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2 %q¢1n184. a hlghly selectlve nucleotide
FRAT L o
'“-ﬁﬁéigére agalnst crown garl plant dxseaee.f

u"'a)
: e m or molecular com onents .and or
h t}?f q; p /

muc1e051de" of ag oc1n Bé‘was prepared by

4 R o.
)3‘*@ Eﬁﬁﬁfsof 9- (a-D-arabAnofuranosyl)-

e

Sﬁﬁ '@dro-B-D 1yxofuranosy1)aden1ne
hcalon of thls nuc1e091de epoxide with ,
3?;de$;n ebhanol gave 9-(3 deoxy s-D threo-.
)adenlne in hxgh y1elds. A'second approach;vh

PP,
Be! ectlve treatment of aden051ne Wlth 2 4,6-

ﬁﬁ Tize

',trl1sopropy1benzenesu1fony1 chlorlde to give 2'- 3'-

Q= ~(2, 4 6-tr11sopropy1benzenesu1fonyl)aden031nés follow d

‘~by a reductlve [1 2J-hy1§¢de Bhlft reartangement w1th

‘llthlum trlethylborohydrlde H;\glve 9-(3—deoxy-5-D—threo->
e-pentofuranosyl)adenlne and 9=~ (é—deoxy-ﬁ-nghgggfpento-‘
f~furanosy1)aden1ne in a ratlo of. l 2, In the‘thlrd
. approach, 9= (5—D-arab1nofuranosyl)adenlne was treated with

':w.;ctert-butyld1methylsxlyl chloride to glve a mixture of

| ,2',5'- and 3',5'fd1jg:te;t-butyldimethyleilyla:ebinosy;—

' C‘adenihee;;;Euncgichaiizationjof:ﬁﬁy'free hydrchi group of

\..



?; theae protected nucleosides with ﬂbenyl chlorothlono- S

;lcarbonate followed by deoxygenatlon Wlth tr1-n-butyl
‘ Ty
,stannane and cleavage of the sr}y@ ethers with tetra~n&/

1

« ‘ . . i
butylammonium fluoride gave 9-(3-deoxy-ﬁ-D-threo->-

pfhtofuranosyl)adenlne as. the major product.
A Selective hydroly31s of l 2 S, 6-d1-0-1sopr0py11dene-
;la-D-glucofuranose gave 1, 2-0-1sopropy11dene-a-D-
. glucofuranose which was trlbenzylated. Treatment of thls
Fif product w1gh hydrodbn chlorxde 1n methanol followed by |
ﬁ{\~ benzylation of the free 2-hydroxyl group gave methyl -
- 2 3, 5\ﬁ-tetra—o-benzyl—D-glucofuran051de.; Hydroly51s of
thls glycdhide with 60% acetlc acia gave ‘2, 3, 5, 6~tetra-o—

“ b‘- \\
henzfl-D-glucofuranose w1th an a: B ratio of 3:2.

~J?15;x; A modlfled Knoevenagel condensatlon of 1sobutyr-_
aldehyde w1th ethyl hydrogen malonate 'gave ethyl (E)-4-
‘*V‘methylpent 2-enoate. Dlhydroxylatlon of the’latter T

' -conpound w1thﬂzosm1ur_n tetroxlde_followed by ammonolyeis,

- gdve Bgfthieo—2,37dih&dr9i§;4»methylpentenamide,_ -

o Model studies'ohfthe s&ntheses.of 6-N-(phosphoryl)-
adenoeine:nucleosideé were~puroued to evaluate'conditionsv
for:ettempted coupllng‘of_the glucdfuranOsyl'moiety to the
6?gmiuo function{of‘the "core'nucleoside“_viefa glyc05yl~.

" phosphoramidate. liukage.v Treatmént of 2',3',5'-tri-0O-

="/-\V.

acetyladenosine with,phenyl phosphorodzchlorldate followed

| by reaction with various alcohols 1n the presence of v
: : ¢



ifsllher carbona::\)hd deprotection of . acetfl groupa.gave a-
.:number of 6-N (phosphoryl)adtnoslne nucleosides.* iv

N In an alternate(approadh, a phOSphite—azide coupllng
”method w1th 2',3" 5'-tr1-O-acety1-6-a21do—9-g-D-ribd- :
furanosylpur1ne was examlned for construetion of the_'
glycosylphoSphoramldate llnkage. ‘Thls was-successful forif
the . syntheqls of G-N [ethyl(methyl 2, 3 4-tr1-0-benzy1-a-D~ -

glucopyran051d 6-yl)phosphoryl]aden051ne. -However,

attempts to couple several sug& gfthrough the anomerlc -

'JA

-

'-hydroxyl group d1d notvprove successful

'a Model studles were also dlrected towards syntheses of

*)

attachment of DL-threo-2 3-dihydroxy-4-methylpentanamldet .
4to the 5° -hydroxyl functlon of the "core nucleoslde“ via a
phosphoramldate llnkage._ N-Octanoyl-dl-o-ethylphosphor-'“‘
amldate was prepared<by ac1d hydrolysls of N-octanoyl-trx-‘v.
-ethylphosphorlmldate whlch in turn was obtalned by '
:reactlon of tr1ethy1 phosphlte w1th octanoyl azlde.. These
studles resulted in the synthesls of 6—N-benzoy1 5'-0-[(N-
benzoyl)phosphoramadatyl] -2',3" -0-1sop:opylldeneadenosine.
A four stage synthesis of d1ethy1 (2,3,5,6ftetra197
’ beniyl4a-D-glucofuranosyi)methylphosphonate'from 2,3,5,6-
'tetra-o-benzyl D-glucofuranose was performed. A direct

/

approach to the synthesis of d1ethy1 (2 3,5, G-tetraﬂlf

vii



- -

benzyl D-glucofuranosyl)metgylphosphonate with a a s

44444

'thd,'ognum hydride.

) nyl functions analogous to the phosphoryl group

in agrocin 84. There resulted in the syntheses of

threo-pentofuranosyl)adenlne, G-N-benzoyl 5'-0 -[(N-

. od&anoyl)carbamoyl)adenoslne and S -deoxy- ' =N-[ (N~

RE

octanoyl)oprbamoyl]amlno-ﬁfgyformyladen051ne,_

-

”<viii;

ri&‘ _w‘ anose with tetraethyl methyleneblsphosphonate _"‘

lly. attempts were made to synthesize compoundsvy

' '6-N4ben 'yl 5'-0-[(N-0ctanoy1)carbamoyl] =9-(3- deoxyggrD-'rr
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. INTRODUCTION . . )

AL Croﬁn Gall Disease '

2

Crown gall1 -6 18 a neoplastlc mallgnancy (plant

tumor) inltlaﬁl! by a gram negative bacterlum,
g

' Agrobacterlum tumefac1ens. ‘which occurs'on an extremely

- . . B i

.broaddrange of host plants. It was first assigned a
’hacteriailaetiOIOgy b»y-Smith'and'Townsend.7 Parallelism.

between crown gall and animal tumors was hlghllghted by

8

.y the observatlon of Whlte and Braun who proved crown gall

ito be a trueboncogenlc transformatlon. They- also showed

that crown gali_tisaue_cultnred in the absence of the
’bacterium‘can be maintained indefinitely in axenic culture
‘without the loss of its tumorous characterlstlcs.9

Although the dlsease occurs in a remarkably ‘wide varlety

=< .~

_of hlgher,plants.~1t_can;only be 1nduced in freshly
wounded tisede.io Oncogenic strains of the-bacterium
1 *contein a'large plasmid,* part of which is transferred to

the plant cell durxng the oncogenlc transformatlon.‘ It is

11

, maxntained in the transformed céll 1ndef1n1tely and in

a

/.

this respect crown gall resembles ‘the v1ra11y 1nduced

» , ﬁ !f !

* NS

Plasmids are autonomously. repllcatlng closed ~-loop .DNA
molecules that are 1ndependent of the bacterial DNA -and
that caniexist free in the cytoplasm of a‘'bacterium; they
can be trahsmitted only by cell division or cell to cell
contaot, but cgnnot be 1ntegrated 1n€o chrbmosomes of the
~host. : L ) . L




l ) > <
-animalbtumors.' Transformed tissue has the ability to form
an overgrowth when grafted onto a healthy plant, has -
capacxty for growth in tissue culture without ‘added. plant
hornoneslz and can synthesxze opines'13 14- (unusual

‘derivatives of basxc amxno‘acxds not foqnd in normal
tissue which are spec1fically synthe51zed by crown gall
plant cells and used by the inhibiting agrobacteria as

| spec1fic qrowth substances).A The study of crown gall may
help in the understandinq of carcinoqenesns and should be

1mportant in elucxdating ‘the control of gehe expressxon in

hiqher plants. The fea51b111ty of u51ng _grobacterium

plasmids as vehicles for genetic engineering in higher

s

7$ plants is also of 1nterest. »
$

Significant achievements have been made only recently
on the nature of the agent that causes the 1nduction of ;gF

crgwn gallvtumors. ‘This’ is primarily because studies wigﬁi

) BTN
e TP

directed at the causal organism rather than at the h&s 4.

of the elu51ve tumoriqenic substance known as thevtfﬁdr_
1nduc1ng princ:ple (TIP). 15,16

Not all aorobacterium plasmids confer the ability to
a.

induce tumors. Those that do are designated tumor

induc1ng (Ti) plasmlds17 18 and they promote bacterial 2

conJuqation 19- =21 The genes requzred for their transfer,~



;.»"v" '
LN
.

i,

7. are closely associated thh opxne metabolxsm and are.

o activated l

the characterlstxc opxne 22, 23 - There is some

"_ evidence op1nes enhance tumor growth 24 25

[ 28

Structural formulae of oplnes synthe51zed by crown '

gall tumors are given below'

' Octopine family

, S ' NH s
L : .-+ . - Octopine: R=H -
R-CH—COOH SR ’N'c""""(c“d
~ NH - .. Octopinfc acid: R‘H,N-(CH,)-
, o : i ) .
CHyCH—COOH ' - . .
e 3 SR Lysopine: I;:H,N—(CH,): \
Histopine: R= =rEH)-
s NNH o
-~ Nopaline family
s g‘ﬁ:“coo”. ’ _ Nopaline: a.—.’n,ﬂ-c-nu-(cﬂ,)-—
) C ) R
00C~ (CH,)—~ CH~—COOH H 11n1c ac1d
'HOOC— (CH,)— CH coon .- Jopa e acid oo H,N-(cn,)-
- ' 0rna11ne :

Tumor 1nduct10n by=aqrobacter1a 1s a latgely unknown

process. It is controlled by agrobacter1al plasmld DNA

and also. possxbly, by chromosomal genes of the bacteria.
4During the tumor inductxon, ‘the bacterxa enter the

fintracellular spaces of wound sites on plants. The



lhjuredicells multiplyﬁandhthen become>attach3d-to |
'ispeczfic sites on normal cell walls.26 Agrobacteria do
dnot enter the healthy plant cells, but transform them into
| tumor cells probably by 1n)ecting a piece of DNA 1nto

them. These sequences referred to as T-ch;mre'

.Jmaxntaxned11 and - transcrxbed27 29 in%the transformed plant

cells. The T-DNA is essential ‘for’ ma1ntenance of tumoreus o

state3° 31 and for the blos nthes1s31 of the opines.

" In terms of new concepts"

hg%t-parasfte reactions, the study.of crown oall 1nductxon
has been reward1ng. It has shown that certaln bacterxa
have~ ‘the capac1ty to 1ntroduce spec1f1c qenetlc
_1nformatxon in. many different plant hosts. Also; the .

ﬂ t}ansformed plant cells produce op1nes, which are of
g;)ecolog;cal value to the bacterxa. vih1s ;s the,f1rst_'ﬁ

' example'ofva natural mechanism‘of.transfer of genetic

1nformatxon from. prokaryotes to eukaryotes. FUrthermore{f

the crown gall phenomenon 1llustrates a new kxnd of plant

paras1tlsm and/or symbxosxs 1n whlch one of the partners,-'

(parasxte, 1n thls case) not only adopts the properties of

" the other (host) but also changes 'its' qenetic ;

' propﬁrtxes. Schell et al..32 have termed this type of

\1nteractxon as genet;c\colonlzation .
¥ : - :



B. ‘Control of Crown Gall Disease

Successful bxological control of crown ga@l wzth

agrobacterium radiobacter 84 which produceé the actlve

-ifactor agrbcin 84, 33 has been reported 3@ 45 ThlB".”

'ppresents the fert commerctal use of a- epec1f1c mlcro-‘-'f’

anism to control plant pathogens in 8011 and of a

7fbacterium to' control any plant dlsease.

-

Agroc1n 84 is a general lnhlbitor of pathogen1C"

- strains of Agrobacterlum of the same or related s ecies.

o’ Ay

'vaearly all non-pathogens are unaffected. Thls type off.

"h?inhibitlon is simllar to that of dollc1ns.46 Growth

j'inhibltlon by agrocin 84 has been correlated with' .<>\;h\

A 33,47-51 o
, pathogenlcity ' and the presence of a nopallne tumor

inducxng plasmld 48- 50_ Thls correlatlon results from the

El

‘fact that both the agroc1n 84 sensltlvxty and tumor j' .

: 1hduc1ng abllity are pro ertles controlled)by DNA
. P

R /

’”“?eqpences 1°cated on a. large plasmid (the Tl-plasmld)

é?v‘yentﬂin 411 A. tumefacxens stralns.‘f
*a

'ﬁ@% ﬁhis conclusxon‘g was reached by demonstratlng.

.-r,,\

'h} ﬁhat .an’ anogenlc agrocin 84 sensitxve strain CSB

-

when cured of Lts Tl—plasmld becomes resxstant to

the action of agrocin 84.

——

'"_',Resultlng-in plaemid;free cells. -




;2.', that uhen agrocxn 84 resistant C58 colonies are
| _selected they invariably have lost both their tumor
;‘iinducing abllllty and the Ti-plasmid simultanoously.
31':rthat the kinetics of appearance of Ti-plasmid cured'
;‘cells are 1dent1ca1 to those of agtocin 84 resistant i,

o iils, as a result of grouth at 37‘C of CSB strain.v

agrocin 84 produced by A. radiobacter X84 .

1nteracts5§ 53 specxfically with the cell wall of the .
£ o
v1ru1ent strain of A. tumefaciens H-38 9 and does not

adsorb onto the surface of the avirulent strain that was

2

: originally derived from the same parentT’ The bacterial

cell surface is an important factor in v1ru1ence as has

been sugqested by Llﬁzincott and Lippincott.3§ They

postulate a SPECIfIC receptor on: the bacterial surface",g'
- that 1nteracts with a Spec1f1c 51te on the plant cell wall

to 1n1tiate crown’ gall disease. Protein synthesxs. a5“ag

: measured by 1ncorporation of 14C labeled amino acids, was
almost completery 1nhmb1ted withxn ten minutes by addition:'
‘of agrocin 84 (Fig. IA).- A similar pattern of inhibition

'looccurred 1n “the DNX synthesis, as, measuted by the N
1ncorpora§ion of [3H]thymidine (Fig. 18)._ The inhibition—"
-of DNA synthesis was accompanied by deqradation of . DNA as -

) is the case with both colicin 825‘ and megacin c.5§ The

inhibitory effect on RNA synthesis was. not apparant until

twénty minutes (Fiq,vIC) after the addition of agrocin 84
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-and esulted 1n a 50% reductlon of anorporation oﬁ

if[14C]urac11 when compared ‘to the control cells. The'

' transport of,amlno acrds across the cell membrane was = . -

vimmediateIY'stopped«by the‘addition of agrocin'84
demonstratlng an effect on the 1ntegr1ty of the cell .
membrane and assoc1ated transport functlons.

| Accordlng to recent studles by Murphy and Roberts,ss,
hagrocxn 84 is transported 1nsxde aen51t1ve straln K57A
possibly by means. of a transport proteln found in its |
'periplasmic space. The unique select1v1ty of agrocan 84
p0551bly re51des in the presence of a spec1f1c blndlng
prote1n~1n the sen51t1ve strain K574, wh1ch is released
'1nto the surrOundlng medium in the presence of
carben1c1111n and is presumably perlplasmlc in originr

e

Theyse.suggest:}hat agrocin B4 is the first recorded
member_of'a new class of'highlyvselectiwé loﬁ'molecuiarr
weighthnucleotide bacteriocins. (Bacteriocins havedbeen
’defingd;as nonereplicating; bactericidal substances
apparently protein in nature which are prodUCed by certain
strains of bacteria and are .active against some other

'strains of the same or closely related species.46)'

Studies by Sule an8 Kad057-show'that a predominant

. number of agroc1n 84 5551stant mutants of A. tumefaciens

;C58 and O are v;rulent and harbor nopallne Ti plasmids.

The mechanism by which thesa.pgroczn-re51stant mutants



&.
operate is uncertain. Thelr studles clearly show hlgh

levels of [32P]agroc1n 84 uptake by sensitlve strains and

their respectlve sen81t1ve mutants. \However. agrocin 84;

resistant mutants gnd?transconjug‘nts harboring‘Ti'plaémidsf

from‘these-mutanta dié!}ay lowrlevels of agrocin 84 uptake

. o . b . - . .
ability, thereby suggesting at impairment of the agrocin

uptake nechanlsm results 1n , istance to agrocin 84.

,"l,»

To ascertaln mechanlsms that are operatlng 1n,crOWn
gall cells and also- to probe: the mode of action of agroc1nv
,84 1n relatlon to’ crown gall 1nduc1ng potency, »

<=935“et al 58 have studled the - 1soenzyme pattern of .some
hydrolytlcwenzymes ;12.-alka11ne phosphatase, ac1d :f
phosphatase and‘catalase in the virulent and'avirnlegg
strains of A. tumefaciens using polyacrylanide,gel
electrophoresis. Their studleé éuggested that agrocin~84
resistance was accompanled by genetlc repre551on in regard
to synthesxs of one of the 1soenzymes in each of these’

" three enzymes. Av1ru1ent re51stant strains also showed a
reductlon in the act1v1t1es of a11 hydrolases.

Studaes have also been carrled .out in detall on the
lipid make_up of A. tumeiac1ens u51ng»v1rulent'agr0c1n-'

sensitive and avirulent agrocin-resistant strains>?
, >

W \

also on the biochemical characteristics of cytoplasmic

'and

membranes of various.strains of A. tumefaciens.60 .It has

~ ‘been shown that phosphatidylcholine, phosphatidylethanol-



10

-amine, phosphatidylmonomethylethanolamine, and
phosphatidylglycero1>are the major phospholipids present

in kTatumefaciens.° Although, the’total lipid"content’is

1ncreased due to development of reslstance towards agrocin
84, the proportlon of phosphollplds and neutral-l;pxds in
the total llpld fractlon remaxns.almostAthe eame either in
'thevnormal or in the re51stant stralns. 3150; agrocin
resistance brought about an increase in the'amount’ofl

unsaturated fatty ac1d content 1n A. tumefaciens'as-

obtalned by gas- 11qu1d chromatographlc analy51s. No

—-t

‘apprec1ab1e dlfferences were detected in the

phosphollplds, neutral lipids, and fatty aoid/eomponents
N

of the whole cell and: cytoplasmlc membrane or among the

cytoplasmlc membrane fragments of the three stralns'

studied viz. A. tumefaciens'l4 (agrocin sensitive);

A. tumefaciens 14 Rv(agrocim.resistant), and a plasmid
containihg resiStant strain,A. tumefac1ens .S 1005.
’ PR @ 4_

The plasmid responsxble for cod1ng&agroc1n 84 has

~ been genetlcally 1solated and characterlzed.61 -The

~add1t10n of a- genetlcally selectable ‘trait to thls p1a8m1d‘

and experlments which show that it is in itself a;

conjugatlve plasmid have. been carried out by Farrand

et al 52 They62 afso present a functlonal map of pAgk Q&i\

S et
:docatlng reglons in agroean&groductggn and conjugatiﬁe
transfer. ' ﬁﬁpm- . ‘ E TR .‘ i
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~ C. Agrocin-84

Agrocin 84 (1). an extraordlnarlly selectlve

“oe

antxbiotic produced by Agrobacterlum radlobacter K84 is an

adenlne nucleotlde ana10963 65-that 1nh1b1ts nuclelc

facidsz 53, 65 nd proteln synthe51553 ,65- and blocks the

attachment of virulent A. tumefac1ens cells to its host

cells 66 1t is consldered_bacterlostat;c66 and 1nh1b1ts

'gtowthl33'52 'Sensitivity of A. tumefaciens to agrocin is

conferred by genes on the T1 plasmld48 whlch also govern
‘v1ru1ence,49 67, 68 nopallne metabollsm,69 70 and host
specxflcxty 71 73 . The accepted purlne and sugar numbering

'system is 111ustrated in the structure of agroc1n 84 (1).

(1)
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nol

- a) . Isolatlon .

-J : In 1960 Stonler74 first observed that

certaln sﬁ?@lns of Agrobacterlum tumefaciens ‘

'voduced bacterloc1ns whlch had unusually low
eculaﬁﬁﬁelghts_and’were resistant to |
'proteolitic enzymes.b Kerr and Htay33
demonstrated that a slmllar bacter10c1n, known .
- as agroo1n 84 selectlvely 1nh1b1ted growth of‘

N

‘gmost pathgem.c st) ins ‘of A. tumefac1ens,

Qﬁthough the growth of most non-pathogenlc
,stra;ns»was unaffedted.
.hgrocinlé; is produced by culturing a rough‘
colony'Variant strain ot A; radlobacter var.

radlobacter in a defined liquid medlum.§3

K?ter

' prellmlnary work,s3 based»on a gel fllteration
’of;crude agrocin .84 and ahino aCid analysis of‘
:effluent peaks McCardell and Pootjes 3~
erroneously suggested agroc1n 84 to be a small
‘peptide with aomolecular welght of 2, 500
pontalnlng gix dlfferent amlnoracids, 1ncluding
nlng,molecules of glutamlne or glutamlc acxd and
,seven molecules of serine. Schell et al. 75 who"

"had earlier outllned a partial purification

‘procedure for agrocxn 84, 1nd1cated it to be an

Q
\ 9 .

acidic substance of low molecular weight.‘ Kerr



" b)

<et al. 63 have reported a 10 000-—fold

_purification of agrocin 84 by gradient elutlon

"t
techniques-involv;ng charcoal»adsorptlon and

anion exchange chromatograp_y on DEAE'

P

_sephadexf F1na1 purlficatlon was achleved by
;electrophote81s on glass flbre fllter paper.‘

uPootjes et a1.65 have-publlshed'a procedure fori

the rapzd purlfxcatlon of mxlllgram quant!tles

.‘of agroc1n 84 from the hlgh yleld straln

Agrobacter1um'radlobacter, K84, Thls;prqcedu:e,

“'pufe on a dry weight basis. Pl

:Structure of Agrocin 8463'§5 ' :i S

whlch employed charcoal adsorptlon, ion-exchahge

: and‘51ev1ng.chromatography, and contlnuous flow

eiectrophoresis_yie;ded agrocin 84° whlch was 65%

’

s . : —

. Agrocin 84 (1) has been partially

} charecterizedﬁas a disubstituted fraudulent

nucleotlde, with a 9- (3-deoxy-6—ﬁ-threo-

' pentofuranosyl)adenlne nucleoslde core (3) The

reported ‘structural evidence shows the presence

of a 5'-phosphoryl® liri‘kageftom the nucleoside

" core togﬂhe amide group nitrogen of D-threo-2, 3-

dihydroxy—4-methylpentanamide (7) and also a D-



gluoofuranosyloxydhosphory1 substituent at N6 of

cm-

"substituted adenine nucleosides,76!77-

u

'adenine.

The evxdence leading to the structure of

agrocxn 84 is as follows.

The . IR spectrum|of aqrocin 84 showed the

f‘presence of a P-0 stretch1ng frequency at 1225

“1 ana- the absence of . simple carbonyl and —
pyrophosphate groupxngs. o dw, LT ’

. : . u\(m : )
“The UV spectrum of agﬁdclh 84 (Fxg. 2) at

‘neutral pH had a max1mum absorbance at 264 nm, a
' shoulder at 273 nm and a m1n1mum~at 227 nm.

jUpon ac1d1f1catxon (pH 1. l) the absorbance peak

sh1fted to 268 nm. No spectral~changes occurred

'when samples were‘mede alkaline. These-

~_'properties are  characteristic of 6-N~-acylated 9-
-

Hydrolysis of agrocin 84 at pH 1.1 for 18rhours

‘resulted in a compound with altered UV.

absorbance churacteristics which were similar to
those of a’98substituted‘adenine derivative
(xg§x7 -0 . 259 nm, APH 1. 1 = 257 nm).’8 The

reported bathochromic shif 6-N-acylated 9-

substituted adenlne nucleoside derivatives at

.pH ~ 1 and the known thermolability and,acid

lability of phoSphoramidutes led.to'postulute



r

ABSORBANCE ( X 1073)

. . .
By N Y B
S oo
[y ~p 9
_ e
° 4
oo ?

;

oA

gl

N
o
1 ]

.._,
r—

O
-4

2200 260 . 3pp
© o WAVELENGTH (nm)

FIG, 2

UV SPECTRU' FOR AGROCIN 84
ot pH 1 (----) and a

ew




-16
. _the presence of a QfgfphoephoramidateAgroupingu

. -Furthermore, 6127kcyanoethylphosphorYI)-
Y : ' '

' adenosiﬁe63;and agrocin 84 had‘thelsame‘uv |
o 'spectralJihiracterzstlcs., xggxl = 264 nm,

f“-_x‘po 13 ='267.5 nm.

Mlld alkallne hydrolys1s (l M NH4OH ZS.C,H
'”24 h) of agrocxn 84 (l) produced nucleotlde (2)
contalnlng D-glucose wlth the characterlstlc '
absorpt1on'max1mum)(264 nm, ¢ 19 500) of an
'ade:1ne nucle051de 6-N-phosphoramldate (Scheme,,.
‘17, In’ add1t1on, the non—UV absorblng organic
phosphate monoesters from a postulated initial
ﬁ cyclic product y1elded 1norgan1c phosphate and -a

spec1es conta1n1ng~a v1c1nal glycol after

dephosphorylatlon w1th Escher1ch1a C011 alkallne

'phosphatase. Thxs glycol was shown to be D—_

-ﬂthreo 2 3-dihydroxy-4—methylpentanamlde (7) by "ap

L
.l .

e
. “‘b“.

the usual physzcal and spectral cr1ter1a.-

Periodate oxldatlon of agrocxn 84 ylelded

" one mole each of formaldehyde and

. P

' 1sobutyraldehyde, whereas similar treatment of t},

nucleotide (2) yielded only ‘one mole of

formaldehyde;_ As no glycol containing

'substituents'other”than élucoae-were”detectable d
PR “tfgggbclaotide 53),afterrurther‘h?drolyail Fd:

Bl IR ,
LN L aw



the nucleoside (3) and 1norgan1c phosphate, it‘_.
’followe that glucose was present as a glucofur-
anoeyioxyphosphoramldate and that nelther the
2-'-_\, nor the 3-, hydroxyl of D-threo-—2 3-d1- .
' | hydroxy-4-methy1pentanam1de (7) was esterlfled
-to phosphate in agroc1n 84._ The‘codﬂ!guraglon
of the anomerlc glucofuranosyl llnkage remains .
» uncertaln.’ Further alkallne hydroly81s of
- nucleotlde (2) y1elded the nucle031de 9-(3-
‘deoxy—a-D—threo-pentofuranosyl)adenlne (3) .and a
--postulated cycllc gluco—furanosyl phosphate.
The struoture of the 'fraudulent core nucleo-
side (;):wasideterminedsby %hromatographic and’
electrophoretlc comparxson w1th an authentlc ‘
sample synthesxzed by Goodman et al,79 “
‘ Brlef heatlng of an aqueous solutlon of
-agroc1n 84 (100 C, pH 74 15 ‘mins)’ ‘produced
nucleotldes (4) and (5), whioh~exhibited
- absorptxon maxima at 260 nm, plus a pogtulated
cyclic'glucofuranosyl phosphate. Nucleotlde (4)
formedha.borate complex,uunderpent per;odate
‘oXidatiohftp'yield~ohe}moleof'isobutyraIGEhyde
‘and was slodly'oieavedshy snake,venom
:kphoaphodiesterase to produce nucleoexde

0)9:“3 g, .

,phosphate mqnoester (@) ‘Nucleotide (4)

¥ NN .
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'irteversibly isomerized to the perg atelr_
insensitive, non~borate complexing'nucleot1de o
(S) by dxlute acid treatment. Nucleotide (5)

xy'was readily cleaved by snake _venom C e

.phosphodlesterase to produce (6) -and one mole of

~ amide (7).' F1mally, the nucle051de phosphate -
"monoester (6) was readxly cleaVed by a spec1fxc
snake venom 5'*nucleot1dase to nucleosxde (3).
The latter observatxon comb1ned w1th the
\J/N formatlon of 1sobutyraldehyde from nucleotlde
(4) and agroc1n 84 (1) suggested the presence of
b'v7}a second phosphoramldate l1nkage in agrOC1n .84,
'from the 5'-hydﬁ§@y1 of the nuc1e051de to the
amxde n1trogen atQ’ but the possxbxllty that
| ~the lxnkage to the(%mlde group by - way of the'
penollc form-to‘the oxYQen atom is not excluded
The calculated molecular ‘weight of 904 4 .-
for the anhydrous bls-trxethylammonxum salt |
s{C34H66N8016P2 was in accord w1th the predxcted63
dmaxxmum value of 1, 100 2 100. This was set by
an A} = 180 and an ¢ value of 19,860uatv264 nm

— and'neutral pnpfor the'pQSest.samples'obtained{
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'»ents were used in uptake studies of [3z§yj~

i

3

lStructure?activityrrelationehip"

-

RN

e

? AN
function study of agroc1n 84'1 Two ag ocin’ 84

nucleotide fragments (2 and 4) lacking either

‘the N6 (4) or 5°' —phosphoramidate (2) substitu-'

-

agroc1n 84.

urphy et al 80 have published a structure-.b‘

.. The remarkable bacterioc1n like spec1f1c1ty -

' of agroc1n 84 appears to be due to 1ts uptake

-

qulrement for the 6-N D-glucofur'

1nto strains containing a‘plasmid-coded peri-

plasmic protein. which recognizes and binds to

complementary‘sites-on the agroc1n>84_mole-_,

56

cule.®®. The study i-ndicated”the absolute re- -

phoramidate substituent agrocxn'84'for’tnis:

R4

spec1f1c uptake, wherea -the'S‘thosphoramidate«*

,grouping was of little-importance. The competi-

‘\ .

tive 1nh1b1tion of the uptake of agrocin 84 by

4structure (2) butlnot by structure (4) pointed

to the primary role of the N6 substituant in the
binding-recognition step of’agrocin 84 transport.

Structure (4) exhibited biolpgical activ1ty

against both K57A ard K57 strains. ‘The. preéumed .

uptake by, diffusion or a low affinity tranqurt

system would be independent of Ti plasmid

\\
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.

control. Since agrocin 84 was totally inact1ve :
against the K57 strain, it uas suggested that

either the‘NGfsubstituent impeded transpprt”1nto

nagrobacteria (unIess the specific Ti nlasmid-‘

coded agrocin 84 b1nd1ng protein was present) or

that ‘agrocin 84 entered ‘the non—patthenlc

strains.in a manner”s1m11ar to structure (4) and.

- the enzymes required for ‘further modification to-

;

a toxie metebolite Qere absent.

" The 1mporqant teature established by this
study was that the uptake of a molecule
conta1n11€ a 'fraudulent' nuc1e051de m01ety (3)
was not suff1c1ent for growth 1nh1b1t10n of the
bacteria. Thus, structure (2) was readily taken .
up by'the patndéenic strain-K57a, but this |

compound was shown to be.non—toxi?:.G4 On the

other hand,,the barely measurable uptake of TR,
' L. . o g £
structure 14) waSZsufficient to cause ma{*edg{
Ve
d
1nh1b1txon of growth 64 rhe presence of a 9"
¢ ', t“

, phosphoryi substltuted nucleoslde was therefore,

_(thicity may depend on a S'Jphopho;;&

.'therapeutlc aqents is well establishe

. necessary for toxxcxty. The loss of act1yﬁty by ’

conversion of structure (4) to (5) showed@shat

’

'”«;’ te bond._

The USe of frauduiént nucleosidg? as cﬁemo-
shea, 81783 pye
);)i N

.,71
"
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‘unfortunately fhése;82;83 as with other
chemotherapeutlc aqents;84 do not possess a hiqh-
deqree of. selectxvxty and 1nevitab1y result in
drugs with relatively low'marglnS'of Safety
tqwardsf‘on-ﬁarget cells. The behaviodf[bf

agrocin 8% as a cell-specific.frauduienb

°
[

nucleotide with separate substituents

éontrolling toxicity and'specificity'is

therefore an 1mportant natural gu1de11ne for

future chemotherapeutlc research.
: g

[



RESULTS AND DISCUSSION

A.  Syntheses. of 9-(3—deoxy-3-Q-threofpentofuranosyl)-

adenine (3) and 9-(2-deoXy-ﬁ-Q-threo-pentofgranosyl)-

adenine (17).

The firstYSyntﬁesis'of these seﬁcalled ’fraeduleht;
'inucieosrdes was carried out Sy Goedman and coworkers79“
.kScheﬁe,II). Condensation of_2,3,5—tr119;benzoyi—9—.v
xylofuranosyl bremide.(é)-with chloromeréuri-6-‘” 
benzamidopurine (B)eprovided é-behzamido-9~(2,3;5-tri{9:‘

) 85.

benzoyl-s-D-xylofuranosyl)purlne (10 Removal of the

benzoyl groups with® methanollc ammonla gave 9 (5-D-
_xylofuranosyl)aden;ne (11) ‘The - latter compound (ll) was
converted to 9- (3, 5-0 1sopropy11dene-B—D xylofuranosyl)-
.adenlne (12) whlch was treated w1th methanesulfonyl |
- chlorlde‘to glve'9—(3,ngjlsopropylldene-zfg;
'hethanesulfonYl-ﬁ-b—rylofuranosyl)adenine (13).
fDeacetonatlon was performed with 90% agueous acetlc acid
i'to prov1de 9 (2 O—methanesulfonyl—s—D-xylofuranOS)1‘ '
adenine (14). 86; Treatment of (14) with sodlum methoxlde
ffollowed by sodlum benzylmercaptlde gave a mlxture of 2'

hd o

benzylthlo (15) and 3'-benzylthio (16) nucledsides in a

—t . : . . a
: '

23..
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fratio'of_abdb gS:lf Separatlon of the two -isomers.

‘folloﬁed by deéulfurization with Raney¢n1ckellprov1ded 9-

:‘

deoxy-s-thhzggfpentofuranosyl)adeh1ne (17).

A synthe513 of 9-(2 deoxy ﬁ-thhrggfpentofurano— _
?syl)adenxne (17) was reported by Ikehara87 (Scheme III)
Condensatzon of 1,2,3, S-tetra-o-acetyl D-xylofuranose
.(1?) with 61§7benzoyladen;ne (18) prOvlded an anomerlc?l
-mdxture of 6-benzamido-9-(2%3;$etri{97acetvl~2- :
xylofuranosyl)purlnes (20). wfthout eeparation,»thls
mlxture was treated w1th sodlum methoxlde in methanol to
remove the protectlng groups.” The 9-5-D-xylofuranosyl-- - .
adenlne (11) thereby obtalned was halogenated at posztlon .
8- wlth bromlne —water - in an acetate buffer to give
crystalllne 8-bromo—‘-s-D-xylofuranosyladenlne (22) in
:62,5% yleld. In order to 1ntroduce a good leav1ng group.
1at‘the 2' -OH, compound (22) was converted to its 3',5'-0-
lsopropylxdene derlvatlve (23) and tosylated to give 8-
’bromo-9 (2-0 tosyl -3,5-0~ 1sopropy11dene B-D—xylofurano-
syl)adenxne (;?) Ireatment of (24) w1th a 40% agueous
solutlon of sodlum hydrogensulflde in DMF gave the .
crystalllne c§clonucleoslde compound (25) Desulfurlzation
.of (25) wzgﬁkﬂaney nlckel followed by acld catalyzed |
'deprotectxon prov1ded the. deslred 9-(2~ deoxy—a—nghgggf

ipentofuranos?l)adenxne (17)

f

2 0
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Another synthesxs of the two 'fraudulent’ nucleosides

(3)° nd (17) was reported by Mengel and wledner88 (Scheme
 _iV)._ Oxirane rlng opgnlng of 9-(2 3-anhydro-a-D-
rlbofuranosyl)adenlne (27)89 w1th boron - trLfluorlde'

} etherate and llthium bromide gave a mlxture of 3'- and 2'

‘bromo nucleosides (28)-and (29}.- These bromohydrlns were

hydrbgenolyzed with’tributyltin hydridéAtongive'9-(3-'
deoxy-ﬁ—D-threo-pentofuranosyl)adenlne (3) ‘and 9-(2- deoxy-

ﬁ-D-threo-pentofuranosyl)adenlne (17).
SCHEME -1V
, _ LiBr }
;_H?c": ' A BF3'QEtZ HOCH,
-CH3§NW

@n. . B

e an

Hansske and Robinsgo‘have reported the synthesis of
“9 (Z-deoxy-ﬁ—D-threo-pentofuranosyl)adenlne (17) via a‘
high yleld stereoselectlve deoxygenatlve f&ﬁyrangement of

2! -O—tosyladenosxne (30) (Scheme V)

sh;ft»rearraﬂ@ement procegded smoothlyvat amblent.'»

oA

27
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]
tempetature by u31ng excess 11th1um trlethylboro ydrxde‘-

(LTBH) in THF or DMSO/THF solutlons. The generality of"

‘.J

‘thls rearrangement ‘'was found to 1nc1ude the isomeric 3 -O- .
'tosyladen031ne (31)91 which under 1dentical condltlons'

'gave 9=-(3- deoxy-s-D threo-pentofuranosyl)adenlne (3).

\

SCHEME "V

LﬁEt3§H )

DMSO/THE

LiEt3BH

DMSO/THF .

(31) SRR | " - (3

. _ _ o
Our approach to the synthesis of the "core

: nuc1e051de" of agroc1n 84 (1) 1s outlined in Scheme VI.

Thus 9= (B—D-arablnofuranosyl)adenlne (32) was converted to

9-(2, 3- anhydro—ﬁ-D lyxofuranosyl)adenlne (27)86 89,922 94

*

'by reaction with the ‘triphenylphosphine (TPP)-dlethyl &zo- )

dicarboxylate (DEAD) system.95 This reaction was reported

» by Mengel and Bartke93 to proceed to oompletion 1n dioxane

~at 70°C for 50 mlnutes.and glve the 1yxo—epoxide.(27y in

&

90% yield.: However, in our hands only a 56% yleld of

(27) was obtained employlng dloxane as solvent. ' Similar o'

\ L.
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'iesu;gs were.oﬁeerved with ecetodit:dle as solvent.
-Guch}iegé reaeoﬁed thet_since-epoxidation takee place Ey Qe
nucleophillic‘disolecement,vitcmight.be.faciliteted by a
polar aprotlc solvent such as DMF. ﬁe emﬁioyed this 

system in. eyntuf51zlng methyl 3, 4—anhydro-B-D- o R
: .tagatofuran051de from- methyl B‘D fructofuranosxdes We |
_'also found TPP/DEAD in DMF to be the system of choice and
(27) could %e obta\ged 1n repeataﬁle good yields of 77 80% ‘
w1th no detectable 81de prodUcts.* A .convenient aspect of o
thls TPP/DFAD reactlon is that the 5'-OH" group does not

" need protectlo; durlng epox1datlon._ The epoxlde (27) 1s

| presumably‘fd’%ed spec1f1cally v1a the 3'—oxyphosphon1um
1ntermediate (34) dn the less hindered %fface, after

~initial reactlon between TPP anﬁ DEAD to form the betalne,
(33)97 -99 (Scheme vII). o |

/S

The red ctlom of the epoxy-nucle051de (27) was

effected t 'refluxlng it w1th excess sodium borohydrlde.;
in 98% ethyl alcohol. The reductlon proceeded 1nn:" .
excellent yxeld with hlgh regloselect1v1ty. ‘The |
‘predomanant product (84% yleld) Jé; the desired "core
nucleoézde" 9- (B—deoxy-g-nghsggypentofuranosyl)adenlne‘
(3) The other regxoxsomer, 9- (2 deoxy s-D_EHEEQf‘-'
pentofuranosyl)adenine (17), was obtalned in 11% y161d.>
We also in{e&tigated thevreductxon of epoxy-
nucleoside (27))w1th sodlum borohydrxde in t-butyl

O



 SCHEME 'VvI

PhP/DEAD HOCH,

——

" DMF -

NaBﬁ4
MeOH . -

' t-BuOk

 SCHEME V11

~ PhpP | -
-, L e .
| , > — Ph,P"f’COzft o
Et0,C—N=N—CO,Et - ©N-CO,Et
| R - (33)
HOCH, o Y

]

Et0,C—N-N-CO,Et -
H H S

| }‘ . ~Ph,gv) to£t | -
Ph,P-';I-CG,El 33y e
- -®N-CO;Et R

~ Ph,Pi0



';lcohol-methyl alcohol whlch was reported to glve’
excellent functlonal select1v1ty.1°° Thls procedure also,
fgave-the desired- "core nucleoside"vg3) as the predomlnent
1regioiso;;§i\;§2yever)'some etartihg material remeined
.unreacted,,so the NaBH4/98% ‘EtOH system: was utlllzed. Ihe
separation of the reglolsomers (3) and (17) wé% |
’ _convenlently effected by 1on-exohange chromatography on
\\ﬂowex 1x2 (OH”) resin, as descrlbed by Dekker.;or
- In, another approach (Scheme VIII) to the de51red
"Core nucleosxde (3), qgenos;ne.(35) was;treated with
'sodi‘h hfdride and 2 4, G—friisopropylbenzenesdlfonyl
Achioride.r This gaye a mixture of 2'- and 3 -O-TPS}Q' )
‘adenoslnes (36) 1ﬁ 80% yleld. Separatlon of thls ”
reglolsomerlc mlxture (36) was not attempted.p Our [l 2]-
hydrlde Shlft rearrangementgo:w1th (36) USlng LTBH 1n
_DMSO/THF solutlon gave 9b(3-deoxy—g»g-threoﬁpentofurano-h
g?i)adenihe (3) and 9;(2-deoxy-Bfgfshggg-pentofuranosjl):'

adenine (17) in 55%¢yield in a ratio of 1:2. The

s @ ’

desulfonyloxylation ofhz':Q;TPS—adenosine to (17) probabiy-‘

¥ . . . ', :
occurs via a "concerted" sequence (as in'-37)90 with
hydride transfer from a‘second'borOhydride'species.

d Desulfonyloxylatlons of some seconﬁary E;toluenesulfonates

of glycosldes by LTBH leadlng to 2- and 3-deoxy sugars
a.102"

‘

have been reporte

»-In\dnother approach (Scheme.IX) to the “core nucleo-,

e
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1
rsich 9—(5-B-Qfabincfuranccyl)adcﬁinc (32? Qcc,sUbﬁccted to '
-silyation with t4butyldimc£ﬁ§13iiylkChloriaé/AgN03/
p‘gxdine to give a mlxture of 2', 5'-di-o- and 3, 5'-d1-0-c
sxrylated atablnosyladenlnes (38) in a ratio of 10:3 (as
determlned by NMR) . Thls is in contrast to the 92:3°

regloselect1v1;y‘reported by Ogilvie 33“3;;;03 Separétidn

. of this mixtufe was not attempted since the two

regloisomers had extremely close Rf values (5111ca_ge1, 5%

MeOH/CHC13).i It was sub)ected to a deoxygenatlon

w3 :
procedure developed ear11er in our laboratories. 104 105

" Thus ;eactlon of (39) w1thdpheny1 chlorothlonocarbonate in

”;Sne.prégence,of'4-dimethyiamincpyridine‘(DMAP)'inv

o

acetonitrile proceeded in good yield to give the 2',5'-di-

gf(t-butyldimethylsilyl7;3'-O-phenoxythiocarbonyl- and

Lo

3' .-d1-0 (t-butyld1methy1511yl) 2'—0—phenoxyth10- 4 :fo?
carbonylarablnosyladenlnes (39) Excess DMAP was requlred
for this reaction as it was fo:nd in 1n1t1al experlments |
that some (38) remaxned unfeacted (presumably due to the
"hindered arablno 2'-0H). TReductive cleavage‘of (39) ’ v i
occcrred readiiy witﬁ tri—n-butylstanhcne'in toluene at i *
75'C’with a.a'-azoblslsobutyronltrlle as 1n1t1ator. |
Deprotection of the s11y1 ethers was effected by tetra~n~'
butylammonium fluorxde at - room temperature.c

‘Ch:omatog:aphicJseparatlon pn'Dowex‘IXZ-(OH,)_resin gaﬁe"

.2'-dcquadeno§iné-(41)_and the desired 9-(3—deoxy59cb¥



. THF

- SCHEME  IX

“R-C1

A§N03]Pyr1dine

- PhO-C-CY .

DMAP
cn3c§

‘Bu4NFv”

THF

~R= TBDMS-
1B
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threoépeqyofuranosyl)adenine.(3) in a ratio'of 1:57andvan

overall yleld of 37% from arablnosyladenlne (32)

| Of the varlous methods descrlbed for the synthesxs of.

9- (3 deoxy—g-D-threo—pentofuranosyl)adenlne (3), the “core
;‘nucle051de" of agroc1n B4 (l), the one descrlbed in Scheme

VI is best when one con51ders E/e comblned features of

selectivity, safety, yleld, and time. Methods descrlbed

88

lby Goodman,7? Ikehara,sT Mengel, and the one in Scheme

IX are multlstage processes leadlng eventually to low

;overaLl ylelds; Although the rearrangement of 3'-0-
b
‘tosyladen051ne (31) proceeds in 82% yleld90 it requires'

-

preparatlon-of the . rather dlfflcultly acce551b e 3'—0-»
tosyladen051ne startlng,materlal and involves the use of
lithium triethylborohfdride. Caution is:required during

, work-up of this reactlon (and also that- 1n Scheme VIII)

-

lgycontrast, Scheme VI employes cheap common reagents and L

 easy work-up-prOcedures.> Its-only drawback is the use of

9;(6—9-arabinofurano$yl)adenine (32) as starting s
- « ¢ . . o

material.
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»

B. Synthesxs of 2,3, 5 6-tetra-0-benzylrb-glucofuranose

(47) '

‘ . o e ) =
> ' : - N M -
The structural evxdence for ~agrocin 84 (1) suggests .

.

L ‘the presence of a D-g1ucofuranosyloxyphosphotyl

substltuent at N6 of adenlne ,63-65 Hence, we dec1ded to
synthe51ze the t1t1e compound as the most favorable

nprecursor.for.thls¢phosphoram1date 11nkage.

Potassium Nydroxide in coannatlon wlth benzyl

¥
chlor1fe is’ used frequently\for the benzylation %f

carbo‘ydrates10 with 107-109 or ‘without116+111- sow\gnts
08

&

such as--di‘oxane.1 or toluene.l09 However, thls

| e

”‘method of benzylatlon-has proved to be xmpractlcal in somev

) 1nstances 111 112 'The use of benzyl bromlde and potassxum‘
hydrox1de 1n DMSO cons1derably enhances the - rate of
benzylatlon, y1e1ds are san1f1cant1y inproved, and
benzylat1on of unreact1ve ang hindered hydroxyl Qroups Q

tmade p0551b1e 113 This procedure 1s advantageous relatlve.
to other nethods used in carbohydrate chem1stry s1nce-1t
1sdfast, takes place under mild cond1t1ons, uses o v, ‘9
econpm1ca1 and stable commerc1ally available reagents, and

| g1ves re5u1t1ng products 1n hxgh yields. An. addxtional
advantage is Jsgthat no special precautxons are necessary

& '

‘against momture,}14 V?ther_gfbenzylatxon methods‘used inyv



9

e

.»oarbohydrate‘cheniStry-require careiolly_dried
solvents115 116 and/or-light,seneitive reageﬁts.;l7 long

. S
B 1 2:5; 6 D1-0—1sopropy11dene-a—D-glucofuranose (42)

was. converted quantztatlvely to 1 2-0 1sopropy11denea —D-i

,glucofuranose (43) by the publxshed

X). Thls compound (43) was co verred to 3, 5 6-tr1-04

. «‘
'rocedure118 (Scheme

enzyl -1, 2-Ovlsopropy11dene- -D—glucofuranose (44)108 by

ﬂ

benzyl bromlde and pota551um hydrox1de 1n DMSO.' Huber and

R055110'8 have repor::d\ths\Freparatlon of (44) frOm (43)

’us1ng benzyl bromlde and potassxum hydrox1de 1n dloxane.
»dthaﬁbe of solvent from dloXane to ‘DMSO greatly enhanced

_the rate of benzylatlon and the reactidn proceeded
,smOothly at room temperature. Compound (444%%as converted
‘quantltatlvely to methyl 3 5, 6—tr1-0ﬂban£;1;a,5—0-
glucoﬁuranose (45)108 by hydrogen CZléflde 1n methanol. ;

The essentlally equlmorar mlxture (45). of 'a (48) ‘and B
' ?’

(49) anomers was: separated easxly%by COlumn chromatography‘
ol s

on 3111ca gel. These two anom%ré‘were subjected

) ’ . . .c,/);, L

vgeparately to the above o red benzylatlon condltlons to

w g;ve”methyl 2 3, 5 6-tetri-0—benzy1-u-D glucofuran051de
(50) and methyl 2, 3 5. G-tetra—odbenzyl ﬁ-D—glucofuran051de
(51),-respect1ve1y, 1n v1rtua11y quantltatlve y1e1ds.'

bompounds (50) and (Sll were dlstlngulshed by 1H NMR. The

.”3‘7,5

peak for H-1 ofvt51)‘appeared at & 4 9 and that of (50) at :

\_,
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-'vicinaikhepzyl group.' Jl 2 for the @ anomer is 4 Hz

3 5 5.023';Ig rhe-former'(si);-ﬂ-l is shielded“by the cis

whereas there is no- Jl -2 coupling observed for the g ’
anome# Compounds (50) and (51) have 1dent1ca1 Rf values
(0 67) on” sxlxca gel TLC in CHC13/acetone (95/5), whereas
compound (48) has R¢ 0. S and (49) has Rg¢. 0.3 thh the same’.
solvent system._ | B . '_j J‘f, .TA,,_

ﬂe;hyl 3,5,6- tr1-0 benzyl-a.B D—glucofuranoszde (45)

: was benzylated to glve methyl 2 3, 5 6= tetra-o-benzyl—a,e-'

o

- D-glucofuranos;de (46). Glycosyl hydrolys1s was effected

: w1th 60% aqueous acetic ac1d in DMSO to yxeld 2,3, 5,6~

et
tetra-o benzyl D-glucofuranose (47) w1th an as B ratlo of
ethyl methyl 3 5 6- trx-o benzyl a D—glucofuran051de to
2- O-methyl -3,5,6- trl-o-benzyl-a,s-D-glucofuranose. |

However, we found_that (46) is 1nsolub1e in 60% agueous

acetic acid and had to use DMSO as the co-solvent to .

o gbtaxn a homogeneous solut1on.

‘f The a and B anomers’ of 2, 3 5,6~ tetra-o-benzyl D-

L glucofuranose (47) were dxstingu1shed by 1H‘NMR. The’peak

for H~1 of the a-anomer appears at 6 5 35 whereas the

chemxcals shift for H-l of the a-anomer is 6 5 13, Also,l

the chemical shift for the hydroxyl proton of the a-anomer
is & 6.25 whereas that for the B-anomer is 6 6. 50

o
(downfield relative to the a-anomer whose hydroxyl proton

is shielded by the cis v1cina1 benzyl group).~

2;3; Ross11°8 had used 60% aqueous acetlc acxd to convert
e

3§
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C.. Synthe51s of DL-threo-2 3-dlﬂ§droxy 4-methy1-

&

.'pentanamlde (77)

o

e - v _ , _
_;Structural ev1dence for agroc1n B4 (1) indicates the.
presence of a D-threo-Z 3- dlhydroxy 4-methy1pentanam1de'
A7) unlt‘whlchlls I;nked_to the S‘—hydroxyl group of the
"nucledSide'inrough‘a'phosphoramidate linkage 63;65' fhis
compound (7) has been obta1ned64 from racemlc threo-2 3-
dlhydroxy 4-methy1pentan01c ac1d 1;9 This 1n turn was
obtained 1n very poor: yleld from the q,g-unsaturated
-1sohexen01c acid by permanganate oxldatlon.v The racemic
ac1d %?s resolved as 1ts qulnlne salt and the .
dextrorotatory ac1d ([a]D = *1§n610 2) was converted v1aﬂ
1ts methyl ester to. the reqd@%%d levorotatory amlde
([a]D=~-5% 9:0.6)." |
Our approach to the synthe51s of the title compound
(7' ) (Schemg€XI) began with conversion of dlethyl malonate

)120

(52) into the monopota551um salt (53 which was

converted t; é%e free acid (54)12O by hydrochlorlc acld._
Kneevenagel condensatlon121 123 of (54) wlth .
[1sobutyraldehyd%5(55) gave ethyl (E) 4-methy1pent -2~
enoate (56)124 126 in 67% yleld. Thls condensatlon.
_>Feactionpwas ran in pyridine solution (the Doebner

'modification) with piperidine as the,catalyst.'

40
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QDecarboxylation occurred in the reactlon mlxture as’

t’
expected to give the a,s—unsaturated ester (56) d1rectly.

The t-butyl hydroperoxlde (TBHP)-based =
:osmxum-catalyzed procedure for vrc1nal dxhydroxylatlon of
olef1n9127 128 was used to convert the (E)-ester (56) to
ethyl DL—threo-Z 3-d1hydroxy 4-methy1pentaneate (57) |
" This is more relxable than earller chlorate (Hoffmannlzg).
dand hydrogen peroxlde (Mllasl30) based osm1Um catalyzed
\procedures.' Accordlng to Sharpless the key factor in the 13
5'new method appears to be the presence of a nucleophlle
(elther Et4N 05127 or Et4N+OAc128), whlch 11ke1y 1ncreases
thevturnover rate of the catalytlc‘cycle by fac111tat;ng-kv
rehoval of the glycolvproduct from'théfcoordioation sphere

, of osmium. | |

i The dlhydroxy ester (57) was converted to DLﬁEhEEQ%
'2p3—d1hydroxyf4-me§hy}pentanamide (7 ) by-methanollc

| ammonia.id'72$‘yield.
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(54)
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(58) - (59) R= Ac

. - (o) e

!(61)

The synthe51s of compggkd (58) has been’ reported by’

\

_Charubala and Pfle1derer.131 Thls'compound was named bj
R ',-FI
them as 2',3',5'-tr1-0—acety1-N6-d1pheny1phosphory1—

In
i

adenosxne.
‘The same compound has ‘been named by Chemxcal

‘Abstracts as phosphoramxdxc acxd. N-{9-(2,3, 5 -tri-o-

,acetyl a D-rlbofuranosyl) 9H- pur1n-6-y1] d1pheny1 ester,

" Sxmllarly Charubala and Pflexderer have deszgnated ;

ﬂcompound (59) as 2',3',5!' -tr1—O-acety1-N5-cyanoethyl-;‘ 

phenyl-phosphoryladenos1ne and its deacetylated deravatxve.

5(60) as N6-cyanoethyl-phenylphosphoryl—adenosine.



4

'Abﬁtracts as phosphoramldlc acxd, N- [9-(2 3, S-tri-o-}

"phlnyll-

; Compounds (59) and (60) ha&i been named by Chemlcal

tacetyl-s-D-rlbofurangkyl)-9H-pur1n-6-yl]-2-cyanoethy1 ’

'phenyl ester and Aden031ne, N—[(2-cyanoethoxy)phenoxyphos-'

It can be seen that compounds (59) and (60) are

structurally 1dent1ca1, w1th (59) being the trlacetyl

%rderlvatlve of (60) “However, Chemlcalgabstracts has named

"”(60) 2-Cyanoethy1 phenyl N-[9- (a—D— 1bofuranosy1) -9H-

the former as a phosphoramidic acid and.the iatter as .a

_Substituted adenoSine; Exten51ons of these types of-

de51gnatlons by Chemlcal Abstracts to structures

contalnlng a rlcher var;ety.of substltuents wxll lead” to

. greater confusion.

‘ We therefore suggest two types of‘noménclature for
these types of compounds. Compounds 58-61 will be used as

representative examples.

S
‘l .

_"Preferred" systematic Nomenclature

-

(58) Dlphenyl N- ‘[ 9- (2 3,5- trl-o-acetyl—g D-rlbofuranosyl)-

9H—pur1n- -yl]phosphoramldate.:”

. (59). 2- Cyanoethyl phenyl N- -[9- (2 3 S—trl-O-acetyl-ﬁ-D"

'rlbofunanosyl) 9H—pur1n-6—y1]phosphoram;date..‘

gy

purln—ﬁﬁylJphosphonamldate.
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-(61) Phenyl N-[9-(3-D-tibofuranosy3) 9H-pur1n-6-'*

in

yl]phosphoramadic acia. . SRR

0
toe

 Systematic Derivative Nomenclature -, "‘..'j ';e'i -

(58) 2' 3',5 -Tr1-0 acetyl 6-N (dlphenoxyphosphlnyl)-
O ' .
adenoszne. v |
(59) 2 3',5 -Tr1-0-acety1 6-N [(2 cyanoethoxy)phenoxy-
. phosphxnyl]adenosxne . . ‘ v
,7(60) 6-N-[(2-Cyanoethoxy)phenoxyphosphlnyl]aden051ne.'
(61) 6- N-(Hydroxyphenoxyphosphlnyl)adenosxne.'

IREREE

We: also suggest the followlng 1nforma1 nomenclature B

ior these type of compounds whlch w111 be used in thls

- dissertaticn.

(58) 2.}5’,5 '=Tri-o- aceeyl 6-N (dlphenylphosphoryl)-

adeno:xn&

{59) 2'13"l'-Tr1-0-acety1 G-N [(2-cyanoethy1féhenylphos-vv“

phory‘]adenosxne. ff A ' " L .

-(60) Gqﬁ_[(2-Cyanoethy1)phenylphosphoryl]aden051ne.

e

(el) 6-N- (Phenylphosphoryl)adenosxne o L_g*

<

A s



5.1

.'phosphorylatlng agents. Bis~- 2-chlorophenyl :-

b b ‘ o . _ i | @ "

yﬂ!ﬁtheses of'§1§:(phosph0ryl)adenosine'derivatives’

| Slnce phosphomono- and dlesters are ionx;ed acidlc

B specxes at phy51ologlca1 pH they do not normally penetrate

cell wallsl32 end therefore have 11tt1e or no effect on

¢1ntracellu1ar blologxcal systems. Moreover,.such

]compounds are sﬁbject to’ degradatlon by . extracellular

' hydrolytlc enzymes that convert them. to nuc1e081des. The
‘transport barrler of the cell wall mlght be overcome by

fthe use of certaln electroneutral phosphotrlesters. They

also mlght be stable to varlous hydrolytlc enzymes.

Pflelderer131 h@s synthesxzed several trlsubstltuted

N ‘7

v‘phosphoesters Of aden031ne angaé -deoxyaden051ne w1th the

(.\3.

’phosphoester function locﬂﬁedm%t posltlons 3',5' and N6.

D1phenyl phosphoroculoridate reacted smooﬁﬁiy'w1th 3‘ 5'-

\?’7 B

di- J-acetyl 2'-deoxyadenosxne (62) tqbﬁxve compound (63)

@ \ { I‘
& i 'i'» 3
wh1ch was zgpcetylated by aqueous ammonla in dloxane to.

, glve (64) ‘Analogous reactfons w1th 2 3"5'-tr1—0-

acetyladenosxne (65) also proceeded smoothly. To

(methyl)adenos1ne (67)

The N6 phosphorylat1on reaction was extended to other"fl

7
T

* 2 )

a»’t

':-454
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phosphorochloridate reacted with (65) and (67) to glve the

B diesters 570) and (72) Deacetylatlon afforded the 6-N-

[y
'(phosphoryl)adenosxne derlvatxves (71) and (73) The

?ksynthesis of N6 phosphoramxdate d1esters w1th two o

- di fferent ester functions was also accompllshed by

'7Charubala and Pflelderer131 by reaction of 2' 3, 5'-tr1-0—
f'acetyladenos1ne (65) w1th phenyl- and 2-chloropheny1 ‘

'phosphorodichlorldate, respectlvely,‘andlsubsequent
X M .Q-, : 7

'jitreatment of the?”'sultlng 1ntermed1ate WIth 2— N .-

'cyanoethanol.- For.

vinitialhreaction was car, [ out 1n the presence of l 2 4—

triazole.' Treatment of compounds (59),‘(70), (72) and
,(74) thh aqueoiﬁﬁqgmonla in dloxane removed the acetyl

: groups but left?ghegﬁhosghoramloate dlester 1ntact.

-

Charubalawﬁﬁd fgéfxdefert31 noted that the ac1d1ty of'
'the phosphoramlﬁag groupv(pka ~7) gould oppose the
nbrmally fac1lé’bése-promoted B-elxm;natlon of the 2-
_cyano:thyl group.p if the deacetylatlon was extended for

@ .
e J

'ilonger tlmes, traces of aden031ne and other side products :

' @'( mr_q
.'.'_ c‘: ‘é‘

, T _
Agrocin 84 {1) contalns a (D-glucofuranoeyloxy)-'

57were detected

_phosphoryl aubstxtuent whlch 1e€attpched to thé
'vposition of the modlfied core nucleocﬂde“ (3) 63 65

11Mode1 studies on joxnlng the phosphorus and nucleosxde

L ) we, o
R "‘,

, e,



 65) 0Ac

~67) OAc
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~units to give &-N-phosphoramidate compounds ‘were

_ ohdertaken: ‘We have expiofed twojbasic appfoaChes which

: lead to these types of compound5° ) - ﬁ‘>‘> - <f‘ s
.;1) B Phenyl phosphorodlchlorldate approach and : '

2) . Phosphlte-a21de coupllng approach.

A‘.

1'1) ‘Pﬁeﬁ?lﬁpﬁosphorooicﬁlofidate-approach:»' ;;
B Zielihski‘and Leshikowskii33 have reported‘that‘
phenyl phosphorodlchloridate (76) reacts w1th anlllnevto
: nge phenyl N-phenylphosphoramldochlorldate (77) (\Ehls

compound reacted rapldly w1th alcohols in . pyrldlne at‘A‘

h to glve the O-alkyl—o-phenyl N-phenylphosphoramldates
(78) '

- Ok 0 g
o , E Benzene :
8 - Soun
e e ,:. S | .
ROH L .
- ‘Pyridine
IR 78
'wé chose 2', 3{ 5! -trl-o—acetyladen051ne (65)154 -136 -

- as the model nuc1e051de for phosphorylation at the N6 pﬁ
p051t10n WIth phenyl phosphorodlchlorxdate.b Treatmenﬁ of

(65) with phenyl phosohorodlchlorldate in" refluxlng

1“ .
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& -
s

'benzene afforded 1ntermed1ate (79) (not lsolated). ‘which o]
was treated thh phenol to yleld 2',3' 5'-trx-0-acetyl -6-
N- (dlphenylphosphoryl)aden051ne (58) in 64% yleld (Scheme'
XIII) Compound (58) h§§ been prepared by-Charubalavand, i
Pflelderer13l hy reactlon of 2';3' 5'-tr1-0-acetyl- "
aden951ne (65) w1th d1pheny1 phosphorochlorldate in dry
xxldlne., : | ' _ ” _
- Compound (58) was obtalned in 60% yleld by treatment‘ €65
. of (65) w1th 1.43 equlvalents of dlphenyl phosphoro-

| chloridate~1n.ref1ux1ng benzene for 24 hodrs.i The'yleld'

' of.this.reaction'uas increased to 94% by inclusion.ofz4l
molecular sieves.i The latterhreactl;n, however, reguiredl'
48 Hours of reflux w1th 8.5 equ1va1ents of the ‘ -
.'phosphorylatlng agent. In the former case, further . A

*reactlon was not observed w1th excess dlphenyl

wa 2N

suggests that formatlon of an ac;d saltsor complex w1th

FRY TN

A the adenlne base blocked further phosphorylatlonyat N6. -
J The a5 molecular sieves are knoun to be effectiVe

acceptors of hydrogen chlorlde and bromlde 137
~ ’ . e
Treatment of 2', 3 5'-tr1-0 acetyladenoslne (65) with
S ® :
- phenyl phdsphorodichlorldateito glve intermedxate (79)

-

' follbwed by addlﬁlon of benzyl alcohol gave less than 40%
ylelds of 2',3', 5'-tr1-0—acetyl 6—N [(benzyl)phenylphos- -
PhorYl]aden081ne (80a). We found that addltion of siIVer Q;///’

. . - : } N
® . Ll = .



carbonate touthe reaction mixture before_addition of the.

. alcohol_enhanced.the yield to 63%. The'generality‘of this

"cphancement.uas.extended Qith‘otherfalcohols andjthe'
2f,3};5‘?tri{gyacetyl—Gﬁgy(phosphoryl)gdenosine,-
nucleosldes‘were.obtainedvin yieldslranqi;g from 5?%‘(59)

- to 76t (BOc); Compound (59) was” 1dent1ca1 in its uv

dspectral behav1our and ‘other reported character1st1¢s to

402 3! ,5'-tr1-0-acety1 6 N-[(2 cyanoethyl)phenyl-’ |

“nphosphoryl]adenos1ne 131 |
Another observatxon made. dur1ng thls ser1es of
react1ons w&t that Merck 7734 (106 200 mesh) 5111ca gel as.
recelved waapunsu1table for chrOmatograph1c pur1f1cat10n

of these compounds. The y1e1ds of compounds (58) and

(80a) were cons1derab1y lower when chromatography was

' carrled out on th1s adsorbant.' Thls'wasvfound to result ‘

"from ac1d 1ab111ty of the N-P b0nd of the phosphoram1date
group. Neutra11zat1on of - thls S111ca gel was effected by
treatment thh anhydrous l 2= dxmethoxyethane saturated

w1th ammon1a at. 0°C.

g., !% ~ All of the 2',3' S"-tri-o—acetYI—G-N-(phosphoryl)—\

adenosine nucleos1des .were deacetylated usxng queous

1

ammonxa in dxoxane131 to glve the correspondxng 6-N-.

o

(phosphoryl)aden051ne nucleosxdes (81a—d) (Scheme XIIIL in
} £

essentially quantltatxve yields."All the compounds were B

recrystallized from chloroform by dlffu51on of diethyl

‘f ' -
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‘ether. The tri-o-acetyl--and deprotected 6-N—

(phosphoryl)adenosines were characterlzed by 1y NMR and uv

_spectroscopy. fast atom '”"' t mass spectrometry

o

(FABMS), and elemental dﬁektvéﬁ

gThe yleld enhancements w1th addltlon of 511ver
 carbonate for obtalnlng compounds (80a-d) mlght be
ratlonallzed as shown 1n Scheme XV Phenol (pka = 10.0)

is conslderably more‘ac1d1c than the a;cohols and reacts
with k7§)‘without additionbof a base. Reaction’of the-
alcohols with (79) may proceed via a push—pull process as
deplcted 1n Scheme XV. | |

Hydrogenatlon of compounds (80a) .and (Bla) Wlth 10%

'h palladlum/charcbal 1Q§95% etpyl q@nohoL,gave 2',3', 5'-trx-

'O-acetyl 6-N (phenylphosphoryifadenosfne and 6-N-

(phenylphOSphoryl)aden051ne (61) The UV spectral

- behaviou: of thes latter compounds is very similar to
that of agroqin'84.v'A disccssion of the UV spectral |

'.heheviour of all the GhNé(phosphoryl)nucleoeides is |

- .

,‘presented in the . follow1ng sectﬁon (F) of this’

[N

dlssertatlon. . o
r - : '_i : .' . : S |

53
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s w1 A

10% Pd-C

) R=Ac (86).R=AC

(8C | | I
(81 o) R=H ’fslfR‘**,g_ﬂ et

A coupllng of 2 3,4, 6—tetra-0-acety1—D-.
glucopyranose138 (compound e, Scheme XIII) to glve’;'
compound (80e) appeared to proceed once an about 7% yleld 5’
as 1nd1cated by UV spectra and FABMS bﬁt the quantlty Fﬂ

.obtalned was 1nsuff1c1ent for other analyses. Several
attempts to repeat thls coupllng under 51m11ar condltlons
falled. Use of 2, 3 5, 6-tetra-O‘benzyl-D—glucofuranose
(47) as the alcohol moxety under sxm;lar condltlons falled

to give the expected product. Inetead. the sugar = -+

decomposed ‘to give black_tarry material4

2.’- Phosph1te-Az1de -Couplin§7ﬂpproachlw

*

5‘-Azido-S'-deoxynuclébsldes have been reported to |
react with trialkyl and trlaryl phosphitesl39 140 to glveﬂ

(&

‘the dlesters of 5'-amino-5'-deoxynué%eoside phosphor-yq>>r

<



am;dates.; Ollgoazanuclﬁggldgs have been obtained in.-s

~

moderate ylelds by conden31ng 5‘-az1do 5° -deoxythymxdxne

(88) thh thymxdlne dxethyl 3'-phosph1te (87) 141

,Ellmlnatlon of bo;hvnucleosxde.and-ethyl groupg from the

BN interﬁediateCphéséboimine'waﬁ‘observed.

o
boat

4

PR S g

‘;.,3

k_l

W =

- o
- ‘

/' pyridine.

: ) . ._j R.T . !
E1O-P-OEt .-

Lgn o (eey

[ A

o<

o

We dec1ded to apply thls phosphlte-azlde coupllng
e

) apprqach to the synthe515 of 6-N-phosphory1 nuc1e051des.

-6-A21do-.-a—D-rlbofuraﬁosylpurlne (90)142 143 was .i

converted to its tr;-o-acetyl derzvatlve (9lJé§n vzrtualdy

Y w - . e

quantltatlve yleld -“jﬁ’__ ' . /QA_ '.”;,‘“ 1“' 

o W8
a

-,w1,We 1nvestlgated‘reactxons of this 2',3',5" -tr;-o-‘

l'acetyl 6-azldo-9-ﬁ-D-rxbufurancsylpurine (91) with

tr;ethyl and trzphenyl phosphrte (Scheme XVII) <It was
observed th&t trzethyl phosphxte reacted cmoothly witﬁ _
(91) to form the 6-N-phosphor1m1dite nucleoside (92)

Thzsﬁreacxion was mon;tored by UV spectrOscoPy tince’, x

A “~ ‘“... .
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o

coupounds (91) and (92) have extreme1y=close TLC Rf valuasf:**“

',in the solvent systems examlned. The oV spectrum of 6-'

azido nuc1e031de (91) has a XMeOH of 286 nm.’ Wlt?mn a fewd‘
minutes after the addltion of tr1ethy1 phoephlte the xﬂggall
of the reaction mlxture had shlfted to 269 nm and remalned
unchanged over the next 2 nours. When oompound 092) was
’sﬁbjected totaéidic conditioné, 2! 3"5';tr1-0-acety1 6—N-f'
.(dlethylphosphoryl)aden051ne (93) and 2' 3, 5'—tr1-0-l '

,}yladenoslne (65)(Mere obtalned in nearly equal
.aﬁounts. Compound (93) was deacetylated by aqueous/
ammonla in dloxane to glve 6-N (dlethylphosphoryl)—'

E

Aadenosxne (94) _ ‘ SO .

"The reactlon ofb(91) w1th trlphenyi phosphlte did not
.proceed as smoothly as with triethyl phosphlte. As
1nd1cated by uv spectroscopy, the reactlon did not go toQ?
completlon at room temperature over a prolonged perlod.
e Heatlng the azido nuc1e051de (91) and trlphenyl phosphite
in dioxane at reflux;for 4-hoursnafforded the
jpho"s'pnoramidate nucieos§9e3(58)~directly witn accompanydné
fcrnationjof 2‘.3'.S’-trifg;acetyladenosine (65?, This
.'compound (58)‘waé.shown to'bedidentical by the‘usual ‘ 3
.criterxa to 2',3', 5‘-tr1-0-acety1 64Nw(d1phenylphos-

o

'phoryl)adenosxne prepared earlzer (Scheme XIII) The

different reactivitxes exhlbxted by the two phosphxtes may
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result from the fact that tr1ethy1 phosphlte 1s*nuch more.
nucleophilic than triphenyl phosphlte. F __— {_
” We next focussed our attentlon on coupllng the 6- N
azido nucleoside (91) w1th sugar phosphltes. Treatment of
2 3, 4 6-tetra-0-benzy9-a-D-glucopyranose (95)114 144 w1th |
dlethyl phosphorochlor1d1te145 146 at -78 C gave the mlxed

| phosphiqe (96) : Treatment of (96) with the 321do

e (91) in dloxane gave 2',3", 5'—tr1-0-acety1 G-N-
hosphoryl)adendsine“(93).by preferentiel o
on of the sugar (95), whlch-was recovered almost
.vely; Thls reactlon was also carrled out 1n the-
presenee of‘lithlum chlorlde (reported to effect selectlye
e11m1natlon of ethyl groupsl41) -HQQever,'the:eamef“
product (93) was obtained. An'analoéeus reeCtioﬁ sequence
beginning wlth (95) énd d1pheny1 phosphorochlorldlte gave
2',3', 5'-tr1-0-acety1 ~6-N~- (d1phenylphosphoryl)adenosxne
(58)._ o

: we'then'treatedu2 3,4, 6-tetraF0-benzy1Fa‘D~.  -
gluc0pyranose (95) with ethyl, phenyl, and 2-chlorophenyl

'phosphorod' 1 oridi'es. In all three cases the reactlons

quantitati ely (as Judged by TLC) to glve the
ed bisg- sugar phoaphxtes (97). These; howerer, |
ed to react with the -a21dopur1he‘huc1eoeide (91).
Methyl 2,3, 4-tr1-0-€szy1-a-D—glucopyranoside (98)147

eacted amoothly with diethyl phosphorochloridite to glve
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' pthe mixed phosphite int mediate (99) (Scheme XIX)
Treatment of (99) w1th the: 6—azido nucleosxde (91) gave
2', 3' 5‘-tr1-0-acetyl 6—N-[ethy1(methy1 2 3 4—tri-0—
.benzyl-u-D-glucopyranosld 6-y1)phosphoryl]adenoslne (100)
in 72% yield after chromatographlc purificatlon. It is
noteworthy that thls coupllng occurred w1th selective o
’velimination of the ethyl group Subsequent deacetylatxongy
-'”'afforded 6—N [ethyl(methyl 2, 3 4—tr1-0-benzy1-a—D— - |

glucopyranosid- -yl)phosphoryl]adenosxne (101) in 85% ;

‘;,_#_y1eld; The structures of compounds (100) and (101) were

‘conflrmed by UV and 14 NMR spectroscopy, FABMS and
"_elemental analyses. o R y o ‘,' ‘.@'
' ‘ 'I"he formatlon i phosphorlmldates (107) and ‘, , ‘
aAphosphoradeates (108) can be ratlonallzed by any of the R

three mechanlstlc pathways deplcted in- Scheme XX

- : .
4 i), In the first:case,.thesphosphite'andeazidijwould A |
| reacteto giye the‘phosphazide. kThis phosphazide then»._‘
'_might decompose:to give the.phosphorimidateiby an“ v
intramolecular mechanism via a 4-membered transition
)’state (105) (analogous to the mechanlsm proposed for
the. Staudinger reaction148) | , ._
{aii) iThe phosphorimidat might ‘also be formed by in1t1a1
l ‘:cycloaddxtion oé\pZOsphiteanda21de followed,by

~extrusion of Nz."
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e,

(o), E-n=nie.
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. Y .?_A, SRR ﬂf;,y;‘ PR _.‘ o
iIiL.In the thltd case, another posslble route is shown

o for the formation of phosphorxmldate whlch could be L

:,converted to the phosphoramldate by traces moxsture 1@{; :

» ..

By means of thls phosphlte a21de coup11ng approach,

‘u

we synthe51zed two other compounds (113) and (114)'

N of reactlon starting w1th 2"3'-0-1sopropy11dene-

o
p Y

'jand acld 1n the reactlon mlxture.r L “'; = Lisﬂ

N 63 -

A

4

a aden051ne.l49 ’Reactlon of (112) Wlth trzethyl and % ot H.'k\ B
.o CAL

' trlphenyl phosphlte gavF compounds (113) and (114) "

"p»The N- formyl grOUp wa_

. the 5111ca gel was pretreated w1th 1 2 dLmethoxyethanef
“fsaturated w1th ammonla at 0° c.. ., ...l'f S l_‘;

SCHE&E 'xvx.f"__ g ey

removed durlng chromatography 51nce 1

awy e



\ ;

' fof phosphoramidates offera advantages over conventlonal
Llcoupling methodslso 154 that employ amlnes. The

rspontaneous reactlon of phosphites with azzdes requlres ng,
AR

coupllng or. act1vat1ng agents. The reactlon condltlons

are oompatible w1th unprotected hydroxyl and amino ,/' ' e

functxons. The reactlon 1s selectlve and normally

?proceeds in hlgh ylelds.‘ B

However, since the 6-321do nucleosxde (91) falled to

._;\.

react w1th'sugar phosphltes (97) and e11minated the sugar"
’in coupllng rea@tlons we.th monoglucosyl phosphltes (96) we . Tv

proach (Scheme XXII) . .‘.‘ﬁfﬂﬁ . - ',; ‘L
e . o .

Aattempted hnother
' ' 3‘ S'btrl-o—acetyladen051ne (65) w1th o

: dlethyb, diphenyl or bls (2-chloropheny1) phqsphorochlor— e
v,d1te ln\;§rldlne prov1ded the presumed phosphorxmldltes _ SRR

»“e(lls) in v1rtually quantltatlve ylelds LTLC) Attenpts &p | fé;

‘

.Goxidlze éhese éfodqcés wlth eﬁth,r MCPBA or 1odine~yater } ‘r" AT
‘ ﬂﬂrésulteé in‘quent;tative recov!Ey oibthe orxg;nal startin ., j,;\a

.-

o8 PR R
e unstabLe E 8111ca gel I

,‘

:}9atexial (65) Compounds (115)
"and g1ve compound-(65).sfrreatmentlof compounds (115) wxﬂh e
t'2 3,4, 6-tetra-o-acetyl-u-D-glucopyranosyl brom1de (116)115
;talso.resulted in quantitatlve recovery of (65) .' “;
: Sxmilar treatment of 2' 3'.5'—tr1-0-acety1adenoslnefﬁ‘:v. p :{
“l(65) with ethyl, phenyl. or 2-cbloropheny1 phosphorodl-.: o \
"’tchloridites to: provide ﬁhe 1ntermed1ates (117) followed bj

ST . : o R . L . . R : . i’ £ . Lo

an.



&
o reactlon with 2 3 4, 6vtetra-0-benzyl-a-D-glucopyranose .

_(95) resulted in quantltatlve recovery of the origlnal

fstartlng nuc1e081de.-

Treaément of 2 3, 4 6—tetra-0-benzyl-a-D-glucqurahdse;

J(QS) with the three phosphorodlchlorldltes to:give

- 66.
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ﬁ,§. ;al behavxour of G-N-(phosphoryl)adenos&neh
é . .' . :
K " e - "v'
.:.
_een~1n Tables (lr and (2) the e a:e

b v;rtually no. shifts in: Amax viiues for the
. ]

g substltuted ﬁ%osphoramxdates (entry numbers*i ‘and 9 14)

l

from methano{:c to acxdxc solut1oﬁs. quever, there ate
w -
s1gn;f1canb bathochromlc shlfts in the. ba51c solutlons. '

-

Tha bathochroﬂlc shxft 1n basic solut1a§i11hely results  .[

: v
from abstractlon of 6-NH proton to g1ve extdnded-

[

occuts 1n aprd1c solut1on relative to. the constant *max

values in methanolxc and basic solutions. These A

' values for (8) and (15) parallel those reported for

A

agrocin 84 53 65 The bathdchromic shift in acidic

Y [

»

3 < S~ Cael ' O " G
_ chJUQaﬁLOD'w' Lo u~;'&“ne.%?i T SR
e . .. . .o .' l~
. Iy .R‘D\,‘
- s Pw.r_.
. . ) Y
i ) L -
o _"_,.;1 ‘ L . - - s . ¥ : r'. s
E For entry numbers (8) and (15), a bathochromxc shift:'

e

}wqg;'f7f



)
i 2N
3
[N {' &
................. .-.-.-....-...V_‘-.-..-’...--‘...------

A I Entry L L H
e ——— . . .
’ .o Number L _R‘., . A

- o q .-..r.- ......... L R A,

£t- {258 260 276
ttocH2CHzocu cnz 259 . - 260 276
Me,CH- - | 259 260 216 °
NCCHpCHpe 1260 . 26) 7€

O W BTW N s

19 e Hzev T2 care
Coe Bn- 26). 200 296
RN ERR T8 | 260 260 0 215°
12 | EtOfH ‘“zc“zc“ - | 260 . 260 276

13 me et L 260 2e™ T a6

‘]4.‘ .“%. 260 26,}, L R2€ . L,
. | e e P L e

v ¢ hd
y 15 - H~
,--—4..-’d_-'-.oo.----loooo;-’l'
B . . . - . .
L e g | Agrocin 54(1953“;;
. ‘,- N e ,."_ \ . _Ag’fb‘c‘“‘ 84,(1_)6?
- LI N . . -,'--'-»:'--' cceeam P g - 2he
S v g " " _ _ _
v . ," - : ¢ 4i~.'- . . s
- , " . SN S
.- o . i
D2 ey . - A«‘ " ; \ )
. o) ‘: , o * F)
he * ' -

f< B ‘ ' =( 9 parts 0. Qﬂ HC]/H 0.+ l part methanol )

-( 9 parts 0. 11 NaOH/H 0+ part methanol ) ff'

.7;(.1 S



TG . S s ;.
' &) . n : o ‘:'g.. ¢ .
O « 3 . , ) s
solution mxght result f;om formati n of a conjugated 6-’ T
¥’ TR
‘membered.proton chelate amidine sy:}em as in (121)
PRO<g " .- Ph0\9 y

«
/,4‘ L Wt

’ Although a bathochrom1c shxft in bas1c sol#txon for entry

-

i

nunbers (8) and (15) mlght have been expicted, such a
phosphoramLQ1c acxd should have ‘a pka <5 and thus would be-

>99¢% 1onxzed (122) 1n the neutral pH reg1on. The negative

-

charge “on. the free phosphoraw.date oxygens would suppress~¢ .
a’ second'an1on1zat10g’of the 6= NHPO3Ph function at higher
pH values‘ . . A " | ' )‘ .4 l. . '; lv A”
. ) - L‘?,V ‘ . . . ’ . ) M . N _'.4"
.V."".."" ! ' ‘ - ’ ) A..v
) 3o -v'. . " :“‘ v .
q | "‘
4



:'djspectra of relatively sensitive, non—volatxle, 1oP1c, hxgh_;-

71

-

G Fast Atom Bombard: nt. Mass Spectrometry (FABMS)

’;rapidly beqoming a favored method because itﬁc?n provxde K

5»" P

molecular weight compounds. Revzeuers159 160 of FAB and
-;other ion1zation techmques161 165 have had d1f£1culty

:vkeeping pace thh new dzscovetles and appl1cat1ons. FA%

‘ ' R ST .
-mass spectra of a large 6-o-methylglucose oL ‘y,tﬁ

‘polysaccharide,lsﬁ bov1ne insuljn, 167 pept1de5153 169 and

dgdrugsl7° 1171 exempl1fy the capabx}itxes of th1s method. o

~ In electron-xmpact mass spectra of 6=N- |
\l(phosphoryl)adenos1ne ndbleosxdes and their trl-o-acetyl

Tjder1vatives, the molecular ion wgs not observed. S1nce
s . A3

jthe molecular werht was,the¢MOst 1mportant 1tem of

’" 7"

ﬁnformation for- us,awe had to.mse a softerf\onizat1on o

Iv

'technique.4 Other ionizatxon methods SUéR’ as f1§1d ",f; S

L desorption,155 calbﬁornxum-zsz plasma desorption 164 _,;{,'

172- 174 '
-_secondary ioh mass spectrometry wﬂth cst ﬁ or Ar

ions 175 laler induced desorption176 and atmospher1c _' e
’7pressure ionization177 also provide mass spectra of |
Y

: nucleosides and nucleotides. However, the . simplicxty of

-

"PABMS and the ease of conversion of existing mass

y

'1epectrometers to its ute make thxsnapproach the most

B & .
-general 178K A number oE examples of FAB mass epectra of

: RN -
L Ve

Q



" has proved to be well sulted for the analysis of highly

Lot C T

R
3 A £ o
. o : - R
'nucleotldes or derlvatlves have been reported v ' .
_recently 156, 163,172,179~ 189 o é': e R
e ‘All the compounds were analyzed in the posithe ion - R

.‘«

mbde of FAB.. ‘These spectra d1splayed a molecular ion - jf

':'.\.- :
(MH+) peak and’ often had ‘an assoc1ated sodlum (MNa*), or / R

‘very rarely a copper-assoclated (MCu+) moleculaf ion

A

peak._ We observed that the FAB mass . spectra of all the 6-

LR

-(phosphoryl)aden091ne nucle051des had (MH ) peaks. For

_example compound (81a) Wlth a molecular wexght oﬁ 513. 1413

'vbhad a (MH+)_peak at a nomlnal mass value of m/z 514 andv.

_had an assoc1ated (MCu+) peak at m/z 576.' Slmllarly

'7compound“(81b) WLth a molecular welght 451 1256 exhlbited

: a (MH y peak at m/z 452 w1th ah assocxated (MNa ) peak at .

"m/z 474 Slmllar results were observed wlth-other 6157-

:54\:;”";.

?(phosphoryl)adenoslne nucleosxd€’§5 No chemlcally“

'reactlons wlthxn the matrix.

}con51sten§:tragbentatlogipaétern were'observed in thls. L
1compqund series. . . . ;154¢; E xfg ;p?’; [ j. ;.~ R
: S e g T e e T .-

FABMS has been developed 1nto as a. routine method and

\

poiar compounds. However, one\should be aware that the"

Y . »

results may be compllcated by 1mpact 1nduced chemlcal

R
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| B._f Studies directed toward nucleoside-S‘fphogphOt-h

_ ranidates , c L l_. Ll

'4N001eoside-5'~phds§hordianidatesl9°'191 deriyed'fron-

” iemmonla pre useful synthetic intermedxates.v Syntheses of
'15'-pyrophosphate and 5'-triphosphate derivatxves from-
:1pur1ne nucleos1de monophosphates were accomplxshed v1a:
’nphosgﬁoramzdate methodology.”2 'However, ghere have been
 -no reports of syntheses of aﬁcleosxdes thh ‘a R- C(O) NH-.

_'fP(O)- grouping at the’ 5'-hydroxy1. analpgous ta that found
'3}n agrocin 84 (1). S S

-t

w, .N-Acyl phosphorlmldates and N-acyl phosphoram1dates

, of the general types (123) and (124) have been recorded.

ST T N e e
,"r‘-."-" - . L LT o T, - ‘ .

" . co 0 . |' . T . : . . .
Eatl A

A | v’” AT o Ly
R-CeH P(ORS , _" - R C;'!%(OR‘).Z" R
(123) ’, & R Huzq,)

1*

Glidew811193 has teported syntheses of var1ous N-acyl

phgephorimidates by react1on of aromatlc carbonyl azides

ﬂ%\412§) ﬁigg triaryl or trxalkyl phosphites in benzene _f

I
Ar—C-N P(OR)3
)

#NfP(OAr)3

(Ar0)3P Af‘

- : L .
hd PN . e g
Lo . ~ U s
. R R i Y
:

X4

-nf7f7“f a dn_rvfr;f;;;;n?




§ "‘N

-

.,benzene 194 195

- R T
< % i
RgN%b J o chmmg
. 1”8) SR %e o (12925

Recently 196 the sodlum salt of ‘N~ "f:'_ iR _
‘ tbenzoyld1methy1ph05phoram1dgte (130) was alkytaé@d with :
“,'trlethyloxonlum teFraflﬁoroborate to nge compogmd 2

(131).v

-'o.- 0" : “ "’.BF’I" » ﬁ _—
(MeO)zP/ ~ g \c-Pnn S _Et’o_n A, (MeO)z(EtD)P- - -Ph”, |
| - (130) - 5‘7,. (131)

»

N-Acyl phOSphoram1dates of the type (124) also haVe :
ooy, .

been reported._ Gl1dewe11193 has described conversxon ef

\

,varlous N-acyl phosphorimxdates to N~acy1 phosphoramidates'

; vby treatment of the former with dry hydrogeh chloride in

'-benzene.
- il L HCL .
(R0)3P"N -C- Ar ——'—’ : (ROhP-:*E Ar
(126) SRR oo



:;n::-75 S

Kir-anovlg‘ and Derkach195 have synthesized such N-

acyl phosphoramidates by treatme1§ of aroylamiGOphosphoro- S

:‘fdichloridates with sodium alkéﬂ!des or aryloxides.<

@ 4§c1 R ArElN ﬁ(om /‘_/
Ar- —a-, ST . - 2 |
cas S (132)
o 194 Steink f197 h“" | i s -

, mw ,&}s&anov aﬂév te1n OP ave reporte synt eses

v'of N-acyl phosphoramidates by reaction of alcohols with .

;'otrichlorophosphazoacyls.,_f' 14 . ‘: ,? ‘._':,‘ ' : ’;Qa '
| sz—N:PCl-‘.,- . RH - - R-C-H-P(OR),
. - . 3 : o . : . "H . .
(128) . _;.LL a2
_ Zioudrou198 has described the reactlon between N-
benzoyl phosphorod1chlor1date199

N

w1th pheno] followed by
ydrolysxs to nge ph03phoram1date (136) w

Ph-C-rNoPClz __.EEQEL. Ph- c-u-m W0 gy c-n P -OH'
hooC. o HCD o ggen  SHUL g b
(13u> . _;.*-'(;35>,-, S W

szrahi and Hodt02°° 201 have recently 8ynthesized N-.

\ o~

;facyl phosphoramidates by tteatment of phosphorochloridates
- with sodium salts of catboxylic amides 1n toluene.> '
(RO)'z Cl . R’~ -NNoR" -.-—'—-4-—-—o (RO)ZP N-C-R'

. L e R” o
¢137» qr (138) e ey



.l Our approach to the synthesis of these types of :
| compounds began qﬁ;h the preparation of N—octanoyl di-o-
;fdethylphosphoramidate (145) (Scheme XXIII). ,Ethyl octan-
oate (140) and octanoyl chloride (142) were acrczmwerted to

"octanoyl azide (143) by conﬁengional methods 202, 203 o

f«’resultizt cy. h'drazide (141) treated with nitrous acid to

’

/'Q

!

quantitative yield. Treatment of ‘the latter compound " /

(144) under ac1d1c conditions gave the desired N-octanoyi-’

i

d1—O-ethy1phosphoramidate (145).;_; ;' _; .f_ﬁ §‘7‘ r

:“vEthyl octanoate was. treated with hydrazine and the “'.;.i-' v

Y
,'.‘_ /. by !

In order to proceed by analogy with this phosphite-:Q

acyl azide reaction to give (145) ‘we attempted to prepare

5'-0‘(dlethylph°59hityl) 2"3"0'18°Propy1ideneadenésine ei o

(147a) by reaction of 2"3'-o-isopropylideneadenosine
(146).. However, attempted isolation‘bf compound (147a)
vlﬁwas not successful since the presumed ptoduct (TLC) de-

' composed to give back atarting nucleoside (146). Diphenyl
r‘phosphorochloridite204 reacted emoothly with (146) to give

P

| ,um

- .
o .
. - o
[



ow e B O |
» \r' . . Av . ’_ - ) . ' . .v .. ) y i . i C ‘ : ‘

5 -O-(d;pﬁ!ﬁylphosphxtyl) 2 3'-0 1sopropylxden§adenoszne
(127b) . - v o “-. . .:- . ':.'. ..,' o

Réect1on of (147b) w1th Qctanoyl azxde (143X in

, reflhxlng dloxane;ylelded 5' -O—(phenylphosphoram;dgg?i;,

2 ‘5 -0—1sopropy11deneedenos1nea(148) and (146)Minmau
of 65 35. The 1ﬁxNMR spectra sﬁowedrthe,ebqence.of
\ ottanoy; groupbﬁ The reactioniwas conducted under various -

condiﬁions; but the deeired-compound.(149)7wes not

eptained. Compound (348) was obtained in good yleld when.vn

.tﬁe ratlo of azlde (143) ‘to phosphlte (147b) was 5:1.
However, we d1d succeed in maklgg a compound ‘;

contalnlng a.-C(O)-NH P(O) llnkage at the 5'OH of 6- N- ’ {1 =

‘benzoyl 2';3 -0- 1sopropy11deneadenosxne (150) (obtalned o

. »
~ from 2',3' -O 1sopropy11deneaden051ne (146) accord;ng to a

205)

procedure déscrlbed by Jones Thus N*benzoyh

'p" phosphdfbdlchlorldate (134)199 reacted smoothly w1th (150) f
- in pyrldlne QScheme XXIV) to glve the bxé-substdtut;d |
product (151) and 6- N-benzoyl -5'-0- [(N-benzoyl)—
phos§horamxdatylj -2, ‘ -1sop opylxdeneaden051ne (152)
Formatlon of compound (152) was 1nd1cated by the presence

of a correspondlng MH+ peak in its FAB mass spectrum ‘
-and . also by Lts 1H NMR ' spectrum. However,'attempts-to‘
obtaln the pure cOmpound (152) proved unsucceslful. (The',

'r

1H NMR ‘spectrum of‘
?j,* N

}-/K\\”purltxeS)- .a; e
' . S * _

52) 1nd1cated the presence of

¢
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E,fOH
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' COCHCY, .
& 4 Hlla o
y . 8) R Et #
o . b) R= Ph o |
(146) S

CH,(CH, ) coN, / £1,0

» . - N

“

-._Dibane

Mo &Y

'}(1u9),'

'-NaN3

(142)

L .cH (CH ) C"ON b(OEt)z
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_ Usina the Opproach of Titherly and worran‘99 werfr'hih:
%attempted phosphorylation of DL:tggggyz 3-di-o-benzy1 4-‘
methylpentanamide (153) with phosphorus pentachloride. .
’(Comgpund (153) was obtained from DLfghggg:Z 3- dxhydroxyf
domethylpentanamxde (7*) by benzylation } ' '

cn - cn,.

' %U." .'-‘C_ H; o ,ano ,A ‘co-uu-g -Gl
3 _tfg A ' e
L s _;‘ s

-~

i”This reaction falleé to give compound (154).. Perhaps the
phosphorylatzon product 1s unstaZLe and decomposes -
‘readily‘ Only amxdes w1th aromatlc (or aliphatic w1th
kelectron withdrhwing groups on the a~carbon atom) acyl
rgroups are known to form stable phosphoram1dodl- : —
chlorldates.zoé In another attempt (Scheme XXV)-compound
‘(150) was-reacted uith 2-chloropheny1 phosphorodx- . .vfﬁﬁif
chlorxdxte to give. the mixed Ehosphite (155). Formation
" of this compthd (155) was confxrme¢ by its oxidation. w1th
iodmezo7 208 ¢4 give the corresponding phogphotr1ester
(156). Compound (155). however, failed to react 1n the»

desired manner with octanoyl az:de (143) in a refluxxng.

Ph

solution of dioxane-ether. 'hite (155) is quite

"stable 1n a refluxing solution ot _ioxane-ether, but is 3
f'converted to starting compound (150) in the,gresence ‘of
,-the acyl azide}(143),_v

o

-~ . : ) GP



s SCHEME ~ XXV .

&

© WOCH, 5 A" | Q-P;Cli

 THF,.-78°C .
PR

S

v

s |
- . Dloxoe

R= O~ (CHplg™ L

‘pyridine . .

CoROON3 /Et)



e

-3

[ 1,« h
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G—N-Benzoyl-z' 3 —O-isoPropyl1deneadgnosine (150) was 8

 ﬂftr0ated witw “Nfﬁﬁdiiaopropylmethylphoaphonamidic‘ ;v
,:'chloriden* to give the intermed1ate (157) _ Compound (157)
- {decomposed to startzng material (150) on Bkllca gel. .
‘f Tregtment of compound (157) 1n situ thh octanoyl or "
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' hexanoyl azldes also resulted in quant1tat1Ve rexsolatlon o
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‘ﬂw:'rally occurr1n9 Phosphorlc esters such as .o pe o @
i : - T fgi”{. S

.:Lgﬁfycerides, nucleotldes,'endgengerfphoebhates'gf§f;$

%é%érest ag potent1a1 1nh1b;tors of blologlcal +&~1¢>'iﬁi

N A ]

esees 209 In the carbohydrate f1e1d,~a number. of . - .

. ?% ples have been made, bun\analogues in whlch the Y.TT:E".

‘1A "r i T
,'Sg?gﬁ lphgfpponate-functlon is llnked to the anomerlc 'fﬁ
NI SN w7

v Wrea rﬁbnéﬁaﬂﬂrbeen reported only recently 210’216 Sinceﬁa jf?fﬂr

.

o~y

9,
npts to link the glycosyl mo1ety through the anomerlc
. N a ,V
adéfalled,\we attempted to syntheslze carbon llnked

7o Ogihoramldates. _: 7 4

ﬁﬁkﬂ 2 3 4, 6—tetra-0-benzy1—a—D—glucopyranose (95)

Cant
C%

was subjected to the Wlttlg reactlon with methylene~ ' .Qngiv.
trlphenylphosphOrane, the unsaturated derl’atlve (158) was ﬁ%=
_obtalned.zlg’ Stereoselectlve mercurxocycllzatxon and

treatment w1th 5w

~ass1um chloride afforded derlvatlve
.(159) 218 Treatment of compound (159) w1th 1od1ne 1n
'dlchloromethane gave the correspondlng 1odomethy1 4 é&tt‘
derlvatlve (2 3, 4 6-tetra-0—benzyl a-D-glucopyranosyl)-
'methyl 1od1de (160) 1n 85% yield after chromatography..-.i‘
”The iodo derlvative (160) was subjected to the Arbuzov
'ereactlon w1th trxethyg phosphite to give the phosphonic, -7"l°

vester (161a) in 94% yield. Synthesis of this compound via

. .
oy - .

. . -
N Lo . . . "



the bromomethyl der1dhtive has been’ reported by N1cotra
L8l
) et 31.211 in 30% ovsﬁg}l yleld from the mer¢drio

N

g derivative.. ‘Treatment of the. iodo derlvatibe (160) w1th-_
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l tr1methy1 phosphite gave a 47% yxeld of dlmethyl (2 3 4 6-.

tetra-o—benzyl-u-D-glucopyranosyl)methylphoaphonate
(161b)

.

e e ’ : g

- p

85.

' No reactlon was observed when 2 3 5 6-tetra-0-benzy1-7'

fJ;ucofuranose (47) was subjected to the W1ttlg re&ction
under 1dent1cal conditlons as above.217 ’&lcotra et al 216
have recently reported the successful Wlttlg reactlon of
2, 3—0rlsopropy11deug S-O—trltyl D-rlbofuranose w1th
N

methylenetrlpginylphosphotane uslng THF-HMPA (4 l) as

.o

:solvent.v Qur” furanose derlvatlve (47) underwent a slmilar_

jwltt1g reaction 1n "THF - HMPA (4: 1) to 've 3,4, 6 7- tetra-o-

benzyl-1, 2= dldeoxy-D-glucohept 1-en1 (162) in 74%
yleld. Mercurlocycllzatlon of. this unsad
afforded predomlnantly219 the 1,2-cis product and
»(2,3,5,6-tetra19;benzyl-u-E-glucofuranosyl)methylmercur9
chloride-f163) was obtained in 78% yield?"Treatment of
compound (163) with Lodlne followed by Arbuzov reaction-
with tr1ethy1 phosphlte gave d1ethy1 (2,3, 5 6-tetra-0- :

. benzyl a—D—glucofuranosyl)methylphosphonate (165) [TneT‘

cis-1, 2-conflguratlon of this compound (165) was

determlned on the ba51s of the small 13C-1H coupling

ated derlvatlve

»'constant JCl' H2 = 1.5sz]. fhe 31? NMR spectrum of this dg

cnmnn. q showed an 1ntense peak at +28.92 ppm (upfield
_from H3P04T'and a small peak at +27 21 ﬂ.h,-which can be

',attrlbuted to .the presence of a small amount of the trans-
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51 2-anomer (166). The anomeric ratio of (165)/(166x was T

,>95 .5 as determined by*the integration o£ the intenaitie{sﬂ
| of ‘the two peaks in 31? NMR apectrum.; Attempted
1lchromatoqraphic sepzfatidh of these anomers failed.

Heyer et al 215 reported the condensation of 2 3-0- 5

fisopropylidene 5 o-trityl D-ribosejga": tetramethyl

- ! A

'vlmethylenebisphosphonate. A mixture 6f 2 S-anhydro-l-
hdeoxy 1 (diethoxyphosphinyl) 2, 3-o-i39propylidene-5-o~

trityl D~a1tritol and allitol was obtained in a ratio of

| A SR : A

We employed the analogous reaction of tetraethyl

_methylenebisphosphonate with 2 3,5, 6—tetra-o-benzyl-D- - o

,;;glucofuranose (47) However, the unsaturated derivative

r ,(167) (Scheme XXVIII) ‘was obtainot% The formatiqn of

_'compound (167) can be rationalized on the basis that

compound (168) is formed in the 1nitia1 reaction

I
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. _bisphosphonate

7fUnder the atrong&y basic condltions. the H-a ?roton ia

;v;abstracted, mesulting in eyn—elimination of the f‘fgﬁ'éégfgf;a
o 1 $ . ‘(. 3
.. C= 4—benzyloxy group to glventhe conjugated dfene (167).. o

‘ Treatment of compound (47) thh tetraethyl metﬁ?lenegf S
s, L .
220

-

spectrum) Attempted selectlve deprotection ofj!he ep
fu_groups from these glycosylmethylphosphonates had faiqed.

;Hence, syntheses of carbon-llnked phosphoramldates Vas

Le

. | N SRS SRR & ek
‘abandoned. A e V e
. . S R e

Reltz and coworker5221 have recently reporte the __.wv, ;
’

. cycllzatlon of hydroxyalkene (169) to alcohols (170) and

(171) w1th M PBA (Scheme XXIx) 0ur analogous cycllzatlon

lof the unsatur ed derlvatlve (162) gave a mlxture of "

a (172) and 3 (173) alcohols in ~1 1 ratio. Separatlon of .
;jthese two alcohols was achxeved (Aitolumn chromaQOgraphyL/f

'on slllca gel.' Nexther of the alcohols reacted 5 _.sx'
'satlsfactorlly w1th d1ethyl phosphorochlorfdlte to givevff =
~the deslred mlxed phosphxte. IR IR §—~ :

A
.

Treatment of 2' 3 5‘-tr1-o-acety1adenosine (65) with ‘
.'r _phenyl phosphorodichloridate followed by reaction with '}:5

:felther of the 1someric alcohols (172 or 173) in the Lo
“ @
‘~presence of silver carbonate led to decompositioh of tﬁ%

alcohols. ir. . : 977?§ o
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J. Syntheses of'compounds aneiogous'to»égrooin‘84
: . | o S
After havxng syntheslze& the thqee component);nxts of
-~ . .
_ agrocxn 84 ‘and having’ studled a number of model reactlons , h‘; '

’for the syn;heses of 6-N (phosphoryl)adenosxne nucleosxdes
and ‘towards nuc1e051des~¢bnta1n1ng a R-C(O)-NH- P(O) group
Cat the 5‘-OH we focussed some attentlon ‘on compounds

wh;ch could be analogues’of .agrocin 84.

;.Ii‘":‘\' 7 ) O ’ -
ol Octanoyl 1socyanate (175) was chosen as a precursor

N ——

tagmlmlc the 51de chaln functlon at ithe 5'-0OH of the "core

[4

nuc1e051de (3) of agrocin 84”(1)‘ ctanoyl isocyanate

(175) was prepared from octanoil chloﬁhde and’ s1lver
-150cyanate as descrlbed for the preparatlon of some acetyl

22

»1socyanate Treatment of 6-N-benzoyl-2',3' -O-

P -

' isopropyli EEEEaden051ne (150) with octanoyl 1socyanate
1n;glchloromethane afforded 6- =N-benzoyl- 2'.3 -0-
;sopropylldene~5 -O-[ N—octanoyl)carbamoyl]adenosine (176)
1p v1rtually quant1ta°1ve yleld. The isopropylidene.group
‘was removed from (176) by trlfluoroacetlc acid to glve 6~ .

—benzoyl 5'-0 [(N-octanoyl)carbamoyl}adenosxne in 96%

yleld Slmliarly,‘reactlod of 6-N benzoyl -9-(3- deoxy ﬁ-D—

reg-pentofuranosyl)

enos1ne (178) [This compound was
obtaine’ from 9-(3-' eoxy s--D-threo-pen,tofurano‘syl)adenige
(3) by a. procedure' scribed by Jones . et al. 05] with

’octanoyl isocyanate provxded 6-N-benzoyl-5" 0- [(N—
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octanoyl)-carbamoyl 9 (3 deoxy-s rD threo-pentofurano—

syl)adenine (179)f in ~60% yleld .1:_ | v
| 5'-Azido-5 -deoxny-N~formy1-2' 3'-0- 1sopropyl1&ene-7t
adenesxne (112)149 was hydrogenolyzed over 5% palladluiv
chatcoalltd glve a mlxture of 5‘-am1no-5'—deoxy -6-N- o
‘formyl-Z'*3 -O-1sopropy11de;h\aen051ne (180) and S'Qamlno- ;
5 —deonyQ 3 —0-1sopropylldeneaden051ne (181) in nearly ?.
.equal amountsf These compounds were separated by |

v’

Vchromatography_on_5111ca gel. Compound (180) was treated
with octanoyl isocyanate (175) to glve 5'—deoxy-5 1§7[Q§;
ootanoyl)carbamoyl]amino-Gjﬁijrmyl-2“,3f19;isopro¥_

pylidenéadenosine (182) in 84% yieid;, Removal of the ; ;

-

1sopropy11dene group from compound (182) by trlfluoro—

acetlc ac1d gave 5'-deoxy- -5'-N- [(N—octanoyl)carbamoyl]—

am1no-6-Naformy1aden051ne'(183) Currentiz-we are trylng'ﬁ

-

1

to obtaln compound (184) from (183) by deprotectlon of the
6-N formyl group - We are also 1nvestlgat1ng methods to -~
obtain the agroc1n 84 related 1socyanate (185) : to‘prov1de
a closer analogue. o
L | - R
tc:::ic"'.-"._'_ Hoen
BnQ.';-‘ ¢-NCO B

(185) ¢
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~ EXPERIMENTAL _

A. General Procedures : g S Coe e

Y

Meltlng p01nts were deterﬁ1ned ona Rerdhert
mlcrostage apparatus and are_nncorrected.: Nuclear
magnetlc resonance (NMR) spectra were recorded on Varlan ’
HA-100, Bruke? WH-200, Bruker AM-300 or Bruker wn 400
vspectrometers operatlng in the FT mode, with |

ARRY

tetrametbylsllane as 1nterna1 reference normally in
;udeuterated d1methylsulfox1de (DMSO de)(u;less spec1f1ed: ) Q‘_‘
' otherwxse. Ultrav1olet (UV) spectra were recorded on a
Hewlett-Packard»HPfBQSOA_spectrophotometer in methanol:
(9‘parts\O;l N HC1/H,0 + 1 part methanolf, [8*]; and (9
' partS‘Q.l N NadH/Hzo + 1 part hethanol); [OH-]; Mass
spectra (MS) Wére determined*py the mass spectrometry
laboratory of thls depargmept on an AEI MS- 50 (with
computer processxng at 70 ev usxng a dlrect probe for
sample 1ntroductlon) for EI spectra or a KRATOS/AEI MS 9
| modlfled for detection of either pos1t1ve or negative ions
for FAB.spectra. (The MS-9 has‘a‘mass range of aboet
.“1400<daltons at Gixvlaccelerating.voltageQ;j'Infrared

(IR) spectra were recorded on a Unlcam SP 1000 |
spectrophotometer. Elemental analyses were determined by |

the micro-analytical laboratory of this departmentr

95
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'iEvaporations were effected uslng Buchler and Buch1 ;\é

nrotating evaporators equipped wzth Dewar “dry ice"

o condensers under water or. mechan1ca1 011 pump vacuum at

40°C or cooler. Thln layer chromatography (TLC) was .

@

performed on 5111ca gel 60-F254 (Merck) chromatographlch?
sheets with sample observatlon under uv llght (2537-&) |

and/or by spray1ng thh%S% H2504/EtOH and charrlng.
Preparatlve layer chromatography (PLC) was performed on, e
¥

glass plates coated wlth Merck srllca» el_PF254. .The

.solvents used for TLC were 1% MeOH/CHC , 5% MeOH/CHC13,
Y t

‘Q

108 Me H/C Clz.. 20% MeOH/CHCl3, 5% acetone 'Hc13, g

iisopropano -NH4OH-H20 (7 1:2) and cyclohexane- acetone .
f3:1). lelca gel column chromatography was performed .,3‘;
| uslng Malllnckrodt cc- 7 (200 mesh) or Merck 7734 (100&200
mesh) 8111ca gel. Slllca gel# refers to the Merck {734 ‘
(100-200. mesh) sxllca gel soaked in anhydrous 1,2
dimethoxyethane (presaturated thh NH4 at O° C) at 0°C for
'2 days,,fllgered and-drredf' Anlon exchange chromatography
'wasfperformed on quéxr1X2 resin in. the hydrox1d% form. .C)\\;
.6ptical'rotations were determined_usinova Perkin:EImer 241
.vppolarimeter at’the.sodium D-line at 22i2°.

All solvents and reagents of reagent grade were
.ﬁd1st111ed prxor to use. Purxflcatlon of most solvents and
breagents was accomplished accordlng to ‘methods descr1bed

in referencg (223). Dxmethyl formamlde was purified

G
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:“accordlng to the azeotrop1c d15tillat1on procedure in

-

e dlmethylformamlde, DMSO d1methylsu1fox1de, HMPA-*

‘ Sc1ent1f1c Company.

‘whlch 1s described 1n detaxl for the syntheses of: ‘ ,d;.

. adenosﬁbe (80a) - and 6-N-(benzprhenylphosphoryl)aden051ne',

nf wlth conc. aqueous NH3 1n dloxane131 followed by

.-\

o

reference (l23ﬂ All drled solvents were stored GVer

«

Davzson 3r and 4A molecular;sleges purchased from_Flsher

-]
AR

The reactlon sequence developed for the ﬂuxed G-N-.

"l . ~ N

u
-

'gf,Bs.SV-tr1-0~acetyl 6-N—(benzylphenylphosphoryl)-

’.

(Bla) Subsequent experlmental descrlptlons wlll refer to

' Procedure A: the reactlon of 2' 3' 5’-tr1-0-

"'acetyladen051ne (65) wlth phenyl phosphorodlchlorldate,

Procedure B: _reflux1ng the mlxture after the addltlon of

< -
< v T e

o

N

phosphoryl nucleosldes Ls a general three step procedure N

51lvor carbonate and alcohol to the solutlon obtalned from

Procedure A follqwed by flltratlon, evaporatlon'and

-

o chromatography on sxllca gel# Pr0cedure C- deacetylatlon

AN
.

‘-

“o

evaporation and chromatography on sllxca gel’

EARRES

Abbrev1at10ns uSed are? AIBN = azoblslsobutyronltr;le.

- g
s. a

DMAP ‘4- (dlmethylaman)pyr1d1ne. DMF = N,N- ?3-”
hexamethylphosphoramlde, MCPBA = m-chlproperoxybenaoic
ac1d, PLC = preparatije layer chromatography, TBDMS = t-

butyldlmetnylsllyl. TBHP = t-butyl hydroperoxide, THF =

e
. . - v . -
W S 4 . N

R

s



teirahYdfoforan, TLC = thin layer chromatography, and TPS

‘= 2, 4 6-tr1isopropylbenzenesulfonyl..

NMRnepectraLJabbreViations used are: br=.broad signal, d

= da!§1et, ad = doublet of doublets, ddd = doublet of

-\

,doublets of doublets, d“ = overlapplng doublet of

. doublets of doublets, q = quartet,_s -‘51nglet, s" =

overlapping singlets,xbr s = broadlsinglet, t =>triple;

7

. 98

and "t" = overlapping doublet oOf doublets. ) 0 %

Mass spectral abbreviations used are: CnH, = Benzyl -and

‘ 4C7H7O S}Q;Benzyl or benzyloxy,

-
Y
~

. B) Szntheees R _ .

59-(2,3-Anhydro-3-Q-Iyxofuranosyl)adenine (27)

A 267 mg (1 mmol) sample of 9?(5-D-arabinofuranOsyl)—
adenlne (32) was. dlssolved 1n 7 mL of dry DMF by heating.

:Thls solution was ceoled to 0 C, 656 mg (2.5 mmol) of

‘trlphenylphosphxne‘added and ;he reactxon mixture stirred

for 10-15 min. A solution of%#00 i1 (2.54 mmol) of
. diethyl azodicarboxYIate.in 7 mL'of dry DMF was added over
period of 10 mln at O'C., Starring was continued at 0° C-

"t

for 15 m;n and then at room temperature for 2 h.

N

v
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‘Evaporation, trlturatlon of the resxdue w1th ethet. and

x

.

recrystalllzatlon from MeOH gave 192 mg (77%) of (27)
208-210° dec: (Lit. mp; 208-210° . dec.89). .The'product‘had
_other physical data in harmony with those rcported,eg'gzﬂ

-

1 9?(3-Deoky-s-Q—threo—péntofuranosyl)adenine (3)‘ahd 9-(2-

deoxy-a-g-tﬁ}eOfpentcfuranosyl)adeniné (17)

A sanple of 249'mg (1 mmol) of (27) and 1;5 g (50
mmol) of NaBH4 were refluxed in 50 mL of 98% EtOH: for

20 h.' The SblutiOn'was cooledbahd'evapotaﬁed The ﬁ

B

' residue was dlssolved in 20 mL Qf Hzo the solutlonﬂ'

neutrallzed w1th 10% AcOH/H20 to pH 6 concentrate to. a

small volumeﬁ and applied to a column of,Dowex.;gf (OH )
resin (2 x 20 cm). Thc column was elu;ed.with. 20,‘the'

eluate concentratéd, and the residue crysta}f ed frqm'c

‘MeOH to give 30 mg (ll%)vof_(l7): mgiﬁ 5 :,_jLit. mp.
A} (200 MHz)
6 2.3 (m, Jyi_on = 14.5 Hz,'l, H-2'), ‘% 1, H-2"),

o “5 o
3. 68 (m, 2, H 5' H 5"), 3.93 (m, 1,.H );.4136 (m, 1

H-3'), 4,71 ("t", Jou-5',5% = 55 Hz, 1, OH-5'), 5.99
Jog-3+ = 5.6 Hz, 1, H-3¥), 6.28 (ad, Jl._z. = 2.5 Hz)
Jyi_pw = 8.5 Hz, 1, H-1'), 7.36 (br s, 2, NHp), B.
1, H-2), 8.38 (s, 1, H-8); MS m/z 251.1018"(4.64,

M*[C)oH13N503] = 251.1015), 221.0893 .(0.6%, Mt;cuzo), s cg



-

‘.16220775'(56'5i BHCH?Cﬁz);'136'0609 (36.28, B+2H),

35,0546 (100%, B+H), Anal. (C1oH13N503) calc:, €, 47.81;

"H, 5.22; N, 27. .88, Foqnd. 'Cc, 47.51; H, 5. 15, N, 27'56”
The column then was'eluted w1th 30% MeOH/HZO:.the‘
- eluate evaporated and the re31due crystallized from MeOH

to glve_210 mg (84%) of (3) mp 198-200°C (th. mp._

195-196°c72:90, 203+c88); ly nur (200 Miz) & 2.05 (m; 1,

H-3'), 2.3 (m, 1, H-3"), 3.6 (m 2, H-5', H-5"), 4.1 (m,

1‘, H"4 ), 4 6 (m, ..1, H-Z'), 5 15 (w“t_"', JOH“’S'.FS-.N: 5.-0»,_HZ(

1, on-5" ), 5.4 {a, op-2¢ = 5.2 Hz, 1, OH-2'), 6.15 (4,
JI'-Z" = 5.’0 e,
1, H- 2), 8. 3‘(5,.1, H- 8), MS m/z 251. 1018 (6.2%,

vM [C10H13N503] = 251 1019), 221.091 (B8.1%, M -cazo),
. 164;0574’(100%,VBH-CHO), 162-0778 (1.8%, BHCH= CH2),
136.0616 (45.0%; B+2H), 135.0547 (97 43, B+H) Anal. |
(cloa15$503)‘ca1;= C,‘47_81: H, 5.22; N, 27.88. Found:

C, 47.80; H, 5, 22 N 27 87.

‘\‘

The above procedure was repeated several times [total

_12 mmol of" startlng mater1a1 (27)1. After neutrallzatlon

wlth 10% AcOH/H20 the total volume ‘was reduced to ~100

a
SN

mL, Preclp&tated salt ‘was removed by flltratlon and the

P

filtrate sdgiected to_continuousrl;quld-quuld‘extractlon

'with EtOAc. Fresh EtOAc was emploved‘periodically'uhtilv
lmost of the nucleosxde was partztloned 1nto the orgaQ}c‘

'layer.. The comblned organxc layer was cooled: and flléered

»

'1, H~1 ), 7.23 (br 8, 24 NHQ);'QQI4'(S, _:_.

d;gé? b



s
o

“to remove'the-sath The filtrate was concentratedgto a _L‘ b

-~J

‘emall volume and the nucle031des were eeparated'on a Dowex o

-llx2 (OH ) column as . before.

Reduction of (27) With NaBH,/MeOH/t-BuoH e

v

anddf%@ mg (5 mm_ N 'aBH4 in 10 mL of t-BuOH was added\
“l 6 mL.of MeOH droo for about 1 h and ‘the resulting

* solution refluxed for an additional 2 h., The solution was'

' cooled -concentrated, the rvsidue dissolved in a minimum
‘i amount of HZO and adjusted to pH 6 with 10% AcOH/Hzo.- The..
‘products (3) and- (17) were obtained by chromatographic
separation on, the Dowex 1X2 (OH ) resin as described o
prev1ously ' Recrystallizatlon from MeOd afforded 27 mg

(ll%) of (17) and 130 mg (52%) of (3) The - physical

~

'properties of both (17) and (3) were identical with the

»

previous data.
-

2'-0-(2, 4}6-Tri;@ggrppylbenzenesulfonyl)adenosine'and 3=

0-(2,4, 6—tr11sopropylbe\z$nesu1fonyl)aden051ne (36)
. -y

A 53¢ﬁmg (2 mmol) sample of adenosine (35)" was;
dissolved in 14 mL of dry DMF by heating.: This eolution

was cooled to -23°C in CC14¢dry ice and treated with 130



. 'f washed with dry benzene under an: atmosphere of n1trogen

' ?ﬁ?if: '

mg (5 4 mmol) of sodxum hydrlde (50% dxspersion in 011 was,gg'

R

“and transferred to the above solut1on }n ~3 mL of dry DMF

5vtreated with 726 mg (2. 4 mmol) o{ TPS-CI, and then stlrred

at -23’C for 6 h.; The solution was evaporated to a pale .

102

1at -23° C) This mixture was ﬁtirred aﬂ ~23°C for ~20 mln,_

yellow 011 which was chromatographed on 5111ca gel wlth 5%

-_MeOH/CHC13 as eluant to y1eld 853 mg (80%) of a mlxture of"

the txtle compounds wlth. ‘Ms m/z 533. 2{33,(1 4%

n

M [C25H35N5065] = 533, ,2308), 162’0776 (1.6%, Buca-cuz)r

.t

'A'136 0619 (100% B+2H),Jl35 0544 (79. 63 B+H).

| ? : »
~9-(3fDeoxy—s-D*threo-pentofuranosyl)adenine.(3) S::\\\'«

. 9-(iédeoxy;a4D¥threo~pemtofdranosy1)adenine (17)

A solutlon of 853 mg, (1.6 mmol) of thi‘above mlxture

(367 1n 41 mL. of dry DMSO ‘was: treated wlth 20 5 mL of 1 M"' .

'3’LiEt3BH/THF and the resultlng solutlon st1rred 1n an 1ce-

ey
”5?'reaction mixture was caxefully quenched with 50 .mL of Hzo

bath for 2 h._and then at room temperature for 40 h. ' The .

ﬂoiand purged with nltrogen gas. Concengratlon of the

»solution in vacuo and chromatography of - the syrup on a

“.column of Dowex 1x2 (on~ ) resin uslng Hzo ‘followed by <30%

"]MeoH/Hzo-as'Qluﬁnts afforded 132 mg (17%) of (17): mp

218-220°C and 278 mg (35%) of (3): wp 198-200°C

_reapeotiﬁely,vaftergredryetallization‘ﬁrqm;MeOH.. Both

Cohs '
,
AN

o
A
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compounds had ident1ca1 phys1ca1 properties with the

s A."‘
aprevxous compound prepared in ihe above sequence e e

. . ‘;/ ‘
[(27)+(l7)+(3)] o T e

2?;5'éDifg;(E:butyldimethylsi1y1)-3'O-phenoxythiocabenyl

‘ ...arabinosy"ladenine and'~ 3 5'-d1-0 (t—butyldlmethylsllyl) \

v ,2 ho-phenoxythlocarbonylarablnosyladenlne (39)

L . Co ) »

LN N S K
Arablnosyladenlne (32) was sllylated u31ng TBDMS Cl

to yield a mlxture of 2',5 -d1-0 (t—butyldlmethylsllyl)-

arablnosyladenxne and 3' 5'-d1-0 (t-butyldxmethy1311y1)- _ ~

L]

arablnosyladenlne (38) 1n a . 10: 3 rat10.193 i f]f"'{ ;5'

Y

A sd/.le of 496 mg (1 mmol) o the above mlxture (38)

" was suspended in- 15 mL of ary CH3CN. 366 mg (B mmol) of
DMAP ‘and- 200 pl (1. 45 mmol) of phenoxythlocarbonyl

Achlorlde were’ added and the resultlng solution st1rred at.

room temperaturé for 15‘h. " The volatlle solvents were ’

. evaporated and the re81due partltloned between EtOAc ‘and j§\§‘
N -

' Hzo. The organlc phase was washed succe351ve1y w1th sat. -7
- aq. Naﬁco3, HZO, sat,,aq.‘NaCI and then dried-over Na2504 |
é- and evaporated to glve a foam which was chromatographed on
‘ sxllca gel u51ng 3% MeOH/CHCl3 as eluant to afford 475 mg |

(75%) of the title compounds ‘as a mfxture. ". L {

&
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j9-(3-Deoxy-B«D threo-pentofuranosyl)adenlne (3) and 9—(2—

\'deoxy-B-D gythro-pentofuranosyl)adenlne (41)
A solutlon of 475 mg (o. 75 rmmo1l) of the above mlxture

.

(39) in 7 8 mL of dry toluene was treated w1th 895 pl

'(3.32~mmo;) of_n;Bu3SnH andy 95 mg {(0.58 mmol) AIBN and the

4

o R . - . o RN
reactlon mlxture.stlr d overnight.at 75°C. .Evaporation

vof volaﬁlle solvents fforded-a'reSidue which was treated‘

w1th 3 mL of 1 ﬁ n Bu4 JTHF.H Solvents were evaporated “

in vacuo and.the re51due waq~part1t10ned between ether and

HZO. The aqueous phase was applled to a coiumn of: Dowex

i1x2 (OH ) re51n. The columr was eluted with 15% MeOH/H20

the eluate coneentrated and the ée51due xecrystalllzed '

~from EtZO/EtOH to glve 17.5 mg (9%) of (41): mp 191-192’C

(th. mp. 191- 192 ClOS) ' The product had otherdphysical t"'

data 1n harmony w1th those reported 105 The column was |
then eluted w1th 30% MeOH/Hzo,_the eluate evaborated and

".fhe res1due regrystalllzed from MeOH to afford 88 mg (45%)

';ofﬂ(g):‘ mp'198-200 C. Thls compound had 1dent1cal

physical properties with the preV1ous data.
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- 3,5, 6-Tr1-0-benzy1 -1, 2-0-1sopropy11dene~a-D-gluco-

furanose (44)

T0'a solution of 2.2 g (10 mmol) 6f‘1,2197‘

isdpropylidene—u_9¥glucofuranosé_(43) in 25-mL DMSO.was

V,added_3.92<g:(70‘mmol) of finely powdered KOH and*the

reaction mixture stirred for ~15 min: Benzyl bromide

(4.28 mL, 36 mmol) was added'dfopwise with stirring to the
i . _ o -
above solution in a cold water bath. The reactlon mthure

was allowed to stlr at room temperature for ~14 h, at

which time TLC (silica gel, 5% acetone/CHCl3) indicated.

‘complete reaction. ~The excess of benzyl bromide was

'-decomgosed-by the_additish of MeOH (water éopling) and

stirring for ‘30 min.. The reactioh'mixture'waS]evapgrated

-

" to drynes&Qand the residue taken up, in 100 mL of CH3Clye

The organic layer was washed with water (4 x 25 mL),‘dried

over Naéso4 and evaporated. The residue was distilled at

260- 270%c/0.1 Torr (Lit. bp. 260-280°C/0.1 Torr!%8) to

give 4.3 g (88%) of (44): [2130 = -35° (c = 0.227,

CHC13); lH NMR (200 MHz) & 1.3, 1.4 (2s, 2 x 3, 2 x CHy),

3.6 (4, Jg_5 = 6.0 Hz, .Jg_ ;.'= 11.0 Hz, 1, H-6), 3.85
(8d, Jgi_s5 = 2.0 Hz, Jgr_g = 11.0. Hz, 1, H-6'), 3.92 (dad,

356--—201‘12, J56—60HZ,J54-90H2, l,HS),

4.01 (4, J; 8 = 3.0 Hz, 1, H-3), 4.19 (dd, J4_3 = 3.0 Hz,

v

J4-5 = 9.0 Hz, 1, H-4), 4.46-4:7 (m, 6, 3 x CHpPh), 4.8 -

®
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(4, J,_, = 4.4_Hz, 1, H-2), 5.83 (d, Jj_, = 4.4 Hz, 1,
H-1), ‘7.2-7.4 {m, 15, 3 x CgHsg); MS m/z 399.1807 (8.3%,
M¥-CoH9[Cy3Hp70g] = 399.1806), 308.1215 (0.1%,; M'-2xCqjHz),

*6.99, Found‘t.c, 73440; Hg 7.00. | - R

2,3,5, 6—Tetra-_g—h'ldg-glu'cofqrano‘Se' (47)

Sl
R

: . - o +
A sample of 3.74 g (6.75 mmol) . of methyl 2,3,5,6-"
tetra-O—benzyl D-glucofuran051de (46) was dassolved 1n 25_
mL of DMSO. To this solutlon, 38 mL of 60% AcOH and 380

mg of CaBr, were added and the reactlon mlxture refluxed

\“

-oye;nlght. The volatlles were evaporated and the resxdue

-

—

ce—evaporated-w1th toluene. The‘resu;t;ng yellow golored
Qii was extracted into 50 mL of Etzdt? The prganic layer
was.succéssively washed Qitb sat. ﬁaHCOj, H,0% sat. ﬁaCl, T
dried over Na,SO4 and evaporated to give 3;3iig (Qi%) of
(47): LlH NMR (400 MHz) 5 5.13 (aq, 1, H-1g), 5.35 (@a, 1,
H-1z), 6.25 (4, Joy_y = 6.0.Hz, 1, OH-z), 6.5 (a, Jop-1 =
6.0 Hz, 1, OH-g), 7.2-7.4 (nﬁf TgHg's ) MS m/z 431. 1855
(0.9%, M -C7H7-H20[C27H2705] = 431,1858), 91.055 (100%

C7H7). Anal. (C34H3606) Calc.' cC, 75.53 H 6 71.

Found: C, 75.85; H, 6.90.
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-.'solutioh and stirring‘continued for 15 min. The reaction

-
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Methyl,2,5,5.6-tetrafg:beﬁzyl-a-Q-giucofufanoéide (50)

A 300 rig (0.645 mmol) sample of methyl 3,5, 6-tri-0#
benzyl—u-D-glucofuran051de (48) was. dissolved .in 1.5 mL of
DMSO. To this solutlon was added 144 mg. (2. 57 mmol) of .

finely powdered KOH and- the reaction mlxture stirred at°

' room_temperature‘for‘~15 min. Benzyl bromide (92 u1, 0.77

mmol) was added dropwisé with stirring to the above .

- -
’ -

)

was worked up as descrlbed prevxously for the - preparatlon
ot (44). The pure product was obtalned by PLC u51ng 5%
pcetone/CHC13 as the developlng solvent tc\yleld 1330 mg
"(928) of (50): [aJ30 = +36° (c = 0.218, cHCY;): MW NMR
(400 MHz) & 3.34 (s, 3, CH3), 3.6 (dd, Jgr_s = 6.0 Hz,
Jgr_g = 10.0 Hz, 1, H-6'), 3.8 (dd.‘Jé_%..= 10,0'Hz, 36:;
= 1.8_Hz, 1, H-6), 3.9’(ddq, Jg_4 = 7.0 Hz, Jg_g+ = 6.0

Hz, J5_6 = 1.8 Hz, 1, H25), 4.05 ("t", Jp_3 = 4.0 Hz, Jp_;

-

a

- 4.0 Hz, 1, H-2), 4.12 (dd 93-‘%%26.0 Hz, J3., = 4.0 Hz,

.75.49; H, 6.86, - . o

sl RS v : ' ik

1, H-3), 4.23 ("t", J, 5 = 6.0 Hz, J,_s = 7.0.Hz, 1, H-4),
4.46-4.7 (m, 8, 4 x CHyPh), 5.02 (4, J,°, = 4.0 Hz, 1,
H-1), 7.2-7.4 (m, 20, 4 x CgHg): MS m/z 431.1850 (0.7%,

M*-C4H7-CH30H[Cp9H,905] = 431.1858), 9140548 (1008, CqHqp):

Anall (C%sH3g0g) Calc: C, 75.79: H, 6.91. Found:

N ‘f"° L'

&w . vy . s ¥
[T N , o - 7
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Meﬁhyl-2,3,5,6-te;raﬁgfbenzyl—s-Q-g;ucofuranoside {(51)

Thevtltle‘compound was obtalned as descrlbed in the’
preceedlng procedure for (50) usxng methyl 3, S 6-tr1-0—‘u
*benzyl-s-D-glucofuranos1de (49) as the startlng materlalt
The pure product was obtalned by PLC u51ng 5% acetone/
| CHC13 as the developlng solvent to afford 340 mg (95%) of
©(51): [o130 = -30* (c = O, 105, chcly): n NMR (400 MHz)
'5°3.26 (s, 3, CH3), 3.62 (dd, Jgr5 = 6.0 Hz, Jgi_g = 11.0

‘Hz, 1, H-6'), 3. 87 (&g, J6- 6 = 11. o Hz; Jg-5 = 1.8 Hz,
1,H-6), 3.9 (ddd, Jg_4 = 8.5 Hz, J5.¢ = 1.8 Hz, JS 6 =6,
Hz, 1, H-5), 4.01 (s, 1, H-2), 4.06 (d, J3_4 = 4.5 Hz, 1
H-3), 4.2 (dd, J4.3 = 4.5 Hz, J4_5 = 8.5 Hz, 1, H-4),

4.42-4.68 (m, 8, 4 x CHyPh), 4.9 (s, 1, H-1), 7.2-7.4 (m,

20, 4 x CgHg): MS .m/z 431.1848 (2.2%, M*-CqH,-CH3OH
[Cy7Hp705] = 431.1858)," 91.0548 (1008, CqHq): Anal. |
(C45H3g0g) Calca C, 75.79; H, 6.91. Found: C, 75.39; H,.

6.82.

Ethyl (E)4-methylpent-2-enocate (56)

A solutlon of 3.6 g (50 mmol) of 1sobutyraldehyde

(55),_7 92 g (66 mmol) of ethyl hydrogen malonate (54),

©

mL of pyridine and 490 pl (0 5 mmol) of plperldlne was

refluxed until the evolution of CO, was.completea ;Ihe

P N



resultlng solutlon was cooled, poured on ice and )

'neutrallzed w1th ‘2N HCl. Ether (100 mL) waa added and

N

the organlg*layer washed successlvely with dil. HCl. sat;u
N CO3/H20, Hzo, sat. NaCl/Hzo, driead over Na2804 and
aporatedwto glve a yellow colored 011. D&stlllation of
thls cil at 60 62 C/O 1 Torr (th. bp. 62.4°C/0.11

Torr124 126) agforded 4.8 g (67%) of (56) as a clear

 oil: lu NMR (CDC13, 200 MHz) 5 1.05 ("d" 6,--CHMe2),'1.3

ig(t, J = 7.0 Hz, 3,

Hﬁe Fjop = 15 Hz, J, M- [-CHMeZJ). 4.2 (q, 3 = 7.0 Hz.:

=n -CH2CH3), 5.8 (da, J,.4 = 1,5 Hz, J2 3 —.16 .0 Hz; H-2),

"..M*—"Czﬂs_), X 0651 (10 9%, M -C2H50)

7.0 (a4, J = 16.0 Hz, -J = 7,0 Hz,-l; Hua). MS. m/z
3-2 3- 4

142.0994 (15.3%, M [c8u1402] = 142. 0994), 113,0603 (37. 1%

Ethy} DL-threo-2,3-dihydroxy-4-methylpentanoate (57)

A 7. 2 g (50 mmol) sample of (56), 3 2 g of Et4NOAc,‘

*100 mL of reagent acetone and 12 mL of 70% TBHP were

comblned in-a 500 mL round bottdm flask and stlrred at
room temperature for 15 min. THis solution was cooled 1n_

ice and 8 mL’ of stock solutlon'* of.OsO4/t-BuOH was

il

:*"ds" = doublet of septets.f'

Stock .solution of 0804/t-BuOH: 50 ing of 0304 was
dissolved in 10 mL of t-BuOH and 600 il of 70% TBHP added

‘to this solution.’ Each mL contains ~5 mg of 0804.

ST



110
added. The reeultxng golden yellow solutlon‘was stlrred
in an ice bath for ~1 h and then at room ten%erature
overnight. Dxethyl ether (200 mL) and 30 mL of freshly
prepared 10% NaHSO3/H20 were added to the above solutlon
'whlch was cooled in 1ce and stxrred for ~1, h. Solld NaCl
; ‘was added and the solutlon stlrred at room temperature for
2 h and transferred into a separatory funnel. The aqueous
layer was - washed twlce with ether. The comblned d&ganlc
layer was washed w1th sat. NaCl/Hzo, drled over Na2504 and*‘
'concentrated to afford a yello; colored oil. Dlstlllatlon
of this oil at 85° C/O 4 Torr gave 7 1 g (80%) of (57) ‘as a
clear colorless oil: 1n NMR (CDC13, 200 Mﬂz) 6§ 1.02 ("d"

J = 7.5 Hz, 6, —CHMe;), 1.35 (£, 3 = 7.0 He, 3, -cnzcas),

1. 9 (m, 1, H- -4 [-CHMeZJ). 3. 51 (ddu Jz 3 = 2.0 Hz, 1,\54
3), 4.28 (m, 3 # =CHpCH, H-2), 3. 1 (br,, 2, OB-2, OH-3): MS
m/z 177.1129 (3.4%, MH *LegH;704] = 177 1127), 158.0954
(0. 8%, M -HZO) Anal. (C8H1604)‘Calc: ¢, 54.53; H,

.9, 15 Found: C, 54.40; H, 9.17.

ggéthreoez,3-dihYdrbiy44-methylpentanamide (7°)
A sample of 1.76 g (10 mmol) of (57) was:diseoIVeQ’in
5 mL of NH3/MeOH and this solution stirred-at‘roomj'

temperature for ~3 h. Evaporation of volatiles gave a

solid which was recrystallized from MeOH tobyield 1.05 g



nete
: (728) éf (7): mp 193- 194 c (th..mp. 192 194° c54)
NMR - (cnc13; 100 MHz) & 0. 8, o. 92.(2 4, J = 7.0 Hz, 2 x 3, - -
~CHMep), 1.6 (m, 1, H-4[—CHMe23), 3.3 (da, J3 ) = 2.0 e,
33-o5-3 = 8.0 Hz, 1, H- 3). 3.8 (da, Jy_3 = 2.0 Hz, Jp_gy_»
=7 0 Hz, 1, H-2), 4.3 (a, 1, on-3), 4.97 (4, 1, ou-2),
7.15 (of s, 2, an), MS m/z 129. 0791 (1.8%, .
M*ZH,0[CgH) |NOy] = 129.0790); Anal. (C6H13NO3) cale: ~g,
48.97; H, 8.90: i) 9.52. Fouﬂa C, 48.88; H, 8.81: N,.

i
AN

g . . .
) . . . . 3
. . - .

9.49.

2;)3‘,5 -Tri-o- acetyl ~-6-N- (dlphenylphosphoryl)-

- aden051ne (58)

¢

: . Lo ‘ N
To a refluxing solution of 129 ;1 (0.86 mmol) of
phenyl phosphorodichloridate in & mL of dry benzene was

added 236 mg (0.6 mmol) of '2',3',5™ rifgfacetf,adenosine
(65) followed by 6 mL more of dry bengene. The regction
mixture was.fefluxed for ~10 h until it .became clear. At
this stage, 113 mg (1.2 mmol) of phenol was added and the
reaction mi;ture,refluiéd.for 4 h. EvaporationwofV
‘voiétiles‘ig vacuo and chfomatography of ‘the residue on

'5111ca gel* using 2% MeOH/CHC13 as eluant afforded 240 mg

,(64%) Of (58) 78-80° 0131).
(MeOH). max 260»nm5(c 22,000), min 226|nm (¢ 5,000); (HF)'

max 260 nm (¢ 21,000), min 230 nm (¢ 4,600); (OH™) max 277



nm (e 33 000), min 238 nm (; 5, 500)-eiu NMR (2oo MHz)» 

5 "2.00, 2. 05, 2,13 (35, 3 x 3.3 »mg’),ﬂ 26 :(m, .J5

= 12.5 Hz, J i = 6.5 Hz, 1, n—s ) -“
. 5'-4 ' i

“H- 5°), 5.64 ("t", J3i_q+ = 5. o n{z_,wa
H-3'), 6.02 ("t", Jy._3. = 5.5.3;, Jov_ye ='5.5 Hzl
H-2'), 6.3 (d, J1._2-v= 5.5 Hz, 1 H-1'), 7.15‘-7 5 (m, '10,-
2 x CgHg), 8.62 ("s", 2, H-2, H-8), 10.5 (br, 1, NH) ‘
h/z (giycerol/EAB’ = 626 (MH ): Anal. (CZBHZBNSOIOP)

Calc: C, 53.76; o 4. 51; N, 11.19; Found: C, 53.75; H,

_2‘,3',5'-Trifgjacety1-61§7[(2—cyanoethy1)phenylphds-'v'

‘ ¢
phorylJadenosine (59)

Prdcedure'A (0.1 mmol) was followed by Procedure B
ising 40 mg of Ag,CO3 and 13.7 yl (0.2 mmol) of 2-.
. cyanoethanol, reflux time being 2 h. Purification of the

 residue on silica_gel*‘afforded 35 mg (58%) of (59): mp

62-64°C (Lit. mp. 62-65°c131).: The physical properties of

“'(59) were in harmony with the publisﬁéd data.131 ;f‘j
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2',3 5'-Tr1-o-acetyl 6-N- [(benzyl)phenylphosphoryl]-

adenoslne (80a)

Tdﬁg\gefluxlng solution of 215 ul (1.44 mmol) of
phenyl phosphorodlchlor1date in 10 ‘mL of dry benzene was
@dded 393 mg (1 mmol) of 2' 3' 5'-tr1-0-acety1adenosine
" (65). The reaction mlxture was refluxed for ~10 h—untll-
it became clear and no startlng mater1a1 was observed on
e (5111ca gel °5%. MeOH/CHCl3) It was'then cooled to.

room temapraturev(Procedure A). Af'ﬁhis"stage 400 mg

" {1.45 mmol) of AgyCOy and 207 yl (2 mmol) of benzyl

Q

valcohol were added and the reactlon mlxture refluxed for
an addltlonal 4 h. It was then—cooled, flltered, exapo-'
rated and ‘the re51due cnromatographed on silica gel# with
2% MeOH/CHC13 .as the eluant (Procedure B) ’ Evaporatlon of
approprlate fractlons gave 300 mg (63%) of (80a) as an

~amo£phous 5011d°-»rp 79-81°C; UV (MeOH) max 259 nm (e

120, 200), min 234 nm (c 13,300), (#*) max 260 nmq&;

18,600); min-229 nm (¢ 9,800); (CH;) max?276 nm (¢

129,000), min 241 nm (¢ 10,000); lH NMR (200 MHz) 8 2.00,

A4 ae e

2.04, 2.13 (3 s, 3 x 3, 3 x'OAc), 4.28 (m, Je€v-ar = 6.5

Hz, Jgi_gn = 12.5 Hz, 1, H-5'), 4.42 (m, ~_/4', H-5"),
5.3 (4, Jy_co-p = 7.5 Hz, 2, -CHzPh), 5.65 (46, Tyl 4.,3*
5-0 HZ, J3l_2' = 5-5 Hz' l, H‘3)' 6-04 ("t"' le-li = 5 S .

HZ, VJZ‘(:"‘"‘_3I~'»= 5.5 Hz, 1, H"Z‘. ),6'3 (d; Jl .-'2., = 505 Hzl
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H-1'), 7.18-7.5 (m, 10, 2 x CgHg), 8.58 (s, 1, H-2), 8.62

(s, 1, H- 8), 10;28 (b, 1, NH), MS m/z (glycerol/F B) =

640 (MH*), Anal. (czgu3ousolop) cale: ¢C, 54,46L H, 4.73;:
' N, 10.95.. Found:, €, 54.76; H, 4.81; N, 10.65. |

®

2" 3' 5'-Tr1-0-acetyl 6-N [(ethyl)phenylphosphoryl]-

adenoslne (80b)

Procedure‘A (limmol)-ﬁas fbllowediby Proceduré B
uaing 400 mg of Ag2003 and 117 p1 (2 mmol) of ethyl
' alcohol. The reactlon mixture was refluxed for 2 h.

Purif1¢at1on of the resldue&Pn 31lica gel# gave 346 mg .

~

,(60%) of (80b) mp 57-59°C; UV (MeOH) max 258 nm (e

T

18,100), min 225 nm (¢ 4,600); (u*) max 260 nm (e 16,2009,

 min 225_(5‘4 900); (OH™ ) max 276 nm (e 23, 000), min 239. nm

(c‘2,800); 4 NMR- (200 MHz) & 1.28 (¢, J = 7.5 Hz, 3,
-CHZCH3), 2.01, 2.05, 2.14 (3.5, 3 x 3, 3 x OAC), 4.26 (m,
"2¢"CH20H3)v 4. 35 (m,, 3 H-4', H-5', H- 5"), 5.65 ("t",

J3i-4 = 5. 0 Hz,. J3!-2' = 5.5 Bz, 1, HO3 '), 6.05 ("t*,

Jyi_30 = 5.5 Hz, Jpe_gw = 5.5 Hz, 1, H-2'), 6.3 (d, Jl.;z.
= 5.5 Hz, 1y H-1' ),_7.16-7,4§_(m, 5, C6HS)' 8. se (s, 1,
H-2), 8.63 (s, 1, ﬁ-é), 10.15 (br, 1, NH); MS m/z |
(glycerol-sulfolane/FAB) = 578 (Mu*); Anal.
(c24azansolop)-Calc=  c, 49.92, H, 4.89; N, 12.13.
~ Found: c;'f%.ssg-n,'4.93; N, 11.97. |

A B

® -

N



a2 .3 5 -Tr1-0—acety1 6-N-{[2 (2-ethoxyethoxy)ethyl]-

<

) phenylphosphoryl}adenoslne 180c) -

| érdceduté'g'(l mmdl) wés5‘ iléwed~by Pfécedure.ﬁv-v ::"”'
7‘u51ng 400 mg of A92C03 ‘and 300f?i (2.2 mmol) of 2-(2- |
ethoxyethoxy)ethanol, reflux time was 3 h. Puriflcatlonf:

of the residue on 3111ca geI# aE!orded 513 mg (7]@) of -

(80c): mp_38-40°c, UV‘(MeQH) max 252 QP~(E 19, 100), n&ﬂ’//_

226 nm (5710.300)-'(H*) max'zso“nm (é.i9'0065, min 227 nﬁ R

(c 6, soo), (0H7) max 276 nm (e, 27, 800),'m1n 240 nm

(e 4, 500) 1H NMR (200 MHz) 5. 1. 05 (t. 3, -CH2CH3).". {'

2,04, 2.12 (3 g, 3x3,3 x OAc), 3.43 (m, 8.. 4 x'cHy),

4.3 (m, 5, H-4', H-5' _H—s", -p(o)ocaz), 5.64 ("t" JB.;;Lﬂ"~
= 5.0 Bz, J3e_p = 5.8 Hz, 1, H-3'), 6.03 ("t", Jp_3. -

5.8 Hz, Jyi_p = 5.0_Hz, 1, H-2'), 6.29° (d, Jl- 2+ = 5.0

‘Hz, 1, H-1'), 7.15-7. (m, 5, CBHS)' 8.56 (s.'-;-n—z),

"8.62 (5, 1, H-é), 10.1 (br, ll NH) MS m/z (glycerol— |

.sulfo;aﬁg/FAB)-é 666 (MHY); Anal. (CZBH36N5?12P) CaLc:v C,:

50.53; H, 5.45; N, 10.52. Found: ¢, 50.27; H,75,14ff§;

o

10,21,

2,3 5 -Tr1—o-acety1 6-N [(1sopropy1)phenylphosphoryl]-' |

'”aden051ne (80d)

#  Procedure A (1 mmol) was followed by Procedure B



‘iifﬁg

7using 400 mg of Agzc03 and 153“WF£12 mmol) of isoP:opyl

alcohol, reflux tlme was 2 h. Purificatlon of the res1due,

A

on silica gel' afforded 302 mg (65%) of (804): 7¢p3
35-37°C; UV (MeOH) max 259 nm (¢ 19, 800),°m1n 225 nm-
(¢ 4,100); (§%) max 260 Hm (¢ 20,200), min 225 o -
=_>(c'i OOOl:‘(dﬁf):max-276 nm (ef2?;20b)1ﬁ1o1239 nm

(e 1 100); 1H NMR (200 HHz)lé 1.3 (g, g stls’az,~é,

'7-caMe2), 2.0, .2. os,,z 21 (3's, 3 x 3, 3 x OAc), 4:28 and

4.85 (m, 1, ~CiMe;):- 4.3 (m, 3, H-4'; H-5', H-5"), 5.66
("t", 33‘_2.‘- 5.0 Hz, J3. 4 =15.o Hz, 1, H43‘);'6 64
e Jpr-30 = 5.0 Hz, Jrioyr =55 Hz, 1, H-éf), 6 3 (d,_
= N 2 = 5.5 Hz, 1, H- Lg), 7.1-7.6 (m, 5, C6H5). 8, 58 (s,
“,1, H-2), 8. 62$%@ 1, #-8), 10. 08 (br, 1, NH): MS mfz

_ |
- (g’ly‘ce_rol./FAB') 1@?9}2 (Ml-'l‘ _)‘. '

61§:£(Beniyl)phénylphosphoryljadenosine (8la).

\ggf\:i‘

aun . e ) “ a ;0 a v‘

. . ;\ ’ B g . (
A sample of 33 mg (0 05 mmol) of (80a) dlssolVed in

. 80yl of dioxane was stlrred overnlght\u;th 360 Wl of

‘conc.iaqueoua ammonla at room tgmpe:ature.. The react;on '

mixture ﬁas‘evaporated to dfyness and _the residue ourified '

&
N

| by'ch;Omatographyvon s%}lco gel# colﬁmn (27x lofcmf dsing
fS%?MeOH/CHCl3'as'the eluant (Procedurevclv Recrystalllza-
‘ tion from CHC13 by diffusion of Et20 afforded 22 mg 983%)
of (Bla):, mp 79-81.C; UV (MeOH) max 261 nm (5‘20,600),_.

L% ) : &,



./m1n1233 nm - (s 11 900) (a*) max 261 r

N am (c 7, 500), (oa ) max 276 nm (e za 00), ‘min 240 nm

. (C29H30N5010P 1.25 HzO) Calc., ,C, 51 54 H, 44 98 N,

(e 19 7005. min: 230

e e, 900) *tn nMr (200 MHz) & 3. 77 (m Js.‘su = 12,5 Hz,

2, H-5', H<5"), 4. 0 (m, 1, (HY4'), 4.2 (m,  1, Hr3'), 4 63

¢

('"dd" B le 10 = 6 0 Hz, J2l 3! = 4 0 Hz' Jz' OH_Z = 640 ’ -

v’
= 8.0 H, 2, -CHZPh), 5.55 (a, JoH 20 = _‘l' Hz, 1, OH-2'), &
6.0°(a, Jy._p = 6. Hz, 1, H-1' ), 7.19-7.5 (m, 10, 2 x. &,

1, H-2"), 5.2 (m, 2, (OH-3', OH-5"), 4% 24 (4, Iyc- ]Q

'céas), 8.56 (s, 1, H-2), 8.66 (s,",-H*B), 10.3 (br, 1,

NH); MS m/z (glycerol/FAs‘ = 514 (MH )s Anal. o
13.07. Found' Co 51.59; H, 4 75 N, 13. 06.

6:§j[(Ethyl)phenylphoqphoryl

rpr0ceduré C~was apéi:;d to 90 mé (3:16 mmol) f‘(SGbX"
u81ng 180 pl of dloxane and 800 pl of conc. aq. NH3 to . - '

give 65 mg (93%) of (81b) after recrystalllzatlon from .

CHCl14 by d1f£u81om of Etzo- mp 87- 89 C: uw (MeOH) max 260

nm (e '18,700); min 227 nm (c 3, 200), (g 261 nm

(e 16, 500), min 228 nm (c 4/100); (OH ) 275 nm (¢ 22 000),,

min 239 nm (¢ 2,400); lH NMR (200 Miz) 5 1.28 (t, 3= 8.0
Hz, 3, -cuzca3). 3.65 (m, 2, H-5' , H-5%), 3.95 (m, 1,.
H-2'Y, 4.25 (m, 3, H-3', -cnzcu3). 4.61 ("da", Jpi_5. =
4.5 uz; Jgi_1u™= 5.8 Hz, 92 -OH-2 =5, 8 Hz, 1, H-2' ), 5.24

4



ot

(m, 2, oufg',‘0u~s'),‘5 54 (a, 1, oH-2'), 6.0 (a; Jpeoa -
5.8 Hz, 1. ‘B-1'), 7.15-7.5 m. S, CGHS)' 8.53 (s, 1, H-2),
8 64 (s, 1, H—B), 10 08 . (br, l, NH) MS m/z (glycerol/FAB)4
= 452 (M ) Analf‘(C18H22N507P 0. 25 #20) Calc: 'C, 47.42;

'H, 4.97; N, 15 36. Found: C, 47 48 H 4. 94 N, 15.56.

e

eigr{[2-(2»Ethpxyetﬁoxy)ethyl]phenylphbsphoryl}—

adenosine (8lc). |

-
T

Procedure c was applled to 150 mg (0. 225 mnal) of .

e

'(800) u51ng°300 pl of dloxane and 1.35 mL of conc. aq. NH3

to glve 104 mg (86%) of (8lc) after recrystalllzatlon from‘

Fe
CHC13 by dlffu51on of Etzo. mp 39- 41 C;. UV (MeOH) max 260

" am (e 19,600), min 234 nm (¢ 11,400); (H*) max 260 nm

(¢ 18,700), min 228 nm (¢ 7,600); (OH”) max 276 nm
(¢ 26,200), min 239 nm (¢ 4,900); 1H NuR (2oovMHz)-5'1 04
(t; 3 = 8.0 Hz, 3, -CH,CH3), 3.52 (m, 10, 4 x cmz, H-5',

H-5"); 3.98 (m, 1, H-4'), 4.18 (ada, J3‘r4.,q 4.0 Bz,

) J3|_2| = 5 0 HZ, J30_OH 3t = 4"8“[‘12, ' "ﬁ 3"},]4 3 (m' 2,

\

-P(O)-OCHZ-), 4.6 ("aqa", J2' -1* = 5.8 Hz, 2 g‘ = 5 Y Hz. i.u

-

1, oH-5'), & 23 (4, Jpy.30 = 4.8 Hz, 1nwoa 30y, 5.5 (a,

JOH 2.v-. 6 0 Hz, rl, OH-2 ), s 8 d,

H-1'), 7.15-7.5 (m, 5, CGHS), 8.53 A ;"1,JH42), 8.64 (s,

_@1, H-8), 10.04 (br, 1, NH); MS m/@ kglycerol/FAB) = 540




(MH+)- Anal. (czzu3onsogp 0.25 H,0) Calc: - C,. 48.58: H,

5.65; N, 12.87. Found~ C 48 23 H, 5.89; N, 13 19,

Y

61§;[(Isoprdpyl)phenylphospho:yl]adenoéine (813)

£ o e ‘ ‘ I

érocedure C was applied to 100 mg (0.17 hmok) of
(80d) using 190 pl of dioxané ;nd 820 1 of conc. ag. NHj
to yield 70 mg (87%) of (81d) after recrystalllzatlon from
CHC13 by dlfqulon of Et20. mp 93-95°C; UV (MeOH) max 260
- nm (g 19, 200), min 225 nm (c 2,600); (H+) ma x 261 nm ‘
{e 19, 800), min 226 nm (¢ 4,400); (OH ) max 276 nm
(¢ 28,000), min 239 nm (¢ 3,600); }H'NMR (200 MHz) §.1.3

(d, J = 6.5 Hz, 6, ~CHMe,), 3.65 (m, 2, H-5', H-5"), 4.0

“(m, 1, H-4') 4,19 (m, 1, H-3'), 4. 28 and 4. 88 (m, 1,
-CHMe, ), 4-63 (m, 1, H-2'), 5.18 (¢, JoH-5", 5"'= 5.2 Hz,
1, OH-5'), 5.25 (d, Jgy_3+ = 4.5 Hz, -1, OH-3'), 5.52 (e, |
Jop-g+ = € Hz, 1, OH-2'), 5.98, (a, Iy 2 = 5.5 Hz, 1,
H-1'), 7.15-7.55 (m, 5, CgHs), e.ss{(s, 1, H-2), 8.64 (m,
1, H-8), 10.08 (br, 1, &H); MS m/z (glyéerol/FAS) = 466
(MH*); Anal. (c1§H24N507P‘0.25‘Hzo) calc: c, 48.56; H,

5,26; N, 14.90. Found: .C, 48.48; H, 5.06; N, 15.20.

119

2‘,3f,5'-Tri{gyacéty1-61§;(phenylphosphorykﬂadenosihe-(86)

A 30 mg (0.047 mmol) sample of (80a) was
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hydrogenolyzed w;ﬁh‘lo mg of‘5% Pd—Cveetalyst in}25 ﬁL of
95% EtOH at 30 psi Hy for 10 h at room temperature in a
Parr shaking apparatus..,Fil%retion of“the:mixﬁure with a
~celite pag, evaporation ef the‘soivent_end recrystal-
lizaiion of thefresidue.from CHCljy by diffﬁéiqn,bf,Etzo_
gave 23 mg (89%) of (86): mp 89-91°C; UV (MeOH) max 263
nm (e 15,600), min 229 nm; (e 2,000); (4%) ma x 267 nm

(e 16 700), min 232 nm (5~3,500);'(on“) maxj263 nm

e 16, 900), min'zae nm (¢ 5,900); lH NMR (200 MHz)®s 2.0,

2.04, 2. 1 (3 s, 3 x 3, 3x OAc) 4.32 (m, 3, H-4', H-5',

H"'S"), 5'.6 ("t", J3‘l~_2l =v‘5.8 Hz, J3u_4o = 5.5 Hz, 1, ‘
.,H—3'). 5.7 (br, 1, OH), 5,92 ("t", Jor.. 1' = 5,0 Hz, J2._3.‘
= 5.8 Hz, 1, H-2'); 6.28 (q, Jl.;z. = 5.0 Hz, 1, B-1'),

- 7.0-7.3 (m, 5, CGHS)' 8.64_(5, 1, H-2), 8.67 (s, 1, H~-8),

M 4

10.08 (br, 1, NH); MS.m/z (glycerol/FAB) = 550 (MHY); .

Bnal. (Cy,HogNg0 gP'0.5 H,0) Calc: C, 47.70; H, 4.45: N,

—

12.64. Eound: C, 47.50; H, 4.46; N, 12.52.

6-N-(Phenylphosphoryl)adenosine (61) -

A 30 mg (0 058 mmo1l) sample of (8la) was - _ | B
-hydrogenolyzed WIth 10 mg of 10% Pa-C catalyst in 25 mL of
' 95% EtOH at 30 psi H2 for ~10 b at’ room temperature in a
- Parr shak1ng appatatus. ‘Flltratlon of.the_mgxture with a.‘ /’
'eelite;pgd,,evaporatioﬁ of the solvent and fecryetal- : i—\*

3

o,



~

'“evaporatlon of the re51due w1th toluenefgave a foam whlch

‘-of Et50 afforded 18 ° mg (73%) of (61)

.NH), ms m/z (glycerol/FAB) é‘424'(MH ): Anal.

2',3',5" -Trl-O aCetyl 6 azldo 9-ﬁ—D r:bofuranosy £

o4

.%?#ﬁ

»
[

llzatlon of the resultlng resldue from EtOH by d;ffu81on

mp.159-161 C; v

(MeOH) ma x 263 ‘nm (c 16'000), min 235 nm Ge 4 200) ; (H+i

max 268 nm (e 16 100), min 235 nm (e 5, 000), (OH~ ) max 263"

nm (¢ 16,200), m1n‘235“nh.(e 5,400) ; lH NMR (200 MHz )

5 3.63 (m, 2, H-5',"HeS5"), 3.98 (m, 1, H-4')) &.16 ("e”, .

q3._2.f¥.5 0 Hzfv33w;4- =:4-2«Hz. 1, H-3'). 4. 52 ("t“

_'Jz _31_? 5 0 HZ, Jzo 1l =‘5:0 HZ, l, H 2 ), 4 7 (br,

x OH) 5395 (a, Jl._z.'= 5.0 Hz, 1, H-1' ), 6.95-7.3 (m, 5

Ce“s)' 8.58 (s, 1; H-2), 8.69 (s, 1, H- 8), 9 7 (br{

‘(C16H18N507P 0 25 HzO) Calc. C, 44 45 H 4 43 N,

16.20.° Found.' c,444.32; H,‘4;40;'N,‘15.9S.

e
o

=
*
"
l
i

purine (91) o e CL 'ﬁ, . ; :‘4“

]

LY BT f'

To a suspen51on of 250 mg (O BS mmol) .of GBazldo— —g— .

D-rlbofuranosylpurlne (90) 1n 2.5 mL of Ac,0, 6 mL of dry

pyrldlne was added dropw1se,w1th stlrrlng and thé

4, 4

P

1,

resultlng reactlon mlxture stirred overnlqht at room L

T s

&

temperature._ Evaporatlon of solvents followed by ° co-

- -ir

A

. was recrystalllzed from CHCl by. dlffu81on of Et O to
3 2

afford' 325 mg (91%)kof (91), mp 62 64't UV (MeOH) max-

’ .

121 7



%

3, 6, 3 x Ohc), 4.37 (m,‘3 H 4'm H-5', H-5"), 5.62 ("t",
L By i l, ‘H._.3‘o )' 5.97 _‘(“t",

= 5. 5 Hz, J2 _'~1'. -' 5. 2 Hz, 1, H-2'), 6.46 (Q,.
3yr_g = 5.2 Hz, 1, B-1'), 8.88 (s, 1, H-2), 10.18 (s, 1,
© H-8); MS m/z 419.1i89 (3.5%, M *[C)gH7N707] = 410, 1187),
259.0816 (85,7% sugar), 133 0392 (3. 5% BHCH-CHz—Nz),
119.0358 (1.2%, BH—N3)._Ana1. (C16H17N7O7) cale: C,
45.83; H, 4.09: N, 23.38. Found: C, 45.58: H, 4.10: N,

22.99. S o .

Reaction of (91) with triphenyl phosphite toﬂgiVé
. &

2',3',5'-triégfacetyl-Gfgj(dipﬁénylphosphoryl)adenosine

- (58)

An,83.6 mg.(O.élmmol) sample of (91) dissblved in 10

mL of dry dioxanelﬁa;-refluxed.with 262 y1 (1 mmol) of

triphenyljphOQpﬁite'for 4 nh. EyaéoragiOn'of'ydlaiile
.solvenis and cﬁ}omatography oh éilicgagél# using 2§
%ﬁPH/CHCl3 as. _eluant gave 63 mg’ (78%) of (58) ﬁp

| - 69-71° c. The phy51ca1 propertles of (58) were identical

.yitthhe previous data (for 65 » 79 + 58)..
w P , , '

«w,ﬁﬁ nm, min 237 nm; 1H MM 1200 miz) & 2. 04, Z.12 (s, "s",
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lzéi} ' :
BN Trxethyl N-[9 (2, 3 5-tr1-0-acety1,a-D-rlbofuranosyl) 9H-  '

pgrhnwé-yl]phoéphorlmldate (92)

KRS SV

A 41.9 mg (0 1} mmol) §ample of (91) dlssolved in 5 mL

| ofvdry dioxane was stxrred w1th 86 pl (0 5 mmol) of
tr1ethy1 phosphlte at roqm ;emgerature for 30 mln.,
EVaporatlon of volatlle'selvents and chromatography on
& silica gel* with 2% MeOH/CHC13 as éluant provxded 54 mg,
| (96%) of (92) as a thlck syrup* #%V (MeOH) max 266 nm
(e 19,100), min’ 229 nm (e 3, 600)j (H*) max 266 nm
(¢ 18,400), min 230 nm (¢ 4,000); (OH™) max 267 nm (c
.18,300), min 234 nm (¢ 4,500)7 H WMR (200 MHZ) 8 1.3 (m,
9, 3 x -caéca3), 2.04}Q2:08, 2’14 (3s,3x3, 3x OAé).
4.22 (m} 9, H-4', H-5', H-5", 3 x -CHZCH3), 5.66 (“t",
Jyi_g4 = 5.2‘Hz, J3F gt = 5 6 Hz, 1, H-3"), 6.08 ("t“,
Jpr_3n = 5.6 Hz, Jpi_j. = 5.4 Hz, 1, H-2'), 6.23 (a,
Jitoge = 5.4 Hz, 1, H-1')p 8.3 (s, 1, H-2), 8.35 (s, 1,

H~8): MS m/z (glycerol/FAB) = 558 (MH+)

:2',3*,5'-Tyifgfacetyl-61§f(diethylphoéphbry})adenosine

(903)

‘A 54 mg (0.096 mmol) sample of (92) dissolved in 1.5
mL of 95% EtOH was stlrred with 3 mL of 0.01 N HC1l/H30 for

4 day% at room temperature. The rgactlon mixture was

A
o



evaporated"to dryness and the residue chromatographed'by

PLC to afford 26 mg (51%) of (93): mp 34-36°C; UV (MeOH)

" max 261 nm (¢ 14,800), min 233 nm (¢ 1,800); (H") max 261

‘am (¢ 15,000), min 234 nm (c 4, 800); (OH) max 275 nm -

(e 21,400), min 238 nm (e 1, 900), g nur (200 MHz) 6 1.23

(t, J = 675 Hz, 6, 2 x -cnzcn3), 2.02, 2.04, 2.12 (3 s, 3

x 3,3 x OAc), 4.02 (m, 4, 2 x —CH,CH3), 4.32 .(m, 3, H-4",

H 5' - H-S“) 5 64 ("t'.'v, J3l'2'l = 5.0 HZ,'.‘JBl_4I = 5-6>HZ,‘

1, H-3 ), 6,04 ("t", J,n_3» = 5. 0 Hz, Jaeoyr = 5.8 Hz, 1,

H-2'), 6.24 (q, Jl.iz. = 5.8 Hz,‘ . H-1' ), 8.4 (s, 1,

H-2), 8.48 (s, l,'H-B), 9.62 (br, 1, NH); MS m/z

(glycerol/FAB) 530 (MH+)

61§7(Dieihylphospho£yl)adenosihe (94)

Procedure C Qas applied to 200.mg (0.378 mmol) of
(93) using 1 mnL of dloxane and 2.5 mL of conc. ag. BNH3
The re51due after evaporatlon of volatiles was

.

chromatographed on silica gel# using 1% MeOH/CHC13 as

' eluant and recryatallxzed from CHC13 by dlffu51on of Etzo

to give 140 mg (70%) of (94). mp 59- §1,C, UV (MeOH) max.
. 260 nm (c 14-600), min 226 nm (¢ 1,700); (H*) max 260 nm
(c 15,000), min 228 nm. e 5 oobaﬁﬁjon ) max. 276 nm

fe 21 400), min 238 ‘nm 1, 9003 la NMR 5 1 23 (m, s,

2 X CH3)' i 301-402 (m, 8‘ 2 x CHZ' H"a v H"’4 I3 Hfs., H-S"),,

124
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reactlon mlxture ‘stirred at’ room temperature overnlght.

_ . i
4.6 (m, 1, H-2'), 5.2 (m, 2, "OH-3', 5-5 ), 5.51 (u,
Jog-21 = 5.8 Hz, OH-2'), 5.8 (4, J3:.p = 6. o Hz, 1,
H-1' ), 8. 46 (s, 1, H-2), 8 61 (s, 1, H-,e), 9.54 (br,” 1,
NH); MS. m/z (glycerol sulfolane/FAB) = 40{,(Mﬂf)r‘hnal.’
(C} 4H2oN509P*0.25 HZO') Calc: .C, 41.23; H, 5.56: N,
17.17. Found: C, 41.27; H, 5.44: N, 16.83,
Reaction ofl2,3;4,6;tetra19;beu2yl-a-Qegluoopyranose (55).
- with diethyl pﬁoSphorochloridite and (91)
A 108 mg (O;Zummol) sample of k95) wae dissolued'in 5
mL of dfy THF aud'cooled‘to‘-78°C. Addition of 70 pl (0.4.
mmol) of lPerEt and 45 wl (0.31 mmol) of diethyl
phosphorochloridite was followed by stlrrlng for 45 min at
-78°C. A 41. 9 mg:(O 1 mmol) sample’of the azido ?;Q
nucle051de'(9l) was added and the solutlon allowed to warm
gradually. Dry dioxane (10 mL) was added at 0° C and the -

. ")/

Evaporatlon of volatlle 11qu1ds and chrOmatography of the

resxdue on silica gel# with 1% MeOH/CHCl3 ga3e 33 mg (62%)

.of 2'13, 5'—tr1-0-acetyl 6-N (d1ethylphosphoryl)adenosxne

(93). The physical propertles of thls compOund were

’)identlcal with the previous dataV(for 91 » 92 » 93).

-~



Reaction of (95) with d1pheny1 phosphorochlor1d1te

and (91)

The preceedlng procedure was followed with 108 mg

(Uo 2@01) of (95) using 17.4 ul (0.24 mmol) of dlphenyl '

phosphorochlorldlte. ‘This after chromatography afforded

lf mg (48%) of 2',3', 5'—tr1-0-acetyl 6-N (diphenylphos-

ghoryl)adenOSLne (58): mp 69- 71 c. The phy51cal

v

properties of this compound were 1dent1ca1_w1th the -

sreVLOua data (for 65 » 58) .
N . ; ;

| & o o :
ﬁ'fg‘,5‘eTrifgjacetyl-Gfgf[ethyl(methyl 2,3,4-tri-o-~

Benzyl -z <D-glucopyranosid-6-y})phosphoryl Jadenosine
' 1= Nttt

T

{100) -’

)

i

A 46.4 mg (0.1 mmol) sample of methyl 2, 3 4Ztri-o-

‘enzyl-'—D glucopyranosxde (98) dlssolved in 5°mL of dry
of 3& 8,1 (0.2 mmol)

’THF was cooled to -78 C. A

-

of 1Pr2NEt and 43 541 (0.3 mmol) of dlethylphosphoro—

chlorldlte was followed by stlrrlng for 1 h at -78 C for

1 h. A 20 9 mg (0. 05>mmol) sample of nuc1e051de (91) was

added and the reactxon mlxture gradually allowed to warm
'qp. At 0°C, 5 mL of dry dioxane was added and the
resulting solution stirred overnlght at room

,temperature. Evaporatlon of volatlle«Folvents and
A -
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chrohﬁtography‘on'silica gel? using»i%gMeoﬁ/CHCi3 as‘b.
Leluant gave 34 mg (72%) of (100): uv (MeOHj'max 258 nm,'

min 227 nm; (nt) max‘2594nm;7min 2Zé nm; (OHf) max 277 nm,
hin 236 nm; 1H N¥R (200 MHz) 6 1-2’(m, 3, ;CH2CH$Z;-2;O, -

2,02, 2.12 (3 s, 3 x 3, 3 x OAc), 3.33-4.9 (m, 21); 5.64
(", J3;-4-'= 4.5 Hz, J3v_o = 5.8 Hz, 1, H-3'), 6.04
("t", Jyi_3: = 5.8 He, Jz;;l. = 5.0 Hz,"1, H-2'), 6.28 (a,
Jyropr = 5.0 Hz, 1, H-I'), 7.2-7.5 (m, 15, 3 x CgHg), B.4
‘(s}’l,“HfZ),?é.GGH(s, 1, H-8), 10.82 (br, 1, NH); MS m/z
jé;ycerolfsulfolahe/FAB) =.948 (MH'). L A

C e

6-N- [Ethyl(methyl 2,3,4- trl-Ovbenzyl a-D-glucopyran051d 6~

”yl)phosphorylladenos1ne (101)

Procedure C was applled to 61 mg (0 064 mmol) of

(100) u51ng 800 ,1 of dloxane and 3 nL of conc. ag. NH3.
to give 45 mg (85%) of (101) after recrystalllzatlon from
CHCl3. by dlffu51on of Et20° mp 82-84°C; UV (MeOH) max 260
nm (¢ 14,400), min.226 nm (e 1"800),,(H+) max 261 nm
(¢ 15, 300),.min 230 nm {¢ 9, 700),- (DH ) max 277 m
(¢ 21, 000), min 236 nm (e -13,900); 1H NMR (200 MHz) § 1.2

_(t, J = 7.0 Hz, 3, -CH,CH;3), 3,30(5, 3,wéoCa3), 3.4-3.84
 (m,-6), 3.9-3.42 (m, 6), 4.52-4.92 (m, 8), 5.2 (¢, |
JOH_5'5H'= 5.2 Hz, 1,.0345'),'5525 (a, Jog-3+* = 5.0 Hz, 1,

OH-3'), 5.51 (dy Joy.p+ = 5.8 Hz, 1, OH-2'), 5.98 (4,

127



\\S'FDeoxy-Sf1§7(digthyighosphoryl)amino—z‘.3'19f'

e

128

Iyiogr = 6.0 Hz, 1, H-1' ). 7.2-7.5 (m, 15, 3 x csns), 8.42

i/

]
(s, 1,-H-2), 8.62 (s, 1, H—B), 9 66 (br, 1 NH): MS m/z
(glycerol—sulfolane/FAB) = 822 (MH*), Anal."
\(C40H48N5012P 520) Calc: vC. 57.21; H, 6.00; N, 8.34.

Found. c, 57.24; H, 5.77: N, 8.49.o

o

isopropylideheadénosine (;13)“

i v

To a sample of 108 mg (0 3 mmol). of’ 5'~azido-5'-
deoxy—G-N formyl 2' 3 —O-1sopropyl1deneaden051ne (112) in

15 "mL of dry dioxane was added 210 pl V&g mmol) of

-triethyl phosphlte and the resultlng solutlon refluxed for‘ 

Z‘hw‘ Evaporatlon of volatlle solvents gave a residue
whlch was chromatographed on s111ca gel# using’ 5% |
MeOH/CHCl3 as the eluant.' Evaporatlon of approprlate
fractlons and recrystalllzation of the resultlng solld

from CHCl3 by diffusion of Et,0 gave 102 mg (77%) of

Q@

(i13): mp 194-196°C: UV (MeOH) max 260 nm (¢ 15,600), min

225 nm (¢ 2,000); (H*) max 256 nm (¢ 16,000), min 227 nm
(e 3,500); (OH').méx 259 nm (¢ 15;900), min 234 nm

(e 5290@): 14 NMR (200 MHz) 6 1.15 (q*,“6,‘?‘x CH3), 1.35,
1.57,(2 s, 2 x 3, —CMeé), 3.02 (m, 2, H-S];.hfS“){'3.88 ~

* Overlapping triplets.




o : 129. ;
(m 4, 2.x <Hy), 4. 1ef(m; J40-30 = 2.5 2, 1, H-4'), 5.04
(aa, I3 —4r.= 2. 5 Hz, Jj:. 2. =,2.5 Hz, 1, n;3 ‘), 5.35 (m,
1, NH), 6. 13 (a4, 3., 2.,= 3. o Hz, 1, H-1" 3, 7,9 (br s, 38 |
NH,), 8.16 (s, 1, H- 2), 8.35 (s, 1, H-8); MS m/z 442.1730
(2,68, M [c17327uﬁo6pj = 442 1734), 164.0569 (100%,
"au-pno), 162.0772 (4. 4%, sﬂcu caz), 136.0630 (90.1%, B +
2H), 135. 0553 (40 2%, B +fH) Anal. (Cy4HpoNgOP) Calc:
C, 46.15; H, 6. 15 N, ig,oo Fognd: Cs 46:03; H, 6;11;
N,‘18?99r.' @gf | {;; e

<
ey

5'-Deoxy-Sﬁﬁﬁjfd%phenylphosphofyi)ahino-Z';3'19;isopro— )

pylideneadenosige-(}fﬁ)

”W2ﬁmg (0.2 mmol) sample of (112) 1n 10 mL of dry.
dloxene was refluxed w1th 262 “1 (I mmol) of trlphenyl
‘;phosphlte for 4 h. Evaporatlon of volatlle_solvents and
chromatography of the resultlng resxdue on sillca gel*

" using 5% MeOH/CHC13 as eluant afforded a solid wh;ch was
.“recrystalllzed from CHC13 by dlfqulon of Etzo, to glve 60
| mg (57%) of (114): 'mp 154-155°C: UV (MeOH) ma x 261 nm
(e 15, 200), min 225 nm (¢ 1,470); (Hf) max 2§7 nm

e 15, 100), min 229 im (e 4 900); "(OH)'max ‘Z‘S;nm (€

15, 300), min 246 nm (c 12 600),_1H NMR (200 an) 5 1.2,

1. 54 (2 s, 2 x 3 —CMez), 3. 22 (m, 2 H-S‘ H-S"), 4. 17

”‘f(m 1, 'H- 4 ), 4. 78 (dd, I3iag = 2. 6 Hz, J3 20 = 2.6 Hz, -
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o

1. H-3 ), 5.23 (dd, J20_3l = 2 6 Hz, Jzo 10 R 3 4 HZ, 1,

LW
-~

H-z )' 6)05 (d' Jl _2' = 3 4 Hz, 1' H—l ), 6 5 (m' ‘ NH)'

o. 1.1-1.5 Am, 12, 2 x CgHs, NHZ), 8.08 (s, 1, H-2), 8.3 (s, )

S

" 1,‘H-8), MS m/z 538.1729 (1.1%, M [025H27N606P] =

N

538.1710), 523. 1489 (2.48, M* -CH3), 445.1380 (1. 0%
'CGHSO)' 164.0572 (1008, BH-CHO), 162.0772 (1. 5%,
BHCH=CH,), 136.0624 (56.8%, -B +'2n),;135q0547.(24.1%, B+
- H); Anal,'(c25H27N6069i.. Calc: C, 55.73{'H,~5.05; N,
~ 15.61. Found: C, 56;00: H,%5;27; N, 15. 38.

3

~tri-0-ethylphosphorimidate (144
. N_Octanoyl tri-O-ethylphosphorimidate ( )

To a solution of ~500'hg’(2e9,mmei)10f»octancyl e;ide‘\
(1435'in ~6 mL of'Etzb‘(a£ D'C) was added 2.5 mL;(14.5
mmoi).ef gfiethyl phoséhite and the.¥esuitihg reaction
mixture fefleked fof éO min.' After removal. of the

’ﬂvolatlle solvents, gpe re81due was partltloned between

’Etzo and Hzo. The organlc layer was washed succe581vely

‘with Hzo, sat. NaCl/Hzo. dried over Nap;SO4 and edaporated

to nge 895 mg (98%) of (144) as an oil: IR (neat¥:

v (P=N) 1380 cm ;,,v (C=0) 1620 em™l; 1y NMR (cpcly, 100
. MHz), 6 O. 9 (t, J = 6. 0 Hz, 3,,—CH2CH3), 1 3-1.8 (m, 19,

S x CHy, 3 x -ocnzcn3). 2. 33 (t, 2, -c(o)cuz). 4.2 .(m, 6,

'3 x *OCHZCH3), MS m/z 309 1913 (3. 7%, M [C14H30ﬁ04P] = .
309.1915_). 208 0744 (89 8%, M —CH3(CH2)6 ). 155 0479 ¢



‘ ‘ ‘ . . 14 _4 .° ‘
(57, 2%,, (Eto)zP (oH)z), 127.1121 (1.5%, cu3(caz)6c o*):

Anal. (C14H30N°4P 0 25 Hzo) Calc' C, 53 92 H, 9.86; N,
4.22. 'Found: C, 53.66: H, 9.62; f' a.49.

‘

:ﬁjOgtanoyl-difgjethylphosphofamiddte (145)‘
To abi é (3 25 mmol) sample of (144) dlssolved in 5
ml of abs. EtOH ‘was added S mL of 6.01 N HC1/H,0 and the ’
result%pg solqtlon.stlrrgd ovexplght at roomltemperaturef
_ Evapoté%ién of;sélvents .gave ‘a reéidue which. was exﬁfactéd
1nto ét;o. The -ether layer was washed successxvely wlth
- sat. ﬂaHCO3/H20‘ H20, sat. NaCl/ﬂeO, drled over Na2804 and‘

evapo@ateﬂ to':ivé 854 mg- (94%) of (145) as a greasy -

, (C=0) 1680 cm~Y, y (P=0) 1240 cm¥;

Bt MHz) 5 0.89 (t, J = 6 Hz, 3, '-CH‘,_'cH'f?l
1.5-1’.8 (m, 16’} 5 x «cnz, 2 « -OCH2CH3),‘ 2.29 (m, é,. |
_c(o)caz)',“4.14 (m, 4, 2 x -OCH,CH3), 5.6 (br, 1, NH_); MS .
‘m/z 279.1599 (2.1%, 'm*[é12H26‘N04p] = 279.1598), 181.0620°
(9.4%, (Eto)zp(o‘)NHco'*), M‘dé‘l (.160%, (Eto)2202H+1)'..
126.1281 (1.2%, CH3(CH;)gCwm*). ‘

N

e

’5'fgr(biphenYIphosphityl)-2'.3fjggisopropylidene~

‘adehosine,g}47b)

A 307 mg (1 mmol) sample of 2',3'-O-isopropylidene- -



132

aden031ne (146) was suspended in. 10 mL of dry CHZCiz.' Drf.
ﬁgyridine (170 pl, 2 mmol) and 172 pl (l 2 mmol) of
'dlphenyl phosphorochlor1d1te were added and the reactlon :
.mlxture stlrged at room temperature for 1 h. Water (2 mL)
'fidas added“and the reaction mixture evaporated to dryness,q
' The resldue was coevagprated with toluene several times,
'extracted ;hfo CHC1l3, and ‘the organlc layer washed
esucce351vely with 2% aq,‘AcOH, sat. NaHCO3/H,0, Hzo,dSéﬁ.
Neél/Hzo, driedVQVef.ﬁeZSQ4'and e&aporetedn The solid .
';reSidue weé;chrOmategfaphed on silica-éel dsing 1% Lo
”MeOH/CHCl3 as eiuahf;: Evaporatlon of approprlate
.fractlons afforded 392 mg (75%) of (lq7b) which was
drecrystalllzed from EtOH by dlffu51on of Et20~ .mp -
78-80°C; A\MEOH = 258 nm; lu NMR (200, MHz) 5 1.34, 1.56 (2
s,_2jx 3, —CMey), 4.34~Km.’3, Hf4'; H-5', H-5"), 5,1,(dd;a'
,33}-h'~= siadaz, J3;;2._;ﬂs.gyﬂé;fi, H~3"), sty(da;
qég;l;'5‘4.0‘Hz,"Jz.;3w:=*5;o'Hzf‘1,‘5-2‘),,6}23'(d:1'
Jyiipe = 4.0 Hz, 1,_H—1'), 6'95-7T4w(h,f12, 2 g;CGHS,: -
_NHy), 8. 12 (s, 1, H-2), 8. 32 (s, 1, ﬁ-s)-.Ms m/z 430.1275
;41003, M¥-CgH5O [Clgfip)NsOsP] = 430:127°), 164.0572 (3.2%,

£

BH- CHO); 162 0776 (0.8%, BHCH—CHz) 135 0622 (21, 5%, B +’
Rt

2H), 135 0546 - (6.7%, a +H). . RS -



g 5F12f(Phenylbhosphoramidatyl)fg?;3?197130propylidehe?

, adenosipe 1148) R Lo

of octanoyl azlde in 10 mL, of Etzo was added to the above{ :

..e

-

i o ' K-

e RN
¢ : . e - .- :

A 104.6 mg (0. 2 mmgl) sample of (147b) wag dlssolved‘
: A

in lO-mL.of~er.dloxane. A solutlon of ~169 mg (~1 mmol)We

solutlon an® the reactlon mlxture refluxed for ~10 h.

Evaporatlon of volatlle solvents and chromatography on ¢

5111ca gel u51ng 2% MeOH/CHC13 as eluant ylelded 20 mg-

. 4

(32%_ of (146) whlch was recrystalllzed from H20

216 2)7° C. ThlS ¢ompound was . found to@pe 1dent1ca1 Wlth
03 —0—1sopropylldeneaden051ne by the qual crlterla.fg
iFurthe“ lutlon of the c0rumn gave 60 mg (65%) of (L48)

whlch was recrystalllzed from CHC13 by dlfqulon of

Egzo: mg 90 92 c Uv,(MeOH) ‘max 259 nm (g 15 400),‘m1n'...

225 (e 2, 100) (H+) max: 257 hm (g 13 900), min: 229 nm

- (e 3,100): (oH") max. 259 nmw(g 16, 000), 1y NMR (200 MHz)

'a H—l ), 7.1-7.5 (m, 7, Cs“sl -NH2), 8. 16 (s, b H- 2). 8.33

6 1.34, 1. 55 (2 s‘ 2 x 3, —CMeZ) 4.3 (m,, ., H- 2' "H-3‘, |

H°—4")I 5'05 (m, 1 H 5 ), 5 17 (d, JH"‘N p Qs HZ, 2,

NH2), 5.4 (m,-_. a-s"), 6.21 (4,"Jy1 g+ = 2.5 Bz, 1,,A

(d,‘l, H—B), MS m[z (glycerol/FAB) 463 (MH*), Anal.‘

(C19H23N606P) CalC“ C 49 35 H, “5.01?7 18 18. §

 Found:. e, 48. 94; H,@S 07; N, 18.16. .. -



'pylldeneadenoslne (146) was converted to the tltle

ne‘61§fﬁenzoy1-2‘;3‘fgfieopropylideneedenosiﬁe (150)

A 307 mg (1 mmol) sample of 2' 3 -O4i§opro-
< .

? . l az"

- compound uslng 1dent1ca1 co dltlons as desctlbed for 2'

: deoxyadenosxne.zps Thls,g ve 378 mg (92%ﬁ of (150), mp -

138 140 c: UV‘(MeOH) max ,80 nm. (e 20 100), min 243 nm

,(5 7, 000),‘13 NMB (zoo MHz) 5 1 .38, 1.56 (2vs, 2 x 3,

7?-CMe2), 3.56 (m;?z -5, H-S"), 4.29. (m, 1, H-4"), 5.02

ta, 1, H-17 ),--
1, H 2), 8 76 (s,‘ H-B), 10 2 (br s, 1, NH), MS m/z

7»411 1553 (e 1%, M [620321N505] = 4BI 1543), 381. 1431,

© (da, 1, B I

s 15 (t, 1, OH), 5. 44 (dd, 1, H-2'), 6.58

~7.8 and 8. o 8.1 (m,,s C6H5), 8.67 (s,

542 64, u* -CHZO))'164 0572 (18, 9ghd%% CHO); Anal.

"“;(C20H21N505) Calc. ‘C, 58 39
c,lsa 09; H, 5. os N, - 16;§2Jf>

#, 5 15; N, 17.02. Found:
ﬂ’v ,

o . i : L D '

P -
A-‘l ?' 4 5

4ff6-N-Benzoyl 5'-0 [(N-beﬂzoyl)phosphoramldatylj -2', 3'—0-

' 1;isopropylldeneadenoaaqu(152)

"-"‘»(;’}r‘
2. % &

To a samplégof 411 mg n mmol) of (150) in 15 L of-
ﬁ iy

'i;dry pyrldlne, was added”’ 238 mg (1 mmol) ‘of N-benzoy1

'phosphoramldodlchlorldate and " the.. react1on mlxture stlrred

nat room:, temperature for 1 h. Evaporatlon of pyrldlne and

vl
- L[]

:‘coevaporatlon of the resxdue with toluene gave a solld

'. a': oL
. e : S .
’°¢° : : O
Zn f; Lo T

L



i s

veluted w1tR’4% MeOH/CHC13. the eluate copcentrated and the

. product recrystalllzed from CHCl;rby dlffusion of Et20 te

affora 50 mg (5%) of the bls-ptoauct (15r§ mp 135-137 c-

was chromatographed onrslllca gel’ The column was o

UV (MeOH) max 230 nm (e 37 200) and 280 nm (c 36 000). min _.

253 nm (5 22, 000)- (H*) max: 289 nm- e 38 ood), min 264 nm

A\
(e 22,000).onn ) max 305 hm e . 21 800),Hnun 262 nm

(e 15,200); 1H NMR (200 MHz) 5 1.29 1, 54 (2 ngh, 2 *-s;

2 x -CMe,) 4:28 (m, 4, 2 x H-?' H-S") 4 45 (m, 2;5;5 E

2 x H-4'), 5'1'(m,_2, 2 x B-3" ),.5 ag’’ (m, /2 x H-2' )
3 31 ("t", J) g = 2.2 Hz,.é 2 X - <1 ). 7.5- -8.1° (m,.‘

3 x C6H5), 8.61,~8.63, 8. 68 8 71 (4 5, 4, 2 X H?Z{

’

2 x H-8), 10.12 ("s", 2, 2 x 6-NH), 11 .21 (br,.i, NH)“MS"'

m/z (glycerol/FAB) = 988 (MH ),,Anal. (C37H46N11012P 2“20)
: »

Cale: €, 55.13; H, 4.92; N, 14.74. ‘Found: " C, 54,93,:H, A

4.80; N, 15.05. - 7 ) o

¥

N

when the columﬁ was fufther%eluted wiﬁﬁ QO%;'   5f{ﬂu
MeOH/CHC13 260 mg . of product conta1n1ng (152) was;‘ .
vobtalned.b However pure (152) ‘was - not obtalned, 1H NMR
(400 MHz): & 1.3, 1.53 (2's, 2 x°3, -CMez), 4.0 (m,_?ﬁi“'
H-5', H-5"), 4.38 (m, I, Hf%i)- 5.06 (m; H—3 R 7‘81;
C{m, 1, a-z*); 6.32 (a, 1, H-1'), 7.44-8. 2 (m, ”
2 x Ce”s)' 9.64 (br s, y,‘S—NH), 11.21 (br, 2, NH, on)

T

m/z (glycerol/FAB) 595 (MH ). ' _~  f ; 1]' }'f_‘f

135
X

S



- Hy0 Thé organlc layer was washed with sat. NaCl/Hzo,

136

' DL-threo-2,3-di-O-benzyl-4-methylpentanamide (153)

A 147 mg“(; mmo1) sample of‘(?'i Qas dissoived-in‘
B IOIﬁL of'dry DMF.’ This solutlon was cooled to -23° C and
treated wlth 108 mg (4.69 mmol) of sodlum hydrlde (50% |
dlsperslon in 011 was.washed,wlth dry benzene under an -
‘atmosphere of hitrogeh and transferred to the aoove
solution in. 1.5 nL of dfy'ﬁMF at —éS‘C)‘ lThe‘reaction.

' mlxture was stlrred at -23 C for 20 mln'and treated. WIth
500 pl (4 2 mmol) of benzyl bromlde and further st1rred
for 2 h-at -23 C. Methanol (1 mL) ‘was added and the -
,solutlon gradual{zlwarmed up: It was evaporated to |

L]

fdryness and the residue partltloned between CH2C12 and d
-wdrled over Na2804 and evaporated to give an 011 which was-
‘*ichromatograp%ed on 5111ca gel using 3% MeOH/CHC13 as © '\<
5‘eluant. Evaporatlon of approprlate fractlons gave 196 mg,;

(60%) of (153) mp 118-120°C; lH NMR (200 MHz )} § 0.8,

Lol 92.(2.5, J = 7.0 Hz, 2 x 3, —CHMe,), 1.86 (m, 1, H-4"

{ﬂf[-cHMezj), 3. 45 (a4, 1, H-3), 3.85 (d. Jp.3 = 4.0 Hz,«l

LH 2), (dd,' “'11 0 Hz,‘2 —CHzPh), 4.66 (dﬂ Jgem

gem
s 10. 5 n;; 2, -CHzPh), 7. 2-7 .5 (m, 12, 2 x CgHs, Nila Y oMs

- \
m/z 236 1288 (o 18, Mv-C7H7), 91.0535 (100%, CyH;): MS m/z

(glycerol/FAB) = 328 (Mu*); Anal. (czoazsuoj) Calc.l c,

H



B, " Lt 1371

F

73.36; H, 7.70; N, 4.28. Found: C, 73.35; H, 7.65; N,

4'. 33.
.tq. #

‘Bis(6f§;behioy1-2',3ffgfisopropylideneadenosineSf-yl)'

}2-chloroPhenyl phosphate (156)

e

5.45 (m, 2, 2 x H-2'), 6.34 ("a",

a3

To a 78 mg. (O 19 mmol) sample of (150) in 1 mL- of dry
THF at -78°C, were added 18 pl (O 21 mmol) of - pyrldlne and

17 pl (0 11 mmol) of 2-chlorophenyl phosphorodlchlorldlte.‘,

' A white prec1p1tate was formed. The mixture was stlrred

at -78°C for 30 min and gradually warmed up to ~-10 C,

whereupon a solutlon of 1od1ne (27 mg,-O 11 mmol) in 3 mL

| THF—H20 (2:1) was q@@ed. The reaction mlxture ‘was warmed
'iup to room tempera%ﬁ%e. Volatile solvents were removed_ig
.Q. -

.. .vacuo. The re31dual gum was taken -up in. 2 mL of 10%

‘A l—bdﬁanol in CHC13 ahd washed with freshly prepared S%Y

NaPSO3/H20. The organic'layer waS‘washed with 1 mL
portlon of H20 a few tlmes, dried over Na2804 and

3
evaporated to glve a .gum. Chromatography of thls residue

<

_on 3111ca gel usxng 2% MeOH/CHC13 afforded 147 mg (78%) of .

(156)@§rom cnc13 by d1ffuslon of Et,0: mp 104-105°C;.

1y M (200 Maz)'a 1 3,1.54 (2 "s", 2x 6, 2 x ~CMe,),

4.4 (m, 6, 2 X-H'4'i H~-5', H-5"), 5.05 (m, 2, 2 x H-3'),

*

2, 2 x H-1'), 7.08-8.1
(m, 14, CgHg's), 11.23 (br “s", 2, 2'x NH); MS m/z

.8



L

'_(glycerol/FAB) = 995 (MH+), Anal. (c4sﬁ44nloolzpc1 Hzo)

54, 52; H, 4.58, N, 13. 82, Found: €, 54.35; H, 4.33:

, ) 130 54-

o

_(2,3,4;6-Tettafgfbeniy1?d-g-glucqp§ranoeyl)methylf- ‘ K

" jodide (160)

' To a sample of 1.75 g (2 26 mmol) of (2 3, 4 6 -tetra-

; -benzyl-u-D-glucopyranosyl)ﬂethylmercury chlorth (159)
- in 17.5 mL of CH2C12 was added a solution of 626.mg (2,46
Ammol) of iodine-in 3ime CHzéle The reactien mixture was

'stlrred "at -room temperature for 1 5 h. fffwaszartitidned

€

'fbetween CH2C12 ‘and - H20 and the organlc layer washed

'succe531ve1y with' 10% aq NaHSO3, 5% aqg. KI, HZO,-sat. aq.

NaCl, dried over Na2804 and evaporated to dryness. Thev

-

residue was chromatographed on 8111Ca gel and product

'eluted wWith 1% MeOH/CHC13. Evaporatlon of approprlate

. fractlons ylelded 1. 28 9 (ess) of (160) : mp 79- 81gc,

[a] -=,f§135(c = a 56,(£HCI3) 1H NMR (coc13, ZQO Mﬂz);_

(n “9 cu21, H- 1 a—z H-3 H*4"H-5 H 6

AL

v

138 -



573.11391,v91.q§497(1oos c7a7). Anal.‘(C35H37051) Calc:

C, 63.26; H, 5.61.- Found.\ C,. 63.53; H, §. 77 - (1l;j“
o 0 L

| ‘ | _ o _ L o
Dlethyl (2,3, 4, 6-tetra-0-benzyl-a-D-glucopy}anosyl)methyl-

phosphonate (161a)

A 325 mg (O 49 mmol) sample of (160) ‘was refluxed '
undefr argon for 4 h in: 4 mL of trxethmhosphlte.‘ The "
excess. of the reagent was removed under reduced pressure
and the re51due chromatographed on 8111ca gel uslng 1%
MeOH/CHCl3 as eluant to yield 310 mg (94%) of (161a) as. an
oil: 1H NMR (C6D6' 400 MHz) was 1dent1ca1 with the
published-data 211 1y NMR (cpciy, 200 MHz) 5 1.27 (m, J =
7.0 Hz, 6, 2 x ~CH,CH3), 2. 12 2.13 (m, 2, H-1'a, H-l‘b),_
3.6-3.84 (m, 6), 4.1 (m, J = 7.0 Hz, 4, 2 x ~CH,CH3) ,
4.42-4.95 {m, 10), 7.1-7.42 (m, 20, 4 x C6H5). MS m/z
(0. as, M*-3x C7H70), 264.1014 (0.9%, M¥-4 x C7H7O),
91.054 (100% c7H7), MS m/z (glycerol/FAB) 675 ‘M%;);

Dlmethyl (2,3, 4 6-tetra-0-benzyl-a-D—glucopyranosyl)—

methylphosphonate (161b)

A 325 mg (0. 049 mmol) sample of (160) was refluxed
under argon for. 10 h in 8 mL of trimethyl phosphlte. The

' _excess of the solvent was removedhunder reduced pressure’



_MeOH/CHC13 0, ‘afford 148 mg (47%) of (161b) ‘as ‘an”

and the residue chrométogrqued on sil;pd«gel us'f
.k

0

‘[a32° = -30* (c = 0.66, cuc13) 1u MR (CDCL3, 200 an)

6 2 14-2 9 (m, 2 H-l a, H 1 b)' 3w"’3 8 (m, 12)' ". R _.t »‘ “°

4. 43-4 91 (m, 9), 7.1-7.35 (m,120 4 x csns), MS m/z

646.2696 (o 2%, M [c37a43oap] = 646. 26979 540.2279 (0.2%,

‘M -CyHy), 449. 1720 (0. a3, M*-2 x c7H7). 91.0542 (1008,

Found: 'C, 68.09: H, 6.66..

,C7H7), Anal. ,(C37H4308P) Calc:, C, 68.72,,H, 6.70.

'3,4,6,7-Tetra-O-benzyl=1, 2-didecxy-D-gluco-hept-1-

enitol (162)

'A-sample of 1.08 g (2 mmol) of .(47) in 6 mb of THF-

 HMPA (4 1) was treated w1th 1 32 mL of 1. 3 Q_E_BuLL/hexane

at 0°C. A solutlon of methylenetrlphenylphosphorane in
4 mL of THF-HMPA (4: 1), prepared at'-15 c under argon frem
1.43 g (4 mmol) of Phyp*CH3Br™ and 3.8l nL of 1.3 M/ '

nguLlAhexane was added to the above solution at room .. " .-

. 4emperature. This reaction mixture was stirred under’

. argon -at ‘'room temperature for 3 h. It wasfevapotated'tb'

dryness end'the'residue dissolved in ~25 mL CHpCl,. The

CH,Cl, layer was washed successively with sat. NaHCO3/H0,

HZQ' sat.‘NaCl/Hzo, dried'over-NeZSO4-and evaporated to

'give‘a‘dark colored oil. This;was chromatographed on a
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sxllca gel column .using 0 5% MEOH/CHC13 as- eluant. ‘
1Evaporat;q% of approprlate fractions ylelded 805 mg (74%)
of (162) as an oil: n NMR (cpe1y, 200 an) 5 2. 56 (a,
Jou-s = 8.5 Hz, 1, OH), 3.58-3.9 {m, 5), 3.74 (m, 1, H-5),
S, 4013 ("%, J3_g = 7.5 Hz, Jq_, = 7.5 Hz, 1, H-3), |

o

.4;3254.93 (m,;8),'§.35 (m, Jgem = 1:7513?{ 2, 2 x H-1),

5.85 (m, Jz_pfo E

= 9.5 Hz,,qz;pro 2 17.5 bz, 33-3 ="7.5
Hez, 1, H-2), 7.2-7.4 (m, 20,"% x CgHs): MS m/z 447.2184
(0.2%, M -C7H7[C28H3105] = 447, .2183), o1. 0530 (1008,
C,H7): Anal. (C3gH3g05) Calc: C, 178.04; H, 7.11.

Found: C, 77.83; H, 7.07.

-v(2 3,5, 6—Tetra*0—benzyl—u-D glucofuranosyl)methylmercury

chlorlde (163)

A. 780 mg (1.4 mmol) sample of (162) in 7.8 mL of dry

*. THF was stirred for 2 h at room temperature with 461 mg .

‘(1 44 mmol) ovag(OAc)Z' A solution of 178 mg (2.38 mmol)
‘ of KCl in 53§ pl of HyO was: added and the reactlon mixture
stirred for 1 h. Chloroform (20 mL) was added and the
;vonganic iayer washed wlth HZO, sat. NaC1/H50, drled over B
‘n Na2504 and evaporated. The residue was chromatographed on
" a column of 81llca gel using 1% MeOH/CHCl3 to afford 873
g (7884 of (163) as an.oil: W NMR (cDClj, 400 MHz)

5 1.74 (dd, Jjip-1ta = 12.5 Hz, Jyep.y = 3.5°'Hz, 1,
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'n-1 a), 3.7 (m, 2, H-2, a 6* ),‘3 91 (dd Js-af = 11, o Hz,
Jg5 = 2,0 Bz, 1, H-6), 4.0 (m, 1; H-5), 4.18 (a, J3 4 =
4.0 Hz, 1, H-3), 4.28 (da, J4_3 = 4.0 Hz, J4 5 =9.5 Hz.
"1, 5-4), 4.33-4.88 (m, 8,v4ax.eS§2Fh), 4,67 (m, 1, H;&),
17.24:7.44 (m, 20, 4 x CgHs): 13C NMR (CDCl3, 300 MHz)

B 2_?3.74 (cHzngcn: ‘MS m/z (ély‘cérol/FAB‘) = 775 ,(MH+ for
20244, 35c1); Apal. (C35H37C1H905) Calc: C, 54.33; H,

S

4,82, Found: C, 54 41: H, 4.89.
' g R o

e

(2,3,5, 6—Tetra-0-benzyl—u-D—glucofuranosyl)methyl

'd, iodide ?Egd) e | 'f | ' T ‘

G

To a sample of 800 mg (L. 035 mmol)’of (163) in 8 mL'i
of CH2C12 was added a solutlon of 286 mg (1 125 mmol) ofi;
‘iodine in 7 mL of CH2C12.f After stlrrlng the reactlon |
mhxture at r.t. for ~2 h, the CH2C12 layer was washed Wlth
-10% aq. NaHSO3, 5% aq.‘KI, H20, sat. aq..NaCl, dried over':
‘ha2804 and evaporated to give a re%idue which was
subjected to chromatography on slllca gel.' The columﬁ'&asv

eluted with 18 MeOH/CHC13 and the eluate concentrated to

:yleld 536 mg (78%) of (164) as. an 011. 1n N%R (cpc13, 200,

MHz) 6 3.28 (m, 2, H-l'a, _-1“y), 3.67 (da, JG 6 = 11.0

He, Jgos5 = 5.5 Hz, 1, H-6), 3.84-4.33 (m, 5); 4.4-4.85 (m,
9), 7.2-7.4 (m, 20, 4 x CgHg): MS m/z 573.1139 (3.6%,

B
B
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M¥-CqH7[CogH30051] = 573.1139), 359.0182 (2:6%, M*-2 x
o f¢7ﬂjo§;-9i.0513‘$100§.1¢7H7)' Anal. (C3sH37105) Calc: C,
63.26; H, 5.61, Found: C, 63. 27 zﬂ, 5.66. - .

B

Dlethyl (2 3 5 6- tetra-o-benzyl-u-D-glucofuranosyL)-

B methylphosphonate (165) ) L -

A 456-mg (o. 068 mmol)~eampie of (164)vﬁae'ref1uxed.e

“ under argon for 4 h in 5.6 mL of tr1ethy1 phosphlte.i;;f~x>f
'After the excess of the reagent was removed 1n_xgggg;‘the
residue was chromatographed on silica gel. ?he product

- was eluteﬁ Wlth 1% MeOH/CHC13 and the. eluate concentrated‘
‘to ‘1ve 401 mg (aa%}aof (165) as an 011 [aJ = -14°'(q

- Q. 66 cnc13), Aﬁfﬁmqn (cpely, 400 MHz) 5 1,28 (m, J = 7.0

"Hz, 6, 2 :;-CHZCH3), 2. z (m, 2, Ard'a, H-1'b) 3. 68 (ad, ftﬁﬂ“

o 7 qx“i

- e 6= =:11.0 Hz, Jg_s5 = 6$Qiﬂ%'; . H-6), 3.9 (dd, Js- 6=

o

11.0%z, J 6'-5 = 2.0 ﬂi}' , H-8"), 3.97 (3, Jpp = 3.4
,J!
‘ﬁi, 1, H—2), 4. ogr(m, 1, H-5), 4. oe (m, 4, 2 x -cnzcu3),‘
:-4012 (d! J3_4 ? 400 Hz, l, H-3)p_4'221(dd‘ J4_3'=-400 Hzl:.4'

4.5 = 9.5 Hz, 1, H-4) 4.45-4.84 (m, 8, 4 x —CH,Ph), 4.54

(m, lf-H—l),”7 24-7.4 (m; 20, 4 x c6355: e MR (doc13/"

 ext. ref.lH3P04) + 28.92 ppm; MS m/z 674.3009 (o 2%,__ |
M¥[C39H490gP] -‘674.30;1),‘353.;486 (0.25, M*-3 x c7H70).;
246.1022 (1.6%, M*-4 x C;m5), 91.0548 {1008, CqH;); Anal.

"

[}
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9(039“47039) Calc: C, 69.42; H, 7.02. Found: - C, 69.22; .
H, 7030 L

o

.

D1ethy1 3, G(R), —trz-o-benzyl S(S)—hydroxy 1 3 (E E)-

'heptadienylphosphonate (167)

A'27o mg (0.5 mmol) sample of (47) in 750 41 of
NCH2C12 was st;rred VLgorously w1th 173 mg (0~6 mmol) of._:

thyleneblsphosphonate -in 750 pl of 50% aq.f

The aqueous phase was separated and

'washed with 2 X ¥ mL of CH2C12. The combined: CH2012 layer

e_,was washed with water, sat._NaCl/Hzo, drled over Na2504

ted to glve a resxdue whxch was chromatographed

: and ef:p";
. s'< . b" s L

on . sxi ca-gel._ Tﬁe«p;oduct ‘Was eluted with 1% MeOH/CHC13
“and tﬁejtiﬁ§%% concéntsqted ‘to yleld 109 4 mg (38%) of

B (167) qf an oil: [u]20 ‘tgz° (c = 0.46, CHc13)

'(Meoﬂ) max 257 nm (¢ 9, 200), min 231 nm (¢ 6,100); 1y Nur

‘(400 MHz) & 1. 2 ("t“ * 3=, OJHz,*z X -cazcn3). 3.54-3, 7

,( 3), 3 98 (m; 7 O Hz” 2 xq-CHZCH3), 4 5- 4 76 (m,,
ki

s, 567 (a, Jgos = 9.5
‘f[eaz, ;, H-4) 5.86 (m,'{z\a_1 £ ;7 .0 Hz,.;, H—2), 6.88 (m,

ﬁ‘ oiet "

3y = 1700 He, 1, u—i),f? 23-7. 4 (m,'1s, 3 x CgHsg): §1p'

o

NMR (ext. ref. H3P04) + 18 90 ppm, MS m/z (glycerol/FAB) =

i3 ,‘
- ; e Wik Yo T

L

v s . o
i L.
T : l’ .y

"t = overlapplng trlpletsi‘é
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. 567 (MH+). ‘Anal, 6032339079 0.25 H,0) Calc: ¢, 67.30; H,
 6.97.. Found._ >, 67.09; H, 6.85.. | '

L IS : v s

) Reaction of (47) Wlth tetraethyl methylgnebzgphos- :

phonate/NaH R ’{';f'v". S ﬁ o
. L e » . D

\L>'

‘A, 108 mg (o 2 mm&l) sample of (47) in 600 u1 of THF—"

HMPA (4 1) was treated at -23 e w1th 11 52 mg. “{0. 48 mmol)l
of NaH (50% dlsper51ong1n 011 was-washed"wlth benzene |
‘under an atmosphere of-argon andwttansferred,to the above

solution in"éOO 11 of THF-HMPA [&(1]?"f} solution of .

69 12-mg (0 23 mmol) of tetcaethyl methyleneblsphosphonate

in 400 pl of THF—HMPA (4 b) yas ‘added. tb the above ,'

reactiOn mlxture and stlrring conﬁ#ﬁued at ~23 C for 30
. . 3 B
min- -and then at rOOm temperature for 4 h. After
B -
'evaporatlon of ‘the volatlle solventSv the resldue was‘

taken up in ~10 mL of CHC13 and washed w1th H20 sat.'
2 :

NaCl/HZO, drled over Na2804 and - evaporated. .The resultingp

'product’was cnromagographed:on_a sxlrcaegel‘oolumn'usiné
»cyclohexane—acetone (3:1) as thereiuant.eiEvaporation of
_approprlate fractlons gave 101 mg (75%) of a mixture of
(165) ana (166): 1H NMR‘(CDC13. 200 MHz) & 1. 28 (m, 6,'
2 x -cuzcu3), 2.1- 2.3 (m, 2, H-l a, H-1'b), 3 68 (m, 1,
;H-6), 3.85-4.2 (m, 8), 4 5-4 9 (m, 8), 7 2-7 4 (m, 29,

© 4 xCgHg): 31P NMR (CDCl3, ext. ref. H3PO4) +27.12 ppm

) Y
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(g),'ze 12 (a) ppm ratio 3:2; MS ‘m/z 674.3000 (0.3%,

M [c39347oap].= 674.3008), 583. 2451 (0.4%, M'-CH7),

- 246, 1022 (0.78, m*-4 x C7H7). 91, 0536 . (10 . CqHg): MS m/z

(lecerol/FAB) = 675 (MH*)
.Further elution of the column with‘cyelohexane-

\ acetone (3 1) ylelded 11 mg (10%) of - (167) MS m/z
/ o
(glycerol/FAB) = 567 (MH*) The spectral propertles of -

‘thls compound.were 1dent1cel'to the prev1ously mentloned

~ data.

=(2}3;5,64Tetraﬁgfbenzy1-a-9—glUcofurenose hethyl'dlcéaol

(172) and_(2,3/5,65Tet:eﬁ9fbehiyl-e-nglucofd>agoey1)fai-

".methy;daicohoi'(r73)‘

’ A 54 mg (0 1 mmol) sample of (162) in 5 mL of 1,
dlchloroethane was treated with 25 88 g (0 16 mmol) of

“MCPBA and the reactlon mlxture refluxed for 20 nh. ’Itvwas

2

;then part1t1oned ‘between CH2C12 and HZO. The organic

-

'lazer was washed successlvely with sat. aqg. NaHCO3, HZO,‘

-

sat. aq._NaCl, dr1ed»over Na,S04 and evaporated,to glve an:

o oif;'Whieh ﬁas'chromatographed‘bﬁ'silica gél, The column ' .

‘was eluted with 0.5% MeOH/CHC13~ Eleoratlon of
‘apprOprxate fractions gave 17 hg (31%) of (173) as ‘an

oil: ' mMR (coc13, 200 MBz) 6 2.03 (dd,* Jog-1'a L= 4.5

Hz, JOH-l b f 4.0 Hz,yl; oa),.35§a-4;se,(m, 17), 7.18-7.42

v .

14




(m, 20,.4 x c6g5)grgg:m/z.463.21203(o;ﬁs, M¥-CaHy)

. 4.38-4.84 (m,_9), 7.2-17. 44»(m,»2o 4 x c6H5)- MS m/z

th2933lo61*= 465 2120), 372.1529 (0.05%, M¥-2 x CqHy),
91.0521 (1008, C7H7), Anal. (C3s“3806) Calc: C, 75.79; H,
.91, Foun%‘ 75.35; H, 6.88. S |

..]

Further elutlon of the column wlth the same solvent

mlxture gave 18 .2 mg (33%) of (172) as an ‘oil: _lH NMR

*

_(cnc13, 200 MHz) 5 2. 26 ("t", JoH 1'a = 5.75 Hz, JOH I“p

= 5.0 Hz, 1 ou), 3.6-3.94 (m, 4), 4.0- 4.2 (m, 4)%

463 2123 (2 2% ‘M -C7H7[C28H31063 -'463 2120), 249 1140
’ (1.8%-:, M -2 X C7H70-C7H7), 91. 0519 (100% C7H7), Anal.

© (C35H3g0g) c_alc.; C., 75.79; H, 6.91. Found: c, ,75.40, H,

6.96.

Octanoyl Isocyanate (175)-

"

A solution of 7 mL'(g

’» ',.«’ u.

’chlorlde in 40 mL of anhy&rous tho was added dropwlse-
}w1th stlrrlng to a suspension of 8 g (5;} mmol).oﬁ AgNCéf[
' inbzqimL of aﬁhYdrous‘EtéO under argoh. After the l
'additioh was cohpLete, the reaction mlxrure was refloxed
forsg h- and flltered to remove the prec1p1tated AgCl._ Thev

. ﬂflltrate was evaporated and the residue dlstilled at bp
: &

53-55° C/O 7 Torr to glve 6. 93 g‘(SB%) -of (175) | MS m/z

-

N

"t =.overlappihg triplets, &

Y—
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169.1094 (M*[CgH)NO,] = 169.1102); Anal. (CgHjsNO3)
Calc: C, 63.88; H, 8.93; N, B8.28. Found: C, 63.78: H,

-

8.98; N, 8.04. . . .. T

Gfgfbenzoyi-Z',3'fgfieopropYIidene—S‘{gf[(ﬁyoctaneyi)-

"earbaéeyl]adenosihe;(176) e ~:g . o g

e

A 4ll'mg (0 1 mmol) sample of G-N—benzoyl 2'.3’-0-
1so§ropy11deneadenoslne (150) dissolved in 5 mL of dry
CH2C12 was: treated w1th 202 mg (O 12 mmol) of octanoyl

Ahsocyanate (175) at. room temperature under rigorously

‘ﬁanhydrousvcondltlons. After 2 h, the reactlon mlxture was‘
evaporated to dryness and the re51due coevaporated with

’:CHC13 to_ give 514 mg (88%) of (176): mp. 68-70° c; gv |
(MeOH) max 280 nm.(e 20,700); min 247 nm (e 7, 600); (H%)
max 287‘h§7(s'24'000). min 243 nm (e 11, 700) (oH™) ﬁax |

. 302 nm (¢ -13,800), min 259 nm (e 9, 300), 1H MR (200 MHz )

6 0. 82 (t, J = 7 0 Hz, 3, -CH2CH3), l1.1-1.3 (m, 10

5~x caz). 1.35, 1.56 (2 8, 2.x 3, -CMejy), 2.37 (t, 2;
-c(o)caz), 4.2 (m, 2,_H-5 ; H-S"), 4.5 (m, 1,‘H-4 Yo 5.1
(ad, Y _2. = 6.0 Hz, J3-_4- = 2.5 Hz, 1, H-3'), 5.58 (dd[
Jprr 3.0 Hz, Jpi_3: = 6.0 Hz, 1, ‘B-2'), 6. 33 @
Jyi_gs = 3.0 Hz, 1, H-l' ),,7 7-8.1 (m, 5, csas), 8.63 (s,'_
-1, H -2, 8.78 (s, 1, B-8), 10. 52 (s, 1, 6*NH),.11JQ4 (s,- ~"'

1, NH). ‘MS m/z (glycetol/FAB) = 581 (MH+),‘Anal.v» :

A}

S e
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‘C, 59.95; H, 6.25; N, 14.83. . - . a

~

. P

61§;Benzoy1-5'79f[(g;octaHOyl)cafbémdyl]Saénosinei{l77)‘

g A 29 ‘mg (0.05 mmol) sample of (176) was. st1rred w1th

2 mL of 90% CF3602H/H20 at room temperature for ~10 mxnh o

Evaporatlon of volatile solvents ani recrystallazation of

the re51due from CHC13 by dlffu51on of EtzO gave 23 mg

(963) of (177): mp (100-102° Ci BV (MeOH) nax 260 “nm:

(e 20,700); min 226 nm (c 12 900) (H+) m&x 237 nm 'j‘:f

»
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(¢ 23,600), min 241 nm (c 10 700) (o) max' 302 nm ,Uf,;l(

(¢ 13,600), min 257 nm 1€ 8, sogg 1H NMR Yzoo MHz) 6 o as
i€ . ik
(t,3 = 7.0 Hz, 3, -ca CHy) 1 2-1. 6 (ﬁ 10 5 X CH x,

_ . 2CH3) ¢ ¢ 2
2.44 (¢, 3 = 7.5 K. 2 ,.-cnzcuz-cg )o 4 15-4 a5, (m,;A,jj

H-3', H-4', HES", H- 5"), 4.82 gﬁ 1. HrZ ), 5. 5 (q,

JOH 3! = 550 Hz"l,l OH- 3 ), 59-75 (d, 'OH 2| = 5 9 HZ, l,' "

v X,
OR-2' ), 6. 1 (d Jll 2! = 6. 0 HZ, H-l ), 7 5 8 1 (m, 5,

CgHs). 8. 72 (s, 1, H-2), B.78 (s”,l, H-B), 10.63 (s, 1,

-NH); 11. .22 (s, 1, NH). MS m/z (glycerol/FAB) = 541

t’

(MH+)‘ Anal. (C26H32N607) Calc. - C, 57.77, H,75.977 B 4?‘

N, 15.55. Found: C, 57.49; H, 5.91; N, 15.17.



fv  the tltle compound u31ng 1dent1cal condltlons as descrlbed

6-N-Benzoy1 9 (3-deoxy-s-D-threo-pentofuranosyl)adenlne

(178) "}f et g

) A sample@bﬁv§51“mg (1" mmdl) of (3) ‘was converted to

»

| for 2' -deoxyadenosxne 205 Thls gave 80 mg (23%) of
(178): mp 94-96°C; | UV (H20) max 280 nm- e 20, 800), giﬁy

1"‘_max 285 nm (e 22 400); g’ NMR (200 MHz) & 2.08 (m, 1,

©OH-3%), 2.28 (m, H- 3"), 3.64, (m, 2, H-5', H-5%), 4.13

C(m, 1, H-4'), a 62 (m, 1, B-2'), 5.18 (br, 1;"03459)4 5.52.

’(br, 1, OH-2'), 6.32 (@, 330 2.~- 5. S‘Hz, 1. H- “1'),

7. 4 7 7. 7 98 8 1 (m, 5 QSHS)' 8 67 (s, 1, H- 2), 8. 74 (s,;

M) MS m/z 355. 1284 (1.6%,

;, Hpe), 1& 18 (bg 8, £
it [C17H17N504] = ;55 128 /338, 1254 (1,88, M‘-OH),
135 0547 (64 1% mt -coc635 sugar [CSHSNSJ), 164 0574 Hﬂlf SRR

"(1003, BHCHO-COCGHS)

‘e-N-Benzoyl 5 -0 [(N—octanoyl)carbamoyl] 9 (3 deoxy-B-D-

: threo-pentofuranosyl?aden1ne (179) S g

[N

‘A #20 mg (o 056 mmol) dample of (178) in 30 L -of dry i
“CH2C12-dLoxane-CH§FN (1:1: 1) was treated w1th 12 pl (O 07
j’mmol) of octanoyl 1socyanate (175) and the reactlog | »
, mlxture stlrred at’ room temperatute under a stréng fiow of

’ argon for 4 h. AR addltlonal 6 nl (O 035 mmokr of (175)

r.
B
.
14
»
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‘was added and st;rrlné contlnued for ;\%i, Evaporatzon and'
u’chromatography of the resxdue by PLC using IQ. MeOH/CHC13 |
ylelded 17 ng (58%) of . (179) mp 92-95°C: UV (MeOH) max *
280 nm, min 248 nm,,(H+) max 288 nm, min 262 nm; (OH“) mﬁx |
303 nm,,mln 261 nm“'lH NMR (200 Miz) 5 O. 83 (t, J = 7.0
Hz, 3,ja@azcu3), I.2- 1.48 (m, 10, 5 x CHp), 2.09 (m, .1, |
‘H-3%), 2.32-2.54 (m, 3, B-3", -c(o)cnzy, a. 36 (m, 3, Hea',
H-5', H-5"), 4.61 (m, 1, H-2'), 5. 68 (br, 1, OH-2'), 6.36v.
{q, 31{;2;'=‘5;$vﬁz;'1, H-1" ),_7,46-7.7. 8-8.1 (m, S;Ff. -
c6H5),}8;53:(§,.1,‘H-2), 8.72 (s, 1, H-8), 11.7 (br, 2, ,
2 x NH); M5 m/z (glycerol/FAB) = 535 (MH+) | S 'L"x; .Tf

e R U |
. 5'-Amino-5'~decxy-6-N-formyl-2*,3'-O~isopropylidene-
) ‘ _ : .

adenosine (180)

£

A 180 mg (0 05 mmol) sample of (112) was _
hydrogenolyzed over 115 mg of 5% Pd-C catalyst 1n 21 mL of
EtOH/HZO (20 7) at 35 psi H2 for 20 h at room temperature'f
in a Parr shaklng apparatu@ ' Flltratlon éf the~m1xturg '
with a celite pad and evaporatlon of solvent gave a
re51due which was chromatographed on sxllca gel u51ng 20%
MeOH/CHCl3 to give 70vmg (43%) o{ (180)° mp 88-90'0'-UV. A
(MeOH) max 272 nm, min 232 'nm: L 'NMR (200 MHZ) 6 1.28, -

1.5 (2 s, 2 x 3, ~CHey). 3.33 (m, 2, H=5", H-5"), 4.18 (m, o

1, H-4'), 4.92 (daq, J3. or = 3. d’Hz, Ja -4* = 3. 5 Hz, 1,

T

Q) :



[ a-3 ), 5 4 (dd, qz 3, = 3 0 sz;Jz';1° = 2.; ﬁztu;;g:¥i}fi;'5ggF

G

334 1378), 164 0571 (100%. B + ZH), 135 0548 (44 8%

,,A._ L

M+-CHO—sugar [C5H5N5]) Anal.‘ (C14H18N60’4 0 5 HzO) , o

Calc:i c, a8. 98; H, 5.58:W, 24, a8. Found.; c, 48. 1& H,ifJ'i~“'
. a v L] H

&urther elutlon of the column w1th 20%

55 29 N,

- . (. ) PR
A F o

J’i MeOH/CHC13 g ve 64 mg (42%) of QXBl) after recrystalllza-fﬂ{l

tlon from Etoac-ﬁetroleUm ether 60 90 )~> mP 203 206 C-' 5'";l5

the spectral prOperties of thlSvcompound were 1dent1ca1

?‘ _ with publlshed data 149 “;jfi;ffee;.;u;_-kvf*jf;}uz'_;ffu~£§f .

5.—Deoxy 5'-NL(N-octanoyl)Qafbamoyl]amxno*6-m formyl- ‘_1  V@Q

2' 3 -0-1soprapylxdeneadenosxne (182)

| A 80 mg (Q.24 mmdl) sample of (180) 1n 2 5 mL of dry PR

CHZC12 was. treated Wlth 70 m& (0 41 mmoi) of octanoyl

v 4

K 1socyanate (175) and the reactlon mlxture q;xrred at room“

N

' temperature under a- strong flpw of argon £or 2 h“

<&

Evaporation of volatlle solvent{\gave a’ re51due whlch was
chromatographed on sxlica gel uslng 1% MeOH/CHC13.” |
Evaporation of aaproprxate fractlons yielded 102 mg (85%)'

. of (182) mp 84-86°C; . (MeOH) max 272 nm - (e 19 aoo), R
min 231 nm (e 2, 100), (H*Xamax 274 nm (e 19‘§Dp), mln 236%;h_‘  s

t ".



LY
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'f'nﬁ-xg 4,000); (oa ) max 298 nm (¢ 19, 500), min 240 am
\: f:(g s, 000){ Ly NMR (300 MHz) & 0.84 (t, J = 7.0 Hz,A3.
VTT-CH2CH3), 1.2-1.4 (m, 16, 5 x CH,, -CMez). 2.45 (% 1,

. f-c(o)caz),_a 42" (m, 2, H- ~5', H-5"), 4.2 (m, 1, H-4"), 4.98
B (a4, 35 o =73.0 Hz, J3i_4 = 3.2 Hz, 1, H-3' )y 5.5 (ad,
| Jz.-»l.its 2.5 tz, ¥, 5. = 3.0 Hz, 1, H-2' ), 6.27 (a,

JpeegeE z 5 Hz, 1, H-1'), 8.05 (d. 1, CHO), B.22 (t, 1,

cazng) 8. 66 (s, 1, B-2), 8.7 (s, 1, H-8), 11.14 (br, 1,

‘-NH),_ll 75-(sﬂ_l,'NH) MS m/z (glycerol/FAB) = 504
(MH*) 5 Anal. (C23H33N706) Calc- ;c; 54.86; H, 6.61: N, L

K

19.47;;._‘ F0und._ vC, 54 58; H, 6.60; N, 19.40.

5'-Dépxnyftgff(ﬁ;octahoyI)carbamoyl]amino:Gigf

N -
4

formylédenosihé,(isgﬁv R

A 50 mg (0 1 mmol) sample of (182) was stlrred in . /i}v

2 mL- of 90% CF3C02H/820 for 5 min at room temperature.

.‘Evaporatlon of volatile solvents 1n vacuo gave a re81due,

whlch upon recrystallgzatxbn from &HC13 by d1ffusxon of

'Et20 gave 45 mg (97%) of/{}83) mp 105 106 C; UV (MeOH)

max 272 ‘nm (5 19 900), min 231 nm (¢ 2, 100), (H*) max 275

nm - (e 19 700), mln 237 hm (c 4 500)* (OH ') max . 298 hﬁ ‘
(e 19, 500), min 242 m (e 5, 100),‘1H NMB (300 MHz) 5. 0.82
(t, J =706 He, 3, —CH2CH3), 1 2-1.7" (m, 10, 5 x cuz), |

2 45 (¢, .f.-c(b)CHz), 3. 32 3. 6 (m,‘3, H- 5:, H-S ", oa), u .

N

, o
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3.96 (m, 1, H-4'), 4.1i (m,_'i.‘,f’.?ia;3'-), 4. 76 (m, 1, H-3')y
5.5 (br, 1, OH), 6. .0 (d, Jln‘2-‘= 6.0 Hz,. H-l ), 8.08. .
(4, 1,7 cHO), 8.25 (t, 1, CHZNH), 8.67" (s, 1, H-2), 8. 72L
_(s. 1, H-B),-ll 14 (br, 1,, 6-NH), 11. 1 (s; 1, NH); Ms m/z
.(glycerol/FAB) 464 (Mg*)i’gngl. (C20H29N706) Calc f‘c,

- 51.83; H, 6.31; N, 21‘-.15. ‘Found: - J,51 73; H, 6 33 ‘N,
21.47. -‘ . . ‘."’/ . | B ,} '.'\ | .' B " .

e
N



%% ‘BIBLIOGRAPHY

1. .M. Drummond, ﬁature (Lbﬁdpn) 281; 543-(19?9); zf,
é. A.C. Braun, Progr Exp. Tumor. Res. 15.&i65 (1972).
3. "J.A. Lippincott and B;B;vﬁippiﬁéott, Annu. Rév@
.Micr¢b101},29; 377 (1975). T
4. C.I. Kado, Ahnﬁ! Fev,'Phy£0pathol; 14, 265 (1976).
5. D;j. Merlo in "Plan£ Diéeaseg AandvahcedfTrédtise",
| .‘Vol. 111, J.G. Horsfall and E.vaCowling,_Eds,;

Academic Press, New York, 1978, pp..201-213.

'6.~ A.C. Braun in "Molecular Biology Qf Plant'Tumofs","

 ¢. Kahl anéxa.s. Schell, Eds., AcademigyPress, New
York, 1982, pp. 155-210. _'."
7. E.F. Smith and C.O. Townéend, Science ‘25, 671  
4 (1907). _ | o | |

8;;:P.R. White and A.C. Braun, Cancer Res. 2, 597 -
(1942). | o o

9. A.C. Braun and P;R. White, Phytopathoiogy 33, 85
(1943). | -

) lo;f K. Rack, Phytépathol.‘z. 21, 1 (1954).

11, M.-D. Chilton, M.H. Drummond, D.J. Merlo, D.J.

Sciaky, A.L. Mdnfoya, M.P. Gordon and E.W. Nester,

Cell 11, 263 (1977).



12.

. 13.

16..

17-

»18-‘

19.

- 20.

265, 560 (1977).

A.C. Braun, "The Cancer Problem, A Critical AnaMsis

and ‘Modern SYnthesis“¢:Columbia Uhiversity”?ress,lf,
New York, 1969. R R -

J. Tempe and A. Goldmann rn "Molecular Biology of

Plant Tumors"} G. Kahl and ‘J.S. SChell,.Eds.,

_Aoadomic,PreSS.\New York, 1982, pp. 427-450.

J. Tempe and A. Petit in “Molecolar Biolqu.of Plant

Tumors", G. Kaﬁl_and J.S. Schell, Eds., Academic

Press, New York, 1982, pp. 451-460.
A.C. Braun, Am. J:. Bot. 34, 234 (1947),
“R.C. Braun, Bpt. Gaz. 114, 363 (1953).

M.’Holstérs.3\\\é:ernalsteens, M. Van Montagu and

J. Schell in "Moleécular Biology of Plant Tumors"
13
G. Kahl and J.S. SchelI Eds.. Academlc Press,

New York, 1982, pp 269 298

P.J.J. Hoonaas, G Ooms, RVA.'Sohilpe;oortfin

"Molecular Biology of Plant Tumors", G. Kahl and

J.S. Schell, Eds., Académicf?ress,.New York, 1982,

PP 373-390. o o -~
C. Genetello..N;'Vah Larebeke, M. Holsters,

A. De Pi'cker M. van Montagu and J.S. Schell, Nature

(London) zé? 561 (1977) . o

A. Kerr, P. Manigault and J. Tempe, Nature'(Lonﬁon)




22.

S23.

- 24.

25.
26. B
27.

28.

29,

30-

187

A. Kerr and J. G Ell1s 1n "Molecular onlogy of

Plant Tumors“,(G. Kahl and J S. SChell, Eds.,

_ Academlc,Press, New Ybrk 1982 pp. 321 344.

A,Lpetit, J. Tempe,.ﬂ. Kerr,"M. Hoisters. M.

van, Montagu and J. Schell .yature (London) 271, 570
(1978) i | |

P J.J. Hooykaas; c. R?obol and R A. Schllperoort,
J Gen. Microbiol. 110, 99 (1929)

J.A. L;ppinoottEand B.B.1L1pp1ncott;.SCionoe“170,

176 (1970).

-

J.A. Llpplncott, B.B. L1pp1ncott and c.cC. Chang,

pldnt Physiol. 49, 131 (1972)

(B ngplncott and J. A Llpplncott, J. Bacterlol
oy~ .

97 620 (l979)

M.H. Drummond M.P. Gordon, E.w.uNesterFand M.=D.

v

Chllton, Nature (London) 269 535 (1977)

 W.B. Gurley, J,D..Kemp. M.J. Albert, D.wr.Sutton and

J. Callls, Proc; Nat. Acad. Sci. U.S.A. 76, 2868 -

' (1979).

L)

F. Yang, J.C. McPherson, M.P.lcordon'and>E.w.

Nester, Biochon{ Biophy.lkes. Commun.'92.;4%?34? ~\
(iseoi; . j /
A. D.pxcket, M. Van Montagu and J. Schell,INoturq |
(London) 275, 150 (1978).



 3;.;

32,

33,

34.

35,

37,

38,
39,

 40.

X p. B:.

(1974). . " ~

4

n: Holu;;)s. B. Silva, F. Van Vllet. c. Gonetello,,,'
M De Block, P.ibhaese, A. Depacker.' J‘Inze.
iG. Engler,;{. Vzllarroel M.:Vgn Montagq gnd"

3. schell, Plasmld 3., 212 (1580)’

 J,chhe11, M.-Van Montagu, M. De Beuckeleer,

e

i ,ﬁ. De'Block,»M. De W11de, G.,Engler, c. Gg%etello,""

J.P. Hefhalgtéqqs} M. Hosters, J. Seurlnck,

leva, F. Vaﬁ"Vilét and R. Vlllarroel, Proc.'ﬁ;f

_Soc. London, B. 204,-251 (1979)

T

A. Kerr ‘and’ K Htay, Phy51ol. Plant Pathol -4, 37

A gigr; J. Appl. 35¢tefiol.,35 493 (1972)

(1972)1 ’ ! h . ’ o V',\.M

¥ Htay and_A,oKer;, J. Appl.'Bécteriol. 37, 525

Y

'Asykerr and C.G. Panagoﬁoulb;,'Phytopatﬁdl. z. 90,
172 (1977). | | | o

'A'

L.w. Moore, Phytopathology 67 139 (1977)

L.W. Moore and G. Warreh, Annp. Rev. Phytopathol.»

17, 163 (1979).

JAG--E{i)s;_A.IKerr, M. Van Montagu and J. Schell,

_Physiol. ‘Plant Pathol. 15, 311 (1979).

ew and A;'Kefr; J. Appl. Bacterxol. 35;:279.

. ,_W vlse “



41,

42;

3

© (1980):

va;A, Cooheey.a s3h
© (1982).

D.A. Cooksey_and

189 ¢

w

‘L., w. Moore in "8011 Bbrne‘Plant Pathogens 'y

Schlppers and W. Gams,;. Eds., Academic Preas; New

k, 1979, PP 553 -561.

I T

A. Kerr, Plant D15.164 25 (1280).

D. A. Cooksey and L. W. Moore, Phytopathology 70 _506-e»

o re, Phytopeﬂhoiogy 72, 919
Oy =

>Mooré; Physiod. Plant Pathol. -

. 20, 129 (1982).x

47,

48.

49.

50.

51,

52.

| W.P. Roberts and A. Kerr, Physiol. Plant Pathol. 4,

M. Nomura, Annu. Rev. Microbiocl.%21, 257 (1967).
S ks .

81 (1974) . o . f o ey
o . N . [

<<G. Engler, M. Holsters, M. Van Montagu, J. Schell,

J P. Hernalsteens and R.: Schllperoort, Mol. Gen.

1
LI

Genet. 138, 345 (1975). o . .

‘B. WatSQn, T'C Currier, M.P. Gordon. M.-D. Chilton

,and E. W. N?ster, J. Bacterlol. 123 255 (1975)

‘{P K. Das, M. Basu and G. C Chatterjee. Sci. Cult.

N. Van Larebeke, C. Genetello, J. Schell, R.A. g

Schllperoort, A K. Hermans, J P. Hernalsteens and

M. Van\ﬂontagu, Nature (London) 255 742 (1975).

.44, 760 (1978). | . _;_

"‘." -

P.K. Das, M. Basu and G.C.'Chatterjee. J. Antibiot.

31, 490 (1978).



R A R U}

N e
v o :{ﬁ. . :
. t ,

| 853. B.AL McCardell and c. F. Pootjes. Kntimicrbﬁ.,hgehts

Chemothet. 10, 493 (1936)4 " , S ”', R ':'  ? -
e ’ ) .

54.'}M Nomurg, Cald Spr1ng Harbor“Symp Quant, 8101. 28

. 315 (1963)

N e .. ,‘.__';;

585, I. B. Hollqnd ﬁa ‘Mol 3101 12 429 (ﬁgss)

L ee

b 56.‘ P J..Murphy and W. P. Roberts, J. Gen; M;c:obxol;:_
114, ’07‘ (1979) - L

57;“ s. éble and C, 1, Kado, Physxol.'Plant pathoa._;7 B

L 347 (1980) ;{j»éu o o Ll
':fSBs P.K.,Das. M. quu and G Co Chatter]ee. Jkiéen,tﬁppl.h.
i Micrpbled 247 121 ﬁ§§78) o ;,M* ";vf~ -
_% 5‘; P K. Das. M.,Basu and G.C. Chaxterjee,_J. Genn Appl,ﬁ_'.>.';/
PR Microbrbl.,zs- 1. (1979) ~N' RN | | |
. i‘ﬁo.. M.ﬁbasu; D,-Banerjee, R.VT&wA;i;‘; K. Das and 6. c.. |
PR S h SR .
| ' ; Chatterjee, Acta Mlcroblola Pol. 31, 37'(1952) .

613, E. Slota and S K. F%rrand.‘iﬂasmld 8/ ﬂ75 (1982) ;~'7‘7§ f'
,;_ §%._ s. Ky Farrand, S rots oy gy, Ef Kerg, Vv;.}f |
SO "\ 13, 106 (1985) ) . ~
8 w‘P. Rbbéfts, M E. Tate and A ﬁérf; NQ;u;é"iLP%@bn) .

368, 379 c1977) R

i 4

'g54. M E. Tate. pP. J Murphyt w P. Roberts and A. Kerr, . .
| i_ Nature (sz&é‘\ 280, 697 (1979) | - o

gl§5;_ R J. Thompson, R H Hamllton aod CsF PoOtJes,"

'jfw: Antimxcrob‘~hgents Chemother. 16._293 (1979). S
S R g



161

) L , _ . , ‘ .
w66,; V.A. Smlth and J Hxndley, Nature (London) 275. 498
o asle. | |
67.  c. I.-Kado in- “Beltsv111e Symp. Agri Res.“
o I Vlrlogy 1n Agr1cu1ture, J A. Romberger, J ﬁ.
Anderson and R L Powell, Eds.; Allanheld. OsMun and  o
| Co., New York, 1977 pp. 247 266 o “‘u‘ T il

68. 1. Zaenen,,N. Van- Latebeke. H%'i chy.-

',QJQ ‘ M :Van Montagu.and J. Sche;l,.J. Moi@ Bioi.;sﬁ; 109
 °74) : . :

/

) ‘ B " » . ) ‘ ‘ -‘_“0 .
-;69{ ‘6. Bomhoff g M. KlaPWIjk H. C M. Kesterf R+ A(\”* T

Schllperoort J. P. Hernalsteens and J.Jthell. Mol.

;'gk> Gen. »esﬁuf/ 145, 177 (1976). -]' 3 PRSI
70:, A. L Montoya, M.rD Chllton, M;P; Gordo;,. Scxaky :x—
) and E. w.:Nestbr,.J. Bacter;olj 129 101 (1976)
L’f71. "J.E. Loper’ and C.1. xééé;'dé Bacterlol 139 591:f )
‘_”472' vSonoku,.C R Ireland.fJ E Loper,,M“ Baraka and‘f PRV

i

C I/‘Kado, P&oc. 4th Int.-Conf. Plant;Rathog.ABaét.":7?v .Qi

(Angers,‘France), Statxon Q# path logle\vegetale of, T
| phytobacterlologle, Ed.; 1978.. ‘ 133 142..»3 : | ﬁ
73, % A.R.. Anderson and L W. &oqée,'Phytopathologx,69,j§%é'Rs,_
- (1979, o Ly :f, _H“ R |
_74{] T. Stonler;‘J;TBaciQQiai;ﬂ79._88§:(1?60,{¢T _';f“?



e 79n

a”s;

77

78,

 “Chart No. 4955 Calbiochem, San Dlego, Callfornla.:"

'861

fBlochlm.-83,_974 (1975),:3'_ 5 ";.':' ”'\jcv£ T

A, P.‘Martlnez._w w¢ Lee and L. Goodman.‘J Org.

17 Chem. 31, - 3263 (19§6) ﬁi}_’j w”;;*”“ B
. s “’g M i
. 80.

.A; R0551 1n "Nuc1e051de Analogues ‘R. T. Walker,
 New York, 1979, pp; 409~435 f;z;;z_

,4£. Eckstexn, BIOC.

'ch. Marsh. Canc'ﬁ

.»‘, " :

T. Heip, G C Chatterjge, J. VandekerchOVe,

) Yo
,:jﬂ$Van.Moptagu and J. Schell, Arch. Int. Physlol. .

s

'2926 (1961) aQJ_M | f:;fff SN
1M P. Schwelzer, K.‘McGrath and L.;Béﬁzyﬁékj,i
"ﬂB1och1m. Biophy.'Res. Commun. 40 }046 (1970)

A. Deutsch, Propertles of Nuclene Acxd Der1vatives,>;' o

- }'"

.'.,

P. J Murphy,.M E Tate and A. Kerr,,ﬁur. J. Blochem. 1 ﬁ#ﬁ

f.. .

vy oL - BT
'\,.- 'l_a RS

539 (1981) ;T;;j?

M. ScaV1k. Anne N Y. Acaﬂ. Sél 255» 266 (1975)

;e

.TE ,De Clercq“and'F. Ecksteln, Eds., Plenum Press,f.‘}'

U b
2 Lk L Do
e ‘\~~.' oo e

»

-

Es,De Clercq,.J. Baxza:?nl, J\ Descamps An&’ \’fé o

".' k‘ q: s <1 "< . \' &
i Pharmacol.'29, 1849 (1980:4

4

s
;st 36, 1853 (1976) "q
é k.’ﬁsﬁlr And K;'Hewsonva-.Org. Chem. 22 963 §ﬁ.
esT A;]L,»‘;“' ',7  ,-(’ &

w W. Lee. A.:aenltez. L. GQodman and B R. Eiker, Y

Am_ Chems: Soc. 82, 2648 (1960)

Cox e

o . s;-.‘
.- v L R

S0

R.K. Ralph’ and H.G. Khorana, J.”Am}tCﬁem..SOC, 83 B



P 'iyﬁ_>.1 ,:ii‘ }   - "1635‘,-

A}

87;’. Ikehnra,_Y.-Nakahara and S Yamada, Chem. Pharm.
'_iBull. 19, 538 (1971). | | ;

f‘“88. fR Mengel and H W1edner, Chem. Bei 109. 1395~.

a o™

v(1976‘). ' o e ‘ .

89. ‘M. J.-RobinS{ Y. Fou;onygnd'Rﬂ*

.ﬁqu9 1564 (1974) e
90, gl . Robins, J. AW Chem. Soc. 105, -

R T

5 QLJT'F Hansske anJ'M J. RobINS. (Unpubﬁi hed resultS) ?.,?7. 2‘

',92:-»w w Lee and A P Martlnez in "Synt 1c Procedures

; ';ﬁff71n Nuclelc Ac1d ;hemlstry"‘le. 1, w. w ZOtbach ana- 'JfT:

Lo .'_'R s.. 'r1p50n. EdS.. mley Intersmence: NW"Yorkﬁ ‘.'

;f,fi“,ﬁ96a, Pp- 123 125 Zkﬂ i -A-’; J;‘\: “?ﬂ7=‘f-'{
B s : ' ‘ &
o

f»4393f'78 Mengelfand M. Bartke, Angew. Chem. Iﬂt Ed,QQag._

L .
. 7 :.
<

1717.,579 (1978) fg ‘"ﬂ' -1\ }; o "“"7I1 . f"4'

-

BT

;wﬂR. Mcngqu and’ U. Krahmer, Carbohydr. Res.'7§ 314 TR

N 0 . L. L.

o ,‘:"-lt - O ,':-.(' ;- i [ ' . ’-’."_.], Av B : ..‘ . * (‘.

- (1979) o2 E °4L-%fc~'<vJ-~na‘.*. ST

S o PO . PR ._ : ; o c . Lo

Tl "'."A‘.L-" - R N Toe s ey 5L
f

i‘_o. Mltsonobu, SynﬁheSLS 1 (1981) D -”théff:f”?f

¢

.; _35:.'R B Guthrxe. Iﬂp‘ Jenklns and R. !pmaﬁaﬁi, J:’Cheﬁ;'

Wt

}97[~Ub'bfﬁﬁsrtison}"~90£g; Chem._zj;'lowzikresai

"f§98t3 E._Brunn and R. Huisgen. AngGW- Chem-rlﬂﬁarid- Eng-

. “ ‘

Q'Jl_,fg; 513 (1969) : S
: 995 }£ Grochowskl. B D.rﬂxlton, R. J.,Kupper and C J.~

'}chhejda._J. Am‘ Chem. 80c~v104 6876 (1982) ‘  ff'ﬁ;‘
i ° o : . "_ o .__l_-:'; ‘\‘v‘ v.“,, : _; S , ."'6.""‘.‘~ ",_..,:_-..:-L;.

AL o



IOOLIQK; SOai,jA; Ookawa, ‘H. Oyamada and M. Takase,‘

* v' . v. . ’v - ) 'V.4 >‘£ ) ’.' ".‘ ) : . . L .164 ° o
I . L : : v

» N o R

.Heterocycles 19 1371 (1982)

Idi;.jc A Dekker, J. Am. Chem Soc. 87 4027 (1965) _ o ; Rk
.‘102. nH H Baer and H.R. Hanna, C§rbohydf, Res; 110, 1 y . '
’-tiog; K.K. Ogllvxe, G H Haklmelahl, 2.A. Proba gnd D.P. C.~_‘4'T

: | 'McGee, Tetrahed:on Lett. 1997 (1982) | -

.;”}O}. ﬁ'J;*Roblns and J Ss. w;lsop, J. Bm. Chem SQC; iQ3J
‘}%z,"’932 (1981). /fl s S
vfidgi'JM J. Roblps, 3.5. W1lson and Fw“Hansske, J.JAm. e
_‘_ Chem. boc. 105, 4059 (1983) “f:“ f -f -
Vﬁfloﬁﬁ_ H G Fletc$er Jr.‘in "Methods ;n.CarSéhydrate ?fl T~ t ’
| Chemlstry ' yol LI. R L._Whlstler and M’}. woifrom{ = i~(“¥
Eds ( Academ1c Press, Ned'York, 19%3, pp. 166~ 167.> N .?
_;O?, 'P w; Aqstln; FQE Bardy1 J.G. Buchanan and i ﬂ»,'f.f l - ;
IR Ay, e
;*j' . :?7 Baddlley. J Chem. Soc. 141? (1965)‘;;;rfv ‘;L} ;  v
. “~108w~ %-- H&b;eg gnd 4&. Ross:m,.m"lv.s. Chunquta.«Sl' 1185 i :‘
" .; ‘ ("1958)  ,‘:";.. -,‘,' - ‘ e " '-‘ : A.,'
R : ,-i P O T
ﬁ_'lp?r -F J Kronzer and G, Sphqetcb;ygq;pqhydtf:.es,'{3{ e
L AR0.r . Zemp}em* z. Csuros and s. Angyal, agr.f79531848A'
v(..w(1§37)n Wa:ﬂ;} N . : S .

~

i .M E.<Tate and c T. Bxshop. Can. a. Chem..41, 1801



o 'em Soc. oapa.n 49 2639 (1976)

vim‘

T

> u“7‘;f,
114-'.Jss Brxmacomqp in "Methods e

4

‘Koto, N. Morishlma, Y. Mxrata and S..Zen, Bull.

é

Nuqleotxdes B, 547 (1981)

I
’ ' ?

bhydrete -

g ’ Chemlstry"ﬂ Vol. VI R L.'th”/?er and M, L. wOlfrem,
) ’\ Eds., Academlc Press, New York 1972, pp._ 376- ’378‘.
115,‘ J. S. Brlmacombe, D. Por;smouth and M.. Stacey, o
| : J. Chem. Soc,. 5614 (‘192 e | POED Yo
116: 'I? Iwas’hxge and H. Saekl. 'Ch«em. Pharm*Bul.lv.. 15,- f :
J\ | 1803 (1967-.) ‘ l,
Y ;}_17 X 3}‘?43, R Low an’d H Trxschmann, Ch'é‘m.'f B"ef‘. “90,:“ ‘
;ﬁ” 29-3 1957) : _' . R HE S L L T
' 1;&. 0 T. Schmldt 1n "Methods 1n Carbohfdrate Chemxst:y"
L Vol. IP g L« Whlstler and'ﬁ L:,WOIfrom, Eds‘,f vfn»j;
i - ﬁ Academlchress, New York 1963. PP., 318 325 o
j116!;. B‘r-:aun-,. ‘Mona{:sch Chem. 17 2.07 r!:'1896)..a. “' ¢ .
fi?df» Dgs. BIeSlOW, E. Baﬁégarten and e R.. Hauqer,‘J Am.;
o Citem..” Soc. 68. 1286 (1944)% B |
i_iéf.. JcR Johﬂson, Qrg._Reaet. 1, 210.(i942f. -
l22. 'G' Jones._Org.,React. 15, 204'(1967)-  | ';}5;35’“
'112341 Otgan;kum. K. $chwetlick, Ed.; VEB' Deutscher Verlag
der W1ssenschafter, Berlln. l969q f.U ,
| vi?é;ﬁ V. ﬁuwe{s, Ann. 432. 46 (1923) e  » o -
; f"":{1‘_25.. CR.P. Linstead, J. 'IChemf_Soc. 2498 (1929) oy
e Sl R N

e :

Fuge61 and j’ Nanasi J. Cagzphydr., Nucleosxdesi

165



.- - .'::'.' 1 ?5;‘
0' k4

b

1364
137,

_F.J M.,Rajabalee, Angew. Chem._fnt.ﬂ

126. a,'S§h1nz And'A, §g8§i; Helv. Chiﬁ.,acgg; Si; 1953
"(1948) G F o |
'127;-‘K B. Sharpless and K. Akashl, J. Am. Chem. Soc. 98,:
1986 (1976). = o |
B 129; K. Akashl, R.E. Pélermo and K.B. Sﬁarpléss;}J. Org. 
Chem. 43, 2063 (1978) " B e
129. . K.A.. Hoffman, Ber. 45, 3320 (1912)
" 130. _N A.»Malas and S. Sussman, J. Am.-Chem. Sac.'58f
. _1302 (1936)\3' “ ' _ S
131, R Chatubala and w. Pflelderer, Heterocycles 15 761
B .*(1981) | . '. : “, :
132;H_R Charubala, W. Bannworth and W. Pflelderer,‘
6‘ »Lleblgs Ann..Chem.‘GS (1980) **‘; t3”;!’}
13319 .Zlellnsk; and Z Lesnlkowskl, Synthesgs 185 .T.‘
5 . (1976) %{-f,“ﬁ B S .' f« ,V,-.." ,;f
134, M. Ikehara, Chem:'?harm. Bull 8, 367 (1960).

N . Liiaio

"

Qs RS AR
P. A. Lyon qnd C. Bﬁ Réese, J. Chem.fSoc., Perk1n o

'v, B S :
Trans. 1, 2645 (1974).-, S

M.J. Roblns and E M. Trlp, Blochemlstry 12, 2179

(1973‘%ii vfs T
T _ U

J. Honeyman in "Methods in Carbohydrate Chemlstry

-?-Vol. II,_R.L.(th%fle;-and M.p. Wolfrom, Eds.,

Academic Press, New York, 1963, ee- “95- =99,

TS

d..Eng..lg,g7§ -

166 .

.f‘



PSR b R Y 3
o Sy et

w1 " L ” =2 o .

we s + - P B b 167

? - .

S,
ff139§ L Frexat. .:SChetﬁka.'Fi Cramer and B. Qastorif,‘"
E ’W';Chem. Ber. 1°5"991f(1972)° o K

~'114¢53j Kvita and G. Baschung,‘ﬂelyh Chim. Acta 55, 2683 -

;f:kgi(1972).»,f LT
141 R L. Letsahger and G. A. Heavner, Tetrahedron Lett. ,MQ"y'v

'-}147 (1975) |
142, 3. A Johnson, H.J. Thohas and H.J. Schaeffer, J. Am.

-,Chem' Soc. 80 699 (1958) '? ’

.143.*YR Wetzel and F. Ecksteln, ‘ig Chem. 40, 658
'  (1975) , ,-fQ' o S - (:_,f'_
'Q144;:4C P J Glaudemans and H G Fletcher Jr. "Methods

in Carbohydrate Chemlstry", Vol VI, R L. thstler

-

;, ;gand JuN3 BeMxlier, Eds., Academlc Ptess, New York

'1972 . 3732376 . ' L _7" ..
o . gPP ‘. 3 ' . e ’ S ‘
145.  H.G. Cook, J: D. Illett, B.C. Saunders, G.J. Stacey,.~ |
»*fifH G. Watson, I G.E. W1ldlng and s. J WOodcock,.v ';.ﬂ
< ol ‘ :‘q . v - . ‘o v" \.l- ) .."' o .‘ -
. .’\ -~ . J Chem. SOC- 2921 (1949) o‘ . .‘ . "" "- B "I‘ . '_;-”r‘ s é a

“ffléGi_‘Y J. Gloede, ”'} 1kola3czyk Ax Eop051nk1 and »..ﬂ':  y.:.

S R Omelan;zuk 'J. ‘Prakt. cnem.‘316,‘703.(3974);;.j5[ B
147. '0bta1ned from Dr. R,U. pemieux;.in }ef;_to cempopnd |

- }38;“Y.G.,Gololobov, I.N.chﬁurdva and'L.F.'Kaeﬁkhin,_"

R vTetrehedron 37, 437 (1981) .

1';49; M.G. Stout, M. Robxns. R.K. Olsen and R.K.. Robins,

J. Med. Chem. 12, 658 (1969) e .'f‘_, R

i



T v“"3eoo (1970)u .

151.  R. Lohrmann and’H;GL?Khorah lrJ}.AﬁQQChem.fsgc.'BB.

: 29,, (1966).. "% |
. E>152; N.;Kat;giri; K,.itékﬁra:snd{s.x‘,Nsr;ng;';. éhéh; .

o .vsoC.-, Chem. Commun. 325 (1974). V e
"155;; J. Staw1nsk1. T.:Hozuml and S A."';

‘fChem. 54 " 670" (1976)

) .

"154, fN. Kataglrl, ‘N. Itakura and S A. N

o 'Chem. Soc. 97 7532 (1975)

155, 'R U, Lemieux in ”Methods in. Carbohydrate Chemlstry .

‘~Vol. 11, R. L.:ﬂﬂigrler and M.L. WOlfrom, Eds.,
Académlc Pressp New York, 1963, pp.3221 222

>

156.*'M. Barber, R. S. Bardoll, R D. Sedgw1dk and A, N. -

-

Tyler. ‘3. Chem. Soc., Chem: Commun . 325 (1981)

- v LAl [ .

f_lS?;th Barber, R. S. Bardoil,' .D. Sedgwxck and A.N.'-,
. N r ""

R .”ﬂﬁtTyler, Nature (London) 223, 270 (1981)

v"

. ; . . R I
A - - R

Commun. 324 (1931) o iu;-ﬁ-,: . _-x’aw;

\, ’ B . -

'?i159.f_x L. Rlnehart, Trends in Anal. Chem. 2,1 (1983)

’7158.‘,0 J.~5urman, J C. Vlckerman, Chem. Soc., Cﬁém; ;"

‘160;7"M; Barber, R s, Bardoll, 6. J Elllott. R.D. Sedgw;ck

. ‘“'{ and A.N. Tyler, . Anal Chem. 54, 545A'(1982)
161, ;K L. Burlingame; A. De14 and D.H. Russell, lhal.v
fgﬁ; Chem. 54, 3ean (1982) | , -
'ig?-r D. Jj McNeal, Anal. Ch;m; 54 43A (1982) ';-3
- | : . s .



~— N e & 169
o e .
163, c. Fenselau, Anal,’cheﬁaqu; idsa;(léaé)' ‘ ~fé | .
,164::_R D. McFarléné. Acéi‘éﬁém.ikes..ls. 268 (1982).
.165. G. w WOod Tetrahedron 38, 1125 (1982). .
 166. A. Dell and C.E. Ballou, Carbohydr. Res. 120/ 95
| (1983). | . o
167. M.-Barber, R.S. Bardol1, G. a Ellxott i D.
| " Sedngck .AJN. Tyler, B N.‘Green and 1 A.S. Lewxs._”~25
. Chem.-Soc., Chem.-Commun.-936 (1982) o
'-;68.a: 7Heérhé)-d"P. Kamerllng, A.J. Slotboom, G:J. M._‘
_ ;; Van Schrarrenburg, BuN Green aod I A. S Lew1s, W
. o 'Blomed Mass Spectrom. 10. 13 (1983) : fi"_ gf,;'
'169.“.M{ Barber, R.s. Bardolx, ; D..Sedgwlck and A. N.‘t
L ”3"jTy1ef, ﬁiémea:‘uass Spectrom. 9,‘208 (1982) ;;
?M‘lfQ;i;ﬁ.férhndiilbi.P1tr ,. A Clerlci, P. Traldl and ‘/f
.1:€;;{0- jyh S Lewls, plom d .‘Mags Spectrom1 10._17 (;983) __;
(?ingiféfM Barber.*% S. Bardoll, "R. D. Sedgwlck A.N Tyler, ;fﬂ'“
S‘? ZF?LQB N.'é§éeﬁl V C Parr and 3. L. Gower,. onmedr Mass‘;‘.k'.i
;fofw €Spectrom. 9, 11 (1982) '  ‘f ] ,"_w° ;‘ v o ' 'ﬂf
bﬁ;jéﬁ*fwa Abef&h K M. St?aub and A L.‘Bufiiﬁgdmggvhﬁéi.'»   fit
;i{?'ffchem. 54,;goz9 (1982)¢ R “' o ?-ii- 
:;§S:ﬂ_w.‘sns. K. G Standxng, g B. Westmore, K K. Ogllv1e -
i' f,'”¥and M.3. Nemer, Anal.vChem. 54, 960 (1982)
: i?%; | Beavxs, w. Ens. M J. Nemer. ‘K. K. OQilvie, K.G. -
  $1'n;AFstand1n“ and P B. westmore. Int. J. Mass Spectrom.
o -f?ilon phyaﬁxcs. 475 (1993) '
T _




'.175.: A. Eicke,; w. Sichterman and A, Benninghoven, Org.
| Mass Spectrom. ;5, 289 (1980) _

' 176; “B. Schﬁeler ané F.R. Krueger, Org. ﬁﬁss sPeéfroh.
15, 295 (1980). T |

177, H. Kambafa;.hnal.'Chém. 53, 143 (1982)

"lfB. TK.M.'HogQ{iIﬁg.va. Mass. 5pectrom. Ion Phys. iS;;207“

(1980). - - o |

 179;‘.V T. Vu, C.C.;Feﬁsélau and”Q;M; Colvin, J. Am. Chem.

- soe. 103,7;:2_(1981)}3w | R o

180;:"D H.VWilli;ms.-C; Bradiey;'c. Bojesen, S. Santikarn

and L.C.E. Taylor, J.. Am. Chen..Soc. 103, 5700

&
oflee1). T e 3
. . i . ) . . R R . B " l .
181. M. Barber, R.S. Bardoli, R’D.’Sedgw1ck and -

o

.:ﬁﬂA N» Tyhé/w\alomed. Mass Spectrom. 8. 492 (1981)
? e
.}1.32.- PL.‘. Grotjahn,, R. Frank and(l 18‘1Qcker, lgucle_lc Ac__lds._ >

- Res. . 10 4671 (1982) ',.. ~ “;; .

| 1' “Re K.'Mztchum. F. E..Evans, J. p. Freeman Jﬁh D. Roach,;
llzvgéalnt; J. Mass Spectrom. Ion Phys. 46, 383 (5583) |  fg‘
L Grot)ahn, R. Frank and H. Bloeke,AIn;. q.,Masg
Spectrom. Ion Phys. 46, 4% (1983) h |

=a, Jastorff and K H. Maurer, onmed. Mass spécttdm.

179 (1985) _73f Ly |
[P : far ‘ : o ¥ L A
186, 6. Sindona. N. Uccella and K. Weclnygk,'J,.Chem.
";Bcs. (s) 184 (1982) f>5?°p3 .,“’-.' A .
L e RN v :

. e D . L : ‘ (S



“w%' o S

- 187. J. Ulrxch, A.)Gny, §> Molko and R Teoule, Org. Mass_Av

Spectrom. 19 585 (1984)

e

B 188. D.L: S ow1kowsk1 and F +H." Schram, Nucleosxdes

<%
»

Nucleo ades 4 309 (1985)

d

L89 - D.L. Sléwikowskl and ? H Schram, Nucleosxdes

- Nucleotﬁ@es 4, 347 (1985).

190, J. Ludw1g and J. Toma}z[ Synthe51s 32 (1982) ' kL\gj

191, S Bottka and J, TOma z, Tetrahégron 35, 2909

(1982), po'

192, J Toﬁasz, A Slmoncs1ts, M ﬂbjtar, R.M." Krug angﬁ

A J. Shatkln, Nuclelc Ac1ds Res. 5 2945 (1978)

o 193.' c. Glldewell, J. Organometalllc Chem. 108.-335
: 3

198. c;‘Zioudrou; Tefrahedfon'ler 197 (1962).

)

(1976}, - F.,¥ ~'?';‘ . o
154.' ‘AA. K1rsanov aﬁd R G- Makltra, Zh;”Obéchcb.”Khiﬁ.
28, 35. (1958) S |
iQE;‘*G»I._Derkach, ‘E. Sﬁ Gubnitskaya, V A. Shokol and- A. A'T‘.
| KlSllenko, Zh. Obschch. Khim. 34, 80 (1954).~ P
196. V. Mlzrahl, T. Hendrxckse and T, A. Mdd%q, can;.a.,'
Chenm. 61;.1L81(1983). ) '

197. W. Steinkopf, Ber. 41, 3571 (1908). -

‘v199; A W, Tltherly and . E. Worrall, J. Chem. Soc. 1143

a-

200.

(1909). ‘_ o ‘ . ‘ | «‘,@%

- (1982). - B

V. Mizrahi and T.A. Modrp@fd. Org; Chem{:47;73533f o

[



172

3 éb;;' §; szrahi and?T,A. ﬁod:q,‘J;-ofg; Chen. 48;13G50’
(1983). _"' o B
,202. P.A.g.‘sztﬁ;’Orgg;keact; 3{f337'(1945);f. ‘;;;;/;//;/
'203.ﬁ;w. LQGw;ki;ihdlSQ Lfnke;lLieSigéxAhn. Chem;:ef, |
v.';(1971j' o3 ; ST ) ‘ j
Z‘GGGAZ;AJGP. Forsman and D.JLipkih,ﬁGﬂ‘AmthhémgVsdé,'is, ;.
e oedlawediesa. o T
szS;j:G S. Tx,_B L. Gaffnqy and R. A.-Jones,,J..Am Chem.

207. ¢

_Soc. 104, 1316 (1982) : ,1“'G-i" =

K. SAsse in “Methoden der Organlschen Chemle",

(Houben Weyl), Band XII/2, Georg Thieme Verlag.vﬁ o

Stuttgart.,1964. pp. 475‘&79.,

GR.L. Letslnger, J.L" Fxnnan, G A. Heavner'and W.B.

-tvLunsford J. Am. 'Chem.,Soé. 97, 3228 (1975)

. 208.

“‘.‘\-.

‘R L Letsxnger and W.B. Lunsford, J. Am Chem. “Soc.

209,

210. M.

Al

| Carbohydr. Res. 97, a1 (1981)

“F. Nxcotra,‘F. Ronchett1 and- G. Russb/ J.‘Org(,cﬁéﬁ."

98, 3655 (1976) - o e ': e

R. Engel. Chemu Rev. 77, 349 (1977). N

Chmxelewskx, J N. BeMxller and D. P: Cgréttiﬂ

!

'f~47 4459 (1982)

a2

1TV§13;'

r

,F. Nxcotra. Ronchetti and G. Rusio; J. .Chem.

"Soc,. Chem, Commnn. 479 (1982)

N

;1L;'¢9¢u,.csxga@ya;;jge;. 131. 180 (1984).

N

F.-Nicdfré, RQ*Perego{_E._Ronchetti. G. Russo and



214, R.W. McClard, Tettahedron Lett. 2631 (1983).

r__.zis;_’ﬁfs. neyer Jr., T.E. Stone and P.K. Jeshti, J, Med.

" . Chem. 27, 1095 (1984). Lj’zb.f SRR
'216.' F. Nicot;q,,L.,Panza. F. Ronchettl and L.vToma.‘
) ' Tetrahedron L3tt. 5937 (1984).

i

- 217. J.-M. Lancelzn. J.—R. Pougny and P. 51n

‘1Carbohydr. Res. 136, 369 (1985). T
::u§£. Pougny, M A.M. Nassr an P. Sinay, J. Chem. 
i'<'."hem. ~Commun. 575 (1981) \,;'j"» )
ngQtta, R:APerégo, F. Ronchetti, GQJRus§§ §naf w |
\dazz.:Chim. Ital. 114, 193 (19%4) -f

'ﬁxosolapoff J. Am. Chem. Soc. 75, 1500 (1953).

- &:é. Reltz,.s.o. Nortey'and B.E. Maryanoff. ;"Q'/; :
| Tetréhedron Lett. 3915 (1985) BRI - ;
222. 'A.J. Hill and W. M. Degnan, J. Am Chem. Soc. 65”/ .
' - l' i ‘ ) ' B . - I P ’ Q‘ ‘ I/I : ~ ! ’
159 (1940). . . R t ( _

_ 223.»'D D. Perrln, W L F. Armarego and D R. Perrin, /

. "Purlflcatlon of Laboratory Chemicals"; Pergamon

Press, Toronto, 1980,

. : ) g . . .
. . N 4
L o . o . , R '

 173'.v

Ve
o ~



