‘Qé:e.2'édeoxyadenosine-(11); 2'-
deoxyguenosine4(12), 2'-deoxycytidine (13) and

thymidine (9).

.
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The position‘of attachment of'theAsuga:'to the

heterocycric Base in nucleosidee was originally a

) difficult problem that was later solved by ultraviolet

!
Spectra c0mparison9 11

The DNA moleoule is a doublé helix that carries
the genetic message. in a complementarily‘rednndant
form. The*backbone of each,nelix.consists of repeating
units of'deoxyrioose sugar‘;nd ohoeohatel The
- backbones are Iinied by'hydrogen bonds betmeen pairs of
four kinds qf b;se:’ edenine, guaninel thymine and-
cytosine. ‘Tne oases are thev"ietters"‘in'wnich the
genetic meesage'ie written,'“Beceuee’adenoeiné :
invariably'épirs with thymine and guanine with
cytosine; the two stfegﬁs carry'complementarily;
ecnivalent informationl2:13,14,

;. The:code is transcribed when DNA directed
syntheeis of molecules of RNA occurs. The order of ?
bases in 'the. new RNAéyhains is_ determined by basesvv
pairing with those on a strand of the template DNA.
RNAs, in turn, 41rect.this genetically coded synthesie‘
of proteinsl Z *’.'u
vBecaﬁee nucleosides and nucleotides are ~jf
_ fundamental building blocks of DNA and RNA, nucleoaidé

analogs have been -synthesized. as anticancer and

antiviral chemotherapeutic agents. Nucleoside analogsi

L
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, A

“have chemical structutes slightly diffgfent from
‘ 'natural nucleosides. If this "foreign" hucbeuside is
incorporated into the nucleic acid of a cancer cell, it °
‘could interfere with mgtabpl;sm and be. fatal tn the

cell. AViral nucleic aCidsicou;d be attackeéBin the
v . . ' 4 )

. ‘same way, thus, stimulating a search for this class of

- B
é

compounds. ,
S : - f
. .- A number of naturally occurring nucleoside anti-
- %

blotlcs have been . found whf%h have an amlno-sugar

4

mo:Lety18 19, Puromyc1n (19) is the well known and
{

«

’exten31vely studled termlnator of peptlde blosynthe31s.
It was 1solated from the. culture flltrates of .

‘Streptomyces albo-nlger 1n 1952, and was first synthe-

sxzed by Baker et a1.30 in 1955. The structurally

relatJd famlly of 3'-am1no-3'-deoxyaden031ne (20) and

”\

4 -N—acetyl (21) and ‘aminoacyl derlvatlves were dis-
co%ered and studied. somewhat later18 ‘THe dlscovery20
gu synthes1521 of 2'—am1no-2'—deoxy guanosine (22) as
"an amino-sugar nucleoside gntlblotlc exemplifies this
class of '2';—aminoﬁ.nucleos'iod_eszz'zlsa.’ ;Pufine and 'pyrimi._-""
:dine nucleoside antibiotics with'mure cohpléx‘éhd/or
pyranosyl amlno-sugar portions aléd are known18 26
o ~ The 5'-amino nucleos1des were relatively easy to
_ )

prepare since neacthns~at the primary 5‘-hydroxy1.

éroup.are»in.géne}alrfacile.and mechanistically

-

-
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simple. 1In this regard‘ the preparation of 5'-amino .

'nucleosides has been accomplished via direct SNZ
L

| displaCement reactions of 5'—sulfonate esters by azide * .
don in-aprotic“d;polar solventa. Catalytic reductiqn
£ransforned the 5‘-azdde ompoundsainto the desired 5'- |

’amrnE?ucleosides.‘\Igig/gzneral method has-been'applied , |
to the purinefand pyrimidine series‘with success.27-22

. -
- *

(SCHEME '1). , . -
" The preparation of 2'- and 3'-aminonucleosides
. .

involved[thezdiffetentiation between twoisecondary’
hydroxyl'groups ;n che'sugar.‘ This was further
'compiicated by steric hindrance from the base.\

" Three general types . of synthetic approaches 'to 2'-
and 3'—am1no-sugar nucle031des ‘have been employed. The
flrst and most exten31ve1y used method of nuc1e051def
construction 1nvolved coupllng of a preformed sugar and
the heterocyclic base. This approach was utilized in
the synthesis’o} puroﬁycin3°, and has receneby been

. employed in the preparationyof l-(2-amino-2—deoxy-p~D-
arabiqofuranosyl)uracil [Z;famino—z'-deoxyspongo-
uridine]31 (38)} The majorndisadvantage to'this
approach was, that both.é and q« anomers'were produced.
(SCHEME II1). o | |

~ . . .

A second synthetlc strategy involved elaboration .

- v

of the heterocycllc base on a functlonallzed
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carbohydrate oerivative. A reoent‘example of “this
approach was the preparation of 2‘-amino- '-deoxy-
adenosine (47) from the ox&zolldlnethione deriJ;tive
(39) obtalned by treatment of .D<arabinose with acidic
aqueo;§ potassium thiocyanate solution. ElabPOratjion of
the' suitably protectedipurine cyclpnucleoside deriva-
tive was followed Q§ activation ofrthe'arabino 2'- ‘
hydroxyl bxﬁﬁrlfluoromethanesulfonylatlon- Displace-
ment of the tr1f1uoromethanesulfonate by azide followed
by hydrogenolysls and deprotectlon gave the desired
amino-sugar nucleoside prod%ct (47) (SCHEME III),

The third_geoeral category involved chemica)
trénsformatiog of prgformed nucleosides. Three gyb-
types may be noted in this area. Chemical -
manipulations of the carbohydrate moiety onlYy are
exefg}ified by the conversion of adenosine tO 2'<amino-
2'-deoxyadenosine (47) and 3'-amino-3'-deoxyfdenosine
(20) Qescribed by Mengei and Wiedner24:33 (SCHEME x).'

The 2'{3'-anhydro (epoxide)‘groop has been
employed for many years in nucleoside chemistryl9 ang
recently the corresponding parent 2',3'-8Pimin° . {
(a21r1d1ne) function has been reported33 for the
'preparat;on oé 2'—amino—z‘-deoxyarablnoadenosine (50)
(SCHEME 1V). The epimino function (49) was founq to’ be

much more stable than the corresponding oxirane group

<K

-
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47

SCHEME i

R=THP- ; R'=CF,SO,-

Hq'f NH’ °2N
8 O,NG AN 8
A R
: ClI”SN RO o I'N
1) NaH ‘0
‘————————* s ————
2) HgBr, :
RO
o Ty
A, EYOH
0.1 M
Na,HPO,
42
]
Y
A
RO o
1) NaH/-5° C R'O
2) CF,S0,C1
-60°C RO
“ 45
‘ LiN,
]
. Hy H RO o A n
il —— i ———— ..
Pd/C '
. ) RO N,
¢ : 46

See
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SCHEME IV

CF,COSEL

——

DMF

RO

HO

50

R= CF,CO-
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'aand was not opened by direct treatment w1th several
1 q"\

.nucleophiles.. Actlvatlon by trlfluoroacetylatlon of

tthe.imino nltrogen proved to e successful. In this

'ﬁway, treatment of the 5'—protected 2' 3'-az1r1d1ne (49)
nucleoslde w1th excess ethylthlo trlfluoroacetate
'fthe desxred rlng opened compound. After«deprO'ectlon

3 and purlflcatlon 2'-am1no- -deoxyarablnoaden051ne (50)

S
-~ ,

was obtalned in 49% y1eld33

Carbohydrate transformatlons whlch lnvolved

N s

~ part1c1patlon f the heterocycllc base (cyclonucleosxde
,intermedlates) have been w1dely exp101ted by Ikehara -
'_and co—workers; A recent report89 detalled conversxon

ofaguan031ne to the antlblotlc 2'—am1no-2 -deoxyguano-

" sine (22), and 1nvolved 1n1t1a1 br0m1natlon at C-8 of

the purlne base and 2 -hydroxyl actlvatlon bY.E?

Ay

o}
stoluenesulfonylatlon to glve the o= 8+C zu-cyclonucleo-

O

's1de (51) Attack by hydrosulflde at C 8 of ‘the
derlvatlve (52) gave the 8-thlone (53) Desulfurlza-

_tion was followed by methanesulfonylatlon of the . 2'

l
4

hydroxyl and subSequent dlsplacement of mesylate by

.azlde. Deprotectlon, and hydrogenoly51s gave the’2"

. amino- sugar antlblotlc (22) (SCHEME V). 7

Finally,.examples of the use of pyrlmldlne base“
partlclpation (cyclonucleoside 1ntermed1ates) to
_ functlonallze the %ugar nolety followed by glycosyl_

D

: ) §
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— ¢cleavage. are knéwn. Routes which involved either

isolation of sugar intermedlates followed by coupllng

with a new base34 or direct catalyzed trane-

glycosylatlon35.have been reported by Ecksteln and co-
workers. The formatlon of a~anomers was' again noted in

the latter examples. “ .

1.



B. UREA AND HYDROXY-UREA NUCLEOSIDE DERIVATIVES.

&

" Ribonucleotide reductase. is an aflosterically
regnlated enzyme present in all cells that make DNA,

It catalyzes the formation of deoxyrlbonucleotldos from

36

r1bonucleotides In Escherichla coli the enzyne

_consists of an aB2 complex betwéen two non-identical
subunits: proteins Bl and B2, of: molecular welghts

160000 and 78000 respectively. Protein Bl contains
oindfﬁg‘sites for the ribonuclebside dipbosphate
substrates and for'tﬁe nucleaside triphospnateh
effectors and it also has oxldatlon—reductlon active
dlsulfldes,‘whlch donate the electrons necessary for
the reductlon. ProtelnfBZ conslsts of two apparently
1dent1cal polypeptlde chalns, each Wlth a molecular
welght of 39000, and also contalns two iron atoms andaa
tyr051ne free radlcal. The two non1dent1cal irons
-stabilize the radical. This is localized in the

: arooatic ring of the tyrosine resldce of‘the
'ipolypeptﬁﬁgichain-and is a prerequisite for”enzyme

activity.

16
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FIG. A. Model of ribonucleoside diphosphate

reductase frdmlgb coli.
. , :
} A~Sim¥1ar general construct .» of rlbonﬁcleotlde
ﬁgﬁuctase has been found in mammallan cells.40
Hydroxyurea was flrst synthe51zed by Dreslet and
?tain38 in 1869, but it was not.until 1928 ;hat it was
shbwn t0'be biologically adtive. It is a hlghly
spec1flqilow-molecular—welght inhibitor of ‘i”
rlbonucleotlde reductases, and therefore, of DNA
. synthesis. iHydfoxyﬁrea has shown anti;leukemia and
‘antl-tumor propertles and has also found limited
application'in the trqatment of;dermatological
disordefs. | | |
~In studies using~homogeneous Ebhggiitreddcgﬁse

in vitro the drug was shown to scavenge the tyrosine

. - [ L
- : R
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free-radical of protein B2. ‘which reSulted in an

"inactive enzyme39 Hydroxyurea also can inhibit RNA-

and protein synthes1s, but to a lesser degree. It is

’ antimitotic ‘and cytotoxic depending on thev

\

\

.\.

concentration used,'the duration of exposure, and the

sen51tiv1ty of the organism. Also, several hydroxyuréa

analegs have been shown to inhibiq DNA synthe\SJ.s.40

Hydroxyurea is ea51ly obtained (in 53 73%: yield)

by the reaction of ethyl carhgmate with hydroxylamine

hydrochloride.‘;1

'HyNCO,CoH5 + NH,OH: HCl m*—>Hzncox~mox+1 +)NaCl + CoHOH

&

However, nucleoside analoos hearing a hydroryurea
function have not been descrihed in the literaturez
Among the'knoﬁnﬂnaturallyfocéurring nucleoside analogs
only two have heen.found to bossess a urea function.

These are the ureidopurine nucleosides, N-[(Q-s-Dé

ribofuranosylpurin- -yl)carbamoyl]threonine (60) and N-

.[(9-ﬁ-D-ribofuranOSylpurin- -yl)carbamoyl]glyc1ne (61)
Compound (60), a hyper-modified nucleoside, was
isolated and characterized from the transfer RNA (tRNA)
of many organisms43‘45. It was.also isolated as a free
nucleoside ffé& human and rat urine46ﬁ’ The glycine =

analog (61), has been isolated from yeast tRNA.

18
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" NHCONHR
~
L - ?oou
' . 60 , ,R- — CH . .

: | . _ » s

. CHOH { : :

. % ' N

- 61:., R= —CH,COOH

?

Ev though (60) and (61) showed poor blologlcal

and pha

I3

stimulate cell division andg differentiation in.plant

cologlcal act1v1ty, some of their analogs

tlssues (cytokinln act1v1ty) Several of them also
" exerte§~growth 1nh1b1tory effect on cells of leukemlc
origin grown 1n culture47 48,

Two methods have been developed for the synthesis

of 6~ ureldo purlnes and 6-ure1dopur1ne

ki

nucleOSLdes47 52
'S



Method A: UrethénLRoute. .

—

In this routé the key 1ntermed1ates, ethyl purine-"

(3

6~carbamate (62) and ethyl 9-(2,3,5- tri-o-acetyl~a-D-
ribofuranosyl)purln-6-carbamate (65) were prepared by

&£

the :eaction:of ethyl: chlorocarbonate with adenine and
trifgfacetyladenosine (64) respectively (SCHEME_VI).
Displaéemeﬁﬁlof the elhoxyl éfogp of urethan (62) with
2 mola;mequiValents-of amino écfd%‘and amines in
4pYridin¢ ét 120°C for 6 h gave the desired ureido-
_pﬁrine,vgenerally in good yields. . Analogous diéplhce-

ment of the ethyl purine—G-carbamate ribonucleoside

: . :
(65) yielded the trifgfacetyl‘deriVative of 6-

ureidopurine nucleosides,'which upon‘treatment with 4 N -

methanolic ammonia at ambient temperature for.8 h gave

the desired nucleosides in godd yield.

-~

. Method B: Isocyanate Route.

(. ’
Some’of the 6—ureidopurihesvand their nucleosides
’ were p{spared by thg-feactions of var ‘us iﬁ5cyanatesQ
- with tHe amino groﬁp of adehine‘and tr. ' acetvyl-
adenosines (SCHEME-VI); Pfotectéd = .3aclés vere
coﬁverted to the corresponding isocynatea by reacting
Qith COCl, in PhMe at 85-90°. :Adenine (1) then was

‘allowed to react with an approp;iate<isopyanate'io give

. 20
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SCHEME VI

Kl

NHCONHR
9 : ,‘ - . N
RNeC=O NF | \
° l\n NH .
1 . 63
p gococl NHR .
) Py ) Py .
Y - .
NHCOOE!
S
N
N NH
) 62
. _
, NHCOOE!

.8

1)NH,R, Py
\\\ii:H -MeOH
NHCONHR

g8
N
; N
rco NRN-CD
' 2) NH,MeOH
AcO  OAc : ‘" HO OH cooH
6 ‘ “ ’

g S _© CHOH
 CH,



N
6-ureidopurines along with some 6-ureido-9-

carbamoylpu;inés and 9-carbamoylpurines. The peéction
of iédcyanates with {64) gave the desired 6-
u;eidopurine.ribonuéleosides. The urethan method
provéd to be ‘better than the isoc,anéte procedufe in
terms og yield and ease of.;sdlatioh ?f’the éfoductsﬂ
Urea derivativeg of amino-gugar nﬁcleosides¢havé
mot been employed in the literatufe as biochemical
. probes ;n cel;ular reactions; perhaps -due to the fact
that urea itself (H2NCONH5) did not show bioiogig

actiyity when compared with hydroxyurea. However,

since the flndlng of nltrosoureas as one of the most <

significant’ groqps of antlcancer agents that have been
'developedsa, ureldosugar-nucleQ81des have been'prepared
as intermediates in the‘synthesis of nitrosoureidoe

, nucleosides®4,: | |

~ The ké& intérmediates in the préparation of
uréido—sugar nhcieo?ides aré t%eﬁamino;augar
nucle051des, that can be prepared by ané‘of the methods
mentloned earller. The amlno-sugar nucleosldes can
then be conve;teq_to the urea derlvaﬁlvesaby reaction‘
~with the Eorresponding isocyan;\ésss'ssl .This method
resembled that used in the 1socyana§é route desc;ibed

in Scheme VI.
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C. 3'~AMINO-3'~DEOXYADENOSINE

o ,

hd . ' ‘

3'-Amino-3'~deoxyadenosine (20) is a nafurally'’

occurring purine nucleoside antibiotic. It was flirst

isolated from the culture filtrate of Helminthosporium

s.p.%12559 and Cordyceps militaris6° and has exhibited

anfitumor properties. 3 -Amino—3 -deoxyadenosine
'inhibfted -RNA polymerase but not DNA . polymerase. It
has also been used to study the aminoacylation ftep in
' protein syﬁehesisﬁl. . T . <0

Compound (20) was first prepared by a lengthy
cha@;Cal synthesis from adenxne and D-xylose by Baker
:and co-workers in 195562 In this 20-step approach,
compound (20) was obtained in 3% ovetall“yieldﬁ

Most of the syntheses repbrted for the preparation
of (20) involve the elaboration of a suitably protected
3ramino-3-deoxy-D-ribofuranose unit, which then‘waeA
converted to the desired nucleoside by coupling with
the correspoﬁding heterocyclic base. ‘Severél\"
procedures have been published for® the synthésls of 3~
am1no—3 -deoxy- D-ribose63 -68, |

Two main routes have been developed for ~
‘kgreparation of the auitébly_protecped 3—amino-3—debrz:;;/)j o
D-ribofuranose derivatives. In one.approech67, D-
~glucose (66) was converted by a multi-step pquedure
| fﬁ)r. B

’ég «
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into the D-ribose derivative 71'in 24% overali yield
from 67 (SCHEME v11$. : o

In the other approach, D-xyloqp‘was pfocesqed62'64
to afford a ;imilar D-ribose derivative. In this
method, ;,2197isoprcpylidene;a—D;xyloquanose (?3),
readily»bbtainéd by hydfolysis of 1,2:3,5-di-0~
isopropylidene-a‘D—xyloquano;e (72),“was treated with
triphenylchléromethane.to\proiect tﬁe primaryjalcdhol
group. : Oxidation of (74) by dimethyl suifoxide—acetiq
anhydride provided the keto dgrivative.(75). The oxime
(56) generated f;om (75) was reducedxg;‘lithium
aluminium hydriae to 3-amino-3-deoxy-1,2-0-
isopropylidene-S19;triphenylmeth§l-a-D-ribofuranoge
(77), isolated as the acetamido derivative (78).
Hydrolysis of (78) ,afforded 3-amiﬁb-3-deoxy-D-ribose as
the crystalline hydrochloride in an Qverall yield of,n
al;qut 45% based on (73) (SCHEME vIII).

Recently, Ozolé EENEL:GG"elaborated a convenient
method of convéfting D-xylose into‘a 3~azido derivative
of (D-ribose. This method consisted of the J
‘estefification of the 3-0§>group of 1,2-isopropylidene-
5197(4vmethylbenzoyl)ia-D—xylofuranose (79) with |
trifluoromethanesulfonic'anhy@ride. This was followed

by nucleophilic substitution of the triflate function #



1
SCHEME VI
4 ‘steps >< (o)
D-Glucose
-]
RN ",
E] . ¢ 67
C (
\ / (CF,C0),0
1) H", |
2) 10,
© 3NeBH, ,
69 / 68
cocli N\
o g
¢
NO,
‘ o
. ’ ) hY
pNO,;Bz20 o ' pNO,BzO "o OAc
H*
) . A0
HN o HN  OAc
| ] AcOH - |
Oa’-‘? O=(|:
CFa ' ‘ CFy .
70 R . T

+ o-anomar
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SCHEME VI o
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o oﬁ 0*
75 ' 74
(CeHs ) €O (CeHs)s CO

HON
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78 , R= NHCOCH,
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O
_with lithrum azide. The overall YAeld of product from‘b
.'the 1n1t1a1¢sugar (73) was)36% (SCHEME IX3
As can,be observed in the last examples, the
preparatlon of these . sugar 1ntermed1ates requlred many
steps and reported yields are low. Furthermore. the o
subsequent condensatlon reactions with the heterocycllc .
$bases and deprotectlon to afford the deslred amino-sugarv
huc1e051des resulted 1n poor ylelds of the final
products. _r" : R : : : gsﬁ?S
L3 -Amlno-3'-deoxyadenos1ne also has been preﬁared

o by a 12 step synthe51s using aden051ne as startlng
124,69,

\

materla Treatment~of 2',3" —o—methoxy—‘
ethylldeneaden051ne (85) w1th excess. plvallc ac1d
chlorlde in refluxing pyrldlne gave & mixture composed
~pr1mar11y of 64§§balam1do—9 (3 chloro 3 deoxy 2-0- '
agetyl-S—o—plvalyl~ﬁ—D—xylofuranosyl)purlne (86a) .and
3 ‘6—p1valam1do 9 (3-chloro 3-deoxy-5-0-p1valyl 2—0%[4 4-
dlmethyl 3—p1valyloxypent -2~ enoyl]—a—n-xylofurano—.
syl)purine (86b) in hlgh comblned yleld. Methanollc
b_sodlum methoxlde co;perted thls mlxture to 9-(2,3-.
vfanhydro-a—D-rlbofuranosyl)adenlne (aden051ne r1bo-
epoxlde) (87) in greater than 60% cVerall yleld from
'adenosine. Benzoylatlon of (87) 1n pyr;dlne gave the
‘Ns,NG,OS -tribenzoate (88) . | The crude product of the

reactlon of (88) w1th sodium benzoate-DMF yas treeted

“
AR
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——

-with methanesulfonyl chldride in.cold_pyr;dine to give
.a monqhesylﬁte; which was converted to 9-(2,3—anhydroL
 ﬂ_D_1yﬁofﬁran9§yl)adeﬁine:(89) by mé£hanolic sodium
Vhethdxide. N?gle@pﬁiiiggopening ofwthe deriéedﬁlyxo 
epoxide (89) with aziée'gave the 3‘fazido’arabinow'

-

isomer (91) as the major p;oduct“ahd a minor amount of

o

: . ‘ o ) . ; h
- the 2'-azido xylo isomer (90). Hydroxyl activation by

ﬁethanesulfonylation f§lldwe3{by‘sN2 gispléﬁementﬁéf
mesylate witﬁ'bénzoa£gh?deblockiné.and hydrogendleis
"prévided the‘gesired.amin04sugar nucleoside (20) in 5?
overall yield from adenoéine. |

‘Although these major efforts have been made for
the'prépération éf‘3J—amino-3'—dedxyadenosinéfvthus
far,.ngogoqd‘éhemiqél synthesis'in tefms o£ yield aﬁd
ease of réactions,has.been published{ |

4
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e ‘ - SCHEME X

NHPIv w

Mo o

7

H;C”  “OCH, _86a , R= COCH,

1) NaOBz/DMF

" 2) MsCW/Py

3) OMe

BzO

87

Py
Ve

86b , R= COCH=C[OCOC(CH,),IC(CH,), lazcy |

~NBz,
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" RESULTS AND DISCUSSION

A. UREA AND HYDROXYUREA NUCLEosiDE,DERIV?TIVES

The importaAt biological and pﬁarmacologieal
propertles of hydroxyureas encouraged us to 1nveselgate
the lntroductlon of this functionality and model urea
controls into the amlno—sugar;moiety_ofta nucleoside.,
'The sugar portion of pYrimidine/fibonuchedsides is
easiiy_functionalized at the 2' position via
_partibiﬁation of tﬁe heterocyciic base (cYclonucleoside
'formatidh) Thefefore, uridine (10) was chosen as the
starting nucleosxde for the preparatlon of 2'- | |
(carbaaoyl)amlno—z'—deoxyurldlne (97) and 2'-
.v(hydfoxyearbaﬁoyl)amino-z'—deoxyuridine (98).
Our first synthetic plan involved the, use of 2'-
-, :

amino—2‘—aeoxyuridine (95) as the key intermediate,

-~

’followed by formatlon of the 2'-ethylcarbamate
derlvatlve (96), ‘and subsequent dlsplacement of. ehe \
ethcxyl group by ammonla and hydroxylamlne to afford
.'the de31red products (SCHEME XI).

| 2'-Amino-2" -deoxyurldlne (95) has been prepared |

from ur1d1ne (10), as reported by several research

70-73,

groups
!

N N

Following Hampton and;Nichol“s'ﬁfocedure7o; the

02,C2'=-cyclouridine [2,2(-anhydro—l—(s—D—arabinofuran-x

31



HO HN—ﬁ-—NH,
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- osyl)uracil] (99) was obtained by treatment of uridine
ﬁwithbdiphepyl carbonate‘and‘sodium picarbonate ihk
dimethylformamide (DMF) at 150 C. Crystallization off
the crude product from MeOH afforded pure (99) in 81%
yield. The - melting point and spectral propertles of
'this compound were identlcal w1th those reported in the

litereture. Thls anhydronucle051de (99) was, opened, as

described by Moffatt and coworkers’3, via the

¢ . . , .
” o N .

nucleophiiic attack of ‘lithium azide in hexamethylphos-
_phoroamlde (HMPA) at 150°C in the prea’ce of benzoio.
acid. After purlflcatlon, the desxred product 2'- |
azidoezd—deoxyurldlne (100) was obtalned as a.
reasonably-pure.syrup in 50§ yield.~ Subsequent

'~ reduction of the azido group in the preSence of 5% Pd.C
gave crystalllne 2'-am1no-2 —deoxyurldlne (95) in 95%.

yleld (SCHEME x11)

SCHEME Xil  +

©10 95

1  w ‘..: l:; 100

33
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With the amino-sugar nucleoside (95) in hand we
KWere'ready to attempt the preparation of the carbamate

-defivative’(96). Since it is known that

chlcrocarccnctes“(IOI) react with primary amines Lo
produce carbamates (102)74a:this approach was Lsed for

”

the preparation of (96)73: 4

ROCOC1 + R'NH, ————+ ROCONHR'
(101) g © (102)

~ R \

Treatment of unprotected amine (95) with

BN

'ethyl chloroformate in pyrldlne and a catalytlc amount’

l/’)

'of Et3N provxded a complex mixture. of products,
probably arising from 51de'reacthns of the
ethyl chloroformate with the 3fvand 5° hydroxyl
groups. . In order to avoidnthis:complication;

f nucleoside (95) was protected using hexamethyl-ﬂ

-’

dlsllazane. The resultlng crude trlmcthy151lylated -
pfodcct'was subjected to the_reactlon cqndltlons
described abcve, using acetonitrile asvthe sclvent,
After deprotection, purification using ion cxchangé

- chromatograpny, and crYstallization, a pure compcund
‘was obtained in 90% yield.'-This compound was
identified'as:k96) by~1H NMR as well. as other

spectroscopic methcdsp The lH NMR spectrum of'(96)

& i

;e



: &
shows, among oi%er sigﬁais, a doublet‘at 5 G.Bb that
‘exchanges at a slow rate with D,0. {indicating the
presence of the NH proton of‘thé‘éarSAméte76) and the
‘etho*yl'proton‘tiiplet at § 1!26,and quartet at & 4.04.
| . Haviné prepared. compound (96), the next step in
our:synthetic rdLﬁe involved displacement of the
ethoxyl group of ‘the carbamate. Since analogous
displacements on'a'uretgan ﬁoiety have been perform;d
in the synthesis of hydroxyuréa itself4l%and ureido
pu}ine nucleosides48‘51, wé thought that similar
"%éactiohvconditionsvﬁould afford-ourv¢arge£4$olécu1es;
In an.aétgm§t>to'prepare ureidohuclebsfde (97).,
carbamate (96) was treatgd with ammohium hydroxide at‘i
ambient température tg’give a product in q;ant%tative )
yield. Simiiarly, carbamate (96) was treated with
hydroxylamine hydrochloride and{§odium hydroxidé at (
.Ambient temperature41. This reéction proceededigo give
the same product in amesi qﬁantitatiye‘yieid.
Analysis of~the‘1H NMR and mass spéctra of the
resultihg product showed ;hat these two reactions
5 faiiéd\to'éive the dgsire& products (97) and (98), but
' insteadrk103) was“oﬁtained in both.cases (SéHEME ‘_
XIII). Absence of the signal for the 3- hydroxyl ‘
pfoton in the 1 NMR spectrum,of~(103)"indicated tha;'

substitution at this position had occurred.

Ei

[
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SCHEME Xl

HO HN—C—NH;

(a) or (b) .

a) NH;/H,O0/3 days

b) NH,OH.HCI/NaOH /3 days

HO

87

(=

HN—C—NH-OH

(-1

Q

~
o
/
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Disappearance of the ethoxyl hydrogen signals showed
ohat displacement gf this grouplhad taken place, and
the expected signals for-introdu;tion:of the ureido
‘functionalities were -not observed. In the mass

spectrum, a peak of m/z 269 corresponded to M* for

E]
N

: strocrure (203) .. The spectral data obtained for (103)
from both reactions were identical. A récrystallized
'sample of (103) gave satlsfartory elemental analysls B
and UV spectral data.
‘Compound (103) 6bviously resulted from

intramolecular cyclization or cerbamate (96) under

basic ooﬁditions."Anelogous cyclizatioris have been
reported to occur during the preparatlon of nltroso—d
ureldonuc1e031de556

v At this point, it was decided to attempt the
opening.of'cyclic carbamate (103). When (103) vag
treated with a 46%.aqueous solution ‘of methylamine et
ambiehrlgemperature, a more polar product began ﬁo‘?ff}Q\
formed. The structure of this compound (which was Lx’ﬁ “
purified by chromatography on silica gel plates) wazl‘*fu
‘confirmed to be the expected methylureidonucleoside
(104) by comparison of tlc mobilities and 14 NMR, UV

and mass spectra w1th those of  an authentlc sample

prepared by the isocyanate route (SCHEME XX1) and fully

identlfied as cgmpound (104). " \\



~
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_ ¢ ‘ -
Encouraged by the smooth opening of (103) with

methylamine, compound (103) waa»treated'wi%b ammonium
hydroxide at ambient temperature for several day;.' A
parailel reaction was carried out in thcd (103) was
allowed.to stand in an aqueous solution of v
hydroxylamine hyd:ochloride and‘sodium bydroxide at
ambient temperature;“‘ v |

v Unfortunately, both‘appéoaches were unsucoessful
and starting material was recoyered. This indicpted,
that more drastic conditions would be required for the
opening of (103). A.reacéion mixture containing cyclio
carbamate (103) dissolved in ammonium hydrbiide was

heated at 70°C in a steel bomb for several days.'

Progress of the reaction was monitored by tlc -and slow

J
v

formation of a more polar compound was‘onerved.
Isolation of this compound was cagried out using
chromaﬁograpﬁy on silica gel plates and the\crude
powder obtalned was fecrystalllzed from MeOH/Etzd to
glve a mlcrocrystalllne powder in 70% yield from
(103) The mass spectrum of this c?mpound by»the Fast
Atom Bombardment technlque showed an m/z 287 }M* + 1) -

ion as expected for our deg&red’compound (97). 1ts 1y

NMR'spectrum also was in egreement with the structure

; of this compound displaying  a one-proton exchangeable

doublet at § 5.8 corresponding to the free 3'-hydroxyl

3g4
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group. A sharp singlet at § 6.8 that integrated for
two hydrogens showed the presence of an -NH2 group in
the molecule. Compound (97) was further characterized
on the basis of its UQ ahd 13¢ spectra: and its
eiementai analysis. |

However, wheh weAattempted the preparation of
hydroxyureido-n&cleoside (98) by treatment of compound
(103) with'hydroxylaminevhyqrochloride and sodium
hydroxide at high temperature for three days, only
starting material was recovered (SCHEME XIV). The
faiiure.to~prepare hydroxyureido'compound (98) from
cyclic carbamate (103) under these conditions 1nd1ca7ed

to us that 'an alternatlve method would be required to

/
0

solve this problem.-'w:;“ c o  /
- . - . ,\/?

‘Since (103) arose by the intramolecular.
participation of the 3'-hydroxyl group of (96)Cunder-;
basic reaction conditions, we thought that‘hrotectione
of the 3'¥,end 5'-hydro£yls would prevent this reaction
and allow displacement of the ethoxyi group by “ |
hydroxylemine. Fof“ibgs purpose, carbamate (96) was
selectively 3',5'197protecied'esing 1,1,3,3-tetra- ,

isopropyl-l,3¥dichlorbdisi1 xane’7, After

purification, the reshlting c ound (105) was obtained
,as a yellowish o0il in high yield. Identification of

——r



SCHEME XIV

HO HN—ﬁ—-NH-M.

. O
104

. U
HO 0

HO' HN-—'ﬁ-—-NH2

87 o

)
HO 0

HO HN—ﬁ-—NH-OH

98 0

a) MeNH, / H,O 7 ambient temperature )
b) NH,OH / ambient temperature
c) NH,OH / 70°C / stee! bomb

-

d) NH,OH.HCI/ NaOH / H,O / ambient temperature or A

e
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thls cbmpound was achleved by examlnatlon of 1ts lg
NMR, UV and mass spectral data- o ‘d‘. D | ' : ’

*

When compound (105) ‘was subjected to usual
“freaction condltlons for preparation of ureldo ( o) and
nydroxyureido_(107) der;vaplves{_one malnﬁproduct'
\s:ZéQu1£ea from eacnireaction. Th;se two products ﬁad“
‘,thé same:chromato;raghic mobilities and spectral //
J data. The mass spectrum of thls ‘compound reveared that
'tﬂh protectlng group was st111 attached (m* m/z 574).
Its 1H NMR: spectrum showed that the ethoxyl group was
present._ Two.new s;gnals; bothvreadrly exchangeable-
cSinglets,‘also’wereanresent,in the spectrum. These
'observations'indicated’tnat’the ekpected displacement
: N
reactlon dld not take place, but 1nstead deprotectlon

T

at the 3'—p051tlon had occurred to yleld compound

'(108) ’;, A T AP RIOE ”Ln o R

- For further 1dent1f1catlon, compound (108) was

b

o

N subjected to deprotectlon u51ng one molar eqULValent of

' tetra-n -butylammonlum fluorlde78 , The resultlng

'product was purlfled and 1ts*1dent1ty conflrmed tov
compar1sons Wlth -an authentlc sample (SCHEME XV)
~We then decxded{to study a’ dlffereq; approachf

hydroxyureldo nucleoﬁide (QB)W Treﬁatment of acyl : q

' halgdes with ammonla\or amines is a’ very genenal

-, N : -




- SCHEME XV -

96 -

Sl—0 HN— ﬁ_ OFt ,
. o

105 B
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~0 HN—C—NH, >A OH HN-—ﬁ-—OEl - o HN—‘-ﬁ—NH-OH

o] D . 0

106 - ' 08 © 107

a)NH,OH/MeOH =~ = ey

) NH,OH.HCI / NaOH / uz%mooa iyt
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reaction for the preparation of amides’8, ‘When , e

phosgené (COC12) is used as the acyl halide, a -

carbamoyl chlorlde 1s the 1n1t1a1 product.

%

.Ihtreductien of this functionallry,at the"2'-
.,poéition by reabtien efvthe amino—:ugar nucleoSide (95{
‘Wwith'COC1é would give a,carbamOyl‘chloride nuclebsidel

“derivative (110) that subsequently could-be used to

acylate a sultable prlmary amine to glve our deSLred

[N

compound ' (107) (SCHEME XVI)

As illustrated inngheme XVI; the first step in

this route was selective protection of the 3'- and’S'e

- hydroxyls of compou?d (95 Xk Treatment of (95) with:" -
1.1 3>3—éetrai§6propyl-l 3-dichlorodisiloxahe77'underY

standard condltlons gave the 3 5 -O—protected vl'\

“’amano-sugar nucleosxde (109) in 75% yleld. The 1,\\

P ) N

v»moderate yleld obtalned mlght have resulted from slde
Eeactfons involvxng the 2 -NH2 group. _ : 'i R :;r\
‘An improvement in the preparatlon of (109) was | -
achleved when 2'-azido-2' -deoxyurldlne (100) was :

5

- converted to. 2'-a21do~3 , 5! ib‘(l 1,3, 3—tetralsopropyl-7

T . 5 x-:’»

v’}\. .
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o HN—ﬁ—NH-‘n
o

107 ,R=OH

109

110
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disilox-1,3-diyl)- 2‘-deoxyurid1ne (114) quantlbatlvely |
under the same reactlon condltlons. Subsequent '
reduction of the azxdo group using 5% Pd.C afforded

-(109), also in quantitative yield (SCHEME xVII) "In

this manner a very hlgh yield method to generate the '

key 1ntermed1ate (109) has been developed.

SCHEME xvii S

‘3» .
\x D)

" in order toiperform'the.nexﬁ reaction, aﬁphosgene
bsolutlon of known concentratlon was prepared ‘by
bubbllng phosgene gas into alcohol-free, freshly
‘dlstllled_chloroform."Treatment of amino-suéar
‘deriVatiVe (109) with one moifr equivalent of phosgene |
and 3 molar equivalenté'of~trietnylemine‘(Et3N)lin |
ethanol-free chloroform provided a mixture of two
prOducfé'in about r‘l'ratio (tic) | The faster moving

compound was 1dent1f1ed by 1ts chromatographlc moblllty

RY
%

‘as the de51red compound (110)
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The second product of this reaction was purified
by chromatography on sllica gel plates and identified
by 1ts spectroscopic data. The high m/z molecular ion
observed. in the FAB mass spectrum (M+ + 1 = 997) =nd
‘ the observation of only ten signals in the 13C NMR
spectrum were compatlble with the structure of dimer

(111) [MW = 996]. 1H‘NMﬁ data are in agreement with
this proposed structure. | |

.Qhenv(llo) was stirred in EtOH at room
temperature, total conversion of (116)'to‘ethyl
carbamate der1vat1Ve (105) was observed by the tlc and.
confirmed by 14 NMR- spectroscopy. Slmllarly, the
reactlon/of (110) with benzylamine afforded a conpound
that had lH NMR spectral data in harmony w1th structure
‘(112)

‘After‘deprbtection'Of»(le) using tetrafnfbutyl '
ammonium fluorideg the compound ohtained had identical
»chromatographic.mobilities and spectroscopic data to
'lthose of an authentic sample prepared by the isocyanateu
route (SCHEME XXI) and fully identified as (113)
(SCHEME XVIIT). | | |

Dimer'(lll) resulted‘from reaction of a molecule
. of the carbamoyl chloride derivative (110) with a
molecule of the:startingo2‘—amino'compound'(109). : S

However, we found that by varying the concentration of
o Ml S . 7 ,
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phosgene in the reaction mixture we could control the
ratio of the productséobtained."Thus, addiiion of 6.5
molar equivalent.qf“ph"gene prdvidedydimér (111)
aimos; quantitatively(gsbn the other hang, if an excess
of phosgene is. used, carbamoyl chloride derivative
(110)‘i; the predominant prédﬁqﬁ. \ o : o

| Efforts to i%olate and characterize compound (116)
wefe hhsuccéssfﬁl and indicated that further reactions
.éhould be carried out using the crude material, Haﬁing
~ prepared the!éarbamoyl chloride nucleoside derivative
v'(110), the next\Step'called Qer'?eactioniof this
‘compound with a suitable‘primary ahine. The amines
choien;wereg a) hydroxylamine-hydrochloride, which
;yésrd’éfford thevhydroxyureiao nﬁcleoside (107), and
b) benzyloxya&ine hydrochlqridef.since ﬁhe expécéed
benzylokyufeido derivative should'theh‘ﬁe :
“hydroéenolized easily to provide the hydroxyureido
product (107). |

‘The carbamoyl chloride dgrivaéive (110),was;v

prepared using an excess of phosgene; After
J-evaporaﬁion”of>the volétile_materials_ig véguo a£
ambient temperature, the crude producf waé'subjeéteg to
reaction wiﬁh hydroxy;éﬁ?%e_hydrochloride and
triethylamine~in.chlorofogm. A parallel reaction wa;

.carriqd out using benzyloxyamihe hydgoéhloride.



Unfortunately, neither of these reactions gave

satisfactory results.

When pyridine was. used as the

solvent no improvement was observed (SCHEME XIX).

109

SCHEME XIX

o)

HN—ﬁ_ NH:OH

107

o]

a) NH,OH.HC!I/ ELN / CHCl

b) BhONH,.HCI / Et;N / CHCl,

~ ©) NH,OH.HCI / pyridine

d) BnONH,.HC! / pyridine

O HN—

110

C—Ci

49

111

O HN—C—NH.OBn
il
o
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3
b

. In our next aﬁtempt, we decided to carry out‘the. -
preparation of (107) from (109) in situ, as follows. |
Treatment of amino hucléosiée (109) with 4-molar
equivalénts of phosgene, S-equivalents of Et N énd_z-
equivalents of hydroxylémihe hydréchloride at 0°C for-
3nh gavé decomposition proéucté and uhreacted startiné.
material only. However, when this reaction was
rgpeated:using benzyloxyamine hYdrochlofidei a
predominant product along with smalllamount of dimer
(111) waé‘observed By tlc. The crude mixture was *
purifig& by column chrématography and a reasonably éure

’.compound was obtained in 35% yield. This compound had

an 1l NMR spectrum that cleqf1§ showed “the presénce of

'a bénZYl group'apd avdownfield exchangeable éinglet
corresponding to the new Nﬁ.ﬁunctibn. The.mass

spectrum of thiSacbmpéund'displayed a molecular ion

peak aﬁ"m/z 634 in ﬁarmony with the expected
bénzyloxyu}éido derivative (115). 13c NMR and UV data
for this compound are in agreement with structure

(115) .

} -Hydrogenélysis of 6115) was carriéd cut in 95%

EtOH using 5% Pd.C. From this reaction,twé products

were obtained. The mixture was separated and tﬁe
compounds idehtified/on the basis of their 1u NMR

spectra as well as other spectroscopic methods.

4



o

The 1H NMR spectrum of the major compound did not
show the signals correspondlng to the benzyl group and
displayed a new downfield exchangeable signal -

compatible with the structure of .the expaected product

(107). This compou

’

obtained in 45%‘yie1d; gave
satisfactory UV, | °C NMR spectral dataey
| The minor product of this reaction was identified
by its 14 NMR spectrum as the ureidonucleoéideA(IOG).
Deprotection of this product by tetrafgybutylammonium
fluoride afforded a compound that ﬁad spectroscopic |
data and chromatographi¢ mobility identical to thosé of
(97) . |

In.the last step .of our synthetic route, compound
-(107) was subjected to deprotection using‘tetra-n-
~ butylammonium fluorlde in THF at amblent temperature.
After a few mlnuth, a solld began.to separate from the
solutlon and tlc. showed total conversion of (107) to
(98). The identity of (98) as 2'-(N-hydroxy—
carbamoyl)amipo-2'-deoxyuridine was establishéﬁvon tge
basis of its }H and 13C‘NMR, UV,'and mass spectral data
(SCHEME XX). -

The reactlon of amines with 1socy\?ates occurst
.readlly to give ureas, as described 19 Scheme VI. We
decided to apply this method to the preparation of some

ureidosugar nucleoside derivatives.

i
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it 2 ) &

ino-sugar nuclecside (95) was treated with

nate in MeOH at ambient temperature, a
aingle Pr dqu was obtdined. This compound was

(104) by examination of its 1H,and 13C
NMR, UV, and mass spectra and elemental analysis deta.‘
In its FAB‘mass spectrum, compoﬁnd‘(104)\(mw =

t L4

300) lexhibited a protonated molecular ion peek at m/z

301. iIts'IH NMR\sbectruT showed a goublet'aﬁ 5 2.86
for the methyl protons'and a Quartee for the NH of the
urea, ong- other 81gnals. The elemental analysis
,he uv spectral data. also support the

%

.structure of (104) as 2'¢(§;methy;eerbamgy;)amlnoez'-

values an

deoxyuridine.

carried out using hexamethyi

crude trlmethy131lylated p%pdyc} wag dlssolVed %n
o

J
\at amblent temperature. B

using 29% ammonium hydro§£ ‘f affo;d a product in 92%{

.

g
) “ - ‘/g. . ;
yield after crystall;zat;

MeOH/Etzo.ﬁ Thie



rconpound was identified as (113) by 1H ana 13c NMR, uwv
and mass spectrai and elemental analysié. |
" When benzylureldo nucleoside: (113) was subjected
to hydrogenolysis in 95% EtOH using 5% Pd.C, a single
:product was obtained in almost quantitative yleld.
This ébmpound Qas purified; recrystallized from
Meoﬂybﬁzo, and identified as Jreidonucleoside (97) by
examlnation of its 1H ana 13c NMR, UV, and mass
spectral and elemental analysis data. This method
proved to be superior in providing an efficient and

hS
short synthetic route to ureidonucleoside (97) fropg

amino-sugar nucleoside (95) in high yield (SCHEME

£x0).
i «
i

54



2

v SCHEME XXI

HO , HN-,-ﬁ-?NH'-.’M'o .

103. @
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114 - O

HO _HN‘—ﬁ—NHL-_Bn'
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B. 3-ﬁAMINO—3'—DEOXYADENOSINE : AR
. RN

Since the ant’Flf}‘; 3'—aminoe3 —deoxyadenoslne

4

P

has been rather dlfflcult to prepare in reasonable
yleld we became intexested in developlng a synthetic
route that would provxde an. eff1c1ent entry to this

nucle031de analog. . f -

a hlgh yleld conver31on of aden051ne to its 2' 3"‘

epoxyderlvatlve (87) u81ng a—acetoxylsobutyryl bromlde
was recently developed in this laboratory80 This
conver51on comblned w1th a method&reported by Mengel

and co--workers81 for the openlng of epox1de (87) u81ng

a solutlon of HBr ‘in DMF was - expected to afford (116)

in reasonably good yleld. Examlnatlon oﬁ this compound;

led us to the proposal that, by proper functlonallza-i
tlonrof (116), 3'esubst1tuted rlbonucleOSLdes could be’
prepared v1a 3 -bromoxylo-adenoslne. (é} | ‘.

Our synthetlc plan 1nvolved selectlve protectlon
ﬁ“of the 5'-hydroxyl group of (116) followed by reactlon
.of the "2' —hydroxyl group thh benzyl lsocyanate to“

bgenerate carbamate (118) Intramolecular nucleophilic

cycllzatlon of thls carbamate followed by basic

hydroly51s and hydrogenoly31s of the benzyl group would.“

' .afford our target product 3'-amlno—3'-deoxyadenosine

(20) (scg;ms xx;I)

56
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\ Treatment of l-mmol of drled adenosine (6) in

20dmL of dry acetonltrile w1th 2-mL of acetonitrile/

- L
. water (100 1) and then 4—mmol of a-acetoxylsobutyryl

kY

: brom1de.prov1ded two major'product fractionsso,
Treatment of’ this mixture with Dowex lx2(0H“)‘resin in

b absolute methanol gave one product cleanly: (92% yleld

.

: overall from aden051ne) which was 1dent1f1ed a5‘9~(213-'
‘anhydro- B—D—rlbofuranosyl)adenlne (87)80
A modlfled procedure us1ng al M ‘solution of HBr
in DMF for the»openlng=of epoxide (87) affdrded an
1mproved*y1e1d of 3 -bromoxylo aden051ne "(116) .

_ Efforts to purify thrsvcompound by column'

chromatography on-siiica'gel were‘uneuCCessful.
Therefore we decided to carry out the next

_ trahsformation on the‘crude material. - An analytlcal
b '
. sample of (116) was obtalned by purlflcatlon on slllca

gel plates and recrystalllzatlon from waﬂer.ﬁ The

S

spectroscop1c data of this compound conflrmed the

> =

Astructure of (116) , ‘ . gg» g‘

7

The 5' hydroxyl group of cryde. (116) was

selectlvely protected using tert butyldipheny181lyl
chlorldeﬁg lnﬁbyrldlne at room temperature. After
work up;&purlflcatlon by 5111ca gel column

: chromatography and recrystalllzatlon from THF/CH3CN .
‘;21 ’ ' ERETE T \ ‘_‘d ’

-

] : E Y- e ’ N - :
. n ‘ o DEA : - . . . . .
_i- P ' - ; . . o a . .
o ‘ , . . I | o o . :
. PR R .



conmpound (117) was obtained in 82% overall yield‘from
epoxide'(87).

It is known that carbanatesﬂcan be prepared by
treatment of alcohols with isocyanates. Therefore, 5'-

q,Qrprptected~§‘¥bromorylo-adenosine (117) was dissolved
in CH3CN/THF (l:l), and allowed ‘to react‘with.v
benzyllsocyanate 1n the presence of tr1ethy1am1ne.

Several prellmlnary reactlons had to be carrled out in

- Coe
§§§j . crder to_flnd the best reaction conditions that would

27 . X : ‘
af ford (118) in good yields. ‘In our study of thls

_reaction we found that absence of base resulted in no’

%

' reaction. On the other hand, a large excess of

trlethylamlne promoted s1de react'
benzyllsocyanate and the allno group'at the 6 p051tlon e
" of the heterocycllc base. An excellent yheld of (118)
G, was obtalned when l—mmol of (117) was re&cted with
2—mmdl ofybenzyllsocyanate and 1. S-mmol of trlethyl | :%
'v-amlne at amblent temperature. Pur1f1cat10n and
o crystallizatlon from Skellysolve B/CHC13 prov1ded (118)
_ 1n 90% yield. The - ‘identity of thlsvcompound was
 established on tbe basis of it5~1H and.13c NMR, UV, and

'

mass spectral, and elemental analySLs data.
. B 1 -~ *
In our next step, 1ntramolecu1ar nucleophilic
cycllzatlon of carbamate (118) was tried u51ng sodium

hydrlde in THF at amblent temperature pnfortunately,

v v



- .NMR and ‘mass spectra.. : o S B

[
under these conditions the desired cyciic carbamate was . ’ z
not formed. Instead, the 5'—0-pr6tected-2' 3'-epoxide " é§ ‘5
(121) was. obtalned ‘and identified by analysis of its lH
When this;reaction was carried out under dry

Eonditiens at lower temperature'(—zoﬂc), the ¢esired
cyclic carbamate (119) was produced in high yieia with
formation'of only a verY'smaLl amount of by—produet
(121) (tlc) Separation of these compounds was trled

unsuccessfully by chromatography on silica gel. When

‘the mlxture of these two-products,was subjected to e

'deprbtection using tetrefgfb tylammonium fluoride, the

resulting deprotected compounds (122) and (87) had
qulte dlfferent Rf values that ea511y allowed thelr

separatlon.

‘ L,

‘A reactlon sequence in whlch purlflcatlon was-

.deleted gave (122) 1n 94% yield from (118) Compound

(122) had lH ana 13c NMR, UV, and mass spectral and

elemental ‘analysis data consistent with its proposed

structure.

Basic hydrolysis of (122)»in a solutibn of 0. S'N

NaOH in HZO/THF at ambient temperaturedggovided 3'-

benzylamlno-S'—deoxyaden081ne (120) in essentially

quantltatlve_yleld. “When this reactiOp'wae carried out .

at reflux‘téhﬁeratireag,a found'that_reactibﬁ»times ,




b1

‘were shorter, but general decomposition and glycosyl

bond cleavage were observed (cle). After’purification'
on a column, of Dowex 1X2(0H'f87 resin and |
crystellizatibn:from CH X eOH, oOmpound (120) was
obtained in 92% yieid.r : o ; . o T VO -

Morr end co-workers84 hao reported’the'preparation |
of COmpodhd (120) by reaction of 3'-amino-3f_
deoxyadenoéine (20) with PhCHO and NaBH4 in acetate
Boffer. The spectroscoplc data obtalned from our pure
sample of . (120) agrees w1th that reported.,“

fn the f1na1 step of our synthetlc route, removal

of the benzyl group from compound (120) was achleved by

atmospherlc hydrogenolysxs in 95% EtOH at amblent

%

temperature uslng 5%~Pd-c. After purlflcatlon of the

product on a column of Dowex lx2(OH ) and = o \LL;
crystalllzatlon from H,0/MeOH, 3'-am1no—3 -
deoxyaden081ne (20) wasaobtalned in essentlally

quantitative yxeld.
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T
EXPERIMENTAL

A. GENERAL PROCEDURES.

Mei&iﬁg‘points were determined on A‘Reichert
microstage‘apparatus and are uncorreoted; - Mass spectra
(MS) were. determlned by the Mass Spectrometry
Laboratory ‘of this department. High resolutlon MS
measurements (EI) were done on a Kratos MS-50 =
instrument w1thlcomputer processing at 70 eV using a
Eéirect probe for sampie'introduction, Fast atom
’boobérdmoqt (FAB) MS were'rocordéd on a Kratos MS-9
instrument at low resolution. Nuclear magnetio
resonance (NMR) spectra_wére.détermined on Bruker
WH-400, WH?360,IWH-300 or WH-200 spectrometers: ¢
oberating in the FT mode, with Me,ySi aslinternall
standard in Me;S0-dg solutions. Ultraviolet‘(UV)
‘spectra were recorded on a Héwiett Packard 8450 A diode'
arréy soectrophotometer and infrared (IR) spectra on a
Nicolet 7199 FT(IR) insﬁrument.,'Elemental analyses
were determioed by the Microénalytical’Laboratory.of
this department.

All solventé useo-ﬁore"of reagenﬁ grade and were

‘purified according to the methods described in

reference 85 if used as reaction media. Solvents used

64



for chromicography,vextraction, and otherApurpoqef were
purified by simple distillations. All dried solvents
were stored over DaVidson 3 A and 4 2 molecular sieves
purchased from the Fisher Scientific Company. ‘
-Evaporations were effected u51ng a IKa-Heizbad HB-250
rotatihg evaporator under water aSpirator or mechanical
oil pump vacuum at 40°C or cooler. Thin. layer
chromatography (TLC) was performed on E.. Merck
chromatographic sheets (silica gel 60 Fyg54, layer
thickness 0.2 mm, catalogue:5775) with sample
ob?ervation under UV light'(5537 ). Prepararive,TLC
was perfommed ou_glass°p1atee coated with Merck silica
gellPF 254. The solvents used for TLC were:different '
ratioé of methanol-chloroform (A, 1:9; B, 2:8),
ethanol-chloroform (C, 2:98; D, 5:95) and (E) the upper
phase ofJEtQAc-nPrOH-HZOI(4:1:2). Silica gel column
chromatography waSaperrpgmed using Terochem silica gel
‘,(IOO;meeh up: 5%, 100-200 mesh: 47.6%, 200 mesh ‘
down: 47.4%) or Merck silica gel 6b:(230-400 mesh).
Ion exchanée'chrOmatography was carried out on
Dowex 1X2 resin (200-400 mesh) in the hydroxide form
and Dowex .50 WLXB resin (20—50 mesﬁ) in the HY form.
02 02' -Anhydro—l (5—D arabinofuranosyl)uraCil
(2 2'-cyclouridine) (99) was prepared as described by

Hampton and’ Nichol70 with an improved yield of 81%.
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ribofuranosyl)adenine (2',3'—anhydroadenésihe) (87) whs

66

2'—amino—2'—d¢oxy uridine (95) was prepared by the
>
method of Moffatt and coworkers.’3 9-(2, 3-Anhydrotg -D-

pPrepared as descrlbed.amo 9~ (3 Bromo—3 deoxy-a-D—
xylofuranosyl)adenlne (116) was prepared by an improved
modification of the general procedure of Mengel and

wiedner.81

B. SYNTHESIS.

2'-Deoxy-2'-(ethoxycarbonyl)aminouridine (96) .

Method A: (see page"79 for Method B).

o _  ‘
To a suspension of 500 mg (2,06 mmol) of (95) in

8 mL of hexamethyldlsllazane was added a drop of

'chlorotr1Methyls1lane and the stirred mixture was

heated at reflux with exclusion of moisture until a
clear solution was obtained. Excess.silylating reagent
was removed .in vacuo with protection»dgainst

2
moisture, The resx&hal clear 011 was dlssolved in 25

mL of dry acetonltrlle and cooled to 0° C. 4 g

(2.47 mmol) portion of 4-DMAP was. added followed by

0.24 mL (2.5 mmol) of EtOCOCl and stirring was 1

aﬁfa'

© continued overnight.at room temperature. The crude

-

product obtained after deprotection by



o ‘ “m e !
stirring with 29% NH3/H20 overnight and evqppratﬁgi was
dissolved in H50 and applled to a column of Dowex 50
(Y. Elutién with H;O. e#apotation and
crystallization of the residue from MeOH with dlffuslon

of Et,0%6 gave 585.mg (90%) of (96): mp 233- 235°C, uv

(MeOH) max 261 4m (¢ 8700), min 230 nm (e 2600), (0.1gN

HCl) max 261 nm (¢ 8800), (0.1 N NaOH) max 260 nm

(¢ 6400): MS m/z 316.1152 (0.113, M*'+ 1, M* + H
‘[c12ﬁ18N3o7] = 316.1145), 226,0593 (57%, M - 89),
204.0870 (36%, M* - B), 141.0306 (6.6%, BHCHO),
113.0350 (83%, B +‘2H),'i12.0299 (27%, B + H), 1H nmr
(400 MHz) § 1.26 (t: Jcn,-cuy ='7 Hz, 3, CH3), 3.65
(bs, 2, H-s',‘H-s").m3.98 (bs, 1, B-4'), 4.04 (g, 2,
CH2),V4.16 (bs, 1, H-3'),'4.26 (bs, 1, H-2'), 5.22 (t,
Jous'-5' = Jopg'—gv = 4.5 Hz), 5.64 (bs, 1, OH-3' ),
5.73 (d, Js.g = 8 Hz, 1, H-5), 5.94 (d, Jyrogr = 8. 5
Hz, 1, B-1'), 6.88 (d, Inuz'—g¢ = 9 Hz, 1, NH-2'), 7.9
(4, 1, H-6), 11.5 (bs, 1, NH-3); Anal. ¢alcd. for —
CjoH17N307: C 45.72, H 5.44, N 13.33. Found: C

45.69, H 5. 44, N 13. 39.

2F-Amino—2',3'f§igjcarbonyl—2’—deoxyuridine (103).

A 20 mg (0.063 -mmol) ‘'sample of (96) was dissolved

. in 7 mL of 29% Nﬁ3/H20 and she mixture was siirred at

¢ -



o

68

>

ambient temperature for three days. Evaporation of the

solvent in vacuo and crystaliizat{Pn«of‘the residue

%

‘f;om MeOH gave 17 ‘'mg (100%) of (103): ;mp.268-26§‘C; uv

(MeOH) max 259 nm (e 8200), min 228 nm (e 1600), (0.1 N
HC1)} max 259 nm (e 8000), (0.1 N NpOH) max 258 nm

(e 6000); MS m/2z 269.0650 (0.55%, M*[C,oH; N304] -
269.0648), 158.0456 (428, M* - B), 141.0304 (4.7%,
BHCHO), 113.0352 (48%, B + 2H), 112.0394 (1.2%, B +lH5;
'H nmr (400 MHz) 5 3.5 (bs, 2, H-5', H-5"), 4.1 ("g",
3 = 4.5 Hz, 1, H-4"), 4.46 (dd, Jp._j+ = 3 Hz, Jpye_3. =

8 Hz, 1, H-2'), 5.0 (dd, J3._4¢ = 4.5 Hz, 1, H-3'),

'5.12 (bs, 1, OH-5'), 5.65 (4, J5, ¢ = 8 Hz, 1, H-5),

5.74 (da‘l,‘H-l'), 7.68 (d, 1, H-6), 8.25 (s, 1,

. NH=2"), ‘11.4 (bs, 1, NH-3). Anal. calcd. for ) 5

s

T o . f
C¥0§11N306: C 44.62, H 4.12, N 15.61. Foundu:@ﬁ

44.59, H 4.08, N 15.54.

iy

\

2'-(Carbambyl)amino-2'-deogyuridine (97) .

- 7

Z”Method A:

- . i
©
w

A~s$lution of 17 mg (0.059 mmol) of (103) in 7 nﬂﬁ&
of 29% NH3/H,0 waSVSealed,in a Parr steel bomb and |
heated at 70°C for threg'days. After cpd{ing,Athe boﬁ&
was vented and solvent was removed in vacuo. The crude

residue was chromatographed oh a silica gel plate usihg



%

>

oo 6 B e QH/ B oo .
o sblVent-(E) ’-The silica \ ich. contaiﬂ€d>the product

. resldue from MeOH w1th dlffu51on of Et20 gave 12. 7 mg _

| H\Z, 2‘H_5. 3 HS")I 3 86 ("t“ -/’ J4 5| = 3 HZ, J4 3' <

f 69
SN

~.‘was sqraped off bhe plate and eluted w1th 95% EtOH.

Evaporation of Ehe eluant and crystalllzatlon of the’
4
~‘(70%) of . (97 0 -mp 161‘C (dec.):luv_(MeOH) max 261 nm
(e 8200), .min 230 nm (c/240Q), (0.1 N KCl) max 262 nm
. " . ,. ] g ; N - ! g " A ) _( . .
(e 8000), (0.1 ¥ NaOH) max 260 nm (e 6600); MS (FAB) .

m/z?573’(0383%,,znf’+ 1),w287"(34%,bm+-+*1;.m+ + H

[CyoH) 5Ng06] = 287, (e 287 (100%,’M+ +1); 8 nmt

7 (400 MAz) 5 3.54 (dd I 5"-4' = 3 Hz, J5 50 0H5"' L

¥,

0 7 HZ, 1' H"4 ), 3 98 (t,J3l 2! = J3 "'OH3. = 5 Hz, 1,

H—3 ), 4 25 (td, J'2 ll = J2 NHZ. = 9 Hzl Jz' 3'=5

<

Hz, 1, H-2 ). 5.12 (t, 1, OH-5'), 5.63 (4, J5_¢ = 8 Hz, -

.

1, a-s), 5. 8 (s, 2 NH2), 5.8 (d xﬂz, Jl._z.‘= 9 ﬁg,“-,’~¢_‘a,x
, JOH3!-3-f=‘5 Hz,‘2' H—l'. OH—3 )auﬁsoz (a, 1, NH-2! ), ‘\\\\;

7.84 (d} 1, H—e), 11.22 (s, 1, NH¢3Y Anal. calcd. foLKSIV
Found: ¢ 40 24, H 5. 13, N*lé;s4. S aE
B = T T G
- -Method B: . R R L
B ‘-. o e fb . j BN RS ORE B

',‘r, A solutloq of 263 g (o 69 mmol) of (113) in 95%W ;
Et@H was v1gorously stirred in a hydrogen atmosphere o

w1th 5%‘bd C (100 mg) for 2 h.. The mlxture was" f ? 'f_V

~ A}

~ \.‘__ LT . i '
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fl rtered eﬂd eVaporated and the‘crude(residue. '
-crystalllzed from MeOH wlth d1f§u31on’pf ether to yield
190 mg (95%) of (97) y mp 148 151°c. 'Thls product'had
uv _FAB and CI MS, 400 MHz,IH nme . Spectral datu and tlc
»mlgratlon identical with ‘those of the above product

(97) -of Method A.f Anal. “calcd. for, C10H14§4°6'"452°‘

3

C 41. 31, H 5.03, N 19. 27. pound., c 4iﬂ55rﬁ; p GO.V“jf;v,j'.
| | i ‘ S
19, 53, R N : " fﬁ S

4 . -

-“Zf-Deoxy—z'—(g;methylcarbaﬁo§l)amino utiaine.(104)\

. . v.b' . .
* Method A:" o

o . . . .
BN . PN .
3 . . R . ©

To 200 mg (0 82 mmol) of (95) suspended in-4 mL of .

mga was q.gqe@ 48 w1 (47 ng.. 0.82 mmol) o metﬁyl-

1so¢yanatb. The. résult1ng solutlon was stlrred at

,

amblent te perature for 30 mlnutes and then evaporated

s 1n vacuo._ The resultlng off-whlte glass was

— s
‘_crystalllzed from MeOH with dlffu51on of ether to yieIdi

240 mg (99%) of (1204): ; mp 190-191 c, uv. (Medhv max 262v‘
oam (e 8700), min 230 mm (e 1500, (o 1N HC1) sax 262-!

"ym (e 8600), (0.1 N NaOH) mas zgo nm (e 7000@% MS (FAB)

-

Voo «»E

}m/z, 601 (2 5%, 2M+ + 1), 301 (75% M+L} 1, ~1~-




. ‘h’ T e I R R
5 Hz, 3, ca3),‘3 96 (m, 2, a-s', H—s"), 4. 27 t"t"
| J4..5 5u =3 Hz, J4._3.,< 0.7 Hz, 1, H-4'), 4.39 (t,-
l J3' 2n = J5'-OH3' = 5 Hz, 1, H—3 ), 4 7 (td, Jzo_,3o = 5

\ /Hz, Jz' 1'v‘ 52 ~NH2' = 9 HZ: 1, H~2 ), 5 54 (t,)g-

A ' JOHSI‘_Sl su "“ 5 HZ: 110H"5 )' 6 06 (d: Js 6 = 8"%‘12, 1,,

H"'S), 6 19 (d x 2' JOH3l_3l- 5 HZ: J1|‘2' = 9 HZ, 2'

L

o .

‘-co-NH ), 8. 28 (d, 1, H-G), 11,65 (s, 1, NH 3) Anal. f”‘ |

calcd. for._ 011H16N406;M;H20: c 43 35, H 5. 46,‘Nv

;}'?; 18.36. Found: C 43.54, HS. 31, N 18. 38. -_.“ﬁ
>‘”_J’Methqd B: b T
"v 2_3 A solutlon of 5 mg g% 018 mmdma of (103) in 7 mL
of 40% MeNHz/HZO was stlrted overnlght at amblent RIS

temperature. The reactlon mlxture Jas concentrAted
.:v -
S B

in vacuo and the crude resfdue was purl 1 “bx.

El

[y

'E“ Wlth solvent (E) The slower mlgratlng product baﬁd

‘_ was scraped off the plate and eluted w1th 95% EtOH to

: . '
};q yleld an o{f—whlte powder after evaporatlon of t

“ v

eluate. Thr% maﬁerlal was 1dent1f1ed as compou

e

o,

chromatography on a 5111ca gel plate that was developed



S A L R . ' b

2'-Deoxy—2‘-(ethoxycarBOnyloaminoé3',5'197(1,1,3.3->

.tetraisogrogylelj3;diyl)uridine (105).

~fo 100 mg (0.317 mmol) of (96) dissolved in 5 mL
o 208 1 R ‘ .

-of .anhydrous pyridine was added 100'pL-(99.9 mg. 0.317

mmol) of 1, 1 3, 3—tetralsopropyl -1,3- dlchlorodlslloxane

,and the mlxture was stirred overnlght at - ambient Jﬁ?”

By

temperature. Pyrldlne was eCaporated in vacuo and the -

resldue was" partltloned betWeen CHC13 and sz- . The

A

borganlc*phase was washed w1th 2 x 10 mL of cold 1 N
."l‘_ . %

”‘ &sz, saturated NaHCO3/H20,_saturated NaCl/Hzo.

4 (Na2804), filtered and evaporated. The crude
reSidue was chromatographed on a column of 3111ca ge;
uslng 5% solvent (D) as eluant. Evaporatlon of
approprlate fractlons gave a yellowgsh 011 1n-" o e

quantltatlve yleld w1th uv (MeOH) max 259 nm (e 10400), S

~min 229 nm (e 4300), (o 1 N HC1) max 259 nmy (e 10300),_ ke

-1pr), 112. 0273 (3. 7%, B + H){ 1H nﬁf (400 MHZ) &
1.02 (m,rzs, iPr x. 4), 1.15 (t, = 7 Hz, 3, ca3),n3.9é"
" (m, S, CHa, H-4', H5', H-S”);i4'36’(br{ 7 H;s-),'4745';

e(m, 1, H-2'), 5. 64 - (d, JS,G = 8 Hz, 1, H- 5). s, 71 (d, |
J1-_2- = 4.5 Hz, 1, H—l ), 7. 36 (a, Ingz . —20 =9 Hz, 1,' 'E@;

‘NH- -2 ), 7. 74 (a, 1, H-6), 11.36 (s, 1, NH-3),




L

2f—(ﬁ;éehiylcarbamoyl)amino-2'—deokyuridine (113).

‘ dov@fhlght at ambzgnt ggmperature. ‘The crude product T

s

To a suspension of 250 mg (1.03 mmol) of 2'-am1no- .

2' —deoxyuridlne (95) in.4 nmL of hexamethyldlsilazane
N

‘was added a drep oﬁ chlorotrlmethylsllane and the

Q

- stirred mixtgre wasﬁheated at, reflux with' éxclusion of

v

moisture until a clearvselution was obtained. Excess

‘"einlating reageﬁt s removed ln vaguo wlth protectlon

¢ ,n.’

“’against m01sture.- The re51dual clear 01L was, dlssolved

4!

130 (140 mg, 1.05 mmol) portlon of'ﬁgnzyllsocyanate
WL

was . agdedwto the 801§$ldﬂ and’ stlrrlng was continued
4,

obtalned after deprotectlon by%lrr:.n% w1th 29% - 5“‘@ E

v E . K
W T
v

NH3/H20 overnlght and evaporatlon, was ehnomatogfhphed

¥

" on a column of 3111ca gel u31ng 15% MeOH/CﬁC13 as &he

A .

of Etéo gave"sss mg (gz%)-of (113): - mp 132 135°C; uv

(MeOH) max 261 sim (e 9700), min 23;‘nm (e 3200), (0,1 N

¢

"HCI) max 261 nm- (e 9400). (0.1 N NaOH) max 260 nm

]

(8100) MS (FAB) m/z 753 (0. 2%, 2mt + 1), 377 (11%, :

MY+ 1 MP o H [C17H21N406] = 377.1461); H nmr (490

&

J%=.3.5 Bz, Jqi_ 3.~< 0.7 Hz, 1, H-4'), 4. 04°("t““ &Eéﬁ

N

-eluant. Evaporatiqn ~of approprlate fractlons and '[)f

7

' 4 )
in SAmL of freehly dlstilled THF and cooled to L0°C. A

crystallization og,the residue from.MeOH with dlffusion :

- 7“‘-.«‘0“» 2(
- wiz) & 3~57.b3§".'J 4 Hz, é*\H—S' a-s"), 3.92°("t",.

73
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i

‘
} s
N

. 14 71. Found.» C 53”r

r

Jgem CH, "
=5 Hz‘ J2' 1! = J2I_NH2| = 9 Hz' 1, H-2 ); 5 15‘* (t' ,
=5 4& 1, ‘OH-5'), 5.65 (4, Jg_g =8 Hz,em\\n -5), 5.85

(am 2 2, H-1', oH-3'), 6.12 (4, 1, NH-2'), 6:75 (t,

1, NH—CHZ), 7.25 (m, 5, % (d, 1, H-6). Anal. .

v'N 14.86.

f

- mL of anhydrons’pyridine was added 1. 12 mL (1,12 g,

@

3.56 mmol) of 1,1,3, 3-tetra130propyl -1, 3~ dlCnLOIO-'

d1s1loxane arrdﬂ*w\na.xture was stlrred overm.ght at

by e, LI

amblent tempefai“%e. Pyrld;ne was evaporated ln vacuo

and the rﬂﬁldue was ‘partitioned between EtOAc and

Hzow The organlc phase J’s washed with 2 x 50 mL of

. cold l N HCl/HZO, saturated NaHCO3/H20, saturated

NaCl/Hzo,sdrled (Na2804), flltered and evaporated. "The-

0

it

.
S .
gt
e
E [
» o

!
crude residue was purlfled by flash chromatography on

%glllca gel using solvent (D) as eluant. Evaporation of

appreprlate fractlons and crystallizatlon of the

re81dpe from Etzg/"Skellysolve“B" gave 1.8-g (98%) of-

‘.

« “ ) E ) ) C

B4
W

L\‘\ .

)

or

-
" s e



vy

i ‘(100%, M+ - C3H7 [C18H30N506512] = 468, 1734): f12ﬂ271

~ with 2 X 10 mL of cold 1 NaHCl/HZO, satu;ated

7

(114): mp 165-167°C; uv (MeOH) waix 260 nm (e 10500),
min 229 nm (e 1500), (o 1 N KC1) max 260 nm (e 10400),

(0.1 N NaOH) max. 260 nm e eooo), MS m/z;‘468 1744

(4.3%, B ’H), 14 nmr (400 MHz ) 5 1.06' (m, 28 | ;ﬂ%

4), 3.92 &1 1, H-4'), 3.95 (ad, J5 —4° _»3 Hz, 35. '5..

= 13 Hz, 1, H-5'), 4.1 -(dqd, J5" : ,:- 3 HZ, 1: H-5n), “ b“i@

-
.

4.62 (m, 2, H-2', ‘l{—%). 5.46 (dn Jyi_p+ = 0.6 Hz, 1,
H- 1"). 5. 584(d Jo¥e = 8 Hz, 1, H-5), 7.6 (d, 1, H-6),

49.29, Hg +29, N 13.69. Found: C 49.10, H 7.42, N

L i .

13.97.

. 6 ) ) . ‘ . .
2'—Am1no 2' -deoxy—3‘,5 -O-(l 1,3,3< tetralsopropyl-' o,

dlsilox -1, 3 d;yl@urldlne (109)

Method A: * . e
Eam | N R
’ ’ "Wi" ’ : ’ s ’ B - e

To 11 .9 mg (0 049 mmol) of (95) dlssolved in 0.7 B

mL of anhyd;gus pyrldlne was added 16 uL (15 5 mg, o {'3ﬁﬁii
B

0. 049 mmol) of 1 1, 3,§Ltetralsopropyl 1 3-

dlchlorodlsiloxane and the mlxture was stlrred
&

_Jovernlght at ambient temperature._ Pyrldlne q?s

.evaporated in vacuo and the resxdue was partltloned

’)& KA

v

3

between CHC13 and H20.~ The&Brganlc phase was washed

'» -
. : w



N

NaHCO3/H20, saturat\q‘NaCi/Hzo. ered (Nazso4), =

' foam. Uv (MeOH) max 260 nm (¢ 9700), min 230 nm f

H-5', H-5"), 4.02 ("q", J4 -3' F J4l .5 = J4 5“ = 6

‘(bs, 1, NH-3).

~ Method B:

»

7y

i flltered and evaporated.~ The crude residue was

[y

T chromatographed on a column of sllxca gel usxng solvent‘
»(C) aq‘the‘eluant. Evaperatlon of approprlatev

~fract10ns gave 18 mg (75%) of (109) as a yellow1sh

’

(e 500),-(0 1 N HC1) max*zss am (e 9200), (0.1 N NaOH)

t

max 262 hm (e 6600). ﬁs‘(ﬁﬂ3-CI),m/z 486 (100%, M* +

“%Q\j}f’ = ," Leedy "‘i *JW

1, MY +'H [c21H40N386512] = 486a2456), lu nir (400 MHz)

8 1.0 (mqyzs APr x 4), 1.75 (br, 2, NH2~2 ), 3.47 (a4,

qu;i- = 4 Hz, Jyi_3+ =6 Hz, 1, B-2'), 3.93 (m, 2,

H HZ, ll H-4'), 4-27 (“t"..’ 1' H"3 ), 505 (dl 1, H"l )'

5.58 (d, Js_g = 8 Hz, ), H-5), 7.66 (d, 1, H-6), 12.6

<
> o

(1.8 g (3.71 mmol) of (114) in, 95%

. -
EtOH was v1gorously stlrred in a hydrogen atmosphere

A SOlutlon (o]

with 5% PdeC catalxst (500 mg) for 12 hrs. The mixture —=
was - flltered and evaporated and the crude,re81due e

applled to” a short column of silica gel.; Elution with

.solvent (D) gave (109) as a yellowlsh foam in

quantlpative yleid;ﬂ Thls product had UV, CI MS, and

'



| | i
R TO\a solution of 26 mg’ (o 054 mmoﬂ"of (109\ in C ofﬁ#
$¥;N# ¥ mL of CHC13 (alcohol free and 2 x dlsmllled from ’ééi@?
o Caﬁz) vas added 8.9 uL (16 mg, 0.16 mmol) of ‘Et,N ana B
gk ‘the solutlon was cooled to 0°C. A 17 pL (0.058 mmol ) ’
portlon of COgiz (from a 3.4 M solution of COC12 in? u;&

400 -MHz lH nmr data and tlc migration identical with
L those of the above product (109) prepared'by Method

N

N,N'=-Big~ ['2'-deoxy-3' 5'—0-(1 1, %—tetraisopropyle

dlsilox 1, 3 dAyl)uridln 2 -I;Jurea (111).

.CHCl3) was added to the solution and stlrrlng was

77

continued_for 3 h. The reaction was quenched with EtOH

and solvents were removed in vacuo. The crude residue

L}was purlfled on a 3111ca gel plate that was developed 3

times with 3% EtOH/CHCl3 The"slower migrating produdt

\ .
b.band ‘was scraped off»the-plate,and'eluted with-CHCl3§

-

Wk A, L. . . R .

" Evaporation of the eluate and crystalligation of the
residue-from‘CHCl3,geve 1b.6 mg k40%) of (111): |
N'"257—2£9;C, uv (Me®H) max 259 ﬁm:(e 9900Lg'min 228 nm
(e 2500), (0.1 N HC1) max 259 nm (e 10200), RCTS U
NdOH) max- 259 nm (¢ 7700), Mg KFAB) m/z 997 (0. 54%. mt
- +“i§ Mt + H [C34H77N60 3814] = 997.4626), '887 (378, M
4+ 1 - Base), Y nmr (4QD MHz) 5 1. 0 (m. 28 iPr x 4);{

? 75 (dt J4|.3| = J4 -5 = V Hz, $4 _5u = 10 Hz, 1, bl

a



H~-4' ), 3. 86 (dd Js -4' = 4 5 Hz, J5| 5 = 10 HZ; l,

',H 5 ), 4.0 ("t", Jsu_sl = an_4| F 10 Hz, 1. H‘S“)r

+4.35 (a4, J3i1_4+ = 4.5 Hz, J3._,+ = 8.5 Hz, 1, H-3'),

4064‘ ("‘q"" leTll ;8 szvl_3l f J;"—NHZ' = 805 Hz'. 1'

.~Hﬂ-2.1), 5063 (d' 1‘ H )' 5 66 (d' Js 6 = 8 HZ, 1,

\

H"‘S), 6047 (d' 1 NH"z ), 7.81 (d' 1' H-'G), 119i29 (B,

1' NH—3)O ) B

2';Deoxy-2'?(ethéxycarbonyl)ahino-s'197(1.1,3;3-

&5

tetraisopropyldisiloxan-3-ol-l;y1)uridine‘(108),pq

To a solution of 70 mg (0.125 mmol) of (105)“in 10
mL of MeOH/H,0 (1:1) was added 21 mg (0. 3 mmol) of -

hydroxylamine hydrOchlorlde and 20 mg (0. 5 mmol) of.@sﬁ R

e,

T
sodlum hydroxlde. The mlxture was stlrred for 7 days

at ambient temperature. ~The solvent
in‘vaéuo and the residue dissolved in" 'C13. f1ltered, )
evaporated and applled te ; slllca gel columh that wasz —
e}uted w;th <3 EtOé?CHC13;‘ nvaporat;on of appropriate .

fractions'gav€'47 mg (65§).of (108) as é wﬁite - - . e

‘pow&br.' Uv (MeOH) max 262 nm, min 232 nm, MS (FAB) m/z

574 (3.68, M* [c24u44n309512] = 574.2616), 532 g1.4§,
Mt - ipr), 464 (138, M* - B) _1H nmr 400 MHz § 0.98 B
(m, 28, iPr x 4), 1,1 (t, J = 7 Hz, 3, CHy), 3.86 (br,

2, H-5', H-5"), 3.94 (q, 3= 7 Hz, 2, CHp), 3.97. (b s



) l' H-4.)' 4 08 (bs' ll H"3'), 4 19 (m, 11 H-2'), 5 6‘.

(d, Js_¢ = 8 Hz, 1, H-5), 5.62 (bs, 1, OH-3'), 5.88 (a,‘

'

Jyipr = 9 Hz, 1, H-1'), 6.12 (e, 1, Si-OH), 6.87 (4,
Iumz'-3' = 9 Hz, 1, NH-2'), 7.72 (4, 1, H-6), 11.34 (s,
1, NH-3). o S ‘ o |
_ Double.ifradiaiiOn E}pefimente'@ere uﬁiliied to
igyntifyltﬁeusignals from H-2', H-3' and.OHQB?.

. ’ RN . : o

*  2'-=peoxy-2'-(ethoxycarbonyl)aminouridine (96).

Method B: .(See page 66 thod A)

A 20 mg 49 .035" mmol) sampLe of (108) WQﬁ dlssolvedv e

]

1n 3 mL of THF and 0.035 mL (o 035 mmol) of nBu4N+F

D e '\\ug""d\‘” Qs - w‘

(as alM solutlon in THF) ‘was added.- The mixture - -was

.

stirred for 1 h at- aﬂblent temperature, evaporated and
N
the re31due partltxoned between Et20 and Hzo. The.

aqueous phase was applled to a small column of Dowex
1x2(on )87 resin whlch was washed well w1th Hzo.

Elutlon was effected with 15 mM aqueous tetraethyl-‘
[ 4
ammonium blcarbonate solutlon (TEAB). After '

NN '

; evaporatlon of the eluate xn vacuo the . re51due was © )
: -
dissolved 'in H20 and evaporated 4 tlmes to remove o

W

resxdual TEAB.‘ Crystalllzatlon of the res1due from
MeOH/Etzo gave (96) in quantitative yleld. Thls

-produet gad UV,-MS and-400 MHz 1H ‘fimr spectral data,



o

and tlc migration identical with those of the roduct

. &\*
of Method A (96). } . .

-(N-Benzyloxycarbamoyl)am1no—2'—deoxy 3’ 5'-Owg

(1,1,3,3- tetralsApr0pyldlsllox—l 3~ diyl)uridxne (IISL

A solutioé of 200 mg (0. 412 mmol) of (109) in 5 mL
of CHCl, (alcohol free and 2 x distilled from CaHz) was
cooled to 0°C. A 287 pL (208 mg, 2. 06 mmol) portion of .
Et3N was agded followed by 131 mg (0 82 mmol) of -
benzyldiYamlne hydrochlorlde.n The mlxture was stlrredw
unt11 moat of the solid ‘dissolved, then 0.94 mL (1.6 l .-wﬁti
mmol) of COC12 (from a 1.7 M solutlon of C0C12 in - o
CHC13) was added and stlrrlng was continued for 1 h.‘
801vent.was evaporated 1n_nggg_and the crude re51due s
was chromatographed)yn-a cd&umn of sallca gel using
solvent (D) as eluant. Evaporatlon of apgroprlate

fractlons gave 93 mg (35%) of (115) that was used in-

ol

the. ‘next reaction w1thout further purlflcatxon TH¥§ o
material had: - uv (MeOH) max 259 nmy mln 232 nm; MS m/ 2 ‘, . s
634-2839-(2.3%, m+ [C29H46N4088123 = 634 2854), > v
. ) I '. ’?('. >

+.591. 3304 (15% M* - ipr), 91. 0550 (1003' th

- nmr (3oo MHz) 5 1. o (m, 28, iPr x 4?**

.4

©H- 4" H5 H-S"), 4,5 (m, 2, u-z','ﬁﬂﬁf
»ope . " N b

(& ana d, 3 =11Hz, 1 + 1, CHy), 5.88 (d, Jg_g*= 8 Hg, " ;

5
: : “ ENACEY AV ¢ :
. ¢ . . A el .
- . RO TR
. ' . . ’ oL v



1: H—s): 5'72 &' ‘Jl'—zv' = 6 HZ, ll .H"l':)n

i ’ o -
S . * “3‘4. . ‘ v,
", oo " J, ' -
\ s ‘0)/ 81
’ g ) S
! L R R
N

4

o Jnpze-2 = 7 Bz, 1, NH-2'), 7.48 (s, 5, Ph)g 5 (a8,

1' H"’6)' 9.5 (s, 1' NE-‘OBn), 11'4 (bs; 1);

2'-Deoxy-2'~(N~-hydroxycarbamoyl)amino-3 'ﬂg— ( 1,1 /3,3~

"7.76 (4, 1, H- 6), 8.66 (s, 1, NH-OH)| 8.85 (bs, 1, . -
\ . ’ ’

tetraisopropyldisilox-1,3-diyl)uridine (107).

NN B .
* A solution of 50 mg “(0.079 mmol) of (115) in 5 mL
, .
of 95% EtOH was v1gorously stirred in a hydrogen

_atmosphere w1th 5% Pd4.C catalyst (15 mg) }or 4 h. The

mixture was flltered the flltrate evaporated and the
(\

crude re51due'applk$d to a column of silica gel )

)
AP

‘Elution w1th solvent (D) and evaporatlon of approprlate

fractloné followed by crystalllzatlon of fﬁ? re31due
from 95% EtOH gave 19.3 mg (45%) of (107) mp 118-.
121° C; uv (MeOH) max 259, nm (5-9800), min 228 nmf ‘
(¢ 2600), (0.1 N HC1) max 259 nm (e 9400), (0.1 N NaOH)

max 259 nm (e 6900); MS.(FAB) m/z‘545 (148, M* + 1),

544 (0. 58%, M* [CyoHyeN,0gSi,T = 544 3385), 433 (248,

nmr (360 MHz) 5 1{b8 {m, 28, iPr x 4), 3.88

M+/»'BJ, 1

(m, 1, H-5' ), 4l 40 (m, 2. H-4', H-5"), 4’46 (" P’

' J2 {‘4«“}*‘}2&13 ” J2 _NHZ@ = 7 HZ,H%) H- 2 ), 4 58 (dd,

S
R s %

('J3lv 4|f;= 'SQHZ, J3 __2! 7 Hz, 1 H-3 )' 5 68 (do Js 6 =

8 Hz, 1, H-S). 5172 (a, l, H-1' ), 6.58 (4, 1, ‘Ny-2'),

NH-OH), 11:32 (bs, 1, NH-S).



v
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E,
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K

, 2'-Deoxjez'—(E:hydfox;ca§bamoyl5amino-ufidine*(98).
Y

To a solutiOn of 17 mg (O 031 mmol) of (107) in
3 mL of THF was added 62 uL (0. 062 mmol) of al M
> solution of E;Bu4N+F in THF. The solution was stirred
for 10 min, solvent was removed iﬂ_zéggg_and the
residue was partitioned between Et,0 and.Hzo. The
aqueous phase was(:pplied to a column of Dowex 50 (HY)
resin ana prbd&ct was eluted with H,O0. After |
evaporation of the eluate in vacuo the residue was
| cryétallized from MéOH/EtZO-to give 9‘mg (96%) of
(98). Uv (MeOH). max 261 nm, min 230 nm; Ms (FAB) m/z
301 (1.8¢%, M* - 1, M* - H [°10513N4073 = 301.07843),
111 (20.8%, B): H nmr (360 MHz) & 3.6 (br, 2, H-5',
H-5"), 3.95 (br, 1, H-4'), 4.08 (br, 1, H=3'), 4.31
(td, Jpe 3+ = I+ _yya+ =8 Hz, Jpi 3+ = 6 Hz, ih H-2'),
5.2 (br, 1, OH-5'), 5.15 (da, Jyr.gr = 8 Hz,_Jlu'G 2

Hz), 5.9:%d, J6- 5 = 8 Hz, 1, H-6), 6.0 (br, 1, OH-3'),

6.35 ,(d'l l NH‘z )I 7'9 »(dl R H-S), 8-6 ‘(9"/ 1, N_H_’OH):‘

. K - " Vv - , )
.8-85 (S, l, NH‘OH) ' ) ’ . e

After spectroscoplcal analyses not ensagh compound
;7was 1éft for élemental analysls.-

¥ .

A

~r
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.,9-(3+Brbm073-debxyﬁﬂfgfxylOfurandfgiﬁadenine'(116)¢
’ ) . . .‘ . ’ ‘A § - , , . 3 .'“i .\.'

= \'-‘

. A solutlon of’590 mg (2 37 mmol) of 9- (2 3-
.anhydro~5 D~ rlbofuranosyl)adenlne (87)80 in 55 mL, of
l M HBr/DMF was stlrred at amblent temperature for 24

— - .
Y h,vcooled to 0° C and 52 ,mL of 1 N NaHCO3/H20 was added )

dropw1se§w1th v1gorous stlrrlng. Solvents Were:.;""'~ .
“t e$¥porated 1n_33339 a the crude re31due was used in ,f | 5;
w-the next reactlon w1thoet‘fuj{her purlflcétlon. A pure_**
sample of (116) for characterlzatlon ‘was obtalned by . ‘
ﬁphromatography of the crude re51due on a\gllJca gel‘
~‘plate using solvent ) followed by crystalllzation
frpm:HZO.' ‘This sampfg\of (116) had mp‘131 133’C (th.
p81‘131 132°C), uv (MeOH) max 259 T (e 15830),~m1n _
: 221 Am (¢ 3600),‘(0 1 N HCl max 258 n (e 15400), (o,;'
N NaOH) max 259 km (e 15100), MS m/z 329 0037 (o. 78%,
5010“12795PN5°33 329. 0124), 164 0573 (78%, BHCHO),-
135 0547 (100%,_B + ‘H). 1 nmr (400 MHz) & 3. ?S (m, 2, : \
H-5', B-5"), 4.35 ("g", Tgr-3r = g (o5 = Jge_ge = 4.5
hz,' H-4' )y 4. 5% (e, J3i_g0 = Jgi_gs = 5 Hz, 1,
H-3 ), 4. 93 ("q ' JZ' 1t = Jzo 3= J2"0H2' 4.5 Hz, '
: 1, H-2'), 5.4 (¢, JoH5 ' - 5. = JOHS- gn = 5.5 Hz, 1, \ o i
OH-5'), 5.86 (d, 1, H-1'), 6.38 (4,  Jgup+_pr = 5'Hz, 1, -

‘OH-2"),.7.36 (s, 2, NH2-6), 8. 15 (s. 1, H-2),. B.32 (s,

aidl', H-8). . : . S oo T
/l . : o - | g
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84

me
9-(3- Bromo -5-0~ tert-butyldlphenylsllyl 3-deoxy 5-D-
xylofuranosylLadenine (117) 9} . L - ,

;R |
! L ' :
To a sblution of 2 36 mmol of the crude (116)

mlxture in 15 mL of anhydrous pyrldine was added 610 L
(649 mg, 2.36 mmoy) of tert—batyldlphenylgllyl chlorlde
and the mlxture was stlrred at ambient temperature for

12 h. H,0 (1 mL ) was added and @t rrlng'was cont1nued!

- for 30 -min.. Solvents were evapof% ed 1n vacuo and the

‘ ooy
re51due was partltloned between CHCl3 and HZO. The .

organic phase was washed with 2 X, 50 mL of H20:

/ o
~saturated NaHCO3/H20, saturated'NaCl/Hzo, dried R

N

"A(Na2804), filtered and evaporated. The re51due¢was;'

chfomatographed\on'a colhmn of silica gel using solvent

'fD)'as»eluant. Evaporation of approprlate fractions

and crystalllzatlon of the re51due from: THF/CH3CNf§ave

1.1 g (82% overall yleld from 87) of (117): hp

210 211 C; uv " (MeOH) max 259 nm (e 13800), mln 233 nm
(e 700). (0 1 N HCL) max 258 nm (e 13900), (0. 1 N qaon)‘;

max 259 nm (e 13800), MS m/z 510. 0614 [1 4%, M+ -/t -Bu;

M - cyHg [C22H21798rN50381] - 510.0597], 135. oséo -

2
(25%, B + H); 1 nmr (400 MHz) & 1.2 (s, 9, t- Bu), 4 4

" (dd x 2, Jgi_gr = sz_4. = 5 Hz, Js.;su = 11 Hz,_z;
‘H-5", “H—S")., _4 .54 (":q"" J4 -3 = Jai_5 = 5" = 5 Ty
Hz, 1, H-4'), 4.62 (dd, Jy.. 2. = 4 He, J3 ;ﬁ =5 Ha,



. 1,.H-3'), 4.96 ("8, Ef; —on2" = Jy 0 =5 Hz, 1,‘ \
< H-2'), 5.93 (q, 1 B-I'),. 6.41 (4, 1, oH-2"), 7.34 (p

2, NH,-6), J-4-7-7 (m, ‘1o, Ph x 2), 8. 1 (s, 1.“H-2). '

. 8.16 (s, 1, H-8). Anal. caled. for'c2633oaruso3slz .c
'54.93, H 5.32, N 12.32} Found:. .C 54.73, H 5.12, N

.12.45. R L O

-

' 9—[279;{§;benzyicarbahoyl)—3—bfomo—519;tert-butyldi-

pheﬁylsiiyl-3—deoxy-5ﬁgjxylofuranosyl]adenine_(113)5

N
To a s&lutlon of 500 mg (O. 88 mmol) of (118) in 50 __

i of CH3CN/THF (1:1) was added 220 pL (234 mg, 1.76
mmol) of benzyllsocyanate and 180 pL (133 mg, 1. 32
mmol) of Et3N.; T@p reactlon mlxturemwas stirred at.
aﬂblent ‘temperature for 48 h, solvents were . evaporated'
'ig_vacqo and the rgsldue was chromatographedvon a
. column of silicd geidusingisoivent ﬁb);aS‘giuant,
EJapOration of appropriate fractions and |
crystalllzatlon of the re51due from “Skellysolve”

-

B"/CHC13 gave 0. 55 g (90%) of (118) mp 178-179 C, uv.

(MeOH) max 259 nm (e 14700), m ?33 nm‘(e 3100), (0.1
IE_HCl)Aﬁax 258 nm (e 14600), (0.1 3?Na05lumax 259 nm
(g 14900); MS (FAB) m/z 702 (5,18, M* + 1, M* + B 3
[c34n3879BrN60431] 701.1829), 704 (6.8%, M + 1 = 703

[BlBr]). 135 (100%,. B+ H), 91 (928, PhCHz), 81 {108,

"‘ b_" . .\



Yo 79 (10%, 79Br), 1H nmr (400 MHz) &\JLD,49—’§,

L
t‘NU), 3. 98 (dd x 2, Jsl 4" & Jsu 41 = 5 Hz, an 50; =
"

11 Hz, 2, H-5', H-5"), 4.12 and 4.16. (dd x. 20 Iep,np =

6 Hz, Jgém'cﬂé = 15 Bz, 2, cnz), 4 5 ("q", 34. 3=
Jgi-5 % J4i gn = 5 Hz, 1, H-4'), 4.88 (da, 331 5+ = 4
Hz,_g3.;;{ =5 Hz,‘l, H-3'), 5.86 ("t", J,. 1t = 4 Hz, r .
1, H-2'). 6. 14 (a, 1, H-1'), 7.1-7.3 (m,. 18, Ph x 3,

NHy-6, NH-Bn), 8.1 (s, 1, H-2), 8.16 (s, 1, H- 8).

~Anal. calcd. for C34H37BrN60451: -C 58.20, H 5 32,

11.98;‘Foqnd: C '58.01, H 5.25, N*&Eﬁpéi |

—f. -
4 "

9- (3-Benzy1am1no—5-0 tert—butyldlpheny151lyl 2 3-0-N-

carbonyl 3 deoxy—B—D rlbofuranosyl)adenlne (119).

A 20 mg (0;42_mmol)tsample of NaH (50% dispersion

in mineral 0il) was placed in a“moiethte;free three-
: *. M ‘ .‘ .
neck round—bottom flask under a N, atmosphere. The oil
. ) A
was removed by r1n31ng w1th "Skellysolve B", and 40 mL

of freshly dlstllled THF was added. The suspens1on was

“cooled to -20° c, 250 mg (0.36 mmol) of (118) in 5 mL of

s

'THF was. added and stirring was contlnued for 12 h. The .- ..

mlxture was flltered on celite; the solvent was : o

evaporated in vacuo ~and the crude res1due was’ used in
the next reaction w1thout fdrtherdpurlflcation. A puré.

eemple~f6r charaeterization of (119)'wa$ obtained by .



3 chromatograpﬁy on a silica gel plate using solvent (b)

. as eluantgj Thls material had uv- (MeOH) max 259 nm, min

A

\

233 nm; MS (FAB) m/z 621 (34%, Mo+, MY eH
[C34H37N60481] = 62182646), 62} (x:28, M*). 135 (47%."
B + H), 136 (47%, B .+ 2n),zln nmr (400 MHz) & O. 84 (s,
9, t Bu), 3. 51 (dd Jgr_g!,= ® 'Hz, Jgi_ge = 11 Hz, Lf_
-5 ). 3. 6 (da, Jgn_gh = 5 Hz, Jsu_5t = 11 Hz, 1,
H-5"), 4. as ("q , J = 4.5 Hz, 1, H-4' ){ 4.39 (4,
Jgemt CH, = ;5 Hz, 1, CHp). 4.55;(dd, J3-d4- = 4 pHz,>
J31_p+ = 8'Hz, 1, B-3'), 4.6 (d, 1, CHp), 5.91 (a4,
J2(_1,~% 3 Hz, J2-_3- = 8 Hz, 1, H-2'), 6.38 (d, 1,-

8.27 (s, 1, B-8); IR (CHC1, cast) viC =01763 cmn~l..

9 (3-Bénzylamino-2, 3~ -0~ carbonyl -3- deoxy B D-ribo-'
l .
furanosyl)adenine (122 ).

>

A 0.36"mmol sample of crude (119) was dissolved in

" 40 mL'of'Treshly distilled THF, 360 uL (0.36 mmol) of

‘

~

tetraﬁgrbutylamhonium fluoride\fas a~1”§lsolut;on\in
THF) Yas added and the soiution was stirred at aﬁbient‘
temperature for 1 h, Solvent was evaporated in vacuo
and the residue was partltloned betwe?n HyO and |

CHC13. The aqueous layer was extracted w1th CHC13 (2x)

-
T

and the. comblned organic phase was washed with

¢

.

87



sétuiaﬁed NaHCO3/H26, saturated Nacl/ﬁzo,,dried.f
(NaéSo4),:filtered and eyégorated} Thé érude.residd;
Wﬁas purified-by,chromatograpiy“on a’silica gel'éqlu@n
vusing solvent (A) as eluant. Evaporation/of
‘appropriate fractiona and crystalllzqggon of the
residue from MeOH with dlffu31on of t,0-gave ll?'mg
'(94% yield overall from 118) of (122) mp 2294230°C:‘
uv (MeOH) max 258 nm (e 14500), mln‘Z%E nm (¢ 3300),
'(o 1 N HC1) max 257 nm (e 14300), (0.1 N Naoaz'max 258

am (e - 13700) ; MS (FAB) m/z 383 (53%, M+ +1; T+ H
[CygH1oNg04] = 383. 1468), 382 (1.3%, M+), 135" (48%, o
B + H); H nmr (360 MHz) & 3.4 ("t", J'= 3‘§ Hz, 2( S
HS', H-5"), 4.26 (“q" Jgrogr = dg _S.i- J4 _gn = 4

Hz, 1, H-4'), 4.32 (4, J = 15 He, 1, ‘gem baz). 4.36 -
(a4, J3- 4 =4 Hz, J3i-pr = 8 Hz, ', Sﬁ-?‘), 4:62 (a8

I, gem CHZ), 5.26 (bs, l, OH-5* ), 5 7 (44, J2- 1 = 3

Hz, 32-_3. = 8 Hz, 1, H-2' J 6 32 (d, 1, H-1t )4 7 35

(m, 7, Ph, NH2-6). 8.12 (s, 1, H—2), 8.34 (s, 1, H- 8)

IR (CHCl5 cast) vva= 0_1752 e~ L, Anal. ‘calcd. fon

CigH1gNeO4: C 56254, H 4.75, N 21.98. Found: C -

. N .
- M
K ’

9-(3-Benzy1aminb—3-deo£y-ﬁ{eribofuraﬁgkyi)adenine (120).

56,20, H 4.54, ‘N 21.74. ;o

»

[y
“
EN

To a solution of llé\mg'(d.3lhmﬂo;f'of (222) in 5
. . . . . of [ 41.‘ \ - ’

L



".'.‘8;

- mL of TH? was added.5 mL ©f '1 M NaOH. . The reactiOn
mixture was stirred‘at ambient temperature for 48 )h and 'f
then\treated with Amberlite IRC-50 (H+) risin. The
‘mixture was stirred for 1 h, filtered and evapcratsd to
-dryness. The crude residue was dissolved in- Hzo and

‘applied to a column of Dowex 1X2(OH )* resin. - The
- column was. waehed thoroughly with Hzo and produc* ;as -
"eluted with 1% MeOH/Hzo. After evaporation ot the |
'eluate;ignzgggg the residue was crxgtallized from ;. .
'cac13/Mebu’to yiéld ,96 mg (92%) of (120)=. mp .
175-176°C, uw‘(MeOH) max 259 Am (e 15700), min 229 nm °
(¢ 3900), 10.1 N.HCL) max 257 nm (c 15500), (0.1 N
juaou)'- max‘259 nm (¢ 1500), MS m/z 356.1603. (0 32, M*
‘[C17H20N603] = 356 1597), 221. 1051 (248, m* - B),
..'136 0625 (93% B+ 2H), 91 0549 (1008, PhCH,): lH nmr
'.(400 Miz) 5 3.35 (m, 1, H-5'), 3.54 (m, 1, B-5"), 3.7

(m 1._H -4'), 3.72 and 3.78 (44 x 2, JCHz-NH = 6 Hz,

JIgem cH, = 15 Hz, 2, cnz). 3.92 (dt’ J3r_nH = J31- 4} = -4
h;& J3-_2- = 6\aak¢L\jis ), 4.57 (aa, Jpiye w4 Hz,
1, B-2' ). 5.27 (dd, Jousr_gr = 5 Hz, JOHS. 5u,=‘6 Hz,
~1, OH-5'), 5.87 (bs, 1, OH-2'), 5.96 (¢, 1, H-1"), 7. 32 T
 (m, 8, pn, &H-Bn, NHp=6), 8.12 (s, 1, H-2'), 8.35 (s,
:jl. H-B).'_ﬁﬂgl, celcd. for:' Cl7H20N603: c 57.29, H
5.66, N 23.58. Found: . C 57.01, H'5.69, ' 23.70. A

-
.



9- (3-Amino-3 deoxy—p-D—ribofuranosyl)adenine, (3'-

Amino 3' —deogyadenosine) 20. f. | »
-

Ta a saolution of 90 mg (O,Qf mmol) of (120) in. 10

- [

£

the suspension"i.“ ' vl R 1,:,Ea hydrogen
. ., »e x.A.' ':-".,

'y

a?mosphere for 12 h. " The catdlyf ltered on
celite, solvent3evaporeted in?ggggg_an%ithe crude
‘residue was applled to a column of Dowex“lXZ(OH )
resin. The celumn was washed with Hzo and then eluted
with 10% Meoa/uzo. Evaporatlon of the eluant and )
crystalllzatlon of the re51due from{ﬁZO/MeOH gave 65 mg
mg (97%) of (20).. mp 259-261°C dec. (Lit. mp 259-260° C
5> dec.$2), uv (Hzo) max 259 nm (¢ 14500), min 226 nm
(e 2100), (O 1 N HCl) max 256 nm (¢ 15200), (0.1 N
NaOH) max 259 nm (e 14200), MS m/z 267.1197 (0.24%, M*
+.1); 266, 1130 (0,18%, M+ [C10H14N603] = 266. 1127),
1136.0626 (100%, B.+ 2H): lH nmr (400 MHz) 5 1.66 (bs,
2, Nuz—g '), 3.47 (m, 1, H-5'), 3.57 (m, 1, H- 5"), 3.73
(m, 2, H-4', H-3'), 4.28 (44, J2'-1' = 3 Hz, Jyi_31 =5
Hzy 1, H-2'), 5.17 (t, 301:5'-5' = Jog5'-5n = 5 Hz, 1,
OH-5'), 5.77 (bs, 1, OH-2%)y 5. 94 (a, 1, H-1'), 7.3 (s,
1, NH,-6), 8.15 (s, 1, H- 2), 8. 39 (s, l, H-8).
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